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Abstract
The provision of musculoskeletal services comes at a cost. This is, in part, due to
the expense of patent-protected orthopaedic implants. However, patents have a
finite lifespan. Patents of the most successful implants are now beginning to
expire. They will be exposed to competition from generic but equivalent
implants. The net effect is potentially a dramatic diminution in cost. One
company, Orthimo, has taken advantage of this and begun manufacturing
generic implants with identical design specifications to the most bio-durable hip
prostheses. This will ultimately have a radical impact upon musculoskeletal
healthcare provision with regard to cost and accessibility. The expiration of drug
patents, with the subsequent use of generic drugs saves £7.1 billion annually in
the United Kingdom and $254 billion in the USA. Estimates suggest the
introduction of equivalent implants could result in an annual cost saving to the
United Kingdom National Health Service of £120 million. Intellectual property
remains an enigmatic area of law. It encompasses anodyne principles that seek to
protect innovation but are open to manipulation and exploitation. The last
decade has seen the emergence of undesirable practices in the medical industry
such as "patent trolling". Here we explore patents and their repercussions for
musculoskeletal care.
Key words: Patent; Arthroplasty; Patent trolling; Implant approval; Intellectual property;
Health care costs
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Patents for the most successful orthopaedic implants are due to expire. This
provides a novel opportunity to transform healthcare and the accessibility of arthroplasty
devices.
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INTRODUCTION
The demand for orthopaedic services represents a significant challenge for the future
provision of healthcare worldwide. In the United Kingdom this was highlighted in
the flagship “Getting it Right First Time" (GIRFT) Report[1]. £10 billion of the £110
billion annual NHS budget is attributable to musculoskeletal services; third only to
cardiac and mental health care[1]. A significant component of the cost is due to the
value of orthopaedic devices. The GIRFT report identified a reduction in the cost of
orthopaedic implants as one of its key short-term goals. The National Joint Registry of
England Wales and Northern Ireland reported 93234 primary hip arthroplasties were
performed in England and Wales alone in 2016[2]. By 2017 this had risen to 96717; a
3.7% rise in a single year and hurtling toward the 100000 threshold [ 3 ] . The
corresponding figures for primary knee and shoulders arthroplasty were 3.7%, and
9.1% respectively[4-7]. Future projections are daunting. It is estimated that in the United
Kingdom alone, the annual rates of combined total knee and hip arthroplasty
procedures may be as high as 1.5 million by the year 2035[8]. It is not clear if such
increases are financially sustainable. The end-of-year net deficit for the United
Kingdom National Health Service was reported as £2.45 billion[9]. By 2020 the annual
deficit may soar to £20 billion[10]. Lord Carter of Cole, in his 2015 report, commissioned
by the United Kingdom department of Health to address this polemic; identified
specialty areas in the NHS where financial savings were necessary and possible[11].
Annual savings of £283milllion were possible in orthopaedics[10]. This represented the
third highest figure; superseded only by the General Medicine and Obstetrics and
Gynaecology. Lord Carter, like the GIRFT report, highlighted the cost of orthopaedic
implants and devices as one of the cardinal areas in which costs savings should be
made. However considerable and unexpected savings may come from an unlikely
source.
The orthopaedic landscape is potentially on the verge of a radical change. Until
very recently the most successful orthopaedic implants were protected by patents
such that they could only be manufactured by those who invented the devices or
those to whom patent rights were transferred. However patents have a finite lifespan.
Once this expires other manufactures can create the exact same implant without
infringement of intellectual property rights. These imitations are known as generic
devices. The introduction of generic products in all other areas of healthcare provision
has been accompanied by a precipitous fall in the product price; facilitating access to
various aspects of health. The device is immediately available from other providers,
with competition resulting in “price decay”. It is estimated that the transition to
generic drugs; following the expiration of patented drugs from 1976; saves the NHS
annually over £7.1 billion[12]. In the United States the annual saving from generic
drugs is astronomically high at $254 billion[13]. Analogous savings in the field of
orthopaedic implants could radically transform healthcare, not only in the United
Kingdom, but globally; positively impacting upon the accessibility to life-changing
intervention. The touch paper was lit at an engaging and instructive debate at the
British Orthopaedic Meeting, involving an experienced and authoritative panel on the
topic of generic implants. It revealed the controversy and uncertainty involved in this
area of orthopaedic practice[14].

INTELLECTUAL PROPERTY
Intellectual property refers to a concept which has some tangible or concrete
manifestation that is assigned to specific owners[15]. In orthopaedics and medicine in
general intellectual property rights are protected by means of patents and copyright.

PATENT
Patents allow the inventor of an orthopaedic implant the right to prevent others from
manufacturing, selling that creation without the inventor’s consent[16]. In effect the
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originator has the exclusive right of manufacture and sale. The patent can be owned
by corporations, a group of people or an individual. Rights under patent can also be
transferred or sold. An application must be made for the patent to be applied
nationally or internationally. In the United Kingdom patents applications are made to
the Intellectual Property Office. National patents will only protect the invention in the
nation in which the patent is applied. However it does not prohibit reproduction of
the implant abroad. International patents provide protection overseas. A single
application can be made under the Patent Cooperation Treaty provides patent
covering 140 countries. Application made under European Patent Office covers 30
European nations[17].
Patents have a finite lifespan. They do not exclude others from imitating the
product indefinitely. There has been global harmonisation following implementation
of the World Trade Organisation Agreement on Trade-Related Aspects of Intellectual
Property Rights (TRIPs Agreement)[18]. Hence patents last for 20 years[16]. Once this
period has expired any manufacturer can create the equivalent products. Globally
there are in excess of 1 million hip arthroplasties are implanted annually[19]. Stryker,
DePuy Synthes and Zimmer Biomet Holdings sequester over 75% of the worldwide
market for hip and knee implants[20].

PATENT EXPIRY AND FINANCIAL SEQUELAE
The exclusivity provided by patents confers to the manufactures considerable control
on the price and availability of the product. This was highlighted in Lord Carter's
report where he identified that the variation of the cost of primary hip prosthesis from
£788 to £1590[10]. Further there was little correlation between the number of prostheses
used by trusts and cost. However, very recently the patents protecting the Exeter and
Corail hip arthroplasty systems both expired; allowing other providers to produce
equivalent implants. This impacts directly upon cost and accessibility of products. The
ultimate ramifications for healthcare provision with regard to orthopaedic devices are
extensive and pervasive.
Experiences with bisphosphonates are instructive. The patented form of alendronic
acid, Fosamax was produced by Merck Sharp and Dohme Limited. It was given US
Food and Drug Administration (FDA) in 1995[21]. In 2004 the price of the drug in the
United Kingdom was £300/year. The patent expired in 2008. Currently the price of
generic alendronic acid is £14/year[22]. This represents a 95% fall in price with the
advent of generic alendronic acid. This had considerable ramifications with regard to
accessibility. Prior to the introduction of generic bisphosphonates, this class of drug
was not included in the national guidelines in the United Kingdom or Europe for the
treatment of osteoporosis due to the prohibitive effect of costs[21,23,24]. In the same year
the in NICE 2080 guidance it became firmly established as the cornerstone of
management[25]. A similar pattern was observed in the rest of Europe[26].
Most economic models show that once a patent expires the entry of generic
products into markets results in “price decay” which is a fall in the price of the
product. This stabilises at around 2%-10% of original patented drug price by 3
years[27]. Price depreciation is slower if there are fewer competitor manufacturers of
the product or it is of a sophisticated design. However, similarly precipitous declines
in the cost of orthopaedic implants could potentially transform healthcare provision.
In the United Kingdom according to the National Joint Registry 88763 primary hip
arthroplasties were performed in 2014 [3] . NICE determined in their latest hip
arthroplasty guidance the weighted mean cost of a total hip replacement was £2571
including the cost of cement[28]. The net expenditure on cement, based on the per
centage of cemented, uncemented, hybrid and reverse hybrid fixation is £111. Hence
the mean prosthetic cost is £2460. Extrapolating from these figures, the introduction of
generic hip implants could potentially save the NHS near £200 million annually if the
price equilibrium nestled at 10% of innovator cost. This is a significant proportion of
Lord Carter's target saving for orthopaedics of £283 million. The effect may even have
a significant impact on private healthcare making it more accessible by reducing the
cost of private hip arthroplasty in the region of 20%[29].

GENERIC ORTHOPAEDIC IMPLANTS
The patent application process requires the applicant to explicit the features of the
implant which make it unique and efficacious. These are then protected for the term
of the patent. However, the details of any patent are publicly available. If it were not,
corporations would not know if they were potentially infringing upon patents when
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introducing new design. Indeed patent is derived from Latin patere “lay open or bare”
for public view. Hence when the patent expires other manufacturers can use the
content of the patent application as a blueprint to imitate the design. In addition to the
information available on the patent, a process known as “reverse engineering” is
employed to produce and identical product. This involves extracting the structure and
design from the product itself, in part by means of high resolution 3 dimensional
computer assisted analysis using computerised tomography for example[30].
The current pioneer and protagonist in the orthopaedic imitation implants is
Orthimo[31]. The company was founded in and is based in Switzerland with satellite
offices in Europe. The first challenged faced by Orthimo was to determine which of
the implants on the market to duplicate. However, the solution produced the safest
but also most profitable device. The corporation interrogated national joint registries
including that England and Wales, Australia, and Sweden to determine the most
durable prosthesis. The England and Wales NJR revealed the implants with the best
survivorship were the cemented Exeter V40 stem/contemporary cup (Stryker) dyad
with ceramic on polyethylene bearing surface and the uncemented Corail with
ceramic on polyethylene interface. The 10-year revision rates were similar for both at
2.70% (1.72-4.21) and 2.19% (1.40-3.41) respectively[32]. The longevity of the Exeter
contemporary and Corail systems were also confirmed in oldest joints registries
including the Swedish (est. 1975)[33], New Zealand (est.1998)[34] registries. This paid
testimony not only to the durability of the implants but also the reproducibility
amongst surgeons. The reference implants Orthimo selected were the Exeter
cemented stem (Stryker), Charnley Elite Plus LPW (Depuy), Corail uncemented stem
(Depuy) and Trident uncemented cup (Stryker). The generic Exeter prosthesis is
named the Optistem XTR and Opticup[31]. The uncemented Corail equivalents are the
Optistem CRL and Opticup TDT.

APPROVAL OF GENERAL DEVICES
In the pharmaceutical industry expiration allows manufacture of the same drug. The
FDA determines the generic drugs formulation on the basis of studies submitted to it.
The confidence interval for the generic’s bioactivity must be between 75% and 125% of
the innovator product. This is often misconstrued as meaning FDA allows drugs with
75% of the bioefficacy of the innovator. This is not the case the ranges represents the
statistical confidence interval of bioactivity on the basis of studies submitted to
FDA[21].
With regard to orthopaedic implants the generic implants must first comply with
international standards of metallurgical composition and metal grain size required for
all orthopaedic implants laid down by the International Organisation for
Standardisation[35]. With regard to the US FDA there are two modes of approval. The
first is the premarket approval process[36]. The FDA has provided prescriptive criteria
to which, for example, hip [37] , knee and shoulder implants must comply [38] . This
requires extensive and comprehensive evaluation of the device with robust clinical
trials showing that the implant is safe for use in patients. This is a protracted,
exhaustive and expensive process. It may last up to two years excluding the time
expended for the essential laboratory pre-clinical trials and subsequent clinical trials.
The expense is in the region of $250000[39]. However for devices based on patents there
is second pathway: The 510(k) approval process[40]. Here the FDA will approve an
implant that is “substantially equivalent” to a device that is previously approved. The
applicant must satisfy the FDA that new device: “has the same intended use as the
predicate; and has the same technological characteristics as the predicate; or has the
same intended use as the predicate; and has different technological characteristics and
the information submitted to FDA; does not raise new questions of safety and
effectiveness; and demonstrates that the device is at least as safe and effective as the
legally marketed device.”
The FDA goes on to state that: “A claim of substantial equivalence does not mean
the new and predicate devices must be identical. Substantial equivalence is
established with respect to intended use, design, energy used or delivered, materials,
chemical composition, manufacturing process, performance, safety, effectiveness,
labelling, biocompatibility, standards, and other characteristics, as applicable.”
Generic implants would fall into this category. However the 510(k) approval process
has received much criticism as it is the process by which the much maligned and now
withdrawn ASR hip was approved. Although the ASR hip is distinct from generic
implants, given that it was submitted as implant that was substantively different to
other implants[40].
In the EU and United Kingdom a similar “approval for marketing” paradigm is
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operative for implants. Manufacturers must prove conformity with EU Medical
Devices Directive (MDD) (Council Directive 93/42/EEC) and Medical Device
Regulations 2002. They are thence be awarded a certificate indicating "Conformité
Européenne" (CE)[41,42]. In the EU the process of approval is delegated to authorised
bodies known as "notified bodies". The fee charged by the notified bodies can range
from £2240 to £4100[43]. In the United Kingdom notified bodies are approved and
accredited by the Medical and Health Products Regulatory agency (MHRA)[44]. Each
member state will have its own notified body accreditor. Applicants for the CE
certification within the EU are free to apply to any notified body within the EU.
There is no expedited 510(k) pathway. However proof of equivalent design to an
established prosthesis will inevitably accelerate the process. As part of the approval
pathway the notified body is required to sample the applicant company's devices. To
ensure that these comply with the design specifications alleged by the company;
which in turn must adhere to the requirements of the EU MDD. If these are identical
to the design specifications of an approved but patent-expired stem such as the Exeter
or Corail and the generic manufacture's implants are found to meet this specification,
it is difficult to see how any regulatory body be it the FDA or EU can decline
approval. If it were to decline approval it is not clear on what grounds such refusal
could be made. However the failure of the EU approval process to eliminate the ASR
hip has raised concern in the EU with regard to the rigour with which notified bodies
evaluate proposals. Recent legislative amendments have been implemented with a
view to making the review process more robust and transparent.
In the United Kingdom there exist additional strata of regulation for implants in the
form of NICE and Orthopaedic Data Evaluation Panel (ODEP). NICE in their 2014
guidance on hip arthroplasty recommend that only implants with survivorship of
95% or greater at 10 years should be used [30] . They guidance also suggests that
implants with over 3 years of follow-up can also be used; if on extrapolation of the
survivorship figures, their 10 years estimates are equivalent to or superior to the 95%
benchmark. NICE in addition make reference to ODEP. They provide the NHS with a
rating on implants in the United Kingdom depending on the duration of follow-up
and implant survival. The optimum rating is 10A* for implants with greater than 10
years follow-up and very strong clinical evidence of 90% or greater survival at 10
years[45]. New devices are given one two ratings, Pre-entry and Pre-entry A*. The latter
is reserved for those introduced under the auspices of "Beyond Compliance". This
independent body provides support and guidance for manufacturers; facilitating the
safe and incremental introduction of new implants into the United Kingdom [46] .
Orthimo Optistem, and Opticup were awarded the Pre-entry A* rating by ODEP[47]
and at the safest, Level 1 risk rating for Beyond Compliance. This is the safest risk
rating and usually reserved for a branded product line extension. Orthimo use the
same manufacturer for their prosthesis as Corail. There is only one outlet for
polyethylene cups use by Corail Exeter and Orthimo.

POINT OF ENTRY OF GENERIC IMPLANTS INTO
HEALTHCARE SYSTEMS: SAME OLD OR BRAND NEW?
The point of entry of generic implants such as the Orthimo Optistem depends on it is
deemed to be a substantively new implant or only new in name alone (nominally
new). Given that Orthimo manufacture the Optistem to the same design specification
as the Exeter and Corail, with the same manufacturer as the latter, it is difficult to
argue it is a materially different implant. This is a fortiori if it passes the necessary
audits of the EU MDD confirming conformity with design specifications. One could
theoretically pursue a line of argument that this is substantively different device.
However, a necessary sequitur from that would that whenever Stryker or DePuy
change or add a different manufacturer for their prostheses they too would have treat
prostheses from this new manufacturer as a new device and follow the same
catenation of steps for approval and produce new 10-year data. This is even if the new
manufacturer used the exact same design specifications. Most would consider this to
be over-zealous. However, this is effectively the requirement which Orthimo
Optistem must meet. Nonetheless some degree of caution is required. The difference
between hip prosthesis and much other patented technology is that most other
devices were created by design. In the case of the hip prosthesis most of the
favourable features that endow longevity, be it nature of the taper or the polished
stem, were discovered by serendipity[48]. They were not conceived ab initio; rather their
significance was often only appreciated where new designs deviated from the
originator and failed rapidly[48]. Hence it is conceivable that another factor (factor X),
outside of the design specifications, that differ between manufacturers may have an
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adverse or even favourable effect on outcome, that is hitherto unanticipated. This
possibility is increased by the fact that only a limited number of parochial
manufacturers produce hip prosthesis. The manufacturing process has not been
exposed to heterogeneity of production milieux; as would be the case if there were
globally distributed production centres. Consider two manufacturers produce
implants to the exact same specification. However in one unit but not the other, the
process is coincidently exposed to another factor be physical, chemical, biological,
synthetic or organic, that is thought not to affect prosthesis longevity and hence is not
covered by the manufacture process specification. This factor then impacts upon
implant survival. This can happen as the parameters which determine longevity or
precocious failure have not been exhaustively elucidated. It is only in hindsight that
flaws of the Capital and ASR systems are apparent[49-51]. The role of factor X may be
less relevant with generic implants as currently there exists only one outlet for
polyethylene cups. However, Orthimo and Exeter use different manufactures for the
stems. This may be science fiction. However, it would also be hubris to regard Exeter
data as complete vindication of the Optima Stem. Where generic stems are used
patients must be appropriately counselled and consent.
If Orthimo prostheses successfully achieves a 3A* rating it is not clear if other
manufacturers would see this as catholic vindication of generics and not feel so
obliged to pursue such a deliberate process in the implant market. 3A* rating satisfies
the NICE guidance for arthroplasty both in the context of osteoarthritis and hip
fracture[30,33]. Further, the success of the implant with regard to longevity of Orthimo
may make surgeons more accepting of generic implants as a species.
However evaluation of survival at 3 years may be in some ways premature. It is
likely that that in its infancy the generic prostheses will only be predominantly
implanted by experienced surgeons. Hence a more robust test of reproducibility of
results will be 10-year data. In a BOA debate on generics Mr T. Nargol one of the key
researchers involved in elucidating and communicating lessons from ASR hip
advocated a co-ordinated system of implant retrieval and examination for failed
generic implants[13,52]. This allows the mode of failure to be determined and compared
with that of well characterised prostheses. It also permits the expeditious detection of
systematic structural failings that may precipitate premature implant failure.

PATENT TROLLS AND THE ABUSE OF INTELLECTUAL
PROPERTY PROTECTION
Patent system is open to abuse. Increasingly in recent years nefarious and undesirable
practices have started to emerge. There exist what has been termed Non-Practising
Entities (NPE). These bodies purchase patents with no intention of producing or
developing the product[53]. Rather they search or wait for others to do so and then
initiate legal proceeding claiming their patent rights have been infringed with a view
to compensation. Universities have become a fertile ground for NPEs to operate by
purchasing patents right from researchers affiliated to these institutions. NPE’s are
also pejoratively referred to as “patent trolls”. The most high-profile commercial case
involved Apple's Siri. A team from Rensselaer Polytechnic Institute (RPI) created a
means of computer processing computer, assigning their patent to the institute.
Marathon Patent Group who had no involvement in the genesis of this system learn
of the patent, acquired part of the rights and filed a suit on behalf of RPI against
Apple. They contend that Siri constituted infringement of copyright. The case was
settled for out of court for £17million[54]. Orthopaedic industry has become nubile
territory for patent trolls with some of the most dominant manufacturers repeatedly
falling prey to this form of strategic litigations. In 2013 a subsidiary company of
Acacia Research Corp, an NPE, purchased 150 patents relating to orthopaedic
technology. They made no attempt to develop the patents but rather issued
proceeding against Biomet for infringement of copyright. The latter settled out of
court[55]. Orthophoenix a subsidiary to NPE, Marathon Paten Group acquired patents
form Medtronic relating to kyphoplasty technology[56]. It proceeded to take similar
action against Stryker but was unsuccessful[56]. Indeed the orthopaedic industry is so
lucrative that an NPE, Wi-Lan has a subsidiary named Orthopedic Innovations whose
sole purpose to purchase and sequester orthopaedic patents or "build of an
orthopaedic patent portfolio" to use industry jargon. Like other NPEs; there is no
intent to develop the patent but rather merely issue proceeding when others who
produce devices even of tangential similarly. As an insight into the tenacity and
intrepidity of NPEs, Orthopedic Innovations brought a simultaneous multiparty suit
against orthopaedic market giants Stryker, DePuy, Zimmer, Biomet, ConforMIS and
Medacta all for allegedly infringing their copyright for distal femoral cutting blocks
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and flexion/extension gap evaluation[57]. DJO Global medical devices manufacturer
settled out of court with Orthopaedic Innovations for an undisclosed amount
following a similar earlier suit[57]. The definitive outcome of the lawsuits against the
other firms is less clear. NPE use the legal system to the advantage. In the United
States the process of defending against litigations that can be so financially exacting
that it in many cases it may be more cost-effective to settle even where claims of
infringement are tenuous or the merits of the case questionable[53]. Proposed new
legislation is the US in the form the Innovation Act and Protecting American Talent
and Entrepreneurship Act of 2015 are aimed at curbing the predatory litigation of
patent trolls[53]. They require litigants to precise the exact patents allegedly being
infringed rather than allowing the formulation of nebulous claims from widelydefined patents. This introduces new modes of disputed resolution where the merits
of case be evaluated prior to formal legal proceedings in court. Hence the proposed
legislation gives US Patent and Trademark Office greater discretion to require that
parties initially present their dispute to a new administrative body the Patent Trial
and Appeal Board. The aim is to curbs cost and make the process more expeditious.
Initial evaluations of infringement claims will occur such that frivolous claims are
dismissed in limine.
All orthopaedic surgeons in research or innovation can be a target for patent trolls,
seeking to acquire the rights to their patents. The proposals can be superficially
appealing with the prospect of immediate remunerations and the added incentive of
further gains in event of any other group attempting to develop the product or
innovation. However, anyone succumbing to such advances of patents trolls
effectively blocks their own contribution to healthcare improvement while creating
financials hurdles for anyone else wishing to do.
Intellectual property has a profound effect on healthcare provision, which is not
immediately apparent. The expiration of key patents potentially allows healthcare
systems to take advantage of highly effective devises that become financially more
accessible. However, cost saving cannot come at the expense of patient safety.
Vigilance, surveillance and traceability remain essential for all new generic devices.
The emergence of equivalent implants may herald a commercial renaissance for
global healthcare and present a significant opportunity for pioneers such as Orthimo.
However, the market is fiercely competitive; even Orthimo struggling to establish
itself against competitors who have monopolised the market for decades with an
audience of surgeons who can be conservative[58]. Similarly the original "magic circle"
of Orthopaedic industry faces tangible threats from generic devices but also relentless
patent trolls. They must innovate and evolve or risk extinction.

CONCLUSION
Arthroplasty and much of orthopaedics involve life-changing surgery. Given that the
patents for the most durable implants have now expired, there is a unique
opportunity to increase access, as financial constraints slacken. The cardinal question,
however, remains how receptive the orthopaedic community will be to generic design
equivalents. The purpose of patent law is to promote innovation and creativity.
However the system is open to manipulation; as the 21st Century has seen the rise of
the enigmatic patent troll, who patents inventions and yet does not develop them.
However they lie in wait for the unsuspecting inventor and claim their intellectual
property rights when the original idea has been realised. Caveat inventor.
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Abstract
BACKGROUND
In rotator cuff repair surgery, the double-row technique is widely performed.
Studies have shown that with increased contact area and pressure between
tendon and bone interface, better healing is promoted.
AIM
To assess the different suture configurations with the double-row technique and
how this influences the contact area of the rotator cuff tendon to bone.
METHODS
This was a controlled laboratory study where identical tears were created in 24
fresh porcine shoulders over a 1.5 cm × 2.5 cm infraspinatus insertion footprint.
Double-row repair techniques, with 3 to 4-suture anchors in different
configurations (2 medial, 2 lateral vs 2 medial, 1 lateral vs 1 medial, 2 lateral),
were employed for three control groups. Each group consisted of eight shoulders
with identical repair configurations. Footprint contact areas of the repaired
tendon against the tuberosity were determined using pressure sensitive Fujifilm
placed between the tendon and tuberosity.
RESULTS
The mean contact area between tendon and insertion footprint from the
imprinted Fujifilm was obtained using computer software. The contact area
measured from a standard 4-suture anchor double row repair was 75.1 ± 9.3 mm2,
whereas areas obtained for the 2 lateral - 1 medial and 2 medial - 1 lateral anchor
configurations were 72.9 ± 5.2 mm2 and 75.0 ± 4.9 mm2 respectively. No statistical
significance was noted between the three groups.
CONCLUSION
In the technique of double-row repair, using a 3-suture anchor configuration may
offer a non-inferior alternative to the standard 4-anchor construct in terms of
efficacy. This may also result in overall cost reduction and shorter surgical time.
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Core tip: We report our first results derived from a porcine model investigating different
suture configurations in the double-row technique, and how this influences the contact
area of the rotator cuff tendon to bone. This study demonstrates for the first time that
there is no statistical difference in tendon to bone contact area when using a 3 or 4-suture
anchor construct, suggesting that the 3-anchor construct may be a comparable alternative
to the standard 4-anchor construct in terms of efficacy.

Citation: Ng SHA, Tan CHJ. Double-row repair of rotator cuff tears: Comparing tendon
contact area between techniques. World J Orthop 2020; 11(1): 10-17
URL: https://www.wjgnet.com/2218-5836/full/v11/i1/10.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i1.10

INTRODUCTION
Rotator cuff tendon tears are one of the commonest sources of pain in the shoulder.
Studies have shown that the incidence can range from 5% to 40%[1-3] of the population.
Patients with symptoms often present with chronic pain and limitation in range of
motion of the shoulder. Such tears are usually detected via ultrasonography or
magnetic resonance imaging. Surgery is often recommended if the tear causes
persistent pain or if there is profound loss of joint function. There are several repair
techniques that the surgeon may opt for, depending on the size of the tear and the
degree of tendon retraction. One commonly performed technique is the double-row
repair.
Post-surgical healing of the repaired tendon is strongly correlated to the patient’s
functional outcome[4]. Therefore, much research has involved identifying strategies to
help enhance tendon healing and to maintain integrity of the repair during the postoperative period. If the tendon is completely or partially detached from the tuberosity,
the surgeon will face the challenge of ensuring adequate healing between the rotator
cuff tendon and the tuberosity of the humerus. One strategy to counter this would be
to maximise the contact area between tendon and bone[4,5]. The underlying principle is
that a greater area of contact of tendon-to-bone will result in a greater chance of
tendon healing[4-8]. This, in turn, leads to improved mechanical strength and function
of the repaired tendon[5-7,9].
Differences between the double and single-row repair for rotator cuff tears have
been widely discussed. In a review by Roth et al[10], the double-row repair was shown
to have superior characteristics in terms of footprint contact area, tendon-to-bone
compression and eventual load-to-failure rate. Similarly, tendon gap formation and
re-tear rates are lower in double-row repairs compared to single-row repairs. It is
interesting to note that no difference in clinical outcomes was observed between both
groups; however, this could possibly be attributed to the relatively short follow up of
2 years[10-12]. The double-row repair still appears to be the favoured technique amongst
surgeons.
The double-row repair is traditionally performed using four suture anchors – two
are placed in the most medial aspect of the exposed humeral tuberosity footprint,
forming the medial row; the other two anchors are placed at the superior or lateral
aspect of the greater tuberosity, depending on the extent of exposed tuberosity. Whilst
many studies have looked into the biomechanical properties and outcomes of single
and double-row repair, few have actually compared the different types of double-row
repair techniques, particularly in the area of tendon-to-bone contact.
A distinction should be made between coverage vs compression of the rotator cuff
tendon to the footprint insertion. Coverage refers to the area of tendon-to-bone
contact, while compression refers to the pressure of the tendon against the bone.
While both coverage and compression are possible contributory factors in tendon
healing, our study has a preliminary focus on coverage, with planned future studies
focusing on compression to support our findings.
Our study aims to investigate the relationship between different double-row suture
anchor configurations and the tendon-to-bone contact area in the repair of medium-
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sized rotator cuff tendon tears in a porcine cadaver model. We hypothesis that
employing different double-row suture anchor configurations in rotator cuff repairs
will not influence tendon to bone contact area.

MATERIALS AND METHODS
Twenty-four fresh porcine shoulders (mean age, 24 wk; range, 22-25 wk) without
gross evidence of rotator cuff pathology were used for this study. We chose to use the
infraspinatus tendon in a porcine model for a few reasons. Fukuhara et al[13] concluded
that the geometric and biomechanical properties of the porcine infraspinatus tendon
were similar to those of the human supraspinatus tendon, mainly in terms of
thickness, footprint area, ultimate load-to-failure and linear stiffness. The porcine
infraspinatus tendon is also easily identified. In addition, the bone surface where the
infraspinatus tendon inserts into is relatively flat, making it ideal for secure placement
of the pressure-sensitive film. In our city, fresh porcine shoulders are also easily
available.
Soft tissue was carefully dissected from the scapula and the proximal humerus,
preserving the infraspinatus muscle and tendon (Figure 1). To create a tear in the
infraspinatus tendon, a 1.5 cm × 2.5 cm rectangular full thickness segment of the
infraspinatus tendon was sharply detached from its distal footprint. This was
repeated in all specimens to create identical tears. The underlying bone surface was
then prepared using a fine rasp to ensure an even surface for placement of subsequent
pressure sensitive films.
We used identical pressure-sensitive films (Prescale Ultra Super Low Pressure type,
Fujifilm, Tokyo, Japan) to determine the contact areas between the repaired
infraspinatus tendons and the tuberosities. The pressure sensitivity range for this film
was 0.2 to 0.6 MPa. Identical 10 mm × 10 mm pressure-sensitive films were cut to
conform to the exposed bone on the tuberosities. Each film was fully sealed with
adhesive tape prior to placement to prevent contamination.
The 24 porcine shoulders were divided into three groups of eight specimens.
Double-row repair was performed for all three groups. The technique for Group 1
(G1) consisted of the standard two medial suture anchors - two lateral knotless
anchors configuration, forming a suture bridge. The detached infraspinatus tendon
was reflected off bone, and two symmetrically placed holes measuring 2 mm in
diameter were created 1.5 cm apart from each other using a surgical awl at the medial
edge of the reflected tendon. Similarly, two holes were placed over the lateral edge of
bone where the tendon was detached, forming the lateral row. A 5.5 mm BioCorkscrew (Arthrex, Inc., Naples, FL, United States) with two #2 fibrewire sutures
(four strands) attached was then inserted at a 45° angle in both medial holes to a
depth marked on the suture anchor device. The sutures were then passed through the
edge of the tendon in a knotless fashion. The sealed pressure sensitive film was placed
over the centre of the footprint and secured in place with adhesive glue (Figure 2).
One pair of sutures from each medial row suture anchor was crossed with the
corresponding pair in the other medial anchor and, together with the uncrossed pair
of sutures, secured to one lateral row knotless anchor each (5.5 mm Bio-Swivelock,
Arthrex, Inc.) (Figure 3). Upon completion of the repair, a 60-s interval was
maintained before the sutures were cut sharply with a scalpel. Careful measures were
taken to avoid placing additional pressure on the soft tissue. The pressure sensitive
film was then carefully removed from the footprint for further analysis. All
dissections and repairs were carried out by a single surgeon under the supervision of
the senior author to minimise inter-specimen technique variability.
For Group 2 (G2), two medial suture anchors and one lateral knotless anchor were
inserted. The medial and lateral anchors were similarly connected by a suture bridge.
The technique and instruments used were identical to G1, apart from the placement of
only one lateral knotless anchor, which was inserted at equidistance from each lateral
row knotless anchor.
Group 3 (G3) consisted of one medial suture anchor - two lateral knotless anchors
repair connected by a suture bridge. The technique and instruments used were once
again identical to G1, except that only a single medial anchor was used. Placement of
this anchor was inserted at equidistance from each medial row suture anchor (Figure
4).
After the film was retrieved from the footprint, the adhesive tapes were carefully
removed. The digital image of each pressure sensitive film imprint was obtained at a
resolution of 600 pixels/inch using a digital scanner. The area marked out in dark
pink represented good contact from the overlying repaired tendon, while areas in
light pink or white indicated little or no contact. Image J, an imaging software, was
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Figure 1

Figure 1 Porcine shoulder specimen showing dissected infraspinatus tendon. Yellow arrow: 2.5 cm; Green
arrow: 1.5 cm.

used to analyse the digital images in grey scale (Figure 5A and B). The imprinted
contact area on the pressure sensitive film was digitized and subsequently computed
using the imaging software.

Statistical analyses
Statistical analyses were performed using the Kruskal-Wallis test, with the repair
construct as the factor and contact area as the measured variable. Results from the
three groups of double-row rotator cuff repair techniques were analysed. Significant
differences were noted where P < 0.05.

RESULTS
Our results showed that the mean contact area (± SD) between the infraspinatus
tendon and the underlying tuberosity for G1 (2 medial - 2 lateral) was 75.1 ± 9.3 mm2.
The mean contact area for G2 (2 medial - 1 lateral) was 75.0 ± 4.9 mm2, while the mean
contact area for G3 (1 medial - 2 lateral) was 72.9 ± 5.2 mm2.
Our results showed that there was no statistically significant difference between the
mean contact areas of the treatment groups (P = 0.82) (Figure 6). This was an
interesting finding as we were expecting to see a greater tendon contact area in the 2
medial - 2 lateral group (G1).

DISCUSSION
The double-row repair has been described in the literature to be superior in restoring
footprint dimensions as compared to the single-row repair[6,9,14]. In maximising the
contact area between the rotator cuff tendon and bone with a double-row repair, the
healing potential is optimized[4-6,8,15]. Apreleva et al[5] described a possible improved
biological healing process with a larger area of contact between the rotator cuff
tendon and bone by increasing the size of the newly formed insertion site, to allow
more fibres to participate in the healing process. Fealy et al[6] believes that vigorous
tendon mobilization, combined with a broad surface area to allow for bone-tendon
healing, provides a suitable environment for repair of rotator cuff tears, including
large ones. The hypothesis is that with a larger footprint contact area, more tendon
fibres are exposed to bone, which in turn results in improved healing potential[16]. A
study by Park et al[4] has further supported this, concluding that by maximising the
contact area between the tendon and tuberosity at the rotator cuff footprint, the
biological healing process is enhanced, which leads to improvement of mechanical
strength and function of the repaired tendon. A number of ongoing and recent studies
are describing new techniques in an effort to achieve stronger fixation strength and to
increase the rotator cuff footprint contact area. There is paucity of literature to show
that contact area is not important in terms of rotator cuff repair and healing.
We acknowledge that both coverage and compression are contributory factors in
tendon healing[8,17-19]. While the role of contact area is supported by literature, the
effects of compression – which is the pressure experienced between the tendon and
bone – may not be that clear. Multiple studies have shown that optimizing pressure
between the tendon and bone can be beneficial for healing[8,17-19]. Weiler et al[19] showed
that a high pressure environment created with the use of interference fit fixation was
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Figure 2

Figure 2 Placement of sealed pressure sensitive film under reflected tendon at centre of footprint.

beneficial for direct osseous bridging between the tendon and bone using autologous
Achilles tendon. However, microscopically, the effects of high tendon to bone
pressure at the footprint may be at the expanse of vascularity. Further studies in this
area, together with a follow-up study focusing on compression, could potentially
further validate the use of the 3-anchor construct.
While many studies have looked at the contact area between single vs double-row
repairs, few or no studies to our knowledge have analysed the contact area
characteristics between double-row repairs performed using 3 and 4-suture anchors.
Our study has shown that the double-row technique not only results in good footprint
contact area (> 70% compression at a defined area of footprint), but also that the use of
either a 3 or 4-suture anchor construct yields similar tendon-to-bone contact area in
the repair of a medium-sized tear, no larger than 1.5 cm × 2.5 cm. This potentially
favours the use of just three anchors. With the use of less hardware, the chance of
creating a high-pressure environment at the expense of vascularity between tendon to
bone may hypothetically be reduced. Further in-vivo studies will be needed to
substantiate this.
In our institution, the cost of a suture anchor ranges between S$600 to S$900. By
using one less anchor per patient (25% savings in terms of cost), it appears that the
same result may be achieved while promising a potential reduction in healthcare costs
in the long run. Additionally, by employing one less anchor, there is a significant
reduction in the surgical time required to complete the double-row repair, which
translates to the benefit of decrease in anaesthetic time. In our local context, patients’
bone sizes are generally smaller, which may further support the use of fewer suture
anchors; the greater tuberosity in Asians may not be large enough for four anchors[20].
In a study conducted by Franceschi et al[21], they reported a statistically significant
difference in operative time between the single-row and double-row repair (42 ± 18.9
min vs 65 ± 23.4 min, respectively). The increase in surgical time together with the
higher cost of placing more anchors appear to make the use of the double-row repair
less ideal than the single-row repair, especially for smaller (< 3 cm) tears. The use of a
3-anchor double-row construct is a potential solution to minimize these
disadvantages, yet reaping its own benefits of maximizing footprint contact area and
healing.
Our study has a few limitations. The first would be the small sample size, which is
inherent to cadaveric studies. Secondly, the use of a porcine cadaveric model – while
geometrically and biomechanically similar to humans – is still disadvantageous as
compared to using a human cadaveric model due to the difference in anatomy.
However, the effect of this limitation is reduced as contact area, instead of the healing
process, was being measured. Additionally, our study did not make use of a
tensiometer to gauge the tension of the repairs. The effect of this was minimised as
much as possible by maintaining equal depths of all the suture anchors, to ensure
uniform tension in all the repairs. Lastly, fresh tendons tears were used, which may
not replicate the quality of the tendons in chronic tears. Perhaps further studies can be
performed in human cadaveric specimens to quantify contact pressure and pull-out
strength, to validate further the use of the 3-anchor construct.
In conclusion, the double-row repair technique is commonly employed for the
surgical treatment of rotator cuff tears. Our study showed that there is no statistical
difference in tendon-to-bone contact area when using a 3 or 4-suture anchor construct.
This may potentially translate to shorter surgical times and lower healthcare costs
with the use of fewer anchors without compromising tendon-to-bone healing of
rotator cuff tears.
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Figure 3 Completion of double-row repair (G1).
Figure 4

Figure 4 The different double-row configurations. Top: G1, 2 medial 2 lateral; Middle: G2, 2 medial 1 lateral; Bottom: G3, 1 medial 2 lateral.
Figure 5

Figure 5 Retrieved pressure sensitive and pressure sensitive film. A: Retrieved pressure sensitive film showing imprint; B: Pressure sensitive film analysed in
grey scale.
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Figure 6

Figure 6 Mean contact area, percent of contact at a repaired rotator cuff footprint.

ARTICLE HIGHLIGHTS
Research background
In rotator cuff repair surgery, the double-row technique is widely performed and remains one of
the most commonly performed techniques. The double-row repair is traditionally performed
using four suture anchors.

Research motivation
This study proves that the use of a 3-suture anchor construct is non-inferior to that of a 4-suture
anchor construct in terms of footprint contact area. The use of a 3-suture anchor construct may
potentially translate to significant reductions in surgical and anaesthetic times, as well as a
reduction in healthcare costs in the long run. Future research studying the contact pressure and
pull-out strength can be undertaken to validate further the use of a 3-suture anchor construct as
a non-inferior alternative to the 4-suture anchor construct while achieving the abovementioned
benefits.

Research objectives
The objective of our study was to demonstrate for the first time that there is no statistical
difference in tendon to bone contact area when using a 3 or 4-suture anchor construct. By
demonstrating so, it has introduced the possibility that the 3-anchor construct may be a
comparable alternative to the standard 4-anchor construct in terms of efficacy. This study can be
used in conjunction with future research comparing contact pressure and pull-out strength to
further validate the use of 3-anchor construct over the traditional 4-anchor construct.

Research methods
Twenty-four fresh porcine shoulders without gross evidence of rotator cuff pathology were
used. The use of a porcine model was chosen due to a previous study reporting the geometric
and biomechanical similarities between the porcine infraspinatus tendon and the human
supraspinatus tendon. Identical tears were created in these porcine shoulders over a 1.5 cm × 2.5
cm infraspinatus insertion footprint. Double-row repair techniques, with 3 to 4-suture anchors in
different configurations, were employed for three control groups. Each group consisted of eight
shoulders with identical repair configurations. Footprint contact areas of the repaired tendon
against the tuberosity were determined using pressure sensitive Fujifilm placed between the
tendon and tuberosity.

Research results
The study demonstrated for the first time that there is no statistical difference in tendon-to-bone
contact area when using a 3 or 4-suture anchor construct. This study can be used in conjunction
with future research comparing contact pressure and pull-out strength to further validate the use
of 3-anchor construct over the traditional 4-anchor construct.

Research conclusions
The study found for the first time that there is no statistical difference in tendon-to-bone contact
area when using a 3 or 4-suture anchor construct. It has hence introduced the possibility that the
3-anchor construct may be a comparable alternative to the traditional 4-anchor construct in terms
of efficacy. This may potentially translate to shorter surgical times and lower healthcare costs
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with the use of fewer anchors without compromising tendon-to-bone healing of rotator cuff
tears.

Research perspectives
This study introduces a new, alternative technique to the traditional 4-anchor construct that has
been performed for years. This study can be used in conjunction with future research comparing
contact pressure and pull-out strength to validate further the use of 3-anchor construct over the
traditional 4-anchor construct.
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Abstract
BACKGROUND
Hemiarthroplasty (HA) has traditionally been the treatment of choice for elderly
patients with displaced femoral neck fractures. Ideal treatment for younger,
ambulatory patients is not as clear. Total hip arthroplasty (THA) has been
increasingly utilized in this population however the factors associated with
undergoing HA or THA have not been fully elucidated.
AIM
To examine what patient characteristics are associated with undergoing THA or
HA. To determine if outcomes differ between the groups.
METHODS
We queried the Nationwide Inpatient Sample (NIS) for patients that underwent
HA or THA for a femoral neck fracture between 2005 and 2014. The NIS
comprises a large representative sample of inpatient hospitalizations in the
United States. International Classifications of Disease, Ninth Edition (ICD-9)
codes were used to identify patients in our sample. Demographic variables,
hospital characteristics, payer status, medical comorbidities and mortality rates
were compared between the two procedures. Multivariate logistic regression
analysis was then performed to identify independent risk factors of treatment
utilized.
RESULTS
Of the total 502060 patients who were treated for femoral neck fracture, 51568
(10.3%) underwent THA and the incidence of THA rose from 8.3% to 13.7%.
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Private insurance accounted for a higher percentage of THA than
hemiarthroplasty. THA increased most in urban teaching hospitals relative to
urban non-teaching hospitals. Mean length of stay (LOS) was longer for HA. The
mean charges were less for HA, however charges decreased steadily for both
groups. HA had a higher mortality rate, however, after adjusting for age and
comorbidities HA was not an independent risk factor for mortality. Interestingly,
private insurance was an independent predictor for treatment with THA.
CONLUSION
There has been an increase in the use of THA for the treatment of femoral neck
fractures in the United States, most notably in urban hospitals. HA and THA are
decreasing in total charges and LOS.
Key words: Hip fracture; Total hip arthroplasty; Hemiarthroplasty; Cost; Length of stay;
National Inpatient Sample
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hemiarthroplasty for the treatment of displaced femoral neck fractures especially in
younger ambulatory patients. In an analysis of the National Inpatient Sample we found
that the incidence of THA in the United States is increasing, particularly in urban areas.
Furthermore, we found that THA was associated with increased hospital charges but
shorter length of stay.
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INTRODUCTION
Femoral neck fractures represent a large proportion of orthopedic injuries requiring
surgical intervention. It is estimated that by 2050, there will be over 700000 cases
annually in North America[1]. Hemiarthroplasty (HA) has become the most common
treatment modality for displaced femoral neck fractures [2,3] . Recently, total hip
arthroplasty (THA) has gained popularity for treating displaced femoral neck
fractures, particularly with active, healthy patients[4]. Over the last 15-20 years, THA
as treatment for displaced femoral neck fractures has increased[5].
Independent, ambulatory patients have poor functional results following HA
compared to THA, particularly continued hip pain and a higher revision rate[6,7].
Several investigators have used large administrative database analyses to track trends
in the treatment of femoral neck fractures, with conflicting reports in the arthroplasty
and trauma literature. While some studies report no significant change in the
utilization of THA vs HA[5,8,9], others report a recent increase in THA usage[10,11].
Our study utilizes the Nationwide Inpatient Sample (NIS) database from 2005-2014
to see trends in THA vs HA for femoral neck fractures. Our goal was not only to
calculate the general trend over the past 10 years, but also determine what other
factors influence treatment decisions.

MATERIALS AND METHODS
NIS data from 2005 to 2014 was used. The NIS is a large all-payer database of datat
from the United States developed as part of the Healthcare Cost and Utilization
Project by the Agency for Healthcare Research and Quality. Each NIS file comprises
de-identified information from approximately eight million hospital records from
about 1000 hospitals in 46 states, representing an approximate 20% sample of
hospitals [12] . National estimates may be calculated from the data using available
weighting factors. For each patient record, 100 clinical and nonclinical data elements
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are available including admission and discharge status, patient demographics,
insurance type, hospital charges, length of stay (LOS), and hospital type in addition to
diagnosis and procedural codes in International Classification of Disease-9th RevisionClinical Modification (ICD-9-CM)[13]. Recorded patient characteristics include gender,
race, comorbidities and age. Given that the NIS database is sufficiently deidentified,
this study was not subject to institutional review board review.
For our study, we identified record of patients who had transcervical femoral neck
fractures (ICD-9-CM 820.0). We used ICD-9 codes to exclusively look at patients
treated with THA (81.51) and HA (81.52). We excluded pathologic fractures due to
oncologic etiology. Recorded Hospital characteristics were ownership (public, not-forprofit, or private investor-owned), teaching status, Urban or rural Location, and
region (Northeast, Midwest, South, or West). We analyzed patient insurance type
(Medicare, Medicaid, private, or self-pay), and charges during the stay.

Statistical analysis
Statistical analysis was performed using SPSS version 23 (IBM Corporation, Armonk,
New York), specifically SPSS complex samples procedure to model the strata,
clustering (hospitals), and weighting of the NIS sample design. Chi-square tests were
utilized for categorical variables and t tests were employed for continuous variables.
Categorical variables are presented as percentages and continuous variables as means.
Yearly trends were analyzed using linear regression modeling. P values of less than
0.05 were interpreted as statistically significant.

RESULTS
Of the total 502060 patients who underwent arthroplasty for a femoral neck fracture,
51568 (10.3%) were THA. Between 2005 and 2014, the percentage of femoral neck
fractures treated with THA rose from 8.3% to 13.7% (Figure 1). The HA group was
generally less healthy, with higher rates of congestive heart failure (16.8% vs 11.0%, P
< 0.001), chronic lung disease (21.6% vs 20.3%, P = 0.004), diabetes (17.0% vs 15.3%, P
< 0.001), hypertension (69.0% vs 62.2%, P < 0.001), and renal failure (13.4% vs 9.6%, P
< 0.001). (Table 1) Hemiarthroplasty patients were on average older (81.1 years vs 74.5
years, P < 0.001) (Figure 2). Private insurance accounted for a higher percentage of
THA than HA (17.3% vs 7.4%, P < 0.001) (Table 2). THA has increased most in urban
teaching hospitals (7.9% to 14.7%) relative to urban non-teaching (mean 11.1% vs
10.0%, OR = 1.05, P = 0.002) over the ten-year study period (Figure 3). The mean LOS
was statistically different but clinically similar for HA (5.6 d vs 5.5 d, P < 0.001). While
the mean LOS decreased over time for both groups, the rate of decline was
significantly greater for the THA cases (decrease of 1.1 vs 0.7 d, P < 0.0001) (Figure 4).
The mean charges (adjusted to 2014 dollars) were less for HA ($49866 vs $59826, P <
0.0001), however they increased steadily for both groups (Figure 5). Overall, HA had a
higher in-hospital mortality rate (2.3% vs 1.4%, P < 0.001), however, after adjusting for
age and comorbidities HA was not an independent risk factor for in-hospital
mortality (OR = 0.998, P = 0.94). Multivariate analysis adjusting for demographics,
comorbidities and age found private insurance (vs medicare) to be an independent
predictor of being treated with THA (OR = 1.46, P < 0.0001).

DISCUSSION
In recent years, the incidence of femoral neck fractures has continued to decline,
however the associated economic burden remains enormous[14-17]. These fractures can
be devastating to the patient and to the health care system because of the associated
morbidity, mortality and cost[18]. Displaced femoral neck fractures in the elderly are
commonly treated with HA. However, recent studies have demonstrated that THA
may have superior post-operative function, pain relief and lower re-operation rates
when compared to HA in the setting of displaced femoral neck fractures[6,7,19]. Despite
these benefits, concerns for THA include longer operative time, increased surgical
complexity, risk of postoperative dislocation, and higher initial cost[18]. THA has
become the preferred treatment for the healthier, higher demand elderly patient,
meanwhile, HA is reserved for low-demand patients with significant comorbidities.
Interestingly, despite increasing evidence in support of THA for geriatric femoral
neck fractures, only recently has the literature demonstrated an increasing use of THA
over HA[6,7].
The present study found a statistically significant increase in the percentage of
femoral neck fractures treated with THA in the United States between 2005 and 2014.
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Table 1 Comparison of comorbidities between patients who underwent hemiarthroplasty and
total hip arthroplasty for a femoral neck fracture between 2005 and 2014
THA (%)

Hemi (%)

P value

AIDS

0.10

0.10

P < 0.05

History of alcohol

3.70

2.60

P < 0.05

History of drug use

1.00

0.50

P < 0.05

CHF

11.00

16.80

P < 0.05

Chronic lung disease

20.30

21.60

P < 0.05

Coagulopathy

6.50

6.40

NS

Depression

12.60

13.00

NS

Diabetes

15.30

17.00

P < 0.05

Hypertension

62.20

69.10

P < 0.05

Hypothyroid

17.10

19.10

P <0.05

Obesity

4.50

2.30

P < 0.05

Renal disease

9.60

13.40

P < 0.05

AIDS: Acquired immunodeficiency syndrome; CHF: Congestive heart failure; NS: Not statistically significant;
THA: Total hip arthroplasty.

These findings support recent registry-based studies from the United States[19,20],
Europe and Asia [ 1 1 , 1 9 , 2 1 ] . We found that patients treated with HA had more
comorbidities and were on average older than patients that underwent THA. The
greater complexity and longer operative time associated with THA are some of the
main reasons why HA is often preferred for sicker patients that may not be able to
tolerate THA. Additionally, dislocation risk has been noted as a significant factor
influencing the selection of HA vs THA in the elderly. Bekerom et al[22] conducted a
randomized control trial comparing patients aged 70 years and older that underwent
HA vs THA for the treatment of femoral neck fractures and found a higher number of
early and late dislocations in the THA group[22]. Overall, with patients above 70 years,
the decision to treat with HA is multifactorial and includes severity of comorbidities,
surgeon experience and pre-operative level of activity. Unfortunately, these clinical
variables cannot be studied using current national databases, thus warranting further
investigation.
Interestingly, patients with private insurance were more likely to undergo THA
than patients with Medicare even after adjusting for differences in patient
demographics and comorbidities. THA may yield better functional results and lower
reoperation rates compared to HA[6,7,19]. However, given that THA incurs greater
hospital costs than HA, the reasons for disparities between femoral neck fracture
treatment options should be carefully examined. Notably, Schairer et al[23] found that
patients with private insurance or worker’s compensation were more likely to
undergo surgical management of isolated meniscal tears compared to payments with
public or no insurance. However, these results contrast the findings of McGlaston et
al[24] who found that rates of surgery of the upper extremity did not differ based on
private vs public insurance. Further research should more clearly define the impact if
any of patient insurance type on treatment choice for orthopedic procedures.
With regards to hospital type, the use of THA for femoral neck fractures
significantly increased in urban teaching and non-teaching hospitals. The sharpest
increase was noted in urban teaching hospitals; meanwhile, rural hospitals showed a
more modest increase in THA utilization during the study period. These results may
reflect both a higher number of new surgeons willing to change traditional
management of elderly femoral neck fractures and an increased exposure to recent
literature favoring THA in academic settings. It is plausible that surgeons in academic
settings are more familiar with the most current orthopedic research. However, this is
not likely to fully explain differences between teaching and non-teaching centers, so
further research is warranted. Notably, previous research has indicated that patients
undergoing orthopedic procedures at teaching hospitals experience higher hospital
costs, rates of complications, mortality, and longer LOS compared to non-teaching
hospitals[25,26]. However, Silber et al[27] found that undergoing orthopedic surgery at a
teaching hospital was protective for preventing in-hospital mortality.
Length of hospital stay was shorter for the traumatic THA patients compared to
HA patients. However, this difference was very small and may not be clinically
significant. These findings may be consistent with a study of 82951 patients with
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Figure 1

Figure 1 Percentage of hemiarthroplasty and total hip arthroplasty performed for femoral neck fractures between 2005 and 2014. Hemi: Hemiarthroplasty;
THA: Total hip arthroplasty.

femoral neck fractures treated with either THA or HA that found no significant
difference in LOS between the two groups[28].
There is a paucity of literature evaluating the inpatient cost associated with
treatment of displaced femoral neck fractures in the United States. Our study is
unique in that it uses a large nationally representative database to compare total
inpatient charges of femoral neck fractures in patients treated with either THA vs HA
over a ten-year period. We found that both THA and HA in the setting of femoral
neck fractures have been associated with gradually increasing charges. This is an
interesting finding, as there has been a decrease in cost for elective THA noted during
the same time period. The rise in the charges for traumatic THA may be secondary to
an increase in implant costs and most importantly the inability to preoperatively
prepare patients prior to surgery as compared to elective THA patients.
Unfortunately, the database does not provide information regarding payments, so we
are unable to make statements regarding the actual costs of care. Driving factors that
explain the differences in traumatic THA vs elective THA costs warrants further
investigation.
In-hospital mortality was not significantly higher in patients treated with a HA
compared to THA when adjusted for comorbidities. These findings agree with a
review article by Guyen[29] that found mortality rates were similar when comparing
THA with HA for the treatment of femoral neck fractures. Instead of type of implant,
patient comorbidities likely play a much more significant role in mortality risk. The
significance of comorbidities in this femoral neck fracture population was highlighted
by Macaulay et al[30] that found a 2.4 fold increase in risk of death for each additional
comorbid condition. Furthermore, although the incidence of both HA and THA have
steadily increased, mortality has not. This may suggest surgeons are successfully risk
stratifying these patients, with THA being appropriately reserved for the healthier,
lower risk patients.
There were limitations to our study that are inherent to database studies. The NIS is
a database that relies on codes intended for billing; therefore, we were unable to
obtain data on the severity of comorbidities, prior functional status or extent of
fracture displacement. This data as these factors likely play a significant role in a
surgeon’s surgical preference independent of age or sex so the findings of our study
should be interpreted with caution. Furthermore, the NIS database evaluates a single
hospital admission during the index THA or HA surgeries so long-term follow up for
complications, mortality, or conversion of THA to HA was not captured.
Additionally, the NIS does not allow us to examine solely patients who underwent
THA with the minimally invasive approach. Therefore, our patient population likely
represents a more heterogeneous group.
Despite these limitations, our study indicated that THA is increasing being utilized
in the treatment of displaced femoral neck fractures in the United States. We found
that traumatic THA is increasing most notably in urban hospitals, is increasing in
charges, and is associated with a shorter LOS. Hemiarthroplasty is associated with
older patients with significant comorbidities.
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Table 2 Comparison of demographics between patients who underwent hemiarthroplasty and total hip arthroplasty for a femoral neck
fracture between 2005 and 2014
THA (%)

Hemi (%)

P value

69.60

72.70

P < 0.05

1: White

88.20

88.20

ns

2: Black

4.50

3.90

P < 0.05

3: Hispanic

3.70

4.40

P < 0.05

4: Asian/Pacific Island

1.00

1.40

P < 0.05

5: Native American

0.40

0.40

P < 0.05

6: Other

2.20

1.80

P < 0.05

1: Rural

14.70

16.80

P < 0.05

2: Urban nonteaching

45.90

47.90

P < 0.05

3: Urban teaching

39.30

35.30

P < 0.05

1: Northeast

19.40

19.20

NS

2: Midwest

23.10

23.60

NS

3: South

41.60

38.50

P < 0.05

4: West

15.90

18.70

P < 0.05

1: Medicare

74.90

88.50

P < 0.05

2: Medicaid

2.70

1.80

P < 0.05

3: Private

17.30

7.40

P < 0.05

4: Self-pay

2.00

0.80

P < 0.05

5: No charge

0.30

0.10

P < 0.05

Female
Race

Hospital type

Hospital region

Payer type

NS: Not statistically significant; THA: Total hip arthroplasty.

Figure 2

Figure 2 Age in years of hemiarthroplasty and total hip arthroplasty patients between 2005 and 2014. Hemiarthroplasty patients were on average older (81.1
years vs 74.5 years, P < 0.001). Hemi: Hemiarthroplasty; THA: Total hip arthroplasty.
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Figure 3 Percentage of total hip arthroplasty procedures performed for femoral neck fractures by hospital type (urban teaching hospitals, urban nonteaching, rural) between 2005 and 2014. Total hip arthroplasty has increased most in urban teaching hospitals (7.9% to 14.7%).
Figure 4

Figure 4 Length of stay in days of hemiarthroplasty and total hip arthroplasty patients between 2005 and 2014. While the mean length of stay decreased over
time for both groups, the rate of decline was significantly greater for the Total hip arthroplasty cases. Hemi: Hemiarthroplasty; THA: Total hip arthroplasty.
Figure 5

Figure 5 Mean charges (adjusted to 2014 United States dollars) for hemiarthroplasty and total hip arthroplasty patients between 2005 and 2014. The mean
charges were less for HA ($49866 vs $59826, P < 0.0001), however they increased steadily for both groups. Hemi: Hemiarthroplasty; THA: Total hip arthroplasty.
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ARTICLE HIGHLIGHTS
Research background
Femoral neck fractures despite decreasing steadily in incidence still represent a tremendous
economic burden world-wide. Total hip arthroplasty (THA) is an increasingly utilized treatment
for displaced femoral neck fractures especially for younger, healthier, ambulatory patients.
Notably, multiple studies have demonstrated that THA has superior functional outcomes and
results in less pain postoperative compared to hemiarthroplasty (HA).

Research motivation
The motivation for this research study was to further characterize factors associated with
patients undergoing THA or HA following displaced femoral neck fracture. This was done in the
hopes of better understanding which patients are more likely to undergo THA and what factors
may predict adverse in this patient population.

Research objectives
The research objectives in this study was to assess the incidence of patients undergoing THA and
HA after displaced femoral neck fracture in the United States. Furthermore, we explored
whether hospital length of stay (LOS), discharge disposition, and cost differed between patients
undergoing THA or HA.

Research methods
This was a retrospective study which utilized the Nationwide Inpatient Sample between 2010
and 2014. We identified patients undergoing THA and HA for femoral neck fractures using
Ninth Edition diagnosis and procedure codes. Chi-square tests were used to compare categorical
variables and t tests for continuous variables. Yearly trends were analyzed using linear
regression modeling. P values less than 0.05 were considered statistically significant.

Research results
Of the total 502060 patients who were treated for femoral neck fracture in our study, 51568
(10.3%) underwent THA and the incidence of THA rose from 8.3% to 13.7%. Private insurance
accounted for a higher percentage of THA than hemiarthroplasty. THA increased most in urban
teaching hospitals relative to urban non-teaching hospitals. Mean LOS was longer for HA. The
mean charges were less for HA, however charges decreased steadily for both groups. HA had a
higher mortality rate, however, after adjusting for age and comorbidities HA was not an
independent risk factor for mortality.

Research conclusions
Our study was consistent with previous research that the number of patients undergoing THA
for femoral neck fractures has increased. Furthermore, we found that THA was more common in
urban hospitals and in patients with private insurance. Both of these trends have been reported
prior, however further research should better examine the etiology between these associations.
We found no difference in mortality between patients undergoing HA and THA reflecting that
mortality is more dependent on patient comorbidies than surgical technique.

Research perspectives
Future research most more closely examine the relationship between surgical choice of femoral
neck fracture fixation and insurance type especially since we found increased cost for patients
undergoing THA. Prospective studies are needed to effectively examine this research question.
Additionally, randomized controlled studies are needed to better develop treatment algorithms
to guide orthopedic surgeons on which patients may benefit most from THA compared to HA.
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Abstract
BACKGROUND
Femoroacetabular impingement (FAI) is a predisposing factor for secondary
osteoarthritis of the hip joint. The two extensively described impingement
mechanisms of FAI are CAM and Pincer-type. Initially managed conservatively,
operative intervention should be offered to the persistently symptomatic patient.
The measurement of the alpha angle is considered a standard method of
assessing the severity of pathology in Cam-type FAI on pre-operative plain
radiographs. The radiological correction of the alpha angle has not been
previously compared between different surgical approaches. We hypothesize
that there is no difference in alpha angle correction between Ganz surgical hip
dislocation and the anterior mini-open approach.
AIM
To compare the magnitude of alpha angle correction achieved by using the Ganz
surgical hip dislocation and the anterior mini-open approach.
METHODS
This is a retrospective study assessing seventy-nine patients identified in a 5-year
period. These patients had preoperative radiographic evidence of FAI and
underwent surgery by a single surgeon at our institution, a tertiary care center.
Patients with missing radiographic documentation, radiographs with insufficient
quality which then precluded accurate measurement of the angle α, a diagnosed
congenital condition, isolated type II pathology (Pincer), and history of prior
surgery were excluded from the study. Either the Ganz surgical hip dislocation or
the anterior mini open approach was used. Postoperative radiographic
evaluation of the alpha angle between the two surgical methods was done and
corrected for age and gender using two-sample t-tests and Chi-square analyses.
RESULTS
A total of 79 patients met the inclusion and exclusion criteria. Forty-seven males
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(mean age of 35.3, range 16-53) and 32 females (mean age 36.7, range 16-60) were
enrolled. Forty-seven patients underwent the anterior mini-open approach, and
32 underwent the Ganz surgical hip dislocation. There were no significant
differences in age between the two surgical groups or in pre- and post-operative
alpha angles based on patient gender. The mean pre-operative alpha angle for the
Ganz surgical hip dislocation group was 88.0 degrees (SD 12.3) and 99.4 degrees
(SD 7.2) for the anterior mini-open group. Mean post-operative angles were 49.9
degrees (SD 4.3) for the Ganz surgical hip dislocation and 43.8 (SD 4.3) degrees
for the anterior mini-open group. There was a statistically significant difference
in patient’s pre-operative and post-operative angles (P = 0.000) with both surgical
approaches.
CONCLUSION
Statistically significant decreases in alpha angle were noted for both surgical
techniques, with larger decreases seen in the anterior mini-open group.
Key words: Alpha angle; Femoroacetabular impingement; Ganz surgical hip dislocation;
Anterior mini-open
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: It is well understood that femoroacetabular impingement (FAI) is a
predisposing factor for secondary osteoarthritis of the hip joint. The two extensively
described impingement mechanisms of FAI are CAM and Pincer-type. If conservative
management fails, a surgical approach can be chosen. The measurement of the alpha
angle is considered a standard method of assessing the severity of pathology in Cam-type
FAI on pre-operative plain radiographs. The radiological correction of the alpha angle, as
measured on a lateral view radiograph, has not been previously compared between
different surgical approaches. This article compares the magnitude of alpha angle
correction achieved by using two different operative techniques: the Ganz surgical hip
dislocation and the anterior mini-open approach. Seventy-nine patients were identified in
a 5-year period who underwent surgery at our institution. Statistically significant
decreases in alpha angle were noted for both surgical techniques, with larger decreases
seen in the anterior mini-open group.
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INTRODUCTION
The pathology for femoroacetabular impingement (FAI) may be noted in the
acetabulum, the head- neck junction of the proximal femur, or a combination of the
two. It can be seen in all age groups and there is new evidence suggesting occurrence
in younger patients than previously seen, as well as, specific sex-dependent
characteristics between males and females[1-3].
The mechanism by which FAI occurs is generally classified into three categories.
Type I describes a CAM-type impingement where the femoral head and neck region
creates asphericity, the head-neck offset is reduced, with increased alpha angle. This
region may be covered by hyaline cartilage and could be developmental in origin due
to incomplete separation of the growth plates of the femoral head and the trochanter.
This physeal growth abnormality has been shown to cause the non-spherical contour
with lateral epiphyseal extension[4]. An adolescent growth spurt and a known history
of a slipped capital femoral epiphysis can also predispose a person to this type of
asymmetry. As with many orthopaedic conditions, musculoskeletal injury may also
contribute to the alteration of the shape of head and neck region and cause this CAMtype impingement effect. Ultimately, and largely regardless of predisposing etiology,
this abnormal impingement type mechanism leads to secondary osteoarthritis of the
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hip joint. The reason for this is that the structural abnormality leads to chronic
abutment of the femoral neck and the rim of acetabulum in flexion and internal
rotation of the hip joint. This causes atypical and increased compression and shear
forces which results in chondral lesions, labral tears and osteoarthrosis[1]. Therefore,
early detection and removal of the asphericity alleviates this mechanical mismatch
and oftentimes significantly improves the patient’s symptomatology. To this end,
various techniques (i.e., arthroscopic procedures ranging to more extensive open
methods) have been well described in today’s literature and are broadly accepted and
employed in everyday practice[5-8].
Type II impingement is consistent with a pincer mechanism. This is generally
defined by over-coverage of the femoral head and neck by the acetabulum. The
acetabular socket is abnormally deep or retroverted while the femoral neck is
generally normal. An anteroposterior (AP) pelvis radiograph can demonstrate such
signs to a good extent. This increased coverage inherently limits motion of the hip
joint and, at extremes of motion, causes the neck to impinge on the acetabular labrum
and socket. Over time, this is known to lead to degenerative cleavage in the labrum
and circumferential cartilage damage[1]. In this case, treatment is aimed at resecting
the prominent acetabular rim to allow for impingement free range of motion. As with
type I, there are various surgical techniques described for type II pathology
depending on surgeon’s individual comfort level.
The third and last general type of FAI is more common than the isolated type I or II
lesions, and it is a combination of both the cam and pincer pathology. Thus, the
surgical treatment for the type III mechanistic mismatch is aimed to address the
femoral neck region along with the acetabular rim. Traditionally, whenever both
intra- and extra-articular pathology and deformity need to be addressed, the open hip
dislocation offers satisfactory exposure and access[9].
To determine and qualify the presence of Cam type morphology, a radiographic
calculation of the alpha angle is most often employed. It provides reliable information
for operative planning and helps to monitor the progress in the immediate postoperative period and on subsequent follow up. While generally calculated on
standard radiographs, the researchers described this angle on magnetic resonance
imaging as well[10,11]. The angle is subtended by a line drawn in the middle of the
femoral neck to the center of the head and a line drawn from the center of the femoral
head to a point where head extrudes the perfect circle drawn around it[12]. The crosstable lateral radiograph with the femur in 15 degree of internal rotation and a Dunn
view in flexion evaluate the aspheric morphology appropriately. The frog lateral
views also provide comparable information[13,14]. It is worthy to mention that this
pathology may be missed on a cross-table view with femur in external rotation, as
well as, on direct AP radiographs[10].
An appropriately measured angle affords a reliable metric to assess the
postoperative correction, irrespective of the technique utilized, and helps to correlate
impingement free motion [11] . To our knowledge, the correlation of alpha angle
improvement has not been compared between various operative techniques,
especially the extensile traditional and modern anterior mini-open approach.
Therefore, the aims of this study were to determine (1) Change from baseline in the
alpha angle on cross-table lateral radiograph (with leg in 15 degree internal rotation)
after surgery; and (2) Compare radiographic corrections between the Ganz surgical
hip dislocation and anterior mini-open.

MATERIALS AND METHODS
Institutional review board approval was obtained prior to commencement of the
study. The institutional data of the patients who underwent surgery for FAI under a
single surgeon were abstracted from a large medical center’s records ranging from
2007 to 2012. All patients with pre- and post-operative radiographs were screened.
Patients with missing radiographic documentation, radiographs with insufficient
quality which then precluded accurate measurement of the angle α, a diagnosed
congenital condition, isolated type II pathology (Pincer), and history of prior surgery
were excluded from the study.
The Ganz surgical hip dislocation[15] was performed in a lateral decubitus position.
A trochanteric flip osteotomy was used to achieve an anterior approach to the hip
joint. The thickness of the trochanter was kept at approximately 1.5 cm and the
gluteus medius and vastus lateralis were kept intact. A Z-shaped capsulotomy was
then performed in the order of anterolateral limb in line with the neck, a distal
anteroinferior extension in front of the lesser trochanter and finally a curved
posterolateral limb between gluteus minimus and piriformis in line with the
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acetabular rim. The main aim of this approach was to preserve the profundus branch
of medial femoral circumflex artery (MFCA) at the time of osteotomy. This also served
to protect the medial branch at the level of lesser trochanter and contact anastomosis
of inferior gluteal and MFCA posteriorly during the capsulotomy. Next, the femoral
head was dislocated from the acetabulum and the pathology was assessed.
Depending on extent of damage and viability, the labrum was either debrided or
repaired. Then, the cam lesion was shaved carefully with a 5-mm diameter high-speed
burr in order to more accurately restore the normal femoral neck morphology. The
bone was removed to a safe level of a 4-5 mm depth until an impingement free range
of motion was achieved in 90 degrees of flexion and 10-15 degrees of internal
rotation[11]. This was assessed intraoperatively prior to closure. The deep capsule was
first closed in interrupted fashion. The trochanter was then reattached and held down
with two small fragment screws and, finally, the skin was closed with subcutaneous
absorbable sutures.
The second group in this study underwent an anterior mini-open approach. A
partial anterior approach to the hip, the “Heuter Approach," also called the “Short
Smith-Pete” because it follows the interval of the formal Smith- Petersen distal to the
anterior superior iliac spine, was used for access to the capsule and femoral neck[16-18].
All patients were positioned supine with a small well-padded bump under the pelvis.
The incision was commenced slightly lateral and inferior to anteriorsuperior iliac
spine and then continued distally for 3-5.5 cm. The dissection was carried down to the
capsule via the intramuscular (sartorius and tensor fascia lata) and internervous
planes (femoral and superior gluteal nerves). Care was taken to avoid injury the
branches of lateral cutaneous nerve to thigh, and the ascending branch of lateral
femoral circumflex was ligated wherever necessary. Capulotomy was carried out in
line with the femoral neck with hip in flexion and then extended proximally around
the acetabular rim while taking care to avoid damage to the cartilage and labrum.
Blunt reactors are placed around the neck to expose the hip joint. To address the
abnormal bony morphology, we employed similar steps as described above for the
formal surgical hip dislocation. Then, a standard layered closure from deep to
superficial was performed with the skin re-approximated in a sub-cuticular fashion.
To compare the differences in the alpha angles between the two surgical
approaches, and to determine if age or gender were associated with the choice of
surgical approach, two-sample t-tests and Chi-square analyses were employed,
depending on the nature of the variables. All statistical analysis was done using SPSS
Version 21.
TraumaCad® software (Voyant Health, Petach-Tikva, Israel) was utilized to
measure the alpha angle[11,12].

RESULTS
A total of 79 patients met the inclusion and exclusion criteria and had available
records from the 5-year study period. Forty-seven males (mean age of 35.3, range 1653) and 32 females (mean age 36.7, range 16-60) were enrolled. Forty-seven patients
underwent the anterior mini-open approach, and 32 underwent the Ganz surgical hip
dislocation. Pre-operatively, all patients were symptomatic and showed clinical and
radiological features of impingement without significant degenerative changes. There
were no significant differences in age between the two surgical groups or in pre- and
post-operative alpha angles based on patient gender.
The overall angle correction achieved by both methods is shown in Figure 1. The
mean pre-operative alpha angle for the Ganz surgical hip dislocation group was 88.0
degrees (SD 12.3) and 99.4 degrees (SD 7.2) for the anterior mini-open group. Mean
post-operative angles were 49.9 degrees (SD 4.3) for the Ganz surgical hip dislocation
and 43.8 (SD 4.3) degrees for the anterior mini-open group (Table 1). There was a
statistically significant difference in patient’s pre-operative and post-operative angles
(P = 0.000) with both surgical approaches.

DISCUSSION
With a progressively better understanding of the abnormal femoroacetabular
morphologies which can ultimately lead to secondary cartilage and labrum damage,
mechanistic impingement has been recognized as one of the leading causes for early
degeneration of the hip joint[1]. The impingement mainly occurs when a patient flexes
their hip joint past 90 degrees in an internal rotated and adducted position. This then
leads to abutment of the femoral neck to the antero-superior and lateral parts of the
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Table 1 Comparison of age and alpha angles for gender and surgery approach
n

Mean age (SD)

Mean pre-op angle (SD)

Mean post-op angle (SD)

Overall

79

35.9 (10.7)

94.0 (11.0)

46.0 (5.0)

Male gender2

47

35.3 (9.5)

92.1 (11.6)

45.9 (4.9)

Female gender

32

36.7 (12.3)

96.7 (9.5)

46.6 (5.6)

P value

0.61

0.14

0.28

Mini open

47

37.3 (11.1)

99.4 (7.2)

43.8 (4.3)1

Ganz surgical dislocation

32

33.8 (9.8)

88.0 (12.3)

49.9 (4.3)1

0.16

0.00

0.00

P value

1

P = 0.00 for the comparison between pre-operative and post-operative angles for each surgical approach.
P = 0.55 for relationship between gender and surgical approach.

2

acetabulum. Clinical signs for the rare postero-superior pathology could be elicited by
using a reverse maneuver. The basic radiological investigations for anterior pathology
include AP pelvis, cross-table lateral, frog lateral, and Dunn views.
The mean alpha angles range from 42 to 74 degrees between asymptomatic and
symptomatic patients[12]. It is worth noting that even in the asymptomatic young
population there is a 14 % prevalence of CAM-type morphology when abnormal
angle is considered > 50.5 degrees[19]. The significance of this is still largely unknown.
Neumann et al identified impingement free range of motion at an angle with a mean
value of 43 degrees (range, 34-60)[11]. They concluded that the value of measurement
determined in their study could be considered as a normal limit, which consequently
is lower than the currently accepted angle of 50-55 degrees. When surgery is
contemplated, the aim is to alleviate patient symptoms and achieve pain free range of
motion.
Currently, it is not fully understood if surgical intervention will ultimately prevent
progression of osteoarthrosis of the hip joint, however, it is believed that early
detection and treatment should mitigate the presumed destructive forces[20]. This
notion is supported by many short to mid term reports of good to excellent results
regarding the effectiveness of the surgical procedure and possible slowing down of
the pathological cartilage destruction process[6,7,11,21-26].
There are many approaches and techniques described for surgical management and
more are rapidly evolving. Current review of evidence suggests that all widely used
techniques have, at least, comparable mid term results[8,18,22,26-28].
The Ganz surgical hip dislocation for correction of FAI remains the gold standard
and has been reported with good results[15,20,22,24]. However, in recent times, there has
been an inclination towards more minimally invasive and potentially less morbid
procedures such as the anterior mini-open approach which provides ease of access to
the joint with lower risks of incidental destruction of the crucial blood supply[7,23].
Additionally, it bears mention that as hip arthroscopy continues to evolve,
arthroscopic CAM lesion debridement has begun to gain acceptance and
popularity [8,20,27,29] . Previous studies with only relatively short-term arthroscopic
outcomes data were largely confounded with heterogeneous outcome measures[27].
However, more recent studies have shown that patients with FAI undergoing hip
arthroscopy experience improvement in pain, quality of life and improvement in
function[28,30]. Furthermore, several studies have shown that arthroscopic CAM lesion
debridement have a similar functional outcome compared to open surgical
approaches[31,32]. Interestingly, to this date no study has shown the correction of the
alpha angle in hip arthroscopy, however, a recently published study by Briggs et al[33]
concluded that while the alpha angle is of importance in preoperative evaluation and
diagnosis of FAI, the post operative angle does not correlate with functional outcome
or development of osteoarthritis based on patient symptoms.
As for the anterior mini-open approach, there are additional early rehabilitation
benefits in comparison to formal hip dislocation as no osteotomies are performed and
no hardware is used to re-attach the greater trochanter. At our institution, we used the
Ganz surgical hip dislocation approach until early part of the year 2010 and then
gradually transitioned to the mini open approach based on good results reported by
various studies[7,23]. This transition period, has given us an opportunity to compare our
results between the two approaches. By measuring the alpha angle on a plain
radiograph, the morphology was closely monitored in the patient’s post-operative
follow up period.
We noted that for pre-op measurements, mini open cases had significantly larger
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Figure 1

Figure 1 A 31-year-old male with bilateral hip femoroacetabular impingement with left hip treated using Ganz surgical hip dislocation while right hip
treated through anterior mini-open approach. Both hips showed adequate correction of alpha angle (Top panels: Post-operative cross-table lateral X-ray images.
Bottom panels: Showing measurement of alpha angle with left hip being 45 degrees and right being 42 degrees).

alpha angles. Additionally, for post-op measurements, mini-open cases also had
significantly smaller angles. So the Ganz surgical hip dislocation did not lead to as
large of a change in the alpha angle as compared to the mini-open approach.
However, with both approaches we were able to achieve impingement free motion of
the hip joint. There were no significant differences in age between the two surgical
groups or pre- and post-operative alpha angles based on gender. The overall angle
correction achieved by both methods is shown in Table 1. In each case, we achieved
alpha angles with impingement-free range of motion.
Using the anterior mini-open approach, when the deformity is in the anterosuperior and antero-lateral part of the head and neck region, the hip is rotated under
direct visualization and the bony prominence is shaved with high-speed burr. The
labral damage can also be addressed by either debridement or repair. This leads to the
assumption that the mini open method should be a more desirable approach.
However, it is not without limitations. In the instance of circumferential pathology, it
is quite challenging to dislocate the hip and access becomes a limiting factor. On the
other hand, the more extensile approach can deal with circumferential pathology in a
significantly more desirable manner. Prior studies have reported significant
improvement in patient function with no significant risk of avascular necrosis of the
femoral head with Ganz surgical hip dislocation[11,15]. However, this approach also
carries potential complications. These have been noted to include a bony non-union of
the greater trochanter osteotomy site, heterotrophic ossification, and a slow abductor
muscle recovery leading to delayed rehabilitation and return to activity.
There are a few limitations to our study. It is a retrospective review of patient
records and radiographs. The data would have been more informative if the study
was done in a prospective, randomized fashion. Pre-operative magnetic resonance
arthrograms were obtained in many of our cases where the pathology was suspicious
but the patients had a mixed clinical picture. A combination of radiographs and CT or
MRI scans, pre- and post-operatively, could have led to more precise alpha angle
measurements and subsequently strengthened the findings. However, this comes at a
significantly added cost, radiation exposure, and time factor. Ultimately, it is unlikely
that this diagnostic approach would significantly change the findings acquired on
plain radiographs which remain a cost-effective and an easily accessible tool for
diagnosis of FAI. Lastly, including arthroscopic debridement in our case series would
have allowed us to comparatively assess its power of alpha angle correction, however,
this approach was not performed at our institution during the data collection phase of
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this study.
In conclusion, the alpha angle was adequately corrected to the level of
impingement free motion with both the anterior mini-open approach and the Ganz
surgical hip dislocation. Additionally, the mini-open approach led to an overall
greater radiographic improvement.

ARTICLE HIGHLIGHTS
Research background
Femoroacetabular impingement (FAI) is a predisposing factor for secondary osteoarthritis of the
hip joint. The two extensively described impingement mechanisms of FAI are CAM and Pincertype deformities. Regardless of predisposing etiology, this abnormal impingement type
mechanism leads functional decrease of the patient and to secondary osteoarthritis of the hip
joint. Early detection and removal of the asphericity alleviates this mechanical mismatch and
oftentimes significantly improves the patient’s symptomatology. Various techniques (i.e.,
arthroscopic procedures ranging to more extensive open methods) have been well described in
today’s literature and are broadly accepted. This study is significant since it shows statistically
significant decreases in alpha angle were noted for both surgical techniques, the Ganz surgical
hip dislocation vs anterior mini-open with larger decreases seen in the anterior mini-open group

Research motivation
Ultimately abnormal impingement type mechanisms can lead to symptomatic patients and to
secondary osteoarthritis of the hip joint. Early detection and removal of the asphericity alleviates
this mechanical mismatch. FAI and successful treatment has become a main focus of todays
research focus. There are many surgical approaches to treat FAI. Finding effective surgical
management to correct this deformity radiographically and improving functional outcome of the
patient remains a challenge and requires further investigation.

Research objectives
The main objectives remains to find a successful way to address deformities of the acetabulum
and proximal femur that lead to FAI. For this study the objectives were to evaluate the change
from the baseline in the alpha angle on cross-table lateral radiograph after surgery and to
compare radiographic corrections between the Ganz surgical hip dislocation and the anterior
mini-open approach.

Research methods
This is a retrospective study assessing seventy-nine patients identified in a 5-year period. These
patients had preoperative radiographic evidence of FAI and underwent surgery by a single
surgeon at our institution, a tertiary care center. Patients with missing radiographic
documentation, radiographs with insufficient quality which then precluded accurate
measurement of the angle α, a diagnosed congenital condition, isolated Pincer deformity, and
history of prior surgery were excluded from the study. Either the Ganz surgical hip dislocation
or the anterior mini open approach was used. Postoperative radiographic evaluation of the alpha
angle between the two surgical methods was done and corrected for age and gender using twosample t-tests and chi-square analyses.

Research results
Statistically significant decreases in alpha angle were noted for both surgical techniques, with
larger decreases seen in the anterior mini-open group. It is not fully understood if surgical
intervention will ultimately prevent progression of osteoarthritis of the hip joint, however, it is
believed that early detection and treatment should mitigate the presumed destructive forces.
This study therefore shows that both surgical approaches provide a valid option for correcting
the alpha angle which is implicated in FAI.

Research conclusions
Statistically significant decreases in alpha angle were noted for both surgical techniques, with
larger decreases seen in the anterior mini-open group. While we do not know whether there is a
difference in functional outcome of the patient, both surgical approaches provide a valid
treatment option successfully decrease the alpha angle in patients with FAI.

Research perspectives
It remains difficult to design studies around surgical treatment options and radiographic
findings do not necessarily correlate with clinical and functional outcome emphasizing the
importance of investigating functional outcome of the patient. Future research should focus on
arthroscopic vs open alpha angle reduction for FAI as well as functional outcome and future
development of secondary osteoarthritis. Ideally, randomized controlled trials comparing
functional outcome and radiographic changes pre vs post surgery between arthroscopic vs open
treatment vs no treatment would be ideal. However, this study design my not be feasible in the
US.

ACKNOWLEDGEMENTS
WJO

https://www.wjgnet.com

33

January 18, 2020

Volume 11

Issue 1

Haug EC et al. Surgical treatment of FAI

The authors would like to thank Wojciech L Czoch, MD and Khang Lee, MD for their
help in collecting data and editing manuscript.

REFERENCES
1

2

3

4

5

6

7
8

9

10

11

12

13

14

15

16

17

18
19

20

21
22

23

24

25
26

WJO

https://www.wjgnet.com

Beck M, Kalhor M, Leunig M, Ganz R. Hip morphology influences the pattern of damage to the
acetabular cartilage: femoroacetabular impingement as a cause of early osteoarthritis of the hip. J Bone
Joint Surg Br 2005; 87: 1012-1018 [PMID: 15972923 DOI: 10.1302/0301-620X.87B7.15203]
Ito K, Minka MA 2nd, Leunig M, Werlen S, Ganz R. Femoroacetabular impingement and the cam-effect.
A MRI-based quantitative anatomical study of the femoral head-neck offset. J Bone Joint Surg Br 2001;
83: 171-176 [PMID: 11284559 DOI: 10.1302/0301-620X.83B2.0830171]
Nepple JJ, Riggs CN, Ross JR, Clohisy JC. Clinical presentation and disease characteristics of
femoroacetabular impingement are sex-dependent. J Bone Joint Surg Am 2014; 96: 1683-1689 [PMID:
25320194 DOI: 10.2106/JBJS.M.01320]
Siebenrock KA, Wahab KH, Werlen S, Kalhor M, Leunig M, Ganz R. Abnormal extension of the femoral
head epiphysis as a cause of cam impingement. Clin Orthop Relat Res 2004; 54-60 [PMID: 15043093
DOI: 10.1097/00003086-200401000-00010]
Ganz R, Parvizi J, Beck M, Leunig M, Nötzli H, Siebenrock KA. Femoroacetabular impingement: a cause
for osteoarthritis of the hip. Clin Orthop Relat Res 2003; 112-120 [PMID: 14646708 DOI:
10.1097/01.blo.0000096804.78689.c2]
Jackson TJ, Stake CE, Trenga AP, Morgan J, Domb BG. Arthroscopic technique for treatment of
femoroacetabular impingement. Arthrosc Tech 2013; 2: e55-e59 [PMID: 23767009 DOI:
10.1016/j.eats.2012.10.005]
Parvizi J, Huang R, Diaz-Ledezma C, Og B. Mini-open femoroacetabular osteoplasty: how do these
patients do? J Arthroplasty 2012; 27: 122-125.e1 [PMID: 22682041 DOI: 10.1016/j.arth.2012.03.047]
Nwachukwu BU, Rebolledo BJ, McCormick F, Rosas S, Harris JD, Kelly BT. Arthroscopic Versus Open
Treatment of Femoroacetabular Impingement: A Systematic Review of Medium- to Long-Term Outcomes.
Am J Sports Med 2016; 44: 1062-1068 [PMID: 26059179 DOI: 10.1177/0363546515587719]
Tibor LM, Sink EL. Pros and cons of surgical hip dislocation for the treatment of femoroacetabular
impingement. J Pediatr Orthop 2013; 33 Suppl 1: S131-S136 [PMID: 23764786 DOI:
10.1097/BPO.0b013e318286006e]
Meyer DC, Beck M, Ellis T, Ganz R, Leunig M. Comparison of six radiographic projections to assess
femoral head/neck asphericity. Clin Orthop Relat Res 2006; 445: 181-185 [PMID: 16456309 DOI:
10.1097/01.blo.0000201168.72388.24]
Neumann M, Cui Q, Siebenrock KA, Beck M. Impingement-free hip motion: the 'normal' angle alpha
after osteochondroplasty. Clin Orthop Relat Res 2009; 467: 699-703 [PMID: 19018605 DOI:
10.1007/s11999-008-0616-6]
Nötzli HP, Wyss TF, Stoecklin CH, Schmid MR, Treiber K, Hodler J. The contour of the femoral headneck junction as a predictor for the risk of anterior impingement. J Bone Joint Surg Br 2002; 84: 556-560
[PMID: 12043778 DOI: 10.1302/0301-620X.84B4.0840556]
Kumar R, Aggarwal A, Krishnan V, Gopinathan N, Chakraborty S. Femoroacetabular impingement and
comparison of radiological indexes: a study on 50 cases. Musculoskelet Surg 2013; 97: 153-158 [PMID:
23381374 DOI: 10.1007/s12306-013-0244-5]
Kapron AL, Anderson AE, Aoki SK, Phillips LG, Petron DJ, Toth R, Peters CL. Radiographic prevalence
of femoroacetabular impingement in collegiate football players: AAOS Exhibit Selection. J Bone Joint
Surg Am 2011; 93: e111(1-e1110) [PMID: 22005872 DOI: 10.2106/JBJS.K.00544]
Ganz R, Gill TJ, Gautier E, Ganz K, Krügel N, Berlemann U. Surgical dislocation of the adult hip a
technique with full access to the femoral head and acetabulum without the risk of avascular necrosis. J
Bone Joint Surg Br 2001; 83: 1119-1124 [PMID: 11764423 DOI: 10.1302/0301-620X.83B8.0831119]
Laude F, Sariali E, Nogier A. Femoroacetabular impingement treatment using arthroscopy and anterior
approach. Clin Orthop Relat Res 2009; 467: 747-752 [PMID: 19089524 DOI:
10.1007/s11999-008-0656-y]
Ribas M, Ledesma R, Cardenas C, Marin-Peña O, Toro J, Caceres E. Clinical results after anterior miniopen approach for femoroacetabular impingement in early degenerative stage. Hip Int 2010; 20 Suppl 7:
S36-S42 [PMID: 20512770 DOI: 10.5301/HIP.2010.858]
Wilson AS, Cui Q. Current concepts in management of femoroacetabular impingement. World J Orthop
2012; 3: 204-211 [PMID: 23362464 DOI: 10.5312/wjo.v3.i12.204]
Hack K, Di Primio G, Rakhra K, Beaulé PE. Prevalence of cam-type femoroacetabular impingement
morphology in asymptomatic volunteers. J Bone Joint Surg Am 2010; 92: 2436-2444 [PMID: 20962194
DOI: 10.2106/JBJS.J.01280]
Amanatullah DF, Antkowiak T, Pillay K, Patel J, Refaat M, Toupadakis CA, Jamali AA.
Femoroacetabular impingement: current concepts in diagnosis and treatment. Orthopedics 2015; 38: 185199 [PMID: 25760499 DOI: 10.3928/01477447-20150305-07]
Bedi A, Kelly BT. Femoroacetabular impingement. J Bone Joint Surg Am 2013; 95: 82-92 [PMID:
23283377 DOI: 10.2106/JBJS.K.01219]
Beaulé PE, Le Duff MJ, Zaragoza E. Quality of life following femoral head-neck osteochondroplasty for
femoroacetabular impingement. J Bone Joint Surg Am 2007; 89: 773-779 [PMID: 17403799 DOI:
10.2106/00004623-200704000-00011]
Cohen SB, Huang R, Ciccotti MG, Dodson CC, Parvizi J. Treatment of femoroacetabular impingement in
athletes using a mini-direct anterior approach. Am J Sports Med 2012; 40: 1620-1627 [PMID: 22562788
DOI: 10.1177/0363546512445883]
Espinosa N, Beck M, Rothenfluh DA, Ganz R, Leunig M. Treatment of femoro-acetabular impingement:
preliminary results of labral refixation. Surgical technique. J Bone Joint Surg Am 2007; 89 Suppl 2 Pt.1:
36-53 [PMID: 17332124 DOI: 10.2106/00004623-200605000-00001]
Tibor LM, Leunig M. The pathoanatomy and arthroscopic management of femoroacetabular
impingement. Bone Joint Res 2012; 1: 245-257 [PMID: 23610655 DOI: 10.1302/2046-3758.110.2000105]
Steppacher SD, Anwander H, Zurmühle CA, Tannast M, Siebenrock KA. Eighty percent of patients with
surgical hip dislocation for femoroacetabular impingement have a good clinical result without

34

January 18, 2020

Volume 11

Issue 1

Haug EC et al. Surgical treatment of FAI

27

28

29

30

31

32

33

WJO

https://www.wjgnet.com

osteoarthritis progression at 10 years. Clin Orthop Relat Res 2015; 473: 1333-1341 [PMID: 25367110
DOI: 10.1007/s11999-014-4025-8]
MacFarlane RJ, Konan S, El-Huseinny M, Haddad FS. A review of outcomes of the surgical
management of femoroacetabular impingement. Ann R Coll Surg Engl 2014; 96: 331-338 [PMID:
24992414 DOI: 10.1308/003588414X13946184900723]
Roos BD, Roos MV, Camisa Júnior A, Lima EMU, Betto MD. Open versus arthroscopic approach in the
treatment of femoroacetabular impingement: a case-control study with two-years follow up. Rev Bras
Ortop 2017; 52: 21-28 [PMID: 28971082 DOI: 10.1016/j.rboe.2017.07.007]
Gillespie JA, Patil SR, Meek RD. Clinical outcome scores for arthroscopic femoral osteochondroplasty in
femoroacetabular impingement: a quantitative systematic review. Scott Med J 2015; 60: 13-22 [PMID:
25428942 DOI: 10.1177/0036933014560300]
Lund B, Mygind-Klavsen B, Grønbech Nielsen T, Maagaard N, Kraemer O, Hölmich P, Winge S, Lind
M. Danish Hip Arthroscopy Registry (DHAR): the outcome of patients with femoroacetabular
impingement (FAI). J Hip Preserv Surg 2017; 4: 170-177 [PMID: 28630739 DOI: 10.1093/jhps/hnx009]
Matsuda DK, Khatod M, Antounian F, Burchette R, Bini S, Anthony FF, Harris J, Calipusan C.
Multicenter outcomes of arthroscopic surgery for femoroacetabular impingement in the community
hospital setting. J Hip Preserv Surg 2016; 3: 318-324 [PMID: 29632692 DOI: 10.1093/jhps/hnw024]
Sariali E, Vandenbulcke F. Clinical outcomes following arthroscopic treatment of femoro-acetabular
impingement using a minimal traction approach and an initial capsulotomy. Minimum two year follow-up.
Int Orthop 2018; 42: 2549-2554 [PMID: 29572638 DOI: 10.1007/s00264-018-3904-0]
Briggs KK, Soares E, Bhatia S, Philippon MJ. Postoperative alpha angle not associated with patientcentered midterm outcomes following hip arthroscopy for FAI. Knee Surg Sports Traumatol Arthrosc
2019; 27: 3105-3109 [PMID: 29644385 DOI: 10.1007/s00167-018-4933-3]

35

January 18, 2020

Volume 11

Issue 1

World Journal of
Orthopedics

WJ O

Submit a Manuscript: https://www.f6publishing.com

World J Orthop 2020 January 18; 11(1): 36-46

DOI: 10.5312/wjo.v11.i1.36

ISSN 2218-5836 (online)

ORIGINAL ARTICLE
Retrospective Cohort Study

Good accuracy of the alpha-defensin lateral flow test for hip
periprosthetic joint infection: A pilot study in a retrospective cohort
of 52 patients
Jesse WP Kuiper, Pieter Pander, Stan J Vos
ORCID number: Jesse WP Kuiper
(0000-0002-4173-4786); Pieter Pander
(0000-0002-9300-2421); Stan J Vos
(0000-0001-8890-1409).

Jesse WP Kuiper, Stan J Vos, Department of Orthopedic Surgery, Noordwest Ziekenhuisgroep,
Alkmaar 1815 JD, Netherlands
Pieter Pander, Centre for Orthopedic Research Alkmaar, Noordwest Ziekenhuisgroep, Alkmaar
1815 JD, Netherlands

Author contributions: Kuiper JWP,
Pander P, Vos SJ designed
research; Kuiper JWP, Pander P,
Vos SJ performed research; Kuiper
JWP, Pander P analyzed data;
Kuiper JWP, Pander P, Vos SJ
wrote the paper.

Institutional review board
statement: This study was
reviewed and approved by the
Ethics Committee of the
Noordwest Ziekenhuisgroep.

Informed consent statement:
Patients were not required to give
informed consent to the study
because the analysis used
anonymous clinical data that were
obtained after each patient agreed
to treatment by written consent.

Conflict-of-interest statement: All
authors declare no conflicts of
interest related to this article.

Data sharing statement: No
additional data are available.

STROBE statement: The
manuscript was prepared and
revised according to the STROBE
Statement-checklist of items.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative

WJO

Corresponding author: Jesse WP Kuiper, MD, MSc, Department of Orthopedic Surgery,
Noordwest Ziekenhuisgroep, Wilhelminalaan 12, Alkmaar 1815 JD, Netherlands.
jwp.kuiper@gmail.com

Abstract
BACKGROUND
The alpha-defensin lateral flow (ADLF) test is a new diagnostic tool for
periprosthetic joint infection (PJI). Test accuracy for combined cohorts of hip and
knee PJI has been reported to be good.
AIM
To assess the accuracy of the ADLF test for hip PJI, and to compare three different
diagnostic criteria for PJI.
METHODS
A cohort of 52 patients was identified, with a painful or poorly functioning total
hip- or hemi-arthroplasty, that underwent aspiration and a subsequent ADLF
test. PJI was diagnosed with Musculoskeletal Infection Society (MSIS) criteria,
and sensitivity, specificity, overall accuracy, positive predictive value and
negative predictive value were calculated. Furthermore, test specifics were
compared with the European Bone and Joint Infection Society (EBJIS) and 2018
International Consensus Meeting (ICM) criteria for PJI.
RESULTS
Using MSIS criteria, sensitivity was 100% (CI: 54%-100%) and specificity was 89%
(CI: 76%-96%). Six true positives and 5 false positives were found, including one
case of metallosis. Using EBJIS criteria, more PJIs were found (11 vs 6), sensitivity
was lower (71%, CI: 42%-92%) and specificity was higher (97%, CI: 86%-100%),
with 4 false negatives and one false positive result. Using 2018 ICM criteria,
sensitivity was 91% (62%-100%) and specificity 100% (91%-100%). The results in
this cohort are comparable to previous studies.
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CONCLUSION
Overall test accuracy of the ADLF test was good in this cohort, with a sensitivity
of 100% and specificity of 89%. Using different PJI definition criteria, sensitivity
and specificity changed slightly but overall accuracy remained around 90%.
Using the ADLF test in metallosis cases can result in false positive results and
should be performed with caution.
Key words: Periprosthetic; Arthroplasty; Replacement; Hip; Infection; Periprosthetic joint
infection; Alpha-defensin; Synovasure
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The alpha-defensin lateral flow (ADLF) test is a new diagnostic tool for
periprosthetic joint infection (PJI). We evaluated a cohort of 52 patients that underwent
aspiration of hip arthroplasty to assess test accuracy. Using Musculoskeletal Infection
Society criteria, sensitivity was 100% (CI: 54%-100%) and specificity was 89% (CI:
76%-96%). Using European Bone and Joint Infection Society criteria, sensitivity was
lower (71%, CI: 42%-92%) and specificity was higher (97%, CI: 86%-100%), Using
2018 International Consensus Meeting criteria, sensitivity was 91% (62%-100%) and
specificity 100% (91%-100%). The results in this cohort are comparable to previous
studies.
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INTRODUCTION
Periprosthetic joint infection (PJI) is one of the most serious complications of total hip
arthroplasty (THA). It generally requires one or more surgeries, weeks of
hospitalization and long-term antibiotic treatment. Overall, it is a considerable
financial and logistic burden to hospitals and the health care system in general[1,2]. The
patients themselves, however, are the ones most afflicted by this complication.
Treatment methods range from curative therapy with revision arthroplasty to months
of living without a functioning hip articulation (Girdlestone procedure) or to life-long
suppressive antibiotic therapy (for inoperable patients with a low grade PJI)[1].
Because treatment of PJI differs from other revision indications, it is important to
accurately exclude PJI before revision surgery takes place. PJI can be challenging to
diagnose and several definitions have been proposed in the past. The most recent
(modified) definition by the Musculoskeletal Infection Society (MSIS) includes various
laboratory values and aspiration results[3]. This definition has been used as the gold
standard for PJI in the last years. However, in the last years, two new definitions have
been suggested: The European Bone and Joint Infection Society (EBJIS) has recently
proposed other diagnostic criteria which may have a lower threshold for the detection
of PJI, and therefore possibly a higher specificity[4]; the 2018 International Consensus
Meeting (ICM) criteria includes the most recent tests into a cumulative score, with
substantially higher sensitivity and specificity[5].
None of the criteria are ideal in terms of speed, ease of use, high sensitivity and
high specificity. Therefore, new diagnostic tools are constantly being developed. One
of the most studied new diagnostic markers of the last few years is the determination
of alpha-defensin (AD), a protein released by white blood cells in synovial fluid. Two
different versions to test this exist: The AD immunoassay test, which is a laboratory
test with a readout within 24 h; and the Synovasure® lateral flow test (Synovasure®,
Zimmer Biomet, Warsaw, Indiana). This point-of-care test can show directly whether
an arthroplasty might be infected, but may have lower accuracy[6-8].
The aim of this pilot study was to identify a cohort of patients in whom the AD
lateral flow (ADLF) test was already performed in the last two years in our hospital,
and to assess the accuracy of the ADLF test for this cohort [sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV)] by comparing it to
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the current gold standard for the diagnosis of PJI. As a secondary aim, the more
recently proposed EBJIS and 2018 ICM definitions were applied to the cohort as well,
to investigate the differences between the definitions.

MATERIALS AND METHODS
Since 2015, one of the orthopedic surgeons in our hospital, with a subspecialty in PJI,
started using the ADLF test (Synovasure®, Zimmer Biomet, Warsaw, Indiana) for all
aspirations of potential hip PJI. This cohort was identified by using our own database
and cross-referencing with surgical records. Data were retrospectively collected and
analyzed. Patients were included if an ADLF test was performed after aspiration of
THA or hemi-arthroplasty (HA) in the study period. Exclusion criteria were:
significantly incomplete medical record data (e.g., missing culture results, unavailable
data on surgery performed elsewhere), aspiration of other arthroplasty than THA or
HA, unavailability of ADLF test (not performed or missing data).

Intervention
All patients underwent sterile aspiration of the hip joint as part of the diagnostic
work-up for a painful or poorly functioning hip arthroplasty, between January 2015
and March 2018. This aspiration was performed in the operating room under sterile
conditions with the help of fluoroscopy. After aspiration, the ADLF test was
performed according to manufacturer guidelines if enough material was available
(e.g., no dry tap). A white blood cell count (WBC) and polymorphonuclear neutrophil
percentage (PMN%) were performed, and one or two samples were used for culturing
in blood culture bottles (aerobic and anaerobic).

Revision surgery
During revision surgery, at least 6 tissue cultures were collected, from joint
capsule/synovium, acetabular and femoral interface. Sonication and histopathology
were not standardly performed during the study period. Antibiotic treatment was
guided by prior cultures results, or vancomycin (1000 milligrams twice daily) was
administered until culture results were known, which could take up to 14 d.

Data
After identification of all patients that underwent aspiration, the following data were
collected: patient characteristics; arthroplasty details (time after initial surgery, hemior total hip arthroplasty, articulation, use of cement); C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), serum leukocyte count and presence of a sinus
tract at presentation; aspiration characteristics (amount, aspect, ADLF test results,
WBC and PMN%, number of cultures and culture results); follow-up data (revision
performed, intra-operative histology and culture results, diagnosis, PJI criteria met).

PJI definition
Three recent definitions of PJI for calculation of test accuracy were used. The MSIS
definition was used as the standard[3]. EBJIS and ICM definitions were also used for
comparison[4,5]. See Table 1, Table 2, Table 3, Table 4 and Table 5.

Study parameters
The main aim of this study was to assess sensitivity and specificity with PPV and
NPV of the ADLF test, using the MSIS criteria for PJI as mentioned above. The second
aim was to compare these criteria with the EBJIS and 2018 ICM criteria.

Statistical analysis
To assess the performance of the ADLF test, the sensitivity, specificity, PPV and NPV
were calculated. Except for age, the scale variables were described using the median
and the range regarding a non-normal distribution measured by means of the Onesample Kolmogorov Smirnov test. 95%CI were calculated and are described.

RESULTS
Demographics
Between January 2015 and December 2017, 83 hip aspirations were conducted. 31
patients were excluded because the ADLF test was not performed. Therefore, a total
of 52 patients (52 aspirations) were included in this pilot study, with a mean age of 72
years. See Table 6 for demographics and comparison with the excluded patients. The
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Table 1 Modified Musculoskeletal Infection Society criteria for periprosthetic joint infection
definition[3]
Two or more positive periprosthetic cultures with phenotypically identical organisms, or
A sinus tract communicating with the joint, or
Having at least three of the following minor criteria:
Elevated serum C-reactive protein > 10 mg/L AND erythrocyte sedimentation rate > 30 mm/h;
Elevated synovial fluid white blood cell count 3.000 cells/μL OR ++ result on leukocyte esterase test strip;
Elevated synovial fluid polymorphonuclear neutrophil percentage (PMN%) > 80%;
Positive histological analysis of periprosthetic tissue;
A single positive culture.

median time between primary surgery and aspiration was 35 mo (range 3-266 mo)
and 46 (88%) patients had a THA. 31 of 46 THA patients had a metal on polyethylene
articulation. The median CRP and ESR before aspiration were 6 mg/L (range 1-195
mg/L) and 13 mm/h (range 3-120 mm/h) respectively, and the median WBC in
synovial fluid was 800 cells/μL (range 10-264.000 cells/μL).

ADLF test
In 11 patients (21%) the ADLF test was positive. According to the MSIS criteria, 6
patients had a PJI. Using these criteria, sensitivity was 100% (CI: 54%-100%),
specificity was 89% (CI: 76%-96%), PPV was 55% (CI: 34%-73%) and NPV was 100%.
The overall accuracy was 90% (CI: 79%-97%). None of the ADLF test results were false
negative and 5 were false positive (Figure 1). One of the false positive cases had a
metal-on-metal (MoM) articulation. See Table 7 for details on all positive ADLF tests
or inconclusive/positive criteria.

Revision surgery
In total, 19 patients underwent revision surgery after aspiration. 10 of these had no PJI
suspicion and underwent direct revision. In 8 patients, PJI was suspected because of
aspiration results or symptoms, and a two-stage revision was performed. In one
patient, debridement, antibiotics and implant retention (DAIR) was performed
because PJI was classified as acute hematogenous (symptom duration of 8 d with a
prior well-functioning THA).

PJI
Of 6 patients with PJI, 5 patients (83%) underwent revision surgery. One patient was
treated with suppressive antibiotics because of extensive co-morbidity, and died 5 mo
later, unrelated to PJI. Seven cases (of 19 revisions) had positive cultures (Table 8). In 4
of these 7 patients, the micro-organism found intraoperatively corresponded to
aspiration culture results. The other 3 patients had negative preoperative synovial
cultures. Two of these three did not meet PJI criteria (both MSIS and EBJIS), as they
had only one positive intraoperative culture with a low virulence micro-organism
(Cutibacterium acnes and Staphylococcus capitis). Both patients underwent direct
revision, without macroscopic suspicion of PJI, and were free of symptoms at the last
follow-up. One patient was treated with DAIR, as described above. The other 4
patients with positive cultures underwent two-stage revision. See Table 8 for
microbiology characteristics.

MoM
Three patients (6%) had a MoM hip articulation. One patient was not suspected of PJI.
The 2 other patients had a positive ADLF test (67%): 1 patient did not meet MSIS PJI
criteria, but did have PJI according to EBJIS criteria (elevated WBC count of 5170
cells/μL). The last patient had PJI, according to both MSIS and EBJIS criteria. Due to
severe comorbidity, this patient was considered inoperable, as a result of which
intraoperative cultures were never obtained.

EBJIS criteria
When adhering to the criteria by the EBJIS, PJI was found in 14 patients and the ADLF
test had a sensitivity of 71% (CI: 42%-92%), specificity of 97% (CI: 86%-100%), PPV of
91% (CI: 58%-99%) and NPV of 90% (CI: 80%-96%). The overall accuracy was 90% (CI:
79%-97%). Using the EBJIS criteria, 4 ADLF test results were false negative and one
was false positive (Figure 1).

2018 ICM criteria
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Table 2 European Bone and Joint Infection Society criteria for periprosthetic joint infection definition. One or more criteria fulfilled
means positive periprosthetic joint infection diagnosis[4]
Sinus tract OR purulence around the prosthesis;
Acute inflammation on histopathology of periprosthetic tissue;
Elevated synovial fluid white blood cell count of more than 2.000 cells/μL OR elevated synovial fluid polymorphonuclear neutrophil percentage (PMN%)
> 70%;
Microbial growth in synovial fluid OR > 2 tissue samples (for highly virulent microorganisms already one positive sample confirms infection) OR
sonication fluid (≥ 50 CFU/mL).

Ten patients had PJI according to these criteria, and 40 patients had no PJI. Two cases
were inconclusive, 1 with positive and 1 with negative ADLF test. Excluding these
cases, no false positives and false negatives were found, and the ADLF test had 100%
sensitivity (69%-100%) and specificity (91%-100%). When classifying these cases as
infected, as they are likely to be treated as infected cases, sensitivity was 91% (62%100%), specificity 100% (91%-100%). PPV, NPV and accuracy were 100%, 98% (86%100%) and 98% (90%-100%), respectively. See Figure 1.

DISCUSSION
In this study the accuracy of the ADLF test was assessed in 52 patients with a
suspicion of hip PJI.
The measured sensitivity and specificity of the ADLF test were 100% and 89%
respectively, with an overall accuracy of 90%. In comparison, when applying the
EBJIS criteria, sensitivity and specificity were 71 and 97% respectively. Overall
accuracy was the same, 90%. When using the new 2018 ICM criteria, a sensitivity of
91% and a specificity of 100% were found, with an accuracy of 98%.
The existing literature describes a large range in sensitivity and specificity. This can
partly be explained by study-related factors. The results for sensitivity range from
67.0% to 97.1% and for specificity from 82.4% to 100%[4,6,8-11]. The results of the current
study are comparable to these studies.
Renz et al[4] also reported results of the ADLF test when using EBJIS criteria, and
found a sensitivity of 54.4%, specificity of 99.3%, PPV of 97.7%, and NPV of 78.6% (for
MSIS criteria these numbers were 84.4%, 96.4%, 86.4% and 95.8%, respectively). In a
cohort of 212 patients, 45 patients had PJI according to MSIS criteria, and 79 with the
use of EBJIS criteria. With this lower threshold, the prevalence of PJI is higher and the
number of false positives is lower. This is similar for the current study. The only study
on the new 2018 ICM criteria[5] is the one in which the definition is proposed, and they
described no accuracy of the AD test alone. Since the AD test is used in the criteria,
one may argue that it is not a good gold standard to assess the accuracy of the AD test
itself.
In previous studies, metallosis was often excluded due to false positive
results[6,8,12-14]. It is known that patients with a MoM articulation may develop adverse
local tissue reactions (ALTR) due to metal wear debris. Even with other articulations,
metal debris can be found (e.g., with taper-cup impingement or other taper related
problems)[15]. Differentiating between PJI and ALTR can be challenging as patients
may have elevated inflammatory parameters, peri-articular purulent appearance,
falsely elevated WBC and a false positive ADLF test[8,15]. Of 5 false-positive ADLF
tests, 1 was a case of metallosis. Other studies found even higher rates of metallosis
among the false-positive cases, although the numbers are small: 1/3, 2/4 and
3/5[11,16,17]. One study excluded 3 false positive cases because of metallosis[8]. A recent
Dutch study described 1 case of metallosis, with a negative ADLF test in a cohort of 37
patients[18]. Okroj et al[15] studied the results of AD testing in 26 cases of metallosis.
They found 1 true positive, and 8 false positive results (31%). Therefore, the value of
the ADLF test in metallosis cases should be interpreted critically and with caution.
In this cohort, 6 patients with painful or non-functioning hemiarthroplasty were
included. In 2 of 6 cases the ADLF test was positive. According to MSIS criteria, both
were false positive. Using EBJIS criteria, 1 true positive, 1 false positive and 1 false
negative were found. With the 2018 ICM criteria, 1 true positive and 1 positive in an
inconclusive case were found. No other studies described AD testing of hip
hemiarthroplasties. Further studies are needed to provide guidance on AD testing for
painful hip hemiarthroplasties.
Within the scope of this study, its limitations are acknowledged. The number of
patients was relatively small, and due to the retrospective design, not all
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Table 3 New 2018 International Consensus Meeting scoring criteria for periprosthetic joint
infectiondefinition[5]: Major criteria (at least one of the following)
Two positive cultures of the same organism

Infected

Sinus tract with evidence of communication to the joint or visualization of the prosthesis

measurements needed for the PJI criteria were performed. Furthermore, ADLF test
was not performed in all patients that underwent aspiration, mostly due to
insufficient amount of aspiration fluid or bloody fluid aspiration. Therefore, selection
bias may have occurred. Although several statistical methods exist to address missing
data, we believe these are more useful for big data trials than for this retrospective
study[19].
Because only hip arthroplasty patients were included in this cohort, comparison
with previous studies is more difficult, as most other studies described results of both
hip and knee PJI.
Further research is crucial, considering the variety in sensitivity and specificity in
different studies. A prospective follow-up study has already been started to evaluate
the ADLF test in a larger, prospective cohort, in which a comparison to the leukocyteesterase test will also be made.
In conclusion, in a cohort of 52 patients that underwent aspiration for a painful or
poor-functioning hip arthroplasty, the ADLF test had a sensitivity of 100% and
specificity of 89% and an overall accuracy of 90%. Other definition criteria showed
slightly different test specifics but overall accuracy was high for the EBJIS and 2018
ICM criteria as well. The ADLF test is an easy-to-use point of care test, which requires
little material and can provide a quick perioperative result. This can be useful during
revision surgery or when aspiration yields almost no synovial fluid. Nevertheless,
caution is advised when interpreting the results, in particular when metallosis is
present or possible.
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Table 4 New 2018 International Consensus Meeting scoring criteria for periprosthetic joint infection definition[5]: Preoperative diagnosis
Preoperative score: Minor criteria

Score

Decision

Serum: Elevated CRP or D-Dimer

2

≥ 6: Infected

Serum: Elevated ESR

1

Synovial: Elevated synovial WBC count or LE

3

Synovial: Positive alpha-defensin

3

Synovial: Elevated synovial PMN (%)

2

Synovial: Elevated synovial CRP

1

2-5: Possibly infected1

0-1: Not infected

1

See table 5. CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; WBC: White blood cell; PMN: Polymorphonuclear neutrophil.

Table 5 New 2018 International Consensus Meeting scoring criteria for periprosthetic joint infection definition[5]: Intraoperatieve
diagnosis
Inconclusive preoperative score1or dry tap

Score

Decision

Preoperative score

-

≥ 6: Infected; 4-5: Inconclusive; 0-3: Not infected

Positive histology

3

Positive purulence

3

Single positive culture

2

1

see Table 4.

Table 6 Demographics of the described cohort and the group of excluded patients (no alpha-defensin lateral flow test performed)
Cohort

Excluded

Total (n)

52

31

Age [mean (SD), yr]

72 (9.2)

67.5 (9.5)

Male

24

12

Female

28

19

Right

28

12

Left

24

19

Total hip arthroplasty

46

26

Hemi-arthroplasty

6

5

MoP

31

18

CoP

8

4

CoC

4

3

MoM

3

1

HA

6

5

Time to aspiration [Median (range), mo]

35 (3-266)

32.4 (3-191)

Gender (n)

Operated side (n)

Prosthesis (n)

Articulation (n)

MoP: Metal on polyethylene; CoP: Ceramic on polyethylene; MoM: Metal on metal; HA: Hemiarthroplasty
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Table 7 Characteristics of all patients with positive alpha-defensin lateral flow test and/or positive or inconclusive criteria
CriteA
ria

B

C

D

E

F

G

H

Culture
tissue
AD
(nr of
cultures)

Art

VisCRP
Sinus ible
(mg/
tract puruL)
lence

WBC
ESR
count PMN
(mm/
(cells/ %
h)
μL)

Culture
synovial
fluid
(nr of
cultures)

1

CoC

-

-

6.5

21.0

19100

91

2

MoP

Yes

-

9.0

23.0

-

3

MoP

-

-

8.5

29.0

4

MoP

-

-

9.8

16.0

5

CoC

-

-

6.9

6

MoP

-

-

7

MoP

-

8

HA

-

9

MoP

10

I

PJI?

MSIS (+/-;
criteria)

EBJIS (+/-;
criteria)

Revi1- or
2018 ICM (+/- sion
2/i; criteria)
surstage
gery

neg (1) neg (6) +

-

E,F

+

+

-

pos (2) pos
(8/9)

+

+

A,G,H +

3000

4

neg (2) -

-

-

6200

77

neg (2) pos
(5/8)

+

+

10.0

2300

-

neg (1) -

-

-

12.0

26.0

10

-

neg (2) pos
(1/2)

-

-

C,H

-

-

-

-

9350

-

neg (1) -

-

-

E

+

-

-

-

-

-

neg (1) pos
(1/6)

+

-

H

-

-

-

144.0

64.0

37300

92

pos
(1/2)

pos
(2/6)

+

+

C,D,E, +
F,G,H

MoP

-

-

61.0
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CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; WBC: White blood cell; PMN%: Polymorphonuclear neutrophil percentage; PJI: Prosthetic
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Table 8 All cases of positive cultures in the described cohort
Case

Culture after aspiration (positive cultures/nr Culture after revision (positive cultures/nr of
of total cultures)
total cultures)

2

Propionibacterium acnes (2/2)

Cutibacterium acnes (8/9)

Staphylococcus aureus (1/2)
4

Negative (2/2)

Staphylococcus capitis (5/8)
Staphyloccus hominis (1/8)
Staphylococcus epidermidis (1/8)
Propionibacterium acnes (1/8)

7

Negative (2/2)

Propionibacterium acnes (1/2)

8

Negative (1/1)

Staphylococcus capitis (1/6)

9

Staphylococcus aureus (1/2)

Staphylococcus aureus (2/6)

10

Pseudomonas aeruginosa (1/1)

Pseudomonas aeruginosa (9/9)

13

Staphylococcus lugdunensis (2/2)

Staphylococcus epidermidis (1/9)
Staphylococcus lugdunensis (7/7)

Figure 1

Figure 1 Flowchart of patient selection and prosthetic joint infection diagnosis according to Musculoskeletal Infection Society, European Bone and Joint
Infection Society and 2018 International Consensus Meeting criteria. PJI: Prosthetic joint infection; MSIS: Musculoskeletal Infection Society; EBJIS: The
European Bone and Joint Infection Society; ICM: International Consensus Meeting; AD: Alpha-defensin test.

ARTICLE HIGHLIGHTS
Research background
Periprosthetic joint infection (PJI) is one of the most severe complications after hip arthroplasty.
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Therefore, it is important to diagnose this problem accurately. Several diagnostic criteria are
currently used for PJI diagnosis.

Research motivation
One of the newest additions to the diagnostic options is the determination of alpha-defensin, a
protein released by white blood cells in synovial fluid. Two tests are available, the lateral flow
test being the fastest (point of care) test. This test of aspirated joint fluid has not yet been
extensively studied.

Research objectives
The objective was to identify a cohort of patients after hip arthroplasty in whom the alphadefensin lateral flow (ADLF) test was already performed in the last two years in our hospital,
and to assess the accuracy of the ADLF test for this cohort.

Research methods
The database of patients after total hip arthroplasty who underwent aspiration and ADLF testing
was checked and data were retrospectively collected and analyzed. All patients underwent
sterile aspiration of the hip joint as part of the diagnostic work-up for painful or poor functioning
hip arthroplasty, between January 2015 and March 2018. Three recent definitions of PJI for
calculation of test accuracy were used. The Musculoskeletal Infection Society (MSIS) definition
was used as the standard. European Bone and Joint Infection Society (EBJIS) and International
Consensus Meeting (ICM) definitions were also used for comparison.

Research results
A total of 52 patients (52 aspirations) were included in this pilot study. In 11 patients (21%) the
ADLF test was positive. According to the MSIS criteria, 6 patients had a PJI. Using these criteria,
sensitivity was 100% (CI: 54%-100%), specificity was 89% (CI: 76%-96%), positive predictive
value (PPV) was 55% (CI: 34%-73%) and negative predictive value (NPV) was 100%. When
adhering to the criteria by the EBJIS, PJI was found in 14 patients and the ADLF test had a
sensitivity of 71% (CI: 42%-92%), specificity of 97% (CI: 86%-100%), PPV of 91% (CI: 58%-99%)
and NPV of 90% (CI: 80%-96%).
When using the 2018 ICM criteria and classifying inconclusive cases as infected, sensitivity
was 91% (62%-100%), specificity 100% (91%-100%). PPV, NPV and accuracy were 100%, 98%
(86%-100%) and 98% (90%-100%), respectively.

Research conclusions
The diagnostic accuracy of the ADLF test for hip arthroplasty was high: Sensitivity was 100%,
specificity 89%. Using different PJI diagnosis criteria, overall accuracy remained 90% or higher.
These results are comparable to prior findings by other authors. Caution should be taken when
when interpreting the results of the ADLF test in metallosis cases, as metallosis may cause false
positive results.

Research perspectives
This study confirms the good clinical test results for the ADLF test found by others. However,
the use of the ADLF test in cases of suspected PJI in hemi-arthroplasty or metal-on-metal has not
been studied well, and one should be careful not to rely solely on the ADLF test, especially in
those cases.
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Abstract
BACKGROUND
Flexibility, agility and muscle strength are key factors to either win or lose a
game. Recently the effect of a new technique, deep transverse friction massage
(DTFM) on muscle extensibility as compared to traditional stretching techniques
has been examined.
AIM
To compare the effect of DTFM vs static and dynamic stretching techniques on
the hamstring’s extensibility, agility, and strength amongst Lebanese and Syrian
football players. Recording the incidence of non-contact hamstring muscle injury
was a secondary objective.
METHODS
This study is a single-blinded prospective longitudinal randomized controlled
trial. The experiment took place over a period of four weeks. Football players
were randomized into three intervention groups (static stretching; dynamic
stretching; DTFM). Participants of each group were followed-up carefully by
assessors during their intervention sessions three times per week, for a total of 12
sessions and during the data collection. Extensibility, agility, and strength were
compared between intervention groups at (baseline; acute; and chronic) phases.
Straight leg raise and 1 repetition maximum tests were used to measure the
dominant leg hamstring muscle extensibility and maximal strength respectively.
T-drill test was used to assess the lower extremities agility.
RESULTS
Of 103 Lebanese and Syrian male football players aged between 18 and 35 were
sampled from Damascus-Syria and South of Lebanon to participate in this study.
Between-groups measures of acute strength (P = 0.011) and chronic extensibility
(P = 0.000) solely showed a significant difference, and the static group showed to
be superior as compared to the other groups. No loss to follow-up or protocol
violation was recorded.
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CONCLUSION
Static stretching is showing to be superior to the other techniques used, regarding
gaining long-term extensibility and short-term maximal muscle strength. In
addition, DTFM showed improvements but did not outweigh the effects on
footballers’ performance when comparing it to static and dynamic techniques.
Finally, no difference between the interventions is recorded regarding the rate of
muscle injuries incidence.
Key words: Football; Massage; Prevention; Athletic injuries; Sports injury; Static
stretching; Dynamic stretching
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Static stretching may be used for male football players aged between 18 and 35
for 30 min before exercises for its positive effect on short-term muscle strength and after
exercises for its beneficial effect on long-term extensibility.
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INTRODUCTION
In the professional field of sports, injuries can have serious repercussions on a team’s
entire season, and on a particular individual’s health, future, and surroundings[1].
According to the American College Football League statistics, injuries were prevalent
between the year 2004 and 2009, where 51.3% of injuries of muscular and ligamentous
origin were recorded during training and matches. Hamstring tears alone accounted
for 5.5% of these injuries[2]. In addition, hamstring muscle injuries showed to be
common in sports requiring running [3] . They were usually caused by a muscle
imbalance between the quadriceps muscle which was strong while the hamstring
muscle was weak and inflexible. This imbalance puts a great deal of pressure on the
hamstring leading to injury and tear[3].
The high incidence and prevalence of muscular injuries led coaches, medical teams
and researchers from around the world to seek modalities to prevent these events
from happening[4,5]. Moreover, previous studies highlighted the effect of various
stretching techniques on optimizing athletic performance while reducing the
incidence of muscle injury[6]. In the literature, stretching was defined as “an exercise in
which a muscle or a muscle group is intentionally flexed or stretched in order to
improve the muscle's extensibility”[7]. In addition, static stretching proved to be the
best technique to increase extensibility[8], while it decreased performance and lead to
an increase in the risk of injury when performed immediately before an exercise[9,10].
Additionally, only 2 min of static stretching per muscle group during warm-up, could
negatively alter muscle strength[11].
On the other hand, the literature on the dynamic stretching was conflicting. Some
studies reported that an acute bout of dynamic stretching induced either a similar or
higher increase in extensibility as compared to static stretching, whereas many other
studies reject this statement[12]. Dynamic stretching mimics sports movements and
showed to have positive effects on performance and on the reduction of injury rates.
However, lesser gains in extensibility were recorded when compared to static
stretching[4]. Dynamic stretching should be chosen over static stretching during the
warm-up phase, which usually requires a high level of strength and explosive
muscular power. Troumbley [13] recommends the use of the dynamic stretching
technique as the main stretching technique before agility-related sports, where it
induced the greatest performance in agility movements proved by a reduction T-Drill
time. This was further supported by Fletcher and Jones[14], who contend that dynamic
stretching elicits the best performance in power and high-speed activities.
Herbert and Gabriel [15] reviewed the literature on the effects of stretching on
performance and suggested that more research is needed to truly understand the
effects of stretching on agility-related performance. Moreover, more studies are
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needed to clearly understand the mechanism and effect of the static stretching
technique on the risk of muscle injury[16]. Recently, researchers confirmed that deep
transverse friction massage (DTFM) on the musculotendinous junction (MTJ)
increased muscle extensibility[17,18].
DTFM involved the application of manual pressure directly to the MTJ which,
when sufficient, will stimulate Golgi tendon organs and inhibit muscle tension[17,18].
However, no studies have been conducted to compare the effects of DTFM to other
stretching techniques on agility, muscle strength and rate of muscle injury occurrence.
For this reason, the aim of this study was to check the effect of DTFM on performance
as compared to static and dynamic stretching techniques amongst Lebanese and
Syrian football players. Moreover, recording the incidence of non-contact hamstring
muscle injury was the secondary objective.

MATERIAL AND METHODS
Design
This study is a single-blinded longitudinal randomized controlled trial. In order to
compare the effects of DTFM to static and dynamic stretching techniques, participants
were randomly assigned to one of three groups: (1) DTFM group; (2) Dynamic
stretching group; and (3) Static stretching group. They were followed-up over a
period of four weeks.
Ethical approval was obtained from the Lebanese German University’s Institutional
Review Board (Ref No.:1EC/2017) and this study is registered in ClinicalTrials.gov
under the trial registration number (NCT03540888). Upon the confirmation of the
footballer's eligibility, each participant signed an informed consent form and fill in a
separate form for personal data collection. To ensure confidentiality, sheets were kept
in a file in a concealed place, and only the principal investigators of this study were
able to access data when it was needed.

Participants and selection criteria
In order to recruit the participants, gyms and football clubs across Damascus-Syria
and South of Lebanon were visited and information sheets were distributed. These
sheets: (1) Explained the purpose of the study; (2) Emphasized on voluntary
participation; (3) Described the experiment process and its duration; (4) Stated
possible risks and benefits; (5) Emphasized confidentiality; and (6) Provided
investigators means of contact. 103 Lebanese and Syrian male football players aged
between 18 and 35 were sampled to participate in this study. For a participant to be
considered eligible he supposed to be: (1) Male; (2) A football player; and (3)
Physically active (1 to 3 hours of football per week)[19]. Participants under the age of 18
and over 35 years and ones who had an existing injury to the musculoskeletal system
were excluded.
After applying the selection criteria, 96 remaining football players were the final
participants of this study, with no loss to follow-up (participation rate: 100%), or any
protocol violation being recorded (Figure 1).

Procedure
To start the experiment, each enrolled participant signed a consent form. Then, an
independent examiner who was not involved in the enrollment process systematically
allocated participants into one of the three intervention groups by withdrawing
names randomly out of a bowl. The first draw assigned the participant into the static
stretching group; the second draw to the dynamic stretching group; the third draw to
the DTFM group. This was repeated until all eligible participants were assigned to
groups. The investigator who entered eligible participants in the study was not aware
of which group they were allocated to.
The experiment took place in July 2017, over a period of four weeks. Participants of
each group were followed-up carefully by assessors during their intervention sessions
three times a week, for a total of 12 sessions and during data collection. Intervention
sessions were scheduled on the same day as the players’ training or matches. In
addition, players and their coaches were told to make sure not to include any other
stretching techniques during the entire intervention period. It is important to mention
that stretching techniques were performed on both legs, but data were collected only
from the dominant lower limb in the same manner across groups.
Static stretching group: Static stretching was chosen for its effectiveness in increasing
both acute and chronic extensibility[20]. All participants laid on the floor in a supine
position with both feet pointing upwards. The tested limb was in full knee extension
and the foot, in a relaxed position, was moved up passively by the assessor to a point
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Figure 1

Figure 1 Flowchart representing the recruitment pool.

of slight pain or discomfort at the posterior aspect of the thigh. This technique puts
the hamstring muscle at its greatest possible length. In accordance with the American
College of Sports Medicine, this position was held for 30 s and was performed three
times for a total of one minute and 30 s, 15 min after a match or training. The
contralateral leg was stabilized by means of another collaborator in order to prevent
compensation by rotation or elevation of the pelvis[9,19].
Dynamic stretching group: The dynamic stretching technique was included for its
positive effects on agility and muscle strength[21]. Participants in this group swung
their tested leg actively into hip flexion while keeping their knee fully extended and
their ankle fully plantar flexed until a stretch was felt in the posterior thigh. This was
repeated over 30 s at the end of the participant's warm-up phase[12].
Deep transverse friction massage group: One of the examiners taught participants
how to sit and perform pre-exercise self-massage on their tested leg MTJ. The
procedure consisted of applying friction massage by fingertips transversely to the
hamstrings tendon, in a sitting position. The tendon was located over four finger
widths proximal to the medial and lateral epicondyles of the femur. One examiner
carefully monitored how the technique was performed to assure the precision of the
application. This massage technique was applied over a duration of 30 s at the end of
the participants’ warm-up phase[18].

Data collection methods
Measurements took place once, on three occasions: (1) Baseline, at the first session; (2)
15 min, after the first intervention (acute phase); and (3) After four weeks (chronic
phase). In addition, the (1) age; (2) height; (3) weight; and (4) injury incidence rate
were recorded for each footballer. In addition, the statistical review of the study was
performed by a biomedical statistician.
It is important to mention that stretching techniques were performed on both legs,
but data was collected in the same manner across all three groups, only from the
dominant lower limb to standardize the measurement between all participants. At the
moment of data collection, the assessor was blind to the group to which participants
belonged to. In addition, this assessor was not involved in the implementation of any
of the techniques in this study.
Flexibility: Extensibility of the hamstrings muscle represented knee flexibility[22].
Straight leg raise (SLR) is a widely used outcome measure used to assess the
extensibility of the hamstring muscle. It is an easy and reliable method with intraclass
correlation coefficients (ICCs) of 0.96, and high SEM values (2.2o) and MDD (6o)[22].
SLR was first applied to all participants across the groups. All football players laid
supine and were taught to relax during testing. A volunteer therapist raised the tested
limb while maintaining the knee in full extension and the foot in a relaxed position.
Another volunteer stabilized the other lower limb in neutral hip rotation and full knee
extension. The test was stopped once the therapist felt a strong resistance, or when the
pelvic rotation was noted. Then, the assessor placed the goniometer over the greater
trochanter, with one arm aligning the lateral femoral condyle, and the other arm
aligning parallel to the ground, in a direction to the mid-axillary line and recorded the
hip angle. The scores were recorded as degrees of range of movement[23].
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Agility: Agility was chosen to represent the footballer’s performance. This athletic
event involves elements of speed, change of direction, and varying types of
movement[13]. After the measurement of the extensibility, agility was measured by the
T-Drill test. The T-Drill has been proven to be a highly reliable testing measurement,
ICC (0.95 with a 95% confidence interval)[24,25]. Footballers were familiar with how to
perform the T-Drill and were instructed on the test procedures. Then, they were
instructed to jog for 2 min to warm-up. The participants performed the T-drill twice
and the trial with the best time was taken for analysis by means of an alert assessor
with a stopwatch. Results were measured in seconds[13,25]. A diagram of the T-Drill
with its dimensions is shown in (Figure 2).
Strength: Finally, maximal voluntary muscle strength of the hamstring muscle of the
dominant leg was estimated by a one-repetition maximum (1RM) test. The ICC for 1RM test-retest was (0.983, 95% confidence interval = 0.964-0.997)[4]. After a rest time of
5 min, participants were guided to the knee flexors strengthening machine (hamstring
curl machine). Resistance was placed just proximal to the posterior part of the
calcaneus bone. At first, footballers performed a specific warm-up, consisting of a set
of ten repetitions of knee flexion, with a light load. Afterward, for safety reasons,
estimation of hamstring 1RM was calculated using the Brzycki formula: Weight
lifted/[1.0278 - (0.0278 × number of repetitions)]. This formula exhibited a relatively
low level of bias (1.6 to 0 kg) and had an ICC above 0.97. The lower end of the 95%
confidence interval was above 0.94[26]. Maximal voluntary strength was recorded in
kilograms.
During the 4 wk trial period, only muscle-related non-contact sports injuries,
confirmed by the team physicians during training or matches were collected.
According to Marshall[27] a non-contact injury is an injury sustained by an athlete
without extrinsic contact by another player or object on the field.

Statistical analysis
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version
21.0 for Windows. Descriptive statistics (mean, standard deviation) were calculated to
characterize participants’ age, weight, and height. Means of the main key variables of
the study were also calculated. The Shapiro–Wilk test was used to check the normality
of the data distribution. A probability (P) value of > 0.05 means that there was no
significant difference between groups.
To check for any difference in the incidence of muscle injury between each of the
intervention groups, Fisher exact test was used because the expected cell count was
less than 5. Dependent t-tests were used to determine any significant differences
between the acute and chronic phases of extensibility, agility and muscle strength,
and to check the difference between the baseline and chronic phases of these
dependent variables.
Analysis of variance (ANOVA) test was used to check for any significant difference
between the intervention groups and each of the extensibility, agility, and strength.
This test was repeated for three different phases (baseline, acute and chronic).
Moreover, after a statistically significant difference was shown between the variables,
Tukey’s Post Hoc test was used to show where the differences occurred between
intervention groups.

RESULTS
Of 96 participants with a mean age of 24.7 ± 4.1 years were enrolled in the study. The
footballers’ mean weight and height recorded were respectively 74.9 ± 13.2 kg and
180.7 ± 6.5 cm. Within-group mean extensibility values comparison of both, the static
stretching and DTFM groups, showed significant difference between the
Baseline/Acute phases (P = 0.000, P = 0.001, respectively) and between the
Baseline/Chronic phases (P = 0.000, P = 0.000, respectively) (Table 1). However, the
between-groups comparison showed that only Chronic extensibility was significantly
different (P = 0.000) (Table 2).
Regarding agility, within-groups mean values comparison showed a difference at
both phases (Baseline/Acute; Baseline/Chronic), except for the Baseline/Chronic
phases comparison of the dynamic stretching group where no significant difference
was proven (0.078) (Table 3). Moreover, no significant difference was measured
between the groups in all phases (Table 2).
When comparing the maximal hamstring muscle strength mean values of both, the
static stretching group Baseline/Acute phase and the Baseline/Chronic phase, one
could observe an extremely significant difference (P = 0.000) (Table 4). However,
dynamic stretching within-group comparison showed an extremely significant
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Figure 2

Figure 2 Diagram of the T-Drill test procedure.

difference between Baseline/Acute phases (P = 0.000), whereas, only a significant
difference was recorded for the Baseline/Chronic phase (P = 0.011). Moreover, DTFM
within-group comparison showed a very significant difference for the Baseline/Acute
phases (P = 0.001) and an extremely significant difference for the Baseline/Chronic
phases (P = 0.000). Between-groups means comparison showed only a significant
difference in the acute strength phase (P = 0.011) (Table 2).
Muscle injury measures showed that the Dynamic stretching group scored the
highest on muscle injury incidence (6%), while only 1 player (3%) was injured in the
static group. No incidence of muscle injury was recorded in the DTFM group over the
follow-up. Additionally, the comparison between the groups showed no significant
difference (P = 0.423).

DISCUSSION
Sports injuries can have a serious negative impact on a player’s health, future, and
surroundings [1] . Muscular injuries, in particular, were of high incidence and
prevalence what led coaches, medical teams and researchers to seek modalities to
prevent these events from happening [4,5] . In this study, we primarily wanted to
examine the effects of static stretching, dynamic stretching and DTFM on extensibility;
agility, and maximal muscle strength. Non-contact hamstring muscle injury incidence
was a secondary outcome.
Baseline/Acute within-groups comparison of extensibility revealed that only static
stretching and DTFM groups had recorded a significant improvement. Huang et al[18]
similarly found out that when a self-petrissage massage was performed on the MTJ,
this induced range of motion gains on recreationally active women. Additionally, a
study by O'Sullivan, Murray, and Sainsbury [28] showed that warm-up and static
stretching was superior to dynamic stretching when tested for an increase in acute
extensibility. Similarly, Baseline/Chronic phases within intervention groups
comparison of extensibility showed that only static stretching and DTFM groups had
recorded a significant difference. These findings are in accordance with those of the
study conducted by Laureano et al[29]. In addition, Akazawa et al[17] concluded that
performing DFTM on the MTJ showed a long-term increase in the muscle
extensibility. However, the comparison of the intervention groups showed only a
significant difference for chronic phase extensibility, where the static stretching group
outweighed other techniques (mean = 100.0 ± 0.6 degrees) (Table 1). This can be
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Table 1 Measure of intervention groups’ extensibility at baseline, acute and chronic phases
Baseline extensibility Acute extensibility
(Degrees)
(Degrees)

Chronic extensibility Baseline/acute
Baseline/chronic
(Degrees)
extensibility (P value) extensibility (P value)

Static stretching group

88.7 ± 1.5

94.0 ± 2.2

100.0 ± 0.6

0.0002c

0.0002c

Dynamic stretching
group

91.2 ± 1.1

91.2 ± 2.6

92.1 ± 0.9

0.937

0.188

DTFM group

92.8 ± 1.2

94.6 ± 2.1

95.7 ± 0.7

0.0011c

0.0002c

1

Very significant difference;
Extremely significant difference.
c
P < 0.001. DTFM: Deep transverse friction massage.
2

interpreted by the increase in muscle length noticed after chronic stretching rather
than just an increase in short-term stretch tolerance[25].
Regarding the agility mean measures, all groups showed a significant improvement
at both Baseline/Acute and Baseline/Chronic phases, except for the dynamic
stretching group measured between Baseline/Chronic phases. Moreover, all groups
where similar when compared at the different phases (Baseline; Acute; Chronic)
(Table 2). Our findings, contradict the results of Troumbley’s [13] study who
recommend the use of dynamic stretching before agility-based exercises, and the
results of studies that stated that static stretching had a negative effect on agility, and
acceleration[15,22].
When comparing the maximal hamstring muscle strength among all groups, all of
them showed a significant improvement across phases (Baseline/Acute and
Baseline/Chronic). However, the between-group comparison revealed that only a
significant difference was found during the acute phase, and the static stretching
group scored superior as compared to the other techniques (mean = 51.7 ± 1.6 kg)
(Table 4). These results oppose other studies which concluded that static stretching
had negative effects on muscle strength [4,18,29,30] . On the other hand, the dynamic
stretching group had recorded the highest incidence of muscle injuries (6%), however,
no statistical difference was recorded regarding muscle injury occurrence among the
intervention groups.
One of the limitations of the present study was the absence of pain tolerance
measurement during static stretching. Recent studies have shown that improvements
in short-term flexibility after static stretching training appear to be caused by changes
in the perception of pain rather than the physical properties of the musculotendinous
unit. 17 Regarding agility, a laser time watch, which was considered as the gold
standard for measuring the time during the T-drill would have replaced the regular
stopwatch that was used in the study. Furthermore, optimal parameters to use DTFM
on the MTJ are still lacking and might be considered in future studies. Moreover, to
standardize the measures across the groups and players, we have collected data only
from the dominant limb.
In conclusion, this study has demonstrated that no technique can be deemed to be
better than the other regarding the short-term effects on extensibility and agility and
the long-term effects on maximal voluntary muscle strength and agility. However, the
static stretching technique showed the best outcomes on long-term extensibility and
short-term maximal voluntary hamstring muscle strength. Finally, no difference
between the interventions was recorded regarding its effects on the muscle injuries
occurrence.
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Table 2 Comparison of extensibility, agility and maximal strength significance level between all intervention groups during baseline,
acute, and chronic phases
Dependent variable

Significance between interventions

Baseline extensibility

0.078

Baseline agility

0.124

Baseline strength

0.0502

Acute extensibility

0.132

Acute agility

0.183

Acute strength

0.0111a

Chronic extensibility

0.0002c

Chronic agility

0.88

Chronic strength

0.07

1

Significant difference;
Extremely significant difference.
a
P < 0.05,
c
P < 0.001.
2

Table 3 Measure of intervention groups’ agility at baseline, acute and chronic phases
Baseline agility (s)

Acute agility (s)

Chronic agility (s)

Baseline/acute agility Baseline/chronic
(P value)
agility (P value)

Static stretching group

10.9 ± 0.3

10.4 ± 0.4

10.2 ± 0.4

0.0012c

0.00013c

Dynamic stretching
group

10.5 ± 0.4

9.9 ± 0.3

9.8 ± 0.5

0.0003c

0.078

DTFM group

9.9 ± 0.7

10.1 ± 0.5

9.9 ± 0.5

0.00013c

0.0231a

1

Significant difference;
Very significant difference;
3
Extremely significant difference.
a
P < 0.05,
c
P < 0.001. DTFM: Deep transverse friction massage.
2

Table 4 Measure of intervention groups’ strength at baseline, acute and chronic phases

Static stretching group

Baseline strength
(kg)

Acute strength (kg)

Chronic strength (kg)

Baseline/acute
strength (P value)

Baseline/chronic
strength (P value)

48.5 ± 2.1

51.7 ± 1.6

53.7 ± 1.3

0.0003c

0.0003c

3

Dynamic stretching
group

48.4 ± 1.8

51.3 ± 1.4

50.9 ± 1.1

0.000

0.0111a

DTFM group

43.5 ± 1.2

45.5 ± 1.2

47.8 ± 0.9

0.0012c

0.0003c

1

Significant difference;
Very significant difference;
3
Extremely significant difference.
a
P < 0.05,
c
P < 0.001. DTFM: Deep transverse friction massage.
2

ARTICLE HIGHLIGHTS
Research background
Flexibility, agility and muscle strength are key factors to either win or lose a game. The high
incidence and prevalence of muscular injuries led coaches, medical teams and researchers from
around the world to seek modalities to prevent these events from happening. Recently, the effect
of a new technique, deep transverse friction massage (DTFM) on muscle extensibility as
compared to traditional stretching techniques has been examined.

Research motivation
This study compares the effect of DTFM to that of static and dynamic stretching techniques on
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the hamstring’s performance amongst Lebanese and Syrian football players. Sports injuries and
more precisely muscular injuries can have a serious negative impact on a player’s health, future,
and surroundings. Therefore, seeking modalities to prevent these events from happening is
needed.

Research objectives
This study primary objective was to compare the effect of DTFM vs static and dynamic
stretching techniques on the hamstring’s extensibility, agility, and strength amongst Lebanese
and Syrian football players. Recording the incidence of non-contact hamstring muscle injury was
a secondary objective. Optimizing the muscle-related parameters is important to decrease the
incidence and impact of muscle injuries.

Research methods
A single-blinded prospective longitudinal randomized controlled trial was designed to realize
the objectives of this study. The experiment took place over a period of four weeks, where
Football players were randomized into three intervention groups (static stretching; dynamic
stretching; DTFM). Participants were followed-up carefully three times per week, for a total of 12
sessions. Straight leg raise, and 1 repetition maximum tests were used to measure the dominant
leg hamstring muscle extensibility and maximal strength respectively. T-drill test was used to
assess the lower extremities agility at (baseline; acute; and chronic) phases.

Research results
Measures of acute strength (P = 0.011) and chronic extensibility (P = 0.000) showed solely a
significant difference between the intervention groups, where the static group showed to be the
superior. Moreover, no loss to follow-up or protocol violation was recorded. These findings
reinforce the effect of static stretching on long-term flexibility and contradict that on strength.

Research conclusions
This study has shown that static stretching technique best outcomes on long-term extensibility
and short-term maximal voluntary hamstring muscle strength. Finally, no difference between the
interventions was recorded regarding its effects on the rate of muscle injuries occurrence.

Research perspectives
Future studies are required to test the effect of the DTFM as compared to the above-mentioned
stretching techniques on muscle performance for a longer period of time. Moreover, the
standardization of DTFM testing is needed.
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Abstract
BACKGROUND
With the increasing complexity of surgical interventions performed in
orthopaedic trauma surgery and the improving technologies used in threedimensional (3D) printing, there has been an increased interest in the concept. It
has been shown that 3D models allow surgeons to better visualise anatomy, aid
in planning and performing complex surgery. It is however not clear how best to
utilise the technique and whether this results in better outcomes.
AIM
To evaluate the effect of 3D printing used in pre-operative planning in
orthopaedic trauma surgery on clinical outcomes.
METHODS
We performed a comprehensive systematic review of the literature and a metaanalysis. Medline, Ovid and Embase were searched from inception to February 8,
2018. Randomised controlled trials, case-control studies, cohort studies and case
series of five patients or more were included across any area of orthopaedic
trauma. The primary outcomes were operation time, intra-operative blood loss
and fluoroscopy used.
RESULTS
Seventeen studies (922 patients) met our inclusion criteria and were reviewed.
The use of 3D printing across all specialties in orthopaedic trauma surgery
demonstrated an overall reduction in operation time of 19.85% [95% confidence
intervals (CI): (-22.99, -16.71)], intra-operative blood loss of 25.73% [95%CI: (31.07, -20.40)], and number of times fluoroscopy was used by 23.80% [95%CI: (38.49, -9.10)].

https://www.wjgnet.com

57

January 18, 2020

Volume 11

Issue 1

Morgan C et al. 3D printing in orthopaedic trauma surgery
manuscript

Received: June 11, 2019
Peer-review started: June 11, 2019
First decision: September 21, 2019
Revised: September 25, 2019
Accepted: November 25, 2019
Article in press: November 25, 2019
Published online: January 18, 2020
P-Reviewer: Huang AHC, Khajehei
M, Lin JA, Xavier-Elsas P, Zhang
ZH
S-Editor: Tang JZ
L-Editor: A
E-Editor: Liu MY

CONCLUSION
Our results suggest that the use of 3D printing in pre-operative planning in
orthopaedic trauma reduces operative time, intraoperative blood loss and the
number of times fluoroscopy is used.
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Core tip: The use of three-dimensional (3D) printing in preoperative planning in
orthopaedic trauma surgery is a relatively novel field. It has been shown that 3D models
allow surgeons to better visualise anatomy, aid in planning and performing complex
surgery. It is not clear how to utilise this technique and whether this results in better
outcomes. This is the first systematic review and meta-analysis in this field to date. Our
results suggest that the use of 3D printing in pre-operative planning in orthopaedic
trauma reduces operative time, intraoperative blood loss and the number of times
fluoroscopy is used.
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INTRODUCTION
With the increasing complexity of operations and surgical decision-making, threedimensional (3D) printing is a novel modality with the potential to make a huge
impact in the surgical field. In 1984, the first patent for a 3D printer was filled in the
United States by Charles Hall titled, “Apparatus for production of 3D objects by
stereolithography”, which was, in effect, the world’s first 3D printer (Patent number:
US4575330A). It has been used in a variety of different surgical specialties including
plastic surgery, neurosurgery, cardiothoracic surgery, oral and maxillofacial
surgery [1,2] . The first reported use in orthopaedics was in 1999 as an aid to preoperative planning in complex spinal surgery[3].
3D printing also known as “rapid prototyping” or “additive manufacturing”
creates a 3D model through different techniques. As opposed to traditional
manufacturing techniques that are a “subtractive” process (removing excess material),
3D printing is an “additive” process. This involves creating 3D objects by adding
material layer-by-layer. Firstly, a high-resolution computed tomography (CT) scan of
the deformity, fracture or defect is required. Computer-aided design (CAD) software
then creates a digitalised representation of an object, which is then converted most
commonly into a stereolithograpy (STL) file[4]. STL files “cut up” the digitalised model
created by the CAD software, allowing the 3D printer to print the object layer by
layer[5].
In orthopaedics, the use of 3D printing can be broadly split into three categories.
This includes: (1) The use of 3D printing in pre-operative planning; (2) 3D implants;
and (3) 3D patient-specific instrumentation (PSI). In pre-operative planning, 3D
printed models of the fracture configuration or pathology can allow surgeons to
visualise relevant anatomy and help aid executing complex operations, for example in
pelvic trauma surgery[6]. 3D printed implants can be used for direct replacement of a
large defect after tumour resection and to aid reconstruction in limb-salvage
surgery[7]. PSIs have a wide application across orthopaedics and are largely used for
more accurate implant placement, especially in the presence of abnormal anatomy
and deformities, as well as developing templates for deformity correction and tumour
resection[8].
Despite 3D printing being described as the third industrial revolution, the
necessary evidence to justify the expanding investment in 3D printing in surgery
remains ambiguous. Whilst the concept of 3D printing is favoured, particularly in
those countries with advanced economies, its widespread application to daily clinical
practice is relatively unknown. As we approach the end of the second decade
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following the first use of 3D printing in orthopaedics, an overview of this innovation
may allow us better understanding of its potential application in every day practice in
orthopaedic trauma.
Studies comparing the use of 3D printing with conventional approaches have
suggested an improvement in orthopaedic operative outcomes, as measured by blood
loss, use of fluoroscopy and operative time[9-11]. However, the systematic assessment
and meta-analysis of 3D printing in orthopaedic trauma as a single entity has not been
performed. The aim of this comprehensive systematic review and meta-analysis was
to draw evidence from all studies across all areas of orthopaedic trauma, irrespective
of age and gender, to assess the overall role of 3D printing in orthopaedic
preoperative planning and core surgical outcomes. The primary outcome measures in
this review were (1) Operation time; (2) Intra-operative blood loss; and (3)
Fluoroscopy used.

MATERIALS AND METHODS
This study was performed in accordance to PRISMA guidelines for the reporting of
systematic reviews [12] . The study protocol was pre-defined and registered on
PROSPERO and can be accessed at http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018078429.

Inclusion criteria
This paper included: (1) Full text papers in English language; (2) Humans of any age
undergoing orthopaedic trauma procedures; (3) Randomised controlled trials (RCTs),
case-control studies, cohort studies and case series of greater than 4 patients in
orthopaedic trauma; and (4) Studies reporting the use of 3D printing in preoperative
planning in orthopaedic trauma surgery.

Exclusion criteria
Studies were excluded if they were (1) Case reports or case series with less than five
patients; (2) Abstract only publication; (3) Involved 3D imaging but not 3D printing
during the operative procedure; (4) Involved 3D printing but not preoperative
planning; (5) Duplicate data set; (6) Studies assessing the use of 3D printing in
manufacturing custom implants and PSI; and (7) Non-trauma (elective) orthopaedic
surgery.

Search strategy and study selection
We performed a search of Medline, Ovid and Embase from inception to February, 8
2018 and imported citations into EndNote X7 (New York, United States) reference
manager software. Duplicate citations were removed and the remaining citations
were screened using title and abstract to match the eligibility criteria. Two authors
(Morgan C and Khatri C) independently assessed each paper with discrepancies being
resolved with discussion with senior authors (Ashrafian H, Hanna SA, Sarraf K).
Additional papers that were appropriate via a manual search were added. The full
search strategy can be found in the supplementary materials.

Outcome measures
The primary outcome measures in this review were (1) Operation time; (2) Intraoperative blood loss; and (3) Fluoroscopy used.

Data extraction
Data was extracted and entered to Microsoft Excel (Microsoft Cop. Redmond, WA,
United States) by two authors (Morgan C and Khatri C). Demographic data was
extracted from each paper including year of publication, country of publication and
type of 3D printing technology used. Specifically for the participants, the number of
participants, age and gender ratio was determined.

Quality assessment
Two authors (Morgan C and Khatri C) independently assessed the quality of included
papers. For randomised controlled trials, the Jadad score was used[13]. This is a wellvalidated score that assesses the methodological quality of clinical trials by assessing
the randomisation process and blinding the study has used. The Jadad score uses five
questions, with a point scale of zero to five. We classified a score of ≥ 3 as “higher
quality” and < 3 as “lower quality”. For all other study types, the Newcastle-Ottawa
scale was used [14] . This score assesses studies based on three categories: (1) The
selection of the study groups; (2) The comparability of the study groups; and (3) The
ascertainment of the outcome measure in cohort studies. We classified studies with ≥
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7 stars as “higher quality” and < 7 stars as “lower quality”.

Statistical analysis
Meta-analysis was performed through the inverse-variance, random-effects model of
DerSimonian and Laird for both continuous and categorical outcomes. Continuous
outcomes were analysed by calculating the ratio of means for each study, with
expression of uncertainty of each result represented by the 95% confidence intervals
(CI). We substituted median for mean in studies where only the median was
reported [15] . We performed meta-analysis if two or more separate studies were
available. This was accomplished using Stata 15 (StataCorp., College Station, TX,
United States). The I2 statistic was used to estimate the degree of heterogeneity
between studies, where larger values indicate increasing heterogeneity.

RESULTS
Seventeen studies were found that fulfilled the inclusion criteria, producing a data set
of 922 patients (Figure 1). Six of these studies were RCTs, two cohort studies (1
prospective, 1 retrospective) and nine case series (8 prospective, 1 retrospective). The
area of orthopaedics and type of pathology varied and are shown in Table 1. The
overall mean follow up was 18.16 mo. Data from studies with comparison groups that
specifically looked at the primary outcomes were included in the meta-analysis.

Operation time
Operation time was measured in eight of these studies; six were RCTs[6,9-11,16-19]. Metaanalysis of these studies confirmed a significant reduction in operation time of 19.85%
in the 3D printing group [95%CI: (-22.99, -16.71)] in comparison to the conventional
group (see Figure 2). The heterogeneity was high (I2 = 100.0%).

Intra-operative blood loss
Intra-operative blood loss was investigated in seven studies; six were RCTs[6,9-11,16-18].
Meta-analysis revealed a significant reduction in blood loss of 25.73% (see Figure 3)
with the use of 3D printing [95%CI: (-31.07, -20.40)]. The heterogeneity was high (I2 =
100.0%).

Fluoroscopy used
The number of times fluoroscopy was used was measured in four RCTs[6,9-11]. The use
of 3D printing led to a significant reduction of 23.80% (see Figure 4) in the number of
times fluoroscopy was used [95%CI: (-38.49, -9.10)]. The heterogeneity was high (I2 =
100.0%).

DISCUSSION
Our analysis demonstrates that the use of 3D printing in preoperative planning in
orthopaedic trauma, can lead to a reduction in operation time, intra-operative blood
loss and fluoroscopy used. Our systematic review represents the largest and most
comprehensive in this area and is the first meta-analysis to date. Although research in
the field consists of small-sized studies, findings confirm the current evidence in these
studies of the positive effect of 3D printing in preoperative planning.

Operation time
A shortened operation time of 19.85% with the use of 3D printing confers significant
benefits to the patient and costs associated. Increased operative time has been found
to be associated with an increased risk of developing post-operative complications,
such as wound infections and deep vein thrombosis[29,30]. The reasons behind this are
multifactorial and include: (1) the surgeon having a stronger appreciation of
pathological anatomy through geometric characterisation by the 3D printed model; as
such it allows the surgeon to physically review complex cases. For example, in pelvic
surgery it allows the surgeon greater understanding of acetabular fractures and
reduces the degree of inter-observer variability in the classification of these injuries[28];
(2) It facilitates pre-operative instrumentation decisions; and (3) Facilitates the
planning of the surgical approach[10]; for example in trimalleolar fractures, the surgeon
is able to determine the size of the internal fixation plate, clarify the placement
position of the plate and screws and prebend the plate according to the morphology
of the bone[16]; and (4) The 3D model also enables simulation of the surgery in vitro
allowing the surgeon better understanding of fracture reduction, hence leading to a
reduction in the operation time (in comparison to the control groups)[11]. Together,
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Table 1 Results summary

Ref.
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Area of
Country
Pathology orthopaed
of study
ics

Bagaria et 2017
al[20]

All

Mix

Belien et
al[21]

2017

Os
acromiale
and
acrominal
fractures

Chen et
al[6]

2017

Die-Punch
fractures

Zheng et
al[18]

2017

Intertrocha Hip
nteric
fracture

Zheng et
al[10]

2017

Calcaneal
fractures

Lower limb China

Randomise
d control
trial

Zheng et
al[9]

2018

Humeral
Upper limb China
Intercondyl
ar fractures

Yang et
al[17]

2017

Elbow
fractures

Zhang et
al[22]

2017

Lower limb Lower limb China
fractures

Bizzotto et 2016
al[23]

Articular
fractures

Yang et
al[16]

2016

Yang et
al[24]

3DP
Total
technolog participan Mean age % Male
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ve case
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50
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5
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trial

STL

107

28

60.7

STL

39

66

56.4

1

STL

75

45

58.7

Randomise
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trial

1
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44.6

53.84
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trial

2
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38.6

70

Prospective 1
case series

STL
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56

60.3

Upper and Italy
lower limb
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36.5

53.3

2016

Lateral
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7

44
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al[11]
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66

40.9

Zeng et
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fracture

China

Prospective 3
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Li et al[19]
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China
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study
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China
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Ireland
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Hurson et 2007
al[28]
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Newcastle Jadad
ottawa
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Score
(RCT)

Design

China

Upper limb China

Acetabular Pelvis
fractures

0

Retrospecti 7
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study

1

2

STL

10
157

STL

50
33

67.5

32

65.8

7

38
SLS

44.1

20

RCT: Randomised controlled trial; FDM: Fused deposition modeling; STL: Stereolithograpy; SLS: Selective laser sintering.

these elements of 3D printing that lead to a decreased operative time can translate into
cost savings, specifically through decreased staff and operating room overheads.
There is evidence to suggest that a decrease in operative time confers cost savings
with a 45-min reduction in operation time leading to a saving of almost $2700 per case
for a paediatric population[31].

Intra-operative blood loss
Reducing blood loss and the need for blood transfusion in orthopaedic surgery
remains a concern among surgeons and physicians in the perioperative period[32].
Many different methods have been developed including; controlled hypotensive
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Figure 1

Figure 1 Search strategy.

anaesthesia, cell salvage techniques[33], and pharmacological interventions (tranexamic
acid)[34]. Our results show a significant reduction in intra-operative blood loss (25.73%)
with the use of 3D printing which carries powerful implications for pre- and perioperative planning and practice especially in the context of trauma. A parallel can be
drawn with a reduction in blood loss found with the use of robotic surgery[15]. Reasons
studies attributed to the reduction of intra-operative blood loss are similar to those for
reduction in operation time (better understanding of pathology and ability to plan the
operation). The use of 3D printing in pelvic ring fractures demonstrated a reduced
volume of fluid infused intra-operatively, with patients less likely to require a surgical
drain or blood transfusion post-operatively[19]. Similar findings were reported with the
use of 3D models in elbow fractures, it allowed the plate to be chosen and contoured
accurately to ensure optimal compactness with the bone surface[17]. This minimised
dissection of the surrounding tissue and protected the blood supply surrounding the
fracture fragments, hence reducing intraoperative blood loss.

Fluoroscopy used
A small number of studies looked at the number of times intraoperative fluoroscopy
was used and overall they reported a reduction in fluoroscopy of 23.80% with the use
of 3D printing. This included calcaneal fractures, distal radius fractures and humeral
fractures[6,9-11]. A reduction in fluoroscopy carries safety benefits through minimising
patient radiation exposure. Radiation exposure remains a significant occupational
hazard to the orthopaedic surgeon, radiographers and theatre staff throughout their
careers[35] and also to patients subjected to this radiation. Although there is limited
literature available on the appropriate amount of intraoperative fluoroscopy use in
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Figure 2

Figure 2 Forest plot of operation time with the use of three-dimensional printing.

orthopaedics, a recent paper has reported reference values for common trauma
operations[36]. Patient exposure to intraoperative radiation is an important factor to
consider especially in the paediatric trauma setting as children are up to ten times
more sensitive to radiation damage than adults[37].

Cost and production
An obstacle that exists for the transition of 3D printed models from small studies to
large scale clinical practice is cost and production. Creating a 3D printed model, is a
complex process requiring advanced computer software and a 3D printer. This
process does not come without cost and the need for an experienced team that are
familiar with the software. Clinically, not all fractures may require a CT scan, a plain
radiograph may suffice, therefore the use of 3D printing may be most useful for
complex fractures, for example in pelvic trauma. The cost of printing the model
seemed to vary greatly from $2-3 per model to $330[17,38]. There is also the cost of the
printer to consider with studies reporting the cost to be $1000-2200[9,31]. In the studies
reviewed, the time taken to produce the model ranged from 5 h to 72 h, which is a
potential limitation to the use of 3D printing in an acute trauma setting [6,18] .
Nevertheless, an important factor to consider is that 3D printing in orthopaedics is a
novel field. Therefore, as 3D printing technology progresses both the cost and
production time is likely to reduce. Today, the most basic 3D printer for home use can
be purchased for less than $200 compared to when 3D printers were first used in the
1980s costing around $300000 (at that time, corresponding to over $750000 in the
current era)[39].

Patient understanding and surgical training
A number of studies in this review conducted patient and surgeon questionnaires on
3D printing[6,9,10,17]. It was found that the 3D models improved patient understanding
of the fracture and communication with the doctor, leading to higher compliance with
post-operative rehabilitation. Patients felt that conventional medical images such as
plain radiograph or CT are too complicated to understand, however 3D models allow
better visualisation of the fracture[17]. This technology therefore represents a powerful
modality to enhance patient empowerment.
The reduction in the total hours worked by surgical trainees has led to an increase
in the use of simulation-based training in orthopaedics[40,41], this has been used in fields
such as arthroplasty, arthroscopy and trauma surgery [42,43] . With the increase in
operative management for complex deformities, using 3D models enables these
deformities to be recreated allowing the trainees to learn how to manage these
challenging cases through simulation and apply this knowledge to the operating
theatre. The advantages of 3D printing therefore have the potential to decrease
surgical learning-curves and possibly improve surgical outcomes.

Strengths and limitations
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Figure 3

Figure 3 Forest plot of blood loss with the use of three-dimensional printing.

This is the first comprehensive systematic review and meta-analysis conducted on the
use of 3D printing in preoperative planning across all types of orthopaedic trauma
surgery on core surgical outcomes. It included 17 studies in which six were
randomised control trials. However, the results presented here should be considered
in the context of a number of limitations. Where meta-analysis was possible, the
heterogeneity was high. However, this was not unexpected given the wide area of
orthopaedics (where different specialties are highly distinct), type of pathology and
patient demographics. It was not possible to carry out a subgroup analysis due to the
limited number of studies in the different subspecialties of orthopaedic trauma. A
high level of heterogeneity in the absence of any other clear evidence highlights that
this scientific field is still in its infancy where its methodology and practices are highly
variable, nevertheless the results of this integrated data does indicate the results of
clinical effect in the absence of more robust evidence (which is clearly necessary in
future studies).
Our focus on operation time, blood loss and number of times fluoroscopy was used
was based primarily on the fact that these were the most commonly reported
outcomes in the literature. However, these parameters may not fully demonstrate the
true value of 3D printing in orthopaedics, parameters such as post-operative function
or complications were not determined.
Case series were included to address the paucity of RCTs inevitably introducing
other biases associated with this study design and contributing to the heterogeneity.
Of note twenty-three of these studies were carried out in China comprising of 81%
(745) of the total number of patients. Apart from the randomised control trials, overall
the quality scoring of the studies were low, with all 11 studies scoring six or less in the
Newcastle-Ottawa Scale. All six of the randomised control trials were of low quality
as determined by the Jadad scale. Reasons for low scores include lack of surgeon
blinding, which is unlikely to be possible in clinical trials of 3D printing. In many
trials, however, the risk of bias relating to sequence generation, adequate follow up,
study dropout rate and assessment of outcome was unclear as sufficient information
was not available due to poor reporting. The risk of publication bias should also be
considered. The number of participants in these studies were small, with the largest
being 157, therefore the possibility of “small study effect” cannot be ignored.

CONCLUSION
In summary, our meta-analysis and systematic review on the use of 3D printing in
preoperative planning in orthopaedic trauma suggests that 3D printing reduces
operative time, intraoperative blood loss and the number of times fluoroscopy is used.
3D printing is a rapidly evolving field and it allows surgeons to gain better
understanding of complex trauma cases and aid in surgical planning. The increased
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Figure 4

Figure 4 Forest plot of fluoroscopy used with the use of three-dimensional printing.

application of this technology has the potential to revolutionise orthopaedic practice
and enhance clinical outcomes. There is however the need for an in-depth costanalysis for the use of 3D printing in surgery, taking into account the production cost
vs potential savings made by improved intra-operative outcomes. Further studies, in
particular more randomised control trials in similar areas of orthopaedics are required
to further enhance our knowledge of the role of 3D printing in orthopaedics and its
application to daily clinical practice.

ARTICLE HIGHLIGHTS
Research background
With the increasing complexity of operations and surgical decision-making, three-dimensional
(3D) printing is a novel modality with the potential to make a huge impact in the surgical field.
In orthopaedics, the use of 3D printing can be broadly split into three categories. This includes:
(1) The use of 3D printing in pre-operative planning; (2) 3D implants; and (3) 3D patient-specific
instrumentation. In pre-operative planning, 3D printed models of the fracture configuration or
pathology can allow surgeons to visualise relevant anatomy and help aid executing complex
operations. It is however not clear how best to utilise the technique and whether this results in
better outcomes.

Research motivation
The focus of this study is the use of 3D printing in preoperative planning in orthopaedic trauma
surgery. Studies comparing the use of 3D printing with conventional approaches have suggested
an improvement in orthopaedic operative outcomes, as measured by blood loss, use of
fluoroscopy and operative time. However, the systematic assessment and meta-analysis of 3D
printing in orthopaedic trauma as a single entity has not been performed. The increased
application of this technology has the potential to revolutionize orthopaedic practice and
enhance clinical outcomes.

Research objectives
The aim of this research was to draw evidence from all studies across all areas of orthopaedic
trauma, irrespective of age and gender, to assess the overall role of 3D printing in orthopaedic
preoperative planning and core surgical outcomes. The primary outcome measures in this
review were (1) Operation time; (2) Intra-operative blood loss; and (3) Fluoroscopy used.

Research methods
This study was performed in accordance to PRISMA guidelines for the reporting of systematic
reviews. The study protocol was pre-defined and registered on PROSPERO. A search of
Medline, Ovid and Embase from inception to February 8, 2018 was carried out and citations
were imported into EndNote X7 (New York, United States) reference manager software. Two
authors independently assessed the quality of included papers. FFor randomised controlled
trials, the Jadad score was used and for all other study types, the Newcastle-Ottawa scale was
used. Meta-analysis was performed through the inverse-variance, random-effects model of
DerSimonian and Laird for both continuous and categorical outcomes.
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Research results
Seventeen studies (922 patients) met our inclusion criteria and were reviewed. The use of 3D
printing across all specialties in orthopaedic trauma surgery demonstrated an overall reduction
in operation time of 19.85% [95% confidence interval (CI): -22.99, -16.71], intra-operative blood
loss of 25.73% (95%CI: -31.07, -20.40) and number of times fluoroscopy was used by 23.80%
(95%CI: -38.49, -9.10). Overall, the quality of the studies was low and it was not possible to carry
out a subgroup analysis due to the limited number of studies in the different subspecialties of
orthopaedic trauma.

Research conclusions
This meta-analysis and systematic review on the use of 3D printing in preoperative planning in
orthopaedic trauma suggests that 3D printing reduces operative time, intraoperative blood loss
and the number of times fluoroscopy is used. 3D printing is a rapidly evolving field and it allows
surgeons to gain better understanding of complex trauma cases and aid in surgical planning. 3D
printing should be considered as an adjunct to improve patient care by minimising operative
insult in orthopaedic trauma surgery.

Research perspectives
The study highlights the potential impact 3D printing can have in orthopaedic trauma surgery.
Further studies, in particular more randomised control trials in similar areas of orthopaedics are
required to further enhance our knowledge of the role of 3D printing in orthopaedics and its
application to daily clinical practice. There is also the need for an in-depth cost-analysis for the
use of 3D printing in surgery, taking into account the production cost vs potential savings made
by improved intra-operative outcomes.
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Abstract
BACKGROUND
To discuss the rare event of spontaneous resolution of a lumbar ganglion cyst, a
personal case report and 25 cases culled from the literature were described in
detail. We focused on demographic, classification, clinical and radiological
findings, treatment, outcome and radiological resolution.
CASE SUMMARY
A 51-year-old man presented to our observation with complaints of low back and
right leg pain. Lumbar magnetic resonance imaging (MRI). showed a L4-L5
ganglion cyst. The patient was referred to medical therapy and bracing. After 4
wk, he showed a complete resolution of pain. The complete spontaneous
resolution of the cyst was demonstrated by the followed-up MRI.
CONCLUSION
Spontaneous resolution of lumbar ganglion is very rare and only 26 cases,
including ours, were reported in literature. Different degrees of biomechanical
impairment seem to play a fundamental role in the pathogenesis. Related
symptoms are essentially represented by low back and/or radicular pain,
without significant neurological disorders. Anti-inflammatory drugs, light
unloading exercises and brace could be recommended to administrated pain and
decrease facet loads. Mean time for clinical improvement was 7 mo, while MRI
disappearance occurred in an average time of 11 mo. Therefore, surgery should
be applied when conservative treatment, prolonged at least 6 mo, fails.
Key words: Lumbar ganglion cyst; Spontaneous resolution; Conservative treatment;
Radiological disappearance; Case report
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Our paper is an original study that analyzes in detail and for the first time, on
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the basis of a personal observation, the clinical and radiological scenario related to the
rare spontaneous resolution of a lumbar ganglion cyst. The term “ganglion cyst” was
used according to the recent our morphological classification. Discussing natural history
and biomechanical features of this pathology, we propose some recommendations that
could be adopted in cases with a propensity to spontaneous resolution.
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INTRODUCTION
Spinal articular cysts are more frequently found in the lumbar spine and often they
are treated by surgical cystectomy, with or without spinal instrumentation. Recently,
the term “ganglion” was proposed to identify the pathological entity, together with an
original morphological classification to define possible localizations[1]. Remission of
this type of cyst after conservative treatment was not so frequently reported in
literature[2]. We report a case of clinical and radiological resolution of a symptomatic
lumbar ganglion cyst (LGC) after conservative treatment, discussing mechanisms that
could have led to its disappearance.

CASE PRESENTATION
Chief complaints
A 51-year-old man presented to our observation with complaints of low back and
right leg pain with a L5 dermatomeric distribution.

History of past illness
His disorders persisted from 10 d.

Personal and family history
Personal and family history were negative for medical or surgical diseases.

Laboratory examinations
Lasègue test was highly positive, without neurological deficits. Tendon reflexes were
normal. Laboratory tests were normal.

Imaging examinations
Lumbar MRI showed a cystic lesion in the L4-L5 spinal canal, medial and adjacent to
the right internal facet joint, iso-hypointense in T1 and hyperintense in T2-weighted
images, compatible with a ganglion cyst.

FINAL DIAGNOSIS
Final diagnosis was: A symptomatic right L4-L5 LGC.

TREATMENT
After discussion on treatment options, the patient was referred to medical therapy,
based on NSAID, SAID for 10 d and lumbar bracing. Clinical follow-up was instituted
after 4 wk, advising the patient to call us in case of neurological worsening.
Surprisingly, 4 wk later, the patient showed complete resolution of the symptoms. We
scheduled a new lumbar MRI after 2 d, in order to evaluate the evolution of the lesion.
T1 and T2 sequences demonstrated the complete resolution of the LGC as well as
compression of the right L5 nerve root (Figure 1).
We conducted a PubMed research on literature published until October 2018. The
search was undertaken using the keywords ‘‘lumbar cyst”, “ganglion cyst’’, ‘‘synovial

WJO

https://www.wjgnet.com

69

January 18, 2020

Volume 11

Issue 1

Chiarella V et al. LGC: Spontaneous resolution
Figure 1

Figure 1 Radiological detection of the spontaneous disappearance of our right L4-L5 ganglion cyst,
comparison of magnetic resonance imaging findings at observation (time 0) and follow-up (1 mo). A: Sagittal
T2 images; B: Sagittal STIR T2 images; C: Axial T2 images: note the decrease of interfacet fluid amount at 1 mo
follow-up.

cyst’’, “juxtafacet cyst”, “facet joint cyst”, and “resolution”. References from the
retrieved reports were checked to identify other possible results. We enrolled cases
with radiological documented remission of LGC and/or clinical improvement after
conservative treatment based on rest, lumbar bracing, drugs and/or kinesiotherapy,
excluding all those treated by surgery or deep percutaneous procedures (e.g.
radiofrequency, epidural injection etc). For every case collected, we analyzed age, sex,
symptoms, neurological deficits and treatment received. When radiological data were
available, we classified the localization of the LGC following our previous original
classification[1] and we searched for the presence of instability signs, even in the
follow-up images. Outcome clinical data were classified in 4 categories: (1) Excellent;
(2) Good; (3) Fair; or (4) Poor, according to Macnab[3] (Table 1).

OUTCOME AND FOLLOW-UP
Demographic, clinical and radiological data were summarized in Table 2. The total
number of cases, including ours, was 26. Male: Female ratio was 1.6 (16 males and 10
females) and the mean age was 56 (range 15-75). Most of localizations were in L4-L5
(17; 65%), followed by L5-S1 (6; 23%) and L3-L4 (3; 12%). In 1 case LGCs were
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Table 1 Macnab[3] criteria used for measuring outcome
Grade

Criteria

Excellent

No pain; no restriction of activity

Good

Occasional back or leg pain of sufficient severity to interfere with the patient’s ability to do his normal work

Fair

Improved functional capacity, but handicapped by intermittent pain of sufficient severity to curtail or modify work or leisure activities

Poor

No improvement or insufficient improvement to enable increase in activities; further operative intervention required

bilateral. All classified LGCs (21; 81%) were in the spinal canal and medium: Mediumexternal in 9 cases (33%), medium-internal in 4 (15%), purely medium in 7 (26%); 1
case (4 %) was purely external (intra-foraminal); in 6 cases (22%) there were no data
available to classify the LGC. In all papers the radiological diagnosis was made by
MRI, except for 2 cases published before year 2000 in which diagnosis was made by
CT scans. Associated spondylolisthesis was detected in 5 (19%) cases, while increased
interfacet fluid in 9 (33%). Clinical presentation was constantly characterized by single
or double radiculopathy due to irritation of exiting and/or traversing nerve roots.
Low back pain accompanied radicular pain 11 times (42%), while pure low back pain
was the only symptom in 2 cases (8%). Sensory radicular deficits were identified in 4
cases (15%). There were no cases of motor deficits. Before observation, the mean
duration of symptoms was 6.8 mo (range 5 d - 36 mo). When reported (18 cases; 70%),
among conservative treatments, a lumbar brace was used in 5 cases (28%),
nonsteroidal anti-inflammatory drugs in 13 (72%), corticosteroids in 2 (11%) as well as
gabapentin. Rest was recommended in 10 cases (55%), while kinesiotherapy
(especially unloading exercises) in 8 (44%). Chiropractic manipulation was performed
on 4 patients (22%). Radiological reduction or resolution of the lesion were evaluated
by CT or MRI in 21 cases (81%), but in 4 cases images were not available in papers.
The mean time for radiological resolution was 11 mo (range 2 d - 48 mo). Signs of
instability remained unchanged, except in 2 cases (13%) for reduction of interfacet
fluid amount. The mean time for clinical improvement was 7 mo (range 2 d - 24 mo).
Final clinical condition was good or excellent in all cases.

DISCUSSION
The number of reported synovial cysts of the lumbar spine have been increasing
probably due to the availability of magnetic resonance imaging technique. Recently,
the term “ganglion” and a new morphological classification were introduced to
identify the pathological entity and its localization[1].
LGCs are usually associated with osteoarthritis of the adjacent facet joint,
degenerative spondylosis and/or spondylolisthesis, particularly in middle aged or
elderly patients. The majority of such cysts require surgical resection due to persistent
radicular symptoms and/or occasional paresis[4], that could be associated to fusion if
pre-operative instability is detected[1]. While ganglion cysts elsewhere (e.g. the wrist)
spontaneously resolve in 40% of patients, the spontaneous resolution of root
compression with radiological disappearance of LGC were rarely reported in
literature.
We collected 24 cases from the literature[2,4,5] that affected the adult lumbar spine in
adults and one more in the adolescent spine (Table 2)[6-22]. All ganglia, detected by CT
or MRI and classified according to Domenicucci et al[1], were in the spinal canal and in
medium position (95% of cases), except one reported by Tepe et al[15] that was purely
external. Most were associated to indirect signs of segmental hypermobility (e.g.
increase of synovial fluid) or proper instability. They were able to give, exiting and/or
transiting nerve roots, irritation and compression, with prevalently single
radiculopathy but without significant neurological deficits. Their resolution,
demonstrated by radiological follow-up in 17 cases (68%), was always associated to
substantial clinical improvement or full recovery. Indirect radiological signs of
segmental instability remained unchanged after resolution, except in one case[10] in
which occurred the reduction of interfacet synovial fluid amount, similar to our MRI
follow-up findings.
Explaining the spontaneous resolution of LGC is complicated, in part because of
the high prevalence of surgical removal. Some authors have supported the thesis that
progressive degenerative changes of the facet joint lead to fixation of the previously
hypermobile facets, so that intra-articular pressure decreases and the cyst shrinks[6].
The cyst may also undergo degenerative changes, losing connection with the facet

WJO

https://www.wjgnet.com

71

January 18, 2020

Volume 11

Issue 1

Chiarella V et al. LGC: Spontaneous resolution

Table 2 Regression of lumbar ganglion cyst: Our case and 25 from literature
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Domenicucci et al[1];
Macnab[3]; SPL: Spondylolisthesis; IFF: Interfacet fluid; LBP: Low back pain; Rad: Radiculopathy; S: Sensory deficits; NSAID: Nonsteroidal antiinflammatory drug; SAID: Steroidal anti-inflammatory drug; KT: Kinesiotherapy; NR: Not reported; NA: Not available data; med: Medial; int: Internal; ext:
External; MRI: Magnetic resonance; CT: Computed tomography;
a
Increase;
b
Decrease.
2

joint and resolving because of a lack of supply[9]. Other possible causes for resolution
include rupture, as seen in other different articular districts of the human body, with
the extrusion of its contents, followed by reabsorption of the cystic wall[7]; or reduction
of the local intra-articular forces that contributed to synovial herniation through the
facet joint capsule. The last hypothesis could be supplied by the antigravitary lumbar
bracing or unloading exercises usage in most cases described, including ours (11/19;
58%). Also chiropractic manipulations seemed clinically effective[14,18], though only one
paper [8] showed the radiological resolution of the cyst. So, in our patient, who
underwent treatment with NSAIDs, corticosteroids and lumbo-sacral bracing, LGC
probably resolved because of the association between decreased inflammatory fluid
production and microtraumatic loads.
An early clinical and radiological remission as ours is referred in only 2 cases[20,22].
Two fast clinical resolutions were previously reported, but without radiological
confirmation of the cyst reabsorption[6,18]. Other two early clinical improvement were
described, but radiological resolution was achieved after over one year[16,19]. Generally,
clinical improvement and radiological remission occurred on average respectively in 7
and 11 mo.
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CONCLUSION
The natural history of spinal ganglion cysts is unknown and there is scant literature
involving their non-surgical therapy. In the lumbar spine, different degrees of
biomechanical impairment seem to play a fundamental role in their pathogenesis, but
LGCs should be considered as dynamic entities. In other words, formation and
resolution appear strictly influenced by event and regression of inflammatory and
mechanical phenomena.
Although rarely, the symptoms related to LGC, essentially represented by low back
and/or radicular pain, could regress spontaneously, if cystic evolution (enlargement,
hemorrhage, worsening of spondylolisthesis) with associated worsening of
neurological status does not occur.
Our case is the twenty-sixth in literature. Based on our experience and reviewing
data, we can suggest that in case of absence of neurological deficits and in selected
compliant patients, percutaneous procedures or surgery should be considered when
conservative treatment, consisting of rest, pharmacological therapy, kinesiotherapy
and/or lumbar bracing, prolonged at least for 6 mo, fails to produce symptoms
control. We recommend, anti-inflammatory drugs and light unloading exercises to
control pain and reduce intra-cystic fluid, but also rest and lumbar bracing to achieve
the decrease of loads on arthritic facets. We also recommend MRI confirmation of cyst
resolution, which can be helpful to understand mechanisms responsible of resolution.
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Abstract
On September 20, 2017 Hurricane Maria, a category 4 hurricane, made landfall on
the eastern coast of Puerto Rico. This was preceded by Hurricane Irma, a category
5 hurricane, which passed just off the coast 13 d prior. The destruction from both
Hurricane Irma and Maria precipitated a coordinated federal response which
included the Federal Emergency Management Agency (FEMA) and the United
States military. The United States Army dispatched the 14th Combat Support
Hospital (CSH) to Humacao, a city on the eastern side of the island where Maria
made landfall. The mission of the 14th CSH was to provide medical humanitarian
aid and conduct disaster relief operations in support of the government of Puerto
Rico and FEMA. During the 14th CSH deployment to Puerto Rico, 1157 patients
were evaluated and treated. Fifty-seven operative cases were performed to
include 23 orthopaedic cases. The mean age of the orthopaedic patients treated
was 45.7 years (range 13-76 years). The most common operation was irrigation
and debridement of open contaminated and/or infected wounds. Patients
presented a mean 10.8 d from their initial injury (range 1-40 d). Fractures and
infections were the most common diagnoses with the greatest delay in treatment
from the initial date of injury. The deployment of the 14th CSH to Puerto Rico was
unique in its use of air transport, language and local customs encountered, as
well as deployment to a location outside the continental United States. These
factors coupled with the need for rapid deployment of the 14th CSH provided
valuable experience which will undoubtedly enable future success in similar
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Core tip: Health care providers embarking on humanitarian and disaster relief efforts
should consider the following factors: What specific diagnoses or injuries can your team
safely manage considering the knowledge, technical ability, equipment, and facilitates
your team possesses? What was the health of the patient population pre-disaster and their
access to quality health care? What can be done to help mitigate language and cultural
barriers which make effective communication with patients difficult? What local
providers and resources can be engaged to ensure continued care for patients after relief
efforts have concluded?
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INTRODUCTION
On September 20, 2017 Hurricane Maria, a category 4 hurricane, made landfall on the
eastern coast of Puerto Rico. This was preceded by Hurricane Irma, a category 5
hurricane, which passed just off the coast 13 d prior. The destruction which ensued
precipitated a coordinated federal response which included the Federal Emergency
Management Agency (FEMA) and the United States military. United States Army
assets were mobilized to Puerto Rico to provide support in the form of personnel,
food, drinking water, medicine, and military aircraft. In addition to providing
immediate relief services, the United States Army dispatched the 14th Combat Support
Hospital (CSH) to Humacao, a city on the eastern side of the island where Maria made
landfall. The mission of the 14th CSH was to provide medical humanitarian aid and
conduct disaster relief operations in support of the government of Puerto Rico and
FEMA.
From October 6 through November 12, 2017, the 14th CSH provided medical and
surgical services for the population of Humacao and surrounding region. The
purpose of this paper is to describe the mission and capability of the 14th CSH, detail
the operative care provided to orthopaedic patients, and provide lessons learned from
the humanitarian and disaster relief operations conducted in Puerto Rico in response
to Hurricane Maria.

BACKGROUND
The 14th CSH is one of several active duty combat support hospitals within the Army
Medical Department. CSH’s are an essential element within the echelons of care in
battlefield medicine. A CSH affords the highest level of medical, surgical, and trauma
care available within the combat zone. They possess modular configurations which
allow commanders to tailor medical support to various operational environments.
Specialists which can be assigned to a CSH include general surgeons, orthopaedic
surgeons, thoracic surgeons, vascular surgeons, obstetrician/gynecologists, and
urologic surgeons. In addition to laboratory and radiographic capabilities, CSH’s also
offer a blood blank and nutrition capabilities. The 44-bed CSH configuration can have
up to 250 personnel, with two operating tables, 20 intensive care unit (ICU) beds, and
24 holding beds. Within combat environments, patients are typically held no longer
than 72 h prior to evacuation to higher echelons of care[1].
While the primary mission of the 14th CSH is to provide the highest level of patient
care within combat zones in support of conventional military operations, a secondary
mission of the 14th CSH involves the Defense Support of Civil Authorities (DSCA).
DSCA includes support provided by United States military forces, Department of
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Defense (DOD) civilians, DOD contract personnel, DOD Component assets, and
National Guard forces in response to requests from civil authorities for domestic
emergencies within the continental United States, Alaska, Hawaii and United States
territories. This support can involve law enforcement, certain domestic activities, or
certain qualifying entities for special events[2]. Examples of prior United States military
DSCA missions include: The response to Hurricane Katrina [3] in 2005 as well as
hurricane Sandy[4] in 2012.
Given the scope and scale of destruction which resulted from Hurricane Maria, the
14th CSH was activated in support of its DCSA mission role. The operations of the 14th
CSH were conducted out of the Humacao Arena, an 8000-seat building which was the
home of a local professional basketball team. The structure suffered minimal damage
and possessed its own generator with central air conditioning. It was also located
within a few miles of the city’s two main hospitals and was easily accessible by two
major highways. A landing zone was set up immediately across from the arena in a
large open field for air medical and transport operations. The 14th CSH operating
room and radiology facilities were set up just outside the arena (Figure 1). The
Emergency Medical Treatment section, Pharmacy, Laboratory, as well as inpatient
wards were set up within the arena (Figure 2).

INTERVENTION
Patients presented to the CSH either by military or local civilian medical transport.
The patients were then evaluated by triage nurses and physicians to ensure the
patients could be effectively managed with the resources of the CSH. Patients
necessitating resources beyond the capability of the CSH were transferred to other
military or local medical facilities.
During the 14th CSH deployment to Puerto Rico, 1157 patients were evaluated and
treated. Fifty-seven operative cases were performed to include 23 orthopaedic cases.
The mean age of the orthopaedic patients treated was 45.7 years (range 13-76 years).
The most common operation was irrigation and debridement of open contaminated
and/or infected wounds (Table 1). Patients presented a mean 10.8 d from their initial
injury (range 1-40 d). Fractures and infections were the most common diagnoses with
the greatest delay in treatment from the initial date of injury (Table 1).
Patients were assessed pre-operatively by the Medicine and Anesthesia services.
Mean the American Society of Anesthesiologists (ASA) scores were 2.3 (Table 1).
Diabetes was the most common co-morbid diagnosis. Regional anesthesia was
performed at the discretion of the Anesthesia Service after discussion with the
operating physician. A total of 8 regional blocks were performed. All patients
received pre-operative antibiotics. Intra-operative cultures, when obtained, were sent
to a local hospital laboratory for processing. Intra-operative plain radiographs were
performed with a portable unit which had a viewing station located just outside the
operating room.
Five patients were discharged on the same day as their operation. Patients without
risk factors for DVT and isolated lower extremity fractures were managed with 81 mg
ASA twice daily for DVT prophylaxis as inpatients. One post-operative patient was
transferred to another facility after his septic joint was irrigated and debrided for
further evaluation and treatment given his multiple medical co-morbidities which
necessitated a higher level of medical care. The remaining post-operative patients
were discharged to their respective local residences with patient instructions, followup plans of care, medications, and dressing supplies if necessary.
Resorbable suture was used when 2 wk follow up went beyond the anticipated
conclusion of CSH operations. In addition, patient follow-up and care coordination
was made with local providers and other military medical assets. These included a
local non-operative orthopaedist, the ambulatory clinic at Fort Buchanan, and the
USNS Comfort. No immediate complications were observed however even immediate
short term follow-up was limited. Mean follow-up with post-operative patients was
7.5 d (range 0-28 d).

CONCLUSION
This case series provides the first description of orthopaedic care provided by a CSH
on a DSCA mission. The deployment of the 14th CSH to Puerto Rico was unique for
many reasons. These included: Use of air transport, language and local customs
encountered, as well as deployment to a location outside the continental United
States. These factors coupled with the need for rapid deployment of the 14th CSH
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Figure 1

Figure 1 The 14th Combat Support Hospital operating room and radiology facilities were set up just outside the arena. A: 14th Combat Support Hospital
operating and radiology mobile units; B: 14th Combat Support Hospital operating and radiology mobile units along with storage containers and supplies staged outside
the arena; C: Operating room with two table set-up.

provided valuable experience which will undoubtedly enable future success in similar
endeavors.
Another unique element of the 14th CSH relief efforts was its direct collaboration
with Disaster Medical Assistance Teams (DMAT). A DMAT is a trained, mobile, selfcontained, self-sufficient, multidisciplinary medical team that can respond rapidly
after a disaster (48 to 72 h) to provide medical treatment to an affected area. The team
can include physicians, nurses, pharmacists, paramedics, and EMTs. DMATs fall
under the National Disaster Medical System (NDMS), a federally coordinated system
with the United States Department of Health and Human Services[5]. Multiple DMATs
assisted the 14th CSH efforts for 2 weeks at a time and were an important part of the
triage and treatment of the local population. These teams operated out of the same
location and used the same facilities as the 14th CSH.
Shortly after the 14th CSH became operational, representatives from the 14th CSH
contacted local hospitals to assist with helping these facilities become more
operational. This included coordinating the request and delivery of needed supplies
such as tarps and generator equipment. In addition, the 14th CSH engaged local and
regional government to help with delivery of food and water to local organizations
and churches for distribution.
Within the Humacao area, the 14th CSH was able to locate only one practicing
orthopaedic surgeon who was working part-time as a non-operative provider. This
led to challenges with coordinating care for patients in anticipation of the 14th CSH’s
departure. In addition, patients faced challenges with access to orthopaedic surgeons
outside of the Humacao area due to overburdened hospitals as well as
underinsurance and/or no insurance. This left a large patient population within the
Humacao region in need of orthopaedic services. Many of the patients presenting for
orthopaedic care had delayed presentations which made treatment more difficult.
This included patients presenting with malunited fractures and sub-acute infections.
Other challenges included adverse effects of weather on facilities and equipment
which included power outages, loss of climate control in the operating room and
patient wards, and water leakage into the operating room and equipment/supply
areas. The operating room did not possess a viewing station for digitally captured
radiographs which made viewing intra-operative radiographs challenging.
Similar challenges have been described by other authors in disaster relief efforts.
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Figure 2

Figure 2 The Emergency Medical Treatment section, Pharmacy, Laboratory, as well as inpatient wards were set up within the arena. A: Emergency Medical
Treatment, Intensive Care Unit and Intermediate Care Ward sections arranged around the periphery of the arena. The central portion of the arena was used for
storage of equipment and supplies; B: Intensive Care Unit section and associated equipment. There were two 20 bed Intensive Care Unit sections, one 10 bed
Emergency Medical Treatment section, and one 20 bed Intermediate Care Ward section.

Sechriest et al[6] characterized the orthopaedic care provided on the USNS Mercy after
the 2004 Asian Tsunami as “challenging at every level”. This involved patient
deconditioning and/or poor physical health, chronic and complex injuries and
conditions, and lack of timely follow-up by physicians with orthopaedic expertise in
the post-disaster region. In addition, the authors describe communication with
patients and their families as perhaps the single greatest challenge faced by the
providers. Despite interpreters from the host nation, language and cultural barriers
presented difficulties in gathering accurate histories, obtaining informed consent, and
communicating post-operative expectations and plans for continued care. Beitler et
al[7] cited one of the greatest challenges for the 48th CSH, during Operation Enduring
Freedom in Afghanistan, was maintaining the balance between capabilities and
requirements. In providing care to Afghan and United States contractors, the pediatric
and more elderly patients which were treated frequently required advanced ICU care
followed by rehabilitation. Patients evacuated to the 48th CSH because of limited local
medical infrastructure led to significant challenges with respect to discharge planning,
transport, and placement. Born et al[8] describe lack of systems interface as a recurrent
problem in disaster response and note that during the 2005 Hurricane Katrina relief
effort, no communication existed between government and/or military responders
for several days. Due to flooding and power outages, medical facilities were isolated,
which allowed for little command and control as well as limited contact with the relief
efforts surrounding them. The authors also describe challenges faced by the USNS
Comfort during the 2010 Haiti Earthquake which included access to a single C-arm as
well as a limited supply of orthopaedic implants.
Despite experiencing many similar challenges, the 14th CSH was able to provide
orthopaedic care to residents within the Humacao region and performed nearly two
dozen orthopaedic cases. Although follow-up was very limited, there were no
immediate complications. In all cases, management was guided by the principle of
“primum non nocere” (first do no harm). Additional objectives focused on operative
intervention which required limited ancillary support and follow-up. Comprehensive
work-up and treatment was performed by a multi-disciplinary team comprised of
specialists in nutrition, pharmacy, medicine, anesthesia, and surgery in order to
optimize patients peri-operatively.
As an essential element within the echelons of care in battlefield medicine with
equipment and personnel typically configured for combat zones, the 14 th CSH
primarily possessed capability for damage control intervention with less capacity for
the subacute and ambulatory patients which presented during the relief effort. When
fixation was performed it was most often definitive fixation with small fragment or
mini-fragment plates and screws. Percutaneous K-wire fixation was also utilized in a
few cases in the hand and upper extremity. One case necessitated the shipment of
implants to the CSH. In addition, capability for definitive management for subacute
and ambulatory patients was also limited due to a lack of fluoroscopy and a
radiolucent operating table.
This case series illustrates the unique capabilities of the CSH and as well as the
orthopaedic conditions encountered the hurricane Maria disaster relief effort. It also
highlighted challenges of providing care to patients with limited resources and
uncertain follow-up care. Future similar efforts will undoubtedly benefit from the
experience gained and lessons learned by the 14th CSH’s deployment to Puerto Rico.
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Table 1 Summary of the patients included in series
Sex

Age (yr)

Diagnosis

ASA

Time from injury (d)

Operative treatment

M

56

Foreign body

3

3

Foreign body excision/I&D

F

26

Complex elbow dislocation

1

1

CR splinting

M

13

BBFF

1

1

CR splinting

M

42

BBFF

3

40

ORIF

F

25

Humerus fx

2

2

CR splinting

M

14

Radial shaft fx

1

1

ORIF

F

71

Patella fx

2

1

ORIF

M

76

Flexortenosynovitis

3

35

Amputation

F

41

Trimal ankle fx

2

40

CR splinting

M

66

Crush injury digit

1

2

CRPP, nailbed repair

M

52

Open 5th MC fx1

4

1

I&D, 5th ray resection

2

M

47

Pre-patella septic bursitis/septic knee

3

28

I&D

M

26

DRF with acute CTS

2

2

ORIF, CTR

F

68

Bimal ankle fx

4

1

ORIF

M

63

Patella fx

1

4

ORIF

M

36

Crush injury digit

2

1

Nailbed repair

M

27

Ulna shaft fx

1

2

ORIF

M

51

Distal biceps rupture

2

24

Open repair

2.33

10.83

45.73

1

Three prior irrigation and debridements;
Prior pre-patella septic bursitis and septic knee irrigation and debridement;
3
Mean value. BBFF: Both bone forearm fracture; fx: Fracture; CR: Closed reduction; I&D: Irrigation and debridement; ORIF: Open reduction internal
fixation; DRF: Distal radius fracture; CTS: Carpal tunnel syndrome; CTR: Carpal tunnel release; ASA: The American Society of Anesthesiologists.
2
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Abstract
The demand for revision total hip arthroplasty (THA) is increasing. Information
quality on the internet has been extensively analysed in relation to primary THA
but no such analysis has ever been performed for revision THA. Our aim was to
assess the quality and readability of this information. Three major internet search
engines were searched for information on revision THA. All websites were
assessed for quality of information using the DISCERN score, the Journal of the
American Medical Association benchmark criteria and a novel scoring system
specific to revision THA [Vancouver Revision Arthroplasty Information (VRAI)
score]. Website readability was assessed, as was presence of the Health On the
Net Foundation (HON) seal. The majority of websites (52%) were academic with
a post-graduate reading level. Only 6.5% of websites had the HON seal. Twentyeight percent of websites had a ‘good’ DISCERN score and only 28% had a ‘good’
score with the novel VRAI scoring system. Health information websites had
significantly higher rates of ‘good’ VRAI scores (P = 0.008). Websites with the
HON seal had significantly higher DISCERN scores (P = 0.01). All governmental
websites were at a reading level suitable for patient review. Information on the
internet relating to revision THA is of low quality, much lower than the quality of
information on primary THA. We recommend governmental websites for their
readability and health information websites for their quality of information
specific to revision THA. Websites with the HON seal provide higher quality
information and should be recommended to patients as reading material
regarding revision THA.
Key words: Revision; Hip; Arthroplasty; Internet; Quality; Readability
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Information related to revision total hip arthroplasty (THA) on the internet is of
generally poor quality and seems to be of lower quality than information relating to
primary THA on the internet. Only 28% of websites had ‘good’ quality information as
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determined by both the validated DISCERN score and the novel revision THA-specific
Vancouver Revision Arthroplasty Information score. We recommend that patients use
governmental websites as these are the most readable on the internet. We also
recommend the use of health information websites as these were of the highest quality
overall. Academic websites should be avoided as sources of patient information given
their advanced readability and overall lack of patient-relevant content relating to revision
THA.

Citation: Sheridan GA, O’Brien C, Masri BA, Duncan CP, Garbuz DS. Revision total hip
arthroplasty: An analysis of the quality and readability of information on the internet. World J
Orthop 2020; 11(2): 82-89
URL: https://www.wjgnet.com/2218-5836/full/v11/i2/82.htm
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INTRODUCTION
Revision total hip arthroplasty (THA) is a commonly performed procedure in
orthopaedic practice. The commonest indications for revision THA in modern practice
are aseptic loosening, osteolysis and instability[1]. Numerous sources have projected a
significant international increase in the demand for this procedure both in Europe and
in the United States by the year 2030[2,3]. With the rise in demand for revision THA, we
can expect that patients will increasingly reference the internet for sources of
information relating to this procedure. Extensive research has already been conducted
to assess the quality of internet-based information relating to primary THA [4-7] .
However, no such analysis has been conducted to assess the quality of information
relating to revision THA. The aim of this study is to assess sources of information on
the internet relating to revision THA for quality and readability using a number of
validated scoring systems, a novel scoring system and statistical analysis.

METHODS
Google, Yahoo!, and Bing search engines were used to browse the internet for the
terms ‘Revision’, ‘Hip’, ‘Arthroplasty’, and ‘Replacement’. The search took place on
August 29, 2018 at 23.30. Given the 72.68% majority market share of Google, we
analysed the first 40 websites returned by the Google search[8]. We then analysed the
first 20 websites returned by the smaller search engines on both Bing and Yahoo!. Any
website duplicates were excluded from the analysis. All the websites that were
reviewed are listed in Supplement Table 1.
All websites were reviewed within 2 wk of the original search by two of the named
authors. Each website was allocated to one of the following categories: Academic,
commercial, physician, allied-health, media-related, health information website,
social/discussion page, governmental, non-profit organisations, and unspecified.
These categories have already been regularly used in the literature for assessing
information quality on the internet[4,9,10]. Each website was then analysed against a
number of scoring systems to assess the quality of the information pertaining to
revision hip arthroplasty within.
Each website was assessed for the presence of a ‘Health On the Net Foundation’
(HON) seal. The HON seal originated in Geneva, Switzerland in 1995 at the
conference entitled ‘The Use of the Internet and World-Wide Web for Telematics in
Healthcare’[11]. In an attempt to provide laypeople and medical professionals with
reliable sources of healthcare information, this seal was developed for websites that
provided users with high quality information.
The next assessment involved the DISCERN tool, as described by Charnock et al[12]
in 1999. It comprises 8 questions on reliability, 7 on treatment information and a final
question on overall website quality. The maximum score is 80 and a score of greater
than 70 is classified as ‘excellent’ while a score of greater than 50 is considered to be
‘good’.
The authors developed a novel scoring system to specifically assess the quality and
relevance of information regarding revision THA provided on these websites. This 20point scoring system assesses whether the website addresses the essential
preoperative (6 points), perioperative (7 points) and postoperative (7 points) factors
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Table 1 A novel scoring system
Vancouver Revision Arthroplasty Information score (1 point per topic covered)
Preoperative
Indications
Symptoms
Timing after primary
Investigations preoperatively
Joint aspiration preoperatively
Imaging preoperatively
Perioperative
Surgical options
2-stage revision
Single-stage revision
Implant types
Length of surgery
Length of hospital stay
Rehabilitation
Postoperative
Venous thromboembolism
Infection
Dislocation
Fracture
Limb length discrepancy
Nerve injury
Mortality

that patients and healthcare professionals should be aware of when reading
information relating to revision THA (Table 1). This score was entitled the ‘Vancouver
Revision Arthroplasty Information’ (VRAI) score. A VRAI score of 12 was considered
to be ‘good’ and a score of 16 was considered ‘excellent’.
The interobserver variability was evaluated for both the DISCERN score and the
novel VRAI score using Cohen’s kappa co-efficient (κ). This coefficient was described
by Cohen in 1960 and has been utilised since then to measure agreement levels
between observers for a large range of scoring systems [13] . The below equation
demonstrates how Kappa was evaluated, where Pο is the observed agreement among
raters and Pε is the probability of agreement by chance. When κ = 1, there is complete
agreement between the observers: κ = (Pο - Pε)/(1 - Pε).
A Kappa value of 0 implies that the scores have no similarity and can be explained
by chance. A negative Kappa value implies that the interobserver agreement is worse
than what would be expected to occur at random. A good level of agreement
determined by the κ ratio is greater than 0.6. Greater than 0.4 is considered to be a
moderate level of agreement. Greater than 0.2 is fair and less than 0.2 is poor.
Excellent agreement correlates with a κ value above 0.8.
All websites were then assessed using the Journal of the American Medical
Association (JAMA) benchmark criteria. These criteria include 4 parameters:
Authorship, attributions, affiliations and credentials[14]. It was noted specifically which
criteria were fulfilled and which criteria were not. ‘Authorship’ is important in
allowing the reader to identify the origin of the information. ‘Attribution’ deals with
content referencing. ‘Affiliation’ addresses any potential conflict of interest an author
might have and ‘currency’ addresses whether or not the content is current and
therefore relevant to the reader.
Finally, every website for inclusion in the study was assessed using the ‘Flesch
reading-ease’ test. We defined the readability of each website according to the school
grade that the content would be most compatible with. The score was as follows: 5th
grade, 6 th grade, 7 th grade, 8 th & 9 th grade, 10 th -12 th grade, college student, and
postgraduate.
Statistical analysis was performed using STATA© software [Stata/IC 13.1 for Mac
(64-bit Intel)]. Fisher’s exact test was used to analyse whether the website type was
significantly related to presence of the HON seal and to assess whether the website
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type was also predictive of a ‘good’ DISCERN score and a ‘good’ VRAI score. The
paired t-test was used to then assess whether presence of the HON seal was
predictive of the specific DISCERN and VRAI scores. A one-way ANOVA test was
used to assess whether the website type was significantly related to the specific
DISCERN and VRAI scores. Linear regression analysis was used to evaluate the
relationship between the DISCERN and VRAI scores as they are both interval
variables. A P value of less than 0.05 was taken to be statistically significant.

RESULTS
In excess of 891000 websites returned from the Google search. Eighty websites were
assessed in total from Google, Yahoo!, and Bing combined. Of the 80 websites, 18
were dedicated to primary hip arthroplasty exclusively, 15 were duplicates and 1 was
dedicated to hip hemiarthroplasty for trauma. Forty six websites were analysed once
these were excluded (Figure 1).
Of note, there were no allied-health websites, no media-related websites and no
social media websites analysed. Academic websites were much more frequent than
other website types (39% of total). There were 18 academic websites, 12 physician, 6
commercial, 6 health information, 3 governmental, and 1 unspecified website (Figure
2).

Health on the net
The HON seal was documented in only 6.5% of websites and was significantly
associated with certain website types (P = 0.007). Governmental websites had the
highest number of HON seals with two thirds of governmental websites being HON
positive. Health-information websites had 1 HON seal out of a total of 6 websites.
There were 18 academic websites reviewed in total and none of these had the HON
seal.

DISCERN score
The mean DISCERN score overall was 43/80 (σ = 12.7; 8-73 range). Twenty-eight
percent of websites (n = 13) had a ‘good’ DISCERN score (> 50) whereas only 1
website had an ‘excellent’ DISCERN score (> 70). This was a governmental website
with a score of 73. The lowest DISCERN score was 8/80 recorded for an unspecified
website. It was found that websites with the HON seal had significantly higher
DISCERN scores (P = 0.01). The mean DISCERN score for websites with a HON seal
was 54 [σ = 13.8; 95% confidence interval (CI): 31.9 to 76.0] compared to a mean score
of 41.9 for those websites without the HON seal (σ = 12.3; 95%CI: 38.1 to 45.8).

VRAI score
The mean VRAI score overall was 8.45/20 (σ = 4.5, 0-17). Twenty-eight percent of
websites (n = 13) had a ‘good’ VRAI score. Only one website achieved an ‘excellent’
score, this was a health information website. Two websites scored 0 including an
academic website and a physician website. Health information websites had
significantly higher rates of ‘good’ VRAI scores (P = 0.008). Eighty-three percent (n =
5) of health information websites had a ‘good’ VRAI score and one of these was
considered ‘excellent’. Fifty percent of commercial websites were of ‘good’ quality (n
= 3) whereas only 2 of the 18 academic websites had ‘good’ VRAI scores.

Interobserver variability
Cohen’s Kappa coefficient (κ) was calculated for both the DISCERN and the VRAI
scores. It was found that the DISCERN scoring system only had a ‘fair’ level of
interobserver agreement (κ = 0.37). The VRAI score had a much higher rate of
interobserver agreement which was classified as ‘good’ (κ = 0.73). Simple linear
regression analysis was performed to compare the Discern and VRAI scoring systems.
There was a statistically significant relationship between the two systems (P < 0.001).
A scatterplot with a regression reference line was also developed (Figure 3). This
illustrates how Discern scores tend to increase with an increasing VRAI score,
demonstrating the significant relationship between the two scores.

JAMA benchmark criteria
Twenty-eight percent of websites (n = 13) scored 4/4 for the JAMA benchmark
criteria. 4 websites scored 0/4. Academic websites had a significantly higher JAMA
score compared to other website types (P < 0.001). Twelve of the eighteen academic
sites scored a JAMA of 4. The remaining websites all scored 3 except for one website
that scored a 2. All government, commercial and physician websites failed to score a
4. One health information website scored a 4. Presence of the HON seal was not
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Figure 1

Figure 1 Flow chart on study-selection process.

associated with a higher JAMA score.

Readability
Using the Flesch reading ease model, it was found that the majority of websites were
pitched at a reading level above the 8th grade (52%). Four websites had a reading level
of the 10th grade. Three websites were written to a college student standard and 36%
of all websites (n = 17) were written to a postgraduate standard. The academic
websites all had postgraduate reading levels except for one which had a college
reading level. Academic websites were found to have a significantly higher reading
level than the other websites (P < 0.001). All governmental websites were at a 7th grade
level. The majority (10/12) of physician websites were at or below an 8 th grade
reading level.

DISCUSSION
Revision THA is a procedure that is increasing in demand as time progresses. Kurtz et
al[3] predicted that between 2005 and 2030, the demand for revision hip arthroplasty
procedures would increase by 137%. Between 2009 and 2010 in the United States, the
total number of revision THAs increased by 10.8%[15]. With the growing demand for
this procedure in the future, the public will naturally become more inquisitive
regarding the indications, techniques, recovery times and complications associated
with revision hip arthroplasty. It is well known that orthopaedic patients are now
frequently utilising online resources to research their own conditions[16]. We anticipate
that revision THA will become an increasingly searched entity among patients
undergoing this procedure in the future. The quality of internet-based information
related to primary THA has been extensively described to date[4,5,17]. The purpose of
this study was to analyse the quality of the online resources available to patients
undergoing revision THA as this has not been evaluated in the current literature to
date.
Surprisingly, of the 46 websites that were analysed in this study, not one of them
was a social media website. The use of social media by patients by has been shown to
improve the doctor-patient relationship by creating more equal communication[18]. It is
perhaps concerning therefore that social media are not a prominent source of
information for patients undergoing revision THA. It may be the case however, that
the higher age profile of this patient cohort is associated with lower levels of social
media participation and this is why there is less reference to revision THA on social
media sites.
Academic websites were the commonest website type returned in our search. This
is reassuring from a number of perspectives. Academic websites scored the highest
consistently on the JAMA benchmark. This means that the source of this information
is highly transparent and likely to be current and easily referenced. Unfortunately, the
academic websites do have a significantly higher reading level than the other websites
that were returned for analysis in the study (P < 0.001). Academic websites also tend
to have a very specific aim which may not meet the needs of patients looking for
general information on revision THA. All of the academic websites were written at a
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Figure 2

Figure 2 The number of different type of websites.

postgraduate level except for one website which was written at a college level. It has
been reported that the average United States resident reads at an 8th grade level and so
it is fitting that information intended for public reading should not exceed this level in
order to be comprehensible to the vast majority of orthopaedic patients [ 1 9 ] .
Considering all academic websites were tailored to a much higher reading level, it can
be assumed that these websites are not appropriate sources of information for the vast
majority of patients. We found that all governmental sources of information had a 7th
grade reading level and so are well suited for relaying information related to revision
THR. The majority (10/12) of physician websites also had appropriate reading levels
for transmitting information to the public.
The HON seal has been described as a useful tool for physicians to recommend to
their patients when searching the internet for information [4] . Previous studies
assessing elective orthopaedic information on the internet have found the HON seal
present in over 25% of websites[20]. In relation to revision THA information in this
study, the HON seal was only found in 6.5% of websites. This demonstrates a much
lower standard of quality internet-based information on revision THA when
compared to primary THA. Governmental websites had the highest number of HON
seals. We found that the HON seal predicts a higher DISCERN score (P = 0.01) and is
associated with a higher mean DISCERN score, 12 points higher on average than
those websites without a HON seal.
Only 28% of websites were classified as ‘good’ sources of information when using
the DISCERN score. When using the novel VRAI score, we also found that only 28%
of websites could be classified as ‘good’ sources of information regarding revision
THA. Overall, these figures demonstrate a distinct lack of quality information relating
to revision THA on the internet. Cassidy et al[21] concluded that the readability and
quality of online orthopaedic information is generally poor. We agree with this
sentiment as it relates to revision THA and propose that information relating to
revision THA is even poorer than information relating to primary THA.
Health information websites appear to be the best sources of information available
to patients currently on the internet as they have significantly higher numbers of
‘good’ VRAI scores (P = 0.008). Eighty-three percent of health information websites
had ‘good’ VRAI scores. The only website to score an ‘excellent’ on the VRAI score
was also a health information website. Regression analysis in this study confirms the
significant relationship between the validated DISCERN score and the novel VRAI
score described (P < 0.001). Condition-specific scoring systems are known to be useful
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Figure 3

Figure 3 The scatterplot with a regression reference line.

in detailing the type of information that should be included by a source providing
information to patients on a specific health-related topic[4]. The ‘VRAI’ score described
here provides a useful template for websites and other information sources to use if
comprehensive information is to be given to patients. This score is significantly
related to the validated DISCERN score as demonstrated through regression analysis
and it also has a much higher interobserver reliability when compared to the
DISCERN score as shown in this study.
We also note that the use of a HON seal is associated with better information
quality and higher DISCERN scores. Governmental websites have the most
appropriate readability levels on the internet in this field whereas academic websites
are not deemed suitable for providing information to patients given the niche focus of
their content and the very advanced level of readability. Health information websites
are the best sources of information for patients undergoing revision THA as
determined by the VRAI score.
This study has a number of limitations. The VRAI score operates on a 20-point scale
whereas the DISCERN score has 80. Given the discrepancy between the two scales, it
may be more difficult for two observers to agree on a DISCERN score compared to a
VRAI score. This may account for the higher interobserver reliability seen with the
VRAI score compared to the DISCERN score. We propose that the VRAI score is still a
very useful tool in delivering quality information relating to revision THA. The
threshold for ‘good’ and ‘excellent’ VRAI scores were arbitrary. It was thought that
these were reasonable values to use however, given the maximum score of 20. Only
two authors reviewed the websites that were searched, ideally a higher number of
reviewers would improve the accuracy of the analysis. Both reviewers were senior
orthopaedic trainees with much experience in the quality assessment of health-related
information.

CONCLUSION
Information related to revision THA on the internet is of generally poor quality and
seems to be of lower quality than information relating to primary THA on the
internet. Only 28% of websites had ‘good’ quality information as determined by both
the validated DISCERN score and the novel revision THA-specific VRAI score. We
recommend that patients use governmental websites as these are the most readable on
the internet. We also recommend the use of health information websites as these were
of the highest quality overall. Academic websites should be avoided as sources of
patient information given their advanced readability and overall lack of patientrelevant content relating to revision THA.
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Abstract
BACKGROUND
Postoperative delirium (POD) is one of the most common complications in older
adult patients undergoing elective surgery. Few studies have compared, within
the same institution, the type of surgery, risk factors and type of anesthesia and
analgesia associated with the development of POD.
AIM
To investigate the following three questions: (1) What is the incidence of POD
after non-ambulatory orthopedic surgery at a high-volume orthopedic specialty
hospital? (2) Does surgical procedure influence incidence of POD after nonambulatory orthopedic surgery? And (3) For POD after non-ambulatory
orthopedic surgery, what are modifiable risk factors?
METHODS
A retrospective cohort study was conducted of all non-ambulatory orthopedic
surgeries at a single orthopedic specialty hospital between 2009 and 2014.
Patients under 18 years were excluded from the cohort. Patient characteristics
and medical history were obtained from electronic medical records. Patients with
POD were identified using International Classification of Diseases, 9th Revision
(ICD-9) codes that were not present on admission. For incidence analyses, the
cohort was grouped into total hip arthroplasty (THA), bilateral THA, total knee
arthroplasty (TKA), bilateral TKA, spine fusion, other spine procedures,
femur/pelvic fracture, and other procedures using ICD-9 codes. For descriptive
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and regression analyses, the cohort was grouped, using ICD-9 codes, into THA,
TKA, spinal fusions, and all procedures.
RESULTS
Of 78492 surgical inpatient surgeries, the incidence from 2009 to 2014 was 1.2%
with 959 diagnosed with POD. The incidence of POD was higher in patients
undergoing spinal fusions (3.3%) than for patients undergoing THA (0.8%); THA
patients had the lowest incidence. Also, urgent and/or emergent procedures,
defined by femoral and pelvic fractures, had the highest incidence of POD (7.2%)
than all other procedures. General anesthesia was not seen as a significant risk
factor for POD for any procedure type; however, IV patient-controlled analgesia
was a significant risk factor for patients undergoing THA [Odds ratio (OR) = 1.98,
95% confidence interval (CI): 1.19 to 3.28, P = 0.008]. Significant risk factors for
POD included advanced age (for THA, OR = 4.9, 95%CI: 3.0-7.9, P < 0.001; for
TKA, OR = 2.16, 95%CI: 1.58-2.94, P < 0.001), American Society of
Anesthesiologists score of 3 or higher (for THA, OR = 2.01, 95%CI: 1.33-3.05, P <
0.001), multiple medical comorbidities, hyponatremia (for THA, OR = 2.36,
95%CI: 1.54 to 3.64, P < 0.001), parenteral diazepam (for THA, OR = 5.05, 95%CI:
1.5-16.97, P = 0.009; for TKA, OR = 4.40, 95%CI: 1.52-12.75, P = 0.007; for spine
fusion, OR = 2.17, 95%CI: 1.19-3.97, P = 0.01), chronic opioid dependence (for
THA, OR = 7.11, 95%CI: 3.26-15.51, P < 0.001; for TKA, OR = 2.98, 95%CI: 1.386.41, P = 0.005) and alcohol dependence (for THA, OR = 5.05, 95%CI: 2.72-9.37, P
< 0.001; for TKA, OR = 6.40, 95%CI: 4.00-10.26, P < 0.001; for spine fusion, OR =
6.64, 95%CI: 3.72-11.85, P < 0.001).
CONCLUSION
POD is lower (1.2%) than previously reported; likely due to the use of multimodal regional anesthesia and early ambulation. Both fixed and modifiable
factors are identified.
Key words: Delirium; Arthroplasty; Replacement; Knee; Hip; Risk factors; Pain
management; Spinal fusion; Orthopedics; Incidence; Anesthesia; General; Opioid-related
disorders; Narcotics
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This original research adds significantly to the perioperative literature. At this
single orthopedic institution, the effects of different procedures, and effects of the
different management practices of these procedures, on postoperative delirium were
examined. The incidence of post-operative delirium was found to be lower at this
institution than many other previous reports. Potentially modifiable risk factors for postoperative delirium in patients undergoing common orthopedic procedures, for whom
higher vigilance is warranted were also identified.

Citation: Urban MK, Sasaki M, Schmucker AM, Magid SK. Postoperative delirium after
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INTRODUCTION
Postoperative delirium (POD) is one of the most common complications in older adult
patients undergoing elective surgery. The reported incidence ranges from 3%-25%
after elective surgery[1,2]. Many perioperative characteristics have been associated with
the development of POD including increased length of recovery and hospital stay, as
well as increased morbidity and mortality[1,3]. Fixed risk factors often associated with
POD include advanced age, pre-existing central nervous system deficits, psychiatric
disease, alcohol abuse, emergency surgery and the presence of multiple
comorbidities[3,4]. Few studies have compared, within the same institution, the type of
surgery, risk factors and type of anesthesia and analgesia associated with the
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development of POD [5] . Our goal was to assess the incidence of POD after nonambulatory orthopedic surgery, evaluate the influence of the surgical procedure on
this incidence, and identify possible modifiable risk factors.

MATERIALS AND METHODS
Study population and data collection
With the approval of the Institutional Review Board a retrospective cohort study was
conducted of all non-ambulatory orthopedic surgeries at a single orthopedic specialty
hospital between 2009 and 2014. Specifically, the study population was patients aged
18 years or older who underwent inpatient orthopedic surgeries from January 1, 2009
to December 31, 2014 at a single institution. Excluded populations were patients aged
17 years or younger and patients who did not undergo an inpatient orthopedic
surgery. These patient populations were excluded to minimize selection bias as
younger patients are less likely to develop delirium and ambulatory patients are not
routinely followed to see if there is an occurrence of delirium after surgery.
The initial study design included years prior to 2009; but it was determined that
differences in coding before 2009 would affect the interpretation of the data and
contribute to disease misclassification bias, so data prior to 2009 was excluded. Patient
characteristics and medical history were obtained from electronic medical records.
Patient’s medical diagnoses, including Elixhauser comorbidity score determination[6]
and procedure types were obtained from International Classification of Diseases, 9th
Revision (ICD-9) codes. Age, sex, BMI, postoperative medications, laboratory values,
American Society of Anesthesiologists’ (ASA) score, and whether a computerized
axial tomography (CT) scan or magnetic resonance imaging (MRI) scan of the brain
was ordered were obtained from the electronic health record (Allscripts, Atlanta,
Georgia).

Procedure grouping
For incidence analyses, the cohort was grouped into total hip arthroplasty (THA),
bilateral THA, total knee arthroplasty (TKA), bilateral TKA, spine fusion, other spine
procedures, femur/pelvic fracture and other procedures using ICD-9 procedure
codes. For descriptive and regression analysis, the cohort was grouped, using ICD-9
procedure codes, into THA, TKA, spinal fusions, and all procedures. Emergent
procedures were excluded in the descriptive and regression analyses to minimize
selection bias as the characteristics of patients undergoing emergent surgeries and the
characteristics of these surgeries themselves may be related to the development of
delirium. Patients in the THA and TKA group were identified by 81.51 and 81.54 ICD9 codes, respectively. Bilateral THA and bilateral TKA patients were identified by the
presence of 81.51 coded twice or 81.54 coded twice during one admission stay,
respectively. Spinal fusion patients were identified using one or more of the following
codes: 81.03, 81.05, 81.07, 81.08, 81.33, 81.33, 81.35, 81.37, 81.38, 81.62, 81.63, 81.64 and
84.51, representing anterior, posterior, or revision spine fusions. Other spine patients
were identified by a presence of one or more of 3.0-3.99, 81.00-81.08, 81.30-81.39, 84.6084.69 and 84.80-84.85 codes. Femur and/or pelvic fracture patients were identified by
one or more of the following codes: 808.0-808.9, 820.0-820.9 and 821.0-821.3 ICD-9
codes. Patients in the other-procedure grouping were inpatients who underwent
orthopedic surgery without the presence of any of the codes listed above during the
duration of the study. The all-procedure grouping consisted of all adult inpatient
orthopedic surgeries that occurred during the study period, which encompasses all
the groups listed above. To examine non-emergent surgeries, the THA, TKA and
spinal fusion groupings excluded patients if they had the following present on
admission: Cardiovascular accident, deep vein thrombosis, pulmonary embolism,
acute myocardial infarction, acute kidney failure, hip fracture, pneumonia, respiratory
failure, sepsis and trauma. The all-procedure grouping included emergent
procedures. The THA grouping only included patients with an ASA score of 2 and
above. Since no THA patients with an ASA score of 1 had POD, the regression
analysis was restricted to patients with ASA score of 2 and above to allow for THA
patients with ASA score 2 to serve as the reference group in the regression model.
This was preferred over grouping patients with ASA score 1 and 2 into one group to
serve as the reference since this would bias the results as there would be no THA POD
patients with an ASA score of 1 in this group.

POD identification
Patients with POD were identified using the following ICD-9 codes, provided that
these conditions were not present on admission: 290.11; 290.3; 291.0; 292.81; 293.0;
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293.1; 293.9; 300.11; 300.14; 300.15; 348.31; and 780.09 (Figure 1). There were no
patients with ICD-9 codes 290.11 and 300.14 and only a total of 4 with ICD-9 codes
293.1, 300.11 and 300.15. All patients in the post-operative care unit, step down unit
and intensive care unit (ICU) were assessed for delirium using the confusion
assessment method for the ICU (CAM-ICU) scale. Once transferred to a nonmonitored bed in the hospital, during each nursing shift, the covering nurse
conducted a CAM-ICU assessment on their assigned patients. If the nurses detected a
change in mental status, a physician assistant or nurse practitioner was requested to
confirm the diagnosis and report the change to a covering physician. The diagnosis of
delirium and/or change in mental status was only made after a practitioner entered
the diagnosis in the patient’s medical record. Opioid dependence was identified using
any ICD-9 diagnosis code, if present on admission, between 304.00 and 304.93, as well
as code V58.69. The occurrence of a postoperative thiamine order was used as a proxy
for alcohol abuse. Pressure ulcers were identified by the following ICD-9 diagnosis
codes if present on admission: 707.01, 707.02, 707.03, 707.04, 707.05, 707.06, 707.07,
707.09, 707.23 and 707.24. atrial fibrillation (Afib) was identified by the 427.31 ICD-9
diagnosis code if present on admission. Preoperative hyponatremia was defined by a
sodium value < 135 mmol/L within 30 days before admission.

Statistical analysis
Preliminary descriptive statistical analysis consisted of frequency counts and
percentages for discrete variables and median, intra-quartile range, and minimum
and maximum values for continuous variables. Crude inferential analysis consisted of
Chi-square and Fisher Exact tests for discrete comparisons and independent samples
t-tests for continuous variables. When continuous variables failed to meet the
assumption of normality using the Kolmogorov-Smirnov test, non-parametric Mann
Whitney U tests were used in place of t-tests. Multivariable logistic regression analysis
was used to identify potential risk factors POD while adjusting for any potential
confounding. Records with missing data for the regression variable candidates were
removed from the analyses. Patients with more than one admission in the study had
each admission treated separately. Separate models for spinal fusion, hip arthroplasty,
and knee arthroplasty were constructed and separate models with Elixhauser
comorbidities and Charlson Comorbidity scores [7,8] were constructed for each
procedure type. The models with the Charlson Comorbidity scores were used for
sensitivity analyses. Based on age categorizations in the literature, age was treated as
a binary variable for all procedure type models; arthroplasty models had patients 70
years old or older vs patients less than 70 years old and spine models had patients 65
years old or older vs patients less than 65 years old[4,9-11]. Multicollinearity for each
model was checked and no covariates had a variance inflation factor above 2.0, so
they were considered not to be collinear. A model was constructed including, a priori,
all patient and clinical variables that were thought to be risk factors, based on
literature and physician expertise. Significance was set at 0.05 for all analyses without
multiple comparison adjustment since the study was evaluating a single hypothesis:
Predictors of delirium. All analyses were performed using SAS 9.3 (Cary, NC, United
States). The statistical methods of this study were reviewed by Kara Fields and Joseph
T Nguyen from Hospital for Special Surgery.

RESULTS
The incidence of POD was assessed in patients 18 years old or older undergoing nonambulatory surgery at an orthopedic institution from 2009 to 2014. During this time,
there were 78492 surgical inpatient surgeries. Of these patients; 959 were diagnosed
with POD; an incidence of 1.2%. The most common diagnostic categories of delirium
included altered consciousness, drug induced delirium, and metabolic
encephalopathy. The reported incidence of POD increased from 2009 to 2012, and
then plateaued from 2012 to 2014 (Figure 2); the majority of the increase occurred in
the diagnostic ICD-9 code 293.0 for “delirium due to conditions classified elsewhere.”
The incidence of delirium varied between the orthopedic surgical procedures
(Table 1). The incidence of POD was higher in patients undergoing spinal fusions than
for patients undergoing THA, THA patients had the lowest incidence. Also, urgent
and/or emergent procedures defined by femoral and pelvic fractures had the highest
incidence of POD than all other procedures (Table 1). Of the 78492 inpatient surgeries,
35166 patients were males (44.8%) and 43326 were females (55.2%). The mean age was
62 years (SD ± 14). The mean BMI was 28.8 (SD ± 6.1). Table 2 contains the patient
characteristics for all patients undergoing a major elective orthopedic surgery. For
these patients, there was a statistically significant difference in age between POD and
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Figure 1 The chart shows International Classification of Diseases, Ninth Revision, Clinical Modification codes used for the diagnosis of postoperative
delirium.

non-POD patients, with an incidence of 2.5% in patients 70 years old or older
compared to an incidence of 0.006% in patients under 70 years old. Patients with POD
had higher ASA scores, where 45.7% of POD patients had an ASA score of 3 or higher
with an incidence of 3.0% compared to a POD incidence of 0.008% for patients with an
ASA score of 2 or lower. Additionally, POD was significantly higher in patients
receiving postoperative benzodiazepines; 10.2% of the patients with POD received
diazepam vs only 4.0% of the non-POD population. Significantly more narcotics were
used by patients with POD than those without. Perioperative thiamine administration
which is a marker for pre-existing alcohol use was more common in POD patients.
Also, Afib on admission was more common in patients who developed POD than in
non-POD patients. Tables 3 and 4 show the patient characteristics of THA and TKA
patients. POD was more common in patients 70 years or older in patients undergoing
THA and TKA procedures; 80.0% of THA and 69.8% of TKA patients with POD were
70 years old or older vs 35.7% of THA and 41.8% of TKA patients without POD. For
TKA patients, the incidence of patients who received a general anesthetic (GA) was
4.9% in POD patients; however only 2.7% of the non-POD TKA patients received a
GA for surgery. This statistically significant difference was also seen with the type of
postoperative analgesia. The incidence of POD among patients who received epidural
patient-controlled analgesia (PCA) was 0.7% for THA patients and 1.2% for TKA
patients. In comparison, the incidence of POD among THA patients who received
intravenous PCA was 1.2% for THA and 2.1% for TKA patients. In our analysis, 90.7%
of the THA patients with a diagnosis of POD had either a CT, MRI or both.
Table 5 presents the data for spine fusion patients, with similar findings that
patients with POD are older with a history of psychiatric illness, opioid dependence,
alcohol use and have more comorbidities.
Using regression analysis we identified perioperative risk factors with a significant
association with POD, for patients undergoing a THA, TKA or spinal fusion, while
controlling for age, sex, BMI, creatinine levels, hyponatremia, thiamine order (alcohol
abuse), ASA status, Afib, opioid dependence, pressure ulcers (for THA and spine
fusion models only), PCA route, anesthesia type, surgery length, administration of
parenteral diazepam, and Elixhauser comorbidities (Table 6). Three additional models
were built with the same covariates but with Charslon Comorbidity scores in place of
the Elixhauser comorbidities for sensitivity analyses. 42725 of 78492 surgical inpatient
surgeries were eligible for regression analyses as only non-emergent THA, TKA and
spine fusion patients were included in the regression analyses. Records with missing
data for candidate variables were also removed from analyses resulting in 18276 of
18372 eligible patients in the THA model, with 140 of 140 eligible cases remaining;
19987 of 20109 eligible patients in the TKA model, with 245 of 245 eligible cases
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Figure 2

Figure 2 The graph shows the incidence of postoperative delirium by year from 2009 to 2014.

remaining; and 4183 of 4244 eligible patients in the spine fusion model, with 136 of
137 cases remaining.
Older age remained a significant risk factor for POD for THA, TKA and spine
fusion patients. GA was not seen as a significant risk factor for POD for any procedure
type. However, IV PCA remained a significant risk factor for patients undergoing a
THA. ASA score of 3 or higher and preoperative hyponatremia remained significant
risk factors for THA patients only. Finally, parenteral diazepam, chronic opioid
dependence and postoperative thiamine order were significant risk factors for POD
for THA, TKA, and spine fusion patients. Models with the Charlson Comorbidity
scores provided similar results as with models that included the Elixhauser
comorbidities.

DISCUSSION
Over a 6-year period in a cohort of 78492 adult patients undergoing non-ambulatory
orthopedic surgery, the incidence of POD was 1.2%. Many of the risk factors
identified have been cited in previous reports and are not amenable to modification:
Advanced age, medical comorbidities, and a history of psychiatric disease. However,
some risk factors such as pre-existing narcotic dependence, alcoholism, and
hyponatremia are potentially modifiable. In addition to surgical procedure, type of
anesthesia and type of postoperative analgesia may affect the incidence of POD and as
such be targeted in an attempt to reduce the incidence of POD.
This study had some limitations. First, this study provided insight into the
incidence of POD at a single orthopedic specialty institution where the contribution of
different procedures and anesthetic/analgesic approaches to the development of POD
could be assessed. Since we relied on the reporting of mental status changes using the
CAM-ICU methodology, patients with subtle changes in cognition or hypoactive
delirium may have been omitted in our tabulation biasing the results toward the null,
although the magnitude of this bias would be small. Second, older patients with
unrecognized dementia and confusion on admission may have been incorrectly
diagnosed with new acute POD biasing the results away from the null, the magnitude
of this bias would also be small. A modifiable approach to reduce the incidence of
POD has been to target and decrease the use of preoperative polypharmacy involving
psychotropic medications[12,13]. This report did not track preoperative medications thus
allowing for possible confounding where preoperative psychotropic medications may
account for some of the POD incidence seen in this population. Third, we, as others[14],
noted an association between preoperative alcohol use and POD. In this report,
however we use postoperative administration of thiamine as an indicator of increased
preoperative alcohol consumption. Although, it is our policy to administer thiamine
to all patients believed to be at risk for alcohol withdrawal, it is possible that some
patients may have been omitted biasing the results toward the null, the magnitude of
this bias would be small.
The incidence of POD reported in this study is lower than what has been reported
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Table 1 Incidence for postoperative delirium in specific orthopedic procedures from 2009 to
2014
Procedure

Incidence (%)

Primary THA

0.8

Bilateral THA

0.4

Primary TKA

1.2

Bilateral TKA

1.2

Spine fusion

3.3

Other spine procedures

1.9

Femur/pelvic fracture

7.2

Other procedures

1.0

THA: Total hip arthroplasty; TKA: Total knee arthroplasty.

in many previous studies[1,15]. Even in patients greater than 70 years old, our reported
incidence of 2.5% is considerably below the reported rates of 15%-20% after elective
surgery[12] and 50% after the repair of hip fractures[16]. However, there are reports of a
lower incidence of POD in at-risk patient populations[5,17]; Chung et al[18], reported a
POD incidence of 3.1% after TKA. Several studies have suggested that the hospital
incidence of delirium is under-reported due to the methods used to identify patients
with delirium, which often miss patients with hypoactive delirium[19,20]. In the present
report, the CAM-ICU algorithm was utilized by nurses to identify patients with a
change in mental status. The diagnosis of delirium using CAM-ICU features has been
shown to have improved sensitivity compared to observational assessment alone[21]. In
addition, in this study the diagnosis was confirmed by a practitioner before the
diagnosis was entered into the medical record. Furthermore, early ambulation and
multi-modal analgesia which in multiple studies has been shown to reduce the
incidence of POD, is a major factor in the postoperative management of the patients in
this report. Thus, we believe the incidence of POD reported in this study is accurately
represented.
The incidence of delirium varied between the various non-ambulatory surgical
procedures. Pelvic and hip fractures demonstrated the highest rate followed by spinal
fusions and then knee arthroplasty. Patients undergoing TKA are older, generally
have more pain, increased comorbidities, lose more blood with subsequent increased
intravenous fluid infusions, and are hospitalized longer at our institution than those
undergoing THA[22]. All of these factors could have contributed to an increase in POD.
Weinstein et al [5] also reported an increased incidence of POD in TKA patients
compared to THA patients. Although the spinal fusion patients were younger; these
patients all were subjected to GA including 97% who also received intravenous PCA
narcotics for analgesia. Fineberg et al[9] also reported a higher incidence of POD among
spinal fusion patients. We did not find arthroplasty patients undergoing GA had a
higher risk of POD than patients who received a regional anesthetic. However, this
difference was present in the type of postoperative analgesia received for THA
patients; epidural PCA vs intravenous PCA. Some studies have suggested an
association between GA and the development of delirium[5]. However, conflicting
reports have been published questioning the role of GA in POD[23,24]. Weinstein et al[5]
using a similar data base at our institution, found similarly low rates of POD for
arthroplasty patients with a higher reported incidence in those patients receiving GA.
However, at this institution over 97% of the primary arthroplasty patients received a
neuraxial anesthetic for surgery with most cases having GA reserved for patients with
contraindications to a spinal or epidural anesthetic (e.g., coagulopathy or previous
spinal fusion). Hence, this finding may be confounded by uncontrolled factors.
Furthermore, the degree of sedation delivered for the regional anesthetic patients was
not recorded or controlled for in this study. Sieber et al[25] reported that in those
patients who received spinal anesthesia with deep sedation vs “light” sedation for the
repair of hip fractures, the incidence of POD was twice as high. However, this
dramatic reduction in POD with reduced sedation was not confirmed in the STRIDE
study, where the authors suggested that the benefits of reduced sedation may be
obscured by competing baseline comorbidities[26].
We found that preoperative narcotic dependence was a major risk factor for the
development of POD for THA, TKA and spine fusion patients. Opioid-tolerant
patients require higher doses of postoperative opioids, and their pain is more difficult
to control. The administration of postoperative opioids, particularly intravenous PCA,
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Table 2 Patient demographics and study population
POD (Mean +/- SD or n, %), n = 959

Non-POD (Mean +/- SD or n, %), n = 77533

P value

Age, yr

72.7+/-12.9

62.3+/-14.1

< 0.001a

≥ 70

610 (63.6)

24038 (31.0)

< 0.001a

Male

389 (40.6)

34777 (44.9)

0.008a

BMI

28.2+/-6.2

28.0+/-6.1

0.003a
< 0.001a

Procedure type
THA

161 (16.8)

19753 (25.5)

TKA

249 (26.0)

20106 (25.9)

Bilateral THA

3 (0.3)

853 (1.1)

Bilateral TKA

29 (3.0)

2337 (3.0)

Spine fusions

140 (14.6)

4135 (5.3)

Other spine procedures

126 (13.1)

6587 (8.5)

Other procedures

251 (26.2)

23762 (30.7)
< 0.001a

Trauma
Fracture of femur/pelvis

57 (5.9)

731 (0.9)

Other trauma

30 (3.1)

2607 (3.4)

No trauma

872 (90.9)

74195 (95.7)

Length of stay

6.0+/-7.5

3.0+/-3.2

< 0.001a
< 0.001a

Latest creatinine before surgery
< 1.2 mg/dL

825 (86.0)

71048 (91.6)

1.2-2.0 mg/dL

123 (12.8)

6229 (8.0)

> 2.0 mg/d

11 (1.2)

256 (0.3)
< 0.001a

Preoperative hyponatremia
Yes

367 (38.3)

21290 (27.5)

No

591 (61.6)

56190 (72.5)

Missing

1 (0.1)

53 (0.07)
< 0.001a

Postoperative thiamine order
Yes

119 (12.4)

1390 (1.8)

No

839 (87.5)

76122 (98.2)

Missing

1 (0.1)

21 (0.03)

Atrial fibrillation (present on admission)

130 (13.6)

3815 (4.9)

< 0.001a

Pressure ulcers (present on admission)

23 (2.4)

323 (0.42)

< 0.001a

Opioid dependence or long-term use

29 (6.2)

1245 (1.6)

< 0.001a

Psychiatric disease (present on admission)

356 (37.1)

16716 (21.6)

< 0.001a
< 0.001a

Anesthesia type
General

344 (35.9)

16356 (21.9)

Other

578 (60.3)

56067 (72.3)

Missing

37 (3.9)

4510 (5.8)
< 0.001a

Patient-controlled analgesia
Epidural

413 (43.1)

40991 (52.9)

IV

441 (46.0)

22458 (29.0)

Peripheral nerve infusion

11 (1.2)

949 (1.2)

Missing

94 (9.8)

13135 (16.9)
< 0.001a

Received diazepam
Yes

98 (10.2)

3135 (4.0)

No

860 (89.7)

74377 (95.9)

Missing

1 (0.1)

21 (0.03)
< 0.001a

CT, MRI or both performed
Yes

872 (90.9)

64838 (83.6)

No

86 (9.0)

12674 (16.4)

Missing

1 (0.1)

21 (0.03)
< 0.001a

ASA score
1

7 (0.73)
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2

477 (49.7)

53801 (69.4)

≥3

438 (45.7)

14274 (18.4)

Missing

37 (3.9)

4525 (5.8)

a

P < 0.05. POD: Postoperative delirium; THA: Total hip arthroplasty; TKA: Total knee arthroplasty; ASA: American society of anesthesiologists; BMI: Body
mass index; SD: Standard deviation; CT: Computed tomography; MRI: Magnetic resonance imaging.

has been associated with sleep disturbances, cognitive impairment, and delirium[11,15].
Some studies have also suggested an association between ketamine administration
and postoperative confusion[5]. However, perioperative administration of ketamine is
often used to manage chronic pain in patients and reduce narcotic requirements[27].
Hence, a direct association between ketamine and delirium is inconclusive[28]. In this
study and others[12,19], the postoperative administration of diazepam was associated
with the development of POD. Diazepam is not utilized at this institution to treat
postoperative confusion, but is instead used to treat anxiety or to prevent
benzodiazepine withdrawal.
In summary, we found, in an orthopedic surgical population, an association
between POD and many of the unmodifiable risk factors which have been identified
in previous reports, including older age, history of psychiatric disease and multiple
medical comorbidities. The incidence of POD was lower than many other previous
reports, possibly due to our reliance on regional anesthesia and analgesia for many
procedures, a commitment to early ambulation for all of our patients and the pursuit
of narcotic-avoidance postoperative analgesia. Entering surgery as an opioid tolerant
patient significantly increases the risk of POD and all efforts should be aimed at
reducing the preoperative narcotic requirements of these patients and a postoperative
analgesic protocol which emphasizes a non-narcotic approach should be used. For
those patients at risk for POD a multifactorial intervention approach which includes
multi-modal analgesia which de-emphasizes opioids, a reduction in the
administration of psycho-active medications, preoperative alcohol use counselling
and abstinence, early postoperative ambulation and possible early intervention with
dexmedetomidate or atypical anti-psychotic medications is recommended for patients
undergoing elective orthopedic inpatient surgery.
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Table 3 Total hip arthroplasty patient demographics and study population1
POD (Mean +/- SD or n, %), n = 140

Non-POD (Mean +/- SD or n, %), n = 18232

P value

Age, yr

77.6+/-10.4

65.5+/-11.4

< 0.001a

≥ 70

112 (80.0)

6499 (35.65)

< 0.001a

Male

57 (40.7)

7891 (43.28)

0.54

BMI

26.7+/-5.2

28.4+/-5.8

< 0.001a

Length of stay

6.1+/-4.0

3.3+/-1.5

< 0.001a
< 0.001a

Latest creatinine before surgery
< 1.2 mg/dL

107 (76.4)

16376 (89.8)

1.2-2.0 mg/dL

29 (20.7)

1781 (9.8)

> 2.0 mg/dL

4 (2.9)

75 (0.4)
< 0.001a

Preoperative hyponatremia
Yes

40 (28.6)

2525 (13.9)

No

100 (71.4)

15700 (86.1)

Missing

0 (0)

7 (0.04)
< 0.001a

Postoperative thiamine order
Yes

17 (12.1)

387 (2.1)

No

123 (87.9)

17844 (97.9)

Missing

0 (0)

1 (0.01)

Atrial fibrillation (present on admission)

5 (3.6)

119 (0.7)

< 0.001a

Pressure ulcers (present on admission)

1 (0.7)

47 (0.3)

0.31

Opioid dependence or long-term use

9 (6.4)

199 (1.1)

< 0.001a

Psychiatric disease (present on admission)

47 (33.6)

3584 (19.7)

< 0.001a

General

4 (2.7)

384 (2.1)

Other

136 (97.1)

17805 (97.7)

Missing

0 (0)

40 (0.2)

Anesthesia type

0.55

< 0.001a

Patient-controlled analgesia
Epidural

102 (72.9)

14235 (78.1)

IV

24 (17.1)

1306 (7.2)

Missing

14 (10)

2691 (14.8)
0.03a

Received diazepam
Yes

8 (5.7)

453 (2.5)

No

132 (94.3)

17778 (97.5)

Missing

0 (0)

1 (0.01)
0.009a

CT, MRI or both performed
Yes

127 (90.7)

15616 (85.7)

No

13 (9.3)

2615 (14.3)

Missing

0 (0)

1 (0.01)
< 0.001a

ASA score
2

73 (52.1)

14667 (80.5)

≥3

67 (47.9)

3519 (19.3)

Missing

0 (0)

46 (0.25)

1

Only includes total hip arthroplasty patients with American society of anesthesiologists score of 2 or higher.
P value < 0.05. POD: Postoperative delirium; ASA: American society of anesthesiologists; CT: Computed tomography; MRI: Magnetic resonance imaging;
BMI: Body mass index; SD: Standard deviation.
a

Table 4 Total knee arthroplasty patient demographics and study population
POD (Mean +/- SD or n, %), n = 245

non-POD (Mean +/- SD or n, %), n = 19864

P value

Age, yr

75.1+/-9.3

67.6+/-10

< 0.001a

≥ 70

171 (69.8)

8304 (41.8)

< 0.001a

Male

89 (36.3)

7364 (37.1)

0.81
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BMI

30.0+/-6.1

30.6+/-6.3

0.13

Length of stay

6.0+/-3.2

3.8+/-1.5

< 0.001a
< 0.001a

Latest creatinine before surgery
< 1.2 mg/dL

203 (82.9)

17828 (89.8)

1.2-2.0 mg/dL

37 (15.1)

1954 (9.8)

> 2.0 mg/dL

5 (2.0)

82 (0.4)

Preoperative hyponatremia

0.07

Yes

45 (18.4)

2837 (14.3)

No

200 (81.6)

17019 (85.7)

Missing

0 (0)

8 (0.04)
< 0.001a

Postoperative thiamine order
Yes

28 (11.4)

332 (1.7)

No

217 (88.6)

19530 (98.3)

Missing

0 (0)

2 (0.01)

Atrial fibrillation (present on admission)

46 (18.8)

1190 (6.0)

< 0.001a

Pressure ulcers (present on admission)

1 (0.4)

29 (0.2)

0.31

Opioid dependence or long-term use

9 (3.7)

198 (1.0)

0.001a

Psychiatric disease (present on admission)

77 (31.4)

3915 (19.7)

< 0.001a
0.04a

Anesthesia type
General

12 (4.9)

545 (2.7)

Other

233 (95.1)

19252 (96.9)

Missing

0 (0)

67 (0.3)
0.005a

Patient-controlled analgesia
Epidural

179 (73.1)

15151 (76.3)

IV

38 (15.5)

1801 (9.1)

Peripheral nerve infusion

9 (3.7)

711 (3.6)

Missing

19 (7.8)

2201 (11.1)
0.003a

Received diazepam
Yes

12 (4.9)

381 (1.9)

No

233 (95.1)

19481 (98.1)

Missing

0 (0)

2 (0.01)

CT, MRI or both performed

0.14

Yes

226 (92.2)

17733 (89.3)

No

19 (7.8)

2129 (10.7)

Missing

0 (0)

2 (0.01)
< 0.001a

ASA score
1

2 (0.8)

489 (2.46)

2

130 (53.1)

14933 (75.2)

≥3

113 (46.1)

4327 (22.0)

Missing

0 (0)

70 (0.4)

a

P value < 0.05. POD: Postoperative delirium; ASA: American society of anesthesiologists; CT: Computed tomography; MRI: Magnetic resonance imaging;
BMI: Body mass index; SD: Standard deviation.

Table 5 Spine fusion patient demographics and study population
POD (Mean +/- SD or n, %), n = 137

non-POD (Mean +/- SD or n, %), n = 4107

P value

Age, yr

67.5+/-12.5

60.1+/-15.6

< 0.001a

≥ 65

91 (66.4)

1765 (43.0)

< 0.001a

Male

54 (39.4)

1810 (44.1)

0.28

BMI

28.5+/-6.5

28.1+/-5.9

0.40

Length of stay

9.0+/-5.1

5.6+/-3.6

< 0.001a
0.01a

Latest creatinine before surgery
< 1.2 mg/dL

116 (84.7)

3754 (91.4)

1.2-2.0 mg/dL

20 (14.6)

346 (8.4)
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> 2.0 mg/dL

1 (0.7)

7 (0.2)

Yes

43 (31.4)

1070 (26.1)

No

94 (68.6)

3033 (73.9)

Missing

0 (0)

4 (0.1)

Preoperative hyponatremia

0.16

< 0.001a

Postoperative thiamine order
Yes

20 (14.6)

93 (2.3)

No

117 (85.4)

4013 (97.7)

Missing

0 (0)

1 (0.02)

Atrial fibrillation (present on admission)

12 (8.8)

135 (3.3)

0.003a

Pressure ulcers (present on admission)

3 (2.2)

13 (0.32)

< 0.001a

Opioid dependence or long-term use

11 (8.0)

124 (3.0)

0.004a

Psychiatric disease (present on admission)

65 (47.5)

1185 (28.9)

< 0.001a

Anesthesia type

1

General

136 (99.3)

4052 (98.7)

Other

0 (0)

8 (0.2)

Missing

1 (0.7)

47 (1.1)

Patient-controlled analgesia

1

Epidural

0 (0)

18 (0.4)

IV

136 (99.3)

3968 (96.6)

Missing

1 (0.7)

121 (3.0)
< 0.001a

Received diazepam
Yes

34 (24.8)

476 (11.6)

No

103 (75.2)

3630 (88.4)

Missing

0 (0)

1 (0.02)

Yes

136 (99.3)

3999 (97.4)

No

1 (0.7)

107 (2.6)

Missing

0 (0)

1 (0.02)

CT, MRI or both performed

0.26

< 0.001a

ASA score
1

1 (0.7)

214 (5.2)

2

78 (56.9)

2974 (72.4)

≥3

57 (41.6)

871 (21.2)

Missing

1 (0.7)

48 (1.2)

a

P < 0.05. POD: Postoperative delirium; ASA: American society of anesthesiologists; CT: Computed tomography; MRI: Magnetic resonance imaging; BMI:
Body mass index; SD: Standard deviation.
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Table 6 Perioperative risk factors and adjusted association with postoperative delirium by procedure
THAOR (95%CI), n
THA P value
= 18276

TKAOR (95%CI), n
TKA P value
= 19987

SFOR (95%CI), n =
SF P value
4183

Age, yr
≥ 70 vs < 70

4.9 (3.0, 7.9)

< 0.001a

2.16 (1.58, 2.94)

< 0.001a

-

-

≥ 65 vs < 65

-

-

-

-

2.76 (1.79, 4.25)

< 0.001a

Male

0.90 (0.60, 1.35)

0.62

0.82 (0.60, 1.12)

0.21

0.73 (0.48, 1.10)

0.13

BMI

0.94 (0.90, 0.98)

0.004a

0.99 (0.96, 1.02)

0.37

0.99 (0.95, 1.02)

0.46

1.2-2.0 mg/dL vs <
1.2 mg/dL

1.77 (1.05, 3.00)

0.03a

0.79 (0.49, 1.27)

0.32

1.40 (0.73, 2.68)

0.31

> 2.0 mg/dL vs <
1.2 mg/dL

4.08 (1.06, 15.66)

0.04a

1.39 (0.46, 4.20)

0.56

2.26 (0.20, 26.24)

0.51

Preoperative
hyponatremia

2.36 (1.54, 3.64)

< 0.001a

1.25 (0.87, 1.79)

0.23

1.24 (0.82, 1.88)

0.31

IV vs Epidural

1.98 (1.19, 3.28)

0.008a

1.26 (0.83, 1.92)

0.27

-

-

Peripheral nerve
infusion vs
Epidural

-

-

0.93 (0.47, 1.86)

0.85

-

-

Postoperative
thiamine order

5.05 (2.72, 9.37)

< 0.001a

6.40 (4.00, 10.26)

<0.001a

6.64 (3.72, 11.85)

<0.001a

2 vs 1

-

-

1.91 (0.26, 13.88)

0.52

1.90 (0.25, 14.19)

0.53

> 3 vs 1

-

-

3.63 (0.49, 26.74)

0.21

2.38 (0.31, 18.46)

0.41

Latest creatinine
value before
surgery

PCA route

ASA Score

≥ 3 vs 2

a

2.01 (1.33, 3.05)

< 0.001

-

-

-

-

Other vs general

2.92 (0.66, 12.85)

0.16

0.89 (0.43, 1.82)

0.74

-

-

Surgery length

1.00 (1.00, 1.01)

0.10

1.00 (0.99, 1.01)

0.55

1.00 (1.00, 1.00)

<0.001a

Anesthesia type

Atrial fibrillation,
present on
admission

0.97 (0.53, 1.77)

0.91

1.93 (1.32, 2.81)

<0.001

2.19 (1.09, 4.41)

0.03a

Pressure ulcers,
present on
admission

0.65 (0.08, 5.05)

0.68

-

-

7.56 (1.89, 30.24)

0.004a

Opioid dependence 7.11 (3.26, 15.51)
or long-term use

< 0.001a

2.98 (1.38, 6.41)

0.005a

1.88 (0.91, 3.90)

0.09

Parenteral
diazepam

0.009a

4.40 (1.52, 12.75)

0.007a

2.17 (1.19, 3.97)

0.01a

Deficiency anemias 1.64 (0.74, 3.63)

0.22

1.10 (0.57, 2.11)

0.78

1.11 (0.42, 2.93)

0.83

Congestive heart
failure

2.35 (0.93, 5.96)

0.07

1.59 (0.74, 3.38)

0.23

1.54 (0.39, 6.11)

0.54

Rheumatoid
arthritis/collagen
vascular diseases

1.06 (0.45, 2.51)

0.900

0.35 (0.13, 0.94)

0.04a

1.02 (0.49, 2.13)

0.95

Chronic pulmonary 1.13 (0.67, 1.92)
disease

0.64

0.84 (0.55, 1.28)

0.41

1.06 (0.65, 1.73)

0.82

Coagulopathy

1.32 (0.39, 4.53)

0.66

1.60 (0.70, 3.62)

0.26

2.80 (1.05, 7.50)

0.04a

Depression

1.70 (1.05, 2.75)

0.03a

1.47 (1.02, 2.11)

0.04a

2.61 (1.73, 3.92)

<0.001a

5.05 (1.5, 16.97)

a

Elixhauser
comorbidity

Diabetes w/o
chronic
complications

a

1.54 (0.90, 2.64)

0.12

1.90 (1.36, 2.66)

< 0.001

1.54 (0.92, 2.58)

0.10

Diabetes w chronic 2.05 (0.45, 9.23)
complications

0.35

1.77 (0.68, 4.58)

0.24

3.34 (1.02, 10.91)

0.046a

Hypertension

1.62 (1.06, 2.48)

0.03a

1.21 (0.59, 1.64)

0.23

1.00 (0.66, 1.51)

0.99

Hypothyroidism

1.01 (0.61, 1.66)

0.98

1.46 (1.06, 2.02)

0.02a

1.07 (0.65, 1.76)

0.80

Liver disease

0.41 (0.05, 3.22)

0.40

0.70 (0.16, 3.07)

0.63

0.71 (0.15, 3.30)

0.66
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Lymphoma

1.33 (0.25, 7.20)

0.74

-

-

-

-

Fluid and
electrolyte
disorders

0.31 (0.04, 2.43)

0.26

1.41 (0.44, 4.56)

0.57

1.14 (0.36, 3.63)

0.82

Other neurological
disorders

2.04 (0.98. 4.27)

0.06

2.79 (1.69, 4.60)

< 0.001a

2.14 (1.10, 4.14)

0.02a

Obesity

1.06 (0.53, 2.12)

0.88

0.79 (0.53, 1.19)

0.27

1.56 (0.90, 2.69)

0.11

Peripheral vascular 1.20 (0.47, 3.10)
disorders

0.70

1.40 (0.62, 3.16)

0.42

1.68 (0.64, 4.42)

0.30

Psychoses

2.52 (0.81, 7.90)

0.11

6.39 (3.51, 11.62)

< 0.001a

4.95 (2.38, 10.28)

<0.001a

Pulmonary
circulation
disorders

1.20 (0.47, 3.10)

0.70

1.69 (0.89, 3.23)

0.11

1.57 (0.51, 4.88)

0.44

Renal failure

0.94 (0.41, 2.15)

0.88

2.32 (1.31, 4.11)

0.004a

0.97 (0.39, 2.45)

0.95

Solid tumor w/o
metastasis

-

-

1.42 (0.31, 6.45)

0.65

-

-

Valvular disease

1.08 (0.59, 1.97)

0.80

1.23 (0.79, 1.92)

0.37

1.17 (0.61, 2.26)

0.63

Weight loss

0.61 (0.05, 7.46)

0.70

7.14 (0.62, 82.11)

0.11

-

-

a

P < 0.05. POD: Postoperative delirium; THA: Total hip arthroplasty; TKA: Total knee arthroplasty; ASA: American society of anesthesiologists; PCA:
Patient-controlled analgesia; SF: Spine fusion surgery; CI: Confidence interval; BMI: Body mass index; OR: Odds ratio.

ARTICLE HIGHLIGHTS
Research background
Postoperative delirium (POD) is one of the most common complications in older adult patients
undergoing elective surgery. The reported incidence ranges from 3%-25% after elective surgery.
Many perioperative characteristics have been associated with the development of POD including
increased length of recovery and hospital stay, as well as increased morbidity and mortality.
Fixed risk factors often associated with POD include advanced age, pre-existing central nervous
system deficits, psychiatric disease, alcohol abuse, emergency surgery and the presence of
multiple comorbidities.

Research motivation
Delirium is one of the most common complications in older adult patients undergoing elective
surgery. Few studies have compared, within the same institution, the type of surgery, risk factors
and type of anesthesia and analgesia associated with the development of delirium.

Research objectives
We investigated the following three questions: (1) What is the incidence of POD after nonambulatory orthopedic surgery at a high-volume orthopedic specialty hospital?; (2) Does
surgical procedure influence incidence of POD after non-ambulatory orthopedic surgery?; and
(3) For POD after non-ambulatory orthopedic surgery, what are modifiable risk factors?.
Exploring these questions will help us determine how to treat patients at higher risk for POD
when undergoing an orthopedic procedure.

Research methods
Common epidemiological research methodology and statistical analyses were used in this
investigation. Electronic health records were collected and preliminary descriptive statistical
analysis were conducted. Frequency counts and percentages for discrete variables and median,
intra-quartile range, and minimum and maximum values for continuous variables were
reported. Crude inferential analysis consisted of Chi-square and Fisher Exact tests for discrete
comparisons and independent samples t-tests for continuous variables. When continuous
variables failed to meet the assumption of normality using the Kolmogorov-Smirnov test, nonparametric Mann Whitney U tests were used in place of t-tests. Multivariable logistic regression
analysis was used to identify potential risk factors POD while adjusting for any potential
confounding.

Research results
Of 78492 surgical inpatient surgeries, the incidence from 2009 to 2014 was 1.2% with 959
diagnosed with POD. The incidence of POD was higher in patients undergoing spinal fusions
(3.3%) than for patients undergoing total hip arthroplasty (THA) (0.8%); THA patients had the
lowest incidence. Also, urgent and/or emergent procedures, defined by femoral and pelvic
fractures, had the highest incidence of POD (7.2%) than all other procedures. General anesthesia
was not seen as a significant risk factor for POD for any procedure type; however, IV patientcontrolled analgesia (PCA) was a significant risk factor for patients undergoing THA [Odds ratio
(OR) = 1.98, 95% confidence interval (CI): 1.19 to 3.28, P = 0.008]. Significant risk factors for POD
included advanced age (for THA, OR = 4.9, 95%CI: 3.0 to 7.9, P < 0.001; for total knee
arthroplasty (TKA), OR = 2.16, 95%CI: 1.58 to 2.94, P < 0.001), American Society of
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Anesthesiologists (ASA) score of 3 or higher (for THA, OR = 2.01, 95%CI: 1.33 to 3.05, P < 0.001),
multiple medical comorbidities, hyponatremia (for THA, OR = 2.36, 95%CI: 1.54 to 3.64, P <
0.001), parenteral diazepam (for THA, OR = 5.05, 95%CI: 1.5 to 16.97, P = 0.009; for TKA, OR =
4.40, 95%CI: 1.52 to 12.75, P = 0.007; for spine fusion, OR = 2.17, 95%CI: 1.19 to 3.97, P = 0.01) ,
chronic opioid dependence (for THA, OR = 7.11, 95%CI: 3.26 to 15.51, P < 0.001; for TKA, OR =
2.98, 95%CI: 1.38 to 6.41, P = 0.005) and alcohol dependence (for THA, OR = 5.05, 95%CI: 2.72 to
9.37, P < 0.001; for TKA, OR = 6.40, 95%CI: 4.00 to 10.26, P < 0.001; for spine fusion, OR = 6.64,
95%CI: 3.72 to 11.85, P < 0.001). Many of the risk factors identified have been cited in previous
reports and are not amenable to modification: advanced age, medical comorbidities, and a
history of psychiatric disease. However, some risk factors such as pre-existing narcotic
dependence, alcoholism, and hyponatremia are potentially modifiable. In addition to surgical
procedure, type of anesthesia and type of postoperative analgesia may affect the incidence of
POD and as such be targeted in an attempt to reduce the incidence of POD.

Research conclusions
The incidence of POD reported in this study is lower than what has been reported in many
previous studies. Even in patients greater than 70 years old, our reported incidence of 2.5% is
considerably below the reported rates of 15%-20% after elective surgery and 50% after the repair
of hip fractures. The incidence of delirium varied between the various non-ambulatory surgical
procedures. Pelvic and hip fractures demonstrated the highest rate followed by spinal fusions
and then knee arthroplasty. Patients undergoing TKA are older, generally have more pain,
increased comorbidities, lose more blood with subsequent increased intravenous fluid infusions,
and are hospitalized longer at our institution than those undergoing THA. All of these factors
could have contributed to an increase in POD. We did not find arthroplasty patients undergoing
general anesthesia had a higher risk of POD than patients who received a regional anesthetic.
However, this difference was present in the type of postoperative analgesia received for THA
patients; epidural PCA versus intravenous PCA. We found that preoperative narcotic
dependence was a major risk factor for the development of POD for THA, TKA and spine fusion
patients. Opioid-tolerant patients require higher doses of postoperative opioids, and their pain is
more difficult to control. The administration of postoperative opioids, particularly intravenous
PCA, has been associated with sleep disturbances, cognitive impairment, and delirium. Some
studies have also suggested an association between ketamine administration and postoperative
confusion. However, perioperative administration of ketamine is often used to manage chronic
pain in patients and reduce narcotic requirements. Hence, a direct association between ketamine
and delirium is inconclusive. In this study and others, the postoperative administration of
diazepam was associated with the development of POD. Diazepam is not utilized at this
institution to treat postoperative confusion, but is instead used to treat anxiety or to prevent
benzodiazepine withdrawal. Entering surgery as an opioid tolerant patient significantly
increases the risk of POD and all efforts should be aimed at reducing the preoperative narcotic
requirements of these patients and a postoperative analgesic protocol which emphasizes a nonnarcotic approach should be used. For those patients at risk for POD a multifactorial intervention
approach which includes multi-modal analgesia which de-emphasizes opioids, a reduction in
the administration of psycho-active medications, preoperative alcohol use counselling and
abstinence, early postoperative ambulation and possible early intervention with
dexmedetomidate or atypical anti-psychotic medications is recommended for patients
undergoing elective orthopedic inpatient surgery.

Research perspectives
We hypothesized that regional anesthesia, postoperative opioid sparring techniques, and early
ambulation were responsible for the lower incidence of POD in our arthroplasty patients. Future
research may involve a program designed for elderly patients at risk for POD undergoing total
joint arthroplasty and should include: A regional anesthetic with reduced intravenous sedation;
when feasible, local anesthetic blocks for postoperative analgesia; opioid sparring medications
including acetaminophen and nonsteroidal anti-inflammatory drugs; time and place orienting by
nursing staff; undisturbed sleep while in the hospital; and early ambulation and discharge from
the hospital. The incidence of POD in this group should then be compared to controls. The spine
fusion patient population, which has a higher incidence of POD, could also be used in future
research studies using the postoperative protocol designed for arthroplasty patients outlined
above with an alteration to the anesthetic protocol. Spine fusion patients require general
anesthesia – in these procedures rather than using a regional anesthetic or local anesthetic block,
the general anesthesia can be administered to reduce the patient’s exposure to medications that
have the potential to produce delirium. The anesthetic can include intravenous
dexmedetomidate, lidocaine and ketamine, all of which will reduce narcotic administration.
Furthermore, since preoperative narcotic dependence was associated with POD, future research
should also focus on preoperative opioid reduction and clear postoperative pain management
expectations.
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Abstract
BACKGROUND
Airborne sports have become more popular in recent years. The number of
accidents has increased linearly as athletes take increasingly greater risks to
experience the adventurous spirit of this kind of sports.
AIM
To investigate the variety of injuries in airborne sport accidents, as well as which
acute treatment these patients receive, both before and after admission to a levelone-trauma center.
METHODS
We performed a retrospective chart analysis at a major level-one-trauma center in
Switzerland for 235-patients who were admitted following airborne sports
injuries between 2010 and 2017. Patients’ demographic data, injury patterns,
emergency primary care procedures and intra-hospital care were recorded.
RESULTS
Overall, 718-injuries in 235-patients were identified; the spine was the most
commonly affected region with 46.5% of injuries (n = 334/718) in 143-patients. In
69-patients (15.5%), the (non-spine) thorax was affected, followed by the lower
and upper extremity, pelvis, head/face and abdominal injuries. Eleven-patients
had to be intubated at the trauma site. Three patients were resuscitated after
onset of pulseless-electrical-activity. Two-patients died in the resuscitation room.
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In 116-cases, surgery was indicated including 55-emergency surgeries. Another
19 patients (8.1%) were transferred to the intensive care unit.
CONCLUSION
Paragliders are most commonly affected, although the highest injury severities
were identified for Building, Antenna, Span and Earth-jumping athletes. First
responders, treating physicians and pilots should be aware of the risk for
potentially serious and life-threatening injury with an in-hospital mortality of
0.9%.
Key words: Airborne sport; Sport injuries; Trauma; Spine; Pelvis; Emergency medicine;
Paragliding; Parachuting; Delta-flying
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We describe the different severities and types of injuries in individual airborne
sports in one cohort. This study will improve the pre- and intra-/hospital management
especially in the emergency department to accelerate and simplify the diagnostics and
allow prompt and early initiation of the treatment. Furthermore, pilots will be more
aware of injuries and injury patterns, which may help to develop new prevention
programs.
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INTRODUCTION
Due to Switzerland’s mountainous landscape, many different airborne sports
[Paragliding, skydiving, Building, Antenna, Span and Earth (BASE)-jumping, Delta
flying and speed flying] are commonly performed. One of the most popular and
famous venues for these sports is Lauterbrunnen (Berne, Switzerland), where about
15000 jumps and flights are performed annually[1].
The most common airborne sport in Switzerland is paragliding, a sport that
requires a delicate and deft touch to maintain appropriate balance even in calm
conditions. Paragliding can become exponentially less safe and more difficult in more
turbulent weather conditions. Due to its popularity in Switzerland, the Swiss
Paragliding Association was established in 1974 with about 15200 members currently
registered[2]. Paragliding is responsible for the highest number of injuries amongst
these types of sports, especially during the launching and landing phase with
mortality rates up to 22% described. In Switzerland, 13.7% of paragliding pilots were
severely injured (54/398) when performing paragliding between 2013 and 2017[2-4].
Spine injuries are the most commonly reported injuries, followed by talus and
calcaneus fractures [1,5] . Other extreme sports include skydiving, BASE jumping,
parachuting and Speed flying. In skydiving approximately 5.5 million jumps in over
40 countries were recorded in 2009. In BASE jumping pilots require a wingsuit, which
can aerodynamically be controlled by the body, and a parachute for landing[6,7]. Speed
flying on the other hand is comparable to paragliding where pilots try to keep up in
the air as long as possible with a high risk of severe injuries due to higher speed[8,9].
The orthopaedic and trauma literature have a relative dearth of information on
injuries that can result from these extreme sports.
Therefore, the aim of this study is to investigate (1) the pre- and in-trauma-center
management of these potentially high impact injuries; (2) the severity of injuries based
on the injury severity score; and (3) the different injury patterns according to the
different types of airborne sports.
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MATERIALS AND METHODS
After local ethic approval, we performed a retrospective chart analysis on all patients
admitted to a single trauma-center between February 2010 and May 2017. Our
emergency department database was searched for airborne sport injuries. Patients
who got re-admitted because of a complication after primary treatment in another
center or abroad were excluded from this study.
The emergency department at our university hospital is a level I trauma center with
a commuter area of about 1.5 million people. Approximately 45000 trauma patients
are treated there every year. The database provides information on basic
demographics, the means of admission (i.e., ambulance, air ambulance or selfadmission) and in hospital acute care unit (such as resuscitation room or normal
emergency department), diagnosis and co-morbidities, status of consciousness (GCSScore), primary/secondary survey according to advanced traumatic life support
protocol, as well as diagnostics performed. The short-term outcome was recorded by
further procedures performed (discharged/outpatient, inpatient, transferred to
intensive care unit (ICU), emergency surgery, early elective surgery or no surgical
procedures).
To classify the injury severities, we used the injury severity score (ISS)[10]. Therefore,
the injuries were summarized according their location to upper and lower extremity,
thoracic, abdominal trauma, spine, pelvis and head/face injuries using the
abbreviated injury codes as has been done previously[11]. All data are presented in
absolute numbers and percentages.
We used Microsoft Excel spreadsheet and Origin Lab, using a t-test for mean and
standard deviation for all calculations and graphs. Statistical significances are
expressed as P < 0.05, P < 0.01 and P < 0.005.

RESULTS
Demographics
A total of 237 patients suffering from airborne injuries were admitted to the
emergency department between February 2010 and June 2017. Two patients were
readmitted due to complications after the previous hospitalization. These patients
were excluded due to missing acute trauma care data, leaving 235. In most cases
paragliding (n = 192; 82.6%; including 13 tandem-Paraglider) was the cause of injury,
followed by BASE-jumping (n = 25), skydiving (n = 10; one tandem-skydiver), speed
flying (n = 4) and finally Delta flying (n = 2) as shown in Table 1. The mean age was
38.7 years (Min/Max 18 - 74) with a predominance in male 198 (84.3%) patients and a
mean injury severity score of 16.5 (SD 14, range from 0 to 75). However, this varied
according to the airborne sport performed. For BASE-jumping the ISS was higher
although no significance was identified (P = 0.1).

Prehospital management and admission
In total, 11 patients had to be intubated at the trauma site by the prehospital
emergency physician (4.7%). One hundred fifty-five patients (67.0%) were admitted
by air rescue. Sixty-two of these patients’ (68.9%) primary diagnostics were performed
in the resuscitation room and in three cases a manual resuscitation was required due
to onset of a pulseless electrical activity. Two of these patients died. One had a severe
pelvis fracture, femoral fracture with liver laceration and haemo-pneumothorax,
whereas the other patient suffered from a severe cranio-cerebral injury. In both cases,
only whole body low dose X-ray was performed without a computed tomography.
The overall intra-hospital mortality in our cohort was 0.9%. Our database does not
include the pre-hospital mortality. All details of the type of admission and airborne
sport details are summarized in Table 1.

Epidemiology of injuries
Two hundred thirty-five patients suffered 718 injuries (mean 2.8 injuries/per patient).
The most commonly affected location was the spine within 143 patients (143/235, or
60.9%) and in total 334 individual spine injuries (334/718, or 46.5%), followed in
incidence by thorax injuries (69/235, or 29.4%). The most commonly affected vertebral
body was L1 (68/334, or 20.4%), followed by L2 (47/334, or 14.1%). Neurologic
impairment was identified in 31 patients accompanied by spinal injury (31/143, or
21.7%); seven type A, two type B, seven type C (including cauda equina syndrome),
15 type D according to ASIA grading. Most injuries were defined as serious with a
mean abbreviated injury code of 2.77. In patients who suffered from thorax injuries
the most commonly affected organ was the lung – including lung laceration, lung
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Table 1 Distribution of different airborne sports, injury severity score, age, type of admission and primary trauma care unit, n (%)
Overall

Paragliding

BASE-jumping

Skydiving

Delta flying

Speed flying

Total numbers

235 (100)

194 (82.6)

25 (10.6)

10 (4.2)

2 (0.9)

4 (1.7)

Male

198 (84.3)

162 (83.5)

23 (92)

9 (90)

2 (100)

2 (50)

Injury severity score, n (SD)

16.5 (14.0)

16.0 (13.9)

21.1 (13.9)

13.3 (15.2)

18 (14)

19.75 (8.8)

Age (yr, range)

38.7 (18-74)

39.8 (18-74)

30.8 (21-45)

37.2 (20-59)

51 (49-53)

33.3 (27-45)

Air rescue

155 (67.0)

129 (66.5)

19 (76.0)

2 (20.0)

1 (50)

4 (100)

Ambulance

6 (2.6)

5 (2.6)

1 (4.0)

-

-

Self-admission

28 (11.9)

21 (10.8)

1 (4.0)

5 (50.0)

1 (50)

-

Transferred from other hospitals

44 (18.7)

37 (19.1)

4 (16.0)

3 (30.0)

-

-

Not otherwise specified

2 (0.9)

2 (1.0)

-

-

-

-

Resuscitation room

162 (68.9)

133 (68.6)

21 (84.0)

3 (30.0)

1 (50)

4 (100)

Normal trauma ward

72 (30.6)

60 (30.9)

4 (16.0)

7 (70.0)

1 (50)

-

Not otherwise specified

1 (0.4)

1 (0.5)

-

-

-

-

BASE: Building, Antenna, Span and Earth.

contusion or edema (32/69, or 46.4%), followed by rib fractures (17/69, or 24.6%).
Fifteen subjects suffered from cardiac contusion, sternum fracture, or thoracic skin
burning. With respect to abdominal injuries (23/235, or 9.8%), the most common
injured organ was the liver (11 cases (47.8%). Other abdominal organs were less
commonly damaged (Figure 1). For ISS both thorax and abdomen were serious,
although the mean code was higher for abdomen with 3.18 than thoracic with 3.04.
The extremities were injured at a high rate as well, with 122 (51.9%) patients in
total. The lower extremity (65/235, or 27.7%) had a few more injuries than the upper
extremity (57/235, or 24.3%). The ankles were the most commonly fractured
individual part of the extremities (16/122, or 13.1%), followed by femoral fractures in
15 (12.3%) patients. Four (3.3%) patients suffered from combined fractures of the
lower extremity. The individual types of injuries are summarized in Figure 1. All
injuries were defined as moderate with an abbreviated injury codes (AIC) of 2.09 for
the upper and 2.34 for the lower extremities.
The sacrum and pelvis were fractured in 52 cases. Most of the injuries were
combined sacro-pelvic fractures (33/52, or 63.5%), followed by isolated sacral (11/52,
or 21.2%) and pelvic fractures (8/52, or 15.4%). Hereby, the highest AIC was observed
among all locations with severe injuries and a mean AIC of 3.52. Finally, when
looking at the face and head trauma we observed 48 patients (48/235, or 20.4%) with
52 injuries. The most common type of injuries were intracranial bleeds which
occurred in 16 patients (16/48, or 33.3%), followed by concussions (15/48, or 31.3%).
Skull fractures were present in nine patients (18.8%). The mean AIC was 2.57 and
therefore defined as serious. All individual injuries and the percentages are
summarized in Figure 1. Table 2 and Table 3 gives an overview of the distribution of
injuries according to the different airborne sports, respectively the abbreviated injury
codes among location of injuries.

Interventions
After performing the primary assessment at the emergency department, 15 chest
tubes and three invasive intracranial pressure sensors were inserted in the
resuscitation room. Emergency surgery was immediately indicated in 55 patients
(55/235, or 23.4%, Table 4). Sixty-one patients (61/235, or 26.0%) underwent surgery
in the following days. Nineteen patients were transferred to the intensive care unit
(19/235, or 8.1%), in addition to 55 patients who underwent emergency surgery and
were observed in the intensive care unit (55/235, or 23.4%). Furthermore, 111 patients
were hospitalized on the general ward (111/235, or 47.2%) and in total, 47 patients
were treated as outpatient (47/235, or 20%) and were discharged from the emergency
department within 24 hours. In terms of injury severity score, the ISS was significantly
higher for the emergency surgery group (22.9) and the intensive care unit group (24.8)
compared to all other patients (13.3; both P < 0.005).
For the patients who were transferred from the resuscitation room to the operating
room it took 2:34 h in mean respectively 4:18 h to the ICU.
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Figure 1

Figure 1 Distribution of injuries.

DISCUSSION
In the literature, the mortality rate was found to be approximately 45/100000
paragliding jumps[12] with one fatality in every 2317 BASE-jumps of which all deaths
occurred on the scene and were not admitted to a hospital[13]. Since January 2013, all
deaths of pilots who crashed during paragliding are reported to the Swiss Paragliding
Association. Less severe injuries from paragliding incidents are reported by the pilots
on a voluntary basis, and so it is very possible that the real incidence of injury is even
higher than is recognized here. Furthermore, no equivalent register for skydiving,
BASE-jumping, speed flying or Delta flying exists[2]. From about 15000 members of the
Swiss paragliding association only 398 pilots reported an accident while paragliding
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Table 2 Distribution of injuries according to the anatomic region in different airborne sports, n (%)
Total

Spine

Extremity

Sacro/pelvis

Abdomen

Thorax

Head/face

Paragliding

532 (74.1)

274 (51.5)

92 (17.3)

41 (7.7)

22 (4.1)

66 (12.4)

37 (7.0)

BASE-jumping

134 (18.7)

48 (35.8)

33 (24.6)

12 (9.0)

5 (3.7)

26 (19.4)

10 (7.5)

Parachuting

20 (2.8)

1 (5)

10 (50)

2 (10)

1 (5)

2 (10)

4 (20)

Speedflying

24 (3.3)

11 (45.8)

2 (8.3)

-

1 (4.2)

9 (37.5)

1 (4.2)

Delta

8 (1.1)

-

8 (100)

-

-

-

-

Total

718 (100)

334 (46.5)

145 (20.2)

55 (7.7)

29 (4.0)

103 (14.4)

52 (7.2)

BASE: Building, Antenna, Span and Earth.

between 2013 and 2017. Most of them had no injury (128/398, or 32.2%), while one
third had severe injuries (125/398, or 31.4%). Unfortunately, there were 54 fatalities
from paragliding over this time period[2]. The ’BFU – Swiss Council for Accident
Prevention’ has given a total number of 132 flying sports related deaths from 2010 to
2016 for the whole of Switzerland with a mean of 19 patients per year. In 2015 eight
pilots died when paragliding, and three when skydiving[14]. However, this data is not
stratified regionally, thus we cannot correlate these data to our regional data. In our
cohort, the overall intra-hospital mortality was 0.9% (n = 2; both paraglider), although
our database does not include the pre-hospital mortality. Three patients had to be
resuscitated due to onset of a pulseless electrical activity; only one survived.
Regarding the severity of injury related to the different sports, the most severe
injuries were identified in BASE-jumping athletes as assessed by the injury severity
score, followed by speed FLYING, Delta flying and paragliding. Our data show that
less severe injuries are related to Skydiving among the cohort that was admitted alive
to the hospital, although only ten patients were skydiving at the time of injury. For
location, the pelvis was at greatest risk followed by the abdomen and thorax, which
showed the highest abbreviated injury codes.
Emergency surgery and/or transfer to the intensive care unit was necessary in 55
cases (23.4%). In those patients who suffered from pelvis fractures, plate fixation was
performed as all of them were medically stable. After adequate surveillance, 47
patients were treated as outpatient (20%) and were discharged within 24 h. It took a
mean 2:34 h to transfer the patients from the resuscitation room to the operating room
versus 4:18 h to the ICU. According to the German Trauma society register, in 2016,
the mean time between initial assessment and emergency surgery was slightly higher
in our center, compared with the average time in German clinics (1:14 h ± 0:59 h),
likewise the transfer from the resuscitation room to the intensive care unit (1:22 h ±
1:12 h)[15].
This study also shows the importance of the prehospital management in assessing
and treating the most severe, life-threatening injuries. Overall, 11 patients were
intubated at the site of the accident. There is a well-established air rescue system with
an emergency physician on board in Switzerland, which allows early rescue and
admission to the hospital while providing maximal pre-hospital treatment, which
potentially increases the survival rate. However, according to the air rescue database,
only a small percentage (4.9%, or 544/11,055 in 2016) of helicopter missions in total
are related to traumatic injuries. This emergency rescue setting may also explain a far
lower death rate compared to data from another country (22%)[4,16]. In our subjects,
more than half of the cases – 67.0% - were admitted by air ambulance and most
patients got admitted through the resuscitation room – 68.9% - to avoid any delay for
primary diagnostics and early onset of treatment according to advanced traumatic life
support guidelines.
Comparing the injury patterns with those published in the literature, we see that
the spine is by far more often affected in our cohort - especially paragliding (51.5%)
and speed flying pilots (45.8%)[17,18]. The second most common location was the thorax,
followed by the lower extremity. This difference may be related to the fact that
skydivers usually hang in the parachute, whereas paragliders sit and most of the cases
in our cohort were paragliders (82.6%). Ball et al[18] reported in their cohort, that the
lower extremity was affected most (65%) followed by the head (22%) and spine (22%).
This orientation of the body may also explain the high incidence of sacral-pelvic
injuries due to the higher percentage of paragliders in our cohort compared to
others[18]. Interestingly, in previous reports, injuries in those who performed BASEjumping and survived were generally minor from a musculoskeletal perspective,
including sprained ankles or knees, with only few moderate injuries, although
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Table 3 Distribution of three most severe abbreviated injury codes by severity and location of injury
Mean 1 -minor 2 - moderate 3 - serious 4 - severe 5 - critical 6 - maximal Not within 3 most severe AIC Total
Head/face

2.57

10

13

13

8

1

1

2

48

Thoracic

3.04

3

17

28

12

7

0

2

69

Abdomen

3.18

1

2

7

7

0

0

6

23

Spine

2.77

24

36

28

48

2

0

5

143

Pelvis

3.52

3

8

16

8

13

2

5

55

Upper
extremity

2.09

7

29

11

0

0

0

10

57

Lower
extremity

2.34

16

16

23

7

0

0

3

65

AIC: Abbreviated injury codes.

concussions were common [13,19] . Delta flyers suffer more from extremity injuries
(100%). In parachuting the extremities (50%) are affected most, followed by the
highest percentage of head and face injuries (20%). Our data show a shift towards
more spine injuries than extremity injuries compared with the pre-existing literature[1].
Compared to other high energy trauma, like motorcycle injuries, the mean age in
our group is slightly younger, 38.7 years versus 40.5 years from an historical cohort.
The mean ISS is by far lower in an historical motorcycle injury cohort, 7.7 ± 6.7 vs 16.5
± 14.0 and the most common types of injuries are rib fractures and maxillofacial
trauma (2.5%, respectively 11.6%) according to Liang et al[20]. Rust et al[21] assessed the
injury patterns of snowboarders and described that especially the lower and upper
extremities are at risk, which include anterior cruciate ligament tears, distal radius
fractures and knee sprains. Closed head injury is less likely, whereas only few lumbar
strains without fractures were reported[21]. These injuries stand in contradistinction to
those seen in airborne sports which affected mainly the spine with pelvis and
lumbosacral junction and the thorax followed by extremities.
In the literature few publications on vascular injuries such as rupture or dissection
exist – mainly as case reports [22] , however according to our data it may be more
common than suspected. In total, we identified eight vascular injuries – two
dissections of the cranial vessels (vertebral artery, carotid artery), four aortic ruptures
or dissections and one coronary artery dissection, combining for an incidence of 3.4%.
This relatively high incidence may also be due to the strict full body computed
tomography-scan done in high ISS-Scores, which has not historically been done.
When looking for the causes of paragliding injuries, about 53.5% are related to pilot
errors, followed by weather conditions in 10.1%[23]. As the paragliding parachute is
fragile, it may collapse and it is difficult to re-inflate and re-balance. In paragliding
most common injuries occur during take-off which includes the running and inflation
phase (35.1%) or landing (48.7%)[24,25]. Likewise in skydiving where a proper landing
technique is pivotal to avoid injuries[18].
As Westman et al [17] stated for skydiving, general instructions for students to
activate reserve parachutes should be given, even though in paragliding this may not
help in most cases as most injuries occur during the start and landing phase from less
height. In addition, training courses and special gliders (wider ones, which allow
more stability) should be provided for beginners and for intermediate. To reduce the
incidence of pelvic and sacral injuries, harnesses have become safer over time, due to
new robust, replaceable Polyvinyl plastics as a protector. Once an accident has
occurred, one of the most important parts in mitigating injury seems to be the level in
life support training of the first responder, to identify severe injuries and reduce the
risk of further complications from unnecessary or inappropriate movement.

Limitations
Shortcomings of this study are the retrospective, descriptive study design and the
focus on patients who were admitted to the emergency department of a level-onetrauma-center. Patients with mono-trauma or less severe injuries may present to the
general practitioner or were admitted to smaller hospitals, which therefore may be
missed in our study. We are also not able to report the overall mortality, as some
patients died before admission to the hospital. Furthermore, no information is given
about the long-term survival rate and treatment outcome of severely injured patients
presented in this cohort.
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Table 4 Emergency surgery indications classified by the leading medical specialty, n (%)
Emergency surgeries

Procedure

Total

55 (100)

Extremities

18 (32.7)

Open fractures

12

Closed fractures

6

Spine surgery

23 (41.8)

With neurology

16 (69.6)

Without neurology

7 (30.4)

Pelvic fixation

7 (12.7), including one with Urinary bladder
rupture

7 plate osteosynthesis and in one case direct
suturing of the bladder

Vascular surgery

3 (5.5)

2 arterial bypasses, 1 coronary artery angiography

Others (visceral, plastic, neuro, maxillo fascial)

4 (7.3), each 1

1 explorative laparotomy, 1 debridement (after
burn), 1 cerebral decompression, 1 maxillofacial
fixation

Additionally interventions

15 thoracic trauma, 3 cerebral trauma

15 thoracic drainages, 3 ICP probe insertion

10 external fixations, 4 plate osteosynthesis, 4
internal fixations with intramedullar nail

16 decompressions and pedicle screw fixation, 7
percutaneous stabilizations

BASE: Building, Antenna, Span and Earth.

CONCLUSION
In conclusion, this study shows the clinical impact and severity of airborne injuries. In
total, 235 patients suffered from paragliding, speed flying, Delta flying, skydiving or
BASE-jumping injuries with a total of 718 injuries. More than half of the patients were
admitted by the air ambulance and through the resuscitation room. Contrary to the
literature, not the lower extremities but the spine and thorax were most commonly
affected in our cohort. The overall intra-hospital mortality was 0.9%. Optimal
treatment likely involves both maximizing safety on the front end to decrease the
incidence of injury and continued vigilance to swiftly treat those that do get injured in
order to minimize morbidity and mortality.

ARTICLE HIGHLIGHTS
Research background
Airborne sports are becoming more popular in recent years especially in Switzerland due to its
landscape.

Research motivation
The number of accidents has increased linearly with the increased popularity as athletes take
increasingly greater risks to experience the adventurous spirit of the sport. To assess potential
changes in injury patterns over the years due to different trends and changes sports men
mentalities.

Research objectives
Our purpose was to investigate the variety of injuries in airborne sport accidents, as well as what
acute treatment these patients receive, both before and after admission to a trauma center.

Research methods
We performed a retrospective chart analysis at a major level-one-trauma center in Switzerland
for patients who were admitted due to airborne injury between 2010 and 2017.

Research results
A total of 237-patients were admitted to our center, having suffered an airborne sport accident.
Two patients were excluded as they were a readmission from a previous injury. Overall, 718injuries in 235-patients were identified; the spine was the most commonly affected region with
46.5% of injuries (n = 334/718) in 143-patients. In 69-patients (15.5%) the (non-spine) thorax was
affected, followed by the lower and upper extremity, pelvis, head/face and abdominal injuries.
Eleven patients had to be intubated at the trauma site, three patients were resuscitated after
onset of pulseless-electrical-activity. Two-patients died in the resuscitation room. In 116-cases,
surgery was indicated including 55 emergency surgeries. Other 19-patients (8.1%) were
transferred to the intensive care unit.

Research conclusions
There is a high potential for serious and sometimes life-threatening injuries in airborne sports.
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Contrary to the current literature, the spine was the most commonly affected body region in our
cohort and not lower extremities as cited before.

Research perspectives
Athletes, as well as first responders and ultimately the treating physicians, must be aware of the
risk for potentially serious injury.
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Abstract
BACKGROUND
This unique presentation of hip swelling is only the seventh reported case of
pseudotumor recurrence in a non-metal-on-metal total hip arthroplasty (THA)
construct. The constellation of patient symptoms and laboratory findings
contradict the expected elevated serum metal ion levels associated with the
formation of pseudotumor. The presentation, lab trends, and imaging findings
contribute to the growing base of knowledge surrounding the effects of corrosion
in arthroplasty constructs with stem-neck modularity.
CASE SUMMARY
A 74-year-old man status post primary THA presented with left hip swelling and
elevated serum metal ions five years after implantation of a modular stem-neck
prosthesis. The swelling was diagnosed as pseudotumor based on laboratory
trends and imaging findings and was treated with revision arthroplasty that
completely resolved the initial hip swelling. The patient presented with recurrent
hip swelling and recurrent pseudotumor findings on imaging in the same hip
four months later. Non-operative management with ultrasound-guided hip
aspiration resulted in symptom relief and resolution of the recurrent swelling.
After one year of follow-up, the patient had no further recurrences of hip
swelling.
CONCLUSION
This case of post-revision pseudotumor recurrence elucidates attributable patient,
surgical, and implant factors with a discussion of diagnostics, management, and
prognosis for patients with pseudotumor in non-metal-on-metal arthroplasty
constructs.
Key words: Revision arthroplasty; Pseudotumor; Stem-neck modularity; Pseudotumor
recurrence; Metal-on-metal arthroplasty; Modular stem; Case report
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Core tip: This unique presentation of hip swelling is only the seventh reported case of
pseudotumor recurrence in a non-metal-on-metal total hip arthroplasty construct. These
patients require a low threshold for clinical evaluation, using multiple modalities such as
history, physical exam, magnetic resonance imaging, and serum metal ion level testing.
The presentation, lab trends, and imaging findings of this case contribute to the growing
base of knowledge surrounding the effects of corrosion in arthroplasty constructs with
stem-neck modularity.
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INTRODUCTION
Total hip arthroplasty (THA) yields excellent patient satisfaction and offers
improvement in mobility and quality of life[1]. Advancements in technology have
shaped prosthesis design to accommodate patient factors, level of activity, and
surgical approaches. THA constructs can be composed of three components-the
femoral component, acetabular component, and bearing surface. One variation of
prosthesis design is modular neck systems, which allow a wide range of
intraoperative adjustments of the femoral head, adjustment of leg length, and
horizontal femoral offset [2]. Modularity aims to reproduce the natural biomechanics of
the hip through the adjustment of individual prosthetic components. Proximal stemneck modularity includes a junction that can have a double taper subjective to both
axial and bending stresses. This stress leads to an uncommon complication known as
fretting corrosion[2]. Destruction at contact sites from relative micromotion between
two components of the prosthesis can lead to mid-stem failure in modular stem
prostheses[2].
Metal-on-metal (MoM) THA is an alternative prosthetic design that was commonly
used before unexpected complications led to its disuse. The concept was originally
designed with the advantage of increased joint stability and fewer dislocations given a
larger surface area for contact. An unforeseen complication of MoM arthroplasty was
pseudotumor formation–at rates as high as 59% in studied cohorts[3]. This association
has been seen consistently in metal-on metal THA[4]. A study by Ming showed the
elapsed time between MoM THA and revision arthroplasty for pseudotumor
formation to be 61 mo[5]. In the same study cohort of 97 patients, 3% had post-revision
pseudotumor recurrence[5]. Recently, pseudotumor formation has been linked to nonmetal-on-metal THA, especially in patients with modular constructs. Based on the
literature review conducted by the authors of this report, only seven cases of
pseudotumor recurrence have been associated in THA with non-MoM modular
constructs[5,6].
The authors of this paper present a case of post-revision pseudotumor recurrence in
a THA with a modular femoral component. The patient was informed that data
concerning the case would be submitted for publication, and patient consent was
obtained. Table 1 outlines a timeline of the patient presentation.

CASE PRESENTATION
Chief complaints
A 74-year-old African-American male was referred to the senior author on the
orthopedic joint service with left hip swelling and pain more than five years after
THA (Figures 1 and 2). The patient presented with a one-month history of left hip
swelling. Associated symptoms included discomfort with movement, decreased range
of motion, and left lower extremity swelling. There was no recent history of trauma
and the left limb was neurovascular-intact.
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Table 1 Patient timeline describing presentation, symptom progression, and clinical course
Timeline

Patient situation

February 2012

Past medical history: Degenerative osteoarthritis; Underwent left total hip arthroplasty

November 2017

Initial presentation for left hip swelling; Fluid collection seen on magnetic resonance imaging

December 2017

Treated with revision total hip arthroplasty; Immediate resolution of pseudotumor post-revision

March 2018

Recurrent left hip swelling; Resolution after repeat magnetic resonance imaging and joint aspiration

March 2019

After 1-yr of follow-up no further hip swelling recurrences or pain symptoms

History of presenting illness
The patient presented with left hip swelling and was evaluated with physical exam
and imaging. Magnetic resonance imaging (MRI) showed a well-defined complex
lesion anterior to the left hip prosthesis (Figure 3) and a septated simple fluid
collection posterior to the left hip prosthesis; further evaluation revealed elevated
serum metal ion levels-serum cobalt 12 ng/mL (ref. range 0.0-0.9 ng/mL) and serum
chromium 2.8 ng/mL (ref. range < 0.3 ng/mL) The lesion was first unsuccessfully
managed with aspiration by interventional radiology. After continued discomfort and
signs of component loosening on imaging, the patient opted for with revision
arthroplasty. During revision, the initial incision was used to resect necrotic soft tissue
and drain a large blood-tinged fluid collection in the articular space. The collected
tissue was sent for culture and pathology, which showed fibrin and fibrous tissue
without the presence of neutrophils. On extraction of the head and neck, there was a
significant degree of corrosion along the mid-portion and body of the neck. The
acetabular component was well-fixed and in good condition to accommodate a new
constrained liner. The revision was completed by extracting the proximal segment of
the femoral stem and replacing it with an 18 mm × 155 mm modular stem, a 25-mm
neutral proximal body, and 28 mm neutral femoral head. The new components were
firmly seated, demonstrating stability and no impingement on range of motion. At
two-week follow-up patient was ambulating well with a cane with no acute postoperative complications (Figure 4).
The patient presented again four months post-revision with a two-week history of
recurrent left hip swelling. A new lesion was noted on MRI in a location similar to the
initial lesion (Figure 5). Serum metal ion levels at this time had returned to baseline
(serum cobalt = 1.5 ng/mL; serum chromium = 1.4 ng/mL). Ultrasound-guided fine
needle aspiration of the lesion yielded 15cc of clotted blood, resembling the aspiration
findings of the initial lesion suggesting adverse local tissue reaction (ALTR)
recurrence.

History of past illness
The patient’s only notable past medical history was hypertension well-controlled on
medication.

Laboratory examinations
New pseudotumor formation in a location similar to the initial lesion was noted on
MRI. Serum metal ion levels were elevated above the normal range, but significantly
lower than on initial presentation for pseudotumor formation (serum cobalt = 1.5
ng/mL; serum chromium = 1.4 ng/mL).

Imaging examinations
MRI at time of initial presentation showed a well-defined complex lesion anterior to
the left hip prosthesis and a septate simple fluid collection posterior to the left hip
prosthesis. Repeat MRI at recurrence confirmed a similar lesion larger in size at the
same location.

FINAL DIAGNOSIS
The final diagnosis of the presented case is post-revision ALTR recurrence.

TREATMENT
An ultrasound-guided hip aspiration provided symptomatic relief and resolution of
hip swelling.
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Figure 1

Figure 1 Pre-operative anterior-posterior pelvic radiograph showing degenerative changes of left hip with
severe joint space narrowing, subchondral sclerosis, and cyst formation.

OUTCOME AND FOLLOW-UP
At clinical follow-up 18 mo post-revision there were no radiographic signs of implant
loosening and the patient reported no further episodes of hip swelling with
satisfactory return to baseline mobility.

DISCUSSION
The goal of prosthetic modularity is to offer intraoperative adjustments to manage leg
length, anteversion, and offset to better replicate natural hip biomechanics[7]. Dual
modularity refers to arthroplasty construct components (head, neck, and stem) that
may be interchanged, specifically at the proximal portion where the head-neck and
neck-stem junctions are located. Modularity at the head-neck junction was originally
designed to allow movements in different planes and to reduce friction and wear[2].
However, the additional junctions pose complications such as fracture, corrosion,
fretting, dissociation, and cold-welding[8]. The specific concern of fretting and crevice
corrosion is a known association established in modular constructs[9]. Micromotion at
the neck-stem junction from natural bending movements can predispose components
to fretting corrosion and metal debris deposition[9].
Pseudotumor is a term historically associated with metal-on-metal arthroplasty
implants. However, with the growing recognition that cystic masses causing pain,
pressure effects, bone and soft-tissue destruction can be associated with implants of
different bearings and degrees of modularity, the literature has adapted new terms
such as asymptomatic lymphocytic vasculitis-associated lesions based on histological
findings and the more encompassing term ALTR. A recent systematic review of
pseudotumors suggested an incidence ranging from 1% up to 6% of all hip THAs[4].
These pseudotumors are neither infective nor neoplastic and have been proposed to
occur secondary to excessive wear debris, foreign body reaction, metal
hypersensitivity, and certain patient/surgical-related factors[6].
One commonly suggested etiology of ALTRs is metal ion deposition generated by
mechanical wear and surface corrosion at modular junctions[10]. Fretting is a relative
oscillatory tangential movement of small amplitude which can occur between
contacting surfaces of two immobile and fixed object[11]. In presence of body fluids,
fretting can be accompanied by corrosive effects. The presence of water within human
tissues initiates a repassivation reaction, where the exposed metal surface forms an
oxide and releases hydrogen ions. Negatively charged chloride ions migrate to
balance these positively charged hydrogen ions, producing hydrochloric acid, which
dissolves metal alloys. The resulting corrosion debris generated from the modular
junction appears responsible for ALTR[11].
Looking further at instances of pseudotumor recurrence, a study by Kwon looked
at 40 revisions after the presence of symptomatic ALTR diagnosed on metal artifact
reduction sequence MRI with elevated metal ion levels[6]. These patients all had metalon-polyethylene bearings on titanium alloy femoral stems so there was only one site
of modularity at the head-neck junction. They used the Goldberg criteria to assess
fretting and corrosion and found that three-quarters of the patients had Grade 3 tissue
damage and metal debris at the femoral component’s trunnion neck taper[6]. They
were revised to a ceramic femoral head with a titanium adaptor sleeve over the
femoral stem trunnion. In the patient that experienced recurrence, there was no linear

WJO

https://www.wjgnet.com

119

February 18, 2020

Volume 11

Issue 2

Desai BR et al. Post-revision pseudotumor recurrence
Figure 2

Figure 2 Initial post-operative anterior-posterior pelvic radiograph showing the components of the
prosthesis well-aligned and well seated.

correlation to post-revision serum metal ion levels. Rather they suggested that prerevision MRI findings of lesions with abductor deficiency and intra-operative tissue
damage should be stronger predictive factors for post-revision complications such as
pseudotumor recurrence[6].
Thus, it would lead us to believe that with an increase in the number of modular
junctions, there exists an increased propensity for fretting corrosion and an increased
incidence of ALTRs. Several recent studies looking at revision outcomes in THA with
dual modularity suggest exactly this[5,8-11]. The benefits of dual modularity are clear, it
provides greater flexibility and facilitates the adjustment of leg length, femoral
anteversion, and offset in order to accurately reproduce the center of rotation of the
hip. However, both axial and bending stresses at the stem-neck junction strongly
influence fretting corrosion eventually leading to mechanical failure of the modular
neck and the subsequent need for revision.
Kwon looked at outcomes after revision dual taper THA in about 200 patients with
symptomatic ALTR due to taper corrosion [6] . A staggering 20% of the cohort
experienced post-revision complications. 3% of those patients experienced
pseudotumor recurrence. 5 of the patients were revised to a cemented monoblock
femoral stem with a ceramic head, so recurrence may be less likely attributable to
stem-neck modularity or head-neck taper corrosion. The authors attributed recurrence
to surgical, patient, and implant factors. They hypothesized that incomplete surgical
debridement and inadequate removal of pseudotumor can contribute. However,
extensive debridement needs to be performed with preservation of nearby
neurovascular structures.
The uniqueness of this case report is highlighted by the post-revision ALTR
recurrence. Previously reported cases of stem-neck modularity leading to
pseudotumor formation exhibited implant damage between two metal components[12].
This lends to the notion that micromotion between adjoining metal-on-metal
components are susceptible to the same corrosion and metal ion deposition seen in
MoM arthroplasty. In order for this mechanism to be true however, one would expect
more cases of pseudotumor formation given the number of THAs performed yearly
using stem-neck modularity.
Current recommendations in symptomatic patients with ALTRs suggest avoiding
overreliance on any single investigative tool in the clinical decision-making process
for revision surgery [13] . There should be a low threshold for clinical evaluation,
especially in patients dual modularity THA. A combination approach has been
recommended by the consensus statement between the American Association of Hip
and Knee Surgeons, American Academy of Orthopaedic Surgeons, and Hip Society in
regards to managing symptomatic patients with dual modular THA. The
recommendation states “And in patients where revision in indicated, knowledge of
the pre-revision risk factors we talked about earlier can mitigate the incidence of
complications and need for re-revision.”

CONCLUSION
This case highlights a post-revision pseudotumor recurrence in a modular femoral
stem THA not utilizing metal-on-metal prostheses. This article aims to elucidate
patient, surgical, and implant factors that may contribute to pseudotumor recurrence
with a discussion of diagnostics, management, and prognosis.
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Figure 3

Figure 3 Pre-revision T2-weighted coronal magnetic resonance image showing a well-defined 7.8 cm complex lesion anterior to the left hip prosthesis.
Figure 4

Figure 4 Post-revision anterior-posterior hip radiograph showing an aligned and well-fixed left hip prosthesis.
Figure 5

Figure 5 Post-revision short-T1 inversion recovery coronal magnetic resonance image demonstrating pseudotumor recurrence.
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Abstract
We report an unusual case of the long head of the biceps brachii tendon rupture
near the musculotendinous junction in a young patient. The injury occurred in a
young athlete during sports competition. The clinical presentation, surgical
treatment, and technique with tenodesis using a unicortical button of the
ruptured tendon were presented. The post-surgical recovery was uneventful, and
the patient returned to sports in 6 mo. The treatment approach and surgical
technique of the long head of biceps brachii rupture was reviewed and discussed.
In conclusion, surgical treatment of the long head of the biceps brachii tendon
rupture with unicortical button tenodesis resulted in a favorable outcome in a
young athlete.
Key words: Athlete; Sport injury; Shoulder; Biceps tendon; Tenodesis
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Core tip: We report an unusual case of rupture of the long head of the biceps brachii
tendon near the musculotendinous junction in a young atheletc patient. The clinical
presentation, surgical treatment, and technique with tenodesis using a unicortical button
of the ruptured tendon were presented. The treatment approach and surgical technique of
the long head of biceps brachii rupture was reviewed and discussed.
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INTRODUCTION

2019

Most of the biceps tendon pathologies occur secondary to degeneration and attrition
of the rotator cuff[1]. Isolated injury to the long head at the biceps tendon near the
musculotendinous junction is uncommon in young patients and it may be associated
with overhead sports, weightlifting, or motions that require forceful supination,
where an isolated biceps ruptures due to sudden stress[2]. Based on an epidemiological
study in the United States, it is uncommon (1.1%) to perform isolated biceps tenodesis
in young patients (age < 30 years) and most biceps surgeries were performed in
patients with associated diagnoses related to rotator cuff or labral pathologies[3].
Ruptures of the long head of the biceps brachii tendon generally occur in a
background of tendon degeneration and are often associated with subscapularis tears,
superior labral anterior-posterior lesions or osteophytes[4]. Isolated ruptures are less
common and occur more frequently in middle-aged patients[4,5]. They almost always
occur near the tendon origin or at the proximal intertubercular groove[4,5]. Tears near
the musculotendinous junctions are even rarer. We reported a case of an isolated
rupture of the long head of the biceps tendon at the musculotendinous junction in a
healthy 22-year-old man. The clinical course, operative management, and postsurgery recovery are presented.
In this case report, we are presenting a young athlete with biceps tear at
musculotendinous junction. We used a unicortical biceps tenodesis button instead of
the more commonly used bicortical button. The clinical outcome showed that the
patient was able to return to professional competition and was satisfied with the
outcome. This report provided information on the successful management of patient
with high performance demand with a novel technique of using unicortical biceps
tenodesis button and a brief literature review of the current practice of the
management of biceps tear.
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CASE PRESENTATION
Chief complaints
A 22-year-old, right hand-dominant male presented with a chief complaint of
swelling, weakness and pain of the right arm following a softball injury.

History of present illness
The patient is a professional softball player. His injury occurred 2 wk before the
consultation during a softball competition. He felt a pop sound over the right arm and
a snapping sensation when pitching a ball and thereafter, had pain and a noticeable
lump over the right anterior arm. The patient did not have prior shoulder or elbow
symptoms.

History of past illness
The patient did not have any significant past illness.

Personal and family history
The patient did not have any significant personal or family illness.

Physical examination upon admission
On physical examination, a bulge was seen in the anterior aspect of the right mid-arm
that became more pronounced with active flexion of the right supinated forearm,
commonly known as “Popeye’s sign” (Figure 1). There was tenderness around the
bulge. During resisted elbow flexion, tension was palpable at the biceps tendon
insertion but lost over the origin. There was reduced strength of forearm supination
and elbow flexion compared to the contralateral side.

Laboratory examinations
The laboratory examination was used for pre-operation evaluation only and included
full blood cells counts and renal panel, which are all within normal ranges.

Imaging examinations
Radiographic examination of the right upper limb did not show any significant softtissue or bony abnormalities. Magnetic resonance imaging (MRI) of the right arm
revealed a complete rupture of the long head of biceps tendon in the proximal arm
near the musculotendinous junction. The proximal portion of the long head of biceps
muscle appeared retracted with prominent surrounding fluid/hematoma (Figure 2).
This yielded a tendon gap of 6.0 cm. No pathology was identified in the shoulder joint
or other parts of the arm.
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Figure 1 Clinical photos of patient demonstrating the bulge at the right arm, "Popeye's sign".

FINAL DIAGNOSIS
An isolated rupture of the long head of the biceps tendon.

TREATMENT
The patient is a professional athlete and intended to continue his sports career. The
treatment options were discussed with the patient and he wanted to maximize
shoulder performance and reduce deformity. Surgical treatment was chosen and
scheduled one month after the injury. A biceps tenodesis using a unicortical button
was performed.
The patient was placed in the beach chair position under general anesthesia. A
subpectoral approach with mini-open incision was used. A 3-cm longitudinal incision
was made in the anteromedial aspect of the proximal humerus, beginning 1cm
proximal to the inferior border of pectoralis major tendon. The dissection was carried
on and aimed toward the humerus, avoiding the neurovascular structures over the
medial aspect. The biceps which is deep to the pectoralis major tendon was then
accessed. During exploration, the short head of the biceps was intact. The long head of
the biceps was completely ruptured near the proximal musculotendinous junction.
The musculotendinous stump was then delivered through the wound and a
nonabsorbable suture was placed through the remnant tendon, fascia and muscle
belly using a whipstitch.
A unicortical metal button (BicepsButtonTM, Arthrex, FL, United States) was used
for fixation of the ruptured biceps tendon. A 3.0-mm pin was drilled into the anterior
cortex of humerus deep to the inferior border of the pectoralis major tendon. One end
of the suture was passed through a hole in the button and then back through the
opposite hole. The other end of the sutures was then passed through in the opposite
direction. The button was loaded to an inserter and inserted through the pre-drilled
3.0-mm hole. The button was released in the intramedullary canal and retrograde
traction was applied to the sutures to toggle the button against the inner anterior
cortex. Tension-slip technique was utilized with controlled tension to the two ends of
sutures to tighten the button and appose the biceps tendon to the anterior cortex
firmly. A free needle attached to one end of the suture was then passed through the
biceps, and the two ends were tied to complete the tenodesis. The post-operative
radiographs are shown in Figure 3.

OUTCOME AND FOLLOWUP
Post-operatively, the right arm was placed in a sling at 90 degrees of flexion and
followed with passive range of motion exercise in the first four weeks. The patient
started gradual active range of motion excise and strengthening from the 5th postoperative week. He regained pre-morbid functional performance and returned to
sports 6 months after the surgery and was satisfied with arm strength and cosmetic
appearance after surgical treatment.
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Figure 2 Sagittal and axial images of magnetic resonance imaging showing the proximal portion of the long
head of biceps muscle appeared retracted with prominent surrounding fluid/hematoma.

DISCUSSION
The biceps brachii muscle functions as a forearm supinator and elbow flexor[1]. The
biceps brachii muscle is composed of a short and long head that have different
proximal origins on the scapula but share a common distal insertion[1]. The biceps is
an important muscle during pitching biomechanics and predominantly activates
during cocking to accomplish elbow flexion and then reactivates during followthrough to decelerate the forearm[6]. Rojas et al[7] performed an biomechanics analysis
and found that Its activity is higher during windmill pitch than during overhead
throw, especially before and after ball release between 9 o’clock and the followthrough phase.
The epidemiology of the pathology varies from degenerative changes in the elderly
to traumatic injuries related to weightlifting or throwing in younger patients[8]. The
biceps tendon pathologies usually occur due to degeneration of the rotator cuff
middle-aged to older patients[1]. Isolated injury to the biceps tendon is uncommon in
young patients and it may be associated with overhead sports, weightlifting, or
motions that require excessive supination, where a sudden stress may result in an
isolated bicep rupture without pre-existing glenohumeral pathology[2]. Barrentine et
al[9] reported that forceful overloading of the biceps in throwing athletes, especially
baseball pitchers, can result in traction and avulsion of the biceps in the deceleration
phase of throwing.
A biceps tendon rupture often associated with a popping sound after traumatic
injury. Clinical presentation may include localized sharp pain, ecchymosis and
swelling. As shown in Figure 1, a biceps tendon rupture is classically presented with
Popeye’s sign, a visible muscle prominence in the mid arm. Radiographic
investigation includes magnetic resonance imaging or ultrasound to delineate a
complete or partial rupture and investigate associated shoulder pathologies.
Based on an epidemiological study in the United States, it is uncommon (1.1%) to
perform isolated biceps tenodesis in young patients (age < 30 years) and most biceps
surgeries were performed in patients with associated diagnoses related to rotator cuff
or labral pathologies[3]. After rupture of the long head, there may be loss of up to 20%
of muscle strength[10]. Surgical treatment of the rupture of the biceps in young or
active sportsmen is recommended, which is able to restore both flexion and
supination strength and reduce the risk of cosmetic deformity[10].
The treatment of biceps tendon ruptures shoulder be tailored to patients. Factors
need to consider include: Age of the patients and their demand, the quality of the
tendon to be tenodesed and the position where tenodesis is possible etc.
The patient presented here is a young throwing athlete who places a high demand
on his upper limb and who had concerns regarding the cosmetic appearance of the
Popeye arm. Surgical treatment with biceps tenodesis was therefore chosen over
conservative management.
The ideal location of tenodesis and method of fixation is debated[1-3,5,11]. Tenodesis of
the long head of the biceps can be done proximally (suprapectoral) or distally
(subpectoral). The proximal fixation site is either within the glenohumeral joint to the
intact rotator cuff or just proximal to or within the bicipital groove, and the fixation is
typically carried out arthroscopically. Subpectoral biceps tenodesis has emerged as a
new technique to treat biceps ruptures. Initially described by Mazzocca et al[12,13],
subpectoral biceps tenodesis secures the biceps tendon distal to the bicipital groove
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Figure 3 The post-operative radiographs in anterior-posterior view and lateral view show the unicortical
button was placed in the anterior cortex of humeral shaft.

through a mini-open incision. There are a few proposed advantages of subpectoral
tenodesis[11]. Firstly, the relevant anatomy is can be easily oriented and identified,
which aids the consistency of the length-tension relationship. Secondly, as the fixation
occurs distally to the bicipital groove, it reduces of risk of pain at this site. Thirdly,
subpectoral biceps tenodesis has the versatility of using interference screw and suture
anchor fixation with their attendant biomechanical advantages.
The rupture occurred near the proximal musculotendinous junction. There was
inadequate tendon length for suprapectoral tenodesis, and it would be technically
challenging to achieve a proper length-tension relationship. Apart from its purported
advantages as mentioned above, subpectoral tenodesis was chosen based on these
considerations. A shoulder arthroscopy was not performed in this case. The patient’s
profile, history and clinical examination suggested it was an isolated biceps tendon
lesion and the MRI performed confirmed this finding. The complication of leaving the
proximal stump in situ is unclear and to the authors’ knowledge, not reported in
literature. As additional proximal incision and dissection would be required to
retrieve the proximal stump, it was not performed.
In this case, we used a unicortical biceps tenodesis button instead of the more
commonly used bicortical button. The benefits of using unicortical button comparing
to bicortical or interference screw are reduced risk of iatrogenic brachial plexus injury
and humeral fracture[14,15] as only one cortex is drilled under direct visual with a
cortical defect of 3-mm which minimizes the risk of humerus fracture [16] . In a
biomechanical cadaveric study comparing the unicortical button with interference
screw fixation, considerably less displacement in cyclic loading in the unicortical
button group was demonstrated with equivalent ultimate load to failure and
stiffness[17].

CONCLUSION
Isolated rupture of the long head of the biceps brachii tendon near the
musculotendinous junction is an uncommon injury. In young and active patients,
surgery is the preferred treatment choice to restore elbow flexion and forearm
supination strength and should be recommended. A unicortical button is effective in
achieving a stable repair with favorable surgical outcome.

REFERENCES
1

2
3
4

5

WJO

https://www.wjgnet.com

Elser F, Braun S, Dewing CB, Giphart JE, Millett PJ. Anatomy, function, injuries, and treatment of the
long head of the biceps brachii tendon. Arthroscopy 2011; 27: 581-592 [PMID: 21444012 DOI:
10.1016/j.arthro.2010.10.014]
Rockwood CA, Wirth MA, Fehringer EV, Sperling JW. Editors: Matsen FA, Lippitt SB. Rockwood and
Matsen's the shoulder. 5th ed. Philadelphia: Elsevier, 2017: 1-1304
Werner BC, Brockmeier SF, Gwathmey FW. Trends in long head biceps tenodesis. Am J Sports Med
2015; 43: 570-578 [PMID: 25497144 DOI: 10.1177/0363546514560155]
Geaney LE, Mazzocca AD. Biceps brachii tendon ruptures: a review of diagnosis and treatment of
proximal and distal biceps tendon ruptures. Phys Sportsmed 2010; 38: 117-125 [PMID: 20631471 DOI:
10.3810/psm.2010.06.1790]
Jayamoorthy T, Field JR, Costi JJ, Martin DK, Stanley RM, Hearn TC. Biceps tenodesis: a

127

February 18, 2020

Volume 11

Issue 2

Liu X et al. Long head biceps tenodesis

6
7

8

9
10
11
12
13

14

15

16
17

WJO

https://www.wjgnet.com

biomechanical study of fixation methods. J Shoulder Elbow Surg 2004; 13: 160-164 [PMID: 14997092
DOI: 10.1016/j.jse.2003.12.001]
Jobe FW, Moynes DR, Tibone JE, Perry J. An EMG analysis of the shoulder in pitching. A second report.
Am J Sports Med 1984; 12: 218-220 [PMID: 6742305 DOI: 10.1177/036354658401200310]
Rojas IL, Provencher MT, Bhatia S, Foucher KC, Bach BR, Romeo AA, Wimmer MA, Verma NN.
Biceps activity during windmill softball pitching: injury implications and comparison with overhand
throwing. Am J Sports Med 2009; 37: 558-565 [PMID: 19174551 DOI: 10.1177/0363546508328105]
Barrentine SW, Fleisig GS, Whiteside JA, Escamilla RF, Andrews JR. Biomechanics of windmill softball
pitching with implications about injury mechanisms at the shoulder and elbow. J Orthop Sports Phys Ther
1998; 28: 405-415 [PMID: 9836172 DOI: 10.2519/jospt.1998.28.6.405]
Andrews JR, Carson WG, McLeod WD. Glenoid labrum tears related to the long head of the biceps. Am J
Sports Med 1985; 13: 337-341 [PMID: 4051091 DOI: 10.1177/036354658501300508]
Sturzenegger M, Béguin D, Grünig B, Jakob RP. Muscular strength after rupture of the long head of the
biceps. Arch Orthop Trauma Surg 1986; 105: 18-23 [PMID: 3707303 DOI: 10.1007/bf00625654]
Provencher MT, LeClere LE, Romeo AA. Subpectoral biceps tenodesis. Sports Med Arthrosc Rev 2008;
16: 170-176 [PMID: 18703977 DOI: 10.1097/JSA.0b013e3181824edf]
Mazzocca AD, Rios CG, Romeo AA, Arciero RA. Subpectoral biceps tenodesis with interference screw
fixation. Arthroscopy 2005; 21: 896 [PMID: 16012508 DOI: 10.1016/j.arthro.2005.04.002]
Mazzocca AD, Bicos J, Santangelo S, Romeo AA, Arciero RA. The biomechanical evaluation of four
fixation techniques for proximal biceps tenodesis. Arthroscopy 2005; 21: 1296-1306 [PMID: 16325079
DOI: 10.1016/j.arthro.2005.08.008]
Sears BW, Spencer EE, Getz CL. Humeral fracture following subpectoral biceps tenodesis in 2 active,
healthy patients. J Shoulder Elbow Surg 2011; 20: e7-11 [PMID: 21602065 DOI:
10.1016/j.jse.2011.02.020]
Rhee PC, Spinner RJ, Bishop AT, Shin AY. Iatrogenic brachial plexus injuries associated with open
subpectoral biceps tenodesis: a report of 4 cases. Am J Sports Med 2013; 41: 2048-2053 [PMID: 23876520
DOI: 10.1177/0363546513495646]
Hipp JA, Edgerton BC, An KN, Hayes WC. Structural consequences of transcortical holes in long bones
loaded in torsion. J Biomech 1990; 23: 1261-1268 [PMID: 2292605 DOI: 10.1016/0021-9290(90)90383-e]
DeAngelis JP, Chen A, Wexler M, Hertz B, Grimaldi Bournissaint L, Nazarian A, Ramappa AJ.
Biomechanical characterization of unicortical button fixation: a novel technique for proximal subpectoral
biceps tenodesis. Knee Surg Sports Traumatol Arthrosc 2015; 23: 1434-1441 [PMID: 24253375 DOI:
10.1007/s00167-013-2775-6]

128

February 18, 2020

Volume 11

Issue 2

World Journal of
Orthopedics

WJ O

Submit a Manuscript: https://www.f6publishing.com

World J Orthop 2020 February 18; 11(2): 129-136

DOI: 10.5312/wjo.v11.i2.129

ISSN 2218-5836 (online)

CASE REPORT

Cleft foot: A case report and review of literature
Sergey S Leonchuk, Andrey S Neretin, Anthony J Blanchard
ORCID number: Sergey S Leonchuk
(0000-0003-0883-9663); Andrey S
Neretin (0000-0001-6762-0165);
Anthony J Blanchard
(0000-0003-1376-6542).

Author contributions: Leonchuk SS
and Blanchard AJ reviewed the
literature; Leonchuk SS, Blanchard
AJ and Neretin AS contributed to
manuscript drafting; Leonchuk SS
revised the manuscript for
important intellectual content;
Neretin AS was the patient’s
surgeon; all authors issued final
approval for the version to be
submitted.

Informed consent statement: The
patient has provided informed
consent for the case report to be
published. Informed consent was
obtained from all individual
participants included in the study.

Conflict-of-interest statement:
There is no conflict of interest.

CARE Checklist (2016) statement:
The authors have read the CARE
Checklist (2016), and the
manuscript was prepared
according to the CARE Checklist
(2016).

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen

WJO

Sergey S Leonchuk, Andrey S Neretin, 6th and 5th Orthopedic Departments, Russian Ilizarov
Scientific Center for Restorative Traumatology and Orthopedics 6, Kurgan 640014, Russia
Anthony J Blanchard, Department of Surgery, University of Cincinnati, College of Medicine,
Cincinnati, OH 45219, United States
Corresponding author: Sergey S Leonchuk, MD, PhD, Head of 6th Orthopedic Department,
Russian Ilizarov Scientific Center for Restorative Traumatology and Orthopedics, 6, M.
Ulianova Street, Kurgan 640014, Russia. leon4yk@mail.ru

Abstract
BACKGROUND
Cleft foot is a very rare congenital anomaly, which is characterized by central
rays deficiency of the foot. It is also known as split foot or ectrodactyly of the foot,
and it is very often combined with splitting of the hands. The defect develops due
to insufficient activity of the median apical ectodermal ridge, which leads to an
increase in cell death or a decrease in cell proliferation. Due to the rarity of the
pathology, there are few papers on the surgical treatment of this congenital foot
disease, and publications to date concern the treatment of children.
CASE SUMMARY
We present a clinical case of congenital splitting of the feet and hands in a 31year-old woman and a long-term result of foot treatment using the minimal
arrangement of the Ilizarov apparatus. The patient had paternal inheritance of
the trait. After the surgical treatment, cosmetic view and functional condition of
the foot were improved and persisted two years after intervention. There were no
complications in the treatment process.
CONCLUSION
The possibility of dosed control and stable fixation of the foot rays made it
possible to create favorable conditions for the healing of the central wound and
the closure of the segment splitting without complications. The long-term
outcome of the treatment of foot congenital splitting using the proposed Ilizarov
apparatus arrangement has shown its effectiveness. Our approach should be
considered as an option of treatment in similar cases.
Key words: Cleft foot; Split foot; Ectrodactyly; Congenital malformation; Ilizarov; Case
report
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We present a clinical case of rare congenital anomaly of feet and hands in a 31-
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year-old woman and a long-term result of foot treatment using the minimalist construct
of the Ilizarov external fixator. The treatment approach made it possible to create
favorable conditions for healing of the central wound and closure of segment splitting
without complications. The long-term outcome of our treatment of the congenital foot
anomaly has shown its effectiveness and can be considered in similar cases.
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INTRODUCTION
Cleft foot is a very rare congenital anomaly, which is characterized by central rays
deficiency of the foot: From shortening of the central toe to the absence of several rays
of the foot. It is also known as split foot or ectrodactyly of foot, and it is very often
combined with splitting of the hands. The first report of this anomaly was from South
Africa in 1770[1]. The prevalence of the disease is 1 case per 90000 newborns and 1 case
per 120000 in the population[2,3], and according to some data, 1 case per 1000000 live
newborns[4]. It may be isolated or may be a part of a syndrome of deformity, and it is
more common as bilateral[5]. The defect develops due to insufficient activity of the
median apical ectodermal ridge, which leads to an increase in cell death or a decrease
in cell proliferation [6] . Cleft foot (or hand) is usually inherited as an autosomal
dominant type with reduced penetrance, although there are reports of sporadic,
autosomal recessive and X-related forms[7,8]. To the present date, seven types of this
anomaly have been described. Chromosomal rearrangement leads to the association
of ectrodactyly with other disorders. Today, there are more than 50 syndromes that
are associated with congenital splitting of the feet/hands. There are possible
combinations of this malformation with anencephaly, cleft lip and palate,
clinodactyly, scoliosis, nonperforation of the anus, anonychia, cataract and deafness[9].
Surgical reconstruction in splitting of the hands includes the closure of the cleft, the
release of syndactyly, correction of the adduction of the first finger and the removal of
transverse or deformed bones[9,10]. Surgical treatment of ectrodactyly of the feet is
discussed to date[11]. Due to the rarity of the pathology, there are few publications
about surgical treatment of this congenital foot disease; moreover, available literature
concerns the treatment of children [12-18] . We present a clinical case of congenital
splitting of the feet and hands in an adult patient and a long-term result of applying
the minimum arrangement of the Ilizarov apparatus to correct this foot defect.

CASE PRESENTATION
Chief complaints
A female patient, 31-years-old, was admitted to the Ilizarov Center with complaints of
painful calluses on the feet, difficulty in selecting shoes, a pronounced limitation of
the function of the hands and a cosmetic defect of the lower (Figure 1) and upper
extremities (Figure 2).

History of present illness
The patient is a resident of the countryside. There are no demographic and origin
features. From the anamnesis, it is noted that her grandfather, father, brother and
paternal uncles also have a similar anomaly in the development of hands and feet.
Her aunt and grandmother have no such problems.

History of past illness
The patient had not been treated surgically; she was denied medical care and offered
only amputation of the fingers at other facilities.

Physical examination
The patient wore overly wide shoes. The range of motion in elbow, wrist, hip, knee
and ankle joints was full. The feet were strongly spread and represented by two rays
(deep cleft with absence of central foot rays) (Figure 1). The patient had pronounced
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Figure 1

Figure 1 Photo and x-ray pictures of patient’s feet before treatment. A: Cleft feet; B: X-rays of feet in anterior-posterior and lateral view (absence of central feet
rays).

limitation of function and severe cosmetic defect of hands (each segment was
represented by three rays with absence of fingers 1-4) (Figure 2). She could hold large
non-heavy things, and her palm-finger grasp was preserved.
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Figure 2

Figure 2 Photo and x-ray pictures of patient’s hands. A: Split hands with absence of fingers 1-4; B: Three metacarpals with transverse bone in base of cleft and
absence of fingers 1-4.

Laboratory examination
Blood analysis and urine analysis were normal. Electrocardiogram, chest x-ray and
arterial blood gas were also normal.

Imaging examination
The feet were represented by two rays (V type according to Blauth W. and Borisch
N.C. classification[2], II type according to Abraham E et al[18]) (Figure 1). The hands
were represented by three metacarpals with transverse bone in base of cleft and
absence of fingers 1-4 (Figure 2).

FINAL DIAGNOSIS
Congenital anomaly, ectrodactyly of the feet (V type according to Blauth W. and
Borisch N.C. classification, II type according to Abraham E et al[18]) and ectrodactyly of
the hands.

TREATMENT
Surgical treatment was divided into several stages. To start surgical treatment from
the feet was the patient’s desire because the anomaly of the feet caused her more
inconvenience. At the first stage, we performed surgical treatment on the left foot
using a small arrangement of the Ilizarov apparatus (Figure 3). The patient noted
more discomfort with the left foot than with the right foot.
First, open access was performed on the left foot, rudiment of central foot ray was
removed and resectional wedge-shaped osteotomy of cuboid and cuneiform bones
was performed to bring the rays together (Figure 3A). In the midfoot area, two olivial
wires were pushed towards each other. Through the metatarsal bones, two olivial
wires were also passed towards each other. Each pair of olivial wires was fixed in the
semi-ring of the original Ilizarov apparatus. The supports were interconnected by
straight rods. Then corrective osteotomy of both metatarsal bones was performed
(Figure 3A) with fixation of each ray by two wires, which were fixed on the rods.
Correction of the foot rays position was made by tensioning the wires in the supports
(Figure 3B). After that, we performed suturing of the central space and Z-shaped skin
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Figure 3 Scheme of surgical intervention, x-rays of left foot and photo of feet during treatment process. A: The first step was resectional wedge-shaped
osteotomy of cuboid and cuneiform bones with removing of rudiment of central foot ray. The second step was corrective osteotomy of both metatarsal bones; B:
Correction and fixation of foot rays by minimalist construct of Ilizarov apparatus; C: Closure of foot splitting.

plasty to close the foot defect. Patient started walking by gradually increasing weightbearing on the left foot beginning on the 3rd d after surgery. Dressings after surgery
were performed daily for 3 d and then weekly. The patient was discharged for
outpatient treatment at the place of residence after 2 wk. The period of fixation of the
left foot by the Ilizarov apparatus was 59 d.
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OUTCOME AND FOLLOW-UP
The treatment approach made it possible to create favorable conditions for healing of
the central wound and closure of segment splitting without complications. Two years
after surgery, the result of the treatment on the left foot was maintained, and the
patient was satisfied. According to the patient, the support on the foot improved
(Figure 4). For family reasons, the patient was forced to take a long pause between the
stages of treatment of the feet. Currently, we plan to perform a similar surgical
treatment on the right foot.

DISCUSSION
Cleft hand/foot deformity is a rare congenital anomaly. Severity of hand/foot
splitting varies [5] . Prenatal diagnosis of cleft hand/foot malformations can be
established from the first trimester[5,19]. A number of publications devoted to this
disease describe only pathogenesis and diagnostics of this pathology[3-5,7,8,19].
Surgical treatment strategies of this disorder are debatable. Due to the rarity of the
pathology, there are few publications on the surgical treatment of ectrodactyly of the
foot, and all of them describe the experience of children’s treatment[12-18]. There are no
publications about surgical treatment of adults with this congenital malformation of
feet. Some authors recommend that children do not undergo surgery if the feet are
well-supporting and it is possible to wear normal shoes[11]. Other colleagues insist that
the surgical treatment of this splitting should be carried out before the age of 1
year[12,13]. The aim of treatment of patients with this congenital anomaly is to improve
foot function and cosmetic view[14]. In children, operative treatment is aimed at closing
the central foot defect with possible osteotomy/resection of the segment bones and
fixation of the forefoot by wires or screws and even transplanting fingers into the
defect zone[12-17,20] or amputation[18] (Table 1).
However, the adult’s foot is more rigid than a child’s segment, and it is difficult for
such patients to use regular shoes or an orthosis. Often, patients with abnormal
development of the distal lower extremities have impaired segment function and gait.
Surgical reconstruction in splitting of hands includes the closure of the cleft, the
release of syndactyly, correction of the adduction of the first finger and the removal of
transverse or deformed bones[9,10]. The Snow-Littler and Miura procedures are the
most common surgical techniques to close the cleft of hand and widen the thumbindex finger web space[21,22].
According to the surgical scheme (classification) of Abraham E et al [18] , the
recommended treatment of I type split foot (deficiency of the second or third ray to
the metatarsal area) is to create syndactyly between the existing rays and partial
correction of valgus deformity of the first ray if necessary. In type II (deep cleft to the
tarsal part with the extension of the forefoot), syndactyly with osteotomy of the first
ray is shown. With type III, when completely missing from the first to the third or
fourth ray, the operation is not required. The authors recommend performing an
amputation of the first foot ray after reaching the age of 5 years.
There are a number of publications in the literature on the use of external fixation
to create favorable conditions for the healing of central wounds/defects of the soft
tissues of the forefoot in the setting of diabetes and vascular disorders. Strauss et al[23]
described the successful use of an external mini-fixator in the forefoot with the central
wound of forefoot in the presence of diabetes and peripheral vascular diseases. Oznur
et al[24] showed a positive result in the treatment of a defect in the forefoot after
resection in the presence of diabetes using the Ilizarov apparatus. In our case of foot
congenital splitting in an adult patient, we applied the minimal arrangement of the
Ilizarov apparatus to create favorable conditions for healing the wound without
tension and with stable fixation of the achieved result, which was described for the
first time.

CONCLUSION
The possibility of dosed control and stable fixation of the foot rays made it possible to
create favorable conditions for the healing of the central wound and the closure of the
segment splitting without complications. The long-term outcome of the treatment of
foot congenital splitting using the proposed Ilizarov apparatus arrangement has
shown its effectiveness. Our approach should be considered as an option of treatment
in similar cases.
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Table 1 Surgical interventions in patients with cleft foot according to different authors
Authors

Number of patients/feet

Surgery, technique

Sumiya et al

8/16

Reconstruction of five toes: Closing of Excellent results in terms of both the
defect; creation of third toe by double function and the aesthetics
pedicle flaps from the cleft area;
separating third and fourth toes to
create five toes by using free skin
grafts from the skin defects

Wood et al[13]

9/15

Triangular flaps, in addition
metatarsal osteotomies,
intermetatarsal ligament
reconstruction, fixation by Kirschner
wires

Choudry et al[14]

3/5

Removal of central wedge of skin;
All patients were happy with the
excision of central metatarsal; lateral cosmetic results
release of the adductors and capsule
of hallux metatarsophalangeal joint;
osteotomy of fifth metatarsal; fixation
by Kirschner wire; soft tissue
syndactylization

Tani et al[15]

21/32

Simple closure, silicone block
insertion, application of a doublepedicled flap

Only 1 patient of 14 with long-term
follow-up complained of pain
following walking

Talusan et al[16]

1/2

Suture-button construct

Positive result

Lejman et al[17]

3/5

Wedge resection of the metatarsals
with screw fixation and skin
syndactyly

All patients were satisfied

Abraham et al[18]

16/32

Soft-tissue syndactylism, partial
hallux valgus correction; soft-tissue
syndactylism with first-ray
osteotomy; first-ray amputation

23 of the 24 procedures performed
gave a satisfactory result

Sunagawa et al[20]

1/1

Microvascular toe transfer from a
Longitudinal growth of the grafted
contralateral side that was amputated toe was symmetric, compared to the
recipient toes, and the appearance of
the treated foot was quite natural

[12]

Results

The feet maintained good cosmetic
and function

Figure 4

Figure 4 Photo of feet and x-ray pictures of patient’s left foot after 2 years after surgical intervention. A: Closure of foot splitting; B: X-rays of left foot in
anterior-posterior and axial view.
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Abstract
BACKGROUND
Peroneal tendon disorders are common causes of lateral hindfoot pain. However,
total rupture of the peroneal longus tendon is rare. Surgical treatment for this
condition is usually a side-to-side tenodesis of the peroneal longus tendon to the
peroneal brevis tendon. While the traditional procedure involves a long lateral
curved incision, this approach is associated with damage to the lateral soft tissues
(up to 24% incidence).
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CASE SUMMARY
A 50-year-old female had developed pain at the lateral aspect of the hindfoot 1
mo after an ankle sprain while walking in the street. Previous treatments were
anti-inflammatory drugs, ice, rest and Cam-walker boot. At physical exam, there
was pain and swelling over the course of the peroneal tendons. Ankle instability
and cavovarus foot deformity were ruled out. Eversion strength was weak (4/5).
Imaging showed complete rupture of the peroneal longus tendon associated with
a sharp hypertrophic peroneal tubercle. Surgical repair was indicated after failure
of conservative treatment (physiotherapy, rest, analgesics, and ankle stabilizer). A
less invasive approach was performed for peroneal longus tendon debridement
and side-to-side tenodesis to the adjacent peroneal brevis tendon, with successful
clinical and functional outcomes.
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Peroneus longus tendon tenodesis can be performed through a less invasive
approach with preservation of the lateral soft tissue integrity.
Key words: Peroneus longus tendon; Complete rupture; Tenodesis; Minimally invasive
surgery; Wound breakdown; Case report
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Core tip: Traditionally, tenodesis of the peroneus longus tendon has been performed
through a long lateral curved incision on the hindfoot. However, this approach is often
associated with damage of the lateral soft tissues, having an incidence that ranges from
2.4% to 54%. The highlight of this study is its presentation of a less invasive approach
for side-to-side tenodesis of full-thickness rupture of the peroneus longus tendon, which
preserved most of the lateral soft tissue prone to wound breakdown.
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INTRODUCTION
Acute peroneus longus tendon (PLT) ruptures are uncommon[1-3]. They rarely occur as
an isolated injury, being more often associated with peroneus brevis tendon (PBT)
partial or complete tears [4-6] . In general, the etiology involves mechanical and
anatomical predisposing factors. An acute injury is the result of a sudden inversion
sprain of the ankle. The most common sites of PLT lesions are where the tendon is
subjected to attrition with underlying bones, such as the tip of the lateral malleolus,
the peroneal tubercle, or the os peroneus [7-9] . Cavovarus deformity and lateral
tibiotalar instability can also subject the PLT tendon to additional frictional forces on
these points[1,4,10-12]. The six current options of treatment are nonoperative procedures,
peroneal tendoscopy, opened debridement and tubularization of the remaining
tendon, side-to-side tenodesis, tendon transfer of the flexor hallucis longus or flexor
digitorum longus, and reconstruction with allograft or autograft[13-18]. Side-to-side
tenodesis is considered an effective procedure for the treatment of partial or complete
ruptures of the PLT, with successful results allowing patients to return to their
previous activities[19]. However, this procedure has traditionally been performed
through a long lateral curved incision that carries the risk of such soft tissue damage
as dehiscence of the surgical wound, sural nerve transection, swelling, and
infection[13,14].
The aim of this report was to describe the case of a patient who underwent a sideto-side tenodesis of the PLT to the PBT for the treatment of a full-thickness rupture of
the PLT tendon using a minimally invasive approach. The approach was shown to be
a reasonable option to preserve soft tissue on the lateral site of the hindfoot and ankle
most prone to wound breakdown.

CASE PRESENTATION
Chief complaints
A 50-year-old female that works in a public hospital as a nurse assistant presented
with complaints of severe pain and swelling on the right hindfoot along the course of
the peroneal tendons (PT) after an ankle sprain.

History of present illness
The patient presented to the outpatient clinic of our hospital to address pain and
swelling at the lateral aspect of the right hindfoot that had lasted for 1 mo after an
ankle sprain while walking along the street. Previous treatments elsewhere were
based on anti-inflammatory drugs, ice, rest and on the use of a Cam-walker boot
(CWB).
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History of past illness
The patient reported only hypertension as a chronic comorbidity.

Physical examination
Pain on palpation and swelling were evident over the course of the PT. No clinical
signs of ankle instability were observed under stress maneuvers (anterior drawer and
talar tilt tests). A subtle bilateral and symmetrical cavovarus foot was noted.
Weakness in eversion was present under resistance, with strength of 4/5.

Imaging examination
Foot and ankle plain radiographic series imaging and magnetic resonance imaging
(MRI) of the ankle were performed. MRI T2-weighted images showed complete
rupture of the PLT, surrounded by extensive synovitis (Figure 1). With plain
radiographic images of the ankle anteroposterior view and the MRI T1- and T2weighted images, it was possible to identify a sharp hypertrophic peroneal tubercle
(Figure 2). An MRI exam of the leg was carried out to evaluate the status of the
peroneal muscles and to determine if there was any evidence of fatty infiltration
and/or muscle atrophy.

FINAL DIAGNOSIS
Full-thickness rupture of the PLT associated with a sharp hypertrophic peroneal
tubercle.

TREATMENT
Surgical repair was indicated after 6 mo of failure of the conservative treatment
(physiotherapy, rest, anti-inflammatory drugs, and ankle stabilizer to restrict
inversion-eversion movements). Preoperatively, the visual analogue scale (VAS) for
pain and the American Orthopedic Foot and Ankle Society (AOFAS) ankle-hindfoot
scores were applied. The patient’s VAS score was 9 and AOFAS ankle-hindfoot score
was 39.
The surgical procedure was performed under regional anesthesia, with the patient
placed in a lateral position using a well-padded nonsterile thigh tourniquet inflated to
300 mmHg. The minimally invasive approach consisted of two short incisions (Figure
3). Anatomical references were marked with a Codman skin marking pen and
included lateral malleolus and base of the fifth metatarsal. Proximally, a longitudinal
incision of approximately 3 cm in length was made at 1 cm posterior to the posterior
border of the distal fibula and 1.5 cm above the tip of the lateral malleolus. The PT
sheath was dissected and opened to expose the proximal portion of the PLT but the
superior peroneal retinaculum remained intact (Figure 4). Care was taken to avoid the
sural nerve and the lesser saphenous vein that runs laterally to the Achilles
tendon[20,21]. Distally, a longitudinal incision of 3 cm in length was made parallel to the
ground, going backwards from the tip of the base of the fifth metatarsal base. In the
distal incision, the distal stump of the remaining PLT was dissected and released at
the cuboid groove. Due to the presence of a hypertrophic peroneal tubercle, a short
middle incision of 2 cm was made for its resection (Figure 3B). The PLT was then
brought out of its sheath through the proximal incision, and its nonviable portion was
resected (Figure 4A). After debridement of the PLT, the remaining proximal stump of
the native PLT was sutured side-to-side to the PBT with two U-shaped lateral sutures
using No. 1 Vicryl (Ethicon Inc, Johnson & Johnson, Bridgewater, NJ, United States)
(Figure 4B). This suture was made above the superior peroneal retinaculum to
prevent volume effect of increased pressure within the retromaleolar groove (Figure
5). Finally, the three incisions were closed in layers. In the proximal incision, the PT
sheath was closed with No. 1 Vicryl, the subcutaneous tissue with No. 3 Monocryl
(Ethicon Inc, Cornelia, GA, United States), and the skin with No. 4 nylon. In the
middle and distal incisions, the subcutaneous tissue was closed with No. 3 Monocryl
and the skin with No. 4 nylon. After closure of the surgical wounds, a sterile soft
dressing and a splint were applied with the foot in the neutral position.

OUTCOMES AND FOLLOW-UP
The patient remained nonweight-bearing for 2 wk with the cast. After 2 wk, the
sutures were removed and full weight-bearing was allowed as tolerated with a CWB.
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Figure 1

Figure 1 Preoperative ankle magnetic resonance imaging for diagnosis and evaluation of the type of
peroneal tendon injuries. Ankle magnetic resonance imaging T2-weighted sagittal image showed complete rupture
of the peroneus longus tendon (blue arrow).

Concerning evolution of the surrounding soft tissues and surgical wound, no
complications of healing were noted. Sensitivity of the lateral skin of the hindfoot was
preserved and similar to the contralateral foot. At that time, physical therapy was
initiated, focusing on dorsiflexion/plantarflexion range of motion to prevent
adhesions. Inversion/eversion movements were prohibited to prevent rupture of the
suture of the tenodesis. The patient was instructed to always maintain the CWB,
except for hygiene purposes and dorsiflexion/plantarflexion exercises. At 6 wk
postoperative, the patient was out of the CWB with minimal swelling, and
inversion/eversion movements were allowed; the patient was transitioned into an
ankle stabilizing orthosis. From that point, the physical therapy program was oriented
for inversion/eversion movements and to progressively restore proprioception and
strength. The ankle stabilizing orthosis was used progressively less, according to the
patient’s rehabilitation.
At 12 wk of follow-up, physical examination revealed that there was no pain on
palpation or restriction of inversion. Surgical incisions were fully healed, and swelling
had decreased significantly (Figure 6). The patient presented VAS score of 0 and
AOFAS ankle-hindfoot score of 90. At 6 mo of follow-up, the patient finished
physiotherapy and returned to her prior level of activities. In physical examination,
there was still no pain and peroneal strength was 5/5. The VAS score was 0 and
AOFAS ankle-hindfoot score was 98. At 14 mo of follow-up, the patient reported that
she was feeling great, with no complaints, and was fully active.

DISCUSSION
Treatment of complete rupture of the PLT is based on patient symptoms, such as pain,
loss of function, or instability. Inactive and asymptomatic patients can be treated
conservatively. However, in cases of active and symptomatic patients, the outcomes
of nonsurgical management are poor, with the need of surgical treatment to provide
pain relief and to support return to prior level of activities[5,22-26]. Tenodesis of the
proximal stump of the ruptured PLT to the intact PBT has been described and widely
used for this type of injury, with satisfactory clinical and functional outcomes[1,27].
However, this procedure has traditionally been performed through a long lateral
curved incision from the lateral retromaleolar area to the base of the fifth
metatarsal[11,28]. This longer lateral approach is often associated with damage to the
lateral soft tissues, resulting in scar tenderness, sural nerve lesion, wound dehiscence,
swelling, adhesive tendinitis, subluxation of the PT, and infection.
These complications are reported in the literature in an incidence that ranges from
2.4% to 54%[13,14,23,29]. In a study involving 30 patients treated for PT tears through the
same long lateral approach, Steel et al[29] showed that 58% of the patients had scar
tenderness, 54% presented lateral ankle swelling, 27% had numbness over the lateral
surface of the ankle, and 31% had pain at rest. Likewise, Redfern et al[23] reported
postoperative complications in 31% (9/28) of patients treated for concomitant tears of
PBT and PLT through the same long lateral incision. Three developed superficial
wound infections, one wound dehiscence, two sural neuritis, one complex regional
pain syndrome, and one adhesive tendinitis. Here, we have presented the case of a
symptomatic patient with a full-thickness rupture of the PLT that was successfully

WJO

https://www.wjgnet.com

140

February 18, 2020

Volume 11

Issue 2

Nishikawa DRC et al. Minimally invasive tenodesis of peroneus longus
Figure 2

Figure 2 Preoperative plain radiograph and magnetic resonance imaging evaluation for surgical planning. A: Ankle plain radiograph anteroposterior view
showing a sharp hypertrophic peroneal tubercle (blue circle); B and C: Ankle magnetic resonance imaging T1- and T2-weighted axial images (B and C respectively)
demonstrated the hypertrophic peroneal tubercle with underlying bone edema (blue circles).

treated with side-to-side tenodesis of the PLT to the PBT, without any soft tissue
compromise in the postoperative follow-up. To our knowledge, this is the first study
to describe a less invasive approach for the PLT tenodesis procedure.
The main advantage of our technique was that it allowed for performance of
tenodesis of the PLT to PBT through two separate short incisions, with less aggression
to the surrounding soft tissue. We were able to keep the integrity of deep structures,
such as the superior peroneal retinaculum, giving us confidence to orient early
mobilization of the ankle and avoiding additional scar tissue that may restrict the
tenodesis suture gliding or postoperative luxation of the peroneal tendon.
Consequently, all this care with the soft tissue integrity provided less pain in the
postoperative period, faster healing of the wound, and faster recovery. The indication
of our technique can be extended to the group of patients at higher risk of wound
complications, such as diabetics, smokers, and vasculopaths.
Both incisions were designed to be easily complemented with other incisions in
case a patient requires additional procedures, such as lateral ligament reconstruction,
calcaneal osteotomy for varus realignment, or hypertrophic peroneal tubercle (HPT)
resection. Our proximal approach does not interfere in the curved incision along the
anteroinferior margin of the fibula for the Brostrom-Gould reconstruction, the lateral
oblique incision at the hindfoot for calcaneal osteotomy, and an additional short
incision, which can be performed for resection of the HPT. In this particular case, the
authors decided on HPT removal because it was much more prominent than the usual
images from overall patients and it presented with bone edema beneath (in MRI,
indicating friction between the HPT itself and the PT). In fact, we believe that this was
the etiologic factor since lateral ligaments were still present in the MRI images and at
physical exam the patient did not present a significant cavovarus foot. An enlarged
peroneal tubercle interferes with the normal gliding of the PLT[6,15,30]. Literature has
advised for excision of HPT since it may predispose tenosynovitis and recurrent tears
of the PT[15].

CONCLUSION
In conclusion, the minimally invasive approach described herein should be
considered for surgical treatment of PLT, such as tenodesis. It represents a simple and
effective alternative to the long lateral curved incision. With two short incisions, it
preserves soft tissue integrity above the PT course. Besides that, it can be useful for
those patients at higher risk of wound breakdown. Further studies analyzing clinical
and functional outcomes in a larger population and with longer follow-up are needed
to determine the precise roles of this technique in treatment of PLT.
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Figure 3

Figure 3 Preoperative skin marking of the proximal and distal incisions. A: The proximal incision was 3 cm in length, starting 1.5 cm above the tip of the lateral
malleolus and 1 cm posterior to the distal fibula. Distally, a longitudinal incision of 3 cm in length was made parallel to the ground, going backwards from the tip of the
base of the fifth metatarsal base. In the distal incision, the distal stump of the remaining peroneal longus tendon was dissected and released at the cuboid groove; B:
Due the presence of a hypertrophic peroneal tubercle, a short middle incision of 2 cm was performed for its resection.
Figure 4

Figure 4 Intraoperative images. A: The peroneal tendon sheath was opened, preserving the superior peroneal retinaculum, and both tendons were exposed; B: The
peroneal tubercle was resected through the middle incision, and the peroneus longus tendon was identified and released in the distal incision.
Figure 5

Figure 5 Tenodesis of the peroneus longus tendon to the peroneus brevis tendon. A: The peroneus longus tendon was brought out of its sheath through the
proximal incision, and its nonviable portion was identified and resected; B: Side-to-side tenodesis of the peroneus longus tendon to the peroneus brevis tendon was
carried out with two U-shaped lateral sutures using No. 1 Vicryl.
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Figure 6 Clinical aspect at 12 wk after surgery. The surgical incisions were fully healed and swelling had decreased.
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Abstract
Post-traumatic osteoarthritis (PTOA) is a complex and painful problem in the
foot and ankle. Ninety percent of osteoarthritis cases in the foot and ankle can be
classified as post-traumatic. PTOA can affect any of the 33 joints in the foot and
the ankle. Distraction arthroplasty is a method for treatment of early arthritic
joints without fusing or replacing them and its effectiveness has been well
documented. The purpose of this case series is to present our successful
experiences and positive results using distraction arthroplasty to treat PTOA in
the ankle, subtalar, first metatarsophalangeal, and second tarsometatarsal joints,
and to present distraction arthroplasty as a viable alternative to invasive joint
sacrificing procedures such as arthrodesis or arthroplasty. Distraction
Arthroplasty effectively and safely treats PTOA and improves the stability of
joints in the Foot and Ankle. Additionally, the use of bone marrow aspirate
concentrate as an adjuvant can improve the long-term functional and structural
outcomes of the joint, and can prolong the need for further, more aggressive
surgical interventions such as fusion or arthroplasty.
Key words: Distraction arthroplasty; First metatarso-phalangeal joint arthritis; Second
tarsometarsal joint arthritis; Ankle arthritis; Subtalar arthritis; Post-traumatic osteoarthritis
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Osteoarthritis is a degenerative condition affecting articular joints causing loss
of mobility and independence due to pain and swelling in the affected joint. Ninety
percent of osteoarthritis cases in the foot and ankle can be classified as post-traumatic
and can affect any of the 33 joints in the foot and ankle. Distraction arthroplasty is a
viable and effective treatment for Post-traumatic osteoarthritis in the foot and ankle
joints, which can prolong the integrity of the joints and prevent a joint sacrificing
procedure such as arthrodesis or arthroplasty.
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INTRODUCTION
Osteoarthritis is a degenerative condition affecting articular joints causing loss of
mobility and independence due to pain and swelling in the affected joint. There are a
multitude of causes for the onset of osteoarthritis and treatments for its progression
and symptoms. Post-traumatic osteoarthritis (PTOA) comprises a large portion of
osteoarthritis cases affecting the ankle and foot[1]. The treatment of osteoarthritis in the
ankle, subtalar, 1st metatarsophalangeal (MTP) joint, or 2nd tarsometatarsal joints
(TMT) joint with fusion or arthroplasty have been well documented[1-6]. Distraction
Arthroplasty was first described as a conservative treatment for arthritis of the hip in
young patients[7]. Since then, there has been a growth in interest related to this newer
surgical technique, and numerous studies have described its application as a
treatment for PTOA in the ankle and foot. Distraction arthroplasty can be used to treat
PTOA of these joints as a viable joint preservation alternative, especially in younger
patients who are not candidates for either fusion or arthroplasty[6,8-12].
Unlike the knee, most cases of ankle arthritis are classified as post-traumatic. Ankle
sprains are one of the most common athletic injuries and can lead to PTOA of the
ankle, and there are few treatments to delay or reverse the progression of posttraumatic ankle arthritis [13] . In the ankle, or the Tibio-talar joint, fusion and
arthroplasty are well documented treatments for PTOA[1,6,14]. In addition to the ankle,
PTOA is prevalent in the subtalar joint. Hindfoot fractures of the talus and calcaneus
can lead to persistent pain and the progression of PTOA. In the subtalar, or Talocalcaneal joint, fusion and arthroplasty are well documented treatments for
PTOA[1,12,15]. Osteoarthritis of the 1st MTP joint can often be debilitating, as it bears
approximately 50% of the body’s weight during ambulation. Osteoarthritis of the 1st
MTP joint can be caused by Hallux Rigidus or Hallux Valgus deformities, in addition
to trauma. Fusion and arthroplasty are well documented treatments for PTOA in the
first MTP joint[2,3,16-19]. The effectiveness of distraction arthroplasty in treating PTOA of
the 1st MTP has been documented[8]. Osteoarthritis can affect the TMT joints due to
several causes, including trauma, deformity, and prior foot surgery[4,5,20,21]. PTOA of
the second TMT joint is often painful and difficult to treat. In the second TMT joint,
fusion and arthroplasty are well documented treatments for PTOA[4,5]. Currently, there
are no studies investigating the use of distraction arthroplasty to treat PTOA in the
second TMT. Distraction Arthroplasty is a viable joint preserving surgery alternative
to fusion and arthroplasty to treat post-traumatic osteoarthritis and is especially
suitable for younger and active patients[6,8-10,22-26].

CLINICAL PRESENTATION
Patient A: Ankle distraction for posttraumatic arthritis
Patient A is a 52-year-old female who presented with left ankle PTOA. She
complained of gradual pain developing in her ankle after multiple sprains and wear
and tear from an active lifestyle. This pain was treated with a Watson Jones procedure
29 years prior, and an ankle distraction with external fixation performed one year
prior, in addition to tarsal tunnel release and arthroscopic cheilectomy. The patient
developed an equinus contracture due to her time spent with her ankle immobilized
during distraction. She was diagnosed with advanced PTOA of the left ankle, in
addition to an equinus contracture. Our decision was to take on a joint-preservation
course of action, to help the patient continue to enjoy her active lifestyle. Our plan
included arthrotomy and cheilectomy, microfracture, ankle distraction, and bone
marrow aspirate concentrate (BMAC) injection to treat the ankle PTOA, in addition to
release of the gastrocnemius and soleus to correct the equinus contracture.
On physical exam, pre-operative range of motion (ROM) in the left ankle was -10
degrees of dorsiflexion (DF) to 40 degrees of plantarflexion (PF). Pre-operative ROM
in the left subtalar joint was from 5 degrees of inversion to 5 degrees of eversion. Postoperative ROM n in the left ankle was 5 degrees of DF to 40 degrees of PF, and ROM
in the subtalar joint was 10 degrees of inversion to 5 degrees of eversion. After
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surgery, patient continued extremely active lifestyle and did report taking some pain
medication to treat pain after activity, however she stated that her pain levels had
been significantly reduced through her surgical treatment. Patient is now nine years
from date of distraction arthroplasty frame removal and is doing well with no pain
(Figures 1-4).

Patient B: Ankle distraction + correction of flat foot deformity
56-year-old female who presented with right ankle PTOA. She complained of pain in
her ankle at 5/10 after an inversion injury to her ankle sustained 16 years prior while
running. She was diagnosed with an Osteochondritis Dissecans lesion on the medial
aspect her talar dome. She also had a flat foot deformity. She was recommended ankle
fusion by another surgeon, however our decision was to undertake distraction
arthroplasty to offload the ankle joint and the Osteochondritis Dissecans lesion, while
simultaneously placing an arthroeresis screw to treat her flat foot deformity.
On physical exam, pre-operative ROM in the ankle was 0 degrees of DF to 50
degrees of (PF). Pre-operative ROM in the subtalar joint was 40 degrees of inversion
to 10 degrees of eversion. Pre-operative self-reported pain level was 5/10, and the
patient was taking Tylenol 1000 mg BID and 5 mg of Oxycodone daily for pain.
On physical exam post-operatively, ROM was recorded as 20 degrees of DF to 40
degrees of PF in the ankle and subtalar ROM was 20 degrees of inversion to 20
degrees of eversion. The patient reported no pain after surgery and did not take any
pain medications. Patient is now two years from frame removal and is doing well
(Figures 5 and 6).

Patient C: Sub-talar distraction
Patient C is a 45-year-old female who presented with PTOA of the right sub-talar joint
after sustaining a fracture and dislocation of the talus. Upon examination, she
presented with pain worsening with increasing activity on the lateral side of the foot
and a limp due to pain. On physical examination, ROM in the right ankle was 0 DF to
70 degrees PF, and ROM in the right sub-talar joint was 20 degrees of inversion and 0
degrees eversion. Patient did not see improvement in pain after conservative
treatment with PRP injections. Patient was offered sub-talar fusion or distraction.
Because of her age, she elected to proceed with distraction. After surgery, ROM in the
sub-talar joint improved to 15 degrees of inversion and 10 degrees of eversion.
Additionally, patient reported no pain after surgery and has returned to her normal
level of activity. Patient is now three years post removal of frame and is doing well
with no pain (Figures 7-11).

Patient D: 1st MTP distraction
Patient D is a 48-year-old male who presented to the office with hallux rigidus
deformity of the right first MTP joint. The patient reported pain and difficulty
wearing normal shoes. Patient did not see improvement with conservative treatments
of orthotics and injections of the first MTP joint. The patient was presented with
multiple treatment options; fusion, cheilectomy, cartiva, and distraction of the first
MTP joint to treat pain and hallux rigidus. After discussion with the patient, the
patient elected to proceed with cheilectomy and distraction arthroplasty of the first
MTP joint with external fixation. After surgery, the patient reported improvement of
pain and ROM. Patient is now six months post removal of the distraction arthroplasty
frame and is doing well with no pain (Figures 12-14).

Patient E: 2nd TMT distraction
Patient E is a 66-year-old male who presented with flat foot and dorsal pain in his left
foot caused by PTOA and synovial cysts in his second (TMT) joint. Patient reported
his pain levels as ranging from four to six out of ten and taking ibuprofen for pain.
Patient was recommended midfoot fusion at the second TMT, but after his satisfaction
with ankle and sub-talar distraction performed by our physicians on the contralateral
limb, he elected to proceed with distraction arthroplasty of the second TMT. Planned
treatment included distraction of the second TMT, debridement, and BMAC injection
in the second TMT, in addition to insertion of arthroeresis screw and gastrocnemius
lengthening to treat flat foot deformity. After surgery, patient reported no pain and
did not take any medication for pain. Patient is now two years post removal of the
frame and is doing well with no pain (Figures 15-18).

SURGICAL TECHNIQUE
Ankle distraction
The ankle distraction frame is simply composed of two rings connected together with
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Figure 1

Figure 1 Pre-operative standing X-rays demonstrating post-traumatic osteoarthritis of the ankle joint. A:
Anterior-Posterior view; B: Mortise view; C: Lateral view.

two threaded rods and a locking rod that connects the footplate to the proximal
adjustable ring which allows gradual DF. A tibial ring is chosen that gives two
fingerbreadths of space circumferentially between the skin and the ring. The proximal
ring is secured with two 6-mm hydroxyapatite-coated pins. A 4.8-mm drill bit is used
to fix the first pin approximately 6 cm proximal to the medial malleolus directly
anterior in the tibial crest and perpendicular to the shaft of the tibia. Surgeon has to
avoid unicortical pins that miss the medullary canal and put the bone at risk of
fracture. It is then secured to the ring with a three-hole cube. Intraoperative
fluoroscopy is used to confirm that the ring is perpendicular to the axis of the tibial
shaft. Universal hinges are then applied in line with a K-wire which approximates the
Inman axis from the tip of the lateral malleolus to the tip of the medial malleolus, in a
posterolateral-to-anteromedial direction.
A footplate is secured by olive wires one inch proximal and parallel to the plantar
aspect of the foot. A locking rod connects the footplate to the proximal adjustable ring,
which allows for gradual DF to correct equinus contractures. Threaded rods connect
the two rings where the square nuts are placed on the proximal part of the rod.
Measurement of the length of the threaded rod above the square nut is important to
ensure that the foot/ankle is back into neutral position after ROM exercises. Acute
distraction of 3 mm is done intraoperatively by turning the square nuts on the
proximal ring. Acute distraction beyond that is not recommended to avoid neurologic
traction injury; acute correction of equinus contracture is avoided for the same reason.
Another 2 mm of distraction is done on postoperative day one when normal
postoperative plantar sensation is confirmed. Another one mm on postoperative day
two will be done. During the 2 wk visit, another 1 to 2 mm of distraction is done if
needed. The total distraction in the frame is about 6-8 mm. The ROM exercises (15
repetitions/session) should be done by unlocking the ring four times daily.
In addition to distraction, the senior authors injects BMAC into the ankle joint and
routinely do microfracture of the joint. Clinical data regarding the mechanism of
action of hyaline cartilage regeneration are lacking, however, senior authors feel that
these adjunctive procedures optimize healing and gives better results [9] . Future
research should be directed towards comparing the benefit of adding biologics in the
form of BMAC or not.

Sub-talar distraction
Sub-talar distraction begins with a 4 cm anterior skin incision is made over the lateral
hindfoot. Dissection is carried down anterior to the peroneal tendons. The posterior
facet and sinus tarsi of the joint are visualized. Osteophyte along the lateral talus and
calcaneus are excised. The joint is inspected, and a 1.8 mm wire is used to make
multiple drill holes for microfracture while cooled with saline in the talus and in the
tibia. The holes are spaced by 5 mm. Furthermore, a 4 mm micro burr is used to
remove a thin layer of hard subchondral bone. The subtalar joint is mobilized from 20
degrees of inversion to 15 degrees of eversion. A 3 cm × 3 cm collagen sponge is
soaked in BMAC and is inserted into the distracted sub-talar joint.
The ankle distraction frame is then applied. A 155 mm frame and ring are applied
to the distal third of the tibia, orthogonal to the tibial axis, and stabilized with two
anteromedial half pins. The half pins are 6 mm hydroxy appetite coated pins placed
after drilling with a 4.8 mm drill. The two feet rings are attached for fixation to the
talus and calcaneus. Opposing olive wires are placed in the talus and in the calcaneus4 in total- and are attached to the frame and tensioned. Acute distraction of the sub-
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Figure 2

Figure 2 Post-operative standing X-rays demonstrating distracted ankle joint and distraction frame. A:
Anterior-Posterior view; B: Lateral view.

talar joint is then carried out, with 4 mm applied acutely by distracting between the
two feet rings. The ankle and foot are both assessed for neutral position, and
distraction of the sub-talar joint is confirmed with intra-operative fluoroscopy.

1st MTP distraction
First MTP joint distraction begins with a 3 cm dorsal skin incision made over the talus
neck. Dissection is then carried down to a palpable prominence, and the extensor
retinaculum is incised. The superficial peroneal nerve is protected, the tendons are
retracted, and the distal surface of the talus is assessed for osteophytes, which are then
excised. Intra-operative fluoroscopy allows for confirmation of complete removal of
the osteophyte.
Next, a 4 cm medial skin incision is made across the metatarsophalangeal joint, and
dissection is carried down to the medial capsule, which was longitudinally incised.
The capsule is peeled off the medial side of the metatarsal head and reflected dorsally.
The dorsal surface of the metatarsal head and the proximal phalanx are assessed for
osteophytes, which are then excised. Medial eminence is also excised using a
microsagittal saw. The MTP joint is then, subluxated, allowing for inspection of the
articular cartilage. Inspection of the joint showed a 1 cm × 5 mm area of grade 4 full
thickness loss of cartilage on the metatarsal head and an area of 5 mm × 5 mm of full
thickness cartilage loss on the proximal phalanx. A 1.6 mm wire is used to perform
microfracture while cooled with saline.
Fixator is then used to span the first MTP joint from a dorsal approach. A 3 mm
self-drilling pin is placed dorsal to plantar in the proximal phalanx. Next, with the
help of the frame for guidance, a second pin is placed parallel in the axial plane, but
perpendicular to the metatarsal. This is also a 3 mm self-drilling pin. These are the
most proximal and distal pin and are defined by the orientation of the fixator. The pin
clamps are then used to add additional pins in the metatarsal and also in the proximal
phalanx. Placement and stability of the pins are confirmed. The fixator is then applied
and fastened. The fixator is placed in line with the axis of the joint in the coronal and
sagittal planes. Three point five mm of distraction is then applied across the joint. The
angle between the metatarsal and phalanx is assessed, and was reported to be within
normal range at 15 degrees of DF. Lastly, intra-operative fluoroscopy is used to guide
a spinal needle into the joint and to inject 3 mL of BMAC into the joint.

2nd TMT distraction
Second TMT distraction begins with a two and half cm skin incision over the dorsum
of the joint and dissection is carried down to the joint. The joint is exposed,
capsulotomy is performed, and the joint is visualized and assessed. Advanced
arthrosis was noted of the joint. Using a 1.6 mm wire, microfracture is performed of
the middle cuneiform and of the second metatarsal part of the joint while cooled with
saline.
A mini rail fixator is then applied with pins coming in at a different plane from the
original incision. Using 2.0 mm threaded pins, one pin is inserted into the middle
cuneiform; this is the reference pin. This pin is placed orthogonal to the joint in a
sagittal plane and is well positioned within the middle cuneiform. The mini rail
external fixator is then applied and guides the insertion of a second metatarsal pin,
also 2.0 mm. The placement and alignment of the two pins with the foot and fixator
are assessed, and both were determined to be satisfactory. Additional pins are placed
in the proximal and distal pin clamps, allowing for excellent purchase. Lastly, the
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Figure 3

Figure 3 One-year post-operative standing X-rays demonstrating improved ankle joint space and articular
surface after distraction. A: Anterior-Posterior view; B: Mortise view; C: Lateral view.

external fixator is then applied to allow for intra-operative distraction. Three mm of
distraction is placed across the joint and assessed by direct vision.

POST OPERATIVE PERIOD AFTER ANKLE DISTRACTION
The patient is allowed full weight bear as tolerated with crutches in the postoperative
period. The neutral position is marked on the hinge, and the patient is taught how to
unlock the hinge and do active assisted ROM exercises with the aid of foot strap. Later
on, the patients are encouraged to ambulate with the frame’s hinge unlocked. Acute
distraction more than 3 mm is not recommended. We usually distract 3 mm in the
operating room, and any residual distraction (2-4 mm) is done by the physician while
the patient is still in the hospital, or at the first clinic visit 2 wk postoperative. Frame is
kept in distraction for 12 wk as there is no added benefit to keep it for longer time.

LIMITATIONS
Distraction arthroplasty results in good functional outcomes at medium to long term
follow up. The addition of microfracture seems to create functional outcome
deterioration, whereas the addition of a biologic agent either BMAC or PRP appears
to benefit earlier return to function. Randomized clinical trials with long term follow
up are needed to compare if microfracture accompanied with the distraction is
beneficial or not.
This case series represents our center experience with this technique. Larger
multicenter studies are needed to show the effectiveness of our technique with
comparison to others, and also comparing each surgeon’s preference of adding
biologics in form of BMAC or not and reporting the statistical differences between
different techniques.

CONCLUSION
Our case series aimed to describe the surgical technique of distraction arthroplasty of
different joints in the foot and ankle, and their ability to improve patient outcomes. It
is an alternative procedure to preserve the native joints instead of fusing or replacing
the arthritic joint. Based on our experiences, distraction arthroplasty is a viable and
effective treatment for PTOA in the ankle, subtalar, 1 st MTP, and 2 nd TMT joint.
Distraction arthroplasty can prolong the integrity of the joints of the foot and ankle,
and in our experiences, if combined with injection of BMAC can improve the
outcomes of distraction arthroplasty procedure and prolong the time until the patient
needs further surgical intervention, in the form of fusion or arthroplasty.
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Figure 4

Figure 4 Comparison of pre and one-year post-operative standing X-rays demonstrating improved ankle joint space and articular surface after distraction.
A: Lateral view, pre-operative; B: Lateral view, one-year post-operation.
Figure 5

Figure 5 pre-operative standing X-rays and magnetic reconnaissance imaging, in addition to intra-operative fluoroscopy of the right ankle after anterior
cheilectomy and distraction. A: Anterior-Posterior (AP) X-rays demonstrates post-traumatic ankle osteoarthritis, joint space narrowing, anterior osteophyte, and flat
foot deformity; B: Mortise view showing the same; C: Lateral view; D: Coronal view of the magnetic reconnaissance imaging shows medial osteochondritis dissecans
lesion on the medial talar dome, as indicated by arrow; E: Sagittal view of the magnetic reconnaissance imaging showing medial osteochondritis dissecans lesion on
the medial talar dome, as indicated by arrow; F: Anterior-Posterior intra-operative fluoroscopy of the right ankle after anterior cheilectomy, application of frame and
distraction; G: Ankle in plantarflexion; H: Ankle in dorsiflexion with adjunctive injection of bone marrow aspirate concentrate into the ankle joint.
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Figure 6

Figure 6 One-year post-operative standing X-rays of the right ankle, demonstrating improved ankle joint space, articular cartilage, and joint alignment one
year after removal of frame. A: Anterior-Posterior view; B: Mortise view; C: Lateral view.
Figure 7

Figure 7 Pre-operative standing X-rays of the right subtalar joint demonstrating sub-talar joint space narrowing and post-traumatic osteoarthritis. A:
Anterior-Posterior view; B: Mortise view; C: Lateral view.
Figure 8

Figure 8 Pre-operative computed tomography scans of the right subtalar joint demonstrating sub-talar arthritis and sclerosis of the articular surface. A:
Sagittal view; B: Coronal view.
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Figure 9

Figure 9 Intra-operative fluoroscopy of the right sub-talar joint before and after application of intraoperative distraction. A: Lateral view before the distraction;
B: Lateral view after 3 mm distraction.
Figure 10

Figure 10 One-month post-operative standing X-rays of the right sub-talar joint distraction, demonstrating widening of sub-talar joint space. A: AnteriorPosterior view; B: Lateral view.
Figure 11

Figure 11 Comparison of pre and one-year post-operative standing X-rays of the right sub-talar joint. A: Lateral view pre-operative standing X-ray; B: Lateral
view post-operative standing X-ray one year after frame removal.
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Figure 12

Figure 12 Pre-operative X-rays of the first metatarsophalangeal joint demonstrating hallux rigidus of the first metatarsophalangeal. A: Anterior-Posterior
view; B: Oblique view; C: Lateral view.
Figure 13

Figure 13 Intra-operative fluoroscopy of the right first metatarsophalangeal joint before and after application of external fixator. A: Intra-operative
fluoroscopy of the right first metatarsophalangeal (MTP) joint in the anterior-posterior view; B: Intra-operative fluoroscopy of the right first MTP joint in the view after
insertion of pins; C: Intra-operative fluoroscopy of the right first MTP joint in the AP view after application of monolateral external fixator and injection of bone marrow
aspirate concentrate; D: Intra-operative fluoroscopy of the right first MTP joint in lateral view after application of monolateral external fixator and injection of bone
marrow aspirate concentrate. MTP: Metatarsophalangeal.
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Figure 14

Figure 14 Three-month post-operative X-rays of the first metatarsophalangeal joint demonstrating improved metatarsophalangeal joint space. A: Anteriorposterior view; B: Lateral view.
Figure 15

Figure 15 Pre-operative standing X-rays of the left second tarsometatarsal joint, demonstrating joint space narrowing and post-traumatic osteoarthritis in
addition to flat foot deformity. A: Anterior-posterior view; B: Oblique view; C: Lateral view.
Figure 16

Figure 16 Intra-operative fluoroscopy of the left second tarsometatarsal joints demonstrating insertion of arthroeresis screw into the sub-talar joint to
treat flat-foot deformity, in addition to application of external fixator. A: Insertion of pins; B: Application of monolateral external fixator.
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Figure 17

Figure 17 Intra-operative fluoroscopy of the left second tarsometatarsal joints joint demonstrating injection of bone marrow aspirate concentrate and
application of external fixator. A: Lateral view after application of frame; B: Bone marrow aspirate concentrate.
Figure 18

Figure 18 Three-months post-operative X-rays of the left second tarsometatarsal joint, demonstrating improved tarsometatarsal joint space and articular
cartilage. A: Anterior-posterior view; B: Oblique view; C: Lateral view.
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Abstract
BACKGROUND
Low back pain (LBP) is a common condition with large burden worldwide.
Exposure to prolonged sitting with a flexed lumbar posture has been suggested
in the literature to be a potential risk factor for self-reported LBP. No study has
previously investigated whether exposure to prolonged flexed sitting posture
provokes discomfort/pain and decreased interspinous pressure pain thresholds
for healthy young men and women without back pain, despite this being a
suggested risk factor for LBP.
AIM
To investigate whether sitting in a prolonged flexed lumbar posture provokes
discomfort and lowers interspinous pressure pain thresholds in the lumbar spine
for healthy young men and women without previous LBP.
METHODS
This is a an observational before and after study of 26 participants (13 men, 13
women) between 20-35 years old. Algometry was used to examine the pain
threshold for pressure applied between spinous processes of the lumbar spine L1L5. Pressure algometer measures were performed in prone before and after
participants were instructed to sit in a fully flexed posture for a maximum of 15
min or until discomfort was experienced in the low back (Borg CR10 = 7/10).
Wilcoxon signed-rank test was used for analyze values from the before and after
test conditions. Mann-Whitney U test was used to investigate potential gender
difference.
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RESULTS
Fully flexed lumbar spine sitting posture up to 15 min provoked temporary
discomfort but the proportion of participants experiencing discomfort 7/10 in the
low back was 62%. For all pain pressure threshold locations tested, there was a
significant difference for the study population with moderate-large decreased (r =
-0.56) pressure pain threshold after exposure to prolonged flexed sitting posture
(P < 0.01). Comparisons between gender did not show any significant difference.
CONCLUSION
The result showed that exposure to fully flexed lumbar sitting posture for up to
15 min produced temporary discomfort in the low back in young healthy adults
with no previous history of LBP and significantly reduced lumbar interspinous
pressure pain thresholds. No gender-based differences were observed.
Key words: Low back pain; Pain pressure threshold; Algometer; Posture; Spine; Pain
mechanism
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Fully flexed lumbar sitting posture for a maximum of 15 min causes discomfort
and significantly reduced lumbar interspinous pain pressure thresholds.
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INTRODUCTION
Low back pain (LBP) is a common condition with large burden worldwide [1] .
Exposure to prolonged sitting with a flexed lumbar posture has been suggested in the
literature to be a potential risk factor for self-reported LBP but strong evidence is
lacking regarding if occupational sitting is an independent causal factor[2-5] . Several
studies have investigated possible mechanisms of how prolonged flexed postures
may influence the onset of LBP and discomfort. Flexed lumbar posture tensions
posterior segmental structures such as the interspinous ligaments of the lumbar spine,
which contribute to the prevention of lumbar hyperflexion[6]. Prolonged tensioning of
posterior segmental structures causes viscoelastic deformation of trunk soft tissues,
reductions in intrinsic trunk stiffness and alters the active neuromuscular behavior[7-11].
This may in theory produce nociception and peripheral sensitization of these
structures leading to reduced thresholds for nociception[12,13]. Furthermore, in the
event of prolonged nociception or maladaptive psychosocial factors negatively
affecting the pain experience, a decreased functioning of descending nociception
inhibiting pathways may contribute to a central nervous system sensitization[13]. This
may further reduce nociceptive pain thresholds or lead to the persistence of pain
without nociceptive stimulus[14].
Biochemical processes may even be influenced by prolonged tissue loading
providing a pathway for tissue sensitivity and inflammation[15]. Staud et al[16] displayed
that healthy individuals who have been repeatedly provoked by tissue stress can
experience increased sensitivity and the persistence of the pain[16].
Research has shown that individuals with lumbar pain have lower pain thresholds
than healthy individuals[17-20]. In these studies, pain thresholds in the lumbar spine are
commonly measured using a pressure gauge indicating kilopascals per second
(kPa/s) of increasing pressure application until pain is perceived by the subject[17-22].
Only one study, Imamura et al[19], has investigated the interspinous pressure pain
thresholds between the L1-L5 lumbar spinous processes. Gender differences have
been observed in pressure pain thresholds[23,24], but no study has investigated possible
gender difference regarding interspinous pressure pain thresholds. No study has
previously investigated whether exposure to prolonged flexed sitting posture affects
interspinous pressure pain thresholds for healthy young men and women without
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back pain, despite this being a suggested risk factor for LBP[2-4]. The purpose in this
study is to investigate whether exposure to prolonged fully flexed lumbar sitting
posture provokes discomfort and lowers interspinous pressure pain thresholds in the
lumbar spine for healthy young men and women without previous lumbar pain. The
hypothesis is that there is a significant decrease in interspinous pressure pain
thresholds after exposure to prolonged fully flexed lumbar sitting posture provoking
discomfort and that there is a significant difference between men and women.

MATERIALS AND METHODS
Research design
This is an observational study of pressure pain thresholds before and after exposure
to discomfort from prolonged fully flexed lumbar sitting in health men and women.
Therefore, cases are their own controls in a before and after exposure design.
According to Swedish law (2003: 460) on the ethics of human research, it is described
that all research performed and dealing with sensitive personal data should be
ethically tested. Section 2 of this law states that regional ethical committee assessment
is required for “Scientific experimental or theoretical work to acquire new knowledge
or scientific quality improvement work, but not such work done in the framework of
first or second cycle education[25]. Therefore, because this study was conducted as a
part of a master's thesis, ethical approval was provided after assessment performed
according to the Helsinki declaration by the ethics board of second cycle education at
Linkoping University.

Participants
The recruitment of potential participants occurred between the dates of January 2017
to Mars 2017 through informing a convenience sample of students at Linkoping
University, Sweden, about the study. Inclusion criteria for participation were healthy
individuals without current or previous lumbar pain, aged between 20 to 35 years.
Exclusion criteria included diagnosed medical conditions, current or previous lumbar
pain, pregnancy, tolerance of ≥ 1000 kPA algometer lumbar interspinous pressure
without provoking pain during the initial measurements. A a-priori sample size
calculation was performed using GPower 3.1. This was based on the probability of
detecting a significant difference (P = 0.05) between the pre and post pain pressure
threshold measurement with 80% statistical power and a hypothesised effect size of r
= 0.5. The result of the calculation indicated that 26 participants were required. In
order for the sample to be as representative as possible, 13 men and 13 women were
recruited.

Measurements
The algometer used for the measurements was of the SOMEDIC Electronics brand
(Solna, Sweden) (Figure 1).
In a study by Waller et al[26], intra- and inter-examiner reliability was examined
regarding algometry on healthy young people, including the testing of locations such
as the lumbar spine. The measurement method was found to have both good intraexaminer reliability (ICC = 0.94-0.99) and inter-examiner reliability (ICC = 0.900.98)[26]. Other studies also show good reliability[27,28].
Before each measurement, a quality control of the instrument was performed
through calibration, to ensure it was functioning. This study used a 1 cm² round
rubber sheet ending on the algometer applying a pressure velocity of 50 kPA / s, like
other studies such as Waller et al[26]. Measurement of pain thresholds was performed
between the spinous processes from L1 to L5 (L1-L2, L2-L3, L3-L4 and L4-L5). These
were identified through valid palpation methods using multiple bony landmarks[29,30].
The measurement was thus performed on four points with three measurements at
each point to calculate an average, resulting in 12 pressure final measures. Between
each measurement time, a 10 s pause in testing occurred consistent with test protocols
from previous studies[18,24,26,31]. The participants were tested in a prone position on a
plinth where the interspinous areas between spinal processes from L1 to L5 were
marked with a felt pen to ensure that the repeated application of the pressure was at
the correct point. During the measurement, participants communicated verbally, by
the word "stop", when the first sense of pain was detected. The pressure was then
stopped. After the baseline algometry measures, the participants changed directly to a
seated position, without rest, on a chair in a full flexed lumbar position (Figure 2).
Specific instructions guidance to the participants: Sit with 90 degrees flexion of the
knee joint and ankle joint, while maintaining the lumbar spine in full flexion with
posterior pelvic tilt[32-35]. Participants were also instructed to rest their upper body
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Figure 1

Figure 1 Algometer.

weight on the forearms in the slumped position to emphasis a passive fully flexed
lumbar positioning rather than erector spinae activity. The author ensured the test
position was consistent for all participants.
Participants were asked not to change position during the test. The participants
either sat for a maximum of 15 min or until they experienced a 7/10 rating of
discomfort (0 = no pain/discomfort – 10 = maximum pain/discomfort) in the lumbar
spine according to Borg CR10 [36] . The scale can be used for measuring different
sensory sensations and experiences including pain and discomfort with good validity
and reliability[36]. The time of 15 min for the test was determined on the basis of
Solomonow et al[7], which found that 15 min in maximum flexed lumbar posture
causes high strain on the supraspinal ligaments. Immediately after the test, a similar
measurement procedure was performed as during the first measurement to determine
whether there were differences between pressure pain thresholds before and after the
prolonged lumbar flexion experiment.

Data analysis
The collected data was manually entered into IBM SPSS version 23 program, where all
analytical calculation was performed. Non-parametric statistics have been used
because none of the measurement variable data distributions fulfilled the assumptions
of normality. Descriptive statistics are reported as median and interquartile range
(IQR). To compare the measurements between pre-test and post-test differences
within the group, a Wilcoxon signed ranks test has been performed. The test has been
conducted to see if there was any significant difference between the pain threshold
before and after prolonged fully flexed lumbar sitting posture in healthy individuals.
To detect a possible difference between the sexes, a Mann-Whitney U test was used.
Statistical significance was set at the P < 0.05 level. Rosenthal [37] , proposes an
alternative effect size measure when the general assumptions of Cohen's d formula are
violated. In this case, effect size r is proposed for pre-test to post-test change in
pressure pain thresholds, calculated by dividing the Z-standardised test statistic by
the square root of the number of observations over the 2 time points (2 × 26
observations). Effect size r = 0.10 is considered a small effect, r = 0.30 is a medium
effect and r > 0.50 is a large effect size[37].

RESULTS
All 26 participants (13 men and 13 women) completed the study. The median age for
the entire study population was 24.0 years (IQR = 3). By comparison, median age for
women was 23 (IQR = 8) years and 24 (IQR = 3) years for men. There was a significant
difference (P = 0.01) of age between the sexes. As a result of the fully flexed lumbar
spine sitting posture, all participants experienced temporary discomfort in the lower
back but the proportion with discomfort of 7/10 was 62%. Of those completing the
full 15 min exposure (38%) without reaching up to 7/10 discomfort in the lower back,
there was an even gender distribution. The median time for the seated flexion test was
12 min (IQR = 3). The median time for women was 11.5 min (IQR = 3s) and 12.5 min
(IQR = 3) for men showing no statistically significant difference (P > 0.05).
The statistical analysis displayed that for all points tested, there was a significant
difference between pre-test and post-test, with lower pressure pain thresholds posttest. The result demonstrated that exposure to prolonged static sitting in a fully flexed
lumbar posture decreases pressure pain threshold of interspinous lumbar spine
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Figure 2

Figure 2 Seated position during the test.

structures. Measurement points in the lumbar spine together had a pre-test pain
threshold value of 359 kPa and post-test value of 312 kPa. Regarding pre-test and
post-test effect size difference in pressure pain threshold, the result showed a large r =
-0.56 total change for all points in the lumbar spine. (Table 1).
The calculation of pre-test and post-test measurements for women also showed a
significant difference with moderate effect size lowering of post-test pressure pain
thresholds for all points. The pre-test pressure pain thresholds together for all points
were 331 kPa and post-test 269 kPa in the lumbar spine (Table 2). The analysis
performed for men also showed a significant difference with moderate effect size
lowering of post-test pressure pain thresholds for all points except for L4-L5 (P =
0.069). The pre-test pressure pain thresholds together for all points in the lumbar
spine showed a measure of 366 kPa and post-test 322 kPa (Table 3).
There were no statistically significant differences between men and women for
pressure pain thresholds measured at pre-test or post-test and with regards to change
from pre-test to post-test (Table 4).

DISCUSSION
The results of the study show that interspinous pressure pain thresholds after
exposure to prolonged fully flexed lumbar sitting posture (maximum of 15 min) were
significantly lowered with moderate – large effect sizes in young men and women
which supports our first hypothesis. These results add new objective knowledge
regarding gender-based reference values for interspinous pressure pain threshold for
healthy subjects and new knowledge that prolonged flexed lumbar posture increases
interspinous tissue pain sensitivity. This could be a potential mechanism among other
factors reported in previous literature suggesting that flexed lumbar posture may
increase the risk of self-reported lumbar pain[2-4]. However, according to O'Neill et al[20]
it is likely that lowered pressure pain threshold is associated with but does not
constitute an independent risk factor for the development of persistent lumbar pain.
Previous research has shown that a tissue load applied for a longer period of time
may trigger cytokines associated with nociceptor activation [13,38] . That can be
considered as a potential physiological mechanism leading to lumbar pain
experienced after prolonged fully flexed lumbar sitting posture. Previous research
suggests a relationship between longer time periods of static sitting and pain in the
lumbar spine[2,40]. Bakker et al[3], suggests that intensive use of the lumbar spine in
flexion has a strong connection to the development of lumbar pain. Therefore, in
relation to the results of our current study, it is possible that both longer periods of
static sitting as well as flexed lumbar posture are possible mechanisms of sensitization
of lumbar spine structures. To compare importance of these potential mechanisms,
future experimental trials should investigate variation of flexion in various degrees
during long periods static sitting.
In previous studies, the pressure pain threshold for paraspinal and erector spinae
muscles 2 cm lateral from spinous processes for young people without low back pain
ranges between 536-910 kPa[18,23,24,26]. Furthermore, the normal values reported for
spinous processes range between 316-450 kPa[23,26] and for interspinous areas 759
kPa[19]. Our findings however show lower interspinous pressure pain thresholds than
Giesbrecht et al[18] in young people without low back pain and are more similar with
previous reported thresholds for spinous processes[23,26]. The measurement process in
our study was performed on four points in the lumbar spine and the choice of using
the mean of 3 tests is based on previous reliability studies showing intra-rater
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Table 1 The median value and quartiles, Wilcoxon signed rank test and effect size r for the whole study population regarding
interspinous pressure pain thresholds before (pre-test) and after (post-test) exposure to prolonged flexed lumbar sitting posture
Variables

Pre-test median
(quartiles)

Post-test median
(quartiles)

Z-standardised test
statistic

P value

Effect size r

L1-L2

397 (349, 448)

315 (256, 369)

-4.382

< 0.001

-0.60

L2-L3

361 (300, 441)

310 (251, 366)

-3.798

< 0.001

-0.52

L3-L4

339 (285, 398)

305 (244, 357)

-3.480

< 0.001

-0.47

L4-L5

316 (293, 397)

294 (230, 381)

-3.277

0.001

-0.45

All variables (L1-L2, L2- 359 (298, 400)
L3, L3-L4 and L4-L5)

312 (252, 350)

-4.229

< 0.001

-0.56

reliability [27] . One may consider a potential limitation of repeated pain pressure
threshold testing being that it may cause tissue sensitization, which may in turn
decrease pain pressure thresholds. However, previous studies using up to 3
measurements at the same point to determine pain pressure threshold on lumbar
spine structures as well as similar spatial distances between adjacent points and the
time between repeated measurement (at least 10 min) have been shown to prevented
spatial and temporal summation[20,41].
The result of the average duration to provoke discomfort in the low back of 7/10
was 12 min for exposure to the fully flexed lumbar spine sitting posture. It shows that
the maximum 15 min may be considered an adequate limit of fully flexed lumbar
sitting posture for the majority of health young adults. However, a potential
limitation in our study is that 38 percent of the participants did reach 15 min in a fully
flexed lumbar sitting posture without experiencing discomfort in the low back up to
7/10. Despite this, significant decreases in lumbar pain pressure thresholds were
observed. If the maximum test time would have been set to 20 min, the average time
to low back discomfort of 7/10 would however probably increase but probably not to
a large extent.
The analysis of gender difference in pain pressure thresholds before and after
prolonged fully flexed lumbar sitting posture showed that there were no significant
differences. Hence, our secondary hypothesis that there is a significant difference
between women and men regarding thresholds in the lumbar spine cannot be
verified. These results are consistent with Farasyn and Lassat[24], who also concluded
that there were no gender differences regarding pressure pain thresholds for lumbar
spine erector spinae muscles. On the contrary, in a study by Binderup et al [23] , a
significant difference was found regarding the gender difference in pain pressure
thresholds for erector spinae muscles and spinous processes in the lumbar spine.
Their results showed that men had higher thresholds (506 kPa) than women (428 kPa),
whereas our study on a similar sample showed a smaller gender difference (men =
366 kPa, women = 331 kPa) without statistical significance. A limitation with our
study was however that sample size was not specifically powered to minimize
potential false negative results for gender subgrouping, but a trend was seen that
healthy young adult men have higher lumbar thresholds than women. To investigate
further, more studies with larger study populations are needed, which with good
power can demonstrate and clarify whether there is really a gender difference or not.
There are several clinical implications of our research findings. For example, the
Coin test is a pain provocation test for the interspinal ligaments[39]. The test has not
been investigated in studies but nevertheless, the test is used in both teaching and
clinical practice. As an algometer was applied in the lumbar interspinous areas in our
study, the pain thresholds that were recorded can serve as a reference frame for
physiotherapists who practice coin test in the lumbar spine examination of young
adults. If the pressure activates early-stage pain indicating a low threshold, it may,
along with other factors be a potential risk factor for a patient to have developed
chronic lumbar pain[20]. The study´s results also support the inclusion of subjective
assessment of postural sitting behaviors such as prolonged fully flexed lumbar sitting
posture and the possible clinical utility as a physical test while conducting a patient
interview. Future research could adapt the sustained lumbar flexion method as a
novel experimental pain protocol for pain research.
In conclusion, the result showed that a fully flexed lumbar sitting posture for up to
15 min can provoke discomfort in the lower back in young health adults and
significantly reduce lumbar interspinous pain pressure thresholds. The analysis does
not show a significant gender difference for the pain thresholds before and after the
test.
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Table 2 The median value and quartiles, Wilcoxon signed rank test and effect size r for women regarding interspinous pressure pain
thresholds before (pre-test) and after (post-test) exposure to prolonged flexed lumbar sitting posture
Variables

Pre-test median
(quartiles)

Post-test median
(quartiles)

Z-standardised test
statistic

P value

Effect size r

L1-L2

353 (314, 434)

295 (236, 346)

-3.180

0.002

-0.43

L2-L3

319 (271, 416)

286 (219, 347)

-2.830

0.005

-0.39

L3-L4

299 (281, 400)

261 (229, 338)

-2.551

0.011

-0.35

L4-L5

306 (265, 395)

233 (214, 351)

-2.691

0.007

-0.37

All variables (L1-L2, L2- 331 (288, 403)
L3, L3-L4 and L4-L5)

269 (227, 344)

-2.970

0.003

-0.40

Table 3 The median value and quartiles, Wilcoxon signed rank test and effect size r for men regarding interspinous pressure pain
thresholds before (pre-test) and after (post-test) exposure to prolonged flexed lumbar sitting posture
Variables

Pre-test median
(quartiles)

Post-test median
(quartiles)

Z-standardised test
statistic

P value

Effect size r

L1-L2

405 (356, 518)

340 (284, 441)

-3.110

0.001

-0.42

L2-L3

379 (337, 421)

322 (288, 470)

-2.621

0.009

-0.36

L3-L4

370 (320, 453)

331 (264, 453)

-2.378

0.017

-0.32

L4-L5

321 (299, 474)

302 (275, 479)

-1.819

0.069

-0.25

All variables (L1-L2, L2- 366 (288, 403)
L3, L3-L4 and L4-L5)

322 (227, 344)

-3.040

0.002

-0.41

Table 4 The median value, quartiles and Mann-Whitney U test comparing men and women for pressure pain threshold measurement pre
and post prolonged flexed lumbar sitting posture
Pre-test
Variables

Post-test

Gender
difference in
change in PPT
between pre
and post (P
value)

Women median Men median
(quartiles)
(quartiles)

P value

Women median Men median
(quartiles)
(quartiles)

P value

L1-L2

353 (314, 434)

405 (358, 518)

0.14

295 (236, 346)

340 (284, 441)

0.09

0.96

L2-L3

319 (271, 416)

379 (337, 521)

0.09

286 (219, 347)

322 (288, 470)

0.08

0.92

L3-L4

299 (281, 400)

370 (320, 453)

0.16

261 (229, 338)

331 (264, 453)

0.09

0.88

L4-L5

306 (265, 395)

321 (299, 474)

0.25

233 (214, 351)

302 (275, 479)

0.12

0.13

All variables
(L1-L2, L2-L3,
L3-L4 and L4L5)

331 (288, 403)

366 (298, 400)

0.10

269 (227, 344)

322 (285, 455)

0.10

0.55

ARTICLE HIGHLIGHTS
Research background
Exposure to prolonged sitting with a flexed lumbar posture has been suggested in previous
literature to be a potential risk factor for self-reported Low back pain (LBP).

Research motivation
No study has previously investigated whether exposure to prolonged flexed sitting posture
provokes discomfort in the low back and lowers interspinous pressure pain thresholds for
healthy young men and women without previous back pain, despite this being a suggested risk
factor for LBP.

Research objectives
To investigate whether sitting in a prolonged flexed lumbar posture provokes discomfort in the
low back and lowers the interspinous pressure pain threshold in the lumbar spine for healthy
young men and women without previous LBP.
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Research methods
An observational study of lumbar interspinous algometry was conducted before and after 15
min of exposure to prolonged flexed sitting posture in 26 healthy participants (13 men, 13
women) between ages 20-35 years who have had no previous low back pain episodes.

Research results
Prolonged flexed sitting posture for up to 15 min provokes temporary discomfort in the lower
back. There was a moderate-large decrease in lumbar interspinous pressure pain threshold after
exposure for both men and women.

Research conclusions
Fully flexed lumbar sitting posture for up to 15 min provokes temporary discomfort in the lower
back in most young health adults and significantly reduced lumbar interspinous pain pressure
thresholds

Research perspectives
The study supports prolonged flexed lumbar posture as a potential mechanism provoking
discomfort in the low back and lowering pain thresholds which may influence risk of future LBP
episodes.
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Abstract
BACKGROUND
The uncemented ArcosTM Modular Femoral Revision System (ARCOS) is a new
comprehensive, press-fit revision design. The modular design offers a wide range
of possible combinations to accommodate different variations of anatomy and
bone stock. The ARCOS is made by a proximal body and a distal stem. As
probably the only ones worldwide we predominantly use a combination of body
and stem which supports proximal fixation and load, since this mimics the
concept of the primary total hip arthroplasty with proximal weight-bearing,
leading to bone stock preservation and no stress shielding or thigh pain.
AIM
To evaluate the early results after femoral revision in a consecutive series of
patients undergoing surgery over 3 years.
METHODS
We included 116 patients in the study. They were operated in the period August
2011 to December 2014 and we got a clinical mean observation time of 4 (0.5-6)
years. Clinical and radiographical follow-up included present function of the hip
assessed by Harris Hip Score, Oxford Hip Score, and EQ5D (measure of health
outcome). Of the 116 patients, 17 died in the interim and were consequently
included only in the implant survivorship analysis; 46 patients attended the
follow-up control.
RESULTS
In total 6 (5%) hips were re-revised due to infection (n = 3), fracture (n = 2) or
subsidence (n = 1). No patient was re-revised due to aseptic loosening. The 1-, 2and 5-year probability of implant survival (95%CI) were 97% (93%-100%), 97%
(93%-100%) and 96% (92%-99%), respectively. In this cohort 95 patients received a
combination of a proximal broach and a distal curved and slotted stem (BS),
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aiming for proximal fixation and load bearing; 21 patients received a different
combination. When comparing these two groups the BS-group had a 5-year
implant survival probability (95%CI) of 97% (93%-100%) compared with the
group of other combinations with a 5-year implant survival probability (95%CI)
of 90% (78%-100%) (P = 0.3). Our regression analysis showed that periprosthetic
fracture as an indication for the ARCOS operation was the only significant
negative outcome predictor. The mean Harris Hip Score result (100 points being
best) was 83 (range 5-98). The mean Oxford Hip Score result (48 points being
best) was 40 (range 19-48).
CONCLUSION
The early results of the ARCOS are promising compared with similar studies. We
encourage the use of the BS combination whenever the bone stock proximally is
adequate.
Key words: Hip prosthesis; Arthroplasty; Implantation; Replacement arthroplasty; Total
hip replacements; Modular femoral stem
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The ArcosTM Modular Femoral Revision System is a new comprehensive, pressfit revision design. We have evaluated the early results after femoral revision in a
consecutive series of 116 patients in a period of three years. This is a fairly large cohort
when dealing with arthroplasty reoperations and the special feature of our cohort is that
we use a combination of implant-modules which strives for proximal load bearing and
fixation, mimicking the concept of the primary hip replacements.
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INTRODUCTION
In 2011 we began using the new Arcos Modular Femoral Revision System (ARCOS)
for hip revision surgery (Zimmer Biomet Inc., Warsaw, Indiana, USA). This was part
of a development over some years, going from using monoblock prostheses to using
modular prostheses. The uncemented modular prosthesis is now worldwide the most
common choice in hip revision surgery[1,2].
The idea behind the modular implants compared to the one-piece implants, is to
provide flexibility to adjust leg length and apply the optimal rotation to address
stability during surgery. In addition, both metaphyseal and diaphyseal defects may be
addressed independently[3,4]. It is essential to evaluate the efficacy of new technology
or new designs[5] . With this study we aimed to evaluate the early results after surgery
with ARCOS, focusing on early reoperation rate and clinical results.

MATERIALS AND METHODS
In this retrospective observational study with clinical and radiographical follow-up,
we included 116 consecutive patients who were operated on any indication with the
ARCOS at Herlev-Gentofte Hospital, Denmark, department of Orthopaedic Surgery
by two chief surgeons per operation. The first patient was operated on August 30,
2011 and the last on December 17, 2014. All study participants or their legal guardian
provided informed written consent about personal and medical data collection prior
to study enrolment. The Danish Patient Safety Authority granted access to patient
files for those patients whom we were unable to contact (case number 3-30131695/1/).
The acetabular cup was replaced only if it was loose, or in cases of polywear. The
revision implant was an uncemented cup with a surface of trabecular metal with a
poly liner. Accordingly, all patients had a metal-on-poly bearing. The ARCOS is a
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wide-ranging, press-fit revision stem design providing the surgeon with multiple
styles of modular proximal and distal bodies for reconstruction of various defects
commonly seen in femoral revision surgery. That being the case, the ARCOS is
formed by a proximal body and a distal stem (Figure 1). The proximal bodies are
broach, calcar-replacing or cone-style implants. All proximal bodies are made from Ti6Al-4V (ASTM F-136 or F-620). The proximal implants are offered in a range of sizes
with standard and high offset neck geometries.
The distal stems consist of slotted, bullet-tip and splined tapered stem (STS) versions
made to address differing quality of diaphyseal bone, desired fixation and surgical
technique. The distal stems are also made from Ti-6Al-4V (ASTM F-136) in a range of
diameters and lengths. All proximal bodies and distal stems are available without
Bonemaster hydroxyapatite coating for use in the United States and with Bonemaster
hydroxyapatite coating for use in Europe. The ARCOS with Bonemaster coating was
used in this study.
In theory, more than 200 combinations of proximal body and distal stem exist. In
reality two combinations or concepts apply for the majority of revision cases. These
are: (1) A broach proximal body + a distal slotted and curved stem (BS) and (2) A cone
proximal body + a distal STS (CS).
The BS combination strives for instant load and fixation proximally. A good fit can
be achieved and in time ingrowth distally around the cylindrical and anatomically
curved stem will occur. The modules are assembled on the operating table.
On the other hand, the CS combination aims for immediate distal fixation around
the conical stem with the possibility of adjustment after stem placement since the cone
body comes in three different lengths and is fitted in situ after placement of the distal
stem. No proximal fixation or weight bearing is accomplished.
The choice of implant combination was solely decided by the surgeon. Both
combinations include the possibility of restoring off-set and leg length. However, in
the opinion of the authors the BS combination has the resemblance of a primary
implant, thus favouring its use.
Preoperatively templating on calibrated X-rays was made on the entire cohort,
optimizing the end result of the operation, regarding the biomechanical parameters
such as leg length and offset (Figure 2). This is especially important when aiming for
preservation of bone stock with the BS combination, since it is assembled prior to
insertion.
Six experienced hip-surgeons in the department performed 123 consecutive total
hip arthroplasty revisions with the ARCOS in the period August 2011 to December
2014; 6 patients were operated twice on the same side (they appear in the study just
once with their first ARCOS-operation). Hence, 116 individuals were suitable for
enrolment. These patients were invited to participate in the study according to the
inclusion criteria (Figure 3). The mean observation time was 4 (0.5-6) years. The only
reason for follow up shorter than 2 years was death.
The follow-up took place at Herlev-Gentofte Hospital and included evaluation by
Harris Hip Score (HHS) (objective), Oxford Hip Score (OHS) and EQ-5D (the two
latter are Patient Reported Outcome Measures)[6,7]. The HHS has a maximum score of
100 points (as the best possible outcome) covering pain (1 item, 0–44 points), function
(7 items, 0–47 points), absence of deformity (1 item, 4 points), and range of motion (2
items, 5 points). The OHS is an outcome measure to assess pain, functional ability and
daily activities. It produces overall scores running from 0 to 48, with 48 being the best
outcome possible [6,8] . The EQ-5D consists of 2 parts, the first called Dimensions,
covering Mobility, Self-care, Usual activities, Pain/discomfort, and
Anxiety/depression. The second part is the EQ-5D VAS-score, an overall selfassessment of wellbeing scoring from 0 to 100 (100 being the best possible). Only the
VAS-score is reported in this article. All the radiographic X-rays were jointly
evaluated by the same orthopedic surgeon and radiologist. Compared to the postsurgery X-rays in two planes, the most recent anterior-posterior X-ray was classified
as: Stationary conditions, subsidence, fracture, re-revision or clearing in the Gruen Zones.

Data sources
The following factors were recorded from the electronic journal system: Age, gender,
alive/dead, American Society of Anaesthesiologists’ score (ASA), year of primary
total hip arthroplasty, revision number, cause for revision, cemented/uncemented
status to be revised, stem to be revised, date of ARCOS surgery, operation-code,
proximal body (ARCOS), distal stem (ARCOS), complications during surgery,
complications during admission, reoperation of ARCOS (only femur stem, not the
cup), date of ARCOS-reoperation.
From the Danish Hip Arthroplasty Registry: Information on bone stock
classification [ 9 - 1 1 ] during surgery, revision number, cause for revision,
cemented/uncemented status to be revised, stem to be revised, date of ARCOS
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Figure 1

Figure 1 The ArcosTM modular femoral revision system.

surgery and operation-code were obtained. The Impax Client (Agfa) was used for:
Date of X-ray post-surgery, date of the most recent X-ray, analysis of both the postsurgery and the most recent X-ray.
All patients who underwent surgery in the given period were asked to participate
in the follow-up study; 40 patients declined participation in clinical and
radiographical follow-up due to e.g., old age, poor function or simply “no time” or
“not interested” (see flow chart Figure 3). Of course this meant some level of selection
bias, but only with regards to clinical follow-up, not the survival analysis.

Statistical analysis
Non-parametric statistics were used for risk factors between the re-revision-group
and the no-re-revision-group. Competing risk and Kaplan Meier survival analysis
were used for the ARCOS stem combination(s). For preoperative factors a
multivariate cox method was used to estimate stem failure (cause for revision + ASA
+ gender + age + revision number + bone stock classification + ARCOS combination).
A statistical review of the study was performed by a professor with extensive
experience in statistics.

RESULTS
The baseline demographics and the clinical findings are shown in Table 1. Patients
were equally distributed between genders, and a normal distribution was seen in age,
ASA and bone stock classification. All patients in this study were in ASA group 1-3.
The cause for revision was aseptic loosening for the majority of cases. Of the 14
patients with infection, 4 received a two-stage operation.
The stems being removed were largely BiMetric, Spotorno and Lubinus, an
expression of which stems had been used most in the previous years. Perioperatively
the bone stock was classified according to Saleh et al[9,10] and we found 48% with type
II, 34% with type I, 14% with type III and 2% with type IV and V respectively. Our
regression analysis (Table 2) showed that periprosthetic fracture as an indication for
the ARCOS operation was the only significant negative outcome predictor.
The overall 1-, 2- and 5-year probability of implant survival estimated using Kaplan
Meier and competing risk analysis (with 95%CI) were 97% (93%-100%), 97% (93%100%) and 96% (92%-99%), respectively (Figure 4). The BS combination was used in 95
patients. When we compared the re-revision risk for this group to the 21 patients with
other combinations, we got a 1-, 2- and 5-year probability as seen in Figure 3. The
“other combinations” were CS = 9, Calcar + Slotted = 11 and Cone + ETO = 1.
The index operation for BS was in 61 cases due to aseptic loosening, in 16 cases due
to periprosthetic fracture, in 14 due to infection, in 1 due to subsidence and in 2
because of a broken stem. For the CS combination 8 patients had aseptic loosening, 1
had a periprosthetic fracture and finally, there was a single case of a broken stem as
cause for index operation (and one missing value). The Calcar+Slotted combination
was used in 10 cases operated due to aseptic loosening and in 1 case because of a
broken stem. The Cone + ETO combination was used just once on the indication of
aseptic loosening.
At the clinical evaluation at follow up (n = 46) we found that the mean EQ-5D VAS
result (100 being best) was 72 (range 20-100). The mean HHS result (100 being best)
was 83 (range 5-98). The mean OHS result (48 being best) was 40 (range 19-48). At the
radiographical evaluation we found 84 hips with stationary conditions, 6 were re-
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Figure 2

Figure 2 The templated X-ray three days before surgery (left); two days after surgery the X-ray is seen with
the new prosthesis (middle); finally, the X-ray after two years (right).

revised, 2 had a cup-revision, 16 had some subclinical subsidence or clearing, 2 had a
healed fracture and 6 patients had no X-rays for comparison (5 because of residence in
Greenland, 1 due to unknown causes).

DISCUSSION
Our study describes short-term results and the primary outcome parameter being
evaluated is the failure rate. We find a survival of 96% in total after 5 years very
satisfying. In other early to midterm studies of cementless modular femoral revision
systems, survival of the prosthesis is reported to be 76%-97% (observation time 4-7
years) [12-16] , leaving the ARCOS in the upper end of this interval. The important
preliminary message is clear; the stem is functioning well and has the character of a
so-called "safe procedure". The strengths of this study are that it is the first
consecutive record of this widely used prosthesis and provides early results of a new
product, which is very important to obtain for research and development purposes.
With the present study we have included a large cohort of the BS combination and we
find the concept is performing well. This is interesting since the tendency worldwide
is to use the concept of distal fixation (i.e., the CS combination). The BS concept relies
on both proximal and distal fixation, using a curved design for better fit, avoiding
stress shielding and thigh pain[17,18]. According to Wolff’s law, bone responds to any
changes in mechanical conditions by remodelling and thus changing density and
structure[19-21], through what is known as adaptive remodelling. If no mechanical load
is present, bone will become weaker and the risk of fracture will increase. With the
use of the broach body design, we attempt to create a situation with a proximal load
like the concept of the primary implants. Furthermore, we find that the versatility of
the ARCOS implants also makes it possible to address a situation with extreme
proximal bone loss by using the CS combination to obtain rigid distal fixation.
The limitations of the present investigation are the retrospective design, the short
follow-up and that no randomization has been done. On the other hand, the fact that
the surgeons – two at a time – had the sole right to decide what they found to be the
best solution for the individual patient, may not have been disadvantageous.
Unfortunately, we did not have preoperative HHS, OHS and EQ-5D scores and 40
patients declined participation in the clinical and X-ray follow-up. However, only six
patients had no X-rays to compare with at all. Looking at the clinical follow-up we
find these results generally satisfying although the many who did not attend must be
considered. There were three patients we considered as outliers with very low scores
in all three categories. They all had their revision with ARCOS done due to infection
and had complications with chronic pain or poor function in the subsequent time.
Two of these patients were more than 85 years of age and suffered from competing
disorders.
When it comes to the risk factors and evaluation of factors influencing stem failure
it is extremely difficult to compare different revision concepts. Many factors affect the
outcome, resulting in very small patient groups. Periprosthetic fracture is associated
with complications and was the only significant negative prognostic factor in our
study. We did not find infection to be a significant risk factor, even though the three
worst clinical outcome scores came from patients with an infection. This has also been
reported in earlier studies[22,23]. Another important variable is bone loss[24]. In the
present study we could not prove a correlation between bone loss and risk of re-
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Figure 3

Figure 3 Flow diagram.

revision. The degree and location of the bone loss is important for the choice of
revision concept. We have attempted to use the BS concept in patients with bone loss
below the metaphysis, and our analysis showed that this has been a satisfying
strategy. Although not statistically significant, there was a tendency towards better
survival rates when using the BS concept.
Most orthopedic surgeons advocate using the STS concept, often in combination
with extended trochanteric osteotomy (ETO). ETO was seldom used in this study;
removal of cement was performed from “the top” to avoid damaging the integrity of
the femoral canal. We therefore recommend a differentiated use of the various
concepts depending on the individual bone quality and bone stock.
The generalisability of this study is considered low-to-medium since it is an
observational study with e.g., no randomization or blinding, including only a selected
population with a specific need for surgery for various reasons. Nonetheless this will
most often be the premise for studies concerning revision implants.
In conclusion: The early results show satisfying durability for the ArcosTM Modular
Femoral Revision System in its entirety. We encourage surgeons to consider using the
BS combination for proximal load and fixation for better preservation of bone stock,
less stress shielding and less thigh pain in order to obtain a situation as close to a
cementless primary total hip as possible.
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Table 1 Baseline data
Count (valid percent)

Mean (range)

Sex
Male

57 (49)

Female

59 (51)

Age at operation (yr)

73 (39-95)

ASA
1

21 (20)

2

54 (51)

3

31 (30)

4 and 5

0

Missing data

10

Cause for revision
Aseptic loosening

80 (69)

Periprosthetic fracture

17 (15)

Infection

14 (12)

Other

5 (4)

Missing data

2

Revised stem
BiMetric

38 (32)

Spotorno

20 (17)

Lubinus

22 (19)

Spectron

7 (6)

Corail

6 (5)

Taperloc

2 (2)

Scanhip

2 (2)

Müller

4 (3)

Girdlestone

4 (3)

Osteostynthesis

3 (3)

Other

7 (6)

Missing data

1

Cemented

72 (62)

Not cemented

44 (38)

ASA: American Society of Anaesthesiologists physical status classification; (1) Patient is a completely healthy fit patient. (2) Patient has mild systemic
disease. (3) Patient has severe systemic disease that is not incapacitating. (4) Patient has incapacitating disease that is a constant threat to life. And (5) A
moribund patient who is not expected to live 24 hours with or without surgery.

Table 2 The risk factors for re-revision

Cause for revision

ASA

Gender

Age group

Revision

Bone stock quality

WJO

Hazard Ratio

95%CI

P value

Aseptic loosening (n = 80)

1.00

(1.00, 1.00)

1.000

Infection (n = 14)

3.02

(0.01, 1108.00)

0.713

Fracture (n = 17)

14.22

(1.07, 189.61)

0.045

1-2 (n = 75)

1.00

(1.00, 1.00)

1.000

3 (n = 31)

1.33

(0.08, 23.26)

0.846

Male (n = 55)

1.00

(1.00, 1.00)

1.000

Female (n = 61)

2.64

(0.26, 26.48)

0.410

< 73 (n = 64)

1.00

(1.00, 1.00)

1.000

≥ 73 (n = 52)

0.44

(0.04, 4.50)

0.485

No revisions (n = 2)

1.00

(1.00,1.00)

1.000

First revision (n = 86)

11.00

(0.04, 2902.06)

0.399

1 + 2 (n = 95)

1.00

(1.00, 1.00)

1.000

3-5 (n = 20)

2.23

(0.25, 19.51)

0.470
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Arcos stem

Other combinations (n = 21)

1.00

(1.00, 1.00)

1.000

Broach + Slotted (n = 95)

0.11

(0.01, 1.42)

0.091

ASA: American Society of Anaesthesiologists physical status classification.

Figure 4

Figure 4 The X-axes represents years from operation. A: Competing risk analysis, all; B: Competing risk analysis (red: Broach + slotted; black: Other
combinations); C: Kaplan Meier, all; D: Kaplan Meier (red: Broach + slotted; black: Other combinations).

ARTICLE HIGHLIGHTS
Research background
The uncemented ArcosTM Modular Femoral Revision System (ARCOS) is a new comprehensive,
press-fit revision design. The modular design offers a wide range of possible combinations to
accommodate different variations of anatomy and bone stock. The ARCOS is made by a
proximal body and a distal stem. As probably the only ones worldwide we predominantly use a
combination of body and stem which supports proximal fixation and load, since this mimics the
concept of the primary total hip arthroplasty with proximal weight-bearing, leading to bone
stock preservation and no stress shielding or thigh pain.

Research motivation
With this study we wanted to evaluate the early results after femoral revision with the new
ARCOS in a consecutive series of patients who underwent surgery over a period of 3 years. We
also found it very interesting to find out whether a specific ARCOS combination is performing
superiorly compared to the most widely used to date.

Research objectives
In the 1990’s Denmark, we had a scare scenario with bone cement not tested on humans before
clinical implementation. It became an arthroplasty-scandal and led to financial compensation to
thousands of patients. We became fearfully aware how essential it is to evaluate the efficacy of
new technology or new design. With this study we aimed to evaluate the early results after
surgery with ARCOS, focusing on reoperation rate and clinical results.

Research methods
In this retrospective observational study with clinical and radiographical follow-up, we included
116 patients. They were operated in the period August 2011 to December 2014 and we got a
clinical mean observation time of 4 (0.5-6) years. The only reason for follow up shorter than 2
years was death.
Clinical and radiographical follow-up included present function of the hip assessed by Harris
Hip Score, Oxford Hip Score, and EQ5D (measure of health outcome). Compared to the postsurgery X-rays in two planes, the most recent anterior-posterior X-ray was classified as:
Stationary conditions, subsidence, fracture, re-revision or clearing in the Gruen Zones.
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Of the 116 patients, 17 died in the interim and were consequently included only in the implant
survivorship analysis; 46 patients attended the follow-up control. Statistics: Non-parametric
statistics was used for risk factors between the re-revision-group and the no-re-revision-group.
Competing risk and Kaplan Meier survival analysis were used for the ARCOS stem
combination(s). For preoperative factors multivariate cox method was used to estimate stem
failure.

Research results
In total 6 (5%) hips were re-revised due to infection (n = 3), fracture (n = 2) or subsidence (n = 1).
No patient was re-revised due to aseptic loosening. The 1-, 2- and 5-year probability of implant
survival (95%CI) was 97% (93%-100%), 97% (93%-100%) and 96% (92%-99%) respectively. I this
cohort 95 patients received a combination of a proximal broach and a distal curved and slotted
stem (BS), aiming for proximal fixation and load bearing; 21 patients received a different
combination. When comparing these two groups the BS-group had a 5-year implant survival
probability (95%CI) of 97% (93%-100%) compared with the group of other combinations with a
5-year implant survival probability (95%CI) of 90% (78%-100%) (P = 0.3).
Our regression analysis showed that periprosthetic fracture as an indication for the ARCOS
operation was the only significant negative outcome predictor. The mean Harris Hip Score result
(100 being best) was 83 (range 5-98). The mean Oxford Hip Score result (48 being best) was 40
(range 19-48).
Perioperatively the bone stock was classified according to Saleh et al and we found 48% with
type II, 34% with type I, 14% with type III and 2% with type IV and V respectively. At the
radiographical evaluation we found 84 hips with stationary conditions, 6 were re-revised, 2 had
a cup-revision, 16 had some subclinical subsidence or clearing, 2 had a healed fracture and 6
patients had no X-rays for comparison.
Our study describes short-term results and the primary outcome parameter being evaluated is
the failure rate. Our findings support the hypothesis that an ARCOS combination with proximal
load-bearing and fixation reduces the reoperation rate. Of course it is interesting to further
investigate how the long-term outcome with these prostheses is, especially since the tendency
worldwide is to use the concept of distal fixation.

Research conclusions
We find survival of the ARCOS prosthesis of 96% in total after 5 years very satisfying. We
encourage surgeons to consider using the combination for proximal load and fixation for better
preservation of bone stock, less stress shielding and less thigh pain in order to obtain a situation
as close to a primary total hip as possible. It is essential to evaluate the efficacy of new
technology or new designs. The ARCOS stem is functioning well and has the character of a socalled “safe procedure”. Proximal fixation and load-bearing is desirable in both primary total hip
arthroplasty and in revision total hip arthroplasty to reduce the incidence of stress shielding and
thigh pain, and preserve bone stock.
The ARCOS is an uncemented stem design for revision hip arthroplasty. It is combined by a
proximal body and a distal stem and in theory more than 200 combinations of proximal body
and distal stem exist. In reality two combinations or concepts apply for the majority of revision
cases. These are: (1) A broach proximal body + a distal slotted and curved stem (proximal load
and fixation) and (2) A cone proximal body + a distal STS (distal load and fixation). The ARCOS
is performing above acceptable. We recommend a differentiated use of the various concepts
depending on the individual bone quality and bone stock.

Research perspectives
We ask surgeons to consider using the ARCOS combination for proximal load and fixation that
mimics the primary total hip arthroplasty whenever bone stock is adequate. We are currently
investigating how other ARCOS-populations in other hospitals are doing and what
combinations of proximal body and distal stem they have received. A randomized controlled
trial would be lovely, and it might be possible with a multicenter study setup.
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METHODS
The released smoke from electrocautery of five different tissue types (meniscus,
ligament, adipose, muscle, and synovium) of five patients who underwent total
knee arthroplasty were collected and analyzed for volatile organic compounds
(VOCs) and 27 candidate polycyclic aromatic hydrocarbons (n = 25). Surgical
smoke was produced with an electrocautery device for 4 min.
RESULTS
None of the 27 evaluated polycyclic aromatic hydrocarbons compounds were
detectable in electrocautery smoke collected from the surgical cutting of the
different tissues. The number and identity of detected VOCs were similar
between the patients but not between tissue types. The number of detected VOCs
was the highest in synovial tissue (n = 21) and the lowest in the meniscus and
adipose tissue (n = 12). The number of toxic and/or carcinogenic VOCs were the
most in the muscle and meniscus tissues (Toluene, Ethylbenzene, and Styrene).
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No toxic and/or carcinogenic VOCs were identified in the ligament and adipose
tissue.
CONCLUSION
Meniscus and muscle tissue are associated with the highest number of toxic
and/or carcinogenic VOCs. Therefore, we recommend that surgeons avoiding the
electrocautery of these tissues.
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carcinogenicity. Therefore, we recommend that surgeons to use other electrosurgical
techniques for cutting these tissues.
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INTRODUCTION
Electrosurgery is a necessary technique that is being used in almost every surgical
procedure to cut tissues and to control bleeding at the same time. Several
electrosurgery techniques, including electrocautery, laser ablation, and ultrasonic
scalpel dissection, are widely being used for tissue cutting and to decrease bleeding
during surgery through coagulating small blood vessels[1].
The breakdown of cellular membranes and other tissue structures during the
electrosurgical cutting produces many biological by-products that are released in the
form of smoke in the operating room environment. The presence of chemical
pollutants (volatile organic compounds or VOCs) and biological hazards in surgical
smoke have been reported in several investigations[2-5]. Surgical smoke has also been
revealed to contain several carcinogenic components, mainly polycyclic aromatic
hydrocarbons (PAH)[6,7]. Therefore, full identification of the toxicological effects of
surgical smoke is important to prevent an occupational hazard to operating room staff
by providing proper protection procedures and devices in surgical rooms.
Recent investigation of Fitzgerald et al[8] suggests that different electrosurgical tools
may produce smokes containing different concentrations of carcinogenic compounds
and irritant hydrocarbons. Furthermore, dissections from different tissues have been
reported to produce different quantities and types of smoke[9]. Based on this evidence,
the optimal pair matching of the electrosurgical tool and the tissue type could be a
valuable approach to minimize the potential harm of the released smoke.
In this study, we aimed to compare the VOCs as well as PAH in electrocautery
smoke released from five different human tissue types mainly cut in orthopedic
surgeries. We hypothesized if the number of these hazardous components is more in a
specific tissue, other electrosurgical tools could be suggested for surgical cutting of
that tissue type. Further exposure preventing strategies could be suggested for that
particular tissue as well.

MATERIALS AND METHODS
This cross-sectional study was approved by the review board of Iran University of
Medical Sciences under the code of IR.IUMS.REC.1393.25468. The smoke released
during the electrocautery of five different tissue types (meniscus, ligament, adipose,
muscle, and synovium) of five patients who underwent total knee arthroplasty were

WJO

https://www.wjgnet.com

178

March 18, 2020

Volume 11

Issue 3

Yeganeh A et al. Analysis of electrocautery smoke in orthopedics

collected and analyzed. In total, 25 samples were evaluated, consisting of five samples
for each tissue.

Surgical smoke collection and VOCs evaluation
Five tissue samples, including meniscus, ligament, adipose, muscle, and synovium
with a size of 2 cm × 2 cm, were taken from five patients during total knee
arthroplasty surgery. Surgical smoke was produced with an electrocautery device
(MEG2, Kavandish System, Tehran, Iran); the power of cut: (70) for 4 min. Smokes
were collected using evacuated canisters. A grab sampling approach was used to fill
the canisters to collect the smoke within 5 cm from the electrocautery interaction site.
The collected smokes were analyzed in two modes: The gas model and the soluble
model. For the evaluation of VOCs in the gas model, after using a pre-concentrator,
the concentrated samples were analyzed using a gas chromatography-mass
spectrometry (GC/MS) system (GC-MS Agilent Technologies 6890/5973, NY, United
States) in accordance with the methodology presented in an earlier investigation[10].
The GC oven was programmed into four steps including a primary temperature of
130 °C and hold time of 3 min, continued by a temperature jump of 50 °C/min to 180
°C, followed by another temperature jump of 2 °C/min to 270 °C. Final temperature
jump was 20 °C/min to 300°C with as hold time of 5 min. For the evaluation of VOCs
in the liquid model, the concentrated gas was dissolved in 1 ml of methanol and then
introduced to the GC/MS device(GC-MS Agilent Technologies 6890/5973, NY,
United States)[11].

PAH assessment
The PAH was assessed using the same GC-MS device and according to the previously
described protocol. Briefly, the procedure included sonication extraction, solvent
exchange, cleanup, nitrogen blowdown, and the final GC/MS analysis[12]. The PAHs
analyzed in this study included Naphthalene, 2-Methylnaphthalene, Acenaphthylene,
Acenaphthene, Fluorene, Phenanthrene, Anthracene, Fluoranthene, Pyrene, Benzo(c)
fluorene, Cyclopenta(c,d)pyrene, Benz(a)anthracene, Chrysene, 5-Methylchrysene,
Benzo{b}fluoranthene, Benzo{k}fluoranthene, Benzo{j}fluoranthene, Benzo{e}pyrene,
Benzo{a}pyrene, Perylene, Indeno{1,2,3,-c,d}pyrene, Dibenz{a,h}anthracene,
Benzo{g,h,i}perylene, Dibenzo{a,l}pyrene,, Dibenzo{a,e}pyrene, Dibenzo{a,i}pyrene,
Dibenzo{a,h}pyrene.

Statistical anylsis
Statistical significance is expressed as aP < 0.05, bP < 0.01 (P > 0.05 usually does not
need to be denoted). If there are other series of P values, cP < 0.05 and dP < 0.01 are
used, and a third series of P values is expressed as eP < 0.05 and fP < 0.01.

RESULTS
Direct smoke analysis
The results of VOCs released from electrocautery smoke of different tissue types have
been demonstrated in Table 1. In this respect, a complete agreement was seen
between VOCs of the same tissues obtained from different cadavers. However, the
VOCs of various tissues were considerably different. In this respect, the number of
detected VOCs was the highest in the synovium (n = 21) and the lowest in the
meniscus and adipose tissue (n = 12 for both tissues).

Analysis of liquid model
When the collected gas was dissolved in the methanol, the VOCs number reduced to
four compounds, including hexadecanoic acid, methyl ester, 9,12-Octadecadienoic
acid (Z, Z), methyl ester, 9-octadecenoic acid, methyl ester, (E), and heptadecanoic
acid, 9-methyl, methyl ester. These VOCs were only detectable in adipose tissue and
not in other tissue smokes, including meniscus, synovium, ligament, and muscle. The
detected VOCs were similar between different cadavers.

PAH analysis
None of the 27 evaluated PAH compounds were detectable in any electrocautery
smoke collected from the surgical cutting of the different tissues, including meniscus,
synovium, ligament, muscle, and adipose tissue.
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Table 1 Volatile organic compounds detected in electrocautery smoke released from different tissue types (gas model)
Synovium

Muscle tissue

Ligament tissue

Adipose tissue

Meniscus tissue

Toluene

2-Nonynoic acid

(replib)1,23,4-butanetetrol

Nonanal

Pyrrole

1,3,5,-cycloheptatriene

Toluene

(mainlib) Propanal, 2,3dihydroxy

Propane

Toluene

1-Octene

1,3,5-Cycloheptatriene

(replib)2(R),3(S)-1,2,3,4butanetetrol)

Acetaldehyde

1H-Pyrrole , 2-methyl

1,6-heptadiene

Ethylbenzene

2S,3S)-(-)-3Propyloxiranemethanol

1-hexanol,5-methyl

Ethylbenzene

L-Homoserine

DL-3-Aminoisobutyric acid

Glicerin

Histamine

Phenylethyne

2-Decene,(z)

Styrene

N-(tert-Butoxycarbonyl)
glycine

Maleic acid

Styrene

2,5,7 –Cyclooctatetraene

1,3,5,7-cyclooctatetraene

7-methylgunosine

5-Methyl-1-heptanol

Bicyclo[4.2.0] octa-1,3,5 –
triene

1, Bicyclo[4.2.0]octa- 1,3,5triene

1-Hexanol, 4-methyl

Vinyl Ether

2-Octenal

Tetrahydro 1H-pyrrolo[1,2c]imidazole-1,3(2H)-dione,

Cyclohexene

Butanal

Caprolactam

l-prolinamide

l-proline

Phenylacetic acid

Acetamide

2,3,dihydrofuran

Methylphosphonic acid

l-prolinamide

1-Hexene,3,5-dimethyl

2,5-Pyrrolidinedione

2-Butenal

Pyrrolo[1,2-a]pyrazine-1,4dione, hexahydro

Pyrolo(1,2-a) pyrazine-1,4dione,hexahydro

Propane

Maleic acid

Pyrrolo[1,2-a]pyrazine-1,4dione, hexahydro

Nonanal

2-Pyrrolidinemethanamine,
N-methyl

l-prolinamide

2,5-Pyrrolidinedione

Isoxazole

5-dodecene

5-Methyl-2-pyrrolidinone

1H-Pyrroolo[1,2,-c]
imidazone-1,3(2H)-dione,
tetrahydro

Pyrrolo[1,2-a]pyrazine-1,4dione, hexahydro

L-proline, 1-acetyl-, methyl
ester

(mainlib) Sydnone, 3-methyl

L-Glutamic acid
2-acetyl-cycloctanone
Pyrrolo[1,2-a]pyrazine- 1,4dione, hexahydro
1,2,3-Trimethyl-5-(2-thia-nhexyl)piperid-4-one

DISCUSSION
Operating room staff are exposed to surgical smoke as the by-product of surgical
cutting using the different electrosurgical tools. This surgical smoke is a mixture of
biological and chemical pollutants that could be infectious, toxigenic, and
carcinogenic[13]. Therefore, the development of protection strategies to facilitate less
exposure of operating room personnel to surgical smoke is of critical value. One
effective strategy could be the identification of the tissues and devices with the most
hazardous smokes.
In this study, we aimed to identify the VOAs and PAH released from electrocautery
cutting of five different tissues taken from five different cadavers. The tissue selection
was based on the most frequently cut in orthopedic workouts. Based on the results of
the present study, several hazardous VOCs were detected in the electrocautery smoke
of different tissues. The highest number of VOCs were detected in the synovium (n =
21), and the lowest number of VOCs were detected in adipose and meniscus tissues (n
= 12). While the number of detected VOCs was different between the tissues, a
complete agreement was seen between the numbers of VOCs in the same tissues of
different cadavers. In the solubilized model, only four VOCs were detectable in
adipose tissue, while no VOCs were detected in the solubilized model of the other
tissues. None of the 27 PAH compounds were detected in any of the evaluated tissue
smokes.
Karjalainen et al[9] estimated the composition of particulate matter from surgical
smoke of different tissue types obtained from Finnish landrace porcine, including
lung, skeletal muscle, renal pelvis, liver, subcutaneous fat, renal cortex, bronchus,
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cerebral gray and white matter, and skin. They found a significant difference in the
identity and concentration of the surgical smoke particles depending on the
electrocauterized tissue. In this respect, the liver tissue produced the highest number
of particles. They suggested that the tissues can be divided into three distinct
categories including (1) high-PM tissue such as liver; (2) medium-PM tissues such as
skeletal muscle; and (3) low-PM tissues such as skin. Similar to the study of
Karjalainen et al[9], the results of the present study revealed the different surgical
smoke particles in different tissue types.
Sisler et al[14] aimed to determine the airborne particle number concentration and
distribution in electrocautery smoke of human breast tissue. All targeted VOCs (n =
17) were detected in most of the sampling sessions. Furthermore, electrocautery
smoke generated from human breast tissue induced cytotoxicity in cell culture. Fewer
VOCs were detected by headspace analysis (solubilized gas model) compared to
direct gas analysis due to different solubility and volatility of the VOCs. Similar to the
study of Sisler et al[14], fewer VOCs were detected in the dissolved gas model of the
present study.
The VOCs content of electrocautery smoke released from different human tissues
has also been evaluated in many other investigations, and their hazardous
characteristics have been revealed[6,15]. To the best of our knowledge, analysis of
electrocautery smoke released from synovium has not been performed in earlier
surveys. Since the highest number of VOCs was detected in the synovial tissue in
present comparative study, more preventive strategies should be implemented in
surgeries that involve synovium cutting, such as total arthroplasty, to protect the
safety of operating room personnel.
Tseng et al [12] aimed to investigate the potential hazards and cancer risk of
electrocautery smoke in ten mastectomies. The particle concentration and
gaseous/particle PAHs were measured using a particle counter and filter/adsorbent
samplers. High PAH concentrations were detected in electrocautery smoke during
regular surgical mastectomies. Most particles were in the size range potentially
penetrable through the medical masks. The average concentration of particle/gaseous
at the surgeon's breathing height was 20 to 30 times higher than those in regular
outdoor environments. The estimated cancer risk was 117 × 10-6 for the surgeons and
270 × 10-6 for the anesthetic technologists. They strongly suggested using an effective
smoke evacuator or smoke removal apparatus to diminish the hazards of
electrocautery smoke to surgical staff[12]. By contrast to the study of Tseng et al[12], we
did not detect any PAH compounds in any tissues of our series. This could simply be
attributed to the different tissue properties or other technical differences such as the
power level of electrocautery device, ventilation rate of the operation room, utilizing
the LEV system, etc. In many cases, future investigations are needed to resolve this
inconsistency.
Although the number of VOCs could be considered as an indirect representation of
the potential hazard of electrosurgical smoke, targeted identification of toxic and
carcinogenic substances could be a more strong approach to estimate the biohazards
of the electrosurgical smoke. Kocher et al [16] . identified nine main toxic and/or
carcinogenic substances from the smoke released from the electrocautery of the fresh
porcine tissue, including acetylene, hydrogen cyanide, 1,3-butadiene, benzene,
toluene, furfural, styrene, ethylbenzene, and 1-decene. While the highest number of
VOCs was detected in the synovium tissue of the present study, the highest
percentage of toxic and/or carcinogenic substances was detected in the meniscus
tissue with the lowest number of VOCs. In this regard, three out of 11 VOCs (27.3%)
detected in meniscus were toxic and/or carcinogenic (Toluene, Ethylbenzene, and
Styrene). The same toxic and/or carcinogenic VOCs were also detected in the muscle
tissue (3/17: 17.6%). Toluene was the only toxic and/or carcinogenic substance
detected in the synovium (1/21: 4.8%). No toxic and/or carcinogenic substance was
detected in the electrocautery smoke released from ligament and adipose tissue. These
results reveal that the potential hazard of electrocautery smoke could be more in
tissues with less released VOCs, as more toxic and/or carcinogenic substances could
be detected in one tissue type regardless of the number of VOCs.
This study had some limitations that should be pointed out. As the main limitation
of this study, we did not evaluate the size and concentration of particles, which are
determining factors when assessing the potential hazards of chemical pollutants.
Therefore, further studies are recommended with a focus on the size and
concentration of VOCs and PAHs in tissues that were assessed in this study.
In conclusion, although no PAH component was detected in any of the evaluated
tissues, the electrocautery smoke of the tissues that are frequently cut in orthopedic
surgeries was different in terms of hazardous particle content. In this respect, synovial
tissue was associated with the highest number of VOCs, and meniscus tissue was
associated with the lowest number of VOCs. The number of toxic and/or carcinogenic
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substances was the most in the meniscus and muscle tissue.
Therefore, further preventive strategies are required to be provided for the safety of
operating room personnel who are exposed to electrocautery smoke released from
these tissues. In this regard, we recommend using a knife for cutting meniscus and
muscle tissue instead of electrocautery.

ARTICLE HIGHLIGHTS
Research background
Electrosurgical methods, including electrocautery, laser ablation, and ultrasonic scalpel
dissection, are widely being used in routine surgeries to cut tissues and to control bleeding at the
same time. The smoke released from electrosurgical cutting may contain biological by-products
which are toxic and carcinogenic. No study has been performed to compare the hazardous
compounds released from the electrocautery of tissues frequently cut in orthopedics, which is
the main purpose of this study.

Research motivation
The operating room staff is frequently exposed to the electrocautery smoke released from
different tissue types. Analysis of the toxicity and carcinogenicity of this smoke is necessary to
avoid this health-endangering condition. For tissues releasing a high number of toxic and
carcinogenic compounds, other electrosurgical devices could be suggested.

Research objectives
In this study, we compared the toxic and carcinogenic compounds released in the electrocautery
smoke of five different tissues frequently cut in orthopedics, including meniscus, ligament,
adipose, muscle, and synovium, to find which tissues produce the most hazardous smoke.

Research methods
The smoke released during the electrocautery of five different tissue types (meniscus, ligament,
adipose, muscle, and synovium) of five patients who underwent total knee arthroplasty were
collected and analyzed for volatile organic compounds (VOCs) and 27 candidate polycyclic
aromatic hydrocarbons using gas chromatography-mass spectrometry.

Research results
None of the 27 evaluated polycyclic aromatic hydrocarbons compounds were detectable in
electrocautery smoke collected from the surgical cutting of the different tissues. The number and
identity of detected VOCs were similar between the patients but not between tissue types. The
number of detected VOCs was the highest in synovial tissue (n = 21) and the lowest in the
meniscus and adipose tissue (n = 12). However, the highest percentage of toxic and/or
carcinogenic substances was detected in the meniscus tissue with the lowest number of VOCs. In
this regard, three out of 11 VOCs (27.3%) detected in meniscus were toxic and/or carcinogenic
(Toluene, Ethylbenzene, and Styrene). The same toxic and/or carcinogenic VOCs were also
detected in the muscle tissue (3/17: 17.6%). Toluene was the only toxic and/or carcinogenic
substance detected in the synovium (1/21: 4.8%). No toxic and/or carcinogenic substance was
detected in the electrocautery smoke released from ligament and adipose tissue.

Research conclusions
The quality of released compounds in the electrocautery smoke is more important than the
quantity of them so that the potential hazard of electrocautery smoke could be more in tissues
with less released VOCs. In the present study, the highest number of toxic and/or carcinogenic
substances was detected in meniscus and muscle tissue with the lowest number of VOCs.

Research perspectives
Further preventive strategies are required to be provided for the safety of operating room
personnel who are exposed to electrocautery smoke released from these tissues. In this regard,
we recommend using a knife for cutting meniscus and muscle tissue instead of electrocautery.
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Abstract
BACKGROUND
Total knee arthroplasty is one of the most successful operations performed
worldwide today. Patellar clunk syndrome (PCS) is a postoperative complication
that arises due to the development of a fibrous nodule along the undersurface of
the quadriceps tendon. The current literature on PCS has not yet come to a
consensus regarding its etiology. To date, this is the first study that analyzes the
existing literature on PCS in order to generate a conclusion regarding its etiology.
It is hypothesized that prosthesis design is the main component behind the
development of PCS.
AIM
To determine the etiology of PCS and its association with pre and post-operative
characteristics of the prosthesis and native knee.
METHODS
We conducted a systematic review according to the PRISMA guidelines by
searching through PubMed, Cochrane, and Google Scholar from May-July 2018
for cases of PCS using search MeSH terms “patella OR patellar” AND “clunk”
OR “catch” OR “crepitus”. The search included case series and clinical trials and
excluded review articles, yielding 30 articles from the original search and 3
additional articles from reference lists. We extracted data upon the outcomes in
patients afflicted with PCS to determine the etiology of PCS. We performed
additional bias assessments to validate our search algorithm and results.
RESULTS
Prosthesis design was the metric most frequently implicated in the incidence of
PCS, though several other metrics were contributory toward its pathogenesis.
Later prosthetic designs incorporate a reduced intercondylar box ratio and box
width to reduce contact between the proximal patellar pole and the intercondylar
box, thereby reducing incidence of PCS.
CONCLUSION
The etiology of PCS is multifactorial, owing to the growing metrics that have
associations with its incidence. This conclusion is validated by the significance of
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prosthesis design as the most likely parameter involved in developing PCS since
different prosthesis designs are often the result of different parameters. Future
studies should be directed at isolating individual prosthetic parameters of
prosthesis designs in order to determine what permutation of parameters is most
closely associated with the development of PCS.
Key words: Patella clunk; Crepitation; Total knee arthroplasty; Patella catch; Prosthesis
design; Insall-Salvati ratio
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Patellar clunk syndrome is the development of a fibrous nodule along the
undersurface of the quadriceps tendon and proximal to the superior pole of the patella
after a posterior-stabilized total knee arthroplasty. It can be diagnosed clinically by its
namesake pathognomonic clunk when moving the knee from full flexion to extension
with anterior knee pain or by radiograph, ultrasound, or magnetic resonance imaging.
Ultimately, the etiology of patellar clunk syndrome is most dependent upon prosthesis
design, which is largely dependent upon incorporate a reduced intercondylar box ratio
and box width to reduce contact between the proximal patellar pole and the intercondylar
box.

Citation: Sequeira SB, Scott J, Novicoff W, Cui Q. Systematic review of the etiology behind
patellar clunk syndrome. World J Orthop 2020; 11(3): 184-196
URL: https://www.wjgnet.com/2218-5836/full/v11/i3/184.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i3.184

INTRODUCTION
Total knee arthroplasty (TKA) is one of the most successful orthopedic procedures
performed today [1-3] . Posterior stabilized TKA has long term survivorship that
surpasses 90% at a 10 year minimum follow-up in several studies, but is occasionally
complicated by a post-operative pathology called patellar clunk syndrome (PCS)[1].
PCS is an uncommon complication following TKA that was first described by some
researcher and is associated almost exclusively associated with posterior stabilized
designs [2,3] . It has an estimated incidence of 0% to 20% in all primary total knee
replacements, depending on design[4-7]. The symptoms of patellar clunk can range
from painless catching of the knee to painful locking, leading to dissatisfaction of the
knee replacement[2,3]. With appropriate identification of the problem, this condition
can be relatively easy to treat with high levels of satisfaction[8].
PCS typically presents within, on average, the first 7.4 postoperative months[8].
Symptomatic patella clunk is characterized by anterior knee pain secondary to painful
locking of the knee when going from full flexion to extension, followed by a painful
clunk as the knee fully straightens[3]. The pathoanatomy of patella clunk involves an
accumulation of scar tissue along the undersurface of the quadriceps tendon,
proximal to the superior pole of the patella and patellar button[2]. As the knee flexes,
the patella engages the trochlea of the implant. As the knee then extends, the knot of
scar tissue can become trapped in the femoral box, leading to locking of the knee midflexion. Additionally, the scar tissue nodule can impinge upon the intercondylar
notch, producing pain on extension. Forceful extension of the knee leads to the scar
tissue painfully disengaging from the box followed by an audible “clunk” or painful
snap, typically visualized at 30-45 degrees from full extension[9].
The diagnosis is one that is made clinically and occasionally via imaging. The
patella can be seen catching and releasing as the patient is asked to extend the knee
from flexion (video sees https://vimeo.com/148540681). In addition to physical exam
and plain radiographs, magnetic resonance imaging and ultrasound can aid in the
diagnosis and help guide treatment. magnetic resonance imaging has been used to
demonstrate a fibrous soft tissue nodule proximal to the patella in 75% (9/12) of
patients with suspected patellar clunk[10]. Plain radiographs can also help with the
identification of any loose bodies causing crepitus, and evaluate the position of the
patellar component. Ultrasound imaging has also been used in the evaluation and
diagnosis of PCS[11].
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Under the PICOS algorithm, we conducted a systematic review and meta-analysis
of articles published on PCS after TKA to (1) characterize the etiology of PCS; (2)
understand the outcomes and prevention of PCS; (3) clarify strengths and weaknesses
of the current evidence; and (4) outline guidelines for future research.

MATERIALS AND METHODS
Eligibility criteria
For the systematic review, we used the following inclusion criteria: (1) All patients
were above 18 years of age; (2) TKA as a primary procedure; and (3) PCS incidence
was evaluated as an outcome. These studies were restricted according to the following
study characteristics: (1) English language only; and (2) Original research. Exclusion
criteria were review articles, studies less than 5 participants, double publication of
data. We did not include a date limitation as we wanted to survey the comprehensive
breadth of existing PCS literature rather than confine our search to modern,
contemporary PCS literature.

Search strategy and information sources
Our literature search strategy included PubMed (MEDLINE), Google Scholar, and
Cochrane for peer-reviewed full-length articles on PCS. The last search was
performed in July, 2018. On-line literature search was conducted using MeSH
keyword search on PubMed (MEDLINE), Google Scholar, and Cochrane “(patella OR
patellar) AND (clunk OR catch OR crepitation)”. We also used the “relevant articles”
feature to locate any potentially relevant studies. Using this search technique resulted
in 505 non-duplicated articles (Figure 1).

Study selection
Following the research, two reviewers (SBS and QC) independently reviewed all
articles to evaluate their contribution to this study using the aforementioned eligibility
criteria. We then excluded any articles not relevant to the characterization of PCS
based upon their content. Using eligibility criteria, we obtained 30 articles (Table 1, 130). Two articles were excluded because they were not in English. If necessary
information was not specified in the abstract, an additional screen was executed after
data collection to evaluate the study’s contribution to this investigation. We obtained
the full text if at least one of the reviewers judged a study to be eligible. We reviewed
reference lists of included studies to identify additional studies. Reference lists
yielded 3 additional studies (Table 1, 31-33). Definitions of pertinent metrics were
compiled in Table 2. Disagreements on inclusion were resolved by consensus. Neither
reviewer was blinded to any study characteristics including journal, contributing
authors, or affiliated institution (Figure 2).

Data items and extraction
Once studies were chosen, one reviewer (SBS) went through each article
independently and consolidated the data in Table 1. Study quality was evaluated
using sample size, study design, follow-up consistency, and analysis methods. Three
other reviewers (QC, WN, JS) verified the data collection and consolidation
independently. Data was collected on May 18th, 2018.

Risk of bias
The risk of bias in the selection of individual studies for inclusion in this investigation
was assessed by qualitative review initially based upon study quality and availability
of existing studies pertaining to PCS from Table 1. After data consolidation,
individual studies were evaluated through ROBIS, the risk of bias assessment tool for
systematic reviews. Results indicate that this systematic review has a low risk of bias
(Table 3)[12].

RESULTS
The search for studies on factors that influence incidence of PCS post-TKA yielded 861
citations; after screening for duplicates, 505 citations were included. After inclusion
and exclusion criteria were applied to abstracts, 397 articles were excluded from the
review. 108 full-length manuscripts were obtained, at which point inclusion and
exclusion criteria were applied, yielding 30 total articles for the review. Each reference
list of the final 30 articles were reviewed for robust inclusion of pertinent literature
which yielded an additional three articles. The pertinent findings, as they apply to this
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Figure 1

Figure 1 PRISMA flowchart of the systematic review.

systematic review, of these 33 manuscripts are found in Table 1. Risk of bias was
performed using the ROBIS tool and the results indicated that the techniques and
results of the literature search qualified for a low risk of bias (Table 3).

Etiologies
The abundance of scar tissue that forms on the undersurface of the quadriceps tendon
leading to PCS is due to several factors (Table 1). Originally, theories suggested it was
due to inadequate resection of synovium at the time of total knee arthroplasty[2,3].
However, there is no data to support this as a leading cause. Other etiologies include
components of the native knee and prosthesis like femoral component design, joint
line level and postoperative patellar positioning, but generally most researchers have
concluded that the pathogenesis of PCS is multifactorial[5,6,8]. Dennis et al[5] notes that
risk factors for PCS include shortened patellar length, smaller patellar components,
decreased patellar composite thickness, increased patellar offset, smaller and flexed
femoral components, and thicker tibial polyethylene inserts. In fact, Hoops et al[6]
employed a control-matched computational model to evaluate tendo-femoral contact
in patients with posterior-stabilized TKA. Using this model, the authors confirmed
clinical findings that an increased patellar ligament length, flexed femoral component,
lowered joint line, and larger patellar component all reduced the problematic contact
near the intercondylar notch. The most significant contributing factor to tendofemoral contact was found to be patellar ligament length. Decreasing patellar
ligament length by two standard deviations (13 mm) away from the normal resulted
in a large increase in contact area with intercondylar notch. Preexisting patella baja, as
confirmed by preoperative radiographs, may also increase the risk of postoperative
PCS[9].
Surgeons can correct for this by reducing distal femoral resection, which will
decrease the tibial bearing thickness required to adequately tension the extension gap
and effectively lower the joint line and decrease patella baja. Figgie et al[9] reported
that a joint line level of 8 mm or less, a patellar height of 10 to 30 mm, and a
neutral/posterior placement of the tibial prosthesis oriented to the center line of the
tibia should result in improved outcome and reduced PCS incidence[9,13]. However,
these three aforementioned conditions are only sufficient to reduce PCS, not eliminate
it[10]. Similar to patellar height, a reduced patellar tendon length also predisposes an
individual to PCS, most likely since the reduction in either metric will increase the
contact between the quadriceps tendon and the superior intercondylar notch[4]. As
such, most studies that concluded patellar height is correlated with PCS would also
concomitantly conclude patellar tendon length has the same relationship with PCS.
Measurements such as the Insall-Salvati ratio and the location of the tibial tray may
induce or prevent the incidence of PCS post-TKA. The Insall-Salvati ratio is defined as
the ratio of the patella tendon length to the length of the actual patella. As such, an
Insall-Salvati ratio below 0.8 is considered “patellar baja”, whereas above 1.2 is
considered patellar alta. Studies have demonstrated that low Insall-Salvati ratios are
contributory towards post-operative PCS (Table 1). Similarly, if the tibial tray is
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Table 1 Etiologies associated with development of patellar clunk syndrome: Comparison of published studiesa

Ref.

Postoperative
Prothes- Joint
Knee
es
Line
Flexion Design Level
(degrees)

Beight et
al[40]

Not
N/A
significant

Patellar
Height

InsallSalvati
Ratio

Significant Significant N/A
N/A

Position Patellar
of Tibial thickneTray
ss

Patellar
tendon
length

Femoral
Patellar
condyle
tilt
offset

Posterior
Resurfac
tibial
-ing
slope

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Anderson N/A
et al[22]

Significant N/A

N/A

N/A

N/A

N/A

N/A

Significant N/A

N/A

Pollock et
al[20]

N/A

Significant Not
Not
N/A
significant significant

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Maloney
et al[27]

N/A

Significant N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Yau et
al[15]

N/A

N/A

Not
Significant Significant Significant N/A
significant

N/A

N/A

Significant N/A

N/A

Ip et al[23]

N/A

Significant N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Schroer et Significant Significant N/A
al[28]

Not
Not
N/A
significant significant

N/A

N/A

N/A

Not
Not
N/A
significant significant

Fukunaga Significant Significant N/A
et al[14]

Not
Not
Not
N/A
significant significant significant

N/A

N/A

Significant N/A

N/A

Dennis et
al[5]

Not
N/A
significant

Frye et
al[4]

Significant Significant Not
Not
Not
N/A
significant significant significant

N/A

Choi et
al[8]

Not
Significant Not
N/A
significant
significant

Not
N/A
significant

Not
Not
Not
Significant
significant significant significant

Costanzo
et al[1]

N/A

Significant N/A

Significant N/A

N/A

Not
Significant Significant Significant N/A
significant

N/A

N/A

Not
N/A
significant

Not
N/A
significant

N/A

Significant Significant Not
Not
N/A
significant significant
N/A

N/A

Significant N/A

N/A

N/A

N/A

Gholson et Not
N/A
al[32]
significant

Not
Not
Not
Not
Not
Not
Not
Not
Significant N/A
significant significant significant significant significant significant significant significant

PeraltaMolero et
al[29]

Not
Not
Not
Not
Not
N/A
significant significant significant significant significant

Significant N/A

N/A

Not
Not
N/A
significant significant

Bae et al[41] N/A

Significant Not
N/A
significant

Not
N/A
significant

N/A

N/A

N/A

Significant N/A

N/A

Toomey et N/A
al[42]

Significant N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Martin et
al[19]

Significant Significant N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Snir et
al[43]

N/A

Significant N/A

N/A

N/a

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Tang et
al[21]

N/A

Significant N/A

N/A

N/A

N/A

N/A

N/A

N/a

N/A

N/A

N/A

Rajshekha N/A
-r et al[44]

Significant N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/a

N/A

N/A

Figgie et
al[9]

N/A

N/A

Significant N/A

N/A

N/A

N/A

N/A

N/A

Ip et al[45]

N/A

Significant N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Lonner et
al[17]

N/A

Significant Not
N/A
significant

Not
N/A
significant

N/A

N/A

N/A

N/A

N/A

N/A

Shoji et
al[25]

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Not
significant

Ogawa et
al[34]

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Significant N/A

Significant

Hamilton
et al[31]

N/A

N/A

N/A

N/A

N/A

N/A

Significant N/A

N/A

N/A

N/A

N/A

Martin et
al[19]

Significant Significant N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Significant Significant N/A
N/A

N/A

Agarwala N/A
et al[2]

Significant N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

ShillingN/A
ton et al[33]

Significant N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Significant
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McNabb
et al[46]

N/A

Significant N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Clarke et
al[18]

N/A

Significant N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Ranawat
et al[26]

N/A

Significant N/A

Not
Not
N/A
significant significant

Not
N/A
significant

N/A

N/A

N/A

N/A

Aglietti et
al[16]

Not
Significant N/A
significant

Not
N/A
significant

N/A

N/A

Not
N/A
significant

N/A

N/A

Significant

a

P = 0.05 for significance. N/A: Not available.

placed too anteriorly with respect to the tibia’s center line, PCS is more likely to
occur[13,14]. Yau et al[15] determined that PCS inflicted knees had a relative position of
7.74 mm with respect to the patellar tendon as compared to 9.23 mm non-PCS
inflicted knees, indicating that a neutral or posterior positioning of the tibial tray may
aid in the reduction of PCS.
Certain total knee designs appear more susceptible than others to PCS, most likely
due to their underlying differences in metrics (Table 2). First generation InsallBurnstein prostheses have been adapted to decrease the incidence of PCS by
resurfacing the patella and smoothened anterior edge to the trochlea[16]. Even so, the
Insall-Burnstein II generated PCS in 4% of treated knees as compared to 0% by the
fixed NexGen Legacy Posterior-Stabilized flex design[17]. The NextGen Legacy moved
the cam and post mechanism such that the trochlea would have more mobility and
oriented the patellar groove obliquely, resulting in minimal to no PCS[18]. Others
found the incidence of PCS to be higher (P < 0.001) in patients with the mobile PressFit Condylar Sigma Rotating Platform/RotatingPlatform-Flex Knee System (11 of 113
knees, 9.7%), compared to fixed NexGen Legacy Posterior Stabilized-Flex design (6 of
424 knees, 1.4%)[8]. The mobile Press-Fit Condylar has a larger intercondylar box ratio
which is more likely to induce the fibrous nodule near the patella, resulting in PCS.
The Attune prosthesis also demonstrated low incidence of PCS and is therefore a
viable alternative to earlier generations since its smaller anterior flange and
concomitant intercondylar box ratio cause less clunk[19].
Furthermore, Pollock et al[20] and Agarwala et al[2] concluded that a significantly
higher (P < 0.001) proportion of high-flex mobile bearing joints (15%) compared to
fixed bearing joints (0%) develop PCS. Additionally, the incidence of PCS in Anatomic
Modular Knee Congruency implant, Anatomic Modular Knee-Posterior Stabilized
implants and Press Fit Condylar Sigma-Posterior Stabilized implant was 13.5%, 3.8%,
and 0%, respectively, indicating that a proximally positioned or wider femoral box is
more likely to induce PCS[20]. Yau et al[15] 2003 determined a significant incidence of
PCS (18.3%) when using the AMK posterior stabilized knee potentially due to a
shallow femoral trochlea and more proximal and narrower intercondylar notch. Due
to the lack of a femoral box needed to accommodate the cam and post mechanism for
a posterior stabilized design, cruciate retaining designs are typically not affected by
this condition with the exception of a few reports[18,21-23]. Posterior femoral condyle
offset may also be partially responsible for an increased incidence of PCS. Gopinathan
suggests that such increasing condyle offset may cause an anterior shift of the
intercondylar box and cause the intercondylar box to come into contact with the
quadriceps tendon[13].

DISCUSSION
In recent years, the dimensions of the intercondylar box has been implicated in a host
of PCS studies as contributory towards the development of PCS. For example, first
generation PS designs’ high transition zone from trochlear groove to intercondylar
box induced an apposition of the quadriceps tendon to the intercondylar box[9]. As
such, post-operative complications such as synovial hyperplasia and patellar clunk
and crepitus (PCC) would arise. Second and third generation PS designs attempted to
corrected for the large intercondylar box. Frye et al [4] demonstrated that PCS or
patella- femoral crepitation was evident in 12% of their 108 patients with a
conventional, first- generation design, compared to no complication in the secondgeneration design with a deeper trochlear groove and smooth transition of the
intercondylar box (0/136, P < 0.0001). Fukunaga et al[14] described this difference as the
intercondylar box ratio, which is the intercondylar box height versus the anteriorposterior height of the femoral component. Studies suggest that an intercondylar box
ratio less than 0.7 has, so far, shown elimination of PCS[24]. Anatomically, the smaller
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Table 2 Table 1 metrics defined
Postoperative knee flexion

After surgery, the degree to which the knee can flex

Prosthesis design

Several prosthesis designs can be implanted in a TKA

Joint line height

Shortest distance between the fibular head and lateral femoral condyle on AP radiograph

Patellar height

Measured as the perpendicular distance from the inferior pole of the patellar implant to the joint line of the prosthesis

Insall-Salvati ratio

Ratio of the length of the patellar tendon to the length of the patella

Position of tibial tray

Measured as the perpendicular distance of the tibial tray from the patellar tendon

Patella thickness

The width of the patella (medial to lateral)

Patellar tendon length

Length of the patellar tendon superior to inferior

Posterior tibial slope

The degree to which the tibia is lateral to the perpendicular line drawn from the prosthesis

Patellar tilt

Angle subtended by the equatorial line of the patella and the line connecting the anterior limits of the femoral condyles

Femoral condyle offset

Distance between the lateral condyle and the vertical line parallel to the lateral edge of the femur

intercondylar box ratio decreases the likelihood the proximal pole of the patella will
come into contact with the anterior edge of the intercondylar box during flexion[25]. In
addition to the intercondylar box ratio, the medial-lateral geometry of the
intercondylar box itself has also been implicated in PCS. Pollock et al[20] determined
that the PFC Sigma PS prostheses was more efficient than the AMK Congruency and
AMK PS in reducing the width of the intercondylar box and therefore PCS. Similarly,
Ranawat et al[26] concluded that by smoothening the sharp ridge of the intercondylar
groove while maintaining a 0.85-0.87 intercondylar box ratio, PCS incidence could be
reduced to 2%.
Another important component associated with PCS incidence is the degree of the
patient’s knee flexion. Some studies on PCS have also evaluated the extent of knee
flexion and concluded that each additional degree of knee flexion increased the
chance of PCS by 4.2%[26]. Maloney et al[27] capitalized on this association between knee
flexion and PCS, stating that this ‘hyperflexion’ leads to the quadriceps tendon being
perturbed as it inserts on the patella and the development of the pathognomonic
fibrous nodule near the patellar button.
In a study conducted by Schroer et al[28] with 747 TKA, the degree of postoperative
knee flexion was significantly associated with the development of patella clunk. The
utilization of a Vanguard PS femoral component (which is narrower and has a
rounded intercondylar notch transition than the Ascent), eliminated PCS even when
using the MIS technique, as compared to the Ascent femoral component and the MIS
technique. Mean knee flexion at six weeks postoperatively in patients who developed
patella clunk was 124 degrees versus 117 for the knees that did not develop PCS (P =
0.016). They hypothesized that the increased postoperative knee flexion furthered the
distance between the patella and femoral component, causing the soft tissue
entrapment near the intercondylar notch. More recently, Peralta-Molero et al [29]
reviewed 570 primary TKAs using the Genesis II SPC TKA system with 6% of knees
developing PCS. The authors found that the likelihood of developing PCS increased
by 4.2% with each degree of increased flexion. Other literature that studied Attune
posterior-stabilized prosthesis demonstrated a lower incidence of PCS and lower
postoperative knee flexion as compared to PFC sigma prosthesis[19]. However, other
studies have shown postoperative knee flexion to be an insignificant risk factor in the
development of PCS (Table 1)[5,8].
Patellar thickness has also been implicated in the development of PCS. Thinner
components have been shown to increase the incidence of PCS by reducing the offset
of the quadriceps tendon from the superior portion of the trochlear groove [30] .
Additionally, Costanzo et al[1]. determined that patella thickness, preoperatively, does
relate to increased incidence of PCS and suggested that it may lead to greater
bone/soft tissue resectioning, though this risk factor can be mitigated by improved
surgical technique[1]. Hamilton et al[31] demonstrated this significant association by
demonstrating an increase in PCS with thinner patellas in 3655 TKAs. In fact,
decreasing the thickness by more than 2 mm would increase the risk of developing
PCS by 2.5, owing to a smaller distance between the extensor mechanism and femoral
component box. The importance of patella thickness is not well understood, however,
as several other studies have concluded that patella thickness has minimal association
with the incidence of PCS (Table 1)[8,26,29,32].
Increased posterior tibial slope has also been thought to contribute to the
development of PCS, most notably since an increase in the flexion gap would increase
the level of tension placed on upon the quad mechanism. However, aside from
Gholson et al[32], no other study has found a significant correlation between this metric
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Figure 2

Figure 2 Graphical representation of Patellar clunk syndrome etiology summarized from Table 1. PCS:
Patellar clunk syndrome.

and PCS incidence.
Patellar tilt, defined as the angle subtended by the equatorial line of the patella and
the line connecting the anterior limits of the femoral condyles, has also been
implicated in the development of PCS[14,15]. Fukunaga et al[14], using logistic regression
analysis, determined that incidence of PCS would increase 1.27 for every degree
increase in patellar tilt. The prosthesis design is also thought to impact the stability of
patellar tracking and therefore can influence PCS development[15].
The relationship between patellar resurfacing and incidence of PCS has not been
definitely confirmed in the literature. For example, Shoji et al[25] concluded that in a
series of 647 TKAs, there was no difference in incidence of PCS between the patellar
resurfaced group and native patella group. Still, some orthopedists recommend
patellar resurfacing to reduce PCS due to its ability to create more space between the
patella and the femoral box[33]. Ogawa et al[34] studied 84 knees from 69 patients and
concluded that PCS was significantly higher in native patellas, owing to the increased
patellar tilt and medial positioning of the patella to the femur in resurfaced patellas.
While patellar resurfacing/retention was found to significantly increase the incidence
of PCS (4/14 vs 56/752 in non-PCS group, P = 0.003), this study only included 14
knees that were resurfaced as compared to 752 that were not resurfaced[8].

Treatment
Once a diagnosis of patella clunk is established, it can be effectively treated. Since
mechanical catching of scar tissue causes pain, non-surgical means are not the most
successful at treating the condition. That being said, before surgical intervention,
conventional non-surgical intervention is limited to lower extremity quadriceps and
hamstring strengthening[1-4].
In surgery, typically the lesion is debrided arthroscopically without needing to
open the knee joint. The patient is set up as usual for knee arthroscopy. The patient is
placed supine on the operating table without breaking the foot of the bed. A side post
or leg holder is not necessary, and a tourniquet may be used at the discretion of the
surgeon. The knee is approached with a superolateral inflow/viewing portal, where
the undersurface of the quad tendon can be inspected, as well as the patella directly
viewed engaging the trochlea. The offending lesion is typically identified as a mass of
scar tissue proximal to the superior pole of the patella, near the patellar button. A
superomedial working portal is then made under direct visualization via outside-in
technique. The synovium and scar can then be debrided with a motorized shaver,
taking care to not damage the prosthetic surfaces or underlying quadriceps tendon.
Once a thorough debridement has been completed, the knee is then drained of fluid
and taken through a range of motion to ensure there are no further mechanical blocks
to extension. The knee is wrapped in an ace bandage and allowed to engage in full
activity post-op (video sees https://vimeo.com/148540681).
Messieh[35] described surgical treatment of PCS using a limited open arthrotomy
under local anesthesia in two patients. The benefits included subjective improved
patient satisfaction with patient’s ability to actively move the knee during
debridement to ensure adequate resection of the nodule and minimal knee swelling
associated with arthroscopic distension leading to faster recovery. This, however, is
not the standard of care treatment in PCS, and most patients would prefer to be under
general or spinal anesthesia. It is however an option for patients with
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Table 3 ROBIS Tool for assessing risk of bias in systematic review

PCS etiology

Study eligibility
criteria

Identification and
selection of studies

Data collection and
study appraisal

Synthesis findings

Risk of bias in the
review

Yes

Yes

Yes

Yes

A. Yes

Systematic review

B. Yes
C. No
Overall: Low

PCS: Patellar clunk syndrome.

contraindications to general anesthesia.
Sekiya et al[36] described a more recent surgical intervention for PCS using the
conventional arthroscopic debridement procedure to excise the offending fibrous
nodule. In 46 separate generally anesthetized patients, anterolateral, anteromedial,
and proximal superomedial portals were set up, with the first used as the viewing
portal. After the working probe was inserted into the anteromedial compartment, an
electric shaver was used to remove any scar tissue on the medial or lateral
tibiofemoral joint, patellofemoral joint, intercondylar notch, or posterior aspect of the
infrapatellar fat pad. One day post-operation, the patient was allowed to bear full
weight.

Outcomes
Arthroscopic treatment of PCS generally has high patient satisfaction rates and
improvement of pain and function following surgery for patella clunk. Dajani et al[3]
reported on 15 patients with symptomatic patellar clunk treated with arthroscopic
debridement. Of this series, there was a significant reduction of pain from 6 to 1 in the
immediate post-operative period. At an average of 41 months follow-up (range, 24-75
mo), average Knee Society Score (KSS) increased from 76 to 92, and KSS function
increased from 71 to 79. Koh et al[37], also reported a positive response to arthroscopic
debridement. Twelve knees were reported with minimum one year follow-up.
Average KSS increased from 63.8 to 90.9, with KSS function increasing from 65.4 to
90.4. Of note, there was no significant improvement in rising from a chair or stair
climbing in patients with patellar clunk treated with arthroscopic synovectomy.
Gholson et al[32] performed a similar study in which they scrutinized the work of one
surgeon and concluded that KSS improved to 92.4 and WOMAC to 82.9. All patients
in the study were at least moderately satisfied; however, 17% required a repeat
arthroscopic debridement, after which, there were no further complications of PCS.
Occasionally, arthroscopic debridement to eliminate PCS may not return the patient
to normal range of motion. A recent study suggested that even post-PCS, patients can
still suffer from PCS; for example, a case of prosthetic loosening of the femoral
component, caused noticeable gait disturbance post-PCS[36]. Such a post-operative
complication necessitated additional prosthesis revision surgery, after which no
complications or symptoms manifested two years thereafter.

Prevention
Main prevention methods include utilization of femoral components with reduced
intercondylar box ratio (such that the trochlear groove is more distal and posterior),
avoidance of patella baja, proper surgical technique during TKA with prevention of
patella over-resection, and debridement of fibrosynovial tissue at time of TKA[29].
Additionally, by initiating the entry site for the intramedullary distal femoral
cutting guide jig more anteriorly, a surgeon can prevent femoral component flexion
which may ultimately lead to the fibrous nodule ‘catching’ on extension from a flexed
position. Yau et al[15] additionally mentions that excessive surgical trauma and failure
to debride the suprapatellar synovium may be an important, but not underlying
etiology of the fibrosis in PCS. Therefore, careful surgical technique to avoid excessive
trauma and synovial disruption can reduce the possibility of PCS. Fukunaga et al[14]
concluded that a femoral component design that includes a raised lateral flange,
deepened trochlear groove, and side-specific femoral components can help reduce,
but not eliminate, PCS. While posterior-stabilized TKA has been associated with a
higher incidence of PCS, both cruciate retaining and substituting TKA should not
necessarily be deemed preventative of PCS.
According to Yau et al[15], the neutral or posterior arrangement of the tibial tray may
reduce the incidence of PCS as well. Perhaps most logically, the attempted reduction
in etiology of PCS should reduce the incidence of the post-operative complication.
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Conrad et al[38] advised surgeons to avoid overresection of the patella which was then
corroborated by Meftah et al[30] who found a reduction of PCS incidence from 40% to
21% by avoiding over-resection and reducing the quantity of components in the
patellofemoral joint. Conrad et al[38] also reports that the excision of the fibrosynovial
tissue at the superior pole of the patella may also reduce the chance that the same
tissue catches when moving from knee flexion to extension – however, as previously
noted, this is controversial.
Finally, some evidence suggests that resurfacing of the patella can decrease and
prevent the development of PCS. Through resurfacing, the patella will be less likely to
come into contact with the proximal edge of the femoral box[33].

Limitations/guides for future research
This study comprehensively reviews the existing literature on the etiology of PCS. To
our knowledge, there are no systematic reviews under PRISMA guidelines that seek
to determine the etiology of PCS making this study unique in its approach and
conclusions. However, this study does have its limitations. This systematic review
used three large databases to extract literature from, though some suggest the use of
EMBASE and Web of Science in addition to Google Scholar, MEDLINE, and Cochrane
for comprehensive, yet efficient review of the literature[39]. Furthermore, while the
ROBIS risk bias assessment tool yielded a low risk of bias, the use of statistical
significance in the results of the included literature presents some degree of bias
within the conclusions of this systematic review (Table 3).
The literature on the development of PCS presents limitations in terms of pure
analysis of etiology and general heterogeneity. Many studies were constructed to
evaluate prosthesis design on complication rate and prognosis post-TKA, though only
included PCS as a small subset of a series of post-TKA complications. As a result, it is
unclear the degree to which these studies emphasized and scrutinized the incidence
of PCS as compared to overall outcome following TKA. Additionally, studies on the
etiology of PCS are heavily biased towards the study of prosthesis design. While
prosthesis design is the product of the more fundamental parameters of Table 1, these
studies did not examine the effect of those fundamental parameters on the incidence
of PCS. Without isolating each individual parameter, reviews of the current evidence
will be limited as it will be difficult to determine if multiple, one or none of the
parameters are responsible for the development of PCS.
Patella clunk is an uncommon complication following total knee arthroplasty with
a posterior stabilized design. Herein, we have determined that the formation of
patellar clunk has a multifactorial etiology, including postoperative knee flexion, joint
line level, prosthesis design, patella thickness, tibial tray positioning, patellar tilt,
Insall-Salvati ratio, femoral condyle offset, and posterior tibial slope. In spite of a
multifactorial etiology, the treatment is relatively straightforward and can provide the
patient a high satisfaction rate postoperatively. While diagnosed clinically, any
painful total knee replacement should be thoroughly worked up for other causes of
pain, including infection, trauma, loosening and instability. Further studies should
aim at examining isolated parameters that characterize prosthesis design to more
specifically understand what parameters of prosthesis design contribute to
development of PCS.

ARTICLE HIGHLIGHTS
Research background
Patellar clunk syndrome (PCS) is a postoperative complication following total knee arthroplasty
that clinically presents as anterior knee pain that is particularly painful when going from full
flexion to extension. The pathoanatomy of PCS involves the accumulation of scar tissue along the
undersurface of the quadriceps tendon, proximal to the superior pole of the patella. The
diagnosis of PCS can often be made clinically, but radiographic adjuncts such as ultrasound and
magnetic resonance imaging have been used with success. Unfortunately, there is no current
literature that evaluates multiple metrics of the native knee and prosthesis to determine what
metric is most responsible for the development of PCS.

Research motivation
The main topics of the current study are (1) characterizing and analyzing metrics implicated in
the pathogenesis of PCS; and (2) defining contemporary management, treatment, and
preventative algorithms for PCS. The current study aims to elucidate how various prosthesis and
geometries of native knee can cause PCS or prevent it from occurring, which are poorly
summarized and defined in the literature currently.

Research objectives
The main objective of the current study is to evaluate current evidence and characterize a
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reasonable etiology for the development of PCS. A secondary objective of the current study is to
better understand the various treatment and preventative heuristics implemented to manage
PCS.

Research methods
A systematic review of clinical research studies from PubMed, Google Scholar, and Cochrane
was conducted, as these databases were felt to be representative of peer-reviewed scholarly work
and well encompassed literature surrounding PCS. Each study was analyzed and results were
compiled in designated tables with a predetermined list of metrics and its corresponding
incidence of PCS. Details regarding prevention, treatment, and management were also extracted
at this time.

Research results
A total of 30 articles were identified through the primary search, with an additional 3 included
from reference lists of the primary search. Results indicate that prosthesis design was the most
frequently cited metric as contributory towards PCS. The prosthesis design is often a
combination of multiple metrics and, therefore, we conclude that the etiology of PCS is
multifactorial. A reduced intercondylar box ratio and box width has been consistently shown to
reduce PCS.

Research conclusions
Prosthesis design is the main metric associated with the etiology of PCS, though because the
prosthesis design incorporates several other metrics included in our analysis, the etiology of PCS
is multifactorial. Later prosthesis designs that incorporate a reduced intercondylar box ratio and
box width can reduce development of PCS. Preventative strategies involve using later
generations of prosthesis especially those that incorporate a reduced intercondylar box ratio.

Research perspectives
Overall, this study was able to confirm the etiology of PCS as well as provide insight into
treatment methods to prevent this postoperative complication. Nevertheless, future studies
should aim to isolate individual metrics of prosthesis design to more specifically determine
which metric is most responsible for the development of PCS. Higher level randomized control
trials should also be conducted to generate additional evidence to improve knee maneuverability
and function post-total knee arthroplasty.
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Abstract
BACKGROUND
Bone lesions can present the multi-displinary team with a challenge by way of
diagnosis as some lesions share many radiological and histological
characteristics. Giant cell tumours of the bone (GCTB) are relatively common,
benign bone tumours. Aneurysmal bone cysts (ABC) are less common benign
osteolytic lesions that are histologically similar to GCTBs but produce blood filled
cavities. Both GCTBs and ABCs are locally aggressive and are typically found on
meta-epiphyseal regions of long bones with pelvic tumours being less common.
CASE SUMMARY
A 17-year old female presented with atraumatic right groin pain and was initially
diagnosed with a GCTB on the right superior pubic ramus of the pelvis. The
patient was treated successfully with a wide excision, curettage and bone graft
and underwent open reduction and internal fixation of the right hemi-pelvis.
Following further intra-operative histological investigations, the lesion was
diagnosed as an ABC.
CONCLUSION
This patient has had an uncomplicated post-operative course, has returned to
comfortable weight bearing and will be reviewed for minimum 5 yr in the outpatient setting to monitor for reoccurrence.
Key words: Pelvic; Tumour; Aneurysmal bone cyst; Giant cell tumour; Open reduction
internal fixation of pelvis; Case report
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core tip: We hereby present the successful management of a young female who
presented with atraumatic groin pain. This patient was ultimately diagnosed with an
aneurysmal bone cyst of the superior pubic ramus and underwent wide-excision,
curettage, bone grafting and open reduction internal fixation of her right hemi-pelvis.
This patient is currently mobilising comfortably and is being monitored in the out-patient
setting for recurrence.
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INTRODUCTION
Giant cell tumours of the bone (GCTB) are histologically benign neoplasms that
account for approximately 20% of all benign bone tumours[1]. Aneurysmal bone cyst
(ABC) are less common, expansile, osteolytic lesions that can produce blood filled
cavities[2]. These entities can be difficult to diagnose and require radiological and
histological investigations to differentiate one from the other. Although both benign,
GCTBs and ABCs can be locally aggressive. They can both affect the entire skeleton,
but they are more likely to occur in the metaphysis of long bones[1,2] . ABCs may be
primary neoplasms or they may occur secondary to neoplasms such as giant cell
tumours, osteosarcomas and chondroblastomas[3]. Management of GCTBs and ABCs
are typically surgical with a combination of either intra-lesional curettage, wide
resection and bone grafting employed depending on the location and extent of the
neoplasm. We report the case of a 17-year old female with, what was primarily
diagnosed as a giant cell tumour of the pelvis. The patient was treated surgically with
wide excision, curettage and bone graft as well as open reduction and internal fixation
of the right hemi-pelvis. Following analysis of intra-operative tissue specimens, the
patient was diagnosed with an ABC following specialist histopathological input.

CASE PRESENTATION
Chief complaint
A 17-year old female presented to her general practitioner with a 4-mo history of pain
in the right groin.

History of presenting illness
This symptom was initially described by the patient as similar to a groin strain
previously experienced playing sports and the patient had discomfort on ambulation.
There was no history of preceding trauma or sports injury. This pain progressed in
severity and began to wake the patient at night. The patient had no associated history
of fevers, rigors, shortness of breath, fatigue or weight loss.

History of past illness
The patient had no significant history of past illness.

Personal and family history
This young female had a normal developmental history, had received all routine
vaccinations and had a typical history of childhood infections. There was no
significant family history of any medical conditions/illnesses.

Physical examination
On examination, the patient had non-irritable, normal range of motion of both hip
joints. She mobilised with an antalgic gait and the pain increased on single leg stance
using the right lower limb.

Laboratory examinations
This patient had routine bloods including complete blood count, basic metabolic
panel, c-reactive protein and erythrocyte sedimentation rate. These results did not
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reveal any abnormalities.

Imaging examinations
The patient had X-ray imaging of her pelvis (Figure 1, anterior osterior pelvis and
Figure 2, frog-leg lateral right hip) which showed an aggressive osseous lesion in the
right superior pubic ramus. The patient was referred for specialist orthopaedic
opinion and a computed tomography-guided biopsy was undertaken (Figure 3). The
patient subsequently had magnetic resonance imaging (Figures 4 and 5) which
showed an expansile mass arising from the right parasymphyseal bone into the right
superior pubic ramus. There was significant effacement and thinning of the adjacent
cortex without bony destruction. Following interpretation of the above imaging and
initial biopsy, the patient was preliminarily diagnosed with giant cell tumour of the
right superior pubic ramus and following a multi-disciplinary team approach, the
patient was scheduled for excision, curettage and grafting of the right superior pubic
ramus and open reduction and internal fixation of the right hemi-pelvis.

TREATMENT
Surgery
The patient was positioned supine and an approximately 10 cm Pfannenstiel incision
was performed. The Anterior Intra-Pelvic approach was utilised to expose the right
superior pubic ramus. The corona mortis vessel (anastomosis between the obturator
and the external iliac or inferior epigastric arteries or veins) were visualised and
ligated to optimise prophylactic management of haemostasis. This step assisted the
surgical team in minimising intra-operative blood loss and following measurement of
suction and swab weights, the estimated blood loss was < 300 ccs. The lesion was
adequately exposed (Figure 6) and a window (approximately 1 cm × 5 cm) was
excised to permit curettage of the right superior pubic ramus using a long curette
(Figure 7). The lesion was gelatinous in texture and the periosteum surrounding the
lesion was left intact. A commercially available bone graft (30 cc, Vitoss Scaffold,
Stryker, USA) was packed within the periosteal sleeve (Figure 8). A 10-hole curved
pelvic plate (Radius 88°, Stryker, USA) was utilised to stabilise the pelvis post
excision, curettage and grafting of the patient’s lesion (Figure 9).

FINAL DIAGNOSIS
Local histological examination of the excised tissue failed to confirm a tissue diagnosis
and a differential diagnosis of (1) GCTB; (2) ABC; (3) giant cell rich osteosarcoma; (4)
“brown” tumour; and (5) non-ossifying fibroma was reported. The tissue material was
forwarded to the United Kingdom’s National Sarcoma Specialist Centre (Royal
National Orthopaedic Hospital, Stanmore, UK) for a second opinion. The sections
showed (1) fragments of cystic osteoclast-rich tumour composed of bland
mononuclear stromal cells; (2) coiled fragments of cystic wall containing fibrinoosteoid seam; (3) patches of basophilic calcified tissue; (4) numerous fragments of
normal articular cartilage admixed with the tumour; and (5) the tissues were negative
for K36M and G34W tumour markers. This specialist histopathology unit diagnosed
the lesion as an ABC with no evidence of malignancy.

OUTCOME AND FOLLOW-UP
The patient was mobilised using crutches on post-operative day 1 with partial weightbearing of her right lower limb. Following satisfactory mobilisation with
physiotherapy and optimal pain control, the patient was safely discharged home on
post-operative day 4. Partial weight-bearing was undertaken for 6 wk with
progression to full weight-bearing following this. The patient has been followed up
for 6 mo post-operatively, has progressed to full weight-bearing and is symptom free.
X-rays of this patient’s pelvis (Figure 10) confirm satisfactory maturation of the bone
grafted site and satisfactory position of internal fixation. The patient will be followed
in the out-patient setting for next 5 yr minimum.
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Figure 1

Figure 1 Pre-operative anteroposterior pelvis.

DISCUSSION
We presented a case of a young female patient who presented with a 4-mo history of
atraumatic right groin pain and underwent a series of radiological and histological
investigations. This patient was preliminarily diagnosed with a GCTB but was
ultimately diagnosed as having an ABC within her right superior pubic ramus. The
difficulty in achieving the final diagnoses was secondary to the fact that both GCTB
and ABC share a number of overlapping features.
GCTBs are histologically benign but locally aggressive neoplasms[1] and account for
approximately 20% of benign bone tumors and approximately 5% of all bone tumors
(malignant and benign)[4]. GCTBs have a large biological spectrum ranging from latent
benign to highly recurrent[1]. In rare cases (1%-6%), pulmonary metastasis is seen[5,6].
GCTBs have a peak onset at ages 21-40, while females have a greater incidence
(male:female, 1:1.4)[7]. Pelvic GCTBs exhibit a marginally more pronounced male to
female incidence ratio of 1:1.7[8]. GCTBs occur predominantly at the meta-epiphyseal
area of long bones (75%-90%), with the distal femur being the most common site,
followed by the proximal tibia, distal radius, sacrum and proximal humerus [1] .
Atypical sites of GCTBs include the vertebral bodies, the hands, patella and talus[1].
GCTBs of the pelvis account for just 1.6%-6.1% of all GCTBs[8] and when they do
occur, are most likely in the acetabular area followed by the iliac and the ischiopubic
areas[8,9].
Historically, ABCs were considered to be a variant of giant cell tumours and were
initially described in 1941 by Jaffe et al[10]. The microscopic appearances of the two
lesions are sometimes dramatically similar, and they are occasionally
indistinguishable, explaining the preliminary diagnosis of a GCTB[11]. ABCs are less
common, highly vascularised, osteolytic lesions. They are largely seen in childhood
and young adulthood, with 90% occurring in patients under 30[12]. ABCs, similarly to
GCTBs, are typically located on the metaphysis of long bones, while pelvic ABCs
constitute half of flat bone ABCs. ABCs may arise as a primary neoplasm (66%) or
secondary to neoplasms (33%) such as GCTBs, osteosarcomas and
chondroblastomas[3]. GCTBs are the preceding lesion of secondary ABCs in 19%-39%
of cases[11]. Pathogenesis of primary ABCs is unclear although historically it was
thought to result from a local circulatory disturbance leading to markedly increased
venous pressure and the development of a dilated and enlarged vascular bed within
the affected bone area[13]. However, more recent studies have proposed a hereditary
factor[14].
Radiologically, GCTBs are characterised by (1) erratic and lytic lesions
demonstrating a “soap bubble” appearance; (2) a lack of internal calcification; and (3)
cortical thinning. Other features such as (4) cortical penetration; (5) periosteal
reaction; and (6) pathological fractures can also be shown. ABCs can share a number
of these features, therefore magnetic resonance imaging (MRI) is vital to aid diagnosis.
In GCTBs, MRI typically demonstrates low to intermediate signal using T1 sequence
and high signal using T2 signal intensity. Using MRI, ABCs typically demonstrate (1)
an expansile appearance with multi-septated cysts; (2) fluid-fluid levels/solid
components; and (3) thin-walled margins[15]. The presence of fluid-fluid levels may
also be seen in giant cell tumors of the bone (GCTs), amongst other lesions [15]
(chondroblastoma, simple bone cysts and telangiectatic osteosarcoma), therefore
histological examination is vital.
Histologically, GCTs are determined using the following features for
characterisation: (1) Numerous osteoclast-like giant cells uniformly distributed; (2)
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Figure 2

Figure 2 Frog-leg lateral view right hip.

Presence of spindle and round/oval mononuclear cells; (3) Highly vascular stroma;
(4) Necrosis; and (5) Vascular invasion may be present [16] . Separately, ABCs are
characterised by (1) large cystic spaces filled with blood separated by fibrous septa; (2)
cysts and septa bordered by histiocytes, myofibroblasts and fibroblasts; (3) variable
mitotic figures/haemosiderin; (4) absent atypia; and (5) clusters of osteoclast-like
multinucleated giant cells[17]. Other options are available to aid diagnosis including
next generation sequencing, fluorescence in situ hybridisation analysis and other
cytogenetic examinations[18].
Intralesional curettage accompanied by reconstruction of the residual defect by
bone graft or cementing is an appropriate surgical procedure for ABCs. A high-power
burr has been recommended to optimise the curettage and reduce the risk of
recurrence[19]. This method strikes the greatest balance between tumour removal and
maintenance of functionality. Recurrence rates for this method are approximately
16%-45% [20] . The use of adjuvants such as phenol, local toxins or filling with
polymethylmethacrylate have been shown to reduce recurrence rates post
curettage[21]. Due to their infrequent occurrence, there is no management guideline on
the optimal surgical protocol for the treatment of pelvic ABCs. The tumour site has a
critical influence on treatment. Complications, particularly with wide resection, are
common (20%), but studies show a low overall mortality rate (3.2%)[8]. Although local
recurrence of pelvic ABCs are expectedly more common in patients who undergo
intralesional curettage alone [8] , wide resection is primarily done where there is
extensive bone destruction, joint preservation is impossible, recurrent disease or
biologically more aggressive tumours[20,22]. In this case, wide resection was deemed
necessary due to the extent of the bone destruction.
Due to their high level of vascularization, surgical adjuncts such as selective arterial
embolism may be employed as a primary treatment of ABCs that are difficult to
access such as those of the pelvis[2]. Successful embolization of an ABC has been
shown to result in progressive ossification within 2-4 mo of initial embolization[11]. In
one study, 61% of patients were found to require just one embolization, while 25%
required two and 14% required three, making embolization an attractive treatment
option for ABCs[23]. Sclerotherapy using polidocanol has also been shown to have high
efficacy in the treatment of ABCs[2].
The management of this case was further complicated by the neoplasm being
located on the superior pubic ramus. Surgery relating to the superior pubic ramus
requires critical planning due to its proximity to corona mortis, a variant anastomosis
between the external iliac artery or inferior epigastric artery and the obturator artery.
This anastomosis runs along the posterior aspect of the superior pubic ramus.
Significant, brisk haemorrhage may occur if it is accidentally breached and
subsequent haemostasis is difficult to obtain, although this occurrence is rare[24].
Medical treatment adjuncts specific to ABCs were discussed at multi-disciplinary
team meeting but were not deemed appropriate (e.g., denosumab) to optimise the
management of this patient’s ABC.
Following review of the above literature and discussion at multi-disciplinary
meeting, this patient successfully underwent wide excision, curettage and bone graft
as well as open reduction and internal fixation of the right hemi-pelvis.

CONCLUSION
We have presented a less common case of ABC of the right superior pubic ramus in a
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Figure 3

Figure 3 Axial computed tomography pelvis.

young female and our management of this diagnosis. This case was initially
diagnosed as a giant cell tumour, however, following specialist histopathological
opinion of the intra-operative specimen, ABC was diagnosed. We hereby report the
successful treatment of this patient with wide excision, curettage and bone graft and
underwent open reduction and internal fixation of the right hemi-pelvis. This patient
has had an uncomplicated post-operative course, has returned to comfortable weight
bearing and will be reviewed for minimum 5 yr in the out-patient setting to monitor
for reoccurrence.
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Figure 4

Figure 4 Coronal short tau inversion recovery magnetic resonance imaging.
Figure 5

Figure 5 Axial short tau inversion recovery magnetic resonance imaging.
Figure 6

Figure 6 Intra-operative view of lesion.
Figure 7

Figure 7 Intra-operative screening demonstrating curettage.
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Figure 8

Figure 8 Intra-operative screening with bone graft substitute.
Figure 9

Figure 9 Intra-operative screening with open reduction internal fixation.
Figure 10

Figure 10 Post-operative X-ray anteroposterior pelvis with open reduction internal fixation and bone graft substitute.
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Abstract
BACKGROUND
Shoulder gradient has been associated with shoulder pathologies such as
shoulder impingement syndrome.
AIM
To investigate if there is an association between shoulder gradient and incidence
of rotator cuff tear (RCT).
METHODS
A total of 61 patients with a confirmed diagnosis of RCT were included in this
retrospective study. The anteroposterior radiograph of the shoulder was used to
measure shoulder gradient in adduction and neutral rotation positions. The pain
level was assessed with the visual analog scale for pain.
RESULTS
The mean age of the patients was 55.7 ± 12.3 years. The mean visual analog scale
of the patients was 4.1 ± 1.2. The mean shoulder gradient was 14.11º ± 2.65º for
the affected shoulder and 15.8º ± 2.2º for the unaffected shoulders. This difference
was not statistically significant (P = 0.41). A difference of 1.15º ± 1.82º was found
between the injured and non-injured shoulder. No significant association was
found between the gradient difference of the shoulder and demographic and
clinical characteristics of the patients.
CONCLUSION
Shoulder gradient is not associated with the pathology of RCT. Yet, future studies
with more standardization and a larger sample size are needed to investigate the
role of shoulder gradient in RCT pathogenesis further.
Key words: Shoulder; Shoulder gradient; Rotator cuff tear; Pathogenesis; Anatomy
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Core tip: Shoulder anatomical characteristics have been associated with several shoulder
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pathologies. We hypothesized that the shoulder gradient might be regarded as an
anatomic factor affecting the occurrence of rotator cuff pathologies. Our analysis
revealed no association between shoulder gradient and incidence of rotator cuff tear.
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INTRODUCTION

2019

Rotator cuff tear (RCT) is one of the most common causes of shoulder pain and
disability among the adult population the prevalence of which increases with age. In
this respect, either a partial or a complete RCT has been identified in the magnetic
resonance imaging (MRI) of 54% of the asymptomatic patients aged 60 years and
older[1]. According to the study of Rincón-Hurtado et al[2], 72% of patients with rotator
cuff injuries reported poor quality of life in the physical health component and 60% in
the mental health component. The high prevalence of RCT also imposes a
considerable financial burden on both the patients and health-care systems[3]. In this
dilemma, the identification of RCT risk factors could be considered as a preventive
intervention capable of reducing the health and financial burden of RCT[4].
To date, many investigations have focused on the predictors of RCT, and several
risk factors have been introduced. In this regard, older age, hand dominance, and a
history of trauma have been frequently associated with the risk of rotator cuff tear[5,6].
Yet, more studies are required for further identification of RCT risk factors[6].
Schamberger stated that the spine malalignment could weaken the passive support
for the humerus, thereby increasing the gravity traction force on the capsule and
rotator cuff muscles and causing shoulder injuries such as supraspinatus tendinitis
and the shoulder impingement syndrome[7].
The height of both shoulders in the standing position generally reveals slight
differences, known as shoulder gradient. Kim et al[8] aimed to find an association
between the shoulder gradient and shoulder impingement syndrome. Based on their
results, a significantly higher frequency of shoulder impingement syndrome was
observed on the side of the relatively lower shoulder[8].
Based on the earlier evidence, we hypothesized that the shoulder gradient might
also predispose the incidence of RCT and be regarded as an RCT risk factor. In this
study, we aimed to find how the shoulder gradient is associated with the frequency of
RCT.

First decision: December 23, 2019
Revised: January 15, 2020
Accepted: February 8, 2020
Article in press: February 8, 2020
Published online: April 18, 2020
P-Reviewer: Anand A, Pavone V
S-Editor: Dou Y
L-Editor: A
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MATERIALS AND METHODS
This study was approved by the institutional review board of Iran University of
Medical Sciences, and written consent was obtained from the patients before their
participation. In a cross-sectional study, 61 patients, who were referred to our
orthopedic clinic from March 2017 to March 2018 in order to confirm their RCT, were
included. The most eligible criteria were the diagnosis of small complete rotator cuff
tear based on the MRI findings of the affected side. The MRI of the other side was
intact. Patients with over 70 years of age and history of operative treatment of either
side of the shoulder were excluded from the study. Associated injury, tumoral lesion,
shoulder instability, and patient with a history of shoulder dislocation were excluded
from the study, as well. Finally, a total number of 61 patients (total; 462 patients) were
identified as eligible for the study.
With the position of the patient in 10 cm apart between the both of the medial
malleoli, their heels placed in a neutral position and the knees in full extension, the
anteroposterior radiograph of the shoulder was used to measure shoulder gradient in
adduction and neutral rotation position of both shoulders. Both shoulders were
imaged on one cassette. The gradient difference between affected and unaffected
shoulders was measured at the angle between the vertical line and a line connecting a
superior angle with an inferior angle of the scapula (Figure 1). The shoulder gradient
was independently assessed by a musculoskeletal radiologist and an orthopedist. In
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case of a discrepancy between the two observers, a consensus was achieved with the
help of a third observer (an orthopedist).
Demographic characteristics of the patients such as age, gender, and body mass
index and clinical characteristics of the patients such as the level of pain, etiology of
injury and duration of symptoms were recorded. The pain level was assessed with the
visual analog scale for pain.

Statistical analysis
SPSS for Windows, version 16, was used for statistical evaluations. Descriptive
statistics were presented as mean ± SD or number and percentage. A
Kolmogorov–Smirnov test was implemented to test the normality of variables. A
paired t or its nonparametric counterpart (Wilcoxon signed-rank test) was used to
compare the gradient of the shoulders. A χ2 was used for testing the association
between categorical variables. Pearson's correlation coefficient test was used for the
evaluation of potential correlations. A median split approach was used for the
categorization of quantitative variables. P < 0.05 was considered a significant
statistical value.

RESULTS
The study population included 31 females and 30 males with a mean age of 55.7 ± 12.3
years. The injury was dominant in 39 (64%) of the patients. Trauma was the most
frequent etiology of the RCT in our patients. The mean visual analog scale of the
patients was 4.1 ± 1.2. The mean symptom duration was 4.57 ± 1.88 mo. The clinic
demographic characteristics of the patients are demonstrated in detail in Table 1.
The mean shoulder gradient was 14.95º ± 2.1º. The mean shoulder gradient was
14.11º ± 2.65º for the affected shoulder and 15.8º ± 2.2º for the unaffected shoulders.
Accordingly, a difference of 1.15º ± 1.82º was found between the injured and noninjured shoulder. This difference was not statistically significant, by the way (P =
0.41). The median shoulder gradient was 14.1. The median shoulder gradient was
13.94º affected shoulders and in 14.6º in unaffected shoulders. This difference was not
statistically significant, as well (P = 0.12).
No significant association was found between the difference of shoulder gradient
and demographic characteristics of the patients such as age, gender, and body mass
index. Moreover, no significant association was found between the difference of
shoulder gradient and clinical variables such as etiology and symptom duration
(Table 2). The shoulder gradient was not correlated with the pain level of the patients
(r = 0.109, P = 0.071). The shoulder gradient was not correlated with other clinical and
demographic characteristics of the patients, as well.

DISCUSSION
In this study, we aimed to find how the shoulder gradient is associated with the
incidence of RCT. According to our results, the mean shoulder gradient was not
significantly different between the affected and unaffected shoulder of RCT patients.
Moreover, the distribution of shoulder gradient was not significantly different
between the injured and non-injured shoulder. No significant association was also
found between the clinicodemographic characteristics of the patients and the shoulder
gradient difference, as well.
RCTs are amongst the most frequent shoulder pathologies that might significantly
reduce the quality of life of the affected patients. Thus, considerable interest has been
focused on the optimization of its therapeutic approaches and the identification of its
risk factors as well[5,9].
Traditionally, the normal population is known to have balanced shoulders, and any
disturbance in this balance is considered pathologic like the scapular tumoral lesion[10].
However, recent studies reveal that contrary to popular belief, shoulder balance often
does not exist in a healthy population. Akel et al[11] found an average height difference
of 7.5 ± 5.8 mm between the shoulders of the normal population. In addition, the
average coracoid height difference was 6.9 ± 5.8 mm. The clavicular angle, the
clavicle–rib cage intersection, and clavicular tilt angle were also different between the
shoulders of healthy individuals[11]. Acromial morphology has also been associated
with rotator cuff tear pathology in several investigations[12-14]. The study of Cherchi et
al[15] also revealed that the critical shoulder angle is significantly greater RCT patients.
According to these findings, they suggested that an anatomical difference seems to
exist between RCT patients and the general population[15]. We hypothesized that the
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Figure 1

Figure 1 The gradient difference between affected and unaffected shoulders.

shoulder gradient might also be regarded as an anatomic factor affecting the
occurrence of rotator cuff pathologies.
Naidoo et al[16] evaluated the shoulder slope in 260 posterior radiographs of the
shoulder to provide an appropriate definition of the shoulder slope with standardized
anatomical landmarks. Based on their results, the mean shoulder slope was
approximately 13.56° ± 3.70°. They also found a significant association between the
age and shoulder slope, that is to say larger slopes were observed in older ages[16]. By
contrast, we did not find any significant association between the shoulder gradient
and clinicodemographic characteristics of the patients. Yet, it should be noted that
their method of slope evaluation was different from ours.
Although different industries such as the textile and aviation industries have
reported the shoulder gradient in accordance with the specific occupational activities,
the association of shoulder slope with shoulder pathologies has been merely
investigated[16-18].
In one of the few articles in this field, Kim et al[8] investigated the association of
shoulder gradient with acromiohumeral interval of both shoulders in patients with
unilateral shoulder impingement syndrome. They used an angulometer to measure
the shoulder gradient. According to their results, the frequency of shoulder
impingement syndrome was considerably more on the side of the relatively lower
shoulder (76.2%). This study was the first and only study suggesting the role of
shoulder gradient in shoulder pathologies[8].
We did not find a significant association between the shoulder gradient and RCT.
Yet, the results of this study might be adversely affected by several confounding
factors. We did not take into account factors that might play a role in shoulder levels,
such as the lengths of the lower extremities and the level of the pelvic bone.
Moreover, the sample size of this study was not large enough to perform a
multivariate analysis and reduce the effect of confounding factors. Thus, future
standardized studies with larger sample sizes are recommended to fully untie the role
of shoulder gradient in shoulder pathologies such as RCT.
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Table 1 Clinical and demographic characteristics of the patients with rotator cuff problems
Variable

mean ± SD /n (%) (n = 61)

Age (yr)

55.7 ± 12.3

Gender
Female

31 (50.8)

Male

30 (49.2)

BMI (kg/m2)

27.3 ± 4.9

Dominancy
Dominant

39 (64)

Non-dominant

22 (36)

Etiology
Trauma

33 (54.1)

Rheumatologic disorders

18 (25.5)

Unspecified

10 (16.4)

Type of RCT
Supraspinatus

27 (43.5)

Supraspinatus and infraspinatus

21 (34.5)

Subscapularis

5 (8.5)

Supraspinatus and subscapularis

8 (13.5)

Symptom duration (mo)

4.57 ± 1.88

VAS pain

4.1 ± 1.2

BMI: Body mass index; VAS pain: Visual analogue scale for pain; RCT: Rotator cuff tear.

Table 2 The statistical association of shoulder gradient with the clinical and demographic characteristics of the patients with rotator cuff
problems
Variable

Shoulder gradient difference (n = 61)

P value

Age (yr)

0.089

< 60

-1.48 ± 1.08

> 60

-1.03 ±0.96

Gender

0.12

Female

-1.1 ± 0.77

Male

-1.21 ± 0.97

BMI (kg/m2)

0.11

< 26

-1.53 ± 0.89

> 26

-1.27± 1.07

Dominancy

0.092

Dominant

-1.25 ± 1.09

Non-dominant

-1.27 ± 1.11

Etiology

0.068

Trauma

-1.47 ± 1.21

Rheumatologic disorders

-1.12 ± 1.28

Unspecified

-1.52 ± 1.03

Type of RCT

0.51

Supraspinatus

-1.13 ± 1.4

Supraspinatus and infraspinatus

-1.28 ± 1.33

Subscapularis

-1.09 ± 1.1

Supraspinatus and subscapularis

-1.22 ± 1.39

Symptom duration (mo)

0.77

<3

-1.61 ± 1.12

>3

-1.16 ± 1.09

VAS pain

0.14

<3

-1.52 ± 1.02
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>3

-1.24 ± 0.95

BMI: Body mass index; VAS pain: Visual analogue scale for pain.

ARTICLE HIGHLIGHTS
Research background
Rotator cuff tear (RCT) is referred to the injury of one or more of the tendons or muscles of the
rotator cuff and is known as one of the most common causes of shoulder pain and disability
among the adult population. Identification of risk factors, which predisposes the incidence of
RCT, is of considerable importance in the prevention of such injuries.

Research motivation
Earlier investigations have revealed an association between shoulder gradient and shoulder
pathologies, such as shoulder impingement syndrome. We hypothesized that the shoulder
gradient might also predispose the occurrence of RCT.

Research objectives
In this study, we evaluated the association between the shoulder gradient and RCT incidence to
find whether the shoulder gradient could be regarded as a risk factor for RCT or not.

Research methods
Sixty-one patients with a confirmed diagnosis of RCT were identified as eligible for the study.
On the anteroposterior radiograph of the shoulder, we evaluated the gradient of both shoulders
in adduction and neutral rotation positions. The gradient difference between affected and
unaffected shoulders was also calculated.

Research results
The mean shoulder gradient was 14.11º ± 2.65º for the affected shoulder and 15.8º ± 2.2º for the
unaffected shoulders. Based on these results, a gradient difference of 1.15º ± 1.82º was found
between the injured and non-injured shoulders. This difference was not statistically significant (P
= 0.41). The shoulder gradient was not correlated with the pain level of the patients (r = 0.109, P
= 0.071), as well as with other clinical and demographic characteristics of the patients.

Research conclusions
Based on the results of this study, there is no association between the shoulder gradient and
incidence of RCT. Moreover, the shoulder gradient is not associated with the pain level of RCT
patients.

Research perspectives
Future large-scale studies allowing the elimination of confounding factors in a multivariate
analysis will shed more light on the role of shoulder gradient in the incidence of RCT.
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Abstract
BACKGROUND
Day case total shoulder arthroplasty (TSA) is a novel approach, not widely
practiced in Europe. We conducted a retrospective cohort study of patients
comparing elective day case and inpatient TSAs in our United Kingdom centre.
AIM
To evaluate the efficacy and cost-effectiveness of day case TSA compared to
standard inpatient total shoulder arthroplasty.
METHODS
All patients undergoing TSA between January 2017 and July 2018 were included.
Outcome measures were: Change in abduction and extension 3 mo
postoperatively; 30-d postoperative adverse events and re-admissions in day case
and inpatient groups. We also conducted an economic evaluation of outpatient
arthroplasty. Multivariate linear and logistic regression were used to adjust for
demographic and operative covariates.
RESULTS
Fifty nine patients were included, 18 d cases and 41 inpatients. There were no
adverse events or re-admissions at 30 d postoperatively in either group. There
were no significant differences in adjusted flexion (mean difference 16.4, 95%CI:
17.6-50.5, P = 0.337) or abduction (mean difference: 13.2, 95%CI: 18.4-44.9, P =
0.405) postoperatively between groups. Median savings with outpatient
arthroplasty were £529 (interquartile range: 247.33-789, P < 0.0001).
CONCLUSION
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INTRODUCTION
Total shoulder arthroplasty is well established as a safe, effective treatment for
multiple pathologies, including osteoarthritis, rotator cuff arthropathy and complex
fractures of the humerus[1,2].
Typically, it is performed under general anaesthesia with an overnight stay for
administration of analgesia intravenously. Increasingly, however, the procedure is
performed on an outpatient (or day case) basis. This has been facilitated through the
use of continuous nerve blockade with portable infusion devices for ambulatory
analgesia outside of the hospital setting[3].
The latter approach has been widely adopted across the United States[4,5], although
uptake has been slow elsewhere, notably in the United Kingdom and Europe, with
limited literature available. There is a significant potential for improved cost
effectiveness and throughput efficiency with an outpatient approach. We have
therefore conducted this retrospective cohort study in our United Kingdom centre
with the aim of comparing the clinical and cost efficacy of traditional inpatient total
shoulder arthroplasty with outpatient regimens in this setting. We hypothesised that
our outpatient protocol would have equivalent efficacy to inpatient protocols with a
significantly lower cost.

MATERIALS AND METHODS
Inclusion criteria
All adult (18+) patients undergoing elective total shoulder arthroplasty at North
Middlesex University Hospital, London, United Kingdom between January 2017 and
July 2018 were included. Both anatomical and reverse arthroplasties were included.

Exclusion criteria
Patients undergoing arthroplasty for an acute traumatic indication, such as fracture,
were excluded.

Perioperative procedure
Prior to selection for surgery all patients underwent clinical assessment of mobility
with range of motion recorded. All patients selected for surgery underwent
anaesthetic pre-assessment and were identified based on pre-morbid status (no severe
cardiorespiratory co-morbidities) for suitability for an outpatient procedure. Patients
must have had a friend or family member staying with them for 24 h postoperatively,
speak English, be contactable by telephone and have the family member willing to be
trained to remove the analgesic catheter. Patients eligible for outpatient arthroplasty
only underwent day case analgesic procedure and same day discharge dependent on
staffing availability.
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All patients were admitted on the day of surgery and operated on under general
anaesthesia. Patients selected for a day case procedure were given a continuous
intrascalene analgesic infusion following the surgery and discharged the same day,
with the infusion pump in situ. This was then removed at day 3 postoperatively in the
community by family members or friends of the patient who were given written
instructions on removal. Patients were followed up daily over telephone by specialist
pain nurses until removal of the infusion catheter. Those with planned inpatient stays
were given strong opiate analgesia and were admitted until this could be weaned off
with appropriate mobilisation as assessed by physiotherapy. Patients were followed
up at 3 mo postoperatively to assess mobility and to assess imaging to ensure
appropriate prosthesis placement.

Data collection
Data was collected retrospectively, with patients identified from prospectively
recorded theatre logs and case note retrieval. Data collected included demographic
information such as age and gender, co-morbidities and indication for procedure,
operative information and postoperative complications and range of motion at 3 mo
as assessed in clinic. Patients were stratified into day case and inpatient groups
depending on the preoperative plan for admission or not.

Outcomes
Primary outcome measures were mean increase in active flexion and abduction at 3
mo postoperatively. Secondary outcomes were postoperative complication and readmission rates at 30 d.

Economic analysis
The difference in costs between day case and inpatient procedures was calculated
using the cost of catheter insertion, analgesic infusion costs and removal of the
catheter for the outpatient group. For the inpatient group the median length of stay
was used to calculate cost of inpatient nursing care. All other costs of care were
assumed equal in both groups.
The median cost difference between inpatient and outpatient groups was calculated
and statistical significance assessed using the Mann Whitney U test.

Statistical analysis
Descriptive data are presented as means with standard deviation or medians with
interquartile ranges (IQR) dependent on the normality of the data as appropriate.
Normality was assessed by visual inspection of histograms and quantile-quantile
plots and subsequent statistical testing was directed by this assessment. Statistical
significance in terms of demographic and operative differences between day case and
inpatient groups was calculated using Fisher’s exact or Student’s two-tailed t-tests as
appropriate.
Difference in mean abduction and flexion between inpatient and outpatient groups
was assessed using Student’s two-tailed t-test. The threshold for statistical significance
was set with P < 0.05.
Multivariate linear and logistic regression analysis was used to adjust for
demographic and operative covariates (including age, gender, side, anatomic vs
reverse and indication of procedure) in the primary outcomes, following univariate
analysis.
Statistical analysis was conducted using Microsoft R Open 3.5.1[6] (Microsoft Corp.,
Redmond, WA, United States) with tidyverse[7], desctools[8], finalfit[9], tableone[10] and
lubridate[11] packages.
Following the main analysis we later decided (post-hoc) to conduct an analysis of
the power of our sample to detect a clinically significant difference (agreed by
consensus of the study team) of 30 degrees of abduction between outpatient and
inpatient groups. This analysis used the variance in abduction following total
shoulder arthroplasty at 6 mo as reported by Ramzjou et al[12].

Reporting guidelines
This study is reported according to the STROBE guidelines for observational
studies[13].

RESULTS
Fifty nine eligible patients were identified in the study period, of these, 18 were
planned day cases and 41 planned inpatient stays. The characteristics of the study
population are summarised in Table 1, note- all the planned day case patients were
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discharged on the day of surgery as expected and all inpatients were admitted
overnight as planned. Inpatients had a median stay of 2 d and 6 h (IQR: 28-78 h).
There were no significant differences in day case and inpatient groups at baseline.
Unadjusted analysis (Table 2) showed no significant difference between groups for
the increase in range of motion postoperatively. Univariate analysis of the
demographic and operative covariates, alongside admission status is displayed in
Table 3, there were no significant associations between the primary outcomes and the
explanatory variables.
Following adjustment for all covariates (Table 3 and Figure 1), there was no
significant difference between day case and inpatient groups for change in flexion
(mean difference: 16.4, 95%CI: 17.6-50.5, P = 0.337) and abduction postoperatively
(mean difference: 13.2, 95%CI: 18.4-44.9, P = 0.405).
There were no adverse events related to surgery in both groups and no readmissions following discharge in either group.

Economic analysis
Mean cost of admission was £260 per day. This gave a median cost of admission for
the inpatient group of £585 (IQR: 303.33-845). Cost of catheter insertion, infusion and
removal was £56. Cost of the analgesia catheter was the same for all outpatients. It is
assumed all other variables are the same between inpatient and outpatient groups.
The median savings of outpatient arthroplasty were therefore £529 (IQR: 247.33789.00, P < 0.0001).

Power calculation
Post-hoc power calculations showed with this sample size, there was a 0.861 power to
detect a 30 degree difference in abduction using the variance reported by Razmjou et
al[12] at 6 mo.

DISCUSSION
This study is the only published experience of outpatient total shoulder arthroplasty
in the United Kingdom. We show the non-inferiority of day case total shoulder
replacement with inpatient total shoulder arthroplasty in terms of range of motion
and adverse events postoperatively, at lower cost.
Our results mirror those reported elsewhere. Ilfield et al[3] showed similar range of
motion outcomes in inpatient and outpatient groups in their initial pilot study with a
single intrascalene block postoperatively in 2005. In their follow up randomised trial
they further showed patients who did not have the block, had a lower range of
motion initially after the operation as would be expected, despite high doses of
intravenous opioids[14].
Recently, Bean et al[15] in their similarly sized retrospective study in the United
States, showed reduced 90-d complication rates with outpatient arthroplasty and
fewer visits to emergency departments following discharge compared to their
inpatient comparator. In this study, patients were excluded from receiving outpatient
surgery if they had a number of comorbidities, such as cardiopulmonary disease.
Leroux et al[4] and Basques et al[5] in their population level studies in the United States
also confirmed no increased adverse events or re-admissions in those undergoing
outpatient surgery, even after adjusting for pre-existing co-morbidities and
demographic factors such as age.
The cost benefit of outpatient shoulder arthroplasty has already been modelled in
the United States, where savings were estimated between 747 and $15507 per patient,
with a base case of $5594[16]. Our findings match the lower end of these estimates,
however, we have only evaluated two key variables for cost differential in our
analysis. Additional analgesics, blood tests and physiotherapy costs are likely to
increase the relative cost of standard inpatient arthroplasty and we have not
accounted for these. Further, admission costs in the United States are known to be
markedly higher than the United Kingdom[17].
In addition to direct costs, the potential for increased throughput and reduction of
bed use is significant, particularly in the context of the National Health Service where
there are significant waiting times and targets to be met.
Our study is also relatively unique in having solely remote follow up of patients
with the infusion catheter. Many centers have specialist community nursing teams to
facilitate the care and monitoring of the analgesic infusion whilst in the community.
Our study shows that it is safe to monitor these patients remotely, while alleviating
the need for specialist community nursing resources and training.
In the United Kingdom the only published experience of nerve block infusions for
ambulatory shoulder surgery was a successful pilot of 10 patients, which showed
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Table 1 Summary characteristics of study population
Characteristic

Day case

Inpatients

P value

n

18

41

Age [mean (SD)]

70.9 (11.1)

71.7 (8.53)

0.758

Male (%)

4 (22.2)

11 (26.8)

0.960

Right side (%)

10 (55.6)

27 (65.9)

0.645

Reverse (%)

15 (83.3)

34 (82.9)

1.000

Mean preoperative flexion [degrees (SD)]

43.2 (25.9)

57.9 (30.1)

0.079

Mean preoperative abduction [degrees (SD)]

52.6 (27.7)

53.9 (27.4)

0.883

Glenohumeral arthritis (%)

8 (44.4)

17 (41.4)

1.000

Rotator cuff tendonitis (%)

9 (50.0)

17 (41.4)

0.580

Rotator cuff tear (%)

10 (55.6)

13 (31.7)

0.146

Length of stay [median (IQR)]

N/A

2 d 6 h (27.6-78.4 h)

Indications

Note for indications, patients may have one or more pathologies. IQR: Interquartile range; N/A: Not
available.

good analgesia[18].

Strengths
Our study is relatively unique outside of the United States and has a comparator
group of inpatients unlike many similar studies. We have further looked at functional
outcomes in terms of range of motion in comparison to inpatient surgery unlike much
of the previous literature. This study also contains the only cost analysis of outpatient
shoulder arthroplasty outside the United States. We believe our study has greater
applicability to the publicly provided health systems found in the United Kingdom
and Europe, both in terms of demographic similarity and patient pathways.
Further, the statistical analysis we have conducted is robust and the multivariate
analysis we have conducted includes several covariates which have been adjusted for.
Finally, we have conducted a power calculation, which whilst post-hoc, shows that
this study may be appropriately powered and can be used to inform future studies.

Limitations
We have not been able to collect data on co-morbidities to adjust for this as a covariate
for postoperative results. Further we have not collected data on pain scores or
satisfaction in the long term, which are key factors in the success of the operation.
Further, although we have collected data on the two key movements (extension and
abduction) ideally a formalised functional assessment such as the Oxford shoulder
score[19] should be used. However, in theory, as the operative procedure is identical in
both inpatient and outpatient groups, there should be no long term differences in pain
or function with the outpatient method, which only alters the postoperative analgesia
modality.
For the cost analysis we did not look at all possible costs associated with each
procedure and their respective pathways but only the key differentiators, the cost of
the catheter and infusion for outpatients and the cost of admission of inpatients (the
latter only includes nursing costs). Preferably, alternative costs such as anaesthetic
and recovery times, pain nurse telephone follow up, inpatient physiotherapy, pain
nurse and medication costs should be included.
Ideally, an appropriately powered, randomized controlled trial with long term
follow up comparing patients undergoing outpatient arthroplasty with a continuous
nerve block vs the traditional inpatient group is needed, as yet, no such trial has been
conducted. This trial should randomise patients regardless of pre-existing comorbidities and assess postoperative complication rates, re-admission rates as well as
postoperative function and overall service discharge rate. A comprehensive cost
analysis using National Health Service tariff prices is essential following this to ensure
translation in our setting.
The criterion regarding appropriate selection of patients is important, as there is
much debate around this, in shoulder but also hip and knee arthroplasty, where
outpatient surgery has been more extensively studied[20]. Meneghini et al[21] have
recommended a scoring system to facilitate selection of suitable patients for day case
arthroplasty, however, this only considered hip and knee arthroplasties. Ideally, a
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Table 2 Unadjusted changes in flexion, abduction and discharge rates at 3 mo postoperatively
in day case and inpatient groups
Characteristic

Day case

Inpatients

P value

n

18

41

Post-op change in flexion (mean ± SD, degrees)

32.7 ± 52.1

48.6 ± 53.7

0.325

Post-op change in abduction (mean ± SD, degrees)

42.5 ± 47.8

33.2 ± 58.7

0.528

similar scoring system or set of criteria to identify eligible patients for day case
shoulder arthroplasties is needed.
Further, it may be advantageous to use regional anaesthesia only as opposed to a
general anaesthetic to further reduce recovery times and potentially to extend surgery
to those unfit for general anaesthesia. This has been employed in arthroscopic
procedures and some more minor shoulder surgeries such as rotator cuff repair, but is
rarely used for total shoulder arthroplasty due to inadequate analgesia. Development
of newer techniques such as continuous intrascalene blocks and alternative blocks
such as supraclavicular blocks may ameliorate this[22].
It must be noted that the peripheral nerve block techniques that facilitate day case
shoulder arthroplasty are not without their disadvantages. The process of achieving
regional nerve blockade takes significantly more time than induction of general
anaesthesia[23]. With intrascalene blockades, complications include pneumothoraces,
phrenic nerve palsies, transient or permanent neurological deficits including
hoarseness of voice and Horner’s syndrome due to incorrect nerve blockade and,
rarely, systemic toxicity such as myocardial depression. Overall, the risks of regional
anaesthesia for surgery are still far lower and less severe than with general
anaesthesia[24]. In conclusion, elective total shoulder arthroplasty appears to be safe
and effective when performed as a day case procedure in the United Kingdom, with
lower costs, mirroring similar results reported in the United States. This suggests that
these procedures should be performed more widely as a day case procedure in the
United Kingdom and other countries with similar publicly funded health systems, in
carefully selected patients, to reduce bed occupancy, improve efficiency and reduce
costs. However, larger, more rigorous randomised controlled trials comparing the day
case procedure with traditional inpatient regimes including robust cost-effectiveness
analyses are needed.
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Table 3 Uni- and multi-variate analysis of postoperative range of motion differences
Univariate flexion (degrees)
Explanatory
Mean
variable
increase
(95%CI)

P value

Multivariate flexion (degrees)

Univariate abduction
(degrees)

Multivariate abduction
(degrees)

Mean
increase
(95%CI)

Mean
increase
(95%CI)

Mean
increase
(95%CI)

P value

P value

P value

Day case (vs
inpatient)

15.9 (-16.2 to
48.0)

0.325

16.4 (-17.6 to
50.5)

0.337

9.33 (-20.1 to
38.8)

0.528

13.2 (-18.4 to
44.9)

0.405

Age
(increasing)

0.50 (-1.11 to
2.12)

0.534

1.71 (-0.45 to
3.88)

0.118

1.05 (-0.40 to
2.50)

0.152

1.97 (-0.03 to
3.98)

0.054

Gender (male) -3.30 (-30.9 to
37.5)

0.848

-11.7 (-25.4 to
48.9)

0.530

5.34 (-25.9 to
36.6)

0.733

7.68 (-26.8 to
42.2)

0.657

Laterality
(right)

-29.3 (-59.1 to
0.56)

0.054

-36.7 (-70.4 to 3.08)

0.033

-7.44 (-35.5 to
20.6)

0.598

-17.3 (-48.6 to
13.9)

0.271

Reverse/anato -1.76 (-41.5 to
-mical
38.0)

0.930

-16.4 (-50.4 to
17.5)

0.337

9.05 (-27.1 to
45.2)

0.618

-9.10 (-56.9 to
38.7)

0.704

Glenohumeral -13.8 (-43.6 to
arthritis
15.9)

0.357

-18.8 (-52.4 to
14.8)

0.266

-9.04 (-36.3 to
18.3)

0.510

-17.5 (-48.6 to
13.7)

0.266

Cuff
tendonitis

-0.08 (-30.11 to
29.96)

0.996

-9.93 (-48.1 to
28.2)

0.603

-7.66 (-35.0 to
19.7)

0.577

-20.2 (-55.6 to
15.2)

0.256

Cuff tear

8.66 (-21.83 to
39.15)

0.572

-5.67 (-43.1 to
31.7)

0.762

6.53 (-21.3 to
34.4)

0.641

-7.69 (-42.4 to
27.0)

0.658

CI: Confidence interval.

Figure 1

Figure 1 Adjusted mean difference in postoperative flexion and extension between day case and inpatient groups at 3 mo. Bars represent 95% confidence
intervals.

ARTICLE HIGHLIGHTS
Research background
Total shoulder arthroplasty is typically performed as an inpatient procedure with an overnight
stay for adequate analgesia and observation. Advances in regional anaesthesia have enabled this
major operation to be conducted as an outpatient procedure. The safety, efficacy and costeffectiveness of the outpatient procedure are well established in the United States, but evidence
and experience in the techniques are lacking elsewhere.

Research motivation
Worldwide, there is significant scarcity in healthcare resources in terms of funding and bed
capacity. These pressures are particularly serious in publicly funded health systems, such as that
in the United Kingdom’s National Health Service, where we report our experience. Performing
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procedures such as total shoulder arthroplasty as outpatient procedures may reduce bed
occupancy while obtaining significant cost benefits. The study was registered with our local
clinical governance department as a service evaluation, no explicit patient consent was required
for this study of anonymised retrospective data.

Research objectives
We aimed to compare standard inpatient total shoulder arthroplasty with outpatient total
shoulder arthroplasty. The primary outcomes were change in flexion and extension at 3 mo
postoperatively in each group. Adverse events, re-admission rates and cost analyses were also
obtained.

Research methods
We conducted a retrospective cohort study of all patients who underwent total shoulder
arthroplasty at North Middlesex University Hospital, London, United Kingdom between
January 2017 and July 2018. Both inpatient and outpatient surgical groups underwent general
anaesthesia and the same operative procedures. The outpatient group had continuous
intrascalene analgesic infusion catheters which were retained postoperatively and they were
discharged on the day of surgery. These patients were followed up by telephone by specialist
community pain nurses for 3 d postoperatively and the catheter removed by the patient in their
home on day 3. Costs were calculated with median length of stay and admission costs in the
inpatient group and catheter, infusion and community nursing costs in the outpatient group.
Between group differences were assessed using Student’s t-test or χ 2 tests as appropriate.
Multivariate linear and logistic regression was conducted to adjust for confounding variables.

Research results
Fifty nine patients were included, 18 d cases and 41 inpatients. There were no adverse events or
re-admissions at 30 d postoperatively in either group. There were no significant differences in
adjusted flexion (mean difference: 16.4, 95%CI: 17.6-50.5, P = 0.337) or abduction (mean
difference: 13.2, 95%CI: 18.4-44.9, P = 0.405) postoperatively between groups. Median savings
with outpatient arthroplasty were £529 (interquartile range: 247.33-789, P < 0.0001).

Research conclusions
This study shows that outpatient total shoulder arthroplasty is a safe procedure with similar
efficacy to traditional inpatient arthroplasty. We demonstrate significant cost savings with the
outpatient procedure in our publicly funded, United Kingdom setting. These findings suggest
that outpatient total shoulder arthroplasty should replace traditional inpatient arthroplasty in
suitable patients, in the United Kingdom and beyond, to save costs and relieve capacity.

Research perspectives
Ideally an appropriately powered, randomised control trial comparing outpatient and inpatient
procedures is required to evaluate the technique. Formal functional assessment with tools such
as the Oxford shoulder score is also needed to accurately assess efficacy. New methods of
anaesthesia such as total regional anaesthesia with brachial plexus blockade need further study
and may obviate the need for general anaesthesia and extend availability of surgery to those
unfit for general anaesthesia. Novel minimally invasive surgical techniques such as arthroscopic
and robotic shoulder arthroplasty may also reduce pain and the need for inpatient admission.
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Abstract
BACKGROUND
Orthopedic surgery in children with cerebral palsy (CP) aims to improve function
and prevent deformities. Each child’s condition in CP is unique and many covariables influence surgical decision-making including a patient's age and their
functional level. Little is known about the frequency of different types of
orthopedic surgery in children with CP who have varied functional levels,
particularly in countries from Latin America.
AIM
To assess the type of orthopedic surgical procedures in relation to age and gross
motor function in children with CP.
METHODS
This retrospective study included all children with CP (n = 245) treated with
elective orthopedic surgery at a Uruguayan university hospital between October
2010 and May 2016 identified from a surgical database. Eighteen children (7%)
were lost to follow-up due to missing medical charts. Demographics, gross motor
function classification (GMFCS), and orthopedic surgeries were obtained from
the medical records of 227 children. Chi-squared tests and analysis of variance
were used to assess the frequency of surgery, accounting for GMFCS levels. Mean
age for soft tissue vs bone surgery was compared with the independent samples
t-test.
RESULTS
A total of 711 surgical procedures were performed between 1998 and 2016. On
average, children had 3.1 surgical procedures and the mean age at first surgery
was 8.0 years. There were no significant differences in age at first surgery among
GMFCS levels (P = 0.47). The most common procedures were lower leg soft tissue
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surgery (n = 189, 27%), hip tenotomy (n = 135, 19%), and hamstring tenotomy (n
= 104, 14%). For children with GMFCS level I, the mean number of surgeries per
child [1.8 (range 1-9)] differed significantly at P < 0.05 in children with GMFCS
levels II [3.2 (1-12)], III [3.2 (1-8)], IV [3.3 (1-13)], and V [3.6 (1-11)]. Within II, III,
IV, and V, there was no significant difference in mean number of surgeries per
child when comparing across the groups. The proportion of soft tissue surgery vs
bone surgery was higher in GMFCS levels I-III (80%-85%) compared to levels IV
(68%) and V (55%) (P < 0.05).
CONCLUSION
The frequency of surgical procedures per child did not increase with higher
GMFCS level after level I. However, the proportion of bone surgery was higher in
GMFCS levels IV-V compared to I-III.
Key words: Children; Cerebral palsy; Gross Motor Function Classification System;
Surgery; Epidemiology
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Little is known about the frequency of different types of orthopedic surgery in
children with cerebral palsy, particularly in Latin America, as most studies related to
orthopedic surgery are retrospective case series describing a specific surgery. This paper
illustrated that among Uruguayan children with cerebral palsy, the number of corrective
surgeries performed did not differ by functional motor ability (gross motor function
classification levels) after level I, but the types of surgeries did differ by gross motor
function classification levels. The proportion of soft tissue surgery vs bone surgery was
higher in ambulatory children compared to non-ambulatory children.

Citation: Rehbein I, Teske V, Pagano I, Cúneo A, Pérez ME, von Heideken J. Analysis of
orthopedic surgical procedures in children with cerebral palsy. World J Orthop 2020; 11(4):
222-231
URL: https://www.wjgnet.com/2218-5836/full/v11/i4/222.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i4.222

INTRODUCTION
Cerebral palsy (CP) is the most common neurologic disorder causing motor
impairment in children and affects 2-3 of 1000 children[1]. In Uruguay, this amounts to
roughly 100 children diagnosed with CP annually. CP is commonly classified not only
by the dominant symptom, but by functional motor ability, according to the Gross
Motor Functional Classification Scale (GMFCS)[2].
Orthopedic surgery is common in children with CP. A Danish registry study
concluded that 41% of children between 8 and 15 years with GMFCS level I, 54% with
level II, and 62% with levels III, IV or V had received orthopedic surgery [3] .
Orthopedic surgery aims to improve the child’s quality of life by controlling pain,
optimizing independence and self-care, maximizing movement, balance and
coordination, and maintaining functionality [4] . Another primary indication for
orthopedic surgery is to prevent future complications such as contractures, hip
dislocations, and scoliosis progression [5] . Each child’s condition in CP is unique
making it difficult to establish guidelines about when is the best age for different
types of orthopedic surgery. Several factors affect the timing for a surgical procedure:
the change of spasticity over time which in general is most severe in preschoolers[6],
the development of joint contractions[7], hip migration[8], pain[9], the GMFCS level and
comorbidities[4,7].
There is a trend towards single event multilevel surgery (SEMLS), which can be
defined as two or more soft tissue or bony surgical procedures performed at two or
more anatomical levels during a single surgery[10]. Avoiding repeated operations has
many advantages, including fewer hospital admissions and periods of rehabilitation.
Little is known about the frequency of different types of orthopedic surgery in
children with CP. Most studies related to orthopedic surgery are retrospective case
series describing a specific surgery. We are only aware of one published study in the
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literature that has described the frequency of orthopedic surgical procedures in
children with CP[11] and to the best of our knowledge, there are no studies of this kind
in Latin America.
The aim of this retrospective cohort study was to analyze the frequency, anatomic
location, and type of orthopedic surgical procedures in relation to age and gross
motor function in children with CP. We hypothesized that the frequency of surgical
procedures per child would increase with higher GMFCS level.

MATERIALS AND METHODS
Ethical considerations
Institutional Human Subjects approval was obtained for this study from our local
Board (Centro Hospitelario Pereira Rossell).

Recruitment of participants
We retrospectively reviewed the charts of all patients with CP treated with orthopedic
surgery at a public university hospital providing care to children of lower
socioeconomic status in Montevideo between October 2010 and May 2016. Patients
were identified from the hospital surgical electronic database for elective orthopedic
surgery. As the surgical registry became computerized in October 2010 this date was
chosen as the start date for the study. Among the 251 patients retrieved from the
surgical database, 6 did not have a CP diagnosis recorded in the medical charts and
were excluded. Thus, 245 patients with CP treated with orthopedic surgery were
included in this study. The flow of the patients through the study is illustrated in
Figure 1.

Assessment and evaluation
CP subtype was classified according to the Surveillance of Cerebral Palsy in Europe
into Bilateral Spastic, Unilateral Spastic, Dyskinetic, Ataxic, and Non classifiable CP[12].
GMFCS level was established based on findings in the medical history from the
treating physician or rehabilitation physician. Because this classification system was
not used in our hospital from the beginning of the study period, we chose to use the
last recorded GMFCS level in the medical charts. During phase one of the data
collection, all orthopedic surgeries recorded in the patients’ medical history were
collected and confirmed by reading the surgical history in the medical chart. The type
of surgery was noted, soft tissue or bone, and classified according to the most affected
anatomical location as follows: Spine, upper extremity, pelvic osteotomy, proximal
femur osteotomy, hip tenotomy, distal femur osteotomy, surgery for patella alta,
hamstring tenotomy, osteotomy lower leg, soft tissue lower leg, and foot. Soft tissue
lower leg surgery included: slide and Z lengthening of the Achilles tendon and soleus
and gastrocnemius aponeurotic lengthening such as Vulpius to treat foot equinus.
Orthopedic surgeries that could not be classified into this system were defined as
“other” types of surgery. For example, “other” included implant removal, wound
infection requiring a reoperation, or correction of cast. Bilateral procedures of the
same type and on the same date were counted as one surgery. The surgical procedure
with two or more soft tissue or bony surgical procedures at two or more anatomical
levels during one operative procedure was classified as an SEMLS [10] . Pelvic
osteotomies with proximal femur osteotomy and hip tenotomy were not classified as
a single event multi-level surgery. A database was constructed using data extracted
from the charts.

Statistical analysis
Descriptive statistics such as counts, percentages, means and standard deviations or
medians with ranges were used to characterize the sample. Age at first surgery,
surgeries per patient, and mean number of surgical sessions was compared among
GMFCS levels using one-way analysis of variance (ANOVA). Number of surgeries
classified by type of surgery (soft tissue and bone surgery) was compared using the
chi-squared test. Mean age for soft tissue vs bone surgery was compared with the
independent samples t-test. P values of 0.05 or less were considered statistically
signiﬁcant. Statistical analysis was performed with the statistical program SPSS for
Mac 23.0 (www.spss.com, SPSS Inc., Chicago, IL, United States).
The statistical methods of this study were reviewed by Dr. Maura Daly Iversen,
Professor of Public Health and Physical Therapy Sacred Heart University.
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Figure 1

Figure 1 Flow chart of children in the study.

RESULTS
Of the 245 patients included in the study, 18 (7%) were lost due to missing charts.
Thus, data on 227 patients with CP (46% female) were obtained from the medical
records. The mean age of the patients at the first surgery was 8.1 years (range 2-19)
and the mean follow-up from first surgery was 52 mo (range 0-219 mo). Most children
were classified as having spastic diplegia (80%) or spastic hemiplegia (17%). In 1% of
children, the CP subtype was not possible to classify. The proportion of children
within the different GMFCS levels was I = 14%, II = 22%, III = 18%, IV = 23, and V =
23% (Table 1).
Table 2 illustrates surgical characteristics of the 227 children. There were 711 total
surgical procedures performed on these children between 1998 and 2016. The mean
number of surgeries per patient was 3.1 (range 1-13). An ANOVA on the mean
number of surgeries per child between different GMFCS levels yielded significant
variation, F (4, 222) = 3.69, P = 0.006. A post hoc Tukey test showed that for children
with GMFCS level I, the mean number of surgeries per child [1.8 (range 1-9)] differed
significantly at P < 0.05 with children with GMFCS levels II [3.2 (1-12)], III [3.2 (1-8)],
IV [3.3 (1-13)], and V [3.6 (1-11)]. Within GMFCS levels II, III, IV, and V, there was no
significant difference in the mean number of surgeries per child. Taken together, these
results suggest that children with GMFCS level I have significantly fewer surgeries
than children with more limited ability to ambulate. However, the frequency of
surgical procedures per child did not increase with higher GMFCS level after level I.
The ANOVA test demonstrated no significant differences in age at first surgery
among GMFCS levels [F (4, 222) = 1.71, P = 0.47]. Not including surgeries classified as
other, 441 surgeries were classified as soft tissue surgery and 217 as bone surgery. The
mean age for soft tissue surgery was 8.3 years compared to 11.0 years for bone
surgery (P < 0.05). The proportion of soft tissue surgery was higher in GMFCS levels
I-III (77%) compared to levels IV-V (59%) (P < 0.05) (Figure 2).
The total number of visits to the surgical theater for children in this study was 413.
The mean number of surgeries per child was 1.8 (1-10). ANOVA on the mean number
of surgeries per child between different GMFCS levels yielded no significant variation
[F (4, 222) = 1.71, P = 0.149]. Of the 413 times a child was in the surgical theater,
SEMLS was performed 140 times (34%) with an average of 2.6 (range 2-5) procedures.
The distribution of children who underwent SEMLS based on GMFCS level was I =
5%, II = 25%, III = 26%, IV = 26%, and V = 18%.
The most common procedures performed were soft tissue surgery of lower leg
[number of procedures = 189 (27%)], adductor psoas tenotomy [n = 135 (19%)], and
hamstring tenotomy (n = 102 (14%)) (Table 3). Of all the surgeries, 8% were classified
as other including removal of osteosynthesis material, correction of casts and in two
children, surgical treatment due to post-operative infection. The most common soft
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Table 1 Demographic features, cerebral palsy classification, and Gross Motor Function
Classification System
Variable

Value

Mean age at first surgery, yr (range)

8.1 (2-19)

Mean age at end of study period, yr (range)

12.5 (4-27)

Female, n (%)

105 (46)

Cerebral Palsy subtype, n (%)
Bilateral spactic

180 (80)

Unilateral spactic

38 (17)

Dyskinetic

5 (2)

Ataxic

1 (0)

Non classifiable

3 (1)

GMFCS level, n (%)
I

33 (14)

II

51 (22)

III

40 (18)

IV

52 (23)

V

51 (23)

GMFCS: Gross Motor Function Classification System.

tissue surgery of the lower leg was unilateral or bilateral Vulpius (78%). In 22% of the
children with soft tissue surgery of the lower extremity, the procedure was repeated
1-3 times on the same side. Hip surgery, regardless of the type, was more common in
GMFCS levels IV and V. The mean age for pelvic osteotomies was 8 years (range 3-16)
and hip tenotomies was 8 years (range 2-16). Among the 227 patients, hip salvage
procedures were performed in 4 children (1.7% of the patients). The mean age at
surgery for soft tissue lower leg, hamstring tenotomy, hip tenotomy, and pelvic
osteotomy was under 10 years. The mean age at surgery was 10 years or more for foot,
lower leg osteotomy, surgery for patella alta, distal femur osteotomy, proximal femur
osteotomy, upper extremity surgery, and spine surgery.

DISCUSSION
Key findings
This study analyzed the frequency, anatomic location, and type of orthopedic surgical
procedures in relation to age and gross motor function in children with CP in a public
university hospital providing care to children of lower socioeconomic status. We
hypothesized that the frequency of surgical procedures per child would increase with
higher GMFCS level. This hypothesis could not be confirmed with our data, as the
frequency of surgical procedures per child did not increase with higher GMFCS level
after level I. This result could partly be explained by the indication and goal of the
surgery in an ambulatory child, which is to improve gait, compared to the goal of
surgery in a non-ambulatory child where the goal of treatment is often related to pain
relief, greater comfort with positioning, improved basic care, correction of severe foot
deformities, prevention of hip dislocation, and/or to halt progression of scoliosis[5].
Another reason is that the benefit of surgery in non-ambulatory children needs to be
judged against the increased risk of major complications due to the presence of
comorbidities such as malnutrition and decreased pulmonary and cardiac function[7].
Additionally, there is also an increased risk of complications from surgery such as
nerve palsies and neuropathic pain in this patient group[5].
We identified only one published study that described the frequency of orthopedic
surgical procedures in children with CP [11] . This study examined data from 127
children and only classified lower extremity surgeries. The researchers did not
include children with GMFCS level V and children with hemiplegia who had isolated
tendo-achilles lengthening surgery. The average age at first operation was 6.9 years
compared to 8.0 years in our study. These researchers also found no significant
differences among GMFCS levels for the number of procedures performed, but
children at GMFCS level II underwent significantly more surgical sessions than those
at level I. Since there are few data reported, it is hard to draw any conclusion about
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Table 2 Surgical Features of 227 children with cerebral palsy
Variable

Value

Total number of surgeries

711

Mean number of surgeries per patient (range) by GMFCS
I

1.8 (1-9)

II

3.2 (1-12)

III

3.2 (1-8)

IV

3.3 (1-13)

V

3.6 (1-11)

Total number of visits to the surgical theater

413

Mean number of visits to the surgical theater per patient (range)1

1.8 (1-10)

Mean number of visits to the surgical theater per patient (range) by GMFCS
I

1.4 (1-5)

II

1.9 (1-6)

III

1.7 (1-4)

IV

1.8 (1-7)

V

2.1 (1-10)

Number of single event multilevel surgeries2 (% of all visits to the surgical theater)

140 (34%)

Number of hip salvage procedures (% of patients)

4 (1.7%)

Number of deep infections (% of all surgeries not including revisions for infections)

2 (0.3%)

1

A patient may have more than one surgery during one visit to the surgical theater;
Defined as two or more soft tissue or bony surgical procedures at two or more anatomical levels during one operative procedure. Pelvic osteotomies with
proximal femur osteotomy and hip tenotomy were not classified as a single event multi-level surgery. GMFCS: Gross Motor Function Classification
System.
2

whether children in our cohort received similar numbers of surgeries compared to
other parts of the world.
Few children in our study had surgery at a very young age, because in preschool
children with CP, orthopedic issues are normally treated without surgery[5]. However,
children with more severe forms of CP often receive adductor-psoas tenotomies at
young age to prevent hip subluxation[13]. In our study, surgery among ambulatory
children aged 6 to 10 years focused on limb alignment, often as SEMLS in GMFCS
level higher than I. Among non-ambulatory children aged 6 to 10 years, surgery
focused on prevention of hip subluxation or dislocation. Among adolescents,
surgeries focus more on preventing recurrence of lower extremity deformities.
Among all surgeries performed, roughly one-third of the surgeries were SEMLS.
However, the complexity of the SEMLS varied between lengthening of two tendons
on two different anatomic levels and advanced surgery combining both soft tissues
and bony procedures in more than two different anatomic levels.
Even though orthopedic surgery in children with CP focuses primarily on the lower
extremities, one might expect a higher prevalence of upper extremity surgeries in this
cohort. However, we found only three upper extremity surgeries in our data. One
possible explanation for this small number of upper extremity surgeries in our study
is that in Uruguay plastic surgeons are responsible for correcting wrist and hand
deformities. We did not have access to these medical charts and therefore, the real
number of upper extremity surgeries in our study population is probably higher.
Among the nine children in our study who had scoliosis surgery, none developed a
wound infection, while Samdini et al [14] reported 4.7% of spine surgeries in 127
children with CP resulted in wound infections requiring re-operation. Since we did
not include unplanned surgeries performed outside surgical hours (evenings and
weekends), we may be under-estimating the post-operative infections requiring
surgery. However, we did not find any indication of under-reporting in the medical
charts.

Strengths and weaknesses of the study
As with all retrospective research, this study had several limitations. One is that it was
conducted by reviewing medical charts at a single hospital including only children
with at least one orthopedic surgery. Therefore, these results may have limited
generalizability. Since we did not know the total number of children with CP we
could not determine the incidence of orthopedic surgery in this sample of patients.
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Figure 2

Figure 2 Proportion of soft tissue surgery (n = 441) vs bone surgery (n = 227) in 227 children with cerebral
palsy stratified by Gross Motor Function Classification System.

Additionally, there could be patients with CP that were not registered for elective
surgery with a CP diagnosis in the hospital surgical electronic database and therefore,
were not included in the study. However, to minimize this selection bias, we
examined medical records to determine whether any patients without a CP diagnosis
had a surgical procedure that could indicate that the child had CP. We also examined
medical charts of children from the neuropediatric department to identify whether
any children had a CP diagnosis and could not identify any new patients with CP.
The fact that 7% of the medical records could not be located demonstrates a weakness
of the hospital’s non-electronic medical chart archive system. This supports the
advantage for functioning national databases in order to adequately follow-up
regarding the outcomes of these patients. The literature strongly supports the
effectiveness of specifically designed follow-up programs for the prevention of hip
dislocation in children with CP[8,15,16].
There is always a risk of information bias. In this study, data could be misclassified
according to CP subtype, GMFCS level, and type of surgery. To lessen the impact of
misclassification, we searched the entire medical chart including radiographs. We did
not analyze change in functional level over time for these children. However, the
children’s rehabilitation doctors also confirmed GMFCS level and CP-subtype
recorded in the medical charts.
The orthopedic care of children with CP in Uruguay is carried out by both public
and private institutions with approximately 50% of all orthopedic surgeries in
children with CP performed at the public pediatric university hospital in Uruguay,
the location of this study. There is a potential for random error due to the fact that
some children might have been operated at other hospitals in Uruguay. We did not
find any indication of this occurring in the medical charts. However, there is always
the possibility that the children subsequently had orthopedic surgery in another
hospitals outside Montevideo or changed to private health care or were transferred to
an adult hospital at the age of 15 years. In this study, we did not have access to the
medical charts of other hospitals. The mortality during childhood is high in GMFCS
level V[17] and this is another random error that we could not adjust for in our analysis,
as we could not confirm whether some of the children died during the study period.
Spasticity reduction treatment might in some cases postpone surgery[18] and we did
not look at these potential confounders. Children with CP in Uruguay have limited
access to botulinum toxin and selective dorsal rhizotomy. However, the access to gait
analysis and spasticity reduction treatment in the form of oral Baclofen, regular
physiotherapy and orthotic devices probably increased over the study period with the
increased availability of rehabilitation centers like Teleton and increased resources in
the health care system due to economic growth in Uruguay during the past 15 years.
For example, the number of soft tissue surgeries in the lower limb to correct foot
equinus might be affected by this as well as by a change in surgical technique over
time.
Many co-variables beyond a patient's age and their functional level influence
decision making for surgery. For example, surgical technique, accepted indications,
and co-morbidities of the child. However, analyzing the different indication for
surgery was beyond the scope of this paper. The indication for surgery changes over
time and in the beginning of the study period very few patients had spine surgery
partly due to a belief that the risk of major complication was too high. The Uruguayan
health system has also changed during the study period and a higher proportion of
children with CP in Uruguay are probably operated today in other non-public
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Table 3 Number of orthopedic surgeries between 1998 and 2016 and average age and range at surgery in 227 children with cerebral
palsy, stratified by Gross Motor Function Classification System
Gross Motor Function Classification System
Total
Type of I
surgery

II

III

IV

V

n (%)

Years
(range)

n (%)

Years
(range)

n (%)

Years
(range)

n (%)

Years
(range)

n (%)

Years
(range)

n (%)

Years
(range)

Spine

0

NA

1 (1)

10 (10-10)

1 (1)

14 (14-14)

3 (2)

11 (11-11)

5 (3)

13 (11-15)

9 (1)

13 (10-15)

Upper
extremity

1 (2)

10 (10-10)

0

NA

1 (1)

10 (10-10)

1 (1)

12 (12-12)

0

NA

3 (0)

11 (10-12)

Pelvic
osteotomy1

2 (3)

13 (12-12)

1 (1)

13 (13-13)

2 (2)

7 (6-8)

7 (4)

8 (5-13)

21 (12)

7 (3-16)

33 (5)

8 (3-16)

Proximal
femur
osteotomy

4 (7)

12 (7-15)

15 (9)

10 (5-15)

14 (11)

11 (5-16)

22 (13)

11 (3-20)

42 (23)

8 (1-23)

98 (14)

10 (1-23)

Hip
tenotomy

4 (7)

7 (4-8)

22 (13)

7 (0-14)

31 (24)

8 (4-15)

32 (19)

8 (3-15)

46 (24)

7 (1-16)

135 (19)

8 (0-16)

Distal
femur
osteotomy

0

NA

6 (4)

15 (14-18)

7 (5)

13 (12-15)

18 (11)

14 (10-20)

5 (3)

15 (12-18)

36 (5)

15 (10-20)

Surgery
for
Patella
alta

0

NA

5 (3)

16 (13-18)

2 (1)

13 (13-13)

2 (1)

12 (10-15)

0

NA

9 (1)

15 (10-18)

Hamstring
tenotomy

2 (3)

11 (7-15)

22 (13)

8 (0-15)

24 (19)

7 (5-15)

33 (19)

8 (4-15)

21 (12)

8 (2-16)

102 (14)

8 (0-16)

Osteo0
tomy
lower leg

NA

2 (1)

10 (10-11)

1 (1)

19 (19-19)

1 (1)

10 (10-10)

0

NA

4 (1)

13 (10-19)

Soft
41 (67)
tissue
lower leg

8 (4-15)

65 (39)

8 (0-16)

38 (30)

8 (0-17)

32 (19)

9 (4-16)

14 (8)

7 (3-12)

189 (27)

8 (0 -17)

Foot

10 (7-13)

13 (8)

13 (9-17)

3 (2)

13 (12-14)

11 (7)

13 (9-16)

8 (4)

11 (2-18)

40 (6)

12 (2-18)

5 (8)
2

Other

2 (3)

6 (0-13)

13 (8)

14 (7-19)

6 (5)

13 (5-21)

10 (6)

13 (8-18)

22 (12)

10 (2-18)

53 (8)

12 (0-21)

Total

61

9 (0-15)

165

10 (0-19)

130

9 (3-21)

172

10 (3-20)

183

8 (1-23)

711

9 (0-23)

1

Associated proximal femur osteotomies are counted separately;
Implant removal, reoperations due of wound infections, correction of casts. NA: Not applicable.

2

hospitals.
Despite these limitations this study had numerous strengths. To the best of our
knowledge, this is the first study to describe the frequency of different orthopedic
surgical procedures in children with CP in relation to GMFCS level and age group. It
is also the first study to report the frequency of orthopedic surgical procedures
performed in children with CP at a public University Clinic in Uruguay. Another
strength is that the number of children in this study is large and the surgical
procedures were confirmed by medical chart reviews.
In conclusion, these results suggest that children with GMFCS level I have
significantly fewer surgeries than children with a more limited ability to ambulate but
the frequency of surgical procedures per child did not increase with higher GMFCS
level after level I. However, the proportion of soft tissue surgery was higher in
GMFCS levels I-III compared to IV-V. Even though each individual’s condition is
unique in children with CP, information from this study may help to predict future
orthopedic surgical interventions based on the GMFCS level and age and can be
useful as a basis for comparison for future studies.

WJO

https://www.wjgnet.com

229

April 18, 2020

Volume 11

Issue 4

Rehbein I et al. Surgical procedures in children with cerebral palsy

ARTICLE HIGHLIGHTS
Research background
Little is known about the frequency of different types of orthopedic surgery in children with
cerebral palsy (CP), particularly in Latin America.

Research motivation
The aim of this retrospective cohort study was to analyze the frequency, anatomic location, and
type of orthopedic surgical procedures in relation to age and gross motor function classification
(GMFCS) in children with CP in a public university hospital providing care to children of lower
socioeconomic status.

Research objectives
We hypothesized that the frequency of surgical procedures per child would increase with higher
GMFCS level. Information from this study may help to predict future orthopedic surgical
interventions based on the GMFCS level and age and can be useful as a basis for comparison for
future studies.

Research methods
This retrospective study included all children with CP (n = 245) treated with elective orthopedic
surgery at a Uruguayan university hospital between October 2010 and May 2016 identified from
a surgical database. Demographics, GMFCS, and orthopedic surgeries were obtained from the
medical records of 227 children.

Research results
This study examined surgical procedures among children with CP, with a total of 711 surgical
procedures performed between 1998 and 2016. On average, children had 3.1 surgical procedures
and no differences existed regarding age at first surgery. The most common procedures were:
lower leg soft tissue surgery, hip tenotomy, and hamstring tenotomy. For children with GMFCS
level I the mean number of surgeries per child differed significantly with children with GMFCS
levels II, III, IV and V. Within II, III, IV, and V there was not a significantly significant difference
of mean number of surgeries per child when comparing across the groups. The proportion of
soft tissue surgery vs bone surgery was significantly higher in GMFCS levels I-III, compared to
levels IV and V. This study provides a rich description of orthopedic procedures performed in
children with CP. However, we do not know the prevalence of surgery in all patients with CP.

Research conclusions
This is to our knowledge the first study to describe the frequency of different orthopedic surgical
procedures in children with CP in relation to GMFCS level and age group. Our hypothesis that
the frequency of surgical procedures per child would increase with higher GMFCS level could
not be confirmed with our data, as the frequency of surgical procedures per child did not
increase with higher GMFCS level after level I. This result could partly be explained by the
indication and goal of the surgery in an ambulatory child which is to improve gait, compared to
the goal of surgery in a non-ambulatory child where the goal is often related to pain relief,
greater comfort with positioning, improved basic care, correction of severe foot deformities,
prevention of hip dislocation, and/or to halt scoliosis progression. Additionally, the benefit of
surgery in non-ambulatory children needs to be judged against the increased risk of major
complications due to the presence of comorbidities. There is also an increased risk of
complications from surgery.

Research perspectives
Few studies describe the panorama of different surgical procedures used in an entire population
of children with CP or investigate differences in orthopedic surgical treatment between different
CP-subtypes.
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Abstract
BACKGROUND
Total hip replacement has become one of the most successful orthopaedic
procedures. The length of the femoral stem constitutes one of the most important
geometrical and mechanical features of the prosthesis. Several different implants
are currently available but data are limited concerning the clinical results for
some of these implants.
AIM
To report the short-term clinical and radiological results of a novel squared
section, tapered design – with four conicity - short stem in total hip replacement.
METHODS
This is a retrospective study of a prospectively collected data using of MINIMA®
short stem in 61 consecutive patients with at least 1 year follow-up. The collected
data included patients’ demographics, type of arthritis, bone morphology,
perioperative data, clinical results using Harris Hip Score, EuroQol (EQ-5D), pain
score and satisfaction rate, complications and radiological results.
RESULTS
Total 61 patients were included in our study with a mean age of 56 years of age
(range 25-73 years). The majority of them (68.6%) were women, thirty seven
patients (56.9%) were less than 60 years of age and almost half of patients (45.1%)
suffered from secondary osteoarthritis (hip dysplasia, osteonecrosis, etc.). The
mean time of follow-up examination was 33.4 mo (2.8 years) with a range of 12-57
months (1-4.8 years). In 35 patients (56.9%) the follow-up examination was more
than 3 years. No major complications such as revision, periprosthetic fracture,
dislocation or infection were presented. Re-admission 90 d postoperatively or
laterwas deemed unnecessary for any reason regarding the operation.
Respectively, the mean pain score, mean Harris hip score, and mean EQ-5D were
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improved from 6.3, 58.7 and 77.3 preoperatively to 0.1, 95.1, and 79.8
postoperatively. The Satisfaction rate at the final follow-up was 9.9 (SD 0.3, range
8.0-10.0). All stems were classified as stable bone ingrowth and no radiolucent
lineswere revealed in any of the modified Gruens’ zone at the postoperative Xrays. Stem subsidence was within acceptable limits and the incidence of distal
cortical hypertrophy was relatively low.
CONCLUSION
The clinical and radiological results concerning the MINIMA® short stem are
excellent according to this first report of this specific design of the short femoral
stems. Because of the small number of cases and short-term follow-up of this
study, a longer follow up time and more patients’ enrollment is required.
Key words: Total hip replacement; Total hip arthroplasty; Short-stem; Hip prostheses;
Femoral components; MINIMA® stem
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Total hip replacement has become one of the most successful orthopaedic
procedures. The length of the femoral stem constitutes one of the most important
geometrical and mechanical features of the prosthesis. Several different implants are
currently available but data are limited concerning the clinical results for some of these
implants. Our objective is to report the short-term results of a novel squared section,
tapered design –with four conicity- short stem. According to our findings the clinical and
radiological results were excellent in the short-term follow-up using the MINIMA® short
stem in total hip replacement.

Citation: Drosos GI, Tottas S, Kougioumtzis I, Tilkeridis K, Chatzipapas C, Ververidis A.
Total hip replacement using MINIMA® short stem: A short-term follow-up study. World J
Orthop 2020; 11(4): 232-242
URL: https://www.wjgnet.com/2218-5836/full/v11/i4/232.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i4.232

INTRODUCTION
Total hip replacement (THR) is considered as one of the most successful procedures in
orthopaedic surgery[1,2]. The length of the femoral stem is one of the most important
geometrical and mechanical characteristics of the prosthesis. Nevertheless, there is no
clear scientific evidence concerning the ideal stem length and no consensus regarding
the definition of the standard or conventional stems as well as the short stems (SS)[3].
Many authors met the conclusion that SS are those with a length of less than 120
mm[4], while other definitions have also been proposed[3].
The use of SS started more than 30 years ago[5,6]. Clinical studies, meta-analysis as
well as comparative studies have shown survival rate similar to conventional stems
but for most SS the available data is controversial regarding short or medium term
results[7-9]. Several different implants have been currently available[10], classified in
different categories[3,11]. Yet, the existing literature regarding clinical results is limited
to some of these implants.
Our aim is to report the short-term results of a novel squared section, tapered
design –with four conicity- short stem. To the best of our knowledge, this is the first
report concerning the clinical use of this particular SS.

MATERIALS AND METHODS
This is a report of a prospectively collected data of 61 consecutive patients undergone
THR using the MINIMA® short stem (Lima Corporate, Udine, Italy) (Figure 1) with a
minimum follow-up time of 1 year. The study was approved by Ethics
committee/Scientific Council of our hospital (SC6/Item 109/28-09-2017).
Operations were performed under either general or spinal anesthesia (chosen by
the attending anesthesiologists), using a lateral approach (modified Hardinge). Peri-
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Figure 1

Figure 1 The MINIMA® short stem.

operative antibiotic prophylaxis with a second generation cephalosporin (cefoxitin
sodium) for 24 h and anticoagulation protocol with low-weight molecular heparin
were applied. The appropriate size and orientation of the femoral component were
ensured with fluoroscopy after the trial reduction in all cases (Figure 2).
All patients’ data including demographics, American Society of Anesthesiology
physical status classification system[12], Charlson index[13], diagnosis (arthritis type),
hip dysplasia according to Hartophylakidis classification[14] femoral morphology
according to Dorr’s classification[15], perioperative data including operation time,
blood loss, and transfusion rate, length of stay, 90-d re-admissions and complications,
were collected prospectively.
The standard postoperative follow-up protocol (at 6 wk, 3 mo, 6 mo, 1 year and
every year thereafter) was the same for all patients.
Complications were categorized according to Parvizi et al[16] as systemic (major or
minor) and local (major or local).
Clinical results were assessed using Harris hip score[17], EuroQol (EQ-5D) 0-100
scale[18], pain score and satisfaction rate using the VAS/NRS scale[19] (Table 1).

Implants
The MINIMA® short stem (Lima Corporate, Udine, Italy) is a cementless, squared
section, tapered design stem. It is available in 12 sizes and its length varies between 82
mm and 118 mm. This is a type 3 –standard neck osteotomy, trochanteric spearingstem[11].
Two different uncemented acetabular components were used (1) a Porous Titanium
coating - Titanium plasma spray (SPH-Contact® cup, Lima Corp. Udine, Italy); and (2)
a Porous Titanium with HA coating (Delta-PF® cup, Lima Corp. Udine, Italy).

Radiological study
Radiological results were assessed using digital radiographs and a standard system[20].
The modified seven zones of Gruen in anteroposterior and seven zones in lateral
radiograph view were evaluated in order to discover any potential (1) radiolucent
lines; (2) reactive lines; and (3) cortical hypertrophy[21] (Figure 3).
The femoral stem fixation was classified as stable bone ingrowth, stable fibrous
fixation or unstable fibrous fixation[22]. Femoral stem subsidence was measured as the
distance between the summit of the lesser trochanter and bottom edge of the stem at 6
wk postoperatively in comparison to the latest follow-up imaging[23].
Leg length discrepancy was measured as the difference between the distances from
the inter-teardrop line and the summit of the lesser trochanter of both hips.
Ectopic ossification was probed, according to the classification of Brooker[24].
Proximal femoral stress shielding and bone resorption were investigated, as
described by Engh CA[25,26].
Acetabular component evaluation included (1) the presence of radiolucent lines at
the bone-prosthesis interface according to DeLee et al[27], 1976; and (2) the cup stability
according to Manley et al[28] criteria.
Manual measurements were performed using IMPAX software (Version 6.3, Agfa
IMPAX, AGFA-Gevaert N.V, Mortsel, Belgium). The implanted acetabular shell was
used for calibration.
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Figure 2

Figure 2 The appropriate size and orientation of the femoral component were ensured with fluoroscopy after the trial reduction in all cases. A: Preoperative radiograph; B: Intra-operative fluoroscopy after the trial reduction showing a varus and undersizing rasp; C: Correct orientation and sizing; D: Immediate
postoperative radiograph.

RESULTS
Sixty one patients were included in this study, with a mean age of 56 years of age
(range 25-73 years). Thirty seven of our patients (56.9%) were less than 60 years of age
and 42 (68.6%) of the patients were women (Table 1). About half of the patients
suffered from primary osteoarthritis (n: 33%-54.9%), and the rest of them from
secondary osteoarthritis (osteonecrosis, hip dysplasia or other deformities) (Figure 4
and Figure 5), while in 6 patients (9.8%) a previous operation had been performed
(femoral osteotomy, vascularized fibular graft, internal fixation for hip fracture)
(Figure 5, Figure 6, and Table 2).
The mean time of follow-up was of 33.4 mo (2.8 years) with a range of 12-57 mo (14.8 years). In 35 (56.9%) of our patients the follow-up was more than 3 years (Table 1).
Apart from a deep vein thrombosis in one patient at 6 weeks postoperatively, no
other complications such us revision, infection, hip dislocation, peri-prosthetic
fracture were appeared. Anterior thigh pain was not reported by any of our patients.
Respectively, the mean Pain score, mean HHS, and mean EQ-5D were improved
from 6.3, 58.7 and 77.3 preoperatively to 0.1, 95.1, and 79.8 postoperatively (Table 1).
The Satisfaction rate at the final follow-up was 9.9 (SD 0.3, range 8.0-10.0).
No patient was re-admitted during the first 90-d nor later for any reason related to
the operation.

Radiological findings
Femoral stem: The femoral stem was classified as stable bone ingrowth in all
patients[22]. No radiolucent lines were observed in any of the modified seven zones of
Gruen in anteroosterior and lateral views[21]. Cortical hypertrophy was observed in 4
patients (6.6%) (Figure 7). In 2 patients reactive lines were observed in zones 3, 4 and 5
(Figure 8). The calculated mean stem subsidence was 1.8 mm (SD 0.9, range 0.0-3.9
mm).
Proximal femoral stress shielding and bone resorption were graded radiologically
as grade 1 in all patients[25].
The mean leg length discrepancy was 1.7 mm (SD 5.4) with a wide range (from -17
to 19 mm) due to the relatively high prevalence of patients with a secondary
osteoarthritis (45.1%), -dysplastic hips, bilateral in most cases.
Acetabular component: No radiolucent lines were observed in any zones according to
DeLee et al[27] (1976). All cups were classified as stable according to Manley et al[28]
(1998) criteria.

DISCUSSION
According to the findings of the present study the clinical and radiological results
were excellent in the short-term follow-up using the MINIMA® short stem in THR.
Despite the short follow-up time and the small number of cases, no revision for any
cause was performed, no radiological signs for loosening or impending loosening
were observed, no periprosthetic fractures were presented and clinical scores and
patients’ satisfaction were excellent.
Comparing our results to those of the existing literature, it is difficult to draw safe
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Table 1 Demographics and clinical data
Characters

Values

Number of patients1

61

Gender female2

42 (68.6%)

Gender male2

19 (31.4%)

3

Age (yr)

56 ± 11.1 (25-73)

BMI3

31.2 ± 4.9 (22.8-50.0)

ASA3

1.8 ± 0.6 (1.0-3.0)
3

Charlson index

1.2 ± 0.5 (0.0-3.0)

LOS (d)3

3.3 ± 1.1 (2.0-8.0)

Operating time (min)3

89.9 ± 17.2 (60.0-120.0)

Blood loss (mL)3

1.154 ± 0.213 (0.735-1.631)

2

Transfusion rate

2 (3.9%)

Follow-up (mo)3

33.4 ± 15.8 (12-57)

Follow-up (yr)3

2.8 ± 1.3 (1-4.8)

Follow-up more than 3 yr2

35 (56.9%)

3

Painpre-operative

6.3 ± 1.9 (2.8-8.0)

Pain final follow-up3

0.1 ± 0.4 (0.0-2.0)

HHS pre- operative3

58.7 ± 13.5 (33.0-78.0)
3

HHS final follow-up

95.1 ± 4.9 (83.0-100.0)

EQ-5D pre- operative3

77.3 ± 16.7 (50.0-95.0)

EQ-5D final follow-up3

79.6 ± 12.1 (50.0-100.0)

Satisfaction final follow-up3

9.9 ± 0.3 (8.0-10.0)

Complications
Deep vein thrombosis2

1

1

The values are given as raw numbers.
The values are given as raw numbers with the percentages in parentheses.
The values are given as the mean ± SD and the range in parentheses. BMI: Bone mass index; ASA: American
Society of Anesthesiologists score; LOS: Length of stay, HHS: Harris hip score; EQ-5D: EuroQol.
2
3

conclusion, because there are no other report concerning the use of this particular
stem in THR. A recent review of the literature has shown that the calculated overall
median revision rate is comparable to those of conventional stems of National
Registries, but the survival rate of SS depends on the type of the stem[9]. The best
results have been reported for type 2 stems followed by the type 3 stems, while the
revision rate for type 1 has been disappointing. The MINIMA® short stem belongs to
the type 3 category – a standard femoral neck osteotomy stem.
Furthermore, the available comparative studies and a subsequent meta-analysis
have shown no significant differences between SS and conventional stems in the
short-term follow-up[8].
However, the available clinical results (either observational or comparative studies)
are limited to some of the several different implants that have been currently used.
Despite their theoretical advantages and the reported encouraging results the use of
SS has not gained yet a wide acceptance among the orthopaedic surgeons.

Short stem advantages
The advantages of using short stems in THR’s include (1) the removal of less bone in
the proximal femur; (2) a subsequent “easier” stem revision as less bone is expected to
be “violated”; (3) less bone remodeling or bone mineral changes of the proximal
femur (proximal stress-shielding); and (4) less anterior thigh pain. Finally, another
important benefit of short stems is that enables surgeons to overcome the problem of
the proximal-distal mismatch due to Dorr type A femur, femoral shape or femoral
deformity.
In our series, no cases with stem revision were required, therefore we cannot
confirm the “easiness” of revision. The future will show the benefit for our patients
since 37 (56.9%) of these patients were less than 60 years of age and some or most of
them are going to undergo a revision surgery in the future.
No cases with postoperative thigh pain were observed. The MINIMA® short stem
was used in 11 (17.6%) patients with Dorr type A femur.
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Figure 3

Figure 3 The modified Gruen zones.

Proximal bone remodeling or bone mineral changes were not estimated in our
study. Bone remodeling seems to be less for short stems according to a recent
literature review, although the results are not the same for all SS designs [29] .
Furthermore, according to a recent report based on data from the existing literature,
the bone mineral changes around femoral stems (cemented, cementless, conventional
and short stems) are not predictive for the level the satisfaction of long term clinical
outcomes regarding total hip arthroplasty[30]. Therefore, the authors suggested that
studies with a follow up shorter than 5-10 years are perhaps clinically irrelevant[30].

Short stem disadvantages
The three main concerns for short stems are (1) the possible stem malposition (and
stem undersizing) due to lack of distal extension to guide position within the canal
and subsequent stem subsidence; (2) possible inadequate early stability, stem
micromotion and subsequent fibrous ingrowth instead of bone ingrowth; and (3) the
long-term clinical results.
We believe that the routine use of intra-operative fluoroscopy guaranteed proper
implant orientation and correct sizing in our series. This fact eliminated the influence
of the surgical technique as a confounding factor in stems’ survivorship.
As far as the early stem stability is a concern, our clinical impression is that it is
provided by the design of this particular stem. Specifically, it is (1) the taper design with four taper conicity- to avoid sinking; and (2) the squared section providing
torsional stability.
The long-term results concerning the use of MINIMA ® short stem cannot be
predicted from the results of this study.

Stem subsidence (distal migration)
Roentgen stereophotogrammetric analysis is generally accepted as the most accurate
method of femoral stem subsidence (distal migration),as well as Einzel-BildRoentgen-Analyse femoral component analysis, which also allows accurate
measurement of femoral stem subsidence[31-33]. The IMPAX software, which was used
in the present study, has been used before [34] , although we are not aware of its
accuracy in measuring the stems’ distal migration.
Stem subsidence was within acceptable limits in our series. It was calculated more
than 3 mm only in 3 patients, but no other radiological signs or symptoms of stem
loosening were recorded.
Femoral stem subsidence is usually measured using as reference points the tip of
the greater trochanter and the proximal end of the femoral stem[35].
We noticed, that radiographic changes of the tip of the greater trochanter
–heterotopic ossification- in 11 (17.6%) of our patients were presented. This fact made
the measurement less reliable in some cases in our study. Therefore, we used as
reference points the summit of the lesser trochanter and the bottom edge of the stem
for measurement of the femoral stem subsidence[23].

Distal cortical hypertrophy
The incidence of distal cortical hypertrophy varies among different studies. Despite
the different hypotheses for its development and the excellent short-term clinical
results, the exact cause or pathogenesis and the long-term clinical results in patients
with this radiological finding remains unknown[36].
The incidence in our study was relatively low, since in 4 (6.6%) of our patients a
cortical hypertrophy was observed in Gruen’s modified ones 3 and 5. Nevertheless, a
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Table 2 Arthritis type bone morphology and radiological findings
n (%)
Arthritistype
Primaryosteoarthritis

33 (54.9)

Dysplasia (type A)1

13 (21.6)
1

Low dislocation (type B)

2 (3.9)

Osteonecrosis

7 (11.8)

Post traumaticarthrtis

4 (5.9)

Other

1 (2.0)

Previous operation (osteotomy, Fracture fixation)

6 (9.8)

Proximal femoral morphology (Dorr type)
A

11 (17.6)

B

48 (78.4)

C

2 (3.9)

Ectopic ossification (Brooker classification)
All

11 (17.6)

Class 1

6 (9.8)

Class 2

5 (7.8)

Modified Gruen zones
Radiolucent lines

0

Reactive lines (zones 3, 4, 5)

2 (3.3)

Cortical hypertrophy (zones 3, 5)

4 (6.6)

Subsidencein mm2

1.8 ± 0.9 (0.0-3.9)
2

Leg length discrepancy in mm

1.7 ± 5.4 (-17-19)

1

Chartofylakidis classification.
The values are given as the mean ± SD and the range in parentheses.

2

careful follow-up of these patients is required.
The main limitation of this study is the fact that it is a clinical and radiological
report with a small number of cases and short-term follow-up. Future studies with
large number of patients and longer follow-up time are required in order to ensure
the safety and efficacy of using this particular short stem in THR patients.
Nevertheless the clinical and radiological results are excellent, without major
complications and the follow-up in 56.9% of our patients is more than 3 years.
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Figure 4

Figure 4 Hip dysplasia Hartophylakidis type II at the right side, and radiographs at 3 years postoperatively. A, B: Hip dysplasia Hartophylakidis type II at the
right side; C: Radiographs at 3 years postoperatively.
Figure 5

Figure 5 Bilateral osteonecrosis in a 24 years female patient suffered from lymphoma. A: Patient treated on the right side with a vascularized fibular graft; B:
Postoperative radiographs 4 years postoperatively on the right side; C: 3 years on the left side; D: Lateral radiographs.
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Figure 6

Figure 6 Ectopic ossification. A: Posttraumatic osteoarthritis; B: Radiographs at 4 years postoperatively.
Figure 7

Figure 7 Distal cortical hypertrophy at modified Gruen zones 3 and 5.
Figure 8

Figure 8 Reactive lines were observed in zones 3, 4 and 5. A: Preoperative radiographs showing “protrusion acetabuli” and Dorr type C proximal femur; B:
Postoperative radiographs at two years; C: Reactive lines in zones 3, 4 and 5.

ARTICLE HIGHLIGHTS
Research background
Total hip replacement is considered as one of the most successful procedures in orthopedic
surgery. The length of the femoral stem is one of the most important geometrical and mechanical
characteristics of the prosthesis. The use of short stems started more than 30 years ago.

Research motivation
Clinical studies, meta-analysis as well as comparative studies have shown similar survival rate
between conventional and short stems. However, for most short stems the available data is
controversial regarding short or medium term results. Several different implants have been
currently available, classified in different categories. Yet, the existing literature regarding clinical
results is limited to some of these implants.
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Research objectives
Our aim is to report the short-term clinical and radiological results of a novel squared section,
tapered design –with four conicity- short stem in total hip replacement.

Research methods
This is a report of a prospectively collected data of 61 consecutive patients undergone total hip
replacement using the MINIMA® short stem (Lima Corporate, Udine, Italy) with a minimum
follow-up time of 1 year.

Research results
The mean time of follow-up was of 33.4 mo (2.8 years) with a range of 12-57 months (1-4.8 years).
Apart from a deep vein thrombosis in one patient at 6 weeks postoperatively, no other
complications such us revision, infection, hip dislocation, peri-prosthetic fracture were appeared.
Additionally, the functional outcomes, pain score and satisfaction rate were significantly
improved at the postoperative follow- up period. The femoral stem was classified as stable bone
ingrowth in all patients. No radiolucent lines were observed in any of the modified seven zones
of Gruen in anteroposterior and lateral views. Regarding the femoral component, no radiolucent
lines were observed in any zones according to DeLee and Charnley.

Research conclusions
The clinical and radiological results of our study are considered as excellent, without major
complications and the follow-up in 56.9% of our patients is more than 3 years.

Research perspectives
Further research based on well designed studies with longer follow-up examination need to be
performed, in order to elucidate the efficacy of short stems.
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Abstract
BACKGROUND
Kitesurfing is an increasingly popular and potentially dangerous extreme water
sport. We hypothesized that kitesurfing has a higher injury rate than other
(contact) sports and that the minority of injuries are severe.
AIM
To investigate the incidence and epidemiology of kitesurfing injuries in a Dutch
cohort during a complete kitesurfing season.
METHODS
Injury data of 194 kitesurfers of various skill levels, riding styles and age were
surveyed prospectively during a full kitesurf season. The participants were
recruited through the Dutch national kitesurf association, social media, local
websites and kitesurf schools. Participants completed digital questionnaires
monthly. The amount of time kitesurfing was registered along with all sustained
injuries. If an injury was reported, an additional questionnaire explored the type
of injury, injury location, severity and the circumstances under which the injury
occurred.
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RESULTS
The mean age of participants was 31 years (range, 13-59) and the majority of the
study population was male (74.2%). A total of 177 injuries were sustained during
16816 kitesurf hours. The calculated injury rate was 10.5 injuries per 1000 h of
kitesurfing. The most common injuries were cuts and abrasions (25.4%), followed
by contusions (19.8%), joint sprains (17.5%) and muscle sprains (10.2%). The foot
and ankle were the most common site of injury (31.8%), followed by the knee
(14.1%) and hand and wrist (10.2%). Most injuries were reported to occur during
a trick or jump. Although the majority of injuries were mild, severe injuries like
an anterior cruciate ligament tear, a lumbar spine fracture, a bimalleolar ankle
fracture and an eardrum rupture were reported.
CONCLUSION
The injury rate of kitesurfing is in the range of other popular (contact) sports.
Most injuries are relatively mild, although kitesurfing has the potential to cause
serious injuries.
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Core tip: Kitesurfing is an increasingly popular extreme water sports with the potential to
cause serious injuries. This paper presents a unique prospective cohort study
investigating injuries during a complete kitesurf season. An injury rate of 10.5 per 1000
h of kitesurfing was found. Most of the injuries associated with kitesurfing are relatively
mild, although kitesurfing causes severe injuries as well. Furthermore, it was shown that
the foot and ankle are the most injured body parts. The outcomes of this study may
provide clues for prevention.
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INTRODUCTION
Since its introduction in the mid-1990s, kitesurfing has become an increasingly
popular sport. It is probably the fastest growing water sports and has become an
Olympic sport recently[1]. Although retrospective studies report injury risks within the
range of other sports[1,2], kitesurfing is considered an extreme sport[3-5] and kitesurfers
are often seen as thrill seekers. Prospective high quality studies concerning the injury
risk of kitesurfing are scarce[5]. Therefore, the image of the sport is most likely based
on media headlines.
Kitesurfing is a water sport that combines elements of several different sports like
power kiting, wakeboarding, surfing and windsurfing. A kite, ranging in size from
approximately 5 to 20 m2, is used to convert wind energy into forward motion. The
kitesurfer is attached to this kite by four or five lines, a handlebar and harness (Figure
1). The athlete stands on a board; this board varies in size and shape, dependent on
the style of kitesurfing preferred by the athlete. Kitesurfing can roughly be divided in
three different disciplines. Freestyle mostly revolves around performing jumps and
tricks (Figure 2); athletes generally use rectangular symmetrically shaped boards
(twintips). The course race discipline is more similar to sailing; these kitesurfers use
larger non-symmetrical boards (raceboards) with the aim to reach a finish line as fast
as possible. The wave discipline is aimed at surfing waves; these boards closely
resemble regular surfboards (directionals). One could imagine that the injury risks
differ per discipline. In general, most recreational kitesurfers will incorporate different
aspects of these disciplines in their kitesurf sessions. As with every relatively new
sport, kitesurfing is subject to significant change and evolution, leading to a range of
different safety systems and protective gear. Safety systems to depower the kite and a
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quick-release system to detach the kite from the harness have become standard in
recent years and are now widely used. Other changes in kite design, lines and control
bars have made kites considerably easier to control, making the sport more accessible
and easier to learn.
There is no recent prospective study evaluating the injury risk and epidemiology of
kitesurfing injuries after these innovations. The only prospective cohort study
amongst kitesurfers was done in 2002. In this study, the authors concluded that
kitesurfing is an extreme sport with the potential to cause serious harm to its
participants. There has not been another prospective study evaluating injury risk in
kitesurfing. Thus, the safety of the sport can only be judged on outdated literature.
Meanwhile, kitesurf equipment and protective gear has developed significantly.
Therefore, the purpose of this study was to determine the current injury rate, the
severity of the injuries and possible factors influencing the safety aspects of
kitesurfing.

MATERIALS AND METHODS
This is a prospective cohort study during a single kitesurf season from April to
November. The local medical ethics committee approved the study protocol.
Kitesurfers were recruited through the Dutch national kitesurf association, local
kitesurf websites (www.hanglos.nl, www.kitehigh.nl), social media (Facebook) and
Dutch kitesurfschools. Dutch speaking riders of all skill levels, riding styles and age
were included for participation. Informed consent was obtained from all kitesurfers
prior to study participation. Participants were able to register on a website with an
online database system with anonymous registration of the data but allowing the
researcher to follow up on missing data. The data was collected monthly and a
reminder was sent to all participants failing to enter their monthly update.
At baseline registration, all participants completed a web-based questionnaire with
data including age, sex, years of experience, type of equipment used, hours of kitesurf
lessons received, competitive riding level, safety system usage and hours spent
practicing different sports per week. All participants were asked to monitor the
amount of hours spent kitesurfing per month. Participants were instructed to report
every type of physical injury, including cuts and abrasions, due to kitesurfing
sustained in the concerned month. If an injury was reported, an additional
questionnaire explored the type and severity of the injury and the circumstances
under which the injury occurred. If a participant sustained more than one injury
during a month, he or she was instructed to fill out a separate questionnaire for each
injury.
The injury-specific questionnaire was divided in three distinct parts. The first part
evaluated the circumstances and possible causes which led to the sustained injury:
The style of riding at the time of the injury, the time of the injury (beginning, middle,
or end of the session), water conditions (flat water, choppy, waves), wind speed and
direction. Further questions evaluated potential causes of the injury: attempted trick
or maneuvers, kite control, equipment failure, lack of experience, collision with other
persons. The second part of the questionnaire evaluated the specifics of the injury
itself: The anatomical location of the injury, the type and severity of injury,
consultation of medical care, received diagnostics and treatment, the diagnosis, days
admitted in hospital and the period the athlete was unable to kitesurf due to the
injury. The final part of the questionnaire evaluated the gear used at the time of the
injury: Production year of the kite, type of board, type of bindings (footpads and
straps, boots or strapless), protective gear used, and whether a quick-release system
was used.
At the end of the kitesurfing season all athletes who still had missing data were
contacted by e-mail with a request to report the missing data retrospectively.
Kitesurfers who never responded in any month (due to incorrect e-mails or other
reasons) were considered non-responders. In addition to the data provided by the
participating athletes, local and national media were monitored for fatal accidents
amongst the participants of the study.

Statistical analysis
Descriptive statistics were used for the demographic characteristics of participants.
Injury location was classified in nominal categories with respect to the different body
areas. A descriptive analysis for injury severity was used referring to the
consequences of the injury. The injury rate per 1000 h of kitesurfing was calculated.
Injury rates were compared between different levels of experience using the χ2 test. A
Pvalue of 0.05 was considered statistically significant.
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Figure 1

Figure 1 A fully equipped kitesurfer. 1: Kite; 2: Handlebar; 3: Quick-release system; 4: Harness.

RESULTS
Baseline characteristics
A total of 253 kitesurfers registered for participation on the website. Eight participants
ended their cooperation due to personal reasons. Another 51 participants were nonresponders. This left 194 kitesurfers eligible for data collection during the season. The
average monthly response rate of these 194 included kitesurfers was 89.2%. The mean
age of participants was 31 years (range, 13-59) and the majority of the study
population was male (74.2%). The largest portion of participants (43.8%) had 3-5 years
of experience. Three to ten hours of kitesurfing lessons was reported by 42.8% of the
participants and only 14.9% received no lessons at all. The vast majority (91.8%) of the
participating kitesurfers used a twintip kiteboard with straps (Table 1).

Injury rate
The 194 participants recorded a total of 16816 h of kitesurfing during the study
period. A total of 177 injuries were reported. This leads to a calculated injury rate of
10.5 injuries per 1000 h of kitesurfing.

Injury type and location
The most common injuries were cuts and abrasions (25.4%), followed by contusions
(19.8%), joint sprains (17.5%) and muscle sprains (10.2%). There were only 7 (4.0%)
fractures reported (Table 2), including foot, spine, ankle and wrist fractures. All were
treated nonoperatively. The foot and ankle were the most common sites of injury
(31.8%), followed by the knee (14.1%) and hand and wrist (10.2%) (Table 3). Injuries of
the foot and ankle included a bimalleolar ankle fracture, three phalangeal fractures
and three ankle sprains. Injuries of the knee included 13 knee sprains, two meniscal
tears and two anterior cruciate ligament tears. Hand and wrist injuries included five
abrasions, three wrist sprains, and one metacarpal fracture. Other fractures included a
cervical spine fracture and a lumbar spine fracture.

Injury severity and consequences
A medical doctor was consulted in 14.1% of the injuries. This concerned a medical
specialist in 7.3%, a general practitioner in 5.1% and an emergency physician in 1.7%
of the cases. Only 2.9% of the injuries led to an admission in the hospital. In 83.1% of
the injuries the athlete was able to return to kitesurfing within one week. In 3.9% of
the injuries the kitesurfer reported to be unable to kite for two months up to a
complete season. There were no kitesurf injuries that prevented a kitesurfer from ever
practicing the sport again. There were no fatal injuries in our study cohort.

Injury cause and environmental factors
The majority of the injuries were sustained in wind speeds of 4-6 Beaufort and flat to
small wave (choppy) conditions, which are typical Dutch conditions. The vast
majority (91.0%) of the injuries were sustained on the water. However, 49.2% of the
injuries were sustained in shallow water and nine percent of the injuries were caused
by an accident on the shore. Interestingly, all fractures were either sustained in
shallow water or on the shore. Half of all of injuries were sustained attempting a jump
or trick (Table 4). In 15.8% of the injuries the athlete reported that lack of experience
played a role in sustaining the injury. Loss of kite control was reported in 10.7% as a
cause of the injury, and gear failure in 3.4%. In only 2.8%, the injury was caused by
contact or collision with someone else on the water.
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Figure 2

Figure 2 A kitesurfer on a twintip board performing a freestyle jump.

Most injuries were found amongst kitesurfers with 3-5 years of experience, but this
was also the largest group of participants that reported the most hours of kitesurfing
in the study period. A trend was observed for a decreasing injury rate with an
increasing level of experience. Beginners with less than one year of experience had an
injury rate of 17.5. With 3-5 years of experience the injury rate was 11.5 and this
decreased to 7.8 injuries per 1000 h in participants with more than 10 years of
experience. However, this did not reach statistical significance (OR = 2.23; 95%CI:
0.99-4.98; P = 0.052).

Injury prevention
In 97.9% of the injuries the athlete was in possession of a quick-release system to
detach the kite from their harness. However, in only 7.3% of the injuries the quickrelease was actually used. An impact-vest was used by 19.5% of participants on a
regular basis, and 4.0% used a helmet on a regular basis. Other protective gear such as
a knee brace or spine protector was used by 12.3% of the kitesurfers.

DISCUSSION
This prospective cohort study collected data regarding kitesurfing injuries among a
representative group of Dutch kitesurfers during one full season in the Netherlands.
The majority of the injuries were mild, demonstrated by our results that more than
80% of the athletes were able to return to kitesurfing within one week and medical
help was sought in only 14% of the injuries.
An injury rate of 10.5/1000 h was found in this study. A wide range in injury rate is
described for kitesurfing in the existing literature from 1.04/1000 h[6] up to 18.5/1000
h [2] in competitive kitesurfers. Nickel et al [4] conducted the only comparable
prospective study on kitesurfing injuries in 2002, reporting an injury rate of 7/1000 h.
These injury rates of kitesurfing are not disproportionally high compared to other
sports, such as motocross (22.7/1000 h) [7] , soccer (18.5/1000 h) [8] , and American
football (36/1000 h)[9] (Figure 3). van Bergen et al[10] reported a higher injury rate
amongst kitesurfers (7.0/1000 h) in comparison with windsurfers (5.2/1000 h).
It is important to note that the injury rate is an outcome parameter that can be
influenced greatly by several factors, concerning both the numerator and the
denominator. At first, there is no strict definition of an injury. It can be questioned if
an abrasion or a skin cut from shells really is a “countable” injury if it does not lead to
inability to practice the sport. Furthermore, for a sport like kitesurfing, it is difficult to
report the exact amount of time that the sport is practiced, given the recreational
nature of the sport without scheduled training moments. In our study, the
participants reported the amount of hours spent kitesurfing at the end of each month.
In accordance to our findings, similar types of injuries were described by Nickel et
al[4], with contusions, lacerations and joint sprains being the most common injuries.
Also consistent with our findings, the foot and ankle were the most common locations
of injury. We hypothesize that the contact forces during landing and fixation of the
forefoot in straps during rotational maneuvers are related to the common foot and
ankle injuries.
A contrasting finding is that the use of a quick-release system was available in only
18% of the athletes in 2002[4], which increased to 97.9% in our study. A quick-release
system is typically used when there is loss of kite control. It is generally accepted that
the current quick-release systems are easier to use and more reliable than > 10 years
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Table 1 Baseline characteristics
Characteristic

n

%

Male

144

74

Female

50

26

10-20

21

11

20-30

79

41

30-40

63

32

40-50

24

12

50-60

8

4.1

<1

13

6.7

1-2

27

14

3-5

85

44

5-10

51

26

> 10

18

9.2

0

29

15

1-3

44

23

3-10

84

43

> 10

37

19

Twintip

178

92

Directional

11

5.6

Race

1

0.5

Different

4

2.1

Quick-release

190

98

Impact vest

38

20

Helmet

8

4.1

Different

24

12

Sex

Age (yr)

Experience (yr)

Lessons

Board type

Protection

ago. Nickel et al[4] already described a trend toward a decreasing injury rate with the
use of a quick-release system. Interestingly, we noted that the quick-release system
was used in only 7.3% of the injuries. This is most likely related to the finding that loss
of kite control was only reported in 10.7% of the injuries. Another possible
explanation might be a high threshold to actually use the quick-release system.
Although kitesurfing equipment has become safer in recent years, our study did
not demonstrate a lower injury rate compared to previous studies. Similarly,
Baumbach et al [2] in 2018 reported a high injury rate of 18.5/1000 h despite a
statistically significant influence of the equipment used. Several explanations can be
hypothesized for this discrepancy. With the increased popularity of kitesurfing and
the improved equipment, the sport has become more accessible to people who are less
physically fit and not familiar with watersports or flying a kite, compared to the early
years of kitesurfing. The increased popularity can also lead to crowding of kitesurf
spots, causing accidents. However, in our study, injuries caused by collisions with
others was reported in only 2.8%. Another factor is that even minor injuries like cuts
and abrasions were included in this study.
Although the majority of the injuries reported in our study were mild, there is no
doubt about the potential for severe injuries due to kitesurfing. A combination of an
anterior cruciate ligament with medial collateral ligament injury was reported after a
valgus rotational trauma during a landing of a powered trick (a railey). A lumbar
spine fracture was reported, sustained on the beach after loss of kite control during
landing the kite. An eardrum tear was reported due to a crash with the ear on the
water while attempting a kiteloop. Further examples of serious injuries in our study
were a cervical spine fracture and a bimalleolar ankle fracture. The potential for
serious risks in kitesurfing are also displayed in the case series of Spanjersberg et al[5]
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Table 2 The types of injuries
Injury

n

%

Abrasion

45

25

Contusion

35

19

Joint sprain

31

19

Muscular sprain

18

10

Deep/open wound

16

9.0

Fracture

7

4.0

Concussion

7

4.0

Ligament rupture

4

2.2

Meniscus tear

2

1.1

Nerve damage

1

0.6

Other

11

6.2

Total

177

100

and Driessen et al[3] in which they report severe multitrauma patients with various
injuries leading to persisting handicap and even death in several cases.
The relatively large amount of non-responders is a limitation of this study. This
was probably due to the fact that only after online registration participants realized
the quantity of data that we requested for participation. Medical diagnoses of the
reported injuries were not confirmed with physical examination or diagnostic
imaging by the authors of the study. This study relied on the description of the injury
from the injured participant. Furthermore, a clear definition of an injury with respect
to the severity was not found in the literature. In this study, we chose to use an injury
definition that took every form of physical harm into account, as advised in multiple
consensus statements by experts in sports medicine[11-14]. With this approach, the risk
of underestimating the occurrence of injuries is minimized. The downside is that
some of the smaller injuries that participants registered, such as blisters, might be
considered as normal “side effects” of the sport instead of real injuries. There were a
relative low number of participants in the disciplines wave and race compared to
freestyle. This made it impossible to distinguish the risks between the different
kitesurfing disciplines.
In conclusion, an injury rate of 10.5/1000 h kitesurfing was found in this
prospective cohort study. The injury rate is not disproportionally high compared with
other contact sports. A decreased injury rate compared to previous literature with the
evolution of the sport was not demonstrated. Most of the injuries were relatively mild.
However, this study also confirms that kitesurfing has the potential to cause severe
injuries.
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Table 3 Affected anatomical locations
Location

n

%

Foot

45

25

Knee

25

14

Hand/wrist

18

10

Head

14

7.9

Calf

14

7.9

Ankle

11

6.2

Shoulder

8

4.5

Chest

7

4.0

Fingers

7

4.0

Upper arm

4

2.3

Elbow

4

2.3

Hip

4

2.3

Back

4

2.3

Neck

3

1.7

Upper leg

2

1.1

Forearm

1

0.6

Other

6

3.4

Total

177

100

Table 4 Maneuver at the time of the injury
Maneuver

n

%

Jump or trick

87

49

Cruising

46

26

Walking with kite

16

9.0

Wave riding

10

5.6

Landing kite

3

1.7

Launching kite

2

1.1

Other

13

7.3

Total

177

100

Figure 3

Figure 3 Injury rates in different sports compared with kitesurfing[6,7,11,12].
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ARTICLE HIGHLIGHTS
Research background
Kitesurfing is a rapidly growing extreme water sport with a high injury potential.

Research motivation
The only prospective study on kitesurf injuries is from 2004. Kitesurf equipment has developed
over the past years.

Research objectives
The purpose of the study was to identify injury patterns and incidence rates of kitesurfers with
modern equipment.

Research methods
A prospective study was performed investigating a large number of kitesurfers during a full
kitesurf season.

Research results
The injuries were similar to previous research, despite the use of modern equipment.
Furthermore, the injury rate was within the range of other extreme sports.

Research conclusions
Kitesurfing is a relatively safe water sport, although severe injuries do occur.

Research perspectives
To further decrease the risk of injuries, future studies can be directed towards the use of
protective gear as well as other protective measures such as designated areas.
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Abstract
BACKGROUND
Surgical site infections are a major cause of morbidity and mortality following
orthopedic surgery. Recent efforts to identify sources of contamination in the
operating rooms have implicated mobile phones.
AIM
To investigate microbial colonization on the mobile phones of health care
professionals in the orthopedic operating room.
METHODS
We conducted a cross-sectional study involving culture and sensitivity analysis
of swabs taken from the mobile phones of orthopedic and anesthesia attendings,
residents, technicians and nurses working in the orthopedic operating rooms
over a period of two months. Demographic and cell phone related factors were
recorded using a questionnaire and the factors associated with contamination
were analyzed.
RESULTS
Ninety-three of 100 mobile phones were contaminated. Species isolated were
Coagulase-negative Staphylococcus (62%), Micrococcus (41%) and Bacillus (26%).
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The risk of contamination was increased with mobile covers and cracked screens
and decreased by cell phone cleaning.
CONCLUSION
Mobile phones belonging to health care workers are frequently contaminated
with pathogenic bacteria with the potential of transferring drug resistance to
nosocomial pathogens. Studies investigating the relationship to surgical site
infections need to be conducted. The concept of “mobile hygiene” involving the
change of mobile covers, replacement of cracked screens or even wiping the
phone with an alcohol swab could yield the cost-effective balance that
contaminated cell phones deserve until they are established as a direct cause of
surgical site infections.
Key words: Mobile phones; Contamination; Surgical site infections; Orthopedic surgeries;
Antimicrobial resistance
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Mobile phones have been implicated in contamination in the operating room.
We cultured samples from the phones of 100 health care professionals in orthopedic
operating rooms at a tertiary care hospital in Pakistan. Ninety-three percent of the phones
were colonized by potentially pathogenic bacteria. The most common cause of implant
related infections, Coagulase-negative Staphylococci, were isolated from 62 mobile
phones, 54% of which were resistant to oxacillin. The risk of contamination increased
with mobile covers and cracked screens and decreased with cleaning using an alcohol
swab. These findings indicate the use of “mobile hygiene” until a relationship with
surgical site infections is established.
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INTRODUCTION
Each year, approximately $3.5 to $10 billion is spent on managing surgical site
infections (SSIs) in the United States[1]. Data show that the incidence of SSIs is between
2% and 5%, with 60% of them being preventable[2]. Although the incidence can vary
greatly as assessed using the National Nosocomial Infections Surveillance risk index[3],
orthopedic surgery employs more robust sterile measures and has a lower rate of
post-operative SSIs, particularly following elective surgery such as joint arthroplasty
and hand surgery[4].
Nevertheless, given the consequent high morbidity, longer hospital stay,
readmissions and revision procedures which increase health care costs, SSIs continue
to be a cause for concern[5,6]. In 2012, according to the National Surgical Quality
Improvement Program of the American College of Surgeons, SSIs were the most
common cause of unplanned readmissions in 346 US hospitals[7]. It is estimated that
by 2020 there will be at least 70000 total hip and knee arthroplasty revision surgeries
due to deep SSIs, at a cost of US $1.62 billion annually[7].
Not surprisingly, these alarming numbers have led to countless efforts by health
care professionals to identify and reduce the sources and risk factors of SSIs. Studies
have identified numerous sources implicated in the transmission of pathogenic
microbes including air[8], hospital surfaces[9], liquid nitrogen freezers[10], computer
keyboards[11], stethoscopes[12], staff uniforms[13], tourniquets[14] and even leaving sterile
trays open for too long[15].
A common source of contamination in the operating room seems to be the mobile
phones used by health care professionals in all areas of the hospital[16,17]. Many studies
have demonstrated the colonization of mobile or cell phones by potentially
pathogenic organisms such as Coagulase-negative Staphylococcus (CoNS) species,
Staphylococcus aureus and Acetinobacter[18-20]. Murgier et al[21] evaluated orthopedic
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operating rooms and added Corynebacterium and Viridans streptococci to the list.
While the transmission of infection through these contaminated mobile phones via
direct and indirect routes is a possibility[18], the use of cell phones by health care
professionals is a current and relevant reality, and further data are required to devise
a protocol for their use in health care settings[18]. Surveys have revealed that not only
are they considered an important work and academic tool by individual
professionals[22], but cell phones have been shown to facilitate rapid communication
between team members of the health care system [18,23] . Having an application in
various clinical and educational scenarios including medical imaging [24] , telemicroscopy[25], and improving patient-doctor communication[26,27], mobile phones have
become indispensable.
Therefore, the aim of our study was to assess the extent of microbial colonization
and drug resistance on the mobile phones of health care professionals in our hospital.
Our goal was to estimate the proportion of health care workers including orthopedic
and anesthesia attendings, residents, technicians and nursing staff working in the
orthopedic operating room of our hospital with contaminated mobile phones. It is
hoped that our findings will shed light on the need and cost-effectiveness of
decontamination and/or restrictions on the use of mobile phones in operating rooms.

MATERIALS AND METHODS
We used the STROBE checklist for observational studies[28] to report the data.

Study design and setting
This was a cross-sectional study involving the collection of sample swabs from the
mobile phones of hospital staff members and the administration of a structured
questionnaire after obtaining informed written consent. Samples were collected in the
orthopedic operating rooms and the adjacent recovery room of our university hospital
over a period of two months between 0800 and 1700 h for 5-d a week excluding
weekends.

Study participants
All orthopedic and anesthesia attendings, residents and technicians and all nursing
staff working in the orthopedic operating room and/or the recovery room met the
inclusion criteria. The only exclusion criteria were visiting staff members and medical
students. The orthopedic attendings, residents and technicians were directly involved
in the surgery and had physical contact with the patient. The anesthesia attendings,
residents and technicians also had direct contact at the time of intubation and
extubation. The nursing staff was in contact with the patient after surgery in the
recovery room.

Data sources/measurement
A team of two researchers collected the data. One researcher obtained consent and
administered the questionnaire while the other researcher collected the sample swabs.
The questionnaire was structured to obtain brief demographic information and details
of mobile phone and hand hygiene.

Informed written consent
All study participants provided informed written consent prior to study enrolment.
Written consent was obtained after providing both a verbal explanation and written
material regarding the study. Participants were ensured of their anonymity and Email addresses of the participants who wished to be informed of the results of the
culture from the swab sample were recorded separately. Each participant was then
asked to place his/her cell phone on a clean surface for collection of the swab while
the questionnaire was administered.

Questionnaire administration
The participants were asked to fill out a structured questionnaire typed out in
English.

Swab collection
The researchers followed a standardized protocol for sample collection developed
through collaboration with the microbiology department of our university hospital.
The researcher collecting the swab samples was dressed in surgical scrubs with a
surgical cap and mask. After standard scrubbing, the researcher wore examination
gloves to retrieve the mobile phone from the clean surface the owner placed it on. The
swab was collected in accordance with recommendations from the Centers for Disease
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Control and Prevention[16]. First, an overlapping “S” pattern was used to cover the
entire surface with horizontal strokes using a rolling motion to maximize contact with
the surface. The same area was then swabbed again using vertical “S” strokes, and
finally the swab was rotated once more using diagonal “S” strokes (Figure 1). Mobile
covers were not removed for sample collection and any cracks on the screens were
noted. Gloves were discarded after each use and the samples were labeled with a code
and delivered to the microbiology lab for processing.

Study size
A total of 110 orthopedic and anesthesia attendings, residents and nursing staff
working in the orthopedic operating room during the 2-mo study period were
requested for a sample. With 10 refusals, 100 samples were obtained for inclusion in
our study. Each mobile phone was examined only once.

Quantitative variables and statistical analysis
Data were analyzed using SPSS Version 22. A descriptive analysis was conducted on
participant characteristics, the type of isolated organism and resistance to antibiotics.
Continuous variables were reported as measures of central tendency and categorical
variables as proportions. Based on the results of the Shapiro-Wilk normality test,
appropriate measures of central tendency were reported (mean vs median). The
Pearson chi-square test or Fisher’s exact test was used to determine the relationship
between cell phone contamination and variables such as age, gender, duration since
last hand wash, duration since last cell phone cleaning, cracked screen, cell phone
cover and cell phone with keypad.
Further analysis was conducted on the most common species isolated to identify
the risk factors for contamination. This was done by fitting a binary logistic regression
model. The variables were divided into 2 groups; Specialty-related factors such as
(orthopedic surgeon, anesthesia attending, nursing staff, resident and technicians) and
cell phone-related factors (such as type of cell phone, cracked screen, cell phone cover,
duration since last cleaning of the cell phone and duration since last hand-wash).
Results were reported as crude and adjusted Odds ratio. The threshold for statistical
significance was set at P < 0.25 for univariate analysis and P < 0.05 for multivariable
analyses.

RESULTS
Questionnaire
During the course of 2 mo, 110 individuals were approached. With 10 refusals to
consent, 100 individuals participated in our study. The median age was 30 years with
81 male participants. A total of 43 orthopedic team members, 42 anesthesia team
members and 15 members of the nursing staff were included. Only 10 out of the 100
participants had basic phones, with the remainder having smart phones. Sixty-seven
participants had mobile covers and 42 had one or more cracks on their screen. 55
participants reported cleaning their cell phone with an alcohol swab with the median
time passed since cleaning their cell phone at the time of sample collection being 24 h.
Ten participants chose not to answer this question.

Culture and sensitivity
Results of the culture showed that 93 of the 100 tested cell phones were colonized by
one or more bacterial species. The most common species isolated was the CoNS,
found on 62% of the cell phones (Figure 2: Organisms isolated from mobile phones).
This was followed by Micrococcus species (41%) and Bacillus (26%) species with the
majority having low colony counts (Table 1). Twenty-one of 22 mobile phones (95.5%)
belonging to attendings were colonized with potentially pathogenic bacteria.
Interestingly, there was 100% and 80% resistance to meropenem among the
Enterobacter and Pseudomonas species, respectively, and 54% resistance to oxacillin
among CoNS species (Table 2). One phone harbored up to 6 organisms, 44 phones
harbored more than 1 organism and 49 phones harbored exactly 1 organism (Figure
3).

Factors influencing bacterial colonization
To understand which factors contribute to an increased risk of colonization by the
bacteria identified in the culture, variables recorded from the questionnaire were
analyzed with respect to the presence or absence of colonization. Mobile covers and
cracked screens were found to be associated with microbial contamination, while
cleaning the cell phone, particularly within the last 24 h, were associated with having
less or no contamination (Table 3).
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Figure 1

Figure 1 Sampling technique for swab collection - The blue rectangle represents the mobile front and back.
“S” shaped strokes were made vertically, horizontally and diagonally to obtain the sample.

Factors influencing colonization by CoNS
An important cause of post-operative SSIs in orthopedic surgery, CoNS was isolated
on 62% of the mobile phones. To understand this further, we analyzed
demographic/job-related and cell phone-related factors to assess their association
with microbial contamination (Table 4). The results of univariate analysis showed that
the risk of colonization with CoNS was significantly higher in orthopedic surgeons (P
= 0.067), technicians (P = 0.185) and anesthesia (P = 0.009) technicians. The presence of
a mobile cover (P = 0.001) and more than 24 h since cleaning the cell phone (P = 0.013)
were also significant risk factors in univariate analysis. However, multivariable
analysis showed that the category of anesthesia technicians (P = 0.043) and the
presence of a mobile cover (P = 0.004) were the only significant risk factors for
colonization by CoNS.

DISCUSSION
Despite persistent efforts to minimize the rate of post-operative SSIs, their incidence
following orthopedic surgery unfortunately continues to persist [29] . Along with
introducing different regimens of antibiotic prophylaxis, optimization of patients’
comorbid conditions and improving operating room sterile practices[30], numerous
attempts have been made to identify potential sources of SSIs in the operating room.
Among the many suspects is the mobile phone, which nowadays is akin to an
electronic appendage of its owner. Considering the importance of mobile phones as
an academic and communicative tool[31-33], significant contamination of cell phones
with drug resistant bacteria may call for restriction of their use inside the operating
room and the patient’s bedside.
The results of our study showed that 93 of 100 samples taken from the mobile
phones of health care professionals in the orthopedic operating room were
contaminated with potentially pathogenic organisms. Interestingly and of concern,
the most common organism causing SSIs following orthopedic surgery[34-38], CoNS was
also the most common organism isolated in our study.
The results of similar studies published during the last 2 years show a wide range
of colonization between 9%-90%, with a wide variety of organisms including CoNS,
Staphylococcus aureus, Acinetobacter species[16,18,39-41]. As these studies are from all
around the world, this variation may be the result of differences in geographical and
economic status between countries. A meta-analysis published in 2016 showed that
the contamination of cell phones of health care professionals was significantly greater
in developing countries in comparison to the developed world[42].
In this study, we only investigated the extent of microbial colonization of mobile
phones in the orthopedic operating room. Specific investigation into whether this
contamination leads to SSIs was not performed in our study. Some researchers have
attempted to investigate the relationship between mobile phone contamination and
SSIs. Chang et al [20] in 2017 used genotyping to demonstrate the transmission of
pathogenic organisms between the hands, nostrils and mobile phones of health care
professionals. However, typing of strains responsible for SSIs was not carried out.
Another study compared the strains found on the mobile phones and skin of health
care professionals with the strains isolated from the skin and blood samples of their
patients. A match was found with the strains on the skin of the patients but not with
the blood isolates[43].
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Table 1 Results of bacterial culture and colony counts
Colony count, n (%)
Organism

Cell phones (n)1
Low

Medium

High

Coagulase-negative Staphylococcus

62

58 (93.5)

3 (4.9)

1 (1.6)

Micrococcus

41

41 (100)

0

0

Bacillus

26

26 (100)

0

0

Pseudomonas species

10

10 (100)

0

0

Fungi

6

6 (100)

0

0

Corynebacterium

5

4 (80)

0

1 (20)

Streptococcus species

4

4 (100)

0

0

Enterobacter

3

0

1 (33.3)

2 (66.7)

Acinetobacter

2

0

1 (50)

1 (50)

Klebsiella

1

1 (100)

0

0

Pseudomonas aeruginosa

1

1 (100)

0

0

E. coli

1

1 (100)

0

0

1

44% of mobile phones harbored more than 1 organism.

Theoretically, contaminated cell phones can lead to SSIs in various ways. While
direct transmission (contact between the reservoir and the host) is unlikely in this
situation, indirect transmission via the hands of medical personnel and crosscontamination of other medical equipment is plausible and is a cause for concern[18].
An incident in Larry Dossey’s “Distracted doctoring and the iPatient” narrates a nurse
attending a phone call after washing her hands and forgets to clean them again before
administering intravenous antibiotics to her patient[44], serving as an example of how
cell phones may unintentionally contribute to a breach of the hand hygiene protocol.
A survey conducted at a hospital in Barbados reported 47% of health care
professionals using their mobile phones while attending patients with only 3%
actually washing their hands after use[45]. Another study proved the ineffectiveness of
the practice of using a sterile disposable towel as a barrier for attending phone calls
while scrubbed in[2].
Antibiotic resistance among isolated organisms may also be a problem. Our study
shows significant resistance to meropenem among Enterobacter and Pseudomonas
species. More importantly, 54% of the isolated CoNS species were resistant to
oxacillin/methicillin. Studies show that these methicillin resistant strains may act as
reservoirs for the genetic material, particularly SCCmec Iva, found in MRSA[46].
In 2010, Roy et al[47] suggested that the concept of implementing highly expensive
methods to eradicate bacterial contamination in the hope of reducing the cost of
treating SSIs has yet to be proven. They went on to refer to attempts made at erasing
contamination that is not documented to cause SSIs as a “trap” of treating only
surrogate end-points[47]. While proof of contaminated cell phones causing SSIs may
not be concrete, unsafe practices involving contaminated mobile phones and the
prevalence of high rates of antibiotic resistance among the isolated organisms also do
not make it easy to simply discard the idea of dealing with contaminated cell phones.
The balance ultimately lies in using only cheap and convenient methods to reduce
contamination until a causal relationship is established.
In light of research findings we evaluated several factors including demographic
variables, cell phone characteristics and cleaning practices as they relate to the
contamination of mobile phones. Similar to previous studies, our results also showed
that demographic variables and hand washing practices do not have any significant
impact on the risk of contamination[19,48]. However, cleaning the mobile phone with an
alcohol swab did decrease the risk of contamination. This may be due to the
ubiquitous use of mobile phones by individuals where the phone is acting as a
reservoir. Although our study shows no significant difference in contamination
between basic phones and smart phones, previous studies have shown contradicting
views on this[48-50].
Our study adds to existing literature by showing a significantly increased risk of
contamination on phones with a mobile cover and a cracked screen. Additionally,
participants who claimed to have cleaned their cell phone with an alcohol swab in the
last 24 h also had significantly less contaminated cell phones. These findings could
form the basis of the concept of “mobile hygiene” involving steps as simple as the
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Table 2 Antibiotic resistance analysis
Coagulase-negative
Staphylococcus (n = 62)

Enterobacter (n = 3)

Pseudomonas species (n = 10)

Drug

Resistant (%)

Drug

Resistant (%)

Drug

Resistant (%)

Clindamycin

26 (41.3)

Augmentin

3 (100)

Augmentin

9 (90)

Erythromycin

40 (63.5)

Gentamycin

0

Amikacin

1 (10)

Levofloxacin

15 (23.8)

Ceftriaxone

3 (100)

Aztreonam

10 (100)

Penicillin

62 (98.4)

Ciprofloxacin

3 (100)

Imipenem

9 (90)

Clotrimazole

19 (29.7)

Tetramycin

3 (100)

Piptazobactam

0

Tetramycin

12 (19.0)

Meropenem

3 (100)

Gentamycin

0

Oxacillin

34 (54.0)

Ceftriaxone

10 (100)

Tetramycin

1 (10)

Ciprofloxacin

3 (30)

Meropenem

8 (80)

periodic change of a mobile cover, replacement of a cracked screen or even wiping
your phone with an alcohol swab in the morning. With further investigation into
factors contributing to the contamination of mobile phones and replication of the
findings of our study, the practice of mobile hygiene could yield the perfect costeffective balance that contaminated cell phones deserve until they are established as a
direct cause of SSIs. Caveats in our study include potential attribution bias as the
samples continued to be collected over two months rather than in a cross-sectional
manner. Furthermore, to contain the costs of sampling, we used examination gloves
instead of sterile gloves to collect the culture specimens. Our study investigated only
the extent of colonization by potentially pathogenic bacteria on mobile phones in the
orthopedic operating room. We did not investigate the link between colonization and
SSIs. Further research needs to be conducted to investigate the causation between
colonization of mobile phones and SSIs. In addition, when studying the factors
contributing to the risk of colonization it is necessary to identify of any source of
infection in the owner of the mobile phone.
In conclusion, SSIs following orthopedic surgery are a cause of concern due to their
associated morbidity, potential for mortality and phenomenal cost; thus, there is a
need to identify and eradicate any sources of pathogenic organisms. Health care
workers’ mobile phones are frequently contaminated with pathogenic bacteria.
Studies examining the relationship between contaminated cell phones and SSIs need
to be conducted. Until such a causation is established, cheap and convenient methods
are needed to decrease contamination in the form of simple practices constituting
“mobile hygiene”.
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Table 3 Factors affecting bacterial colonization of cell phones
Variable

Total

Bacterial colonization present, n (%)

P value

Orthopedics

43

39 (90.7)

1.000

Anesthesia

42

39 (92.9)

Surgeon

22

21 (95.5)

1.000

Resident

30

27 (90)

0.425

Technician

33

30 (90.9)

0.681

Nursing

15

15 (100)

0.590

Specialty

Appointment1

Age group (yr)

1.000

≤ 30

52

48 (92.3)

> 30

48

45 (93.8)

Male

81

75 (92.6)

Female

19

18 (94.7)

Smart phone

93

86 (92.5)

Basic

7

7 (100)

Present

67

65 (97)

Absent

33

28 (84.8)

Present

10

10 (100)

Absent

90

83 (92.2)

Yes

42

42 (100)

No

58

51 (87.9)

Yes

55

48 (87.3)

No

45

45 (100)

Gender
1.000

Type of cell phone
1.000

Mobile cover
0.038

Keypad
1.000

Cracked screen
0.020

Cell phone cleaning
0.040

Duration since last cell phone cleaning
< 24 h

33

26 (78.8)

> 24 h

22

22 (100)

< 10 min

46

44 (95.7)

≥ 10 min

42

39 (92.9)

0.034

Duration since last hand wash
0.666

1

Each category was tested against all others.
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Table 4 Demographic/job related and cell phone related factors for Coagulase-negative Staphylococcus species
Variable

Colonized cell phones (%)

Crude odds ratio

P value

Adjusted odds ratio

P value

Demographic/job related factors
Orthopedic surgeon

0.067

No

58.4

1

Yes

90.9

7.12 (0.87, 58.01)

Anesthesia consultant

0.085
1
6.47 (0.77, 54.15)

0.906

No

63.6

1

Yes

55

0.91 (0.30, 3.97)

No

51

1

Yes

73.3

1.83 (0.54, 6.23)

No

63.5

1

Yes

53.3

0.66 (0.22, 1.98)

No

59

1

1

Yes

76.5

2.26 (0.68, 7.51)

2.10 (0.61, 7.28)

No

67.9

1

Yes

31.3

0.22 (0.07, 0.68)

Orthopedic residents

0.332

Anesthesia resident

0.455

Orthopedic technician

0.185

Anesthesia technician

0.241

0.009

Nursing staff

0.043
1
0.29 (0.09, 0.96)

0.455

No

63.5

1

Yes

53.3

1.52 (0.50, 4.61)

Female

57.9

1

Male

63

1.24 (0.45, 3.42)

Gender

0.682

Age (yr)

0.951

< 30

1

30-50

0.78 (0.17, 3.58)

≥ 50

0.82 (0.18, 3.65)

Cell phone related factors
Type of cell phone

0.290

Basic phone

42.9

1

Smart phone

63.4

2.31 (0.49, 10.96)

No

39.4

1

Yes

73.1

4.19 (1.73, 10.13)

Mobile cover

0.001

Keypad

0.004
1
8.31 (1.95, 35.40)

0.414

No

63.3

1

Yes

50

1.73 (0.47, 6.41)

No

65.5

1

Yes

57.1

0.70 (0.31, 1.59)

No

60

1

Yes

65.5

1.26 (0.53, 3.03)

Cracked screen

0.395

Cleans their cell phone

0.601

Duration since last cell phone cleaning

0.013

0.032

< 24 h

51.5

1

1

≥ 24 h

86.4

5.82 (1.46, 23.17)

5.30 (1.16, 24.34)
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Figure 2

Figure 2 Most common organisms isolated from mobile phones. Number represents the number of mobile phones with the organism. 44% of mobile phones
harbored more than 1 organism.
Figure 3

Figure 3 Number of unique species of microorganisms on mobile phones.

ARTICLE HIGHLIGHTS
Research background
Surgical site infections (SSIs) are a major cause of morbidity and mortality following orthopedic
surgery. Each year, approximately $3.5 to $10 billion is spent on managing SSIs in the United
States. Data show that the incidence of SSIs is between 2% to 5%, with 60% of them being
preventable. To decrease the rate of SSIs following orthopedic surgery, potential sources of
contamination need to be identified.

Research motivation
Literature has identified numerous sources implicated in the transmission of pathogenic
microbes including air, hospital surfaces, liquid nitrogen freezers, computer keyboards,
stethoscopes, staff uniforms, tourniquets and even leaving sterile trays open for too long. Mobile
phones are used ubiquitously and have academic and clinical uses. Recently, mobile phones
have been implicated as a source of contamination in the orthopedic operating rooms.

Research objectives
The purpose of this study was to investigate microbial colonization, risk factors and antibiotic
sensitivity patterns on the mobile phones of health care professionals in the orthopedic operating
room.

Research methods
We conducted a cross-sectional study involving culture and sensitivity analysis of swabs taken
from mobile phones of orthopedic and anesthesia attendings, residents, technicians and nurses
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working in the orthopedic operating rooms over a period of 2 mo. Demographic and cell phone
related factors were recorded using a questionnaire and the factors associated with
contamination were analyzed.

Research results
Ninety-three of 100 mobile phones were contaminated. Species isolated were Coagulase negative
Staphylococcus (62%), Micrococcus (41%) and Bacillus (26%). The risk of contamination was
increased by mobile covers and cracked screens and decreased by cell phone cleaning.

Research conclusions
Mobile phones belonging to health care workers are frequently contaminated with pathogenic
bacteria with the potential of transferring drug resistance to nosocomial pathogens.

Research perspectives
Studies investigating the relationship between mobile phones and SSIs need to be conducted.
The concept of “mobile hygiene” involving the change of mobile covers, replacement of cracked
screens or even wiping the phone with an alcohol swab could yield the cost-effective balance
that contaminated cell phones deserve until they are established as a direct cause of SSIs.
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Abstract
BACKGROUND
Total joint arthroplasty is one of the most common surgeries performed in the
United States with total knee arthroplasty (TKA) being one of the most successful
surgeries for restoring function and diminishing pain. Even with the
demonstrated success of TKA and a higher prevalence of arthritis and arthritis
related disability among minorities, racial and gender disparity remains a
constant issue in providing care for the adult reconstruction patient.
AIM
To assess the role of demographics and expectations on differences in
perioperative patient reported outcomes (PRO) following TKA.
METHODS
One hundred and thirty-three patients scheduled for primary unilateral TKA
secondary to moderate to severe osteoarthritis were enrolled in this twoinstitution prospective study. Validated PRO questionnaires were collected at
four time points. Statistical analysis was conducted to determine the impact of
gender, ethnic background and expectation surveys responses to assess PRO at
these time points.
RESULTS
Females were associated with worse preoperative Knee Injury and Osteoarthritis
Outcome Scores (KOOS) for symptoms, pain, and activities of daily living.
African Americans were associated with worse KOOS for pain, activities of daily
living, and quality of life. Despite worse preoperative scores, no difference was
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noted in these categories between the groups postoperatively. Additionally, all
pre-operative psychometric scales were equivalent across groups except Geriatric
Depression scale, which was significantly different between groups within the
Race and Age Group (P < 0.05). Conversely, Pain Catastrophizing Scale, was
significantly different for all subscales and total score within Age Group (P <
0.05), and the Magnification, Helplessness subscales as well as the Total score
were significantly different between groups for Race and Relationship Status (P <
0.01).
CONCLUSION
We conclude that female and African American patients have lower preoperative
KOOS scores compared to white male patients. No postoperative differences in
outcomes between these groups.
Key words: Knee; Joints; Arthroplasty; Osteoarthritis; Race; Gender; Postoperative;
Outcomes
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Total knee arthroplasties (TKA) are one of the most common surgeries
performed in the United States. Even with its popularity, it has been shown that African
Americans and women are offered this surgery less than their white male counterparts.
We explore the role of potential factors connected to the underutilization of TKA in
minorities and women as well as assess patient expectations and outcomes associated
with race and gender. We conclude that there are no differences in outcomes between
race and gender which leads us to believe that TKA should be offered to everyone
equally to remedy disparities.

Citation: Perez BA, Slover J, Edusei E, Horan A, Anoushiravani A, Kamath AF, Nelson CL.
Impact of gender and race on expectations and outcomes in total knee arthroplasty. World J
Orthop 2020; 11(5): 265-277
URL: https://www.wjgnet.com/2218-5836/full/v11/i5/265.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i5.265

INTRODUCTION
Total joint arthroplasty is one of the most common surgeries performed in the United
States for patients who are suffering from end stage osteoarthritis. By the year 2050 it
is estimated that 60 million Americans will carry the diagnosis of osteoarthritis[1]. The
good news is that total joint arthroplasty is also amongst the most successful of
surgeries, with total knee arthroplasty (TKA) having a 90% success rate for restoring
function and diminishing pain[2]. It has been shown that pre-operative education is
associated with improved clinical outcomes in joint replacement surgery as it
increases patient understanding of the process, which in turn empowers patients and
subsequently alleviates the anxieties surrounding total joint arthroplasty (TJA)[3].
However, even with the demonstrated success of TKA at improving quality of life
for patients, pre-operative education offered, and a higher prevalence of arthritis and
arthritis related disability among minorities, racial disparity is still a concern. In many
cases black patients experience worse postoperative results following the procedure
and there is decreased utilization observed in black patients[2]. In an extended report
by Singh et al [4] , in 2008 the use of primary TKA for African Americans was a
concerning 39.7% lower than Caucasians. Regardless of race, the United States
population is aging which makes the elderly in all ethnic and demographic groups
susceptible to osteoarthritis with 1 in every 115 Americans over the age of 65 having
already had a joint replacement surgery[5]. Similarly, women present for TKA with
more advanced diseases prior to TKA compared to their male counterparts and are
also more likely to develop osteoarthritis (OA). However, even with it being more
prevalent, there is an underuse of TKA amongst women. According to the Arthritis
Foundation, women aged 45 and older experience OA at 7.2%-18.7% whereas males
experience this at 5.9%-13.5%.
The purpose of this study was to determine and explore potential factors connected
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to differences in utilization and outcomes of TKA associated with race and gender
and to determine the role of patient expectations.

MATERIALS AND METHODS
Data source and study population
One hundred and thirty-three patients undergoing primary TKA were enrolled into
this multi-institutional prospective study conducted from 2013 through 2015. Both
institutions combined perform roughly around 3600 primary joint arthroplasties per
year. Patients were eligible if they were between 18 to 79 years old, had a primary
diagnosis of osteoarthritis of the knee, and could read and write in English for
purposes of collecting the most accurate information. We excluded patients who have
had prior history of TKA, lower extremity amputation, or fracture. Demographic
characteristics, such as age, gender, marital status, race, and ethnicity, were collected.
There were 69 (51.9%) black patients, 55 (41.4%) white patients, 3 (2.3%) Hispanics, 2
(1.5%) Asian patients, and 4 (3%) patients of unknown race. One hundred and four
patients in our study were women, 58 were black and 40 white. There were 29 males,
15 of those were white and 11 black. The average age of our participants was 61.6. All
participants consented to participate in the study.

Outcome measures
Patients in the study were asked to complete questionnaires either via email,
telephone, or at their pre- and post-operative office visits. The questionnaires were
completed at different study points. Study point 1: Prior to their operation; Study
point 2: 4-8 wk; Study point 3: 9 to 14 mo post-operatively. The validated patient
reported outcome measure (PROM) questionnaires included the following.
Study point 1: (1) HSS patient expectation questionnaire; (2) Social support survey; (3)
Pain catastrophizing survey; (4) Visual analogue pain scale; (5) Geriatric depression
scale; (6) Knee Injury and Osteoarthritis Outcome Scores (KOOS) (Knee)- routinely
collected as part of standard care at this time; and (7) E-5D- routinely collected as part
of standard of care at this time.
Study point 2: (1) HSS patient expectation questionnaire; (2) Visual analogue pain
scale; (3) KOOS (Knee)- routinely collected as part of standard care at this time; and
(4) E-5D- routinely collected as part of standard of care at this time.
Study point 3: (1) Visual analogue pain scale; (2) KOOS (Knee)- routinely collected as
part of standard care at this time; and (3) E-5D- routinely collected as part of standard
of care at this time.

Statistical analysis
The Kolmogorov–Smirnov test (K–S test or KS test) was used to examine the data for
confirmation to the normal distribution. Hypothesis testing was completed using
nonparametric methods. Demographic variables were evaluated for distribution
equity using the one-sample binomial or the one-sample χ 2 test. Pre-operative
psychosocial scales were evaluated for between subject effects using MANOVA. The
Wilcoxon signed ranks test was used to compare the pre- vs post-operative
expectations. Post-operative outcomes were evaluated over three time points (Pre-op,
Post-op 4-8 wk, and Post-op 9-14 mo) with the Friedman’s two-way analysis of
variance by ranks. Standard descriptive techniques were used to summarize
continuous variables as appropriate. The maximum number of participants used in
the analysis was n = 133. The continuous variable, age, was recoded into a categorical
variable, “age group” for certain analyses. Imputation methods for missing data were
not used.

RESULTS
The K-S test revealed that the data did not follow a normal distribution (P < 0.01). The
demographic breakdown of the overall initial cohort is shown in both Table 1 and in
Figure 1. Seventy-eight percent of the patients that were analyzed were females. In
other categories with multiple options, we observed bi-modal choices dominating
over all other selections. Within Relationship status, Married or Single comprised
80.4% of the cohort. African Americans (51.9%) and Whites (41.4%) comprised 93.3%
of the Racial Demographics reported. Our participants reported their insurance type
as private 58.6% of the time and as Medicare 38.3%, accounting for 96.9% of
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respondents. Figure 1 shows the full age distribution and summary statistics of the
cohort (mean age 61.56 years ± 8.56 years) as well as how these were recoded into the
revised categorical variable Age Group.
The pre-operative psychometric scales and pain catastrophizing scale are
summarized in Table 2 along with the number of friends and the pre-operative and
post-operative (4-8 wk) expectations scores. There was no difference observed across
any demographic category for number of friends (P = NS). All pre-operative
psychometric scales were equivalent across groups (P = NS) except for geriatric
depression, which was significantly different between groups within the race and age
group (P < 0.05). The detailed differences within each category are shown graphically
in Figure 2. The pain catastrophizing scale, was significantly different for all subscales
and total score within age group (P < 0.05), and the magnification, helplessness
subscales as well as the total score were significantly different between groups for
race and relationship status (P < 0.01). These differences are expanded graphically in
Figure 3. The only observed gender-based differences in these measures were for
post-op expectations, with mean score for females (65.5 ± 31.5) significantly lower
than males (84.5 ± 21.5, P < 0.05).
The overall differences in pre- vs post-operative expectations is shown as a
histogram in Figure 4. The mean pre-op score was 81.98 ± 17.74. The pre-op range was
23.08-100.00 (n = 126). The mean post-op score was 70.97 ± 29.82. The post-op range
was 2.56 -100.00 (n = 69). The difference between pre- vs post-op expectations is
significant, P < 0.01, using the Wilcoxon signed rank test.
The overall differences in pre- vs post-operative expectations is shown as a
histogram in Figure 4. The mean pre-op score was 81.98 ± 17.74. The pre-op range was
23.08-100.00 (n = 126). The mean post-op score was 70.97 ± 29.82. The post-op range
was 2.56-100.00 (n = 69). The difference between pre- vs post-op expectations is
significant, P < 0.01, using the Wilcoxon signed rank test.
Outcome measures were collected for 4 time points, pre-operative (Baseline, T1),
post-operative follow up 1 (4-8 wk, T2), post-operative follow up 2 (9-14 mo, T3) and
post-operative follow up 3 (20-26 mo, T4). The n for each sampling period varied
somewhat for each instrument for unknown reasons (T1, n ≈ 130.25; T2, n ≈ 104; T3, n
≈ 54.25; and T4, n ≈ 9). The T4 time point was removed from the analysis. There was
an overall loss to follow up of 58% for the study between T1 and T3.
Table 3 shows the summary of all the outcome measures taken for the cohort. VAS,
KOOS-Pain, KOOS-ADL, and KOOS-QOL- improved significantly overall and
significantly at each interval. EQ5D did not improved significantly between T1 and T2
but did improve significantly between T2 and T3 and overall from T1 to T3. Both
EQ5D-VAS and KOOS-Sport showed significant overall improvements from T1 to T3
but the interval improvements were not significant. KOOS-Symptom improved
significantly between T1 and T2 and for the overall period T1- T3 but did not change
significantly between T2 and T3.
Evaluation of all demographic variables, psychometric scales, pain catastrophizing
scale, and expectations vs outcomes in this cohort revealed that despite the
demonstrated variations from multiple sources within the cohort, all subjects who
were evaluated through to the 9–14 mo post-operative period did not show disparate
outcomes (data not shown). Further, there was no higher likelihood of dropout based
on any of the preoperative characteristics evaluated.
The statics methods of this study were reviewed by Dr. Annamarie Horan, Director
of Clinical Research, University of Pennsylvania, Department of Orthopaedic Surgery.

DISCUSSION
This study explored the role that gender and race play on patient expectations and
preoperative and postoperative patient reported outcome scores following TKA.
Previous studies have identified and explored TKA utilization disparities associated
with race and gender exploring both patient and provider factors. Our study focuses
on patient expectations pre- and post-surgery and characteristics such as, social
support, pain catastrophizing, and depression in their lives that may have played a
role in these results and may offer additional understanding into race and gender
disparities associated with TKA. Lower expectations could lead to lower utilization
and decreased desire for patients to pursue TKA. Lower expectations may lead to
poorer outcomes and satisfaction by way of a self-fulfilling prophesy, on the other
hand, lower expectations may lead to better outcomes and improved satisfaction as a
consequence of the results being far better than anticipated. However, in our study we
found no difference in outcomes when related to pre- and post-operative
expectations. Even though TKA is highly successful and cost effective there is a lower
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Table 1 Summary of initial cohort demographics

Gender1

1

Relationship status

1

Race

Insurance type1

n

Percent

Male

29

21.8

Female

104

78.2

Total (n)

133

100

Married

54

40.6

Single

53

39.8

Divorced

10

7.5

Significant other

1

0.8

Widowed

13

9.8

Partner

1

0.8

Total (n)

132

99.2

African American

69

51.9

Asian

2

1.5

Hispanic

3

2.3

White

55

41.4

Unknown/Other

4

3

Total (n)

133

100

Private

78

58.6

Medicare

51

38.3

Workman's comp

3

2.3

Total (n)

132

99.2

1

The null hypothesis, that the categories occur with equal probabilities, is rejected using the One-Sample Chisquare test, P < 0.01.

and/or later utilization when it comes to blacks, Latinos, lower income individuals,
and women.

Social support
Undergoing surgery or choosing to undergo surgery may cause many patients added
stress due to the lack of control and predictability patients have during this time[6].
Studies have looked into the potential role that social support plays in patients both
pre and post-operatively which may have a significant effect on patient expectations
and outcomes. In a 2005 study, Khrohne et al investigated the influence of social
support on indicators of perioperative adaptation, specifically the perceived
accessibility to emotional and informational support. They reported that women with
low support had significantly more anxiety compared to men. In addition, there was a
significant difference in length of stay between patients. Patients who scored below
the median stayed longer than expected, resulting in a difference of 1.42 d[6]. Vina et
al[7] studied the role of social support when dealing with race, gender, and total knee
replacements. They surveyed 514 white and 285 African American patients
undergoing total knee replacements and found that compared to whites, African
American were more likely not married and had overall less emotional support
structures and were also less likely to consider the surgery. However, there was not a
significant association with social support and willingness to undergo TKR in the
African American patients. In our cohort, patients whose relationship status were
with a “partner” or “significant other” experienced a significant increase in
helplessness and magnification than those patients who were “single” or “divorced”
which can lead us to believe that when it comes to social support, relationship status
doesn't alleviate certain stressors for patients as expected from similar studies[6,7].

Pain catastrophizing
Expectations and outcomes of surgery are influenced by many different elements of a
patient's life. Like social support, pain catastrophizing may play a significant role in
the expectations and outcomes patients experience when undergoing TKA. Pain
catastrophizing is the act of magnifying the threat value of pain stimulus and to feel
helpless in relation to pain and has also been linked to many clinical pain related
outcomes including measure of pain severity, pain related activity interference,
depression, disability, and an increased behavioral expressions of pain, as well as
illness behaviors [ 8 ] . Our study analyses pain catastrophizing by looking at
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Figure 1

Figure 1 Age distribution and grouping for enrollment cohort.

magnification and helplessness in patients. When we looked at African American
patients in comparison to Caucasian patients, there was a significant increase in both
levels of magnification and helplessness, which identifies African Americans as
experiencing more pain catastrophizing than Caucasians. While African Americans
experienced pain catastrophizing more, Hispanics experienced the highest levels of
pain catastrophizing in our study. In addition to pain catastrophizing, African
Americans and Hispanics experienced higher levels of depression, which can be a
consequence of their relationship to pain.
Many studies have suggested that pre-surgical pain catastrophizing predicts poorer
recovery from TKA. In a 2011 study, Fabian et al[9] examined differences in pain
responses by ethnicity where 62 participants ages 18 to 25 completed screening
questionnaires. Similar to our results, this study showed that African Americans and
Asian/Pacific Islanders reported significant greater pain intensity than Caucasians
and African Americans also reported significant greater situational catastrophizing in
comparison to Caucasians and Asian/Pacific Islander. In a meta-analysis by Meints et
al[10], 19 studies were analyzed to compare the differences in pain coping between
black and white Americans. This study reported that while black individuals used
pain coping strategies like praying, more often than white individuals, they were also
pain catastrophizing more often. Similarly, women are found to also pain
catastrophize more often when compared to men and have increased pain intensity.

Disparities in TKA
In our study, we tried to find underlying reasons or variables for the disparities we
observe within TKA. We narrowed down potential explanations for racial and gender
disparities to the following: Societal/socioeconomic factors, clinician and health care
provider factors (bias, communication, perception of poorer outcomes), and patient
factors (preferences, expectations, health literacy, trust, burden of disease,
comorbidities precluding TKA, and bias/communication). Goodman et al [11]
conducted a retrospective study of patients undergoing TKA between 2007 and 2011
to assess the association of race and socioeconomic factors when dealing with patientreported outcomes after a TKA in New York, New Jersey, and Connecticut. In their
analysis they confirmed that black patients have worse WOMAC pain and function
after TKA when compared to white patients in these states at a 2-year follow up. The
difference is found to be heavily associated with the census tract poverty level
especially pointing out that black patients living in impoverished communities
resulted in WOMAC pain and function scores 7 to 8 points lower than black patients
living in wealthier communities[11]. Our study found that female sex was associated
with worse preoperative KOOS for symptoms, pain, and activities of daily living,
which may be a result of women presenting later with symptoms. Women also
experience worse outcome after TKA due to pre-operative factors such as negative
mental health state, and poorer preoperative pain due to late presentation[12].
In addition to socioeconomic factors, provider and patient factors are a significant
contributor to disparities observed in TKA. Provider factors may include items like
unconscious bias where physicians unconsciously allow certain patient characteristics
to dictate their methods of treatments. Lopez et al[13] surveyed 596 male patients with
OA of the knee or hip to determine their perception of access to care and referral to
specialists in order to observe possible differences in patients who are referred to an
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Table 2 Summary statistics of pre-operative assessments and expectations
n
Mean Median Mode SD

Minimum Maximum

Valid Missing
Number of friends
Pre-Op Psychometric Scales

Pre-Op Pain Catastrophizing Scale

Expectations

133

0

7.47

5

10

7.7

0

50

Emotional/ Informational support
score

133

0

85.34

96.9

100

20.9

3

100

Tangible support score

133

0

82.02

94

100

24.2

0

100

Affectionate support score

133

0

88.84

100

100

19.3

0

100

Overall medical outcomes support
index

133

0

85.28

90.8

100

18.7

1

100

Geriatric depression scale1

133

0

3.39

3

2

3

0

13

Positive social support

133

0

86.28

100

100

22.5

0

100

Rumination2

133

0

7.28

7

16

5.1

0

16

Magnification

3

133

0

2.63

2

0

3.2

0

12

Helpnessness3

133

0

6.29

4

0a

6.1

0

24

Total3

126

7

16.2

13

6a

12.9

0

52

Pre-op

69

64

81.98

89.5

97

17.7

23

100

70.97

86.8

100

29.8

3

100

4

Post-op (4-8 wk)

1

Using General Linear Modeling (GLM) Multivariate Analysis (MANOVA), differences between groups was observed for Race and Age Group, P < 0.05;
Using GLM and MANOVA, differences between groups was observed within Age Group, P < 0.05;
3
Using GLM and MANOVA, differences between groups were observed for Age Group (P < 0.05), Race (P << 0.01), and Relationship Status (P << 0.01);
4
Using GLM and MANOVA, differences between groups was observed for Gender (P <0.05).
a
Multiple modes exist. The smallest value is shown.
2

orthopedic or rheumatology specialist. While the differences were not significant they
did note that white patients were referred to specialists more often than their black
counterparts at 24.2% vs 17.4% respectively[13]. In a study by Dy et al[14] they evaluated
the effect of possible surgeon bias when dealing with recommendations for TKA.
They used four computerized scenarios with combinations of black or white patients
and male or female patients with end stage knee OA. All patients in the study had
similar history and surgeons were asked if they would recommend TKA. The study
concluded that patient race and sex were not associated with surgical
recommendation percentages. While significant differences were not observed in
these studies, there may be a significant contrast at different stages of the patientphysician interaction[13]. In a 2008 study[15] of 71 physicians (38 family physicians and
33 orthopaedic surgeons), it was noted that 67% of physicians recommended TKA for
male patients and only 33% recommended the female patients. A study by Schulman
et al[16], reported that patients race and sex contributed significantly to the physicians
decision to refer patients with chest pain for a cardiac catheterization, with black
females being the least to obtain a referral.
Disparities in medicine may also be enhanced by patient factors. Many studies have
observed that differences in health literacy/communication, preference/willingness,
and expectations are significant issues and contributors of racial/gender disparities in
medicine. Health literacy is essential for patients to comprehend completely the
information they are receiving. In America, limited health literacy affects about 90
million people and prevents these patients from receiving adequate care. It is often the
case that many patients and their caregivers both lack the level of skills needed to
understand information related to medications, wound care, self-monitoring, follow
up schedules, and prevention behaviors[17]. In a recent study by Menendez et al[18],
patients with limited health literacy were found to ask fewer questions in their visits
before surgery. Non-white patients were also found to ask fewer questions than white
patients, which may suggest a significant association between limited health literacy,
and non-white patients. Communication, like health literacy is also a critical factor in
patient’s decision to undergo TKA. In a population-based study by Hawker et al[19], of
patients presenting with moderate to severe knee OA only 33% of women reported
speaking about arthroplasty with their physician and 19% ever speaking with an
actual orthopaedic surgeon. Alternatively, 42% men reported discussing with their
physician and 26% with an orthopaedic surgeon. The lack of communication between
patient and physician may add to the under usage of TKA in women as well as their
presenting at later, more advanced stages of OA.
Patient preference/willingness is also a prevalent factor linked to these inequalities.
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Figure 2

Figure 2 Geriatric depression score. A: Race; B: Age group.

Compared to Caucasians, African Americans rely on methods other than hospital
visits or surgery to relieve pain or discomfort associated with arthritis. They preferred
to use prayer, natural or folk remedies, or lotions before considering surgery and
many believed that their health was in God’s control[1]. The unwillingness to opt for
surgery may also be caused by an expectation of having surgery related
complications. Patients who receive TKA in low volume hospitals by low volume
surgeons were found to have had worse functional outcomes 2 years after the
procedure and African Americans are more likely to attend low volume/low quality
hospitals when compared to Caucasian patients[20,21]. Low quality arthroplasty results
can garner mistrust in the surgery as well as in the physicians. To this effect it is noted
that black patients are more likely to expect worse outcomes following joint
replacement surgery. In a study of 596 elderly male African American or white
patients, African American patients were more likely to expect more pain, functional
disability following the surgery, and a longer duration of hospital course compared to
the white patients[5].
In conclusion, our results indicate that women and black patients undergoing TKA
presented with worse preoperative KOOS scores compared with white patients. We
also noticed that black and Hispanic patients experience pain catastrophizing and
depression more when compared to white patients. However, outcomes were good
among all groups postoperatively, and neither race nor gender was associated with
compromised post-operative outcomes in relation to pain, ADLs or QOL. These
findings may be valuable in counseling patients and surgeons regarding the value of
increase utilization of TKA in these patient populations. Further study is necessary to
better understand the lower utilization or later presentation observed in these
populations.

Limitations
We acknowledge limitations associated with our study that requires the need to
analyze the results with that in mind. The limitations included sample size as well as
loss to follow up between the preoperative time point and time point 3 (9-14 mo).
Furthermore, limitations include a higher bias toward women, a near binary ethnic
representation (African Americans and Whites over all others) and we failed to
consider the role comorbidities may play in affecting baseline expectations and
postoperative outcome scores.
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Table 3 Outcome measures for 3 time points pre-op (T1), post-operative (4-8 wk) (T2), and post-operative (9-14 mo) (T3)
P
n
VAS

EQ5D

EQ5D-VAS

KOOS-pain

KOOS-symptom

KOOS-ADL

KOOS-sport

KOOS-QOL

Mean

SD

Mean rank

T1

133

7.64

1.99

2.71

T2

103

4.81

2.61

1.93

T3

52

4.02

3.44

1.36

T1

129

0.59

0.193

1.59

T2

103

0.67

0.204

1.91

T3

54

0.74

0.229

2.5

T1

131

69.31

20.435

1.71

T2

105

75.52

17.04

1.96

T3

54

76

17.1

2.33

T1

130

37.3

18.53

1.3

T2

104

56

19.51

1.91

T3

54

70.87

25.38

2.79

T1

130

40.64

15.71

1.27

T2

105

55.19

14.59

2.14

T3

56

61.54

18.22

2.59

T1

129

42.22

20.97

1.32

T2

105

64.42

21.29

2.04

T3

54

70.7

26.31

2.64

T1

130

38.61

37.9

1.51

T2

103

55.16

41.11

2

T3

55

62.29

37.32

2.49

T1

130

17.17

18.99

1.34

T2

104

34.31

19.95

2.02

T3

55

47.29

30.93

2.64

T2 vs T11

T3 vs T11

T3 vs T21

Overall2

0

0

0.02

0.05

0.38

0

0.02

0.05

0.66

0.01

0.2

0.05

0.01

0

0

0.05

0

0

0.07

0.05

0

0

0.01

0.05

0.05

0

0.05

0.05

0

0

0.01

0.05

1

Each row tests the null hypothesis that the sample 1 and sample 2 distributions are the same. Asymptotic significances (2-sided tests) are displayed. The
significance level is 0.05. Significance values have been adjusted by the Bonferroni correction for multiple tests;
2
Related samples, Friedman’s two-way analysis of variance by Ranks.
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Figure 3 Graphic distributions of pain catastrophizing scores where significant differences were found within categories (P < 0.05).
Figure 4

Figure 4 Histograms of pre- vs post-operative expectations.

ARTICLE HIGHLIGHTS
Research background
Total joint arthroplasty is one of the most common surgeries performed in the United States with
total knee arthroplasty being one of the most successful surgeries for restoring function and
diminishing pain. Even with the demonstrated success of total knee arthroplasty and a higher
prevalence of arthritis and arthritis related disability among minorities, many studies have
shown that pre-operative expectations regarding pain relief after total joint replacement differ by
gender and race, affecting post-operative outcomes. Racial and gender disparity remains a
constant issue in providing appropriate care for the adult reconstruction patient.

Research motivation
The purpose and motivation behind this non-interventional study is to measure pre-operative
patient expectations and correlate them with post-operative expectations, satisfaction and
clinical outcomes after total joint replacement as it relates to race and gender. Clinical research
examining patient expectations will increase awareness in the orthopaedic community to
address the challenge of musculoskeletal health disparities and stimulate future research and
focused strategies on how to manage patient’s surgical expectations and improve patient
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outcomes across racial and ethnic groups.

Research objectives
Our main objective was to determine and explore potential factors connected to differences in
utilization and outcomes of total knee arthroplasties (TKA) associated with race and gender, and
to determine the role of patient expectations. Our study looked into characteristics such as, social
support, pain catastrophizing, and depression in patients’ lives that may have led to these results
and may offer additional understanding into race and gender disparities within TKA.

Research methods
One hundred and thirty-three patients undergoing primary TKA were enrolled into this study
from 2013 through 2015. Demographic characteristics, such as age, gender, marital status, race,
and ethnicity, were collected. Patients in the study were asked to complete questionnaires either
via email, telephone, or at their pre- and post-operative office visits. The questionnaires were
completed at different study points. Study point 1: prior to their operation, Study point 2: 4 to 8
wk, Study point 3: 9 to 14 mo post-operatively. The validated patient reported outcome measure
(PROM) questionnaires included: (1) HSS patient expectation questionnaire; (2) Social support
survey; (3) Pain catastrophizing survey; (4) Visual analogue pain scale; (5) Geriatric depression
scale; (6) Knee Injury and Osteoarthritis Outcome Scores (KOOS) (Knee)- routinely collected as
part of standard care at this time; and (7) E-5D- routinely collected as part of standard of care at
this time.

Research results
In our findings, females were associated with worse preoperative KOOS for symptoms, pain,
and activities of daily living. African Americans were associated with worse KOOS for pain,
activities of daily living, and quality of life. Despite worse preoperative scores, no difference was
noted in these categories between the groups postoperatively. Additionally, Pain
Catastrophizing Scale, was significantly different for all subscales and total score within Age
Group (P < 0.05), and the Magnification, Helplessness subscales as well as the Total score were
significantly different between groups for Race and Relationship Status (P < 0.01). Our results
indicate that women and black patients undergoing TKA presented with worse preoperative
KOOS scores compared with white patients. However, outcomes were good among all groups
postoperatively, and neither race nor gender was associated with compromised post-operative
outcomes in relation to pain, ADLs or QOL. Due to this, the question still remains, why is TKA
underutilized within these groups and what can we do to aid in fixing the disparities.

Research conclusions
Our study concluded that there are multiple variations in pre-operative demographic variables,
psychometric scale, pain catastrophizing scale and expectation vs outcomes. We noticed that
while female and African American patients have lower preoperative KOOS scores compared to
white male patients, their outcomes are not affected. Irrespective of these findings and due to
lack of postoperative differences in outcomes between these groups, TKA is a valid option for
minorities and should be offered at the same rate as their white counterparts. These findings
may be valuable in counseling patients and surgeons regarding the value of increased utilization
of TKA for African Americans and women. Further study is necessary to better understand the
lower utilization or later presentation observed in these populations.

Research perspectives
It is necessary to continue research on the disparities found in TKA within African American
communities and women. While our study explores certain factors like social support,
depression, pain catastrophizing, and bias, there is more to be considered before any
determinations can be concluded. What we do know, however, regardless of the factors, we as
physicians have a responsibility to tackle these disparities in hopes of providing equal and
quality care to all races and genders.
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Abstract
There is still no definitive treatment for knee osteoarthritis (OA). We are certainly
far from a consensus on the best form of treatment or on an effective treatment
recommendation. There are reasons for the current equivocal treatment
recommendations in the face of this very serious health problem. The greatest of
these reasons, undoubtedly, is the great complexity of the factors involved in the
development and progression of knee OA and the complex pathophysiology
including mechanical, inflammatory, metabolic, post-traumatic, molecular,
genetic, and psychological changes. For several years, an attempt has been made
to correlate different patient phenotypes to different patterns of response to
treatment, thus creating the possibility of developing specific treatments for
certain groups of patients and theoretically allowing better treatment efficacy.
However, in practice we still find totally different responses and evolutions even
in individuals belonging to the same phenotype. Thus, classification by
phenotypes, despite being an advance, is not sufficient. The present article
proposes a fragmented look at each of the many factors or targets involved in the
genesis and evolution of OA. Therefore, we propose not the treatment of OA per
se but the management of an individual set of targets to achieve personalized OA
management. We believe that, paradoxically, by fragmenting the view of the
disease we will be able to treat our patients more holistically in an individualized
way.
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Core tip: We are certainly far from consensus on the best form of treatment or on an
effective treatment recommendation for osteoarthritis (OA). We still find totally different
responses and evolutions in individuals belonging to the same OA phenotype. In this
editorial, we propose a fragmented look at each of the many factors or targets involved in
the genesis and evolution of OA. Therefore, we propose not the treatment of OA per se
but the management of an individual set of targets to achieve personalized OA
management through a target-based approach for OA treatment.

Citation: de Campos GC, Tieppo AM, de Almeida Jr CS, Hamdan PC, Alves WM, de
Rezende MU. Target-based approach for osteoarthritis treatment. World J Orthop 2020;
11(6): 278-284
URL: https://www.wjgnet.com/2218-5836/full/v11/i6/278.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i6.278

INTRODUCTION
Knee osteoarthritis (KOA) is a heterogeneous disease at the clinical, physiologic,
anatomic, and molecular levels [1] with progressive and degenerative synovial
impairment that evolves from an asymptomatic phase (molecular and cellular
damage level) to symptomatic phase (multitissue lesions) with joint pain, stiffness,
and functional disability[2]. KOA affects not only the cartilage but the entire joint[1].
There is imbalance in joint tissues anabolism/catabolism with articular cartilage
breakdown, subchondral bone remodeling, and synovial and periarticular soft tissue
inflammation with joint capsule hypertrophy[3].
It is a heavy burden for society because it leads to a great loss of function and
quality of life in affected individuals and generates enormous costs[4]. The latest
update from the Global Burden of Disease study estimates that 242 million people
worldwide live with symptoms and limitations related to OA of the knees or hips[4].
Despite the vast number of research studies, there is still no definitive treatment for
OA. There are currently several guidelines with recommendations on the various
treatment modalities for OA based on the medical literature [5,6] . Most of them
recommend a combination of treatment modalities including non-pharmacological
and pharmacological therapies, such as information/education, weight loss, exercise
programs, analgesics, nonsteroidal anti-inflammatory drugs, and symptomatic slowacting drugs[5,6].
We are, however, far from a consensus on the best form of treatment or on an
effective treatment recommendation for individual patients. There are reasons for the
current equivocal treatment recommendations in the face of this very serious health
problem. The greatest of these, undoubtedly, is the great complexity of the factors
involved in the development and progression of KOA [ 7 ] and the complex
pathophysiology including mechanical, inflammatory, metabolic, post-traumatic,
molecular, genetic, and psychological changes[7]. Similarly, there is a large variation
among individuals in relation to disease trajectory with some patients evolving
rapidly, while others remain stable for long periods of time[8]. This has led to attempts
to group patients with common disease characteristics or similar treatment responses
into subgroups called OA phenotypes[8].
Several studies have proposed different OA phenotypes based on clinical,
laboratory, or imaging findings[8]. Correlation of different phenotypes to different
patterns of response to treatment creates the possibility of developing specific
treatments for certain groups of patients, theoretically allowing better treatment
efficacy[8]. However, in practice we still find totally different responses and evolutions
in individuals belonging to the same phenotype. This is because despite grouping
patients with similar characteristics, the great variety and propensity of factors
involved in the pathophysiology of each individual makes it difficult to achieve
success with the same treatment for different individuals[9]. Additionally, the same
individual may have characteristics common to several phenotypes, such as an obese
elder who has had a meniscectomy in the past. Thus, classification by phenotypes,
despite being an advance, is not sufficient. We must go further addressing specific
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features of these phenotypes, i.e. targets. The purpose of this publication is to
introduce a novel perspective for OA treatment, which can rationalize its
management and also contribute to enhance future clinical trials.

TREATMENT MODALITIES: CURRENT OA TREATMENT
Current guidelines propose recommendations regarding several treatment
modalities[5,6]. For example, the use of valgus insoles or duloxetine is a treatment of
osteoarthritis. However, an OA patient with neutral alignment will not benefit from
valgus insoles. Similarly, a patient without chronic and neuropathic pain will not
benefit from duloxetine. Therefore, a valgus insole is not a treatment for osteoarthritis
but for varus malalignment; and duloxetine is not a treatment for osteoarthritis but for
chronic pain. In this context, we need to reverse the rational paradigm. Rather than
treating OA as a single disease, we propose a fragmented look at each of the many
different factors involved in the genesis and evolution of OA to which we will name
the targets. Therefore, we propose not the treatment of OA per se but the management
of an individual set of targets to achieve personalized OA management. We believe
that, paradoxically, by fragmenting the view of the disease we will be able to treat our
patients more holistically in an individualized way.

THERAPEUTIC TARGETS: WHAT THEY ARE AND HOW TO
TREAT THEM
The complexity of mechanical, inflammatory, metabolic, cellular, molecular, genetic,
and psychological factors is precisely what makes it difficult to classify patients into
isolated groups/phenotypes given the infinite possibilities of combinations and
interactions among these factors (Figure 1). By directly and exclusively considering
each factor, the variability of responses narrows. The following are the most
commonly encountered targets in individuals with OA. The management possibilities
of these targets are also briefly discussed.

Age
Age is undoubtedly the most important factor because OA is rare under 40 years of
age and extremely frequent over 65 years of age[4]. The age factor, although it can be
considered nonmodifiable, can be “treated” through a healthy lifestyle with regular
practice of moderate exercise [10] , adequate diet [11] , and healthy attitudes such as
adequate sleep and respect for the circadian cycle. These recommendations have been
shown to reduce the senescence (cellular aging) of chondrocytes[7].

Obesity
Obesity is another key factor in the development of OA, both due to the mechanical
disturbance that being overweight causes on load-bearing joints and to the
inflammatory disorder caused by the excessive production of inflammatory cytokines
(adipokines)[12]. The obesity target should be addressed with diet, weight loss, and in
more extreme cases bariatric surgery[13].

Metabolic syndrome
Metabolic syndrome, of which obesity is a part, also exerts a negative influence on
OA[14]. Systemic arterial hypertension via subchondral ischemia can compromise the
articular cartilage and cause bone remodeling [15] . Dyslipidemia can lead to the
deposition of lipids in chondrocytes, myocytes, and hepatocytes, which deregulates
their metabolism[15]. Concomitantly, increased production of free fatty acids signals
greater expression of nuclear factor kappa beta and inflammasome activation, which
will lead to intense production of proinflammatory cytokines, such as interleukin 1
beta, interleukin 18, and tumor necrosis factor alpha. This will increase inflammatory
status with predominance of catabolism over anabolism on cartilage, synovial tissue,
and subchondral bone[15]. Hyperglycemia leads to increased production of glycation
end products and oxidative stress leveraging persistent low-grade systemic
inflammation contributing to a toxic environment that will exacerbate OA [15] .
Therefore, managing these targets is fundamental.

Sedentarism
The relationship between the regular practice of moderate exercise and improvement
in OA symptoms is well established[10]. The main treatment guidelines place exercise
as a central treatment for all OA patients[5,6]. Physiological and moderate intensity
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Figure 1

Figure 1 Osteoarthritis multifactorial determinants and multitarget approaches: Combinations and
interactions among these many factors. OA: Osteoarthritis.

movements are fundamental for normal cartilage metabolism and consequently for its
maintenance[10,16].

Degenerative meniscal lesions
Degenerative meniscal lesions are frequent in OA and even in knees with no
radiographic signs of the disease can be considered an initial finding of OA rather
than an entity of their own[17]. Degenerative meniscal lesions bring symptoms and
disability and require treatment. Treatment should not be surgical even in specific
cases of mechanical symptoms[17]. Currently there is evidence of successful control of
this target through intra-articular corticosteroid injections or hyaluronic acid
injections[18].

Limb malalignment
Poorly aligned knees have an increased risk for OA and therefore a greater risk for
disease progression than knees with neutral alignment[19]. Knees with varus alignment
have a four-fold increase in the risk of progression to OA in the medial compartment,
and those with valgus alignment have approximately five times the risk of
progression to lateral OA [20] . The association of malalignment with the size and
progression of regions with bone edema as well as with accelerated cartilage loss have
been demonstrated[21]. This target can be nonsurgically treated through the use of
orthotics or insoles[22].

Bone marrow lesions
The presence of bone marrow lesions usually means a focal overload on the joint with
microdamage of the trabecular bone. Subsequently, this leads to a vicious cycle of
subchondral bone attrition, attempts at repair, pain, and progressive deformity[23]. It is
a predictor of unfavorable disease evolution in that compartment[24]. Bone marrow
lesions should also be considered a therapeutic target because they are often
symptomatic and can be treated by overload reduction with the use of a cane,
orthoses, body weight control, muscle rebalancing, bisphosphonates, and even
surgery[25].

Chronic low-grade inflammation
In patients with OA, a low inflammatory state is present and is detectable both locally
and systemically[26]. Endogenous molecules called alarmins may be released into joint
space after local cell stress or damage, (e.g., cartilage matrix fragments), activating
inflammasome platform and/or nuclear factor kappa beta, thus leading to joint sterile
inflammation and triggering cell joint senescence[27]. Chondrocytes and synovial cells
(macrophages and fibroblasts) produce increased levels of inflammatory cytokines,
chemokines, and lipid mediators into the synovial fluid, which in turn decreases the
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synthesis of collagen, aggrecans, and proteoglycans and increases catabolic mediators
such as collagenases, metalloproteinases and alarmins[27].
Environmental factors, lifestyle[28], epigenomic, genomic[29], and microbiome[11]
studies have been focused on clarifying molecular mechanisms of low-grade
inflammation to support regulatory actions so that the expression, transcription, and
translation of enzymes and structural proteins of the joints can remain at levels of
homeostasis. Metabolomics is a promising field for chronic inflammation
investigation[1].
Chronic low-grade inflammation plays a central role in OA pathogenesis. Apart
from some promising disease modifying drugs [ 3 0 ] , we can manage it with
improvements in nutrition, rebalance of intestinal microbiome, gut health[11], restful
sleep[31], and adequate physical activities[16].

Synovitis
Synovitis occurs even in the early stages of OA and may be subclinical[32]. Unlike
rheumatoid arthritis, synovial inflammation in OA is usually found near areas with
pathologically damaged bone and cartilage[32]. This hyperactive synovium can release
proteinases and cytokines capable of accelerating joint destruction, thus being an
important therapeutic target[32]. Special attention should be given to episodes of acute
synovitis, or “flares,” which are associated with the acute worsening of pain and
accompanied by joint effusion usually after joint overload. In these cases, the best
treatment is certainly effusion drainage followed by intra-articular corticosteroid
injection[33].

Pain
Pain is a common therapeutic target for many individuals with OA. However, acute
pain, which can be treated with analgesics and anti-inflammatories, must be
distinguished from chronic pain, which can be treated with drugs with different
mechanisms of action[34]. Another aspect of this therapeutic target is pain perception.
Psychological characteristics such as pain catastrophizing and depressive disorders
can be addressed and treated with psychotherapy [35] . Conduction disorders or
hypersensitization (such as regional complex pain) also require specific treatment[36].

Other targets
Habits such as smoking and drinking can also be considered targets to be
addressed[37]. Other situations such as hyperuricemia, hypovitaminosis, dysbiosis, and
nutritional deficiencies can also be valued and treated[11]. There are large numbers of
targets already identified in the medical literature and certainly many more will still
be discovered. The ways to address each of the targets will also be developed and
improved.

DISCUSSION: IMPLICATIONS FOR FUTURE STUDIES
There is a great deal of difficulty in obtaining convincing conclusions from clinical
trials as they are currently conducted. The focus on therapeutic targets and not on OA
disease could provide more homogenous groups to be compared and studied, which
would boost findings. For example, McAlindon et al[38] analyzed 140 patients with
KOA comparing the use of triamcinolone infiltration versus a saline injection for a
period of 2 years. They reported no difference in symptoms between groups but a
greater cartilage volume loss in the group that received the triamcinolone injection.
The authors concluded that the findings did not support the use of triamcinolone
infiltration in patients with KOA [38] . However, a large number of studies in the
literature show corticosteroid injection is an effective tool for the treatment of flares[39]
(a specific target) but unsuitable for long-term treatment of general KOA.
The same reasoning holds for the conclusions (or lack thereof) of the current
guidelines[5,6]. The focus of OA pathology as a whole is the current method of analysis.
But the population in which treatments are being studied is usually too
heterogeneous. Instead we suggest that the efficacy of a given drug, the use of
orthoses, or a given infiltration should be analyzed in the context of specific targets as
discussed in this paper.

CONCLUSION
There is still no ideal treatment for OA. Much difficulty arises from the treatment of it
as a single disease or as groups of patients (phenotypes), which despite some common
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characteristics are still very different from each other. Grouping individuals according
to therapeutic targets and treating them based on these targets may bring progress in
outcomes. We suggest that future studies should focus on specific targets rather than
focus on OA general treatment.
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Abstract
Although the rate of patients reporting satisfaction is generally high after joint
replacement surgery, up to 23% after total hip replacement and 34% after total
knee arthroplasty of treated subjects report discomfort or pain 1 year after
surgery. Moreover, chronic or subacute inflammation is reported in some cases
even a long time after surgery. Another open and debated issue in prosthetic
surgery is implant survivorship, especially when related to good prosthesis bone
ingrowth. Pulsed Electro Magnetic Fields (PEMFs) treatment, although initially
recommended after total joint replacement to promote bone ingrowth and to
reduce inflammation and pain, is not currently part of usual clinical practice. The
purpose of this review was to analyze existing literature on PEMFs effects in joint
replacement surgery and to report results of clinical studies and current
indications. We selected all currently available prospective studies or RCT on the
use of PEMFs in total joint replacement with the purpose of investigating effects
of PEMFs on recovery, pain relief and patients’ satisfaction following hip, knee or
shoulder arthroplasty. All the studies analyzed reported no adverse effects, and
good patient compliance to the treatment. The available literature shows that
early control of joint inflammation process in the first days after surgery through
the use of PEMFs should be considered an effective completion of the surgical
procedure to improve the patient’s functional recovery.
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Core tip: Pulsed Electro Magnetic Fields are a safe treatment, generally well tolerated by
the patients. They have been shown to aid the recovery after joint substitution surgery,
acting as an inflammation modulator and reducing pain in the first months after surgery.
Further studies should be conducted on the long-term effects of PEMFs on implants
integration and survival.
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INTRODUCTION
Joint prosthesis is a common surgical procedure for the treatment of joints
degeneration.
In recent years, the number of patients undergoing joint replacement is increasing
worldwide with a prevision of further increase in the next decade. At the same time
treated patients are younger and more active, therefore with higher expectations and
requiring high final functional outcome. Although the rate of patients reporting
satisfaction is generally high, up to 23% after total hip replacement and 34% after total
knee arthroplasty of treated subjects report discomfort or pain 1 year after surgery[1].
Moreover, chronic or subacute inflammation is described in some cases even a long
time after surgery. Since a valid rehabilitation process correlates to patients’
compliance, a painful joint can interfere with recovery and good functional outcome.
Another open and debated issue in prosthetic surgery is the survival of implants,
especially when associated to good prosthesis bone ingrowth. Aseptic prosthesis
loosening is not uncommon and always requires revision surgery, with an increase in
morbidity and mortality, especially in elderly patients. Bozic et al[2] reported that
revision total knee arthroplasty (TKA) and total hip arthroplasty (THA) rate increased
by 39% (revision burden, 9.1%-9.6%) and 23% (revision burden, 15.4%-14.6%)
respectively. Revision THAs were performed more often in older patients compared
with revision TKAs.
Whilst the ongoing improvements in biomaterials, surgical indications and
techniques, another approach may entail the stimulation of bone intrinsic potential of
regeneration with adjuvant therapies, in order to accelerate and maximize bone
ingrowth, reduce pain and enhance clinical recovery, improving the final outcome.
Therefore, effective treatment strategy for promoting bone growth and remodeling is
needed.
In recent years Pulsed Electro Magnetic Fields (PEMFs) have been gaining
popularity due to the finding that the cell membrane plays an important role in the
bone stimulation. The physical agents trigger, by means of cell membrane
components, intracellular events that result in a biological response. Preclinical
studies have shown how PEMFs activate membrane receptors and transmembrane
channels which can have a promoting effect on bone cell function, bone
mineralization, bone repair and reduction of the inflammatory process[3,4]. In recent
years, exposure to PEMFs was tested on human mesenchymal stem cells (hMSCs)
demonstrating an osteogenic differentiation with a significant increase in the
production of osteogenesis-related markers including alkaline phosphatase activity,
osteocalcin levels and matrix mineralization [ 5 , 6 ] ; the positive modulation of
components of the Notch signaling pathway involved in bone development,
suggesting cooperation between PEMFs and osteogenic microenvironment through
Notch pathway[5], a favorable effect in the early stage of osteoblast differentiation by
stimulating the expression of voltage-gated Ca Channels and the modulation of the
concentration of cytosolic free Ca2+[7]. Additional in vivo animal studies demonstrated
that PEMFs stimulate osteoblast activity during the healing process, showing that the
amount of newly deposited bone and mineral apposition rate inside the transcortical
holes are significantly greater in the treated limbs compared to controls in horses[8].
In the last century, PEMF treatment was proposed in humans to prevent bone loss
in osteoporosis, hyperparathyroidism, glucocorticoids or ovariectomy, diabetes, to
treat delayed unions, non-unions, fractures or osteotomies[9]. The first attempts to use
PEMFs after joint replacement had the purpose to facilitate implant osteointegration
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thanks to improved osteogenesis and bone ingrowth. Although PEMFs treatment was
recommended after total joint replacement (in the 90s) to promote bone ingrowth
since these first studies, they are not currently part of usual clinical practice. The
purpose of this review was to analyze existing literature on PEMFs effects in joint
replacement surgery and to report results of clinical studies and current indications.

PULSED ELECTROMAGNETIC FIELDS
PEMFs are employed as an effective method to enhance bone repair because they are
safe, non-invasive and have no side effects[4]. The PEMFs signal is delivered as pulses
over time, with square or trapezoidal waveforms, focalized to the site of treatment.
PEMFs exert their biological effect on cell membranes and on the system of gap
junctions between cells, inducing an electric field in the tissue able to regulate many
cellular functions[7]. In particular, PEMFs stimulation can transduce signals through
conformational changes in transmembrane voltage-dependent channels, resulting in
alterations in the ionic equilibrium [10] increasing calcium uptake and cytosolic
concentration and activating calmodulin , which is the trigger for many signaling
pathways leading to a proliferative response of bone cells[11]. Exposure with PEMFs of
human osteoblast-like cells appear to act on bone formation by inducing upregulation
of several genes related to osteoblast differentiation and proliferation (HOXA10,
AKT1), cytoskeleton formation involved in the intercellular junctions and the
synthesis of collagenous and non-collagenous matrix components thus exerting an
anabolic effect on cells [12] . Many studies suggest both pre-clinical and clinical
benefits[13].
However, different electromagnetic stimulation parameters can result in different
biological effects[14]. The influence of PEMFs on human osteoblast proliferation and
calcified matrix production over biomaterial scaffolds, was also investigated showing
that under electromagnetic stimulation polyurethane scaffolds can be suitable to
calcified matrix coating and that the coating is greatly enhanced, making the
biomaterial useful for bio-integration[15]. In clinical practice, the limited number of
randomized controlled trials and the heterogeneity of the available studies make it
difficult to quantitatively evaluate the right protocol of treatment with precision.
The effects of PEMFs are focalized to the site of application and no systemic effects
have been observed following exposure to pulsed low-energy magnetic fields.
Recently, the principles of pharmacological research have been adopted to identify,
characterize and optimize the biophysical stimuli parameters (amplitude, frequency,
waveform and exposure time), and to assess how specific stimuli and combination of
parameters modulate a particular cell function. The gathered evidence has been
forming the basis of the clinical biophysics application based on the following key
principles of biophysical stimulation: (1) The ability of the physical stimulus to act
selectively on cell targets; (2) Signal specificity, i.e., the effect depends on waveform,
frequency, duration and energy; (3) Identification of the dose-response effects; and (4)
The signal should maintain the characteristics identified as being effective at the
disease site[3]. At first, the main focus has been on stimulation regimes using 100 Hz
PEMF pulses with very low intensities, around 0.2 mT[13]. Today, the clinical protocols
with most scientific evidence are: (1) 75 Hz and 1.5-2.5 mT (PEMF with square and
trapezoidal waves)[3]; and (2) 15 Hz and 0.3-1.8 mT (PRF-PEMF with about 4 kHz
carrier frequency)[9].

INFLAMMATION AND PAIN
Pain relief and restoration of function are considered the main goals of arthroplasty
surgery and they are strongly correlated with patient satisfaction and expectations
fulfillment. Persistent pain in the first months after surgery is a strong predictor of
long term patient dissatisfaction[16].
About 7% to 23% of patients after total hip arthroplasty and 10% to 34% after total
knee arthroplasty report long-term pain and poor functional outcome [1] , with
persistent symptoms even 1 year after surgery[17]. A high score on the Visual Analogic
Scale (VAS) for pain 3 mo after joint replacement was shown to be a predictor for
chronic pain after 1 year[18]. The key role of local inflammation in functional recovery
and pain resolution is well established. A positive correlation between Knee Society
Score (KSS) and serum CRP levels sixth months after surgery was found even though
no relation between systemic inflammatory markers and late functional recovery
could be assessed[19].
Hall et al[20] showed that in patients with high IL-6 and CRP serum concentrations
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after total hip arthroplasty, longer walking distances are achieved later on. To the best
of authors’ knowledge, no pharmacologic treatment is currently available to provide a
persistent decrease in local inflammatory response. A transient suppression of IL-6
production was achieved only by high doses of opioids with concomitant side effects.
The lack of a valid treatment free of contraindication highlights the need of better
strategies to control local inflammation in the early stages after surgery.
Several in-vitro studies were conducted on PEMFs effects on inflammatory cells
modulation. Varani et al[21] in 2017 showed that PEMF exposure mediates a significant
upregulation of A2A and A3ARs expressed in various human joint cells (synoviocytes,
chondrocytes and osteoblasts) or tissues involving a reduction in most of the proinflammatory cytokines [22] and leading to the reduction of superoxide anion
production, PGE2, COX-2, IL-6 and IL-8[23-25]. In animal models, PEMFs, prevented the
degenerative effect of IL-1β, significantly improving cartilage regeneration compared
to the non-stimulated lesions, thus explaining the anti-degenerative, reparative and
anti-inflammatory effects of PEMFs treatment[25-27]. Recently using in vitro and in vivo
models, it has shown that when PEMF stimulation is applied to engineered
constructs, it has a robust effect on glycosaminoglycans deposition and can enhance
engineered cartilage repair through modulation of cartilage growth and healing[28].
The regulation of inflammatory response due to PEMFs can be effective in reducing
pain thus limiting the use of non-steroidal anti-inflammatory drugs and improving
the functional outcome in humans. Moreover, this treatment is free from side effects
and is well accepted by patients.

OSTEOINTEGRATION
Events leading to the integration of an implant into the bone tissue take place at the
interface between bone and implant. The first response after surgery is the formation
of a hematoma and a characteristic local inflammatory environment, consisting in the
increase of pro-inflammatory cytokines (TNF-α, IL-6, PGE-2) and a decrease of boneforming factors (IGF-1, TGF-β). The three principal pro-inflammatory cytokines
involved in osteolysis are TNF-α, IL-1β and IL-6: TNF-α acts on osteoclastic cells
precursors, while IL-1β and IL-6 increase bone resorption indirectly through the
production of RANKL[29].
As above mentioned, the increase of A2A and A3 adenosine receptors induced by
PEMFs reduces pro-inflammatory cytokines. In addition, PEMFs through the increase
of adenosine receptors, act as positive modulators of the endogenous agonist
adenosine producing a more physiological effect which may not be accompanied by
the side effects, desensitization, and receptor downregulation often associated to the
use of exogenous agonists[21,30]. As is known, stimulation with square and trapezoidal
waves has been proven to double osteoprogenitor and osteoblastic cells [ 3 1 ]
differentiation and proliferation rate, as well as extracellular matrix production.
Moreover these waves can affect cell morphology and act on primary cilia, inducing
pseudopodia and cytoskeletal reorganization, aligning cells along main axis[31,32].
The positive effects on bone growth may be the result of both a primary effect of
PEMFs on the bone and an induced one, due to the increased vascular growth,
secondary to the release of angiogenetic factors such as IL-8, bFGF ,VEGF[33] and Nitric
Oxide Synthases[34,35].
PEMFs resulted effective in increasing the amount of new bone around
hydroxyapatite porous implants in the proximal tibia of rabbits, while not so
significant effects were detected in tricalcium phosphate ones, probably due to
different pore size (the greater the diameter, the greater the effectiveness of the
stimulation)[36]. PEMFs were also investigated as a tool to promote the integration of
porous titanium implants in the diaphysis of rabbit humerus bones and shown to
increase bone ingrowth by a 14-day stimulation[37].
In PEMF-treated patients, an improvement in bone-to-implant contact, bone area
ratio of rough-surfaced implants, mineral apposition rate and bone formation rate
were observed. Also, an improvement in mechanical properties in terms of hardness
to micro-indentation was detected[38].
In some studies, no differences were observed between 2 and a 6 wk PEMF
stimulation period in osteoblastic cells counts ; this could further indicate that PEMF
promote a long-acting bone formation[39].
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PEMFS IN ASEPTIC LOOSENING DUE TO BONE
REABSORPTION AND PERIPROSTHETIC OSTEOLYSIS
As known, osteolysis negatively affects long-term duration of prosthetic implants:
debris (Ultra High Molecular Weight Poly-Ethylene, UHMWPE), but also metal ion or
ceramic particles) accumulate at peri-prosthetic interface and trigger a chain of events,
such as macrophage activation, with production of catabolic enzymes and proinflammatory cytokines[40,41]. Moreover inflammatory microenvironment increases
osteoclastogenesis with a further increment of bone resorption[42]. Currently, aseptic
loosening due to osteolysis can be successfully treated only by revision surgery, thus
increasing morbidity and mortality, especially in elderly patients.
In in-vitro studies, PEMFs were able to counteract UHMWPE-mediated
osteoclastogenesis in rat peripheral blood mononuclear cells and to increase cell
viability maintaining pro-inflammatory cytokines at low levels, thus decreasing bone
resorption[43]. In addition they induced an increase in osteoclastic cells apoptosis[44],
OPG and RANKL concentrations[45], resulting in a drastic reduction of the fibrous
capsule between bone and implant formation. Many preclinical in-vivo studies
demonstrated how PEMFs can increase trabecular bone volume around implants
heads and ameliorate bone contact around prosthesis[13,15,38,45].

PEMFS IN CLINICAL PRACTICE
We selected all currently available prospective studies or randomized controlled
study (RCT) on the use of PEMFs in total joint replacement with the purpose of
investigating effects of PEMFs on recovery, pain relief and patients’ satisfaction
following hip, knee or shoulder arthroplasty.
In 1989 Padovani et al[46] investigated 300 patients who underwent primary or
revision total hip arthroplasty with 20 mo of medium follow-up. Eighty-nine patients
were treated with PEMFs at 75 Hz for 8 h a day, starting the second and third day
after surgery, for about 70 d. The two cohorts of patients were functionally and
clinically evaluated with the Merle D’Aubigne score[47] pre- and post-operatively. At 6
mo follow-up, most treated patients were in the 5th or 6th grade of pain and authors
ascribe these poor results to the existing pre-operative conditions, such as previous
arthrodesis or chronic hip luxation. A slight acceleration in osteointegration was
radiographically detected in the first six months in both control and treated cohorts. A
faster clinical recovery was also observed in the treated group, especially in terms of
pain reduction and subsequent articular function and walking. In particular, a total
pain remission was achieved after 5 mo to 6 mo in the treated group and after 7 mo to
8 mo in the control group. Even though results were encouraging, the lack of a longer
follow-up time does not allow to evaluate late bone modifications and implants
survival. Moreover this study lacks a proper randomization of patients and a
quantitative analysis of described parameters (Table 1).
In 1991 Kennedy et al [48] studied PEMFs effects on loosened cemented hip
prosthesis. Thirty-seven patients where included in this study and 19 were treated
with PEMFs at 15Hz. Patients were evaluated before therapy and at 12, 18, 24 and 36
mo with the Harris hip score. At month 6, after the end of the treatment, 57% of PEMF
treated patients showed a Harris score greater than 80, while only 11% of the control
did. No radiological differences were found between groups. However, three years
after surgery all patient but 2 (1 in the control group and 1 in the treated group) had a
clinical relapse and were treated with revision surgery; these results suggest the use
of PEMF for delay revision surgery.
Rispoli et al[49] studied 42 patients reporting pain 6 mo after hip primary or revision
surgery. Patients were treated for 60 d with Calcitonin, vitamin D and NSADs
together with 75 Hz PEMFs stimulation. Clinical and radiographic evaluation were
performed 4 mo after the end of treatment and at 1 year follow up. A correlation
between stimulation time and positive outcomes was observed. Ninety-two percent of
stimulated patients (treated for at least 6 h a day for more than 360 h totally) had
improved functional and clinical scores. Results were limited by previous diseases
and biomechanical conditions. Moreover, data suggest a dose-related effect.
In 2009 Dallari et al[50] performed a prospective randomized, double-blind study
investigating the effects of PEMFs in 30 subjects undergoing hip revision surgery after
femoral stem mobilization. Surgery was performed with a trans-femoral approach
through an “open-book” osteotomy. The stem used was a Wagner SL revision stem of
titanium-aluminum-niobium alloy. Treated patients were stimulated from day 7 to
day 90 post-operatively. The device was used 6 h per day. The peak amplitude of the
magnetic field produced by the device was 2 mT at 75 Hz. At 90 d, a better integration
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Table 1 Compared to Placebo
Peak Daily
Device
ampli- PEMF Treatand
tude
expo- ment All
freinten- sure
Period
quency
sity
(h/die)

Year

Ref.

Surgical
procedure

1993

Kennedy et
al[48]

THA
Stimatic NS
(cement 3000 75
ed)
Hz

7,5

6 mo

1997

Padovani et
al[46]

THA
NS
and
revision

8

2009

Dallari
et al[50]

THA
Biostim 2 ± 0.2
revision 75 Hz
mT

2012

Moretti
et al[51]

TKA

I-ONE
75 Hz

NS

1.5 mT

+

-

Mean
Age
(yr)

Follow
up
Pain
(mo)

37

19

18

68

6 (12,
18, 24,
36)

10 wk

129

89

40

6

3 mo

30

15

4

2 mo

30

15

Swelling

Mobility

Quality
of life

HOS ↑

NS

ROM ↑
HOS ↑

NS

66

6 (20
PMA ↑
average
)

NS

PMA ↑

NS

15

68.6 ±
6.5

3

PMA ↑

NS

PMA ↑

NS

15

60-85

1

VAS ↓

↓

NS

NS

2

VAS ↓
KSS ↑

↓

KSS ↑

SF36 ↑

6

VAS ↓
KSS ↑

NS

KSS ↑

SF36 ↑

12

VAS ↓

NS

KSS ↑

SF36 ↑

1

VAS ↓
KSS ↑

↓

KSS ↑

SF36 ↑

2, 6

VAS ↓

NS

NS

NS

1

VAS ↓
CMS ↑

NS

CMS ↑

NS

2

VAS ↓
CMS ↑

NS

CMS ↑

NS

3 (6)

VAS ↓
CMS ↑

NS

CMS ↑

NS

2014

Adravanti et
al[52]

TKA

I-ONE
75 Hz

1.5 ± 0.1 4
mT

2 mo

29

12

17

73.7

2019

La
RSA
Verde et
al[53]

I-ONE
75 Hz

1.5 mT

2 mo

50

25

25

60-75

4

THA: Total hip arthroplasty; TKA: Total knee arthroplasty; RSA: Reverse shoulder arthroplasty; HOS: Harris hip score; ROM: Range of motion; PMA:
Merle D’Aubigné-Postel hip score; VAS: Visual analog scale; KSS: Knee score society; SF36: Short form (36) health survey; CMS: Constant-Murley shoulder
outcome score; NS: Not significant.

of the medial and distal cortex of femur was observed, by bone densitometry
measurements, in PEMFs treated subjects compared to the control group. Patients
were functionally and clinically evaluated with the Merle D’Aubigne score at baseline
and 90 d post-operatively. Results showed that, after 90 d, treated group had an
increase in the Merle D’Aubigne score of 77% compared to the preoperatively score.
The increase recorded in the control group was 44%. This study, even with a small
sample size, shows how PEMFs can have an important role in prosthesis loosening
treatment with a significant decrease of pain and improvement in functional outcome
in the short term. Effects on bone mineralization and prosthesis integration are
encouraging, even though a longer follow-up would be necessary.
Moretti et al[51] in 2012 conducted a RCT in 30 patients undergoing TKA. Fifteen
patients were treated with PEMFs, for 4 h daily, for 60 d starting 7 d after surgery. The
device used generated a peak magnetic field of 1.5 mT at a frequency of 75 Hz.
Objective and subjective measurement were evaluated at baseline and at 1, 2, 6 and 12
mo after surgery. The results showed a higher increase in KSS functional score at 2, 6
and 12 mo. It has to be noted the baseline functional scores were also different
between groups. SF36 health survey score in the treated group was significantly
higher than in the control group, while VAS values were significantly lower, and the
difference between groups was maintained at all follow-up visits. A reduction in
swelling at 1 and 2 mo after surgery, and a statistically significant difference in
NSAID utilization at 1, 2 and 6 mo was also recorded.
Adravanti et al[52] in 2014 conducted a similar RCT in 26 patients undergoing TKA.
The device used and the stimulation protocol of treatment were the same used by
Moretti et al [51] . KSS function and knee score at one month showed a difference
between groups that was statistically significant, with higher scores in the treated
group. Two and six months after surgery the functional score of both groups
significantly improved with respect to baseline, with no significant difference between
groups. One month after TKA, pain was significantly better in the treated compared
with the control group. Pain was still significantly lower in the treated group at six
months follow-up. Swelling evaluation showed significantly better results in the
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treated group at 1 and 2 mo follow-up compared with the baseline and control group.
One month after surgery, the SF-36 pain evaluation showed a significant
improvement for the treated group only, with non-significant differences at 2 and 6
mo.
Patients were re-evaluated at long term follow-up (3 years). Patients with persistent
pain represented 7 % of the treated group and 33% of the control group. All the
patients in the treated group reported walking without limitation or walking aids,
whereas 27 % of patients in the control group occasionally used walking aids. The
results of this study further suggest that the pain reduction obtained in the early
postoperative period can be a predictor of long-term outcome. The authors suggest
that PEMF therapy should be considered an effective completion of the TKA
procedure.
In 2019, La Verde et al[53] conducted a randomized prospective study on PEMFs
effects in reverse total shoulder arthroplasty. 50 patients were enrolled and equally
divided into a control group and a treated group. The medical device and the
treatment of protocol was the same use in the previous studies[51,52]. Clinical evaluation
was performed with the Constant score, VAS score and percentage of shoulder
functionality compared to the contralateral one. Better function and lower pain were
reported at 1, 2 and 3 mo postoperative evaluations in the PEMFs treated group. At
six months follow-up no significant differences were found between groups.

CONCLUSION
The analysis of the literature included in this review confirms how a specific
combination of physical parameters of PEMFs can represent a powerful tool after joint
replacement surgery[3]. All the studies analyzed reported no adverse effects, and good
patient compliance to the treatment.
Effects on pain management, swelling and local inflammation can have a positive
impact on patient satisfaction and can facilitate a faster recovery, allowing a more
intense rehabilitation protocol even though it is still unclear if PEMFs effects can be
detected also in the long term. Some studies suggest long lasting effects with
remarkable improvements between treated group and controls even 3 years after
surgery, while other studies do not find benefits in treated patients in the long term.
Several reports suggest positive effects on the implant integration even though
better results are detected when PEMFs is performed as adjuvant therapy after
surgery. Regarding the management of periprosthetic osteolysis and implant
mobilization, the study conducted by Dallari et al[50] reports promising results with a
remarkable improvement in bone mineralization around the implant and satisfying
clinical and functional scores. Overall PEMFs stimulation is considered a valid
therapy when associated to a standard rehabilitation clinical protocol. In conclusion,
the use of PEMFs in the early control of joint inflammation process during the first
days after surgery should be considered an effective completion of the surgical
procedure to improve the patient’s functional recovery.
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Abstract
BACKGROUND
Tibial tubercle osteotomy (TTO) is a well-established surgical technique to deal
with a stiff knee in revision total knee arthroplasty (RTKA). However, several
reports have described potential osteotomy-related complications such as nonunion, tibial tubercle migration and fragmentation, and metalware related pain.
AIM
To evaluate the literature and estimate the efficiency of TTO in RTKA in terms of
osteotomy union, knee mobility and complications.
METHODS
MEDLINE, Scopus, and the Cochrane Central Register of Controlled Trials were
investigated for completed studies until February 2020. The principle outcome of
the study was the incidence of union of the osteotomy. Secondary outcomes were
the knee range of motion as well as the TTO-related and overall procedure
complication rate.
RESULTS
Fifteen clinical studies with a total of 593 TTOs were included. The TTO union
rate was 98.1%. Proximal migration and anterior knee pain were the most
common TTO-related complications accounting for 6.9% and 6.4% of all cases,
respectively. However, only 2.2% of cases suffering from anterior knee pain
needed hardware removal. Knee flexion was improved from 82.9° preoperatively
to 100.1° postoperatively and total knee range of motion was increased from 73.4°
before surgery to 97° after surgery. Stiffness requiring manipulation under
anesthesia was recorded in 4.6% of cases. No major complications were reported.
CONCLUSION
The current systematic review supports the use of TTO in RTKA, as it is
associated with high union rate, significant improvement in knee motion and low
osteotomy-related complication risk that rarely leads to secondary tibial tubercle
procedures.
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Core tip: Tibial tubercle osteotomy (TTO) is a useful technique to deal with a stiff knee
in revision total knee arthroplasty. However, several reports have described potential
osteotomy-related complications such as non-union, tibial tubercle migration and
fragmentation as well as metalware related pain. The purpose of the current systematic
review was to evaluate the literature and estimate the efficacy of TTO in revision total
knee arthroplasty in terms of osteotomy union, knee range of motion, and complication
rate. TTO was found to result in high union rate, significant improvement in knee motion
and low osteotomy-related complication risk that rarely leads to secondary tibial tubercle
procedures.
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INTRODUCTION
Tibial tubercle osteotomy (TTO) is a useful and well-established technique to deal
with a tight extensor mechanism and stiffness in revision total knee arthroplasty
(RTKA). It provides excellent exposure and visualization of the knee joint as it allows
unforceful eversion or lateral subluxation of the patella and unimpeded access to the
lateral gutter and lateral component-bone interface [1,2] . The osteotomized bone
fragment should be of sufficient size to facilitate secure hardware fixation with wires
and screws and provide an appropriate contact area for bone consolidation.
Furthermore, preservation of the musculature sleeve is of primary importance for
bone segment viability and stability and a good result can be achieved even after a
previously performed TTO[2].
The osteotomy can be safely extended into the intramedullary tibial canal to utilize
removal of the tibial stem and retained cement [3,4] . Although the intramedullary
extension of the osteotomy may prolong union time due to the relatively small boneto-bone contact area at the site of the TTO, good healing capacity has been reported[2].
In addition, re-alignment of the extensor mechanism for optimal balance and
simultaneous correction of patellar height by proximalization of the tibial tubercle can
be safely applied at the time of osteotomy fixation[2,3].
On the other hand, several reports have described potential osteotomy-related
complications such as extensor lag, tibia fracture, nonunion, tibial tubercle migration,
metalware irritation, and wire breakage. In the majority of cases, the aforementioned
problems were largely attributed to surgical technique and adversely affected the
functional outcome[5,6].
The current review aims to investigate the literature and estimate the efficiency of
TTO in RTKA in terms of osteotomy union rate, knee range of motion (ROM), and
incidence of complications.

MATERIAL AND METHODS
The authors followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) recommendations[7].

Literature search
MEDLINE, Scopus, and the Cochrane Central Register of Controlled Trials were
searched for entries from inception to February 2020. The search strategy for Medline
was “(tibial tubercle osteotomy) AND (total knee)” and was adjusted to each database
and no filters or language restrictions were used. The reference lists from the included
articles were also manually screened for additional studies. Two authors (Kitridis D
and Chalidis B) independently searched for studies and reviewed all titles and
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abstracts. Subsequently, the full texts were screened for eligible studies that met all
identified inclusion criteria.

Eligibility criteria
Clinical studies relevant to TTO in RTKA, which enrolled more than 10 patients over
18 years old, were included in the review. Trials with incomplete clinical data and
articles reporting mixed results with primary total knee arthroplasty were excluded.

Data extraction
Two authors (Kitridis D and Chalidis B) performed the data extraction process from
the selected articles in a blinded manner. Studies and patients’ characteristics (i.e.,
study type, year, country and size, as well as patients’ demographics), kind of surgical
interventions, clinical results and complications, and the follow-up observations were
gathered and analyzed. Any disagreement was resolved by review from a third
author (Givissis P).
When there were insufficient data, these were requested from the corresponding
author of each article.

Quality assessment
Two investigators (Kitridis D and Chalidis B) independently performed the quality
appraisal. Case series studies were assessed using the tool developed by Moga et al[8],
which consists of 18 entries; studies achieving a score of 13 or greater are considered
of high quality, 7-12 of moderate, and 0-6 of low quality. Comparative trials were
evaluated using the Coleman Methodology Score [ 9 ] , which relies to ten
methodological criteria; a score of 100% is considered the optimal high quality score.

Outcomes
The main outcome of the review was the TTO union. Secondary outcomes were the
improvement of ROM and the incidence of TTO-related and RTKA complications.

Statistical analysis
Pooled-data analysis was performed using weights according to each study’s sample
size. Categorical outcomes were expressed as percentages. The longest follow-up
measurements of each study were used. Microsoft Excel version 16 and IBM Statistical
Package for Social Sciences software version 24 were utilized for data analysis.

RESULTS
The literature search yielded 395 articles, of which 183 were duplicates and 139 were
excluded from the titles and abstracts. Finally, 29 clinical studies did not fulfill the
selection criteria and 15 clinical studies were considered for review (Figure 1).

Characteristics of the included studies
Ten retrospective case series studies[1,2,4,6,10-15], three retrospective non-randomized
comparative studies[3,16,17], one prospective non-randomized comparative trial[18], and
one prospective randomized clinical trial[19] enrolled 780 patients. Data were extracted
from a total of 545 patients, who underwent 593 TTOs. Of them, 296 were performed
in aseptic RTKAs and 297 in septic RTKAs. Of note, eight studies included two-stage
revisions for infected RTKAs[2-4,6,10,11,13,19]. All the cited articles were published from 1998
to 2019. Eight studies originated from Europe [ 1 , 6 , 1 2 - 1 6 , 1 9 ] , five from North
America[2,4,10,11,17], and two from Asia[3,18]. Tables 1 and 2 present details about studies
and surgical interventions, respectively.

Quality assessment
Ten studies were level IV evidence[1,2,4,6,10-15], four were level III[3,16-18], and one was level
II[19]. Nine case series were found to be of high quality[2,4,6,10-15], and one of low quality[1].
The effect of the particular low-quality study was evaluated as a potential
confounding factor; the stratified analysis of outcomes was repeated after excluding
the study, and no substantial differences were noted (P = 0.83). Therefore, the study
was finally included in the review. The comparative trials were rated with a mean
Coleman Methodology Score[3,16-19] of 73.6% (range 54-92%).

Synthesis of the results
Eleven non-unions out of 593 TTOs were reported (union rate 98.1%, Figure 2). There
were three intraoperative tibial tubercle (TT) fractures (0.5%), 10 proximal avulsion
fractures (1.7%), and five metaphyseal tibial fractures (0.8%). Proximal migration of
the TT was observed in 41 cases (6.9%). Anterior knee pain was reported in 38 cases
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Figure 1

Figure 1 Flow chart diagram for inclusion and exclusion article process. TKA: Total knee arthroplasty.

(6.4%), 13 of which required hardware removal (2.2%). All TTO-related complications
are reported in Table 3.
Total ROM improved from 73.4° preoperatively to 97° postoperatively and knee
flexion increased from 82.9° before surgery to 100.1° after surgery. Data in detail are
reported in Table 4.
Stiffness requiring manipulation under anesthesia was evident in 27 cases (4.6%).
From all RTKAs that performed due to periprosthetic joint infection via TTO, 29 knees
(9.8%) showed recurrence of infection. None of the studies reported any major
complications. Specifically, all non-TTO related complications are documented in
Table 5.

DISCUSSION
The present systematic review advocates the use of TTO in RTKA. Knee flexion and
ROM were improved from 82.9° and 73.4° preoperatively to 100.1° and 97°
postoperatively, respectively. Furthermore, TTO permits early rehabilitation and
restoration of quadriceps excursion and strength minimizing the incidence of
extension lag [4] . Bruni et al [19] compared the utilization of TTO and Rectus Snip
techniques at the time of reimplantation during two-stage RTKA for prosthetic joint
infection. Patients in the TTO group had a higher mean Knee Society Score than the
Rectus Snip group (88 vs 70, respectively). Mean maximum knee flexion was greater
in the TTO group (113° vs 94°) with a lower incidence of extension lag (45% vs 13%).
However, the risk of joint arthrofibrosis and stiffness even after utilization of TTO
isn’t insignificant. We found that 4.6% of cases underwent postoperative closed
manipulation under anesthesia to improve knee ROM.
Non-union of osteotomy is rare as 98.1% of bone healing was obtained. Even in
case of tibial tubercle distalization or/and medialization for achieving proper tension
and tracking of the patella and the extensor mechanism, excellent healing capacity
should be expected [2,16] . Similarly, repeat osteotomy as well as intramedullary
extension of osteotomy was associated with high union rates. Chalidis and Ries
noticed that the median union time for the primary TTO was 15 wk (range 6 to 47 wk)
and for the repeat TTO was 21 wk (range 7 to 27 wk)[2]. In addition, intramedullary
TTO had a longer healing time (median 21 wk, range 7 to 38 wk) when compared to
extramedullary osteotomy (median 12 wk, range 6 to 47 wk).
Proximal migration of TT and anterior knee pain were the most common
complications of TTO with an incidence of 6.9% and 6.4%, respectively. Proximal stepcut osteotomy might prevent superior displacement of the osteotomized tibial
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Table 1 Summary of studies characteristics
Ref.

n

TTOs

Mean age (yr)

Males/ Females

Mean follow-up
(mo)

Outcome
measures

Barrack et al[17],
1998

15

15

NR

NR

30 (24-48)

ROM, KSS,
Subjective
satisfaction and
function
questionnaires

Bruni et al[19], 2013

39

39

72 ± 6

11/28

144 ± 24

ROM, VAS, KSS,
Complications

Chalidis et al[2],
2009

74

87

60 (29-89)

35/39

49 (6-108)

ROM, Complications

Choi et al[10], 2012
(1)

36

51

67 (38-87)

20/16

57 (7-126)

ROM, KSS,
Complications

Choi et al[11], 2012
(2)

13

26

60 (38-85)

9/4

56 (15-126)

ROM, KSS,
Complications

Chun et al[18], 2019

31

31

73.8 ± 7.5

5/26

62.4 (36-210)

ROM, KSS, HSS,
Complications

Hocking et al[1],
2007

52

52

NR

NR

NR

ROM, KSS,
Complications

Le Moulec et al[12],
2014

63

63

72 ± 11.3

29/36

27.8 ± 10.7

ROM, IKS, Patellar
height,
Complications

Mendes et al[4], 2004 64

67

65.6 (35-93)

25/39

30 (5-60)

ROM, KSS,
Complications

Punwar et al[6], 2016 38

42

66 (33-92)

24/14

6-24

OKS, ROM, Walking
status,
Complications

Segur et al[13], 2014

26

26

73 (64-88)

12/14

40.8 (28.8- 3.2)

KSS, WOMAC,
ROM, Complications

Sun et al[3], 2014

21

21

70.1 ± 7.7

6/15

48.1 ± 17.2

ROM, KSS, HSS,
Complications

Van den Broek et
al[14], 2006

37

37

54.2 (37-78)

NR

28.4 (12-46)

ROM, KSS, VAS for
satisfaction,
Complications

Vandeputte et al[16], 13
2017

13

53.6 (34-71)

5/8

24

ROM, KSS,
Complications

Zonnenberg et
al[15], 2014

23

69.6 (43-84)

7/16

16.1 (1-43)

KSS, ROM, SF-36,
Complications

23

TTO: Tibial tubercle osteotomy; NR: Not reported; ROM: Range of motion; KSS: Knee society score; VAS: Visual analogue scale; HSS: Hospital for special
surgery score; OKS: Oxford knee score; WOMAC: Western Ontario and McMaster universities osteoarthritis index; IKS: International knee society score;
SF-36: 36-item short form health survey.

fragment, although this was not necessarily associated with extensor mechanism
dysfunction[2,14]. Anterior knee pain was mainly related to metalware prominence and
irritation and it was apparent regardless the type of fixation with wires and
screws[10,11]. However, we found that only 2.2% of cases required hardware removal.
Suture repair may reduce even further the incidence of anterior knee pain but the
technique relies on the integrity of the lateral periosteal sleeve and therefore risks
migration of TTO[15,20].
Recurrence of periprosthetic knee joint infection was identified in 9.8% of RTKA
cases. The overall risk appears to be a complex and multifactorial issue involving
patient and surgical factors. Tibial tubercle osteotomy should be considered a safe
extensile procedure as so far there is no evidence that the technique may adversely
affect the possibility of reinfection. When TTO was compared to rectus snip regarding
re-infections after two-stage revisions in infected RTKA, Bruni et al[19] reported that the
results were similar in both groups (7% in the snip group and 5% in the TTO group, P
= 0.84). Furthermore, Sun et al [3] in another comparative study found that the
incidence of reinfection in two-stage RTKAs was 4.8% in the TTO group and 7.4% in
the snip group. Nevertheless, this difference failed to reach statistical significance (P =
0.71).
The main limitation of the current study was the fact that it was not feasible to
conduct a meta-analysis with direct comparisons between interventions. This
occurred because the majority of the included studies did not include a control group.

WJO

https://www.wjgnet.com

298

June 18, 2020

Volume 11

Issue 6

Chalidis B et al. TTO in revision total knee arthroplasty

Table 2 Surgery parameters
Ref.

TTO length (cm)

Fixation

Approach

Oscillating saw or osteotome

Barrack et al[17], 1998

10

Wires

Medial parapatellar

Saw

Bruni et al[19], 2013

8-10

Wires

Medial parapatellar

Both

Chalidis et al[2], 2009

10.6 (7.9-15.3)

Wires (n = 16)

Medial parapatellar

Both

Medial parapatellar

Both

Medial parapatellar

Both

Screws (n = 9)
Wires and screws (n = 59)
Choi et al[10], 2012 (1)

8

Choi et al[11], 2012 (2)

8

Wires (n = 49)
Screws (n = 2)
Wires (n = 25)
Screws (n = 1)

Chun et al[18], 2019

10

Screws

Medial parapatellar

Both

Hocking et al , 2007

5-8

Wires

Medial parapatellar

Both

Le Moulec et al[12], 2014

7.7 ± 1.6

Wires

Medial parapatellar

Both

Mendes et al[4], 2004

8-10

Wires (n = 66)

Midvastus (n = 40)

Saw

Wires and screw (n = 1)

Medial parapatellar (n = 19)

[1]

Subvastus (n = 40)
Not noted (n = 4)
Punwar et al[6], 2016
[13]

Segur et al

, 2014

7

Screws

Medial parapatellar

Both

10

Wires (n = 25)

Medial parapatellar

Saw

Nonabsorbable sutures (n = 1)
Sun et al[3], 2014

6-8

Screws

Medial parapatellar

Saw

van den Broek et al[14], 2006

6-8

Screws (n = 36)

Medial parapatellar

Both

Vandeputte et al[16], 2017

6-8

Wires or screws

Medial parapatellar

Saw

Zonnenberg et al[15], 2014

4-8

Absorbable sutures

Medial parapatellar

Osteotome

Wires (n = 1)

Moreover, the case series studies were of low level of evidence. Another limitation
was that the study by Zonnenberg et al[15] had a borderline moderate quality Coleman
methodology score of 54%, and the study by Hocking et al [1] was of low quality
according to the Moga score. After accounting for the risk of bias introduced in the
review by the latter study with a stratified analysis, no significant changes of the
results were noted compared to the primary analysis. Therefore, both studies were
included to increase the sample size and improve the power of the review. Also, 13
out of 15 studies were retrospective, which might create data collection or patient
selection bias. All these reflect the need for high-quality trials comparing different
interventions.

CONCLUSION
In conclusion, TTO shows great clinical safety and efficacy in RTKA. Non-union is
rare, and the most reported TTO-related complications are proximal migration and
anterior knee pain. However, in the vast majority of cases they aren’t associated with
secondary procedures of osteotomy refixation or metalware removal.
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Table 3 Tibial tubercle osteotomy-related complications

Ref.

n

Non-unions

TT fractures

Proximal
avulsion
fractures

Metaphyseal
tibial fractures

Proximal
migration

Anterior knee
pain

Barrack et al[17],
1998

15

-

-

-

-

-

3

Bruni et al[19],
2013

39

-

-

-

-

-

11

Chalidis et al[2],
2009

74

-

-

3

2

2

5

Choi et al[10],
2012 (1)

36

-

-

2

1

5

-

Choi et al[11],
2012 (2)

13

-

-

-

-

3

-

Chun et al[18],
2019

31

-

-

-

-

-

-

Hocking et al[1],
2007

52

-

1

1

-

10

-

Le Moulec et
al[12], 2014

63

4

-

-

-

4

-

Mendes et al[4],
2004

64

2

-

-

1

13

11

Punwar et al[6],
2016

38

-

-

-

1

2

-

Segur et al[13],
2014

26

2

1

-

-

-

-

Sun et al[3], 2014

21

-

-

2

-

-

5

van den Broek et 37
al[14], 2006

-

-

1

-

2

3

Vandeputte et
al[16], 2017

13

-

-

-

-

-

-

Zonnenberg et
al[15], 2014

23

3

1

-

-

-

-

TT: Tibial tubercle.

Table 4 Mean range of motion, flexion, extension lag and flexion contracture values

Ref.

Total ROM (°)

Flexion (°)

Preop

Postop

Preop

Postop

73

81
57

113

5 cases < 15°

80

95

2.5°

68

95

1°

109

4°

n

Barrack et al[17], 1998

15

Bruni et al[19], 2013

39

[2]

Extension lag

Chalidis et al , 2009

74

60

95

Choi et al[10], 2012 (1)

36

40

92

Choi et al[11], 2012 (2)

13

60

94

Chun et al[18], 2019

31

101

109

87.8

103.7

[1]

1.5°

Hocking et al , 2007

52

Le Moulec et al[12], 2014

63

Mendes et al[4], 2004

64

101

107

Punwar et al[6], 2016

38

85

95

90

95

[13]

Segur et al

, 2014

21

van den Broek et al[14], 2006

37

Vandeputte et al[16], 2017

13

Zonnenberg et al[15], 2014

23

WJO

91

26

Sun et al[3], 2014

93

87.9

95.3
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2.5°

3 cases
15 cases

94.1
81

Flexion contracture

10 cases

3 cases < 15°
15 cases
1 case < 5°

101.7

3.8°
1 case
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Table 5 Non-tibial tubercle osteotomy related complications
Ref.

Complications
[17]

Barrack et al

, 1998

None reported

Bruni et al[19], 2013

MUA for stiffness (n = 3)
Reinfections (n = 2)
DVT (n = 1)

Chalidis et al[2], 2009

MUA for stiffness (n = 10)
Skin necrosis (n = 1)
Reinfections (n = 6)

Choi et al[10], 2012 (1)

MUA for stiffness (n = 2)
Spacer subluxation (n = 1)
Reinfections (n = 10)

Choi et al[11], 2012 (2)

MUA for stiffness (n = 2)
Spacer subluxation (n = 1)
Reinfections (n = 4)

[18]

Chun et al

, 2019

Skin necrosis (n = 2)

Hocking et al[1], 2007

MUA for stiffness (n = 4)

Le Moulec et al[12], 2014

None reported

[4]

Mendes et al , 2004

MUA for stiffness (n = 9)
Pain not associated to TTO (n = 2)
Reinfection (n = 1)
Delayed wound healing (n = 5)
Transient peroneal nerve palsy (n = 3)

Punwar et al[6], 2016

Reinfections (n = 2)

Segur et al[13], 2014

Reinfections (n = 3)

Sun et al[3], 2014

Reinfection (n=1)
[14]

van den Broek et al

, 2006

None reported

Vandeputte et al[16], 2017

None reported

Zonnenberg et al[15], 2014

MUA for stiffness (n = 1)
Fractures of tibial plateau (n = 5)
Patellar pain resolved with patellar resurfacing (n = 1)
Wound leakage resolved conservatively (n = 5)

MUA: Manipulation under anesthesia; DVT: Deep vein thrombosis; TTO: Tibial tubercle osteotomy.

Figure 2

Figure 2 Forest plot of the incidence of non-union of the tibial tubercle osteotomy. The markers are weighted according to the number of the cases of each
study.
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ARTICLE HIGHLIGHTS
Research background
Tibial tubercle osteotomy (TTO) is a useful technique to deal with a stiff knee in revision total
knee arthroplasty (RTKA). It provides excellent exposure and visualization of the knee joint as it
allows unforceful eversion or lateral subluxation of the patella. Complications such as nonunion, tibial tubercle migration and fragmentation, and metalware related pain have been
reported.

Research motivation
Although TTO is widely utilized in RTKA, several reports have reported potential osteotomyrelated complications. There is currently a lack of synthesis of the evidence about TTO in RTKA.

Research objectives
The present review aims to evaluate the available literature and estimate the efficiency of TTO in
RTKA in terms of osteotomy union, knee mobility, and complications.

Research methods
Medline, Scopus, and the Cochrane Central Register of Controlled Trials were systematically
screened for studies from inception to February 2020. The main outcome was the incidence of
union of the osteotomy. Secondary outcomes were the knee range of motion as well as the TTOrelated and overall procedure complication rate. The systematic review was conducted following
the PRISMA recommendations.

Research results
Fifteen clinical studies were included in the systematic review. Eleven non-unions out of 593
TTOs were reported (union rate 98.1%). Proximal migration of the TT was observed in 41 cases
(6.9%). Anterior knee pain was reported in 38 cases (6.4%), 13 of which required hardware
removal (2.2%). Total knee range of motion improved from 73.4° preoperatively to 97°
postoperatively and knee flexion increased from 82.9° before surgery to 100.1° after surgery.
Stiffness requiring manipulation under anesthesia was evident in 27 cases (4.6%).

Research conclusions
TTO shows great clinical safety and efficacy in RTKA. Non-union is rare, and the most reported
TTO-related complications are proximal migration and anterior knee pain. However, in the vast
majority of cases they aren’t associated with secondary procedures.

Research perspectives
Further clinical studies are encouraged to determine the optimal extensile approach in RTKA.
High quality randomized studies comparing different techniques using standardized protocols
will need to be performed.
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Abstract
BACKGROUND
Ilizarov non-free bone plasty is a method of distraction osteogenesis using the
Ilizarov apparatus for external fixation which originated in Russia and was
disseminated across the world. It has been used in long bone defect and
nonunion management along with free vascularized grafting and induced
membrane technique. However, the shortcomings and problems of these
methods still remain the issues which restrict their overall use.
AIM
To study the recent available literature on the role of Ilizarov non-free bone
plasty in long bone defect and nonunion management, its problems and the
solutions to these problems in order to achieve better treatment outcomes.
METHODS
Three databases (PubMed, Scopus, and Web of Science) were searched for
literature sources on distraction osteogenesis, free vascularized grafting and
induced membrane technique used in long bone defect and nonunion treatment
within a five-year period (2015-2019). Full-text clinical articles in the English
language were selected for analysis only if they contained treatment results,
complications and described large patient samples (not less than ten cases for
congenital, post-tumor resection cases or rare conditions, and more than 20 cases
for the rest). Case reports were excluded.
RESULTS
Fifty full-text articles and reviews on distraction osteogenesis were chosen.
Thirty-five clinical studies containing large series of patients treated with this
method and problems with its outcome were analyzed. It was found that
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distraction osteogenesis techniques provide treatment for segmental bone defects
and nonunion of the lower extremity in many clinical situations, especially in
complex problems. The Ilizarov techniques treat the triad of problems
simultaneously (bone loss, soft-tissue loss and infection). Management of tibial
defects mostly utilizes the Ilizarov circular fixator. Monolateral fixators are
preferable in the femur. The use of a ring fixator is recommended in patients with
an infected tibial bone gap of more than 6 cm. High rates of successful treatment
were reported by the authors that ranged from 77% to 100% and depended on the
pathology and the type of Ilizarov technique used. Hybrid fixation and
autogenous grafting are the most applicable solutions to avoid after-frame
regenerate fracture or deformity and docking site nonunion.
CONCLUSION
The role of Ilizarov non-free bone plasty has not lost its significance in the
treatment of segmental bone defects despite the shortcomings and treatment
problems encountered.
Key words: Bone defect; Ilizarov method; Distraction osteogenesis; Bone transport; Bone
nonunion; Free vascularized grafts; Induced membrane technique complication
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The Ilizarov non-free bone plasty can treat the triad of problems associated with
bone defects simultaneously (bone loss, soft tissue loss and infection) without the need
for major plastic surgery. It provides a stable mechanical environment, corrects
deformities, and enables weight bearing. The findings suggest that the Ilizarov fixator is
better suited for infected nonunion of the tibia, while monolateral fixators are valid for
the femur. High rates of successful treatment were reported and depended on the
pathology and type of the Ilizarov method protocols used. Docking site nonunion and
after-frame regenerate fracture or deformity are the major causes of failure.

Citation: Borzunov DY, Kolchin SN, Malkova TA. Role of the Ilizarov non-free bone plasty
in the management of long bone defects and nonunion: Problems solved and unsolved. World
J Orthop 2020; 11(6): 304-318
URL: https://www.wjgnet.com/2218-5836/full/v11/i6/304.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i6.304

INTRODUCTION
Segmental long bone defects resulting from acute trauma, post-traumatic sequelae,
resection due to tumor or bone infection, nonunion or congenital deficiencies lead to
significant negative consequences or disability if not managed properly with surgical
interventions involving the use of bone grafting and fixation systems [1,2] . The
universally acknowledged surgical techniques such as autogenous bone grafts for
small defects (< 5 cm), free vascularized grafts (FVG), distraction osteogenesis (DO)
and induced membrane technique (IMT) for larger defects are contemporary
strategies of reconstruction[1-3]. These techniques are based on autogenous grafting,
either free or non-free, as long as the autogenous bone possesses osteoinductive,
osteoconductive and osteogenic properties to induce bone healing. Moreover, the
techniques which preserve the vascularity of the graft with the surrounding tissues or
generate new vessels would be most effective in promoting bone remodeling.
Therefore, FVG, DO and IMT have become the main methods in bone defect
management.
DO was developed by G.A. Ilizarov for a number of orthopedic diseases and
injuries and was initially realized with the author’s external apparatus[4-6]. Nowadays,
the regeneration philosophy of the Ilizarov method is a cornerstone of contemporary
bone lengthening and reconstruction surgery and is implemented with a number of
designed devices[6]. The author of bone fragment transport for segmental long-bone
defect management first reported on the technique in 1969[5,7]. Since the 1990s, it has
become a vital method for compensation of bone loss and infected nonunion across
the world, and has been named the Ilizarov non-free bone plasty[8]. Bone nonunion
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and defects still remain the conditions for which the Ilizarov method has gained most
popularity[5].
Vascularized free grafting and the IMT were reported by their authors in 1975 and
2000, respectively[9,10]. The first had been used for the reconstruction of many types of
bone defects until Ilizarov bone transport (IBT) became popular in the 1990s and IMT
later demonstrated successful outcomes in long bone defect management[1,2,10-13].
Management of segmental long bone defects is one of the challenges of
contemporary orthopedics due to the severity of high-energy trauma, traffic accidents
and military activities that are so characteristic of life in the modern world[2]. It is
dictated by the defect size, patient comorbidities, soft-tissue condition, local
vascularity, nonunion type and possible infection in the defect. Choosing between the
three major options for large-scale defects depends on clinical factors, orthopedic
surgeon training and preferences, as well as on the availability of the instrumentation
needed for successful implementation of the methods[12,13].
We aimed to study the recent available literature on the role of Ilizarov non-free
bone plasty in the management of bone defects, the problems to solve and future
prospective trends which would enable better treatment outcomes.

MATERIALS AND METHODS
Three databases (PubMed, Scopus, and Web of Science) were screened for recent
literature on long bone defect and nonunion treatment within a five-year period
(2015-2019) using the key words: Bone defect, large bone defect, nonunion, Ilizarov
bone transport (BT), Masquelet (induced membrane) technique, FVG, and free
vascularized fibular graft (FVFG). The titles and abstracts were reviewed while
screening, potentially relevant articles were retrieved and assessed for inclusion.
Table 1 presents the findings of search engines in the databases indicated above. In
total, 232 articles were assessed for eligibility according to the abstracts. The selected
65 full-text clinical articles and reviews available in English were based on the
inclusion and exclusion criteria.

Inclusion criteria for literature sources in the study
Full-text articles in English: (1) Reviews on the management of segmental long bone
defects and nonunion; (2) Clinical studies stating that patients with segmental bone
defects and nonunion were treated using DO, IMT or FVFG. Clinical articles were
chosen if they contained treatment results, complications after treatment and
described large patient samples (not less than ten cases for congenital, post-tumor
resection cases or rare conditions such as subtotal defects, and more than 20 cases for
the remainder). Major adverse events were considered problems if they involved
operative procedures to correct the treatment failure or its sequelae; and (3) Original
articles that compared DO with the methods of IMT or FVFG used for long bone
defect management and contained quantitative data on the evaluation of the methods.

Exclusion criteria for literature sources in the study
Exclusion criteria: (1) Case reports, pilot and preliminary studies; and (2) Duplicate
studies.

RESULTS
The search showed that there are numerous studies on long bone defect and
nonunion management with DO and IMT published in the period under survey while
the use of FVFG is less reported (Table 1). Reports on FVFG and DO were mainly
clinical studies, while there were a number of technical descriptions, reviews and
experimental research on the impact of IMT due to the fact that the technique is
relatively new. IMT was described technically and reviewed in 18 articles while DO
and FVFG were described only in seven and five reviews, respectively. IMT was
investigated experimentally in 24 studies while DO was investigated in three and
FVFG in none. The full texts of a total of 65 articles using these three techniques were
reviewed, including 35 clinical reports on the use of DO or its comparison with two
other methods, which described large series of patients and were published in the
recent five-year period (2015-2019) (Table 1). Merits, shortcoming and problems of the
Ilizarov non-free bone plasty, IMT and FVFG are summarized in Table 2. The
summary shows that the main severe adverse events in the management of bone
defects that impede the success of these treatment methods are common: Failure to
achieve union and graft incompleteness.
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Table 1 Number of five-year literature sources found and studied
Total number of sources
found / articles on bone
defects

Number of selected
sources, including
congenital conditions

Number of articles per
Number of full text articles
year / number of reviews /
included in this review
basic research articles

108

2015: 18/1/1

Distraction osteogenesis techniques
PubMed

155/116

Scopus

169/136

2016: 33/2/0

Web of Science

144/105

2017: 23 /2/0

50

2018: 17/1/2
2019: 17/1/0
Induced membrane technique
PubMed, Scopus, Web of
Science

121/104

87

2015: 8/2/2

10

2016: 16/5/4
2017: 24 /7/4
2018: 17/2/10
2019: 22/2/4

Free vascularized fibular
graft
PubMed, Scopus, Web of
Science

138/52

37

2015: 5/0/0

5

2016: 7/2/0
2017: 11/2/0
2018: 8/0/0
2019: 6/1/0

Out of the total number of articles on DO found, only nine were devoted to bone
defects in the upper extremity while infected and aseptic post-traumatic defects of the
lower limbs were reported in more than 70% of the articles (Table 3), infected tibia
being the most frequent pathology (Table 4). The clinical studies using DO to treat
segmental long bone defects that included the largest series of patients and the
problems of their treatment are presented in Table 4. Most patient series were
retrospective and used the ASAMI scoring system for assessment of bone and
functional results and Paley’s classification of complications. High rates of successful
outcomes were reported by the authors that ranged from 77% to 100% and depended
on the pathology and the type of Ilizarov method protocols used. It was not possible
to demonstrate quantitatively the outcome success rates of all the studies included
due to their heterogeneity and ambiguity. Therefore, primary and secondary
treatment failures reported in the studies are presented in Table 4. Table 4 also
indicates the country the authors belong to in order to show where the DO method
was used as the samples of patients are numerous. Several comparative studies of the
methods used in bone defect and nonunion management were identified by the
search and their conclusions are presented in Table 5.

DISCUSSION
The Ilizarov method which involves the use of a circular external fixator is one of the
most widely used techniques of bone reconstruction in bone nonunion and defects
due to physiological bone growth induced by distraction, tension stress and axial
forces enabling adequate new bone tissue distribution providing bone gap bridging
and union [14-45] . Four Ilizarov protocols are used for bone nonunion and defect
management [20] . Two physical phenomena can be executed for bone fragments,
compression and distraction, for either: (1) Approximation of fragments for union by
compression and subsequent distraction through osteotomy if required; or (2) BT of
an osteotomized fragment for gap filling with new bone and compression at the
docking site to achieve bone union [20,38] . The bone tissue thus regenerated for
lengthening and bone gap coverage can be charged as almost a perfect type of
grafting as a vascularized bone callus is formed inside the surrounding soft tissues
which remodels into mature bone tissue over time[8]. The Ilizarov techniques for bone
nonunion and defects stabilize the limb, lead to bone union and at the same time
address malalignment, leg length discrepancy and soft-tissue problems[15]. They yield
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Table 2 Summary of merits and problems of the methods used for nonunion and bone defect management
Merits

Problems or adverse events that are
considered failures or may cause it

Shortcomings

Ilizarov non-free bone plasty
(1) High-quality, biologically normal new bone
tissue of massive proportions is generated
through distraction osteogenesis; (2) The
regenerated bone has good vascularity; (3) The
limb is well stabilized with the circular fixator
leading to union at the same time; (4) Coexistent
bone issues such as deformity correction,
equalization of leg length can be addressed
simultaneously and effectively; (5) There is no
risk of rejection or necrosis of the non-free graft;
(6) Soft tissue healing, free tissue transfer after
frame placement is possible; (7) The risk of deep
infection is low; (8) The method is suitable for
both infected and non-infected cases; (9) It is
practical in financially constrained cohorts of
patients in medical centers; (10) Full weightbearing is early after the operation; (11) There are
no problems of the donor site; and (12)
Stimulation with osteoprogenitor cells is possible

(1) Implementation needs trained professionals; (2)
The complexity of the Ilizarov apparatus
placement necessities its re-arrangements during
treatment; (3) Scarring associated with the wires
and half-pins as they progress down occurs; (4)
Pin-tract infection is frequent; (5) Wearing time of
the circular frame is long; (6) Breakage of wires
and pins that may results in frame instability; (7)
Patients have physical stress due to pain,
inconvenience of sleeping and doing hygiene,
negative impact on the patients' mental health; (8)
There is some risk of joint contractures and the
necessity of doing exercise therapy constantly; (9)
It is difficult to mount the apparatus in the areas
with a large soft-tissue envelope such as the thigh;
(10) The method implies frequent postoperative
manipulations (change of dressings, radiographic
monitoring of bone formation); (11) Bone grafting
at the docking site is mostly required; and (12) The
cost of the circular fixator ranges a lot and
depends upon the country

(1) Frequent pin-tract infection may lead to wiretract osteomyelitis; (2) Fractures of the regenerate
upon frame removal in massive defects are
possible; (3) Deformity of the regenerated bone
within 3-4 mo upon frame removal may develop;
(4) Osteogenesis failure or incomplete osteogenesis
due to technical mistakes or low bone regeneration
potential may occur; and (5) Failure of union at the
docking site may happen

(1) Long period of treatment and several stages of
the surgical procedures are necessary; (2) A
considerable amount of autogenous graft is
needed to fill the bone defect; (3) The average time
to bone union is rather long; (4) Intraosseous
blood supply is not adequate; (5) Incomplete
remodeling of massive grafts is frequent; (6) Leg
length discrepancies in large defects cannot be
corrected completely due to restricted graft
material; (7) Possibility to address gross deformity
and leg length discrepancy is limited; and (8)
Gross scarring is inevitable

(1) Necrosis and rejection of grafts, especially
when allograft is added for graft volume; (2)
Pathological fractures in the defect area may
happen; (3) An Internal fixator may break or
become instable; (4) Re-grafting due to failure of
primary graft healing occurs; and (5) Coexistent
bone issues such as gross deformity and leg length
discrepancy need to be addressed separately
following treatment

(1) Surgical intervention is executed with two
operative procedures and is rather timeconsuming; (2) It requires special training as
microsurgery is used; (3) It is rather expensive as
needs special medication and equipment; (4)
Material for grafting is limited; (5) There are
problems of donor site, such as pain and ankle
joint problems; (6) Extensive scars are inevitable;
(7) Graft remodeling may be incomplete due to
hemocirculation disorders in a large graft; (8)
Limb bracing is required until adequate
hypertrophy of the graft; (9) Valgus deformity
may develop at the donor site after harvesting the
fibula; (10) The procedure is problematic after
previous surgeries and if soft tissues are damaged
by scars; (11) Gross scarring is inevitable; and (12)
Possibility to address gross deformity and leg
length discrepancy is limited

(1) Gross vascular problems (thrombosis) may
develop and may lead to necrosis, graft rejection
and infection; (2) Pathological fractures of massive
grafts may develop; (3) Internal fixator break or
instability may occur; (4) Failure of grafting due to
nonunion is possible; and (5) Coexistent bone
issues such as gross deformity correction and
equalization of leg length need to be addressed
separately following treatment

Induced membrane technique
(1) Extensive segmental defects may be bridged;
(2) The induced membrane favours osteogenesis
as it is vascularized, bioactive and protects the
graft from resorption; (3) Suitable for both
infected and non-infected cases; (4) Antibiotics
may be impregnated locally into the spacer; (5)
Stimulation with osteoprogenitor cells during the
second stage is possible; and (6) Weight-bearing
is possible as bone fragments are stabilized with
external or internal fixators

Free vascularized fibular graft
(1) Defect may be covered with one procedure;
(2) Bone union is achieved within the regular
terms for fracture treatment; (3) Primary
postresection defect grafting due to tumors is
effective; and (4) Weight-bearing is possible as
bone fragments are stabilized with external or
internal fixators

satisfactory outcomes using limited resources for both aseptic and infected bone
defects and nonunion, but should be implemented in medical centers with trained
personnel[46].
Moreover, bone distraction and compression may be produced with a number of
external and internal devices that have been developed for this purpose and are
currently available on the market [5,13] . Therefore, the DO procedure has been
universally accepted by the orthopedic community throughout the world. However,
the shortcomings and problems of the method still remain the issues which restrict its
overall use (Table 2). Poor regeneration that may occur due to different causes,
infection and poor condition of soft tissues in the defect area may result in various
stages to fill in the defect, especially if it is massive, or has previously failed[14,17]. There
is a controversial view on regular bone grafting at the docking site if BT is
implemented. Most authors currently recommend routine docking site revisions
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Table 3 Web of Science + Scopus search results for the period 2015-2019 (key words: Ilizarov
method, bone defects)
Web of Science + Scopus search
Number of sources found

169

100%

Infected defects

73

43.2%

Post-traumatic defects

59

34.9%

Acute trauma

13

7.7%

Bone tumors

8

4.7%

Congenital diseases

7

4.1%

Other

6

3.6%

Animal model, basic research

3

1.8%

during BT and use supportive bone grafting[47]. The authors of the clinical studies
conclude that BT is a safe option for treatment of aseptic and infected nonunion of the
tibia and femur despite the complications encountered. The average bone and
functional scores significantly improve within two years after the end of treatment[47].
The authors underline that it is essential to explain the complications to the patients
and their relatives before the application of external fixators to increase their
compliance with a long and highly emotional course of treatment due to severe pain,
mental, and physical stress[47,48].
Table 4 shows that DO is a solution for segmental long bone defects and nonunion
in a number of conditions caused by acute injuries, trauma sequelae, bone infection
and bone tumor resection in the tibia and femur, but infected tibia is the segment in
which DO and the Ilizarov apparatus have been used extensively. According to the
studies, the Ilizarov BT and acute shortening and then lengthening techniques remain
reliable methods to repair bone defects[16,18,29]. The following are some of the main
conclusions and recommendations the authors focus on: (1) DO is a good method that
can treat the triad of problems simultaneously (bone loss, soft-tissue loss and
infection) without the need for major plastic surgery[21]; (2) The Ilizarov fixator is
better suited for infected nonunion of the tibia because it can provide a stable
mechanical environment, BT, correction of deformities, and enables weight bearing[19].
The current findings suggest that the Ilizarov methods in the treatment of infected
nonunion of the tibia and femur result in satisfactory outcomes. Radical debridement
is the key step to control bone infection [ 4 2 ] ; (3) The use of a ring fixator is
recommended in patients with an infected tibial bone gap of more than 6 cm. Patients
with a bone gap up to 6 cm can be managed with either a ring or rail fixator[24,30]; (4)
Antibiotic-impregnated spacers were used in open tibial trauma and reduced the
external fixation index considerably[25,28]; (5) Patients treated with combined fixation
spent less time in the external fixator. The frequency of adverse events and ability to
restore limb length was not different to the group treated with the external fixator
only[26]; (6) Acute shortening followed by distraction histogenesis is a safe method for
acute treatment of open tibial fractures with bone and soft-tissue loss[29]. The technique
is limited by the defect size and the condition of the surrounding soft tissues. The
technique of acute shortening and re-lengthening was not recommended in postgunshot defects [30] ; and (7) DO is a method an orthopedic surgeon with limited
conditions can use, though it has a long treatment period[29,35].
Tables 2 and 4 reveal that docking site nonunion and after-frame regenerate
fracture or deformity are the major causes of DO failures[14]. Therefore, orthopedic
surgeons and researchers search for the ways to improve the DO procedure for
segmental bone defect and nonunion management. They report on a number of
solutions to overcome the problems and gain better results. The following is a
summary of these solutions according to the literature under our investigation.

Solutions to the shortcomings and problems within the DO method or combining it
with other methods as offered in the studies reviewed
The following are solutions to the shortcomings and problems within the DO method
or combining it with other methods as offered in the studies reviewed: (1) Accurate
study of the regenerate with radiographic methods and clinical tests to exclude
premature removal of the external fixator and potential treatment failure[8]; (2) The
accordion technique combined with minimally invasive percutaneous decortications
to stimulate regeneration[49]; (3) Compaction of the problematic regenerate to rescue
DO and achieve union[50]; (4) Bifocal or multifocal BT to reduce BT time, time in the
frame, and total treatment time in one stage[8,17,19,23,50,51]; (5) Acute shortening and
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Table 4 Largest clinical studies published in 2015-2019 and their outcomes with distraction osteogenesis techniques
Ref.

Problems requiring reoperations
after frame removal or failures

Number of patients

Fixation type / bone union rate

Kinik et al[14], 2019, Turkey

30

Ilizarov/96.66%

1 nonunion, 1 refracture of the
regenerate, 1 late deformity of the
regenerate

Fahad et al[15], 2019, Pakistan

51

Ilizarov/96%

2 nonunions (1 amputation due to
sepsis), 2 reinfections eradicated
during main treatment

Thakeb et al[16], 2019, Egypt

50

Ilizarov/100%

Catagni et al[17], 2019, Italy

86

Ilizarov/100%

Wu et al[18], 2018, China

40

Ilizarov/100%

Yilihamu et al[19], 2017, China

129

Ilizarov + Orthofix/100%

McNally et al[20], 2017, United
Kingdom

79

Ilizarov/86.1%

El-Alfy et al[21], 2017, Egypt

28

Ilizarov/100%

Defects of tibia

[22]

Meleppuram et al

, 2016, India

4 refractures

2 refractures, recurrence of infection,
6 after-frame reoperations

42

Ilizarov/100%

Abuomira et al[23], 2016, Italy

55

Ilizarov + Taylor spatial frame/89%

1 osteitis, 2 bending of regenerate, 2
refractures of the docking site, 1
nonunion

Rohilla et al[24], 2016, India

70

Ilizarov vs rail fixator/77% vs 80% of
primary union

The rail fixator was converted to a
ring fixator in two patients, 2 afterframe refractures

Sadek et al[25], 2016, Egypt

30

Ilizarov vs two stage internal
osteosynthesis

1 nonunion in internal group

Bernstein et al[26], 2015, United States 30

Ilizarov/77%

-

Peng et al[27], 2015, China

58

Ilizarov/100%

4 equinovarus deformities, 1 infection
recurrence at the docking site

24

Ilizarov/91.7%

2 amputations, 1 persistent deep
infection in a HIV-positive patient,
mangled extremity

Salih et al[29], 2018, United Kingdom 31

Ilizarov/96%

4 after-frame refractures, 2 regenerate
deformities after frame, 1 stiff nonunion

Fuermitz et al[30], 2016, Germany

25

Ilizarov or hybrid/92%

2 amputations due to comorbidities

Azzam et al[31], 2016, Еgypt

30

Ilizarov/93.3%

1 post-frame fracture

Thakeb et al[32], 2016, Egypt

161

Ilizarov

1 failure

30

Monolateral/93%

2 nonunions

Defects due to acute fractures
van Niekerk et al[28], 2017, South
Africa

[33]

Ajmera et al

, 2015, India

Large-scale defects requiring tibilization of the fibula
Meselhy et al[34], 2018, Egypt

141

Ilizarov/100%

12

1

Ilizarov/100%

1 supracondylar femoral fracture
while removing frame

50

Ilizarov/98%

2 nonunions, 1 refracture

41

Monolateral/98%

1 refracture, 5 cases of docking site
nonunion

Mudiganty et al[38], 2017, India

22

Monolateral rail/97.5%

Agrawal et al[39], 2016, India

30

Monorail/100%

5 delayed union with autograft

Ariyawatkul et al[40], 2019, Thailand

171

Ilizarov/94%

1 nonunion

Lowenberg et al[41], 2015, United
States

127

Ilizatov/96%

3 amputations due to comorbidities

Yin et al[42], 2015, China

110

Ilizarov for tibia, monolateral for
femur/100%

2 after-frame refractures

Eralp et al[43], 2016 (Turkey, United
States, Egypt)

20

Various types of external
fixators/100%

1 knee arthrodesis

Wang et al[44], 2019, China

101

Monolateral/90%

1 amputation at long-term due to
cancer relapse

[35]

Zaman et al

, 2017, Pakistan

Defect of femur
Bakhsh et al[36], 2019, Pakistan
[37]

Zhang et al

, 2017, China

Defects of femur and tibia

Tumor- resection defects

WJO

https://www.wjgnet.com

310

June 18, 2020

Volume 11

Issue 6

Borzunov DY et al. Ilizarov non-free bone plasty

1

Smaller groups for rare conditions treated with the Ilizarov method (severely comminuted fractures, pan tibial defects, large periarticular defects). HIV:
Human immunodeficiency virus.

subsequent DO in the management of open tibial fractures with bone and soft-tissue
loss to avoid the need for a soft-tissue flap to cover the wound or post-traumatic
defects if soft tissues allow it[16,18]; (6) Antibiotic cement spacers for infected nonunion
with bone defect to reduce infection recurrence[27,28]; (7) Use of monolateral external
fixators and rail fixators, especially in the femur, which provide effective stability, BT
and improve patients’ compliance and quality of life[19,33,37-39,42,44]; (8) BT with a hexapod
external fixator [52] and combined Ilizarov and Taylor spatial frames versus a
conventional circular frame to achieve union[23]; (9) Gradual transport of a fibular
fragment with the Ilizarov external fixator for subtotal and total tibial defects to
salvage the limb[8,34,35]; (10) BT over an intramedullary nail using cable and pulleys or
BT and then nailing to combine internal and external fixation to decrease time in the
frame and patient’s quality of life[14,53]; (11) Hydroxyapatite coated pins with external
fixators to exclude loosening and infection[54,55]; (12) Intraosseous injection of bonemarrow derived autologous mesenchymal stem cells as an add-on therapy to the DO
procedure improvement[56]; and (13) Teriparatide treatment during the consolidation
phase to stimulate bone formation[57].

Current clinical tendencies in segmental bone defects management with the
method of DO
It is evident that significant advancements such as internal cable transport, multifocal
transport, and combined techniques with internal fixation have helped increase the
effectiveness of the ring fixator by minimizing many of its drawbacks. However, the
main problems in the management of bone defects and nonunion (failure to achieve
docking site union and bone graft incompleteness) impede the DO success
irrespective of the fixator used and need to be solved with osteogenesis stimulation
and perfection of bone fixators.

Advances in bone fixation techniques
We have come to a conclusion that it is the combination of external and internal
technologies that is the main clinical tendency in the use of DO for long bone defects
in the tibia and monolateral fixation in the femur[14,24-26,30,42]. It seems to be logical as it
solves some of the external-fixator associated shortcomings, mainly the long-term
wearing of ring external devices that worsen patients’ quality of life and a long
rehabilitation time[47]. Thus, the combined techniques of BT over nail (BT over nail and
BT and then nailing have recently been used for reconstruction of post-traumatic and
post-resection defects in the lower limbs, including the infected nonunion and defects
once the latter have been debrided thoroughly[26]. Their main merits are: (1) Reduction
of external fixation time; (2) Less knee stiffness and opportunity to do more exercise
therapy for joints after frame removal; (3) Comfort after frame removal; (4) Alignment
of the regenerate on the nail; and (5) Exclusion of regenerate deformities and
fractures. However, the regeneration features and complication rates were similar and
not statistically different[26]. Closed intramedullary nailing (IMN) was found to be an
effective and easy solution for cases without pin-tract infection to manage the
nonunion problem of the docking site[58]. However, the risks of pin-tract and deep
infection as well as pain due to stretching and nail breaking risks remain[59]. Moreover,
combined external and internal fixation was found to have a greater risk of infection
recurrence in the treatment of infected tibial nonunion and chronic osteomyelitis[59,60].
Some more options of a combined technique have been reported, such as a
lengthening nail for transport and a locking plate for docking and a carbon-fiber IMN,
including an antibiotic-coated carbon fiber IMN nail, specifically designed for
femurs[61,62]. The latter allows for artifact-free visualization on magnetic resonance
imaging, which is important for monitoring the treatment response. However, besides
its high cost, it was found clinically that the nail performs poorly in long-bone surgery
and cannot be added to external fixation instead of a titanium nail even for
combination.
Nevertheless, Ilizarov’s fundamental principles must still be followed even with
internal devices. Internal telescopic lengthening nails show similar bone results and
significantly improve patients’ quality of life, as well as exclude pin-tract infection
problems. It is evident that IMN fixation alone would be much more comfortable than
the combined techniques[63]. Recently, new IMNs have been investigated to provide a
one-stage alternative to external fixators for reliable DO in defect management. Lately,
some reports on their designs supplied with clinical cases involving the tibia and
femur have been made by German researchers[64]. The system is called a cylindrical
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Table 5 Comparative studies of the methods in the period 2015-2019
Complications and
problems requiring
Method, segments, fixator
operations after frame
removal or failures

Recommendations to
solve the problems
(conclusions)

Ref.

Number of patients

Wen et al[3], 2019, China

317

IMT (106), DO (132), FVFG
(79), post-traumatic long
bones, monolateal, ring
fixators, nails, plates

Major complications: (1) IMT:
Hardware failure (3 cases),
joint ankylosis or fusion (6
cases), > 3 cm LLD (5 cases),
clubfoot or dropping foot (3
cases), and residual
deformity requiring
secondary procedures (4
cases); (2) DO: Deep infection
(1 case), joint ankylosis or
fusion (8 cases), > 3 cm LLD
(3 cases), clubfoot or
dropping foot (6 cases), and
residual deformity requiring
secondary procedures (2
cases); (3) FVFG: Hardware
failure and/or refracture (7
cases), nonunion (5 cases),
joint ankylosis or fusion (6
cases), > 3 cm LLD (3 cases),
and residual deformity
requiring secondary
procedures (3 cases); and (4)
Complication rates were
22.6%, 25.8%, and 26.6% (P >
0.05), respectively

The methods compared
resulted in equivalent longterm outcomes. Overall
complication rates were
analogous among the three
methods. A circular external
fixator and intramedullary
nail provide better stability
than a monolateral external
fixator and locking plates,
which may benefit early
partial weight bearing, thus
stimulating consolidation. An
approach worth exploring is
to cross over from external to
internal fixation in step 2 in
patients treated with IMT.
Special attention should be
paid to alignment, external
fixator stability, and care of
all foot and ankle joints

Tong et al[75], 2017, China

39

IMT (20), IBT (19),
posttraumatic osteomyelitis,
tibia, femur

The bone outcomes were
similar between groups
[excellent (5 vs 7), good (10 vs
9), fair (4 vs 2) and poor (1 vs
1)]. IMT group showed better
functional outcomes than IBT
group

Both IBT and IMT lead to
satisfactory bone results
following posttraumatic
osteomyelitis. IMT had better
functional results, especially
in femoral cases. IBT should
be preferred in cases of limb
deformity. IMT may be a
better choice in cases of
periarticular bone defects

Abdelkhalek et al[82], 2016,
Egypt

24

IBT (13), FG (free grafting,
11), tibial defects

1 refracture at the regenerate
site in IBM group after
removal of the external
fixator, 1 stress fracture in FG
group. Rates of poor results:
7.6%, 9.1% respectively

Segmental tibial defects can
be effectively treated with
both methods. The FG
method provides satisfactory
results and early removal of
the external fixator, but its
limitation is severe infection
and LLD. Also, it requires a
long duration of limb bracing
until adequate hypertrophy
of the graft. IBT has the
advantages of early weight
bearing, treatment of
postinfection bone defect and
LLD in a one-stage surgery
but a long external fixation
time

Borzunov et al[78], 2019,
Russia

13

IMT + DO (6) vs DO (7),
congenital pseudarthrosis of
the tibia

1 nonunion in IMT + DO but
no refractures within a year,
29% after-frame refractures in
DO group

The combined use of non-free
Ilizarov bone grafting
according to Ilizarov and
Masquelet technology
achieves bone fusion of
congenital pseudoarthrosis
and disease-free course of the
condition within a year
follow-up

LLD: Leg length discrepancy; IMT: Induced membrane technique; DO: Distraction osteogenesis; IBT: Ilizarov bone transport; FVFG: Free vascularized
fibular graft; FG: Fibular graft.

combitube segmental transport (MagicTube) module for combination with a
commercially available motorized lengthening nail. This MagicTube module enables a
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completely internal segmental BT and optional lengthening if needed. However, its
application for segmental bone defect still poses questions such as docking site
problems, device functioning failure and high costs.

Osteogenesis stimulation advances
Cell-based additives, such as bone marrow aspirate concentrate (BMAC), growth
factors, bone morphogenic proteins (BMPs) and platelet-rich plasma, to accelerate the
DO process, bone repair and to reduce the problems related to prolonged external
fixation have been extensively experimented and discussed[56,65-68]. Our search for
clinical trials and studies on their use did not yield many examples of their
application. There are studies reporting the clinical use of BMAC in nonunion and
fracture healing and complications related to the use of BMAC. Despite the findings
demonstrating the clinical effectiveness of adjunct application of commercially
available BMPs (rhBMP-7 or -2) in nonunion treatment there is no clinical evidence of
their use in the DO procedure[69]. It has also be referred to in the clinical literature on
the real benefit of platelet-rich plasma to treat fractures and nonunion. Mixed results
have been described in terms of efficacy and adverse events.
Also, nanostructured scaffolds made of materials including polymers, ceramics,
composites and metals that can be enriched with osteogenic agents to promote bone
formation are under investigation but have not been used clinically yet due to
unanswered concerns regarding clinical safety of the long-term effect of
nanomaterials on human health. Tissue engineering and cell-based therapies have not
found their place in long bone defect management yet as was expected by previous
reviews[1,2]. The issue necessitates much advancement in stem cell biology, novel
biomaterials, and 3D bioprinting. Therefore, the comprehension of the merits,
shortcomings and adverse events of the established methods of DO, IMT and FVFG as
well as proper understanding of the recent practice in the reconstruction of large
segmental bone defects may guide the clinician towards the right choice (Table 2).
Our search for recent literature confirmed an increasing popularly, larger series of
patients treated with IMT and more reports on its results in segmental bone
defects[3,70-76]. Recently, IMT has been widely used for septic, traumatic, neoplastic or
congenital bone defects in adults and children[3,10,70-73]. The pearls and tricks of the
technique were explained by its author and followers in an illustrative way [3] .
Although some authors find this type of reconstruction rapid and safe, gross
problems are not excluded either (Table 2). Others point out that although it is a
simple and straight-forward procedure, the total time required for growth and
maturation of the graft is similar to DO and FVFG[74]. The polymethylmethacrylate
spacer used to induce membrane is not degradable and needs to be removed
surgically with a rigorous technique during cement sleeving followed by grafting and
stabilization of the defect to prevent nonunion with the bone fixation means available.
The main complications are stabilization loosening and resorption of the graft which
need reoperations that are gross procedures. It was proposed that a circular Ilizarovlike external fixator that is able to apply compressive stresses and prevents shear
stresses is more favorable for IMT reconstruction than a monolateral external
fixator[70]. Both Ilizarov BT and IMT lead to satisfactory bone results in the treatment
of segmental lower extremity bone defects but several authors revealed better
functional results with IMT, especially in femoral cases and periarticular bone defects,
and conclude that BT should be preferred in cases of limb deformity[75]. In pediatrics,
BT and IMT may both be also used for post-tumor reconstructions but there are
constraints related to chemotherapy and tumor recurrence[44,70]. Better rates of success
are expected in aseptic and septic nonunions with the use of this technique and
diamond concept[76].
The reconstruction procedure with IMT first induces a membrane and then
promotes osteointegration and remodeling of the graft as well as osteogenesis that
was proven on animal models and a human induced membrane study [77] . It is
apparent that the role of the induced membrane in promoting bone formation has
recently been thoroughly investigated to explain the phenomena[77,78]. It was revealed
that the induced membrane matured between the 4th and the 6th week and secreted
growth factors to promote osteogenesis. It was discovered that the mature induced
membrane and periosteum had similar structures and abilities to promote
osteogenesis of mesenchymal stem cells but the induced membrane was found to be
thicker than the periosteum and characterized by maturing vascularized fibrous
tissue, which secretes several growth factors, including the vascular endothelial
growth factor, BMP-2 and transforming growth factor-β1. This membrane on the
spacer was called a “neoperiosteum” in the other basic research study[78]. Its inner
layer is structured with low-differentiated connective tissue cells manifesting the
signs of osteogenic differentiation confirmed by expression of osteopontin. Therefore,
it was proposed to combine the two biological effects, those of DO and IMT, for
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treating congenital pseudarthrosis of the tibia, as both methods promote vascularized
new bone formation. Congenital anomalies, including congenital pseudarthrosis of
the tibia, treated using IMT have promising results[70,78].
Vascularized free grafting has been the workhorse for reconstruction of many kinds
of bone defects, including massive post-resection and infected defects[9,79-81]. Being
blood supplied, these grafts have high success rates in bone reconstruction and
accelerate the repair process at the injury site. However, FVFG in the lower limbs and
mainly in the tibia should be well protected with internal or external fixation and
bracing during the first year to undergo remodeling. External fixator frames are
advocated for this purpose nowadays to provide load-sharing and mechanical
alignment to exclude a stress fracture. Best results were achieved in the management
of upper extremity defects where the vascularized grafts unite with the recipient bone
in the period which is close to the average fracture consolidation terms in upper
extremity and where the DO procedure would be very complex[80]. However, the
FVFG procedure is technically difficult, involves microsurgical equipment and skilled
microsurgeons.
The application of the three techniques was thoroughly reviewed in numerous
literature and clinical reports (Table 1). Several authors demonstrated sufficient
literature verification of the merits and shortcomings of the methods in their
reviews[1-3,60,81]. Moreover, there were clinical studies that compared the contemporary
techniques of segmental bone defect management (Table 5)[3,75,78,82]. However, due to
few systemic reviews and comparative studies between different surgical methods,
the orthopedist should choose the appropriate treatment according to particular
situations, types of bone nonunion or defect, being guided by his/her skills and
economic issues.

Main conclusions of the literature review
DO with circular frames (Ilizarov techniques) remains particularly useful for complex
problems in the tibia while monolateral external fixators are preferably applied in the
femur. Free vascularized fibular grafts have recently been used mainly in the upper
limb and post-tumor cases. The IMT has become an important method for the
treatment of bone nonunion with large bone defects.
We performed this study to identify whether the role of the Ilizarov method has
changed in the recent five-year period due to the emergence of new trends and
methods of long bone defect treatment. The search revealed that its important role has
not diminished. At present, ring fixation continues to provide the most effective
means of treatment for large bone defects in many clinic situations while DO is the
leading technique that is used with a number of available external fixators. The use of
the IMT has expanded in recent years and also offers valid solutions.
In conclusion, DO techniques provide the most widespread means for the
treatment of segmental bone defects and infected nonunion of the lower extremity in
many clinical conditions, especially in complex lower limb problems. Management of
tibial defects mostly utilizes the Ilizarov ring fixator. The role of the Ilizarov non-free
bone plasty has not lost its significance in the treatment of segmental bone defects and
nonunion despite its shortcomings and unsolved problems.

ARTICLE HIGHLIGHTS
Research background
Segmental long bone defects are one of the challenges in contemporary orthopedic practice due
to severity of high-energy trauma, traffic accidents and military activities. Current strategies for
their reconstruction [distraction osteogenesis (DO), free vascularized grafting (FVG), and
induced membrane technique (IMT)] are based on autogenous type of grafting, either free or
non-free, which is their main merit. However, the shortcomings and problems of these methods
still remain the issues which restrict their overall use. The Ilizarov non-free bone plasty is a
method of DO used with the Ilizarov apparatus which originated in Russia and has been used in
other countries since 1990s.

Research motivation
Being experienced in the Ilizarov method of limb reconstruction, we studied the most recent
available literature on these three methods for long bone defect and nonunion management to
determine the present role of the Ilizarov techniques in this orthopedic field and to investigate
the solutions proposed by the authors to the problems they encounter for improving treatment
outcomes.

Research objectives
The main objectives were to find scientific material in the databases of orthopedic medical
journals and to select suitable articles on the management of segmental long bone defects using
current methods that show treatment results, merits, shortcomings, ways to overcome failures
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and prospective trends for future research in this field. In addition, we searched for original
articles that compared the Ilizarov techniques with the methods of IMT or FVG and contained
quantitative data on the evaluation of these methods.

Research methods
Three databases (PubMed, Scopus, and Web of Science) were screened for recent studies in long
bone defect and nonunion treatment within a five-year period (2015-2019). Sixty-five full-text
clinical articles and reviews in English were selected for data analysis. Clinical studies were
included if they described large patient samples (not less than ten cases for congenital, posttumor resection cases or rare conditions, and more than 20 cases for the remainder) and
contained treatment results and complications. Major adverse events involving operative
procedures to correct the treatment failure, or its sequelae were of particular interest. Merits,
shortcomings and problems of the Ilizarov non-free bone plasty, IMT and free vascularized
fibular graft were summarized. Out of a total of 50 articles on DO found, only nine were devoted
to bone defects in the upper extremity while infected and aseptic post-traumatic defects of the
lower limbs were reported in more than 70% of the articles, infected tibia being the most
frequent location.

Research results
The search showed that there are numerous studies on long bone defect and nonunion
management with DO and IMT. The use of free vascularized fibular graft has been less reported.
Full texts of a total of 65 articles using these three techniques including 35 clinical reports on the
use of DO or its comparison with two other methods were reviewed for outcome measures. It
was found that DO techniques provide solutions to many complex problems as it addresses the
triad of problems simultaneously (bone loss, soft-tissue loss and infection). Management of tibial
defects mostly utilizes the Ilizarov circular fixator. Monolateral rail fixators are preferable in the
femur. The use of a ring fixator is recommended in patients with an infected tibial bone gap of
more than 6 cm. High rates of successful treatment were reported by the authors that ranged
from 77% to 100% and depended on the pathology and the type of the Ilizarov technique used.
Unfortunately, the outcome success rates were heterogeneous and lacked definite statistical
findings. Docking site nonunion and after-frame regenerate fracture or deformity were the major
causes of failures. One of the solutions to these problems is the application of hybrid external
and internal fixation. Most authors currently recommend docking site revisions during bone
transport and use supportive bone grafting. Effective technical solutions and add-on therapies to
improve quality and control over osteogenesis have been developed.

Research conclusions
The main solutions to the problems of DO that are recommended by the authors focus on the
following developments: (1) Mechanical stimulation of regeneration; (2) Multifocal bone
transport to reduce total treatment time; (3) Acute shortening followed by distraction
histogenesis; (4) Gradual transport of a fibular fragment in subtotal and total tibial defects; (5)
Bone transport over an intramedullary nail; (6) Hydroxyapatite coated pins; and (7) Intraosseous
injection of bone-marrow derived autologous mesenchymal stem cells. There are few
comparative clinical studies that evaluate outcomes of the three methods used for long bone
defects and nonunion.

Research perspectives
The combination of the biological effects of DO and IMT for treating congenital pseudarthrosis of
the tibia has been proposed, as both methods promote vascularized new bone formation. New
internal telescopic nails have been investigated to provide a one-stage alternative to external or
hybrid fixation for reliable DO as they show similar bone formation results, exclude pin-tract
infection problems and significantly improve patients’ quality of life. The issues of DO
stimulation with cell-based additives and the use of nanostructured materials still require further
investigation.
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Abstract
Symptomatic metastatic bone disease affects a large proportion of patients with
malignant tumours and significantly impairs patients’ quality of life. There are
still controversies regarding both surgical indications and methods, mainly
because of the relatively few high-quality studies in this field. Generally,
prosthetic reconstruction has been shown to result in fewer implant failures and
should be preferred in patients with a good prognosis. Survival estimation tools
should be used as part of preoperative planning. Adjuvant treatment, which relies
on radiotherapy and inhibition of osteoclast function may also offer symptomatic
relief and prevent implant failure. In this review we discuss the epidemiology,
indications for surgery, preoperative planning, surgical techniques and adjuvant
treatment of metastatic bone disease.
Key words: Pathological fracture; Bone cancer; Adjuvant radiotherapy; Survival analysis;
Fracture fixations; Fixation devices; Orthopaedic
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Patients with metastatic bone disease are a heterogenous group. Complication
rates are higher than for the native fracture group. To avoid unnecessary complications,
preoperative planning is crucial and allows correct surgical timing. Adjuvant treatment
should be considered.
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INTRODUCTION
The skeleton is the third most common site of metastasis, with breast, prostate and
lung cancer accounting for 80% of bone metastases. The incidence of bone metastasis is
uncertain, but post-mortem studies have reported incidences of 74% and 68% for
breast and prostate cancer, respectively, and 28%-34% for lung, thyroid and kidney
carcinomas[1,2]. Other neoplasms, such as gastrointestinal tract tumours are reported to
rarely metastasize to the skeleton but there may be geographical differences[3]. In line
with these post-mortem findings, the Scandinavian Sarcoma Group registry found that
prostate, renal cell, lung cancer and myeloma accounted for 78% of surgically-treated
bone tumours[4]. The most common site for bony metastases is the spine. In the
appendicular skeleton, the femur is the most common site, followed by the humerus
and then the tibia[3].
Symptomatic metastasis to bone is commonly referred to as metastatic bone disease
(MBD). MBD can present with hypercalcaemia, bone pain, spinal cord or nerve root
compression, impending or manifested fractures[1]. In cancer patients, bone pain is
highly suggestive of bone metastases[4]. The exact number of patients living with MBD
is unknown, but the number is expected to rise primarily due to the ageing population
and the advancement in treatment of the most common cancer types[1,5]. MBD is
painful and has a significant negative effect on quality of life, the negative effects can
be improved with surgery[6]. Most patients with MBD are palliative. Median survival
from diagnosis of bone metastasis ranges from 6 mo in lung cancer and melanoma, to
12-53 mo in prostate cancer and 19-48 mo in breast cancer[4]. Reflecting this, median
postoperative survival is, depending on the primary cancer, 3-12 mo[7].
Despite the fact that MBD severely affects a large group of palliative patients and is
a driver of overall oncology cost[8], research is scarce and mainly consists of
retrospective case series which are heterogenous and difficult to draw conclusions
from. Solid evidence is lacking in almost every field, from surgical management to
adjuvant treatment[9-12].
As the main symptoms of metastatic bone disease are pain, loss of mechanical
function due to instability, and neurological compromise, the goal of surgery is to
provide pain relief, restore biomechanical stability and potential neurological
compromise. Nonsurgical treatments such as radiotherapy, chemotherapy or local
tumour ablation are almost never effective in relieving pain associated with
biomechanical insufficiency and instability related to pathological fractures. Another
important axiom is that treatment of pathological fractures cannot rely on bone healing
as these fractures rarely ever heal.
Surgical reconstruction should be stable enough to last the often short lifetime of the
patient and allow for immediate mobilization, anything less than that should be
considered a surgical failure. As the point of best skeletal stability is achieved directly
after surgery in most cases, orthoses, braces or other devices meant to support the
surgical fixation should not be used.

INDICATION FOR SURGICAL TREATMENT
The decision to operate on a metastatic bone lesion, with or without a pathological
fracture is not always easy. Complete pathological fractures in the long bones of the
upper or lower extremity, especially the femur and the humerus, are almost always
treated surgically as this is the only way to allow for patient mobilization and
adequate pain relief. Non-surgical treatment in these cases is reserved for patients that
are in a late terminal stage of their disease. On the other hand, complete pathological
fractures in flat bones of the axial skeleton, such as the ribs, the innominate bones of
the pelvis, the sternum and the scapula are almost never treated with surgery.
Pathological fractures of the spine are treated in the general context of metastatic
spinal disease, the degree and characteristics of the neurological impairment together
with the overall condition of the patient and the expected oncological outcome are the
primary factors taken into account in the choice of treatment. Patients with severe, but
not complete neurological deficits, those with recent onset of symptoms and those
with good prognosis are the most likely to benefit from surgery. Clinically useful
staging systems are available in order to select patients for surgical treatment[13-15].
There has been a considerable shift towards surgical treatment in the past decades,
with evidence showing a clear benefit in the neurological outcome of patients treated
with surgery which may also have an implication for survival[16].
Fractures of the small bones of the hand and foot are extremely rare and there are
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very few data regarding their treatment[17,18]. When treating patients with impending
fractures the surgical indications are relative. A combination of prediction of future
fracture risk, severity of clinical symptoms, location and extent of the lesion, expected
patient survival and the potential harm of failed surgery should be carefully
considered. As an exception, bone metastasis from haematological malignancy
without any obvious pathological fracture should preferably be treated non-surgically.
These neoplasms are usually highly radiosensitive and tend to respond quickly to
chemotherapy. The indication for surgical treatment is a complex decision-making
process and reflects the considerably high variation in practice among different clinics
and regions[19].
To expedite decision-making, several algorithms have been developed, regarding
both the characteristics of the lesion as well as the expected survival of the patient. One
of the most commonly used algorithms is the classification introduced by Mirels for
predicting fracture risk[20]. The original study is limited by a small study base,
consisting of mainly breast cancer patients. It is still widely used but is rather
obsolete[21,22]. For a more reliable prediction of fracture risk, computed tomography
(CT) based measures of structural stability can be used[23]. If CT scans are not readily
available, a newly developed model that requires nothing more than a scale for
predicting impending fractures of the lower extremity through single stance weight
bearing has been suggested by Howard et al. However, this method still needs
external validation[24].
Another critical parameter in the decision to proceed to surgery is the expected
patient survival. Certain metastatic lesions in the axial skeleton, for example spinal
metastases, are probably not amenable to surgical treatment if estimated patient
survival is poor, generally less than 3 mo. The development of algorithms to be used
as tools in order to predict survival has been a significant achievement in this field,
making predictions much more accurate, and considerably facilitates the task of the
treating physician.

METHODS AND OUTCOME OF SURGICAL TREATMENT
The surgical method and the implant to be used should be chosen wisely. As a rule of
thumb, the longer the expected survival of the patient, the more extensive the surgery.
In patients with a particularly good survival prognosis such as those with solitary
metastases from breast cancer or renal cell carcinoma, en bloc resection and
reconstruction with a tumour prosthesis is justified as these tumours have a lower risk
of relapse. En bloc resection in these cases is also associated with improved
survival[19,25].
Doctors are known to overestimate when predicting survival. As discussed in the
previous paragraph, precision in estimation is critical in selecting patients who will
benefit from surgery and is essential for preoperative planning[26,27]. Estimating
survival and correlating choice of implant to survival estimates, prevents too extensive
surgery and rehabilitation in patients with short survival and an unacceptably high
implant failure rate in those who live longer. As externally validated survival models
that are free to use exist, there are no reasons not to do so[28-31,32]. There are generally
three treatment strategies: Osteosynthesis, prosthetic reconstruction or local excision
with or without reconstruction (i.e., curettage with or without cementation,
cementoplasty, excision arthroplasty, resection of a bone segment or amputation).

Surgical treatment of metastases in the appendicular skeleton
In the long bones, surgery is recommended even when estimated survival is as short
as two-six weeks[33]. The whole bone should be examined radiologically
preoperatively, and this can be performed with plain radiographs or a CT-scan. In the
long bones, the femur is the commonest site of MBD, and the proximal femur is the
most common site for pathological fractures in the femur. Unlike in native fractures of
the proximal femur, delayed time to surgery > 48 h does not seem to affect
postoperative complication rate, further strengthening the hypothesis that careful
preoperative planning should be undertaken in these patients[34]. The implant of choice
when performing surgeries of the femoral neck is an endoprosthesis. Only if the
patient is deemed unfit for prosthesis-surgery, a percutaneous screw fixation may be
considered, occasionally with cement reinforcement.
In the trochanteric region, intramedullary nails (IM-nails), conventional prostheses
or tumour prostheses can be used. As complications related to non-union and tumour
growth such as implant breakage and loosening tend to occur 6-12 mo postoperatively,
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in patients with a shorter estimated survival (3-6 mo), IM-nailing is adequate[10,12,35,36].
However, IM-nails should not be used if there is tumour mass affecting the neck of the
femur, even if the fracture itself is in the intertrochanteric region. A large nail diameter
adds mechanical stability and reduces the risk of implant breakage, providing the
patient with a better chance of early pain reduction. Because of this, we believe that
proper reaming should always be done despite the added cardiovascular risk.
In the proximal femur, prosthesis surgery is associated with better functional
outcomes and a lower risk of revision surgery[33]. However, it is associated with a
higher risk of systemic complications in the postoperative period due to surgical
trauma and generally requires a longer period of rehabilitation. Due to this, prosthesis
surgery is generally reserved for patients with a longer estimated survival. When there
are no clinical signs of osteoarthritis a hemiarthroplasty is often sufficient. Total hip
replacement poses a higher risk of dislocation and is associated with longer operating
times and thus perioperative risks[37]. However, the only study published so far
comparing morbidity and mortality between hemiarthroplasty and total hip
replacement in MBD patients found no difference in short-term morbidity and
mortality[33].
In the femoral diaphysis, IM-nails are preferred, provided there is sufficient bone
stock. Osteosynthesis with long plates are also used. There is seldom the need for more
advanced reconstructions, such as intercalary prostheses which are reserved for
patients with excellent prognosis only. MBD of the distal third of the femur can be
managed with osteosynthesis, and adjuvant bone cement is often needed due to poor
bone quality in this region. Other options are conventional cemented knee arthroplasty
for lesions restricted to the subchondral area or tumour prosthesis for larger lesions[38].
Despite the fact that that prosthesis surgery is the preferred surgical method for
patients with a life expectancy of more than 6 mo, treatment of a lesion in the upper
metaphyseal region and the life expectancy of MBD patients is possibly increasing.
Varady et al[39] found a trend towards the increased use of IM-nails in patients operated
between 2009-2017, indicating a possible change in general treatment strategies
(Figures 1 and 2).
The humerus is the second most common site for MBD of the long bones[9]. Standard
surgical options are the same as for the femur. As the humerus is not a weight bearing
bone, the primary surgical indication should be residual pain after radiotherapy or a
complete fracture with significant symptoms. In the upper metaphysis of the humerus,
plates and screws with cement augmentation as needed or prosthesis surgery can be
used, with prosthesis surgery being preferred for patients with large bone destruction
or a longer life expectancy. In the meta-diaphysis or diaphysis region of the humerus,
the most common implants of choice are IM-nails or plate and screw fixation, with
cement if needed. In the humerus, pathological fractures of the diaphysis are the most
common reason for surgery. As in the femur, IM nailing and prosthesis surgery have
the lowest reported reoperation rates and most reoperations are due to non-union,
with an increasing complication rate over time[37,39]. The distal third of the humerus
accounts for the highest complication rates[37]. Tertiary centres should preferably be
consulted in these cases and patients transferred as decisions regarding surgical
options and adjuvant treatment are best handled by experienced surgeons.

Surgical treatment of metastases in the axial skeleton
Regarding pathological fractures of the axial skeleton, surgery is mainly indicated in
cases of acetabular involvement or spinal metastasis. When the acetabulum is affected
by MBD there is usually significant pain at ambulation. When protrusion of the
femoral head occurs, the joint may be locked prohibiting even sitting in a wheelchair.
Non-surgical treatment is not efficient in relieving such biomechanical symptoms.
Surgery may entail a simple excision arthroplasty in patients with very poor general
condition or terminal disease. Cementoplasty may be considered in constrained,
relatively small lytic periacetabular lesions without any displaced pathological
fracture[40,41]. In relatively small defects that are not contained, and extend to the hip
joint, curettage and a cemented total hip arthroplasty are sufficient. When there is a
displaced fracture and the general condition of the patient allows, more advanced
reconstruction may be necessary. The general principle is the transfer of the
biomechanical load from the proximal femur to the intact pelvic bone. This can be
achieved using an anti-protrusion acetabular cage with screws placed in an antegrade
or retrograde mode[42,43]. When there is extensive bone loss prohibiting the
aforementioned technique, the skeletal defect may be bridged using a pelvic prosthesis
(usually an ice-coned device) that is docked to the remaining intact pelvic bone, a
technique which usually requires adequate bone stock around the posterior iliac
bone[44]. In extreme cases of bone loss, the implant may be inserted in the sacrum. The
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Figure 1 Multiple bone metastases in the femur of a patient with an estimated survival of 4 mo. Intramedullary nailing with a long intramedullary
nail. The patient was able to mobilize immediately and there were no re-operations.

Figure 2 Solitary osteolytic lung cancer metastasis. A: Solitary osteolytic lung cancer metastasis of the trochanteric region of the left femur in a 63-year-old
female, with expected survival of approximately 1 year; B: Curettage of the lesion and reconstruction with a cemented hemiarthroplasty.

outcome of surgical treatment of acetabular lesions is generally good, with most
patients regaining ambulatory capacity and experiencing pain relief. However, the
complication rate in this area is also significant, with dislocations of the prostheses
being common, probably due to the insufficient bone stock which prevents optimal
placing of the implants. Furthermore, infections are also frequent, due both to the
microbial flora of the area and the bulky implants used.
In metastatic spinal disease, the most common method of surgical treatment is
posterior decompression (laminectomy), with or without posterior fixation with
pedicle screws and rods[45]. Although metastatic spinal disease generally involves the
spinal body rather than the posterior elements, and anterior decompression should
theoretically be advantageous, posterior-only approaches have been shown to be
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equally effective. When there is no pathological fracture of the involved vertebra,
decompression is generally sufficient. In cases of pathological fracture with
biomechanical instability, posterior fixation is recommended, especially when the
expected survival is longer than 6 mo. The functional outcome of surgery for
metastatic spinal disease has been shown to be superior to treatment with
radiotherapy only, and the majority of patients experience improvement of
neurological function and regain the ability to ambulate[16,46]. There is also evidence
that these patients have longer survival which may be attributed to rapid mobilization.
Common complications in this area are infections, since there is generally poor softtissue coverage especially in the thoracic spine, which is the most common area for
metastatic spinal disease in cancer patients.

ADJUVANT TREATMENT OF METASTATIC BONE DISEASE
Single therapy low dose radiotherapy (RT) provides good pain relief in most MBD
patients and is often the first line of treatment[47]. However, preoperative RT has been
associated with higher complication rates[19,37]. Postoperative RT is widely used with
the intention to decrease the risk of metastatic growth and subsequent implant
loosening, loss of function and pain. As pointed out in a review article on the subject
by Willeumier et al[11,48], this practice is possibly harmful as postoperative RT
theoretically could inhibit soft tissue healing and evidence of its beneficial effects are
scarce and mainly based on one retrospective cohort study.
Inhibition of osteoclast activity is a well-established method to prevent skeletal
events, such as pathological fractures, in patients with MBD. Bisphosphonates have
been the standard of care since the late 1990s, with zoledronate showing the most
potent effect. Besides their direct inhibition of osteoclast activity, other mechanisms
such as stimulation of innate immune cells have been proposed to explain their
observed effect on patient survival. Their use is best documented in breast and
hormone-resistant prostate cancer[48]. A significant achievement during the past decade
has been the introduction of denosumab, a monoclonal antibody against RANKL
which directly blocks osteoclast activity and is less nephrotoxic than
bisphosphonates[49]. Current guidelines describe the indication for the use of these
agents in order to prevent skeletal-related events such as pathological fractures.
However, their effect on the outcome of surgical treatment of these fractures has to our
knowledge not been investigated[48]. Theoretically, they may prevent progression of
osteolytic lesions after surgical treatment, or even promote consolidation of the lesion,
analogous to the effect denosumab has on giant cell tumours of the bone.
Percutaneous image-guided interventions, such as embolization and thermal
ablation of bone metastases are also available. Embolization of feeding vessels may
considerably facilitate surgery of a metastatic bone lesion, especially in central
locations such as the pelvis and spine[50]. Certain primary tumours such as renal
cancers are well-known for their propensity to bleed profusely. Pre-operative
embolization can reduce the associated morbidity and allow for a better surgical
outcome. Thermal ablation, most often radiofrequency ablation or cryoablation, is
used when open surgical treatment is contraindicated. It relies on a direct thermal
effect destroying the malignant cells[51,52].
Bone cement has also been shown to have a thermal effect on tumour cells due to
the exothermal polymerization reaction. Its use is common in surgery for MBD, both in
cases of osteosynthesis as well as during endoprosthetic reconstruction. In the former
case, cement provides structural support after curettage of the bone lesion.
Furthermore, it can be used separately to mechanically reinforce the bone in cases of
constrained lytic metastatic lesions (cementoplasty), commonly in the spine or
acetabulum. Despite its vast use in surgery for MBD, whether the use of bone cement
contributes to a decreased risk of surgical failure has not been established.

CONCLUSION
MBD is still indicative of end-stage cancer and for most patients also bone pain and
possibly fractures. Orthopaedic surgery is effective in reducing pain and restoring
ambulatory capacity in these palliative patients but must be carefully planned to avoid
causing unnecessary harm. Patients with complicated fractures, especially of the distal
ends of the long bones should be referred to tertiary centres, as should patients with
single or oligometastases and a very long life expectancy in whom en bloc resection of
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the tumour might be beneficial. High quality research is still lacking, probably due to
the practical difficulties of performing prospectively randomized studies in this
palliative study group.
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Abstract
BACKGROUND
Bone tissue engineering is an area of continued interest within orthopaedic
surgery, as it promises to create implantable bone substitute materials that obviate
the need for autologous bone graft. Recently, oxysterols – oxygenated derivatives
of cholesterol – have been proposed as a novel class of osteoinductive small
molecules for bone tissue engineering. Here, we present the first systematic
review of the in vivo evidence describing the potential therapeutic utility of
oxysterols for bone tissue engineering.
AIM
To systematically review the available literature examining the effect of oxysterols
on in vivo bone formation.
METHODS
We conducted a systematic review of the literature following PRISMA guidelines.
Using the PubMed/MEDLINE, Embase, and Web of Science databases, we
queried all publications in the English-language literature investigating the effect
of oxysterols on in vivo bone formation. Articles were screened for eligibility using
PICOS criteria and assessed for potential bias using an expanded version of the
SYRCLE Risk of Bias assessment tool. All full-text articles examining the effect of
oxysterols on in vivo bone formation were included. Extracted data included:
Animal species, surgical/defect model, description of therapeutic and control
treatments, and method for assessing bone growth. Primary outcome was fusion
rate for spinal fusion models and percent bone regeneration for critical-sized
defect models. Data were tabulated and described by both surgical/defect model
and oxysterol employed. Additionally, data from all included studies were
aggregated to posit the mechanism by which oxysterols may mediate in vivo bone
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formation.
RESULTS
Our search identified 267 unique articles, of which 27 underwent full-text review.
Thirteen studies (all preclinical) met our inclusion/exclusion criteria. Of the 13
included studies, 5 employed spinal fusion models, 2 employed critical-sized
alveolar defect models, and 6 employed critical-sized calvarial defect models.
Based upon SYRCLE criteria, the included studies were found to possess an
overall “unclear risk of bias”; 54% of studies reported treatment randomization
and 38% reported blinding at any level. Overall, seven unique oxysterols were
evaluated: 20(S)-hydroxycholesterol, 22(R)-hydroxycholesterol, 22(S)hydroxycholesterol, Oxy4/Oxy34, Oxy18, Oxy21/Oxy133, and Oxy49. All had
statistically significant in vivo osteoinductive properties, with Oxy4/Oxy34,
Oxy21/Oxy133, and Oxy49 showing a dose-dependent effect in some cases. In the
eight studies that directly compared oxysterols to rhBMP-2-treated animals,
similar rates of bone growth occurred in the two groups. Biochemical
investigation of these effects suggests that they may be primarily mediated by
direct activation of Smoothened in the Hedgehog signaling pathway.
CONCLUSION
Present preclinical evidence suggests oxysterols significantly augment in vivo
bone formation. However, clinical trials are necessary to determine which have
the greatest therapeutic potential for orthopaedic surgery patients.
Key words: Oxysterol; Bone tissue engineering; Critical-sized defect; Biomaterial;
Orthopaedic surgery; Systematic review
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Here we present the first systematic review evaluating the utility of oxysterols for
bone tissue engineering. Thirteen preclinical studies examining seven unique oxysterols
were evaluated; all examined compounds were found to have statistically significant in
vivo osteoinductive properties, with some showing dose-dependent effects. Importantly,
eight studies found oxysterols to have similar osteoinductive properties to rhBMP-2 in
treated animals. These effects are thought to occur through direct activation of
Smoothened in the Hedgehog signaling pathway. Future clinical work is necessary to
determine the exact therapeutic utility of these molecules in orthopaedic surgery patients.
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INTRODUCTION
Each year, millions of patients undergo bone grafting as part of orthopaedic,
neurosurgical, or maxillofacial procedures[1,2]. The present “gold standard” bone graft
material is autologous bone, which possesses the three classic properties of an ideal
graft: Osteoconduction, osteoinduction, and osteogenesis[2-4]. However, local
autologous bone supply is often insufficient for adequate grafting, and orthotopic
grafting requires an additional surgery for graft harvest, which may result in donorsite morbidity[4,5]. Furthermore, donor material may fail to engraft, leading to nonunion
in a nontrivial proportion of treated patients[6-8].
To address these issues, extensive work has been performed over the past several
decades, creating the field of bone tissue engineering, which comprises all efforts
aimed at creating implantable bone substitutes[9]. In their most basic form, bone tissue
engineering products constitute a biological scaffold to facilitate new bone growth
often combined with bioactive molecules and/or cells that induce new bone
formation[9-11]. One prime example is the Infuse® Bone Graft (Medtronic Spinal &
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Biologics; Memphis, TN) – a collagen sponge with adsorbed recombinant human bone
morphogenetic protein-2 (rhBMP-2)[12] that has been used in more than a million
neurosurgical and orthopaedic patients since receiving Food and Drug Administration
(FDA) approval in 2002[12,13]. Despite this widespread use, the Infuse® product can add
significantly to surgical costs, has a concerning side effect profile, and does not ensure
bony union, creating the opportunity for other, superior bone graft materials to be
developed[14-16].
Recently, a class of steroid derivatives called oxysterols (or hydroxycholesterols)
have been studied for their potential osteoinductive effects[17,18]. Common
nomenclature of these molecules has yet to be standardized, with multiple “Oxy”
names existing for some identical species[19,20]. At their core, oxysterols are simply
cholesterol oxidation products, which occur naturally in the human body[18,21]. These
compounds, such as 27-hydroxycholesterol (the most abundant circulating oxysterol in
humans), have been described in a number of clinical contexts, though are perhaps
best known for their role in cholesterol homeostasis, inflammation, and apoptosis[22,23].
Yet it was not until 2004 that the first description of the osteogenic activity of
oxysterols was made, when Kha et al[24] demonstrated that specific oxysterols could
induce osteogenic differentiation and matrix mineralization in in vitro preparations of
murine mesenchymal stem cells (MSCs).
In vivo support for the osteogenic potential of oxysterols was subsequently reported
in a rat model of critical-sized calvarial defects[17]. Investigation into these molecules
has subsequently increased, including several studies exploring oxysterols as an
adjuvant to or replacement for rhBMP-2, the current “gold standard” osteoinductive
factor employed for bone tissue engineering. Given the newness of these
investigations, there has yet to be a review examining the effect of oxysterols on in vivo
bone formation. To address this, here we provide the first systematic review of the
effect of oxysterols on in vivo bone formation as a means of evaluating the potential
therapeutic utility of oxysterols for bone tissue engineering.

MATERIALS AND METHODS
Electronic literature search
Based upon the PRISMA guidelines[25] we queried the PubMed/MEDLINE, Embase,
and Web of Science databases for all English-language literature examining the effect
of oxysterols on in vivo bone formation. An example search query employed for the
PubMed/MEDLINE database was: ("oxysterol" OR "hydroxycholesterol") AND
"bone". We also queried the bibliographies of the included studies for additional
sources. Studies identified from the databases were screened for eligibility using the
PICOS criteria (Population, Intervention, Comparators, Outcomes, and Study Type)[26],
as follows: Population – laboratory animals; intervention – use of oxysterol-containing
biomaterials to promote in vivo bone formation; comparators – biomaterials with no
bioactive agents or non-oxysterol osteoinductive agents; outcomes – overall fusion rate
(spinal fusion studies) and percent bone regeneration (critical-sized defect studies);
study type – studies presenting primary in vivo results. Studies were excluded if they
presented only in vitro data, did not present primary data, or did not have full-text
availability. Eligible studies were screened against these criteria by two reviewers
(Cottrill E and Lazzari J) with a third reviewer (Pennington Z) resolving any
discrepancies between the first two reviewers.

Quality assessment
Study methodological quality was assayed using an adapted version of the SYRCLE
Risk of Bias tool[27,28]. Additionally, we included two items from the consensus
statement of “Good laboratory practice: Preventing introduction of bias at the
bench”[29] to evaluate overall methodological quality: (1) Was a sample-size calculation
provided? and (2) Was a statement on potential conflicts of interest provided? All
included studies were screened against these fourteen items by two reviewers (Cottrill
E and Lazzari J) with a third reviewer (Ehresman J) resolving any discrepancies.

Data extraction
From full texts we extracted details regarding animal species, surgical/defect model,
oxysterol/graft materials used, control/comparative treatment (if available), primary
method of assessing bony growth, and primary outcome. For studies employing a
spinal fusion model, the primary outcome was fusion rate at last follow-up and for
alveolar and calvarial defect studies the primary outcome was percent bone
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regeneration. These outcomes were chosen a priori as objective, study-appropriate
metrics of in vivo bone formation to standardize data collection. In cases where these
primary outcomes were not available, other objective metrics of in vivo bone formation
(e.g., bone volumes) were recorded.
Data were tabulated and described by both surgical/defect model and oxysterol
employed. Additionally, data from all included studies were aggregated to posit the
mechanism by which oxysterols may mediate in vivo bone formation.

RESULTS
Our search identified 267 unique articles, of which 27 underwent full-text review and
13 studies met criteria for inclusion[17,19-21,30-38] (Figure 1). All fourteen excluded studies
were eliminated for lack of full-text availability. Of the 13 included studies – all
preclinical – five employed spinal fusion models[19-21,31,33] (Table 1), two employed
critical-sized alveolar defect models[35,37] (Table 2), and six employed critical-sized
calvarial defect models[17,30,32,34,36,38] (Table 3). Across all studies there were 7 unique
oxysterols evaluated (Table 4).

Quality assessment
Methodological quality assessment of the included studies is summarized in Figure 2.
Though all included studies were found to have a low risk of both attrition and
reporting biases, they all presented an “unclear risk of bias” with regard to group
allocation and intervention blinding. Additionally, 62% of studies had an “unclear
risk” of assessment blinding bias, creating an overall unclear risk of bias among the
included studies. Considering quality indicators, 54% of studies reported
randomization at any level and 38% reported blinding at any level. Although no study
provided a sample size calculation, 92% provided conflict of interest statements that at
minimum identified sources of funding.

Oxysterols in spinal fusion models
Descriptive summaries of the identified spinal fusion studies are provided in Table 1.
Of these 5 studies (n = 213 animals), four employed rat models (n = 191) and one
utilized a rabbit model (n = 22). All studies used posterolateral inter-transverse process
lumbar fusion models with four employing a one-level model (L4-L5) and the fifth
utilizing a two-level model (L3-L5). For grafting, all studies used a collagen sponge
scaffold, with the exception of Scott et al[31], who employed iliac crest autograft. In total,
four unique oxysterols were evaluated: Oxy4/Oxy34, Oxy18, Oxy21/Oxy133, and
Oxy49 (Oxy4 and Oxy34 are identical, and Oxy21 and Oxy133 are identical).
Oxysterols significantly augmented arthrodesis rates in all four studies with a
negative control group, with Oxy4/Oxy34 and Oxy21/Oxy133 showing a dosedependent effect. Furthermore, in all four studies with a rhBMP-2 positive control
group, similar osteoinductive effects were observed between rhBMP-2- and oxysteroltreated animals (Table 1). These findings are most strongly highlighted by Johnson
et al[21], who utilized a collagen scaffold supplemented with 0.2, 2, or 20 mg of Oxy34 in
a rat model[21]. These different doses led to reported fusion rates of 0%, 50%, and 100%
(10 animals per group), respectively. The oxysterol group receiving the highest dose
had an identical fusion rate to controls treated with 5 µg of rhBMP-2, suggesting noninferiority. Both agents significantly improved fusion relative to that seen in negative
controls treated with inert dimethyl sulfoxide (DMSO). Similar findings were reported
by Montgomery et al[19], who reported fusion rates of 0%, 50%, and 86% using a
collagen scaffold supplemented with 0.2, 2, and 20 mg of Oxy133, respectively,
compared to rates of 100% using rhBMP-2 and 0% using a control solution. Across the
five identified studies, fusion rates of 100% were achieved in some cases with the use
of Oxy34, Oxy49, and Oxy133. Stappenbeck et al[20] reported significantly larger bone
volumes using Oxy21 (Oxy133) relative to Oxy4 (Oxy34) in a rat spinal fusion model.

Oxysterols in critical-sized alveolar defect models
Table 2 contains descriptive summaries of the 2 studies examining oxysterols in
critical-sized alveolar defect models, both of which employed rat models. Lee et al[35]
employed a two-site defect model and injected solutions of DMSO, rhBMP-2, or a
combination of 20(S)-hydroxycholesterol and 22(S)-hydroxycholesterol into the
extracted sockets. These treatments produced mean bone regeneration of 45%, 53%,
and 65%, respectively[35]. While suggesting oxysterols to have osteoinductive
properties, the regeneration rates were not significantly different across groups.
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Table 1 Descriptive summaries of the identified studies investigating the effect of oxysterols on bone formation in spinal fusion models (n = 5)
Ref. (level of
evidence)

Species (
Surgical model and scaffold(s) used
n)

Johnson et al[21],
2011 (V)

Rat (n =
59)

Stappenbeck
et al[20], 2012 (V)

Rat (n =
30)

L4–L5 PLF using a collagen sponge supplemented
with Oxy341, Oxy49, or rhBMP-2

L4-L5 PLF using a collagen sponge supplemented
with Oxy41, Oxy18, or Oxy212

Experimental groups (n)

Assessment method and time point

Fusion rate (no. fused/total)

A. DMSO only (control) (n = 9)

No motion bilaterally via manual palpation at 9 wk postoperatively

A. 0% (0/9)

B. 5-μg rhBMP-2 (n = 10)

B. 100% (10/10)

C. 0.2-mg Oxy34 (n = 10)

C. 0% (0/10)

D. 2-mg Oxy34 (n = 10)

D. 50% (5/10)

E. 20-mg Oxy34 (n = 10)

E. 100% (10/10)

F. 20-mg Oxy49 (n = 10)

F. 100% (10/10)

A. 2-mg Oxy4 (n = 10)

Fusion rate was not reported; however, via μ-computed tomographic analysis, treatment with Oxy21 led to
significantly larger de novo bone volumes compared to treatment with Oxy4, which was comparable to
treatment with Oxy18

B. 2-mg Oxy18 (n = 10)
C. 2-mg Oxy21 (n = 10)
Montgomery
et al[19], 2014 (V)

[31]

Scott et al
(V)

, 2015

Buser et al[33], 2017
(V)

WJO

Rat (n =
38)

L4-L5 PLF using a collagen sponge supplemented
with Oxy1332 or rhBMP-2

Rabbit (n = L4-L5 PLF using iliac crest autograft
22)
supplemented with Oxy133 or rhBMP-2

Rat (n =
64)

L3-L5 posterolateral fusion (PLF) using a collagen
sponge supplemented with Oxy133 and/or
rhBMP-2

https://www.wjgnet.com

A. DMSO only (control) (n = 7)

No motion bilaterally via manual palpation at 8 wk postoperatively

A. 0% (0/7)

B. 5-μg rhBMP-2 (n = 8)

B. 100% (8/8)

C. 0.2-mg Oxy133 (n = 8)

C. 0% (0/8)

D. 2-mg Oxy133 (n = 8)

D. 50% (4/8)

E. 20-mg Oxy133 (n = 7)

E. 86% (6/7)

A. Saline only (control) (n = 5)

No motion bilaterally via manual palpation at 8 wk postoperatively

A. 0% (0/5)

B. 30-μg rhBMP-2 (n = 6)

B. 83.3% (5/6)

C. 20-mg Oxy133 (n = 6)

C. 83.3% (5/6)

D. 60-mg Oxy133 (n = 5)

D. 80% (4/5)

A. DMSO only (control) (n = 32, 8
rats/4 segments each)

No motion at the operated segment via manual palpation at 8 wk
post-operatively

A. 0% (0/32)

B. 0.5-µg rhBMP-2 (n = 32, 8 rats/4
segments each)

B. 69% (22/32)

C. 5-µg rhBMP-2 (n = 32, 8 rats/4
segments each)

C. 100% (32/32)

D. 5-mg Oxy133 (n = 32, 8 rats/4
segments each)

D. 100% (32/32)

E. 20-mg Oxy133 (n = 32, 8 rats/4

E. 100% (32/32)
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segments each)
F. 0.5-µg rhBMP2 + 5-mg Oxy133 (n
= 32, 8 rats/4 segments each)

F. 100% (32/32)

G. 0.5-µg rhBMP2 + 20-mg Oxy133 (
n = 32, 8 rats/4 segments each)

G. 100% (32/32)

H. 5-µg rhBMP2 + 20-mg Oxy133 (n
= 32, 8 rats/4 segments each)

H: 100% (32/32)

1

Oxy4 and Oxy34 are identical.

2

Oxy21 and Oxy133 are identical. PLF: Posterolateral inter-transverse process spinal fusion; rhBMP-2: Recombinant human bone morphogenetic protein-2; DMSO: Dimethyl sulfoxide.

Table 2 Descriptive summaries of the identified studies investigating the effect of oxysterols on bone formation in critical-sized alveolar defect models (n = 2)
Ref. (level of
evidence)
Lee et al[35], 2017
(V)

Bakshi et al[37],
2019 (V)

Species (n)

Surgical model and scaffold(s) used

Experimental groups (n)

Rat (n = 9)

Regeneration of critical-size alveolar defects (left and right maxillary first molars) using
equimolar amounts of 20(S)-OHC and 22(S)-OHC (dissolved in 1% DMSO in PBS) or rhBMP-2 in
solution

A. DMSO only (control) (n = 3)

Rat (n = not
reported)

Regeneration of a critical-size alveolar defect (7 mm × 4 mm × 3 mm) using a collagen sponge
supplemented with rhBMP-2 or a mixture of 20(S)-OHC and 22(R)-OHC oxysterols

Assessment method and time
point

Bone
regeneration (%):1

Bone regeneration as assessed via
µ-CT at 15 days of healing.

A. Approximately
45%

B. 15-µg rhBMP-2 (n = 3)

B. Approximately
53%

C. 0.40-µg of 20(S)-OHC and 22(S)OHC (n = 3)

C. Approximately
65%

A. No treatment

Collagen
sponge

Bone regeneration as assessed via
µ-CT at 8 weeks of healing.

A. Approximately
65%

B. No additive

B. Approximately
72%

C. 12.5-µg of rhBMP-2

C. Approximately
92%a

D. 20-mg of 20(S)OHC and 22(R)-OHC

D. Approximately
90%a

1

Percent bone regeneration of critical-sized defect.

a

P < 0.05, compared to collagen sponge only and to no treatment. rhBMP-2: Recombinant human bone morphogenetic protein-2; OHC: Hydroxycholesterol; DMSO: Dimethyl sulfoxide; PBS: Phosphate buffer solution; µ-CT: Micro-

computed tomography.

In contrast, using a one-site defect model, Bakshi et al[37] found significant differences
in bony regeneration rates among animals treated with rhBMP-2 (92%) or oxysterolsupplemented collagen scaffolds (90%) relative to negative controls that were
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Table 3 Descriptive summaries of the identified studies investigating the effect of oxysterols on bone formation in critical-sized calvarial defect models (n = 6)
Ref. (level of
Species (n) Surgical model and scaffold(s) used
evidence)
Aghaloo
et al[17], 2007
(V)

Hokugo
et al[30], 2014
(V)

Rat (n = 15)

Rat (n = not
reported)

Regeneration of critical-sized, bilateral parietal defects
(5-mm) using PLGA (porosity: 92%) scaffolds
supplemented with 20(S)-OHC and 22(S)-OHC.

Regeneration of critical-sized, right parietal defects (5mm) using a gelatin hydrogel soaked with 20(S)-OHC
or incorporating 20(S)-OHC-containing micelles.

Experimental groups (n)

Assessment method and time point

Bone regeneration (%):1

A. PBS only (control) (n = 12
defects)

Bone regeneration as assessed via µ-CT at 6 weeks of
healing.

A. approximately 12%

B. 70-ng 20(S)-OHC + 70-ng 22(S
)-OHC (n = 9 defects)

B. approximately 21%a

C. 700-ng 20(S)-OHC + 700-ng
22(S)-OHC (n = 9 defects)

C. approximately 22%a

A. No implantation (empty
defect) (n = 4 defects)
B. Gelatin hydrogel alone (n = 4
defects) (mass not reported)

Percent bone regeneration was not reported; however, via μ-CT observation at 6 wk, “no” bone regeneration was
observed in untreated defects, “some” bone formation was noted in the periphery of defects implanted with
gelatin hydrogel and gelatin hydrogel + 20(S)-OHC, and “robust” bone formation was observed in defects treated
with gelatin hydrogel + 20(S)-OHC-micelle.

C. 20(S)-OHC-gelatin hydrogel
(without micelle) (n = 4 defects)
(mass not reported)
D. 20(S)-OHC-micelle-gelatin
hydrogel (n = 4 defects) (mass
not reported)
Hokugo
et al[32], 2016
(V)

Li et al[36],
2017 (V)

Rabbit (n =
25)

Rabbit (n =
not
reported)

Regeneration of critical-sized cranial defect (6-mm; 4
defects/cranium) using a collagen sponge
supplemented with rhBMP-2 and/or Oxy49.

Regeneration of critical-sized cranial defect (8-mm; 4
defects/cranium) using a collagen sponge
supplemented with Oxy1332 and/or rhBMP-2.

A. No treatment (empty defect) ( Bone regeneration as assessed via µ-CT at 6 weeks of
n = 5)
healing.

A. approximately 10%a

B. Collagen sponge only (n = 5)

B. approximately 35%

C. 75-μg rhBMP-2 (n = 5)

C. approximately 65%a

D. 1-mg Oxy49 (n = 5)

D. approximately 55%a

E. 10-mg Oxy49 (n = 5)

E. approximately 65%a

A. No treatment (n ≥ 6 defects)
B. Collagen sponge only (n ≥ 6
defects)

Percent bone regeneration was not reported; however, via micro-CT analysis at 6 wk, significantly greater bone
formation was observed following treatment with either 10-mg Oxy133 or 7-μg rhBMP-2 relative to treatment with
collagen alone.

C. 7-μg rhBMP-2 (n ≥ 6 defects)
D. 1-mg Oxy133 (n ≥ 6 defects)
E. 10-mg Oxy133 (n ≥ 6 defects)
[34]

Cui et al
2017 (V)

,

WJO

Mouse (n =
12)

Regeneration of critical-sized, right side cranial defects A. No treatment (empty defect) ( Bone regeneration as assessed via µ-CT at 6 wk of healing.
(3-mm) using MeGC hydrogels supplemented with
n = 4)
BMSCs and either SA/Cholesterol or SA/20(S)-OHC
B. SA/Cholesterol sterosome (n
sterosomes.
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= 4) (mass not reported)
C. 61%a

C. SA/20(S)-OHC sterosome (n
= 4) (mass not reported)
Huang
et al[38], 2019
(V)

Rabbit (n =
6)

Regeneration of critical-sized cranial defect (6-mm; 4
defects/cranium) using an inorganic bovine bone
graft (Bio-Oss) supplemented with SVA and/or 20(S)OHC.

A. No supplementation (Bio-Oss
only; control) (n = 6 defects)
B. 0.5-mg of SVA (n = 6 defects)

Percent bone regeneration was not reported; however, via histological analysis at 4 wk, bone regeneration was
increased following treatment with SVA, 20(S)-OHC, and, especially, SVA + 20(S)-OHC, relative to no
supplementation (Bio-Oss only control). A synergistic effect was observed with combinatorial treatment of SVA
and 20(S)-OHC.

C. 1.0-μg of 20(S)-OHC (n = 6
defects)
D. 0.5-mg of SVA + 1.0-μg of 20(
S)-OHC (n = 6 defects)

1

Percent bone regeneration of critical-sized defect.

2

Oxy133 and Oxy21 are identical.

a

P < 0.05 compared to PBS only (Aghaloo et al[17]), collagen sponge only (Hokugo et al[32]), or no treatment (empty defect) (Cui et al[34]). rhBMP-2: Recombinant human bone morphogenetic protein-2; PLGA: Poly(lactic-co-glycolic acid);

SVA: Simvastatin; OHC: Hydroxycholesterol; µ-CT: Micro-computed tomography; MeGC: Methacrylated chitosan; SA: Stearylamine; BMSCs: Bone marrow-derived mesenchymal stem/stromal cells.

untreated (65%) or treated with unadulterated collagen scaffolds (72%). Similar to the
findings of Johnson et al[21] and Montgomery et al[19] in the spinal fusion models, bony
regeneration rates were equivocal in animals treated with rhBMP-2 and those
receiving a combination of 20(S)-hydroxycholesterol and 22(R)-hydroxycholesterol
et al[37].

Oxysterols in critical-sized calvarial defect models
Descriptive summaries of the critical-sized calvarial defect studies are provided in
Table 3. Of the six studies, one employed a mouse model, two employed rat models,
and three employed rabbit models. Two studies employed single defect models (one
defect per skull), 1 study employed a two-defect model, and 3 studies employed fourdefect models. Scaffold materials varied widely across studies and included
poly(lactic-co-glycolic acid) polymer, gelatin hydrogel, collagen, methacrylated
chitosan (MeGC) hydrogel, and inorganic bovine bone graft. A single study coimplanted bone marrow-derived mesenchymal stromal/stem cells (BMSCs) with
oxysterols[34]. I n t o t a l , f o u r u n i q u e o x y s t e r o l s w e r e e v a l u a t e d : 2 0 ( S)hydroxycholesterol, 22(S)-hydroxycholesterol, Oxy49, and Oxy133.
As seen in Table 3, the studies cumulatively suggested oxysterols significantly
increase bone regeneration relative to control treatments. The largest study by Hokugo
et al[32] compared bony regeneration rates in 25 rabbits receiving no treatment or
treatment with a collagen sponge. Animals treated with collagen sponges
supplemented by either oxysterols or rhBMP-2 had improved bony regeneration rates
relative to controls, with the 1 mg Oxy49, 10 mg of Oxy49, and 75 µg rhBMP-2 groups
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Table 4 Summary of unique oxysterols investigated for in vivo bone tissue engineering in animal models
Effect on in vivo bone
formation (defect
model)

Oxysterol
name

Change from cholesterol1

20(S)-OHC

OH group at C20(S)

Increase2 (alveolar and
calvarial)

Aghaloo et al[17], 2007; Hokugo et al[30], 2014; Lee
et al[35], 2017; Cui et al[34], 2017; Bakshi et al[37], 2019;
Huang et al[38], 2019

22(R)-OHC

OH group at C22(R)

Increase2,3 (alveolar)

Bakshi et al[37], 2019

22(S)-OHC

OH group at C22(S)

Increase2,3 (calvarial)

Aghaloo et al[17], 2007

Oxy4/Oxy34

OH group at C20(S), single bond between C5 and
C6, OH group at C6(S)

Increase2 (spinal fusion)

Johnson et al[21], 2011; Stappenbeck et al[20], 2012

Oxy18

OH group at C20(S), single bond between C5 and
C6, OH group at C6(S), deuterated carbons at C22
and C23

Increase4 (spinal fusion)

Stappenbeck et al[20], 2012

Oxy21/Oxy133

OH group at C20(S), single bond between C5 and
C6, OH group at C6(S), n-hexane at C20(S)

Increase2 (spinal fusion,
calvarial)

Stappenbeck et al[20], 2012; Montgomery et al[19], 2014;
Scott et al[31], 2015; Li et al[36], 2015; Buser et al[33], 2017

Oxy49

OH group at C20(S), single bond between C5 and Increase2 (spinal fusion,
C6, OH group at C6(S), double bond between C25 calvarial)
and C27

Ref.

Johnson et al[21], 2011; Hokugo et al[32], 2016

1

(S) and (R) denote stereoisomerism. Refer to Figure 3 for molecular structures.

2

Statistically significant relative to control.

3

Used in combination with 20(S)-OHC.

4

Significantly greater bone formation relative to Oxy4/Oxy34 (internal positive control). OHC: Hydroxycholesterol.

having mean percent bone regeneration of approximately 55%, 65%, and 65%,
respectively. Animals treated with collagen alone experienced only approximately
35% bone regeneration, which was significantly less than all treated groups[32].
Similarly, in a murine single-defect model, Cui et al[34] directly compared bony
regeneration in untreated animals to those treated with MeGC hydrogel scaffolds
supplemented with BMSCs and sterosomes containing either cholesterol or 20(S)hydroxycholesterol. Bone regeneration was greater in animals treated with 20(S)hydroxycholesterol (61%) versus cholesterol (31%), and both provided better bony
regeneration than was seen in untreated controls (7%)[34]. The above results combined
with the four remaining studies showed significant osteoinductive effects in animals
treated with 20(S)-hydroxycholesterol, 22(S)-hydroxycholesterol, Oxy49, and Oxy133.

Osteoinductive effects by specific oxysterol
The osteoinductive effects seen across all studies are summarized for each specific
oxysterol in Table 4. To date, seven oxysterols have been investigated, all of which
have been shown to enhance bone formation in at least one in vivo model. Of these
seven oxysterols, 20(S)-hydroxycholesterol, 22(R)-hydroxycholesterol, and 22(S)hydroxycholesterol are naturally occurring species, where the remaining four are
synthetic analogues designed for enhanced osteoinductive properties (Figure 3).

DISCUSSION
Globally, millions of patients undergo bone grafting each year[1,2]. Though autologous
bone remains the “gold standard” for grafting procedures, it is by its very nature in
limited supply and does not ensure optimal bony outcomes. Additionally, the harvest
of orthotopic autograft (e.g., iliac crest graft) is associated with increased surgical risk
and donor-site complications, making it a less-than-ideal option in more medically
complex patients[2-5]. Consequently, there exists an obvious need for implantable bone
substitute materials, the creation of which is the focus of bone tissue engineering[9,10].
Despite prodigious efforts by the field, relatively few commercially viable substitutes
have been generated that are capable of providing outcomes equivalent or superior to
autograft. One such product is the rhBMP-2 treated collagen sponge (Infuse ®,
Medtronic Spinal & Biologics; Memphis, TN), which has been used in hundreds of
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Figure 1 PRISMA 2009 flow diagram for article selection.

thousands of patients and generated billions of dollars in revenue since its market
introduction in 2002[12]. Along these same lines, though, it can significantly increase
care costs, has limited FDA-approved indications, possesses a worrisome side effect
profile, and does not ensure optimal bony outcomes[14,15]. Consequently, there remains
an outstanding need for additional osteoinductive and osteoconductive agents, of
which oxysterols are one promising candidate currently undergoing preclinical
investigations.
Here, we present the first systematic review of the available evidence for oxysterols
as osteoinductive agents. Our analysis included 13 preclinical in vivo studies
investigating 7 unique oxysterols in three common animal models of bone healing –
spinal fusion, calvarial critical-sized defect, and alveolar critical-sized defect. In
aggregate these studies found that oxysterols produced significantly greater
arthrodesis rates and bony regeneration relative to the rates seen in untreated animals.
Additionally, in the subset of studies directly comparing oxysterol-treated animals to
those treated with rhBMP-2 containing scaffolds, non-inferior outcomes were seen in
the oxysterol group, suggesting that they may have clinically comparable
osteoinductive properties to rhBMP-2. Importantly, though, these properties appear to
be stereoisomer-specific[39].
A visual representation of the proposed mechanism by which oxysterols exert their
osteoinductive effects is illustrated in Figure 4. At present, it is believed that oxysterolmediated osteoinduction occurs via activation of the Hedgehog (Hh) signaling
pathway, a signaling pathway known to be essential for normal bone
development[19,20,31,34-37,40,41]. T h o u g h m u l t i p l e s i g n a l i n g c a s c a d e s h a v e b e e n
demonstrated for Hh signaling, canonical signaling involves the interaction of the
transmembrane proteins Patched (Ptc) and Smoothened (Smo)[40]. Under normal
circumstances, Ptc binds to and represses Smoothened, thereby inhibiting Smo
signaling. But upon binding Hh ligand, Ptc is inactivated, allowing for Smo
activation[40]. Activated Smo increases levels of the active forms of Gli transcription
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Figure 2 Quality assessment summary of the included studies (n = 13). A: SYRCLE risk of bias items; B: Overall quality indicators.

factors, which translocate to the nucleus and upregulate multiple genes, including
those key for bone formation[40]. It is well-known that Smo activity can be modulated
by small molecules[42,43], and more recent evidence has suggested oxysterols may
directly activate Smo, thereby promoting Hh signaling[39,44]. Consistent with this, it has
been shown that treatment of bone marrow-derived MSCs with both sonic Hh (a
member of the Hh ligand family) and Oxy133 results in synergistic activation of Hh
signaling and upregulation of osteogenic differentiation markers in vitro [19]. As a
possible negative feedback mechanism, it is thought that activated Ptc transports
oxysterols away from Smo to maintain Smo inactivation[44].
Conventional growth factors, such as rhBMP-2, have several limitations that render
them suboptimal for many clinical applications. In general, they are limited by high
dose requirements, poor shelf-stability, low in vivo half-life, and high costs[45-47]. They
are also potentially immunogenic and have low diffusion potential owing to their
large size[45-47]. By contrast, as small molecules, oxysterols are attractive alternatives.
Small molecules are low molecular weight (< 1000 Dalton) organic compounds that are
generally highly diffusible, allowing for better tissue penetration than growth factors.
These small molecules may additionally be designed to activate the same intracellular
signaling cascades as growth factors[45-47]. Small molecules also frequently possess the
advantages of high shelf-stability and lower manufacturing cost, making them
financially advantageous relative to peptides. Unlike peptides, small molecules are not
prone to denaturation and accordantly can be transported more easily with lower
logistical costs, making them potentially more desirable from an efficacy and cost
perspective[45]. Furthermore, small molecules are less immunogenic[46] and are highly
amenable to chemical modification, allowing for better control of their bioactivity and
tissue targeting[19,21,48]. Lastly, the pharmaceutical industry has greater experience with
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Figure 3 Molecular structures of the identified oxysterols that have been investigated for in vivo bone tissue engineering in animal
models. Cholesterol is shown for reference. OHC: Hydroxycholesterol.

Figure 4 Conceptual illustration of the proposed primary mechanism by which oxysterols exert their osteoinductive effects. It is believed
that oxysterol-mediated osteoinduction occurs via activation of the Hedgehog (Hh) signaling pathway, which is known to be essential for normal bone development.
In canonical Hh signaling, the transmembrane protein Patched (Ptc) inhibits Smoothened (Smo) activity. However, upon binding Hh ligand, Ptc is inactivated, allowing
for Smo activation. Activated Smo increases levels of the active forms of Gli transcription factors, which translocate to the nucleus and upregulate multiple genes,
including those keys for bone formation. In a stereoisomer-specific manner, it is believed that oxysterols may directly activate Smo, thereby promoting Hh signaling
and osteoinduction. Ptc: Patched; Smo: Smoothened; Hh: Hedgehog.

small molecules and there is therefore a concordantly larger knowledge base from
which targeted delivery mechanisms can be developed. These mechanisms can reduce
the likelihood of off-target effects and optimize pharmacokinetic properties for
optimal therapeutic effect[45-47].
For all of the above reasons, interest in small molecules for bone tissue engineering
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has been growing rapidly, with a near-exponential rise in articles published on this
topic since the early 2000s[46]. It is likely that this literature will continue to expand, as
high-throughput screening allows for the concomitant testing of thousands of
compounds, accelerating the identification of osteogenic compounds[45,49,50]. To
exemplify this, Genthe et al[51] recently used high-throughput screening of a library of
approximately 600000 small molecules to identify a new class of osteogenic small
molecules, called “ventromorphins”. These previously undescribed agents were found
to directly activate BMP signaling[51]. Other groups around the world have used similar
techniques to identify promising small molecules for bone tissue engineering across a
wide-range of drug classes[50,52-55]. Future studies are necessary to evaluate the
osteoinductive effects and safety profiles of these and other small molecules. Yet it is
likely that some of these osteogenic small molecules – potentially oxysterols – will see
clinical translation for the purposes of augmenting in vivo bone formation. Whether
this is as an adjunct or alternative to growth-factor based therapies remains unclear.
There are several limitations to our study. First, our analysis was limited to a
primary outcome of macroscopic evidence of bony fusion or regeneration. We did not
consider changes in osteoblast, osteocyte, or osteoclast gene expression or
proliferation, nor did we consider histological findings. To definitively conclude that it
is the oxysterols mediating improved bony healing through osteoinduction we would
likely need to include these endpoints. However, said outcomes are not readily
available in the in vivo literature and from a clinical perspective, evidence of bone
formation via imaging or manual palpation is considered the “gold standard” for the
models considered. Furthermore, we were unable to perform a meta-analysis
secondary to the limited and heterogeneous nature of the available data. Along these
lines, the data we were able to include in the review was found to have an overall
“unclear risk of bias” as assessed by the SYRCLE Risk of Bias tool. Consequently, the
generalizability of our findings may be limited. However, given the consistent findings
across the included studies, it appears there is sufficient in vivo evidence to support the
osteogenic nature of oxysterols. Despite this, the absence of available clinical data
means that we are unable to determine the clinical effectiveness of these agents in
mediating in vivo bone formation. Given these limitations, it is apparent that
additional, high-quality research is needed to more fully evaluate the efficacy, safety,
and cost-effectiveness of oxysterols on bone tissue engineering.
In conclusion, oxysterols appear to be promising osteoinductive small molecules
with potential for bone tissue engineering in the fields of orthopaedic surgery,
neurosurgery, and oral maxillofacial surgery. The present preclinical literature has an
unclear risk of bias, but the presence of positive outcomes across multiple animal
species and surgical models suggests there is sufficient evidence to explore their
application in larger animal models and eventually early phase clinical trials. Based
upon prior in vitro work and the observation of dose-dependency, it appears that the
observed effects are secondary to oxysterol-mediated upregulation of osteogenic gene
products. Future work is necessary however to identify the therapeutically optimal
oxysterol and to optimize its pharmacokinetic properties for use in orthopaedic
surgery.

ARTICLE HIGHLIGHTS
Research background
Bone grafting is performed on millions of patients each year, and autologous bone
remains the “gold standard” bone graft material. However, autologous bone is limited
in supply, is associated with increased surgical risk and donor-site complications and
does not ensure optimal bony outcomes. Consequently, there exists an obvious need
for implantable bone substitute materials, the creation of which is the focus of bone
tissue engineering.

Research motivation
Recently, oxysterols – oxygenated derivatives of cholesterol – have been proposed as a
novel class of osteoinductive small molecules for bone tissue engineering. However,
there has yet to be a review examining the effect of oxysterols on in vivo bone
formation. To address this, here we provide the first systematic review of the effect of
oxysterols on in vivo bone formation as a means of evaluating the potential therapeutic
utility of oxysterols for bone tissue engineering.
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Research objectives
Following PRISMA guidelines, we aimed to systematically review the available
literature examining the effect of oxysterols on in vivo bone formation.

Research methods
Using the PubMed/MEDLINE, Embase, and Web of Science databases, we queried all
publications in the English-language literature investigating the effect of oxysterols on
in vivo bone formation. Articles were screened for eligibility using PICOS criteria and
assessed for potential bias using an expanded version of the SYRCLE Risk of Bias
assessment tool. All full-text articles examining the effect of oxysterols on in vivo bone
formation were included. Extracted data included: Animal species, surgical/defect
model, description of therapeutic and control treatments, and method for assessing
bone growth. Primary outcome was fusion rate for spinal fusion models and percent
bone regeneration for critical-sized defect models. Data were tabulated and described
by both surgical/defect model and oxysterol employed. Additionally, data from all
included studies were aggregated to posit the mechanism by which oxysterols may
mediate in vivo bone formation.

Research results
Thirteen studies (all preclinical) met our inclusion/exclusion criteria. Of the 13
included studies, 5 employed spinal fusion models, 2 employed critical-sized alveolar
defect models, and 6 employed critical-sized calvarial defect models. Based upon
SYRCLE criteria, the included studies were found to possess an overall “unclear risk of
bias”; 54% of studies reported treatment randomization and 38% reported blinding at
any level. Overall, seven unique oxysterols were evaluated: 20(S)-hydroxycholesterol,
22(R)-hydroxycholesterol, 22(S)-hydroxycholesterol, Oxy4/Oxy34, Oxy18,
Oxy21/Oxy133, and Oxy49. All had statistically significant in vivo osteoinductive
properties, with Oxy4/Oxy34, Oxy21/Oxy133, and Oxy49 showing a dose-dependent
effect in some cases. In the eight studies that directly compared oxysterols to rhBMP-2treated animals, similar rates of bone growth occurred in the two groups. Biochemical
investigation of these effects suggests that they may be primarily mediated by direct
activation of Smoothened in the Hedgehog signaling pathway.

Research conclusions
Present preclinical evidence suggests oxysterols significantly augment in vivo bone
formation. Based upon prior in vitro work and the observation of dose-dependency, it
appears that the observed effects are secondary to oxysterol-mediated upregulation of
osteogenic gene products. The present preclinical literature has an unclear risk of bias,
but the presence of positive outcomes across multiple animal species and surgical
models suggests there is sufficient evidence to explore their application in larger
animal models and eventually early phase clinical trials.

Research perspectives
Oxysterols appear to be promising osteoinductive small molecules with potential for
bone tissue engineering in the fields of orthopaedic surgery, neurosurgery, and oral
maxillofacial surgery. Future work is necessary to identify the therapeutically optimal
oxysterol and to optimize its pharmacokinetic properties for use in orthopaedic
surgery.
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Abstract
The ideal lumbar and cervical discs should provide six degrees of freedom and
tri-planar (three-dimensional) motion. Although all artificial discs are intended to
achieve the same goals, there is considerable heterogeneity in the design of
lumbar and cervical implants. The “second generation total disc replacements”
are non-articulating viscoelastic implants aiming at the reconstruction of
physiologic levels of shock absorption and flexural stiffness. This review aims to
give an overview of the available implants detailing the concepts and the
functional results experimentally and clinically. These monobloc prostheses raise
new challenges concerning the choice of materials for the constitution of the
viscoelastic cushion, the connection between the components of the internal
structure and the metal endplates and even the bone anchoring mode. New
objectives concerning the quality of movement and mobility control must be
defined.
Key words: Lumbar disc replacement; Cervical disc replacement; Viscoelastic; Total disc
replacement; Lumbar spine; Cervical spine; Disc arthroplasty
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Core tip: Although all artificial discs are intended to achieve the same aims, there is
considerable heterogeneity in the design of lumbar and cervical implants. The “second
generation total disc replacements” are non-articulating viscoelastic implants aiming at the
reconstruction of physiologic levels of shock absorption and flexural stiffness. This review
aims to give an overview of the available implants. We herein discuss the new challenges
concerning the choice of materials, the connection between the components of the internal
structure and the metal endplates and even the bone anchoring mode. We discuss the
consequences of the different technological choices and we emphasize the special features
to watch out for when monitoring these implants in the future.
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INTRODUCTION
Total disc replacement (TDR) has been advocated as an alternative to spinal fusion to
preserve or restore segmental motion and to prevent or delay adjacent level disc
degeneration after fusion. A large amount of data in the literature report favorable
clinical and radiological outcomes of TDR surgery but there are still many possible
improvements on the mechanical and functional performance of the implants[1-5].
Although all artificial discs are intended to achieve the same aims, there is
considerable heterogeneity in the design of lumbar and cervical implants. The natural
disc is viscoelastic as it allows for variation in the degree of stiffness with the amount
of load, and is compliant under loading (shock absorber).
The ideal lumbar and cervical discs should provide six degrees of freedom (DOF)
and tri-planar (three-dimensional) motion: Flexion and extension in sagittal plane,
lateral bending in frontal plane, rotation and compression in axial plane.
Artificial discs can be classified according to their structure (uni- and bi-articulating
or non-articulating) or to their motion characteristics (constrained or unconstrained).
The “first generation” TDR were “mechanical implants” based on the experience of
hip and knee replacement. These articulating designs involve a mechanical interface
with a specific friction couple but do not replicate the elasticity and the shock
absorbance of the native disc.
The “second generation TDR” are non-articulating disc implants (elastomeric,
deformable core). Their structure is more complex with the objective of better
reconstructing the physiologic levels of shock absorption and flexural stiffness.
These monobloc implants raise new challenges concerning the choice of materials
for the constitution of the viscoelastic cushion, the connection between the components
of the internal structure and the metal endplates and even the bone anchoring mode.
New objectives concerning the quality of movement and mobility control must be
defined.

LUMBAR DISC ARTHROPLASTIES
At the lumbar level 3 “viscoelastic” TDR available for implantations have a significant
follow up.

Freedom lumbar disc (AxioMed)
Freedom lumbar disc (FLD) is a one-piece implant consisting of an elastomeric core
bonded to titanium alloy Ti-6Al-4V endplates. The core material is CarboSil™ TSPU, a
silicone polycarbonate urethane (PCU) thermoplastic elastomer. A urethane adhesive
is used at the interface. The implant is available in 8° and 12° lordotic configurations
with 3 footprints (Figure 1).
Wear testing[6,7] reported that implants lost an average of 0.07 g weight over 30
million device cycles of wear testing. The parts lost approximately 1/4 of a millimeter
in height over 30 million cycles, while the periphery dimension increased by about 3/4
of a millimeter. FLD was first implanted in 2009[8].

M6-L (Orthofix)
The device combines a mobile polymer core between 2 metal endplates to simulate the
structure of the nucleus and peripheral fibers designed to simulate the annulus. The
titanium alloy endplates are coated in titanium plasma spray. Keels are used to secure
the implant. The disc also has a PCU polymer sheath surrounding the core and fiber
construct to avoid tissue in growth and the migration of wear debris. The M6-L is
available in lordotic configurations of 3°, 6°, 10°, 16° with two implant heights, 10 mm
and 12 mm and 3 footprints (Figure 2).
Wear testing report[9] can be found for 20 million cycles. Mass loss was 16.9 ± 12.0
mg. An average of an additional 25.9 mg of debris were generated and trapped inside
the inside the device. Total device debris were therefore less than 43 mg. M6-L was

WJO

https://www.wjgnet.com

346

August 18, 2020

Volume 11

Issue 8

Lazennec JY. Viscoelastic discs: concepts and current experience

Figure 1 Freedom lumbar disc.

Figure 2 M6-L lumbar disc.

first implanted in 2009[10].

LP ESP (FH Orthopedics)
LP ESP is a one-piece deformable implant with a composite cushion combining an
inner core made with a silicone nucleus, and an outer core made with a PCU annulus.
The peripheral core (figuring the annulus) is securely fixed to the titanium alloy
endplates by a patented adhesion-molding technology reinforced by a peripheral
groove. This fixation process avoids fluid infiltration and the risk of fatigue lesions of
the interface despite the very different mechanical properties of polymer and metal
endplates. The PCU annulus is stabilized for rotational mobility by additional pegs
located on the internal surface of the titanium endplates between the peripheral
groove and the central area of the endplates. The PCU cushion is stabilized by ‘‘male’’
and ‘‘female’’ contactless inner pegs to control compression and translation.
Endplates have anchoring pegs for primary fixation and are covered by a textured
T40 titanium layer and hydroxyapatite. Depending on the size, the titanium endplates
differ in thickness and angulation. LP-ESP is available in 2 heights (10 and 12 mm),
each with 3 lordosis angles (7°, 9°, and 11°). The differences in thickness and lordotic
angle do not affect the implant mobility or its cushioning (Figure 3).
Wear tests were performed to reproduce the most unfavorable scenario for TDR
implantation. Inclination of the prosthesis was 45° to reproduce the sagittal orientation
of the disk in functional situations and extended to 40 million cycles without any sign
of mechanical failure (no loss of cohesion and stiffness remained stable). Residual gap
between metal endplates was 0.55 mm after 20 million cycles and 0.78 mm after 40
million cycles. Reported loss of mass after 20 million cycles was less than 0.5% (slight
degradation of the endplates coating). LP ESP was first implanted in 2005 in its actual
configuration[11].

Physio-L
Physio L prosthesis is a one-piece device with over molded elastomeric polycarbonateurethane core attached (titanium lock wire) to 2 titanium alloy endplates coated with
titanium beads. The prosthesis was implanted for the first time in 2005[12] but to our
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Figure 3 LP ESP lumbar disc.

best knowledge is no longer made available by the company.

CERVICAL DISC ARTHROPLASTIES
At the cervical level 4 prostheses claim viscoelastic properties.

The Freedom cervical disc (AxioMed LLC)
Freedom cervical disc (FCD) is a one-piece viscoelastic implant. The elastomeric core
(CarboSil polymer) is bonded to titanium alloy endplate plates with the same design
as the FLD. FCD is available with 8° lordosis in 3 footprints with different
corresponding posterior heights (5.7/6.7 mm; 5.8/6.8 mm; 5.9/6.9 mm). (Figure 4)
Mechanical tests were done with 45º compressive shear loading to provide maximum
AP translation of the cushion and therefore a severe testing of the polymer and bond.
Two implants were tested and survived 50 million cycles at twice the average daily
living load (200 N) with no mechanical or functional failures. One device completed 10
million cycles with no functional failures at 800 N, and another at 1250 N. The
dynamic stiffness of each test specimen remained constant at the supra-physiologic
loads of 800 and 2150 N.
Particulate analysis showed that the wear rate was 0.028 mg/million cycles, with
0.016 mg being CarboSil polymer and 0.012 g being titanium[13]. FCD was first
implanted in 2012[14].

The M6-C cervical disc (Orthofix)
The mobile central PCU polymeric core figuring the nucleus is surrounded by a
polyethylene woven-fiber construct designed to simulate the annulus. The concept is
the same as for the M6-L implant. M6-C is available in two implant heights, 6 mm and
7 mm and 4 footprints (Figure 5).
Mechanical tests[15] reported 20 million cycles (10M cycles lateral bending, 10M
cycles flexion/extension) without implants lesions. Average height loss under a
physiologic 100N axial compressive load was 0.47 ± 0.05 mm. Axial compressive
stiffness was 873 ± 168 N/mm. After 10 million cycles for compression shear load at
45°, all implants were intact including physiologic height (< 0.25 mm height loss) and
stiffness (761 ± 200 N/mm). To our best knowledge wear rate data are not available.
M6-C was first implanted in 2005[16,17].

The CP-ESP (FH Orthopedics)
The CP ESP is a one-piece deformable implant including a central core made of PCU
fixed to titanium endplates covered by a textured T 40 titanium layer and
hydroxyapatite. The design is an adaptation of the concept of the LP ESP prosthesis to
the specifics of the cervical spine. The cushion fixation to the endplates is similar using
adhesion molding and a peripheral groove to prevent fluid infiltration and fatigue
fractures of the interface. The specific shape of the cushion is designed to optimize the
mobility as well as the control of translation and shear movements. The PCU cushion
is stabilized by ‘‘male’’ and ‘‘female’’ contactless inner pegs to control compression
and translation.
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Figure 4 Freedom cervical disc.

Figure 5 M6-C cervical disc.

CP-ESP is available in three thicknesses (5, 6 and 7 mm), each with three sizes in AP
and lateral dimensions (13 mm × 15 mm, 14 mm × 17 mm and 15 mm × 20 mm). The
size of the cushion and the mechanical properties of the prosthesis are the same
regardless of the model (Figure 6). CP-ESP was first implanted in 2012[18].
Wear tests were conducted according to the ISO 18192 Norm with different
configurations for the location of the rotation centers to simulate the worst-case
scenarios. According to the different protocols, the loss of height ranged from 0.02 to
0.12 mm after 10 million cycles. The mean variation of weight was 0.8 mg for 10
million cycles. The alignment of the two endplates has been studied to assess the
cohesion of the cushion and metal parts. After 10 million cycles, the variation was
insignificant (0.2 mm for AP and lateral measurements).

The Rhine cervical disc (Stryker)
The implant is designed as a one-piece compressible polymer core with dome-shaped,
plasma-coated endplates and a central-split keel (Figure 7).
The core is bonded to 2 perforated metal plates. This component is secured to the
prosthesis endplates by locking wires. The molding technology claims for a “reduction
in wear between the polymer core and metal endplates." The design is an adaptation
of the concept of the Physio L prosthesis[19].
The Rhine cervical disc is available in three sizes 12 mm x 15 mm, 14 mm x 17 mm,
16 mm x 19 mm footprint. The thickness of the implants depends on the size of the
implants respectively. For the “6 mm implants group” the anterior leading-edge height
(without the superior dome) is respectively 6.15, 5.89 and 5.59 mm. For the “7 mm
implants” all values are increased by 1 mm.
Wear tests according to ISO 18191 and 18192 Norms reported 11 Million cycles with
no function failures: The height loss was 0.11 mm, representing only 1.89% of the
original height. The weight loss was 0.056 mg/million cycles representing only 0.08%
of original weight after correction for fluid absorption. Additional characterization
testing completed 25 Million cycles without functional failure. Dynamic tests were
performed for compression load (150 N) shear load (106 N) on 10MC cycles without
wear or failure after inspection. The prosthesis was first implanted in 2016.
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Figure 6 CP-ESP cervical disc.

Figure 7 Rhine cervical disc.

WHAT ARE THE CHALLENGES FACING THE "SECOND- GENERATION
TDR" AT LUMBAR LEVEL?
Metallic endplates and vertebral implantation
Literature of first-generation lumbar prostheses reports early anterior migration
following hyperextension motion with or without sub-optimally positioned prosthesis.
Some authors suggested the role of an inadequate release of the posterior longitudinal
ligament potentiated by an anterior positioning of the implant, explaining that the
compressive loads make the prostheses more sensitive to anterior migration[20,21].
The second-generation viscoelastic prostheses are likely to present the same risk.
Metal endplates are a key component for the segmental stabilization. Titanium alloy is
used for all 3 designs as its osteoconductive property is advocated to enhance
adhesion with the adjacent vertebra. In one TDR system (LP ESP) additional hydroxy
apatite (HA) coating is used. This technology required additional evaluations to
demonstrate that temperature increase at the time of industrial coating did not
negatively affect the PCU cushion. To date no adverse effects from this coating have
been reported which is consistent with previous long-term experience for HA coating
in cementless total hip arthroplasty (THA). Additional spikes or keels on the endplate
are used to improve initial stabilization. As an analogy with the experience for
cementless THA these features are involved in the “primary fixation” stage. Secondary
fixation is devoted to the surface characteristics of the endplates for the final bone
anchoring. Implant fixation can be considered in two ways “biomechanical” and
“histological”.
Primary stability is a biomechanical phenomenon related to bone quality at the
implant site, to the implant properties and to the surgical technique for vertebral
endplate preparation and implant size selection. Primary stability is a necessary
condition to obtain implant osseointegration. The endplates must be carefully
prepared to remove all soft tissue and give a surface of congruent contact with the
implant to favor bone regrowth. The implantation principles are the same as for
cementless knee or hip prostheses[22]. The initial bone healing after surgery involves the
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production of new bone to fill the gap between mature bone tissue and the implant
surface. Low level micromotion between the implant and the bone tissue is considered
to be responsible for biomechanical stimulation of bone turnover. When primary
stability is insufficient or in the event of spinal overuse immediately after surgery,
micro-movements can lead to the formation of fibrous tissue instead of an
osteointegrated interface. The literature reports that the relative micromotions between
the implant and the bone tissue should not exceed approximately 150 µm[23]. During
weeks or months after the implant surgery, mature bone tissue replaces the newly
formed bone at the implant surface, leading to the final bone–implant contact ratio[24].
This global process may fail if the gaps are too large or impossible to fill due to soft
tissue interpositions. This can lead to early migration of fluid accumulation with cysts
formation under the metal endplates[23]. The "biological" stage of fixation requires
special attention for 6 to 8 weeks as with any cementless implantation.
The biomechanical conditions of viscoelastic implants are significantly different
from those of articulated TDR. Stresses on the vertebral endplates are greater at the
primary stage of fixation due to flexural stiffness with these one-piece implants and
expose to two potential concerns: Subsidence and translation.
Flexural rigidity is a characteristic of each viscoelastic implants. It evolves after
implantation (local temperature and hydratation). It also depends on the implants
design and the integrated restrictions for shear and translation as for the LP ESP
prosthesis. Thus for this last implant, additional compression of the bone interface has
been suggested for optimizing this primary phase of integration of the metal plates
(“kyphosing” the implanted segment at the end of the intervention by “delordosis” on
the operating table or elevation of the legs). In all cases, the posterior part of the disc
space must be thoroughly cleaned to place the implant in an adequate posterior
position so as to avoid the risk of anterior slippage (Figure 8). In a way, the
implantation method is close to that of a classic interbody cage since the implant is
monobloc. The sagittal introduction of the implant must be done strictly in the axis of
the intervertebral space to avoid an impaction in one of the vertebral endplates which
can cause an unexpected locking or secondary sagittal translation. The two metal
plates must be introduced in a perfectly coherent way to avoid any anteroposterior
shift of one relative to the other which can damage the viscoelastic component.

The “viscoelastic” components
The first difficulty is solving the difficulty of attaching the elastomeric part of the
implant to the metallic endplates. The interface must be fatigue resistant for an optimal
adaptation to the damping spring system claimed by the viscoelastic disc concepts.
Two types of implants must be individualized according to the mode of connection
with or without local mobility at the metal endplates interface.
The M6-L attachment of the biomechanically active component is based on an “over
molding process” called PPA (Perforated Plate Attachment). The M6 compressible
PCU polymeric core is surrounded by a high–tensile strength, ultrahigh-molecular
weight polyethylene fibers construct. The fibers are designed to simulate the annulus
and to provide a progressive resistance to the motion of the polymer nucleus.
Movement between the endplates and the biomechanically active component is not
suppressed as friction occurs between the fibers wound and the endplates. The
mobility of the nucleus provides the adaptability and the self-centering property
claimed by this design. The M6-L has a polymer sheath encasing the core and fiber
construct to capture potential wear debris. Favorable biomechanical tests have been
reported regarding motion quality assessed by load–displacement curves in
flexion–extension. Encouraging clinical results have been reported on 83 patients at 24
months follow-up[10].
The potential weakness of this design is represented by the friction of the fibers on
the metal plates, a potential source of breakage or wear products. The risk is greater if
the implant is facing atypical conditions of rotation or inclination in the frontal or
sagittal plane. Another mode of failure can be the blocking of the core in flexion or in
extension causing a limitation of mobility or abnormal stresses of the peripheral
structure with lesions of the polyethylene fibers construct, risk of nucleus expulsion
and direct endplates contact with metallosis (Figure 9).
The 2 other implants claim a direct and stable fixation of the viscoelastic component
on the metal endplates. But the concepts of fixation and the structures of the
viscoelastic cushion are very different.
The FLD monoblock elastomeric core is “bonded” to titanium retaining plates. But
few informations are available about the precise adhesion process of this “bonding”
technology, the influence of the cushion thickness on mobility properties and fatigue
characteristics of the viscoelastic core structure and its endplate fixation. Encouraging
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Figure 8 L4L5 LP ESP lumbar disc migration. Insufficient primary fixation and early anterior migration. Combined L5S1 ALIF. The ESP implant was
repositioned by impaction during revision surgery. The surgeon used small screws as an anterior stop to stabilize the implant until effective bone growth and
secondary fixation.

Figure 9 M6-L lumbar disc failure. Rupture of the ultrahigh-molecular weight polyethylene fibers construct and the peripheral polymer sheath. Nucleus
expulsion and direct endplates contact with local metallosis.

clinical results have been reported on 48 patients when compared to ALIF procedure
at 1.3 years follow-up[7]. To our best knowledge no publication provides results with
longer follow-up.
LP ESP disc prosthesis design is fundamentally different. The cushion is a
composite structure with a PCU annulus and a silicone nucleus. To overcome the
problems posed by the risk of hypermobility and fatigue damage in the event of a pure
elastomeric component[25], movement limiters are included in the structure to control
translation and axial compression. The location of the 3 peripheral plots in the annulus
is intended for shear control. Significant inclination of the endplates can be observed in
the event of high pelvic incidence or frontal obliquity of the sacrum. 45º compressive
shear has been studied as an extreme loading scenario which translates the top of the
device over the bottom and places the anterior and posterior sides of the cushion into
tension. In addition, male and female central metal limiters contribute to shear and
compression control. The combination of central and peripheral limiters claims better
control of the coupling of the 6 functional 6 DOFs[26]. Whatever the size of the implants
used, the cushion is exactly the same with the same mechanical characteristics which
avoids heterogeneity in possible mobility. The fixation to the endplate is based on a
patented adhesion molding technology without any chemical adhesion process.
Current experience with 15 years follow-up has not shown any particular weakness
of the design in terms of detachment of the viscoelastic cushion, fatigue rupture or
particles release. On the other hand, this type of implant exposes to more problems for
primary stability and initial bone ingrowth due to the greater flexural stiffness chosen
to protect the facet joints. Above all, excellent preparation of implantation sites is
essential and more demanding than for other implants. Post-operative follow-up for
the first weeks include caution on authorized activity to avoid the risks of migration
and encourage rehabitation of the endplates. The determination of the centers of
rotation reported a different location depending on the implanted levels. This is a
promising result which seems to show the adaptability of a viscoelastic cushion
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according to the level and the anatomical and postural particularities[27].

WHAT ARE THE CHALLENGES FACING THE “SECOND-GENERATION
TDR” AT CERVICAL LEVEL?
Metallic endplates and vertebral implantation
The same observations can be made on the preparation of the bony implantation site
as flexural stiffness of these monobloc implants differentiates them from the firstgeneration articulated implants.
The size of the implant must be selected carefully to avoid subsidence. Overdistraction of disc space increases the load on facet joints and can cause postoperative
neck pain or limited motion within the artificial disc. In case with too loose disc space
or too low-height implant, suboptimal device function or migration may occur.
Adaptation of the implantation site may be challenging in some cases as the vertebral
endplates can be flat or concave. Aggressive bone preparation can be unfavorable with
a risk of heterotopic ossifications (HO). The motion characteristics of the different
designs, the extent and quality of end-plate coverage, an inadequate position of the
center of rotation or a kyphotic adaptation may be significant factors.
These are also questions raised for the evaluation of HO occurrence[28]. To date HO
risk is difficult to precise as the length of follow-up is a key point[29]. The use of plain
radiographs in the literature may underestimate the rate and grade of HO. In addition,
some surgeons use post operatively non-steroidal anti-inammatory medications to
prevent HO formation despite the lack of evidence for this strategy. The published rate
ranges from 0 at 29 months follow-up (25 patients)[30], or at 34 months (43 patients)[16] to
15.1% McAfee-Suchomel grade I and 10.7% grade II in (112 patients, 36 months followup)[31], or 29% no HO 13% grade I and 58% grade II or more[32]. As for lumbar levels,
the implantation must avoid any anteroposterior shift of one metal endplate relative to
the other which can damage the viscoelastic component. Due to its miniaturization the
elastomeric component is more sensitive to parasitic translation of the endplates linked
to the operating technique.

The “viscoelastic” components
As for lumbar implants, 2 types of implants must be individualized according to the
mode of connection with or without local mobility at the interface.
The design of M6-C Cervical Disc Prosthesis is similar to the one of M6-L with a
mobile central core and peripheral ultrahigh-molecular weight polyethylene fibers for
stabilization. The same observations and comments can be done especially for the
potential over solicitation of the implant in case of increased sagittal inclination of
vertebral endplates and high rotational mobility. As at the lumbar level the weak point
may be linked to the friction of the polyethylene fibers on the metal endplates with
granulomatous reaction or the unexpected locking of the mobile nucleus[33,34].
The other 3 implants claim a direct and stable fixation of the viscoelastic component
on the metal endplates. The FCD and the Rhine cervical disc (RCD) have an
homogeneous elastic core. The influence of the height of the core on mobility must be
carefully monitored on the long term as the available range of motion could be
affected. This point should be followed carefully on multi-level implantations. In
addition, the original endplates design of FCD implies an 8° lordosis in the metal
endplates, the impact of which is unknown in the event of cervical kyphosis posture.
Surprisingly, the impact of cervical posture is not analyzed for cervical implants
despite normal cervical spinal alignment may vary from lordosis to neutral or to
kyphosis[35,36]. Due to variations in sagittal posture, the "neutral position" of the disc
prostheses when the gaze is horizontal may involve more kyphosis or lordosis inside
the mechanically active cushion. This phenomenon may have different consequences
according to the endplate’s designs.
The CP ESP design is based on the experience with the LP ESP implant. The
viscoelastic core is one piece but not homogeneous: a mobility limiter is positioned in
the center of the cushion to control translation and compression. In addition, the shape
of the cushion is asymmetrical to control rotation and translation. These two
particularities are intended to avoid the implant kyphosis described for the Bryan type
viscoelastic prostheses and potential asymmetry of sagittal ROM in case of kyphotic
spine. Like for the LP ESP implant, the combination of central limiter and the
asymmetric shape of the cushion claims better control of the coupling of the 6
functional 6 DOFs[26]. Due to the small size of the cushion and its axial limiter, the
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introduction of this implant must be very rigorous to avoid the relative sliding of the
plates and the lesion of the central stabilizer. Like RCD implant CP ESP does not
provide intrinsic lordosis in the endplates.
The long-term adaptability of the specific viscoelastic cushion according to the level
and the anatomical and postural particularities must be confirmed.
The restitution of the amplitude of movement (ROM) for the flexion- extension is
similar to that of the first-generation implants. But it is not the only relevant parameter
to characterize the functional quality of these implants. The location of the axis of
rotation is another clinically relevant measure of quality of motion for
flexion–extension, lateral bending, and axial rotation. These implants claim
adaptability of the sagittal axis of rotation according to the disc levels. This could be a
relevant argument to advocate for the protection of adjacent levels. One experimental
study on the RCD prosthesis[19] showed a fair restitution for centers of rotation on 2
specimens for C5-C6 and C6-C7 levels.
Another experimental study on M6-C[37] reported the location of C5-C6 COR before
and after implantation on 12 specimens for flexion–extension mode. The location of the
COR for the implanted segments was posterior to the midpoint of the C6 superior
endplate (similar to vivo data reported in the literature) but more cranial than intact
controls. Currently, there is insufficient evidence to assess the long-term effects of a
more cranial COR location. In addition, no information was available for the other
segments
A recent study on the evolution of centers of rotation in vivo for CP ESP implants at
2 years of follow-up[38] reports an adaptability of the mean center of rotation at the
prosthesis level and adjacent disks as a function of time and posture of the cervical
spine.
The restoration of lateral bending motion and motion coupling is also a relevant
parameter for the functional quality of cervical disc prostheses. This can also be a
determining factor in the longevity of viscoelastic implants depending on the shape
and characteristics of the mechanically active cushion. As for the first-generation disc
protheses, longer follow-up is needed to understand and interpret the effects of
coupled motions on the PCU component and its interface with metal endplates.
Aseptic loosening related to debris deposit in the area surrounding the prosthesis
could also be a problem affecting the implant survival curve. These prostheses are
supposed to avoid any friction with the exception of M6 implants (mobility of the
nucleus and contact of the peripheral fibers of the annulus with the metal plates). A
longer follow-up is necessary to accurately assess the rate of aseptic loosening and the
possibility of osteolysis due to wear or deterioration of the mechanically active
cushion.
Anterior bone loss (ABL) in cervical disc arthoplasties (CDA) has been reported for
first-generation implants[39,40]. According to the literature, osteolysis evolution is not
consistent with wear debris or low-grade infection. For Kieser et al[41] ABL is common
(57.1% of CDA), occurs within 3 months and remains stable after the first year.
Osteolysis only affects the not loaded bone. It could be linked to the resection of the
anterior longitudinal ligament and likely caused by avascular necrosis of the anterior
subchondral bone. ABL could be expected in viscoelastic CDA as this bone remodeling
does not seem related to the implant.

CONCLUSION
The kinematics of the lumbar and cervical discs is defined by six mechanically DOFs.
The multi-axial mechanics of the discs and the coupling between the DOFs is a
relevant argument in favor of viscoelastic disc prostheses. The current viscoelastic
designs using PCU passed extensive fatigue and endurance bending tests with a
special focus on creep deformations and hysteresis properties. They are resistant to
tearing, corrosion and wear. The follow-up is not the same for all implants but the
longest clinical and radiological evaluations show that they are biomechanically
compatible with natural movements without significant problems of loss of adhesion
or osteolytic response to particles of debris. The use of first-generation mechanical
prostheses accustomed us to consider the quality of disc reconstruction in terms of the
range of motion at the operated and adjacent levels.
The development of “second-generation” viscoelastic implants offers new
possibilities to better restore the disc function by providing damping capacity, flexural
stiffness and coupled movements at the implanted level.
These new concepts must make us go beyond the description of the amplitude of

WJO

https://www.wjgnet.com

354

August 18, 2020

Volume 11

Issue 8

Lazennec JY. Viscoelastic discs: concepts and current experience

segmental mobility in degrees. We now need to think in terms of stiffness (Nm/deg)
for flexion-extension or inclination. The tolerance and/or the reconstitution capacity
for the coupled movements may make the difference between the implants currently
available and for the protection of the adjacent levels.
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Abstract
BACKGROUND
Hip avulsion fractures occur mostly during adolescence when actions such as
kicking or running cause forceful contraction of attached muscle.
Osteochondroma is benign tumor that mostly occurs at the metaphysis of a long
bone, being usually asymptomatic.
CASE SUMMARY
A 15-year-old patient experienced feeling and sound of a break while kicking a
ball in soccer game three years prior to his visit to our hospital. A simple X-ray
revealed an avulsion fracture of the apophysis of the anterior inferior iliac spine
(AIIS). Later in the follow-up X-ray, a palpable mass was found and demonstrated
by magnetic resonance imaging to be a pedunculated osteochondroma in the
superolateral aspect of the AIIS. For surgical treatment, we performed osteotomy
for surgical excision and excisional biopsy. A mass with smooth surface and an
unclear superolateral AIIS border was found intraoperatively. Pathologic exam
showed definite diagnosis of osteochondroma. Postoperatively, discomfort during
hip flexion was improved, and the hip joint range of motion during walking was
recovered at the last follow-up, which was three weeks after the surgery.
CONCLUSION
This is a rare case to demonstrate relevant previous trauma history prior to the
formation of osteochondroma.
Key words: Apophysis; Anterior inferior iliac spine; Avulsion fracture; Posttraumatic
osteochondroma; Apophysis avulsion fracture; Apophysis osteochondroma; Case report
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The patient of this report showed change in the X-rays suggesting bone
remodeling due to callus formation of anterior inferior iliac spine apophysis and
osteochondroma being caused by anterior inferior iliac spine avulsion fracture. The patient
complained of pain, and underwent osteotomy. This case can show the correlation between
previous trauma and osteochondroma formation.
Citation: Cho HG, Kwon HY, Lee YC, Lee YC, Kweon SH. Osteochondroma formation after
avulsion fracture of anterior inferior iliac spine: A case report. World J Orthop 2020; 11(8):
357-363
URL: https://www.wjgnet.com/2218-5836/full/v11/i8/357.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i8.357

INTRODUCTION
In adolescence, apophysis avulsion fractures mostly occur in the pelvis and proximal
femur. The apophysis, a bony structure to which ligaments or tendons attach, has
ossification center related to growth plate and its avulsion fractures are uncommon but
can be induced by abrupt muscular contractions[1]. Osteochondroma is benign tumor
that mostly occurs at the metaphysis of a long bone, being usually asymptomatic.
However, occasionally, it is symptomatic due to complications according to size and
location. The precise mechanism is unknown, except for some cases reported of
osteochondroma after trauma. We hereby report a case of osteochondroma found after
inferior iliac spine (AIIS) apophysis avulsion fracture in a 15-year-old male with a
literature review.

P-Reviewer: Rodriguez-Merchan
EC, Yukata K

S-Editor: Zhang L
L-Editor: A
P-Editor: Xing YX

CASE PRESENTATION
Chief complaints
A 15-year-old male visited our hospital in August 2019, and a 3 cm × 3 cm mass-like
lesion at right AIIS was identified. The area was tender, without limitation in the joint
range of motion.

History of present illness
He experienced feeling and sound of a break while kicking a soccer ball in February
2016. He visited a local hospital because the active hip flexion became difficult. A
simple X-ray revealed an AIIS apophysis avulsion fracture (Figure 1). He underwent
conservative treatment in the hospital and physical therapy for six months. The
follow-up X-ray after three months demonstrated callus formation of AIIS apophysis
(Figure 2). Later, he felt a blocking sensation in the right hip joint while walking, and a
palpable mass was found anterior to the joint.

History of past illness
The patient had no significant previous medical history.

Personal and family history
The patient himself and no others in the family suffered from this symptom before.

Physical examination
Tenderness and swelling were evident along the right hip joint. He showed limping
gait and reported extensive pain from the right hip joint to thigh. He felt discomfort
with full hip flexion in supine position (Figure 3).

Laboratory examinations
Laboratory tests showed no significant result.

Imaging examinations
Magnetic resonance imaging (MRI) of the superolateral portion of AIIS revealed an
ossifying erosive mass with unclear border with the ilium. Lower signal was noted on
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Figure 1 X-ray taken after the initial trauma showing a right avulsion fracture of the apophysis of the anterior inferior iliac spine.

Figure 2 X-ray taken 3 mo after initial trauma showing callus formation in the anterior inferior iliac spine.

Figure 3 X-ray showing a round pedunculated bony protrusion on the superolateral aspect of the right anterior inferior iliac spine.

T1 stress view compared to the adjacent bone versus higher signal around the
periphery of the mass on T2 stress view and gadolinium contrast-enhanced T1 view.
Due to continuity between the superolateral portion of AIIS and cortical and
medullary bone of the mass, which was surrounded by cartilaginous cap, we
suspected it to be a pedunculated osteochondroma (Figure 4).

FINAL DIAGNOSIS
The surgical biopsy sample underwent hematoxylin and eosin staining to check
malignancy, and revealed three layers consisting of a perichondrium cartilage cap and
bone tissue; giving the patient definite diagnosis of osteochondroma (Figure 5).
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Figure 4 Imaging examinations. A: T1-weighted magnetic resonance images showed low signal intensity in the mass; B and C: T2 mDIXON water magnetic
resonance images, gadolinium-enhanced T1 mDIXON water images showing high signal intensity around the mass.

Figure 5 Histological section of an osteochondroma showing the three layers. Red arrow: Perichondrium; Green arrow: Cartilage cap; Yellow arrow:
Underlying bone. Hematoxylin and eosin stain, × 100.

TREATMENT
We planned to perform osteotomy for surgical excision and excisional biopsy.
Intraoperatively, a mass with smooth surface and an unclear superolateral AIIS border
was found (Figure 6). The mass was located anterior to the insertion site of the rectus
femoris tendon, not involving it. We used a curved osteotome to expose the fresh bone
following the border of ilium. Intraoperative fluoroscopic device showed the bony
border being not the same as that of the unaffected side (Figure 7). We could confirm
the removal with additional osteotomy by only the surface being peeled without the
osteotome internally proceeding (Figure 8). Postoperatively, we found out that border
of the bone was different from that of the unaffected side (Figure 9).
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Figure 6 Intraoperatively, an osteochondroma with a smooth margin and cartilaginous cap was found.

Figure 7 Intraoperative fluoroscopic device showed the bony border being not the same as that of the unaffected side. A: C-arm image
before cutting; B: C-arm image after cutting.

Figure 8 Confirm the removal with additional osteotomy by only the surface being peeled without the osteotome internally proceeding.
A: After excision, the fresh bone was exposed; B: A 4 cm × 4 cm specimen was excised.

OUTCOME AND FOLLOW-UP
Postoperatively, the discomfort during hip flexion was improved, and the hip joint
range of motion during walking was recovered at the last follow-up, three weeks after
the surgery. He provided informed consent of his data being publicated.

DISCUSSION
Hip avulsion fractures occur mostly during adolescence when actions such as kicking
or running cause forceful contraction of attached muscle. The fracture morphology
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Figure 9 Postoperative X-ray that shows the border of the bone being different from that of the unaffected side.

varies. Ischial tuberosity fractures usually occur during gymnastics, while those of
anterior superior iliac spine and AIIS occur during soccer[2]. The symptoms tend to be
mild, with localized tenderness and swelling in the fracture site. Primary ossification
of the hip joint occurs from the age of 11 to 17 years. Fractures of this period can affect
the secondary ossification center; therefore, the unaffected site must be the reference.
In AIIS avulsion fractures, fracture displacement is rare, as other connected tendons
bind it if proximal rectus femoris is intact. Most hip avulsion fractures can be
satisfactorily treated conservatively. Partial weight bearing using crutches are allowed
after two weeks, while stretching the muscles needs more care.
Osteochondroma is benign tumor that mostly occurs at the metaphysis of a long
bone, being usually asymptomatic. However, occasionally, it is symptomatic due to
complications according to size and location. Skeletal complications include deformity,
defective function, fracture, and malignant change. Non-skeletal complications can
occur because of vessel and nerve compression. Physical examination and simple Xray are usually used for diagnosis, and computed tomography and MRI are helpful for
confirming its exact size and location. MRI discerns surrounding soft tissue and the
exact border between osteochondroma and normal bone using signal intensity
difference. However, a definite diagnosis requires pathologic biopsy, which shows
characteristic features of a well-divided cartilage cap over the bone’s surface.
Asymptomatic single osteochondroma does not require treatment, while X-rays are
needed to monitor changes. Surgical excision must be considered when pain, limited
range of motion, restricted blood supply, nerve symptoms, or malignant changes exist.
The origin of osteochondroma is unclear. In 1891, Virchow reported
osteochondroma occurring in cartilage separated from growth plate. In 1920, Keith
reported it occurring when a defect in the periosteal bone collar is, causing abnormal
proliferation[3]. Geshickter and Copeland mentioned that a cluster of embryonic
connective tissue can transform into osteochondroma with repetitive external force at
the tendon insertion site[4]. Van Winkle and Mazur reported a case of osteochondroma
at surgical drainage site of osteomyelitis in a ten-month-old infant, mentioning that
surgical drainage may have damaged the growth plate and induced the
osteochondroma, according to Keith’s theory. Some authors have reported that a
trauma history prior to osteochondroma formation is relevant[5,6]. Mintzer et al[7]
reported a case of osteochondroma after a displaced Salter-Harris type II fracture in
the distal femur[7]. Miah et al[8] reported a case of osteochondroma occurring ten years
after trauma[8].
The patient of this report underwent osteotomy until fresh bone was exposed. The
border was different from that of the unaffected side. Compared to previous X-rays,
this suggested bone remodeling due to callus formation of AIIS apophysis and that
osteochondroma was caused by AIIS avulsion fracture.

CONCLUSION
This case can show the correlation between previous trauma and osteochondroma
formation. Therefore, the authors found out the importance of history taking when we
meet an osteochondroma patient. Previous traumatic history needs to be ruled out.
Further case reports regarding this type of history and development of
osteochondroma are needed for accumulation of data.
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Abstract
This opinion review considers the prevailing question of whether to screen or not
to screen for adolescent idiopathic scoliosis. New and improved standards of
people-oriented care and person-centredness, as well as improved principles of
preventive screening and guideline development, have been postulated and
implemented in health care systems and cultures. Recommendations addressing
screening for scoliosis differ substantially, in terms of their content, standards of
development and screening principles. Some countries have discontinued issuing
recommendations. In the last decade, a number of updated and new
recommendations and statements have been released. Systematically developed
guidelines and recommendations are confronted by consensus and opinion-based
statements. The dilemmas and discrepancies prevail. The arguments concentrate
on the issues of the need for early detection through screening in terms of the
effectiveness of early treatment, on costs and cost-effectiveness issues, scientific
and epidemiologic value of screenings, and the credibility of the sources of
evidence. The problem matter is of global scale and applies to millions of people.
It regards clinical and methodological dilemmas, but also the matter of vulnerable
and fragile time of adolescence and, more generally, children’s rights. The
decisions need to integrate people’s values and preferences – screening tests need
to be acceptable to the population, and treatments need to be acceptable for
patients. Therefore we present one more crucial, but underrepresented in the
discussion, issue of understanding and implementation of the contemporary
principles of person-centred care, standards of preventive screening, and
guideline development, in the context of screening for scoliosis.
Key Words: Scoliosis; Screening; Tests; Programs; Recommendations; Guidelines;
Principles; Benefits; Harms; Trustworthiness
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Core Tip: New and updated, but still discrepant, recommendations on screening for
scoliosis have been produced in recent years. The growing differences regard standards of
recommendation development and principles of screening. The advocates tend to promote
possible specific benefits from early treatment implemented thanks to screening testing,
whilst the opponents tend to apply contemporary generic principles of screening
programmes as preventive services, and the criteria of trustworthy guideline development,
underlining possible harms following overdetection, stigmatisation and unnecessary
treatment. It seems that clinical and person-oriented, rather than school-based, traditional
screening procedures, have been emerging as solutions for the future.
Citation: Płaszewski M, Grantham W, Jespersen E. Screening for scoliosis - New
recommendations, old dilemmas, no straight solutions. World J Orthop 2020; 11(9): 364-379
URL: https://www.wjgnet.com/2218-5836/full/v11/i9/364.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i9.364

INTRODUCTION
In this opinion review we will contribute to the discussion related to the prevailing
question whether “to screen or not to screen for adolescent idiopathic scoliosis”[1-4]. We
discuss the process of screening for scoliosis as it can be perceived today. Specifically,
we present a crucial, but understated, issue of understanding and implementation of
the contemporary principles of person-centred care, standards of preventive screening,
and guideline development, in the context of screening for scoliosis.
On one hand, new and improved standards of people-oriented care and personcentredness have been postulated and implemented in health care systems and
cultures[5-7]. New and improved principles of preventive screening[1,8,9] and guideline
trustworthiness[10-13] have been introduced. On the other hand, health care systems and
societies face dangers of overdiagnosis[14-17] and unnecessary treatment[17-19], as well as
of distrust in evidence-based medicine[20,21] and of disease mongering[17,18,22].
School screening for scoliosis was introduced in the United States in the 1960s[23].
The earliest, as it is called today, evidence-based recommendations on population
screening, were released in Canada in 1979[24,25]. Since then, different guidelines,
policies and statements were produced worldwide[24-26].
In the last decade, in the new era of guideline development[10-12,27,28], and after
screening principles have evolved significantly[1,8,9,29,30], a number of updated and new
recommendations and statements on screening for scoliosis[31-35], as well as on periodic
examination of the spine[36], have been released. Nonetheless, the dilemmas prevail[37-39]
and consensus does not seem to be reached[40,41]. Internationally, recommendations
differ substantially, not only in terms of their content, but also standards of
development and screening principles. Some countries have discontinued issuing
recommendations addressing screening for scoliosis[24,25]. The evidence base for
recommendation formulation is surprisingly limited[25,26,42-44]. The variations continue
(Table 1)[45-49].
In the United Kingdom, screening for scoliosis is not recommended since the
1980s[50]. The United Kingdom National Screening Committee consequently
recommends against screening[25,32], based on their set of principles, introduced in the
early 2000s[1]. The Canadian Preventive Task Force on Preventive Health Care have not
released any recommendation update since their 1994 recommendation against
screening for scoliosis[24,25,49]. The Australian National Health and Medical Research
Council, also operating on the basis of their advanced standards of guideline
development[51], have archived their latest (2002) recommendations against screening[48]
and do not continue releasing any new recommendations. The United States
Preventive Services Task Force (USPSTF), have changed their recommendation from
“no recommendation” in the 1990s[24,25], through a 2004 recommendation against
screening[24,25] and, most recently, to a statement of insufficient evidence to formulate
any recommendations[34]. Their key “I” recommendations are reported to the United
States Congress[52]. Orthopaedic and rehabilitation organisations tend to support
screening[31,33,35,46] (Table 1).
Consequently, the state of affairs in the United States remains peculiar. American
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Table 1 Major current and historical recommendations about screening for scoliosis
Institution, yr

Recommendation

Standard of development

Characteristics

Current recommendations:
United States
Preventive Services
Task Force, 2018[34]

No recommendation1 suggestion for
practice: “(…) If the service is offered,
patients should understand the
uncertainty about the balance of benefits
and harms”

Systematically developed;
Methods and standards following the USPSTF
Screening programme criteria- Procedure Manual; Systematic review addressing
based
six key questions2; Previous recommendation
(2004): Against screening

AAP Bright Futures
Guidelines, 2017/
2019[36]

Recommended (examination of the back)

Endorsement of the
SRS/AAOS/ POSNA/AAP
2015 position (below)

Examinations for scoliosis and “other
abnormalities” during all (11-21 yr) Adolescence
Health Supervision Visits

SOSORT, 2016
(published 2018)[35]

Recommended (school screening
programmes)

Consensus-based

Delphi method; Panel of experts and scoliosis
conservative treatment practitioners; 2007 SOSORT
screening consensus paper[45] recommended as “a
reference for specific insights”

United Kingdom
National Screening
Committee, 2016[32]

Not recommended (national populationbased screening programme)

Systematically developed;
United Kingdom National
Security Council (2015)
screening programme criteriabased

Based on systematic evidence review[43]; Criteria
addressing the condition, the test, the intervention
in terms of a clinically, socially and ethically
acceptable screening programme1;
Recommendation sustained (2006, 2012)

SRS/AAOS/
POSNA/AAP,
2015[33,46]

Recommended (to be conducted in a
medical home setting)

Opinion-based; narrative,
including information on new
evidence

Readers encouraged “to reach their own decisions”
as the statement is not based on a systematic
review; position confirmed[40] after the USPSTF
2018 recommendation

SRS International Task
Force, 2013[31]

Recommended (school screening)

Consensus-based; research
synthesis-guided

Expert consensus (Delphi method, seven surgeons,
epidemiologist) on test technical efficacy, clinical,
program, treatment, and cost effectiveness, using a
dedicated systematic review[47] and other available
critical literature reviews

Systematically developed

Based on critical review against criteria of screening
tests characteristics, treatment effectiveness, burden
of suffering; No current guidelines or guidelines in
development

Historical (and discontinued) recommendations:
National Health and
Medical Research
Council, Australia,
2002[48]

Not recommended (rescinded guideline,
not updated, archived[48])

Canadian Task Force
on Preventive Health
Care3,1994[49]

No recommendation: insufficient evidence Systematically developed
to recommend for or against (historical
guideline, not updated[49])

Based on critical review of the evidence of benefits
and harms of screening and treatment; No current
guidelines or guidelines in development

1

The current evidence is insufficient to assess the balance of benefits and harms of the service. Evidence is lacking, of poor quality, or conflicting, and the
balance of benefits and harms cannot be determined”[34];
2
For more details see Table 8;
3
Formerly Canadian Task Force on the Periodic Health Examination. AAOS: American Academy of Orthopedic Surgeons; POSNA: Pediatric Orthopedic
Society of North America, AAP: American Academy of Pediatrics; AIS: Adolescent idiopathic scoliosis; SOSORT: Scientific Society on Scoliosis
Orthopaedic and Rehabilitation Treatment; SRS: Scoliosis Research Society.

Academy of Family Physicians follow the USPSTF recommendations[53,54], whereas
American Academy of Paediatrics endorse the Scoliosis Research Society (SRS)/
American Academy of Orthopedic Surgeons (AAOS)/Pediatric Orthopedic Society of
North America (POSNA) statements[46,55]. There is no national policy school screenings
are mandatory, optional or are discontinued in individual States[56,57].
The arguments concentrate on the issues of the need for early detection through
screening, the effectiveness of early (conservative, especially bracing) treatment, and
consequent reduced surgery rate[33,35,40,46,55], on costs of screening procedures and costeffectiveness of screening programmes[31,47,58], as well as on scientific and epidemiologic
value of screenings[45,59] and the credibility of the sources of evidence[26,43,44,60].
Nonetheless, systematically developed guidelines and recommendations are
confronted by consensus and opinion based statements (Table 1).
The trust in expert opinions, rather than in systematically developed guidelines and
recommendations, seems to be related to the scepticism, or unfamiliarity with the
principles of evidence-based practice, and about the importance of its
implementation[20,21]. In our view, however, it is also a matter of understanding and
implementation of the contemporary principles and standards of screening (while
both issues are very much related). We propose a discussion around screening for
scoliosis put in this context.

WJO

https://www.wjgnet.com

366

September 18, 2020

Volume 11

Issue 9

Płaszewski M et al. Screening for scoliosis and principles of screening

The problem matter is of global scale[24,38], applies to millions of people[61-63], and
screening programmes have usually been school-based[26]. It regards clinical and
methodological dilemmas, but also the matter of vulnerable and fragile time of
adolescence[64] and, more generally, the matter of preserving children’s rights[65]. The
decisions need to integrate people’s values and preferences[1,7,9,16,28] – screening tests
need to be acceptable to the population, and treatments need to be acceptable for
patients[1,9,28,29].

PEOPLE-CENTRED CARE
The World Health Organisation’s Global Strategy of Integrated People-centred Health
Services 2016-2026 underpins that people and communities need to be placed at the
centre of health services, with terms and actions such as people-centred care, personcentred care and engagement, representing this philosophy[5,66].
Shared decision making is the core of people-centred care[6,7,67-69]. Decisions need to
be grounded in patients’ values and perspectives[5-7,67,68], as engaging patients in making
choices and decisions leads to better health outcomes and better healthcare
experiences[6,68,70,71]. Standardised information, such as patient decision aids, are
replacing traditional educational and information tools, as the way clinicians provide
information may strongly affect people’s preferences[72,73]. We summarise those key
terms in Table 2.

GUIDELINE DEVELOPMENT AND RECOMMENDATION FORMULATION
TODAY
Standards of guideline development and recommendation formulation have been
improved in recent years[10-12,27] (Table 3). Based on the Institute of Medicine standards
of guideline development[10], guidelines not based on systematic review of the
evidence were no longer included in the National Guideline Clearinghouse
database[13].
Contemporary sets of criteria for trustworthy guidelines do not duplicate, but
control for conflicts of interests, multidisciplinary guideline development group
composition, public engagement, shared decision making and respecting people’s
voices are their common features[10,11,27,74,75]. Interestingly, these have been postulated by
the Evidence-Based Medicine Working Group specifically addressing guidelines and
recommendations about screening as early as in 1999[28] (Table 4).

EVOLUTION OF SCREENING PRINCIPLES
The 1968 World Health Organisation’s “Principles and Practice of Screening for
Disease”[29] (Table 5) have become the gold standard[1,9,30], and are still used as a frame
of reference[9,47].
Nonetheless, the understanding, principles, and criteria of screening have evolved
over the years, and numerous proposals and policies have been formulated[1,8,30] and
introduced[26,43,48,49]. A recent synthesis study located 41 sets of standards and 367
screening principles[9] (Table 6).
In contrast with the Wilson and Jungner’s “screening for disease”[29] (Table 5),
defining screening as secondary prevention (early disease detection), contemporarily
screening is defined as preventive service, covering all stages of management, from
prevention, through diagnostics, to treatment[1,8,9,16,28] (Table 6).
Harris et al[8] propose to introduce the term ‘‘predictor of poor health’’ to emphasize
a focus on health outcomes[8]. The terminology shifted from “asymptomatic
subjects”[24,25] to “otherwise healthy individuals”[75]. (“It is sometimes useful, we think,
to use a term that refers to all forms of early detection whether by screening, physical
examination or other means; and this is meant when we use the term "early disease
detection”[29]. “The purpose of screening is to improve the length and/or quality of
people’s lives, not just to find abnormalities”[8]).
Importantly, however, Wilson and Jungner postulated that both the treatment and
the test need to be acceptable to the population, and that the first aim is to avoid harms
to the patients[29]. The underpinning principle is that screening may be beneficial, but it
can also be harmful[1,8,9,28]. [“In adhering to the principle of avoiding harm to the patient
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Table 2 Terms related to people-centred care and person-centred care
Terms
People-centred
care

“Organised around the health needs and expectations of people rather than diseases (…) requires that people have the education and
support they need to make decisions and participate in their own care”[5]; “extends the concept of patient-centred care to individuals,
families, communities and society”[66]

Person-centred
care

“Care approaches that see the person as a whole with many levels of needs and goals, with these needs coming from their own
personal and social determinants of health”[5]

Engagement

“Involving people and communities in the design, planning and delivery of health services that (…) enable them to make choices about
care and treatment options”[66]

Patient decision
aids

“Evidence-based tools designed to help patients specific and deliberated choices among health-care options”[72]

Shared decisionmaking

“Process through which clinicians and patients make health care choices together”[67]

Table 3 Generic standards of trustworthiness for guidelines and recommendations
Institute of Medicine, 2011[10]

Guidelines International Network, 2012[11]

1. Establishing transparency; 2. Management of conflicts of interest; 3. Guideline
development group composition: multidisciplinary group, methodologist
involvement, patient and public perspectives; 4. Clinical practice guideline –
systematic review intersection/ use of systematic review evidence; 5. Evidence
foundations for and rating strength of recommendations; 6. Specific and
unambiguous articulation of recommendations; 7. External review; and 8.
Updating

1. Composition of guideline development group; 2. Decision-making
process; 3. Conflicts of interest; 4. Scope of a guideline; 5. Methods; 6.
Evidence reviews; 7. Guideline recommendations; 8. Rating of
evidence and recommendations; 9. Peer review and stakeholder
consultations; 10. Guideline expiration and updating; and 11.
Financial support and sponsoring organization”

Table 4 Screening-addressed standards of trustworthiness for guidelines and recommendations
“How to use guidelines and recommendations about screening”, Evidence-Based Medicine Working Group, 1999[28]
“Are the recommendations valid?
Is there randomized controlled trial evidence that earlier intervention works?
Were the data identified, selected and combined in an unbiased fashion?
What are the recommendations and will they help you in caring for your patients?
What are the benefits?
What are the harms?
How do these compare in different people and with different screening strategies?
What is the impact of people’s values and preferences?
What is the impact of uncertainty?
What is the cost-effectiveness?”

at all costs (the primum non nocere of Hippocrates), treatment must be the first aim”[29]
].

HARMS OF SCREENING
Problems of potential harms of screening, such as overdiagnosis and unnecessary
treatment, have gained much attention recently[14-17]. These concerns correspond with
the debate on widening the definitions of diseases, narrowing the definition of health,
with medicalisation of unpleasant experiences of everyday life[17,18], and presenting
presymptomatic, early or minor problems as serious conditions[17-19,22]. Another
potential driving factor for overdiagnosis and unnecessary treatment is using a
common term – label of a single “disease” – for a heterogeneity of conditions of wide
spectrum of health outcomes[17,18,76-78], and the phenomena of “apparent illness”[17],
attributed to overdetection due to increased testing and improved diagnostic tools,
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Table 5 Wilson and Jungner screening principles, World Health Organization 1968[29]
“Principles of early disease detection” Wilson and Jungner, WHO, 1968[29]
1 The condition sought should be an important health problem
2 The natural history of the condition, including development from latent to declared disease, should be adequately understood
3 There should be a recognizable latent or early symptomatic stage
4 There should be a suitable test or examination
5 The test should be acceptable to the population
6 There should be an agreed policy on whom to treat as patients
7 There should be an accepted treatment for patients with recognized disease
8 Facilities for diagnosis and treatment should be available
9 The cost of case-finding (including diagnosis and treatment of patients diagnosed) should be economically balanced in relation to possible expenditure
on medical care as a whole
10 Case-finding should be a continuing process and not a “once and for all” project

WHO: World Health Organization.

rather than a real change in the incidence of illness[16,18,76,77].
Calls for renaming low risk conditions labelled as cancers[78] and the “tripling of the
incidence of thyroid cancer, with unchanged death rate”[17], are striking examples, but
analogies to adolescent idiopathic scoliosis, both in terms of the progression of the
condition, as well as severity and a very wide spectrum of potential health outcomes,
are also noticeable. In Table 7, we summarise the drivers of “too much
medicine”[14,17,18,77] and present our view of corresponding issues regarding screening
for scoliosis.
Screening programmes are recognised as justified when they address conditions
which would lead to earlier death or significant decline in health if a condition is not
detected through screening[1,9,14,16,77].
A proposed screening programme need to be evaluated against evidence on the
magnitude of health benefits, but also against the evidence on the magnitude of health
harms. The factors on the harms side of the screening balance are the frequency of
false-positive tests, the frequency of overdiagnosis, and the experience of
overdiagnosed people (Table 7)[79-81], considered in relation to the magnitude
(frequency and severity) of harm[1,8,9,14,77].
Harms are no longer understood purely in terms of direct adverse events or side
effects of diagnostic testing (such as x-ray exposure[26,43]) and of treatment (such as skin
irritation by a brace[82]). They are meant as the value of health lost due to the
overdiagnosed or false-positive health state, such as anxiety and complications of
labelling, diagnostics, unneeded or unnecessary treatment, and stigmatisation[1,8,9,16,18].
“The experience of overdiagnosis (…) often life-changing, (…) includes unnecessary
psychological and physical effects from labeling, diagnostic evaluation, and treatment,
(…) is itself associated with harm”[8].

UPDATED RECOMMENDATIONS, OUTDATED STANDARDS?
Disputes over screening for scoliosis have focused on the condition-specific
arguments, such as the need for early detection and treatment, and the evidence for
the effectiveness of nonsurgical treatment, in terms of avoiding the need for surgery.
Less attention is paid to the dispute regarding the evolving generic concepts,
standards and principles of screening.

People-centredness
Decisions about treatment (and screening) options are considered “preferencesensitive” because of insufficient evidence about the outcomes and because a trade-off
between known benefits and harms is needed[26]. Individual people do not necessarily
benefit from treatments, even if they show beneficial effects for populations[1,8,71].
People differ in their judgements of the balance of potential harms and benefits of
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Table 6 Fifty years after Wilson and Jungner, Consolidated principles for screening, 2018[9]
“Consolidated principles for screening” Dobrow et al[9], 20181
“Disease/condition principles:
1 Epidemiology of the disease or condition (..) should be adequately understood, and the disease or condition should be an important health problem
2 Natural history of disease or condition (…) should be adequately understood, the disease or condition is well-defined, and there should be a detectable preclinical phase
3 Target population for screening (…) should be clearly defined (e.g., with an appropriate target age range), identifiable and able to be reached
Test/ intervention principles:
4 Screening test performance characteristics (…) should be appropriate for the purpose, with all key components specific to the test (…) being accurate (…) and reliable or reproducible. The test should be acceptable to the target population
and it should be possible to perform or administer it safely, affordably and efficiently
5 Interpretation of screening test results. Screening test results should be clearly interpretable and determinate (e.g., with known distribution of test values and well-defined and agreed cut-off points) to allow identification of the screening
participants who should (and should not) be offered diagnostic testing and other postscreening care
6 Postscreening test options. There should be an agreed (…) course of action for screening participants with positive screening test results that involves diagnostic testing, treatment or intervention, and follow-up care that will modify the
natural history and clinical pathway for the disease or condition; that is available, accessible and acceptable to those affected; and that results in improved outcomes (…). The burden of testing on all participants should be understood and
acceptable, and the effect of false-positive and false-negative tests should be minimal
Program/ system principles:
7 Screening program infrastructure (…)
8 Screening program coordination and integration (…)
9 Screening program acceptability and ethics. All components of the screening program2 should be clinically, socially and ethically acceptable to screening participants, health professionals and society, and there should be effective
methods for providing screening participants with informed choice, promoting their autonomy and protecting their rights
10 Screening program benefits and harms. The expected range and magnitude of benefits (…) and harms (…) for screening participants and society should be clearly defined and acceptable, and supported by existing high-quality
scientific evidence (or addressed by ongoing studies) that indicates that the overall benefit of the screening program outweighs its potential harms
11 Economic evaluation of screening program (…) (e.g., cost-effectiveness analysis, cost–benefit analysis and cost–utility analysis) (…), using a health system or societal perspective, (…) to assess the full costs and effects of implementing,
operating and sustaining the screening program while clearly considering the opportunity costs and effect of allocating resources to other potential nonscreening alternatives (…)
12 Screening program quality and performance management (…)

1

based on a systematic review and a modified Delphi consensus process, using 41 sets and 367 screening principles[9]; elaborations abridged;
i.e. “recruitment, testing, information access, diagnosis, referral, treatment, follow-up, patient education and support, staff training and program management and evaluation”[9].

2

screening. Hence they need to be informed and participate in decision making[69-73]. It is
considered an ethical duty to encourage people to decide for themselves[71]. The 2017
Cochrane review on patient decision aids (an update of the most cited Cochrane
review in 2014)[72] included studies involving adults making decisions for themselves,
for a child or for a significant other, about screening or treatment options. None of the
105 included trials, and none of the excluded studies, addressed scoliosis. None of the
discussed guidelines and position statements (Table 1 and Table 8) invited screening
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Table 7 “Drivers of overdiagnosis” and their relation to scoliosis screening
“Drivers of overdiagnosis”, Kale et al[77], 2018

Examples of disputable and unclear scoliosis issues

Category

Factor

Broadening disease
definitions

Lowering of diagnostic thresholds

Cut-off point of 10° Cobb, treatment starts from 20°-25° Cobb[26,43]; proposed 6° Cobb cutoff point[79]

Recognition of risk factors as prediseases

Mild scoliosis with no symptoms, disputable risk of progression;
inconclusive/unconvincing evidence for treatment effectiveness

Use of advanced technology for
diagnosis

Proposals of advanced imaging technologies[79,80]; and follow-up tests connected to
potential overdiagnosis

Technology

Use of more sensitive screening tests
Public health
interventions

Widespread screening

Screening programmes mainly school-based[26,56]; millions of adolescents subjected to
school screening[56,62-64]

Culture of medical
care

Value of diagnosis for its own sake

Testing encouraged by professional organisations[33,35,36,46,59]

Clinician cognitive
errors

Overestimation of benefit of therapy in
mild or low risk disease

Evidence-to-practice gaps as regards effectiveness of early conservative treatment[25,26,42]
and differences in long term health outcomes between treated and untreated
people[26,43,81]

System factors

Financial incentives for more testing

-

Evidence limitations Lack of clarity regarding disease
spectrum in studies of diagnostic
accuracy

Disputable AIS severity divisions (mild–moderate–severe) vs broad and unspecified curve
spectrums (e.g 10°-50° Cobb) and screening test accuracy[26,43]

AIS: Adolescent idiopathic scoliosis.

participants or included an analysis of their voices. The SRS/AAOS/American
Academy of Pediatrics (AAP)/POSNA[33,46] or Scientific Society on Scoliosis
Orthopaedic and Rehabilitation Treatment[35] statements do not contain any
information on patients’ engagement or shared decision making. Five, out of ten,
Wilson and Jungner[29] principles, considered by the SRS International Task Force[31,47],
were technical efficacy, clinical effectiveness, program effectiveness, treatment
effectiveness, and cost-effectiveness. The United Kingdom National Security Council
formulated their recommendations based on eleven criteria[43], and the USPSTF on
eight “key questions”[26] (Table 8), none of them include such issues.
One present day phenomenon, of importance regarding sources of information and
evidence, but also particularly about people-centredness, is the digital revolution. The
access to health information has democratised, people are using new technologies to
share information and experiences, build social networks and run blogs[70]. Social
networks are becoming sources of scientific evidence[83] and websites, blogs and social
media are today recognised as grey literature[84]. These apply for people with scoliosis,
and for scoliosis research and practice[85-87].

The child perspective
The problem of screening for scoliosis is about adolescents and their school
environment. In 2017, seven out of eight international screening programmes were
school-based[26].
According to the United Nations Convention on the Rights of the Child, children
have, among other rights, the right to “express an opinion, and to have that opinion
taken into account, to privacy, to protection from abuse or neglect”[65]. In concert with
this, the recent “Unique Needs of the Adolescents” Policy Statement of the AAP, calls
for protecting the rights of adolescents through developmentally appropriate,
adolescent-centred, family-involved care, addressing physical and mental health,
confidentiality, socioeconomic factors, and sexual and gender development, in terms
of identity, relationships and roles[64]. (“In adolescents to whom confidentiality is not
assured, there is a higher prevalence of depressive symptoms, suicidal thoughts, and
suicide attempts”[64]).
The AAP’s Bright Future guidelines for health supervision were updated in 2017
and 2019 with a “new focus on social determinants of health and on lifelong physical
and mental health”[36]. Nonetheless, as of scoliosis, the guidelines simply refer to the
2015 position of the orthopaedic societies[46].
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Table 8 Unmet and partially met United States Preventive Services Task Force[26] and United Kingdom National Screening Committee[43] key questions and criteria, tested in recommendation formulation on
screening for scoliosis
Criterion

Findings/conclusions

Key Questions, United States Preventive Services Task Force, 2018[26]:
Does screening for improve: (1) Health AIS outcomes, and (2) The degree of abnormal
spinal curvature in childhood or adulthood?

No relevant RCTs or CCTs, evaluating the impact of screening on curve severity or adult health outcomes

What is the association between severity of spinal curvature in adolescence and health
outcomes in adulthood?

No studies directly addressing this question: none of two included studies reported health outcomes data stratified by curve degree at skeletal
maturity

What are the harms of screening for AIS?

No studies met inclusion criteria

What are the harms of treatment of AIS that has a Cobb angle of less than 50° at
diagnosis?

Harms of bracing reported in one good-quality study[,81] (relatively benign skin problems and nonback pain; one out of 146 participants
hospitalised due to anxiety and depression); no other studies or evidence on other harms

Screening criteria1, United Kingdom National Screening Committee, 2016[43]:
There should be a simple, safe, precise and validated screening test

Not met; Poor PPV of FBT test in distinguishing whether treatment or observation is needed; potential overdetection, waste of resources and
unnecessary x-ray exposure

The distribution of test values in the target population should be known and a suitable
cut-off level defined and agreed

Partially met; No single established cut-off value; other uncertainties, including additional use of Moiré topography and optimal screening age

There should be an effective treatment or intervention for patients identified through
early detection, with evidence of early treatment leading to better outcomes than late
treatment

Not met; Two studies were eligible, but were conducted in clinically detected cases, and did not compare treatment after screen detection and after
clinical detection; no evidence found on effectiveness of conservative treatments of mild scoliosis and on surgical treatment outcomes in screendetected vs clinically detected severe cases

There should be agreed evidence based policies covering which individuals should be
offered treatment and the appropriate treatment to be offered

Partially met; Specific Cobb angle cut-off for observation or treatment introduction, or a particular treatment approach, difficult to identify

There should be evidence that the complete screening programme (test, diagnostic
procedures, treatment/ intervention) is clinically, socially and ethically acceptable to
health professionals and the public

Not met; Adherence to bracing prescribed following screen detection difficult to define/recognise; no studies on adherence to other conservative
treatments or on uptake following recommendation for surgery

1

There are 20 United Kingdom National Screening Committee screening criteria, addressing the condition, the test, the intervention, the programme, and implementation criteria; the table includes criteria categorised as “unmet” or
“partially met” in the Screening for adolescent idiopathic scoliosis: external review against programme appraisal criteria for the United Kingdom National Screening Committee[43]. AIS: Adolescent idiopathic scoliosis; RCT: Randomised
controlled trial; CCT: Clinical controlled trial; FBT: Forward bend test.

Evidence base and standards of recommendation formulation
The SRS/AAOS/AAP/POSNA in their 2015 statement[33,46] urged the USPSTF to
update their recommendations in view of new evidence of brace treatment
effectiveness[82]. The conclusions of the USPSTF are, in fact, opposite. They formulated
their “I” statement that “(…) the current evidence is insufficient to assess the balance
of benefits and harms of the service. Evidence is lacking, of poor quality, or conflicting,
and the balance of benefits and harms cannot be determined”[34,74,75] (Table 1). USPSTF
follows rigorous guideline development standards and procedures[74,75]. In contrast,
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their previous (2004) recommendation was based on a “brief evidence update”[88] of
low methodological quality, lacking expected reporting of the search, selection, and
appraisal of the evidence[25].
Importantly, both the USPSTF[26], and the United Kingdom National Security
Council[43] systematic reviews, produced in the preparation of recommendation
formulation (Table 1), did not find convincing evidence for a number of criteria and
key questions, including harms of screening, long term treatment effects, and
differences in health outcomes between screen- and clinically detected cases, as well as
whether they may be associated with the condition, the treatment (including screening
and workup) or the diagnosis (Table 8).
Expert opinions are contemporarily not considered as a substitute for evidence in
guideline development standards and methods[10,11,27]. Systematically developed
guidelines – both current and historical (Table 1) – are, to a different extent, sceptical
about school screening for scoliosis[24,25,32,34]. Nonetheless, the distrust[41] and opposite
claims[40,89,90] continue.

Continuum of disease definition – mild scoliosis
The minimum criterion for diagnosis of scoliosis, the cut-off point of 10° in the Cobb
classification[26,91,92], is questioned[26,43] as “based on convention”[26]. Brace treatment
starts from 20-25° Cobb[35,53,91,92], so there is a gap between a diagnosed condition and a
condition with available (effective) treatment[26,43]– one of the principles of a justified
screening programme[1,8,9,28,29] (Tables 4-6). Additionally, for the majority of screenpositive persons, adolescent idiopathic scoliosis will be a benign condition – curves
progress among about two-thirds of adolescents, but only one-third and less than 10%
of the diagnosed will experience progression of more than 10° and 30°,
respectively[26,53]. In the screening programmes, the majority of detected curves were
10°-19°, thus only the minority will progress to the 20°-25° threshold for brace
treatment[26,93,94]. And only very few will progress to more severe deformities, which
may require surgery (prevalence of 0.1% in adolescents and of 0.4% in general
population for curves exceeding 40°)[95]. Furthermore, the false-positive rates for the
routinely used, and recommended, forward bend test, are up to 21.5%[26]. The critiques
of population-based screening argue that deformities requiring treatment will be
diagnosed clinically, even in the absence of screening programmes (Table 1).
“Distribution of curves was similar for children detected through school-based
screening compared to those who were detected clinically”[26]. And the effectiveness of
school screening on curve magnitude at clinical presentation, in comparison to
clinically detected cases, is reported as doubtful[39].
Aesthetics and body acceptance are potential challenges in people with scoliosis:
Labelling mild “deviations” from “norms” need to be considered in this context[96-98].
The connection with scoliosis, body image and mental health issues are well
recognised in research, but in people with diagnosed, typically serious, deformities,
and who are treated for scoliosis[81,91,99-101]. Not in “otherwise asymptomatic” (i.e
healthy) young people referred to screening. “Adolescent idiopathic scoliosis is most
often asymptomatic during adolescence, and is (..) not typically associated with clinical
finding other than body asymmetry”[26].
The evidence is unconvincing whether slowing down the curve progression has
other positive health outcomes in body function and person-oriented outcomes such as
pain, psychosocial status, and body experience. On the other hand, aesthetics is
considered an important criterion of treatment[26]. Mild scoliosis may be recognised as
a health condition, as it is considered in both the prevailing societal stereotypes and
biomedically (rather than psychosocially) oriented assumptions of straight (perfect)
bodies[96,97,102-104] (Figure 1).
The literal meaning of “orthopaedics” is “straight child, free from deformity”, and it
comes from the XVIII century[105].

CONCLUSION
Opinion-based health care recommendations and guidelines tend to be no longer
valid. Evidence-base, and strength of the recommendations, are followed, or at least
addressed, in contemporary guidelines, recommendations and position statements on
screening for scoliosis. Nonetheless, trustworthiness of individual documents remains
disputable. Problems include formulating conclusions based on selective citations
rather than on research syntheses, with emphasis on potential benefits of treatment,
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Figure 1 Tree of Andry. A symbol of orthopaedics. Original source of the image: Nicolas Andry (engraver unknown), “L’Orthopedie”1741. Immediate source is:
Nicolas Andry, “Orthopaedia, or the Art of Correcting and Preventing Deformities in Children”, vol. 1, 1743, opp.211. Downloaded from:
https://commons.wikimedia.org/wiki/File:Andry_tree.png.

and silence on systematically developed recommendations against screening, or the
fact that scoliosis screening has been discontinued in countries with established
standards of guideline development and implementation.
Guidelines, recommendations and position statements are even more discrepant,
when taking into consideration contemporary principles and standards of screening.
These apply especially to experiences of people and potential personal harms,
including those following over-detection and false-positive test findings, labelling,
overtreatment, and stigmatisation. There is no consideration of the issues of informed
choice and shared decision making. Knowledge translation tools, educational
materials or patient decision aids are not considered in any of those documents.
Nonetheless, the discussed documents have at least one crucial commonality. The
SRS/AAOS/POSNA/AAP 2015 position[33,46] includes a significant recommendation
that “screening exams for spine deformity should be part of medical home preventive
services”. The “Unique Needs of the Adolescents” statement promotes the PatientCentred Medical Homes[64]. Bright future guidelines recommend spine examination
during individual Adolescent Periodic Health Visits[36].
Potentially, this could be a more respectful way of examining the spine than the
school-based procedure. It does make a difference in terms of person-centredness,
whole-person orientation and, more broadly, schools as “safe places”[64]. Perhaps
medical homes could be the right places to examine for scoliosis in adolescent- and
family-oriented, respectful way, in confidentiality, by properly trained personnel, not
only in terms of the accuracy of testing but also in terms of ensuring the unique needs
of adolescents. As regards to screening programmes, potential harms to all screened
adolescents, not only to those diagnosed, as well as shared decision-making, need to
be considered.
Furthermore, all of these are recommendations for spine examinations rather than
screening programmes.
It is important to stress that the idea of this paper is to highlight the issue of
screening understood as a preventive programme, rather than as a test[1,8,9,29,30] or a
clinical back inspection, especially in order to underline the important and
underrepresented in the literature issues of people-centredness and shared decisionmaking. Standards such as the Bright Future guidelines[36], and reports on the necessity
for accessible primary care for adolescents, including careful spine examinations[106],
are unquestionable.
Nonetheless, there are still many debatable issues related to this subject matter, such
as delivering services and ensuring person-centeredness in areas where health visits
are not mandatory or not provided. One of the aims of this opinion review is an
invitation for further discussion regarding this multidimensional subject matter.
In terms of preventive screening, an answer to the question on how to screen for
scoliosis, instead of whether to screen (“to screen or not to screen for scoliosis”), is
warranted.
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Abstract
BACKGROUND
Flexible intramedullary nailing (FIMN) is relatively contraindicated for pediatric
length unstable femoral fractures.
AIM
To evaluate FIMN treatment outcomes for pediatric diaphyseal length unstable
femoral fractures in patients aged 5 to 13 years.
METHODS
This retrospective study includes pediatric patients (age range 5-13 years) who
received operative treatment for a diaphyseal femoral fracture at a single
institution between 2013 and 2019. Length unstable femur fractures treated with
FIMN were compared to treatment with other fixation methods [locked
intramedullary nailing (IMN), submuscular plating (SMP), and external fixation]
and to length stable fractures treated with FIMN. Exclusion criteria included
patients who had an underlying predisposition for fractures (e.g., pathologic
fractures or osteogenesis imperfecta), polytrauma necessitating intensive care unit
care and/or extensive management of other injuries, incomplete records, or no
follow-up visits. Patients who had a length stable femoral fracture treated with
modalities other than FIMN were excluded as well.
RESULTS
Ninety-five fractures from ninety-two patients were included in the study and
consists of three groups. These three groups are length unstable fractures treated
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with FIMN (n = 21), length stable fractures treated with FIMN (n = 45), and length
unstable fractures treated with either locked IMN, SMP, or external fixator (n =
29). P values < 0.05 were considered statistically significant. Patient characteristic
differences that were statistically significant between the groups, length unstable
with FIMN and length unstable with locked IMN, SMP, or external fixator, were
average age (7.4 years vs 9.3 years, respectively), estimated blood loss (29.2 mL vs
98 mL, respectively) and body mass (27.8 kg vs 35.1 kg, respectively). All other
patient characteristic differences were statistically insignificant. Regarding
complications, length unstable with FIMN had 9 total complications while length
unstable with locked IMN, SMP, or external fixator had 10. Grouping these
complications into minor or major, length unstable with locked IMN, SMP, or
external fixator had 6 major complication while length unstable with FIMN had 0
major complications. This difference in major complications was statistically
significant. Lastly, when comparing patient characteristics between the groups,
length unstable with FIMN and length stable with FIMN, all characteristics were
statistically similar except time to weight bearing (39 d vs 29 d respectively). When
analyzing complication differences between these two groups (9 total
complications, 0 major vs 20 total complications, 4 major), the complication rates
were considered statistically similar.
CONCLUSION
FIMN is effective for length unstable fractures, having a low rate of complications.
FIMN is a suitable option for length stable and length unstable femur fractures
alike.
Key Words: Flexible intramedullary nail; Titanium elastic mail; Elastic stable
intramedullary nail; Pediatrics; Length unstable; Femoral fractures; Bone fracture;
Orthopedics
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core Tip: There is debate between orthopaedic surgeons regarding proper treatment for
length unstable femoral fractures in patients between the ages of 5 and 11. In our
manuscript we present results demonstrating that flexible intramedullary nailing in this
subset of patients is an effective form of treatment and compares well to other forms of
treatment for this subset of patients. Our results also compare favorably to those from
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INTRODUCTION
Diaphyseal femoral fractures account for roughly 1.6% of fractures in pediatric
patients 5-18 years of age with an incidence of 19 per 100000 children[1,2] and are more
common in males[3]. These fractures place a substantial burden on the patient and their
family due to hospitalizations, complex treatment options, and lengthy recovery
times[2,4]. Fracture pattern, length stability, patient weight/age, geographic location,
and surgeon preference all play a role in the choice of treatment[1]. Surgical
intervention is nearly always recommended for pediatric femoral fracture patients
above the age of 5[5].
Length unstable fractures have been defined as spiral/long oblique or comminuted,
with a fracture line length ≥ twice the diameter of the femoral shaft at the level of the
fracture[5-11]. This fracture is often associated with > 2 cm of shortening[5,12]. The length
unstable diaphyseal femoral fracture is problematic in children ages 5–11 due to the
long recovery time, skeletal immaturity, heightened risk of post-operative
complications, and a lack of consensus as to the proper fixation modality[5,6,13]. Options

https://www.wjgnet.com

381

September 18, 2020

Volume 11

Issue 9

Mussell EA et al. Femoral fractures

include external fixation (Ex fix), submuscular plating (SMP), open/compression
plating, flexible intramedullary nailing (FIMN) (titanium vs stainless steel) (locked vs
non-locked), rigid intramedullary nailing, ex fix in combination with elastic nailing,
semi-rigid pediatric locking nail, and others[14-16]. FIMN of the pediatric femur, which is
synonymous with both titanium elastic nailing and elastic stable intramedullary
nailing, provides immediate-to-early stability to the involved bone segment,
permitting early mobilization and allows for return to normal activities with a
relatively low complication rate[17]. Although FIMN is an effective procedure for length
stable diaphyseal pediatric femoral fractures, there is concern regarding its use for
length unstable fractures[8,9,14,18-21]. Potential complications with FIMN treatment for
length unstable fractures include suboptimal stability leading to angulation,
shortening, rotation[8,22-24], and nail protrusion resulting in symptomatic hardware with
skin irritation being the primary patient complaint[6,16,25].
Despite the above concerns, FIMN is still often used for length unstable femur
fractures. We hypothesized that FIMN is a viable option for length unstable femur
fractures with a rate of complications that does not differ unfavorably from other
treatment options. We performed a retrospective chart review at a single institution to
compare FIMN with other treatment options for length unstable femur fractures with a
primary outcome of complications. Also, because the treatment group, length unstable
other than FIMN, was slightly older and heavier, we utilized a second comparison
group, length stable fractures treated with FIMN.

MATERIALS AND METHODS
Institutional Review Board approval was obtained. Billing databases at a single
institution were used to identify patients (age range 5–13) who had received surgical
management of a diaphyseal femoral fracture from 2013–2019. Charts and radiographs
were reviewed. Recorded data included patient characteristics (sex, age, weight,
fracture type, blood loss from surgery, follow-up duration and time to weight bearing)
and complications (rotational deformity, shortening, arthrofibrosis, symptomatic
hardware, treatment change, wound complications, and decreased range of motion).
Complications were stratified into minor and major in accordance with previous
studies[26]. Minor complications constitute pain at the nail insertion site (i.e.,
symptomatic hardware) and temporary complications that are self-resolving or that
are completely resolved without surgery (e.g. superficial surgical site infection and
superficial wound complications). Major complications are those persisting at final
follow-up or those requiring additional procedures and include instrument failure
requiring revision, rotational deformities requiring surgical correction, and
arthrofibrosis requiring knee manipulation under anesthesia. The only exception to an
additional procedure considered as a minor complication is hardware removal due to
symptoms. Patients who had an elective hardware removal in the absence of
symptoms were not included as complications. Rotational deformity and leg-length
discrepancy were assessed clinically by the treating orthopaedist. If a clinical concern
of either deformity was raised, then long-leg X-rays with the contralateral leg were
obtained. Shortening was measured on lateral X-rays and was defined as shortening
greater than 14 mm, which is the upper acceptable limit in the literature[27].
Inclusion criteria is a femur fracture in a patient aged 5-13 years. One hundred and
sixty-three such patients were identified. Cases were excluded if they had an
underlying predisposition for fractures (e.g., pathologic fractures or osteogenesis
imperfecta) (9 patients), polytrauma necessitating intensive care unit care and/or
extensive management of other injuries [may skew data on variables including
estimated blood loss (EBL), operative time, and time to weight bearing due to the
associated injuries] (12 patients), incomplete records (8 patients), or no follow-up visits
(12 patients). Thirty patients were also excluded as they had a length stable fracture
treated with modalities other than FIMN. Ninety-two patients with 95 fractures were
included. They constituted three groups: Length unstable femoral fractures treated
with FIMN, length unstable femoral fractures treated with a modality other than
FIMN (locked IMN, SMP, and external fixators), and length stable femoral fractures
treated with FIMN. Primary outcomes for the study were the number and percentage
of complications per each group and the secondary outcomes included the types of
complications per each group (e.g. symptomatic hardware, rotational deformity, etc.)
and their severity (major or minor).
A two-tailed t-test and a chi-square test were performed for continuous and
categorical data, respectively. P values < 0.05 were considered statistically significant.
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Regarding the primary surgical treatment of interest in this study, FIMN, the
procedure described in depth by Busch et al[26] is the one predominantly carried out at
our institution. Also, patient follow-up was achieved in clinic at our institution from
the first presentation of the involved femoral fracture(s) to the patient’s last clinic visit.
Our institution also does not typically cast fractures in conjunction with FIMN, and
patients included in this study were not casted after surgical correction. The treating
orthopaedist considered the fracture(s) completely resolved when union was evident
on x-ray and when the patient’s symptoms, specific to the prior femoral fracture(s) of
concern, were resolved. All patients were given the option of additional follow-up in
clinic if symptoms reemerged and/or if a physical deformity appeared.

RESULTS
Ninety-five fractures from ninety-two patients were included in this study. There were
50 length unstable fractures (Table 1). Twenty-one were treated with titanium FIMN,
and included 17 males and 4 females, with an average age of 7.4 years (range: 5.2–11.9
years) and weight of 27.8 kg (range: 10.6–56.7 kg). Sixteen fractures were long spiral or
oblique, and the remaining 5 were comminuted. Patients were followed up for an
average of 10.6 mo (range: 2–51.5 mo), and time from surgery to weightbearing as
tolerated was 39 d (range: 23–60 d). 9 patients (42.8%) experienced a complication,
with 8 being symptomatic hardware. One patient had superficial wound dehiscence.
All complications, therefore, were minor, and no major complications were
encountered. An example of a length unstable femur fracture treated with FIMN is
included in Figure 1.
Twenty–nine length unstable fractures were treated with a technique other than
FIMN. These were older patients (9.3 years vs 7.4 years, P = 0.004) with a greater
weight (35.1 kg vs 27.8 kg, P = 0.033), but both groups were similar in their sex
distribution, fracture pattern, time to weightbearing, and follow-up duration (P > 0.05,
Table 1). Blood loss during surgery was greater in this group as compared to FIMN (98
mL vs 29.2 mL, P = 0.0036). 10 total complications (34.5%) were encountered, with 4
being minor complications (13.8%) and 6 being major ones (20.7%). The minor
complications included 3 patients with symptomatic hardware and 1 keloid formation.
Major complications were pin infection or fixator disturbance requiring hardware
removal (n = 3), genu valgum requiring hemiepiphysiodesis (n = 1), and arthrofibrosis
requiring knee manipulation under anesthesia (n = 2). Figure 2 consists of radiographs
representing the treatment of a pediatric diaphyseal femoral fracture, with a large
comminution, originally treated with external fixation. Pin site infections occurred in
the patient, requiring changing the treatment to a spica cast. The overall complication
rate for length unstable fractures was similar regardless of the treatment employed
(42.8% for FIMN vs 34.5% for other methods of fixation, P = 0.55). FIMN had less major
and more minor complications compared to the other methods of fixation for length
unstable femur fractures (P of 0.026 and 0.021, respectively).
We also evaluated whether FIMN was associated with more complications when
used for length unstable vs length stable fractures. FIMN was used for 45 length stable
femur fractures (Table 2). Both groups had similar sex distribution, age, weight,
follow-up duration, and estimated operative blood loss (P > 0.05, Table 2). The length
stable group was allowed to bear weight, as tolerated, 10 d sooner (P = 0.001). 20
overall complications (44.4%) were observed in this group. Sixteen were minor
complications due to either symptomatic hardware (n = 15) or superficial wound
dehiscence (n = 1). Major complications were bilateral fixation failure in a patient
weighing 47.4 kg as well as 2 fractures with persistent arthrofibrosis. The rates of total
minor and major complications were similar in fractures treated with FIMN regardless
of fracture stability (P > 0.15 for each).
Lastly, Figure 3 depicts the treatment of another pediatric length unstable spiral
fracture, but instead of FIMN, it was treated with SMP. The patient went on to have
significant keloid scars at the 2 incisions sites. With FIMN as a treatment modality,
only two 2–3 cm incisions are needed, one each at the lateral and medial borders of the
distal femoral metaphysis, while SMP for this patient required at least two 5-6 cm
incisions total for the submuscular plate and 6 screws.
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Table 1 Length unstable femur fractures

Patient characteristics

Length unstable with FIMN (n = 21)

Length unstable with locked IMN, SMP, or external fixator (n =
29)

Average

Average

Minimum

Maximum

Minimum

P value

Maximum

Sex

0.19

Male

17

Female

4

Age, yr

7.4

Weight, kg

27
2
1

27.8

5.2
1

11.9

10.6

56.7

9.31
1

35.1

5.8

12.4

0.004

18

68

0.033

Fracture type

0.29

Spiral or oblique

16

Comminuted

5

Blood loss, mL

29.2

Follow-up duration, mo

10.6

18
11
1

Time to weightbearing, d 39

5

100

981

10

500

0.0036

2

51.5

8

1

16

0.37

23

60

36

12

63

0.45

Complications

Number (%)

Number (%)

Malunion

0

1 (3.4%)

Shortening

0

0

Arthrofibrosis

0

2 (6.9%)

Symptomatic

8 (38%)

3 (10.3%)

Hardware

0

1 (3.4%)

Changing treatment

1 (4.8%)

3 (10.3%)

Wound complications

0

0

Total

9 (42.8%)

10 (34.5%)

0.55

Minor

9 (100%)

4 (40%)

0.021

Major

0 (0%)

6 (60%)

0.026

Decreased ROM

1

Denotes statistical significance (P < 0.05). FIMN: Flexible intramedullary nailing; IMN: Intramedullary nailing; ROM: Range of motion; SMP: Submuscular
plate.

DISCUSSION
This single institution, retrospective comparative/cohort study found that length
unstable, pediatric femur fractures treated with FIMN had similar complication rates
to other fixation methods for length unstable fractures and to length stable fractures
treated with FIMN. Thus, FIMN remains a viable option for certain length unstable
femur fractures.
Multiple treatment modalities for length unstable, pediatric femoral fractures
remain. External fixation is an option, particularly when extensive soft tissue damage
and or contamination is present, but is associated with complications such as
refracture, delayed union, malunion, unappealing scars, and pin tract infections[28-33].
Rigid intramedullary nailing may not be feasible in some cases due to implant size
relative to the pediatric canal and is relatively contraindicated for pediatric patients
due to the risk of avascular necrosis of the femoral head[34-37]. SMP is a modern, viable
treatment option for length unstable diaphyseal femur fractures[1,7,9,29,31,32,38-40].
Open/compression plating offers a rigid construct with good operative exposure but
involves a large incision, soft tissue disruption, increased blood loss, and leads to
incomplete primary bone healing with limited callus and therefore is contraindicated
in exchange for non-invasive treatments[12,41].
FIMN fracture fixation is minimally invasive with no preselection needed for proper
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Table 2 Femur fractures treated with flexible intramedullary nailing

Patient characteristics

Length unstable fractures (n = 21)

Length stable fractures (n = 45)

Average

Average

Minimum

Maximum

Minimum

P value

Maximum

Sex

0.24

Male

17

28

Female

4

14

Age, yr

7.4

5.2

11.9

8.5

4.6

12.8

0.062

Weight, kg

27.8

10.6

56.7

32.1

16

58.5

0.144

Blood loss, mL

29.2

5

100

33.9

5

200

0.57

Follow-up duration, mo

10.6

2

51.5

6.8

1

24

0.204

Time to weightbearing, d

391

23

60

291

12

47

0.001

Complications

Number (%)

Number (%)

Malunion

0

0

Shortening

0

0

Arthrofibrosis

0

0

Symptomatic hardware

8 (38%)

15 (33.3%)

Changing treatment

0

2 (4.4%)

Wound complications

1 (4.8%)

1 (2.2%)

Decreased ROM

0

2 (4.4%)

Total

9 (42.8%)

20 (44.4%)

0.805

Minor

9 (100%)

16 (80%)

> 0.15

Major

0 (0%)

4 (20%)

> 0.15

1

denotes statistical significance (P < 0.05). FIMN: Flexible intramedullary nailing; IMN: Intramedullary nailing; ROM: Range of motion; SMP: Submuscular
plate.

implant length and power instruments are not needed. FIMN treatment also has lower
EBL, shorter operative times comparatively, and a low risk of avascular necrosis
compared to other treatment options[21,42]. The use of FIMN for pediatric femoral
fractures has its limits, however. Reports on its success in length unstable fractures are
variable. Sink et al[8] reported on the outcomes of 39 pediatric femur fractures treated
with FIMN, 24 of which were length stable and 15 were length unstable. For the length
stable fractures, 12 had complications (12/24 or 50%), 2 of which needed a second
surgery for correction. As for the length unstable group, 12 also had complications
(12/15 or 80%), 6 of which needed a second surgery for correction. While their
complication rate between unstable vs stable fractures treated with FIMN was not
statistically significant, the difference in the number of patients requiring a second
surgery in each group was statistically significant. Allen et al[21] did a retrospective
study on all pediatric femur fracture patients within their institution from 2004–2014
and found that patients had similar outcomes between the SMP and FIMN groups
regardless of length stability. Further, they favored FIMN compared to plating due to
decreased operative time, EBL, and cost. Both procedures had equivalent pain
measures. Lastly, Siddiqui et al[43] did a retrospective study of femur fracture patients,
age 1–11 (mean age 5 ± 2). Fifty-eight femoral shaft fractures were included; 32/58
fractures were classified as length unstable and 26/58 fractures were stable. They
found no difference in the complication rate between length unstable and length stable
fractures treated with FIMN.
The results from this study regarding the use of FIMN for length unstable femoral
fractures compares well to the use of other treatment modalities for length unstable
femoral fractures as well as to length stable, transverse fractures treated with FIMN.
The total complication rates of FIMN use for length unstable femur fractures versus
other treatments was similar. However, stratifying the complications into minor and
major yields a difference. FIMN did not have any major complications, while the other
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Figure 1 Length unstable femur fracture treated with flexible intramedullary nailing. Seven-year-old male, spiral fracture, treatment: closed
reduction and flexible intramedullary nailing of the right femur using two 4.0-mm titanium elastic nails, hardware removal (symptomatic).

treatment modalities had clinically significant complications like rotational deformity
and valgus (P = 0.026). When comparing the complication rate of unstable fractures
treated with FIMN vs stable transverse fractures treated with FIMN, the results were
similar. When considering these results and the other factors for supporting FIMN use
over other treatment methods as reported by Allen et al[21], FIMN is a favorable
treatment option for pediatric femur fracture patients within the ideal 5–11 age range,
regardless of length stability.
This study has limitations. First, due to this study’s retrospective nature, the value
of data we collected was dependent on the adequacy of chart documentation. There
was no standardized system for treatment selection at our institution and therefore
treatment was largely based on surgeon preference. There were cases where surgeons
specifically documented a decision against the use of FIMN due to a fracture’s degree
of length instability and/or extent of other concomitant injuries, indicating some
selection bias. Long-term follow up and patient-reported outcome measures were not
performed for this study and are needed to further support these findings.
This study supports the concept that FIMN can still be used in many length unstable
pediatric femur fractures treated with FIMN. Further work is necessary to define the
appropriate parameters and/or algorithm(s) necessary for deciding if a pediatric
length unstable femur fracture may still benefit from a more rigid treatment.
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Figure 2 The treatment of a pediatric diaphyseal femoral fracture. Six-year-old male, large comminution, open reduction and external fixation,
monolateral external fixation, transitioned to spica cast after 6 wk due to pin site infection.

Figure 3 Another pediatric length unstable spiral fracture, but instead of flexible intramedullary nailing. Eight-year-old male, spiral fracture
treated with submuscular plating, fairly significant keloid scars.
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ARTICLE HIGHLIGHTS
Research background
While flexible intramedullary nailing (FIMN) is routinely recommended for length
stable transverse diaphyseal femoral fractures in patients aged roughly 5-11 years old,
there is lacking consensus amongst orthopaedists as to the recommended fixation
method for length unstable femoral fractures for patients in this age range.

Research motivation
The motivation for this study is to identify the proper treatment modality for the
subset of pediatric patients where there is lacking consensus amongst orthopaedists as
to what the proper treatment method should be. We hope that our conclusions will
streamline the decision-making process further for the patient’s designated physician
and their family.

Research objectives
The objective of this study is to analyze the effectiveness of FIMN for pediatric
diaphyseal length unstable femoral fractures in patients between the ages of 5 and 13.
The effectiveness of FIMN for this subset of patients, named length unstable with
FIMN, is then compared against 2 separate groups, one identified as length unstable
with locked intramedullary nailing (IMN), submuscular plating (SMP), and external
fixator, and the other being length stable with FIMN.

Research methods
This is a retrospective study of patients belonging to one of the three groups
mentioned above.

Research results
The study included 95 fractures from 92 patients, the group of interest, length unstable
with FIMN, had 21 fractures, while 45 fractures were of the length stable with FIMN
group, and 29 were in the length unstable with locked IMN, SMP, and external fixator
group.
When examining patient details of the groups, length unstable with FIMN and
length unstable with locked IMN, SMP, and external fixator, the first group had less
blood loss (P < 0.05). In terms of complications, length unstable with FIMN had 9 total
complications while length unstable with locked IMN, SMP, and external fixator had
10. When stratifying these complications as minor or major, length unstable with
locked IMN, SMP, and external fixator had 6 major complication while length unstable
with FIMN had 0 major complications (P < 0.05).
Comparing length unstable with FIMN (n = 21) and length stable with FIMN (n =
45), the complication rates were similar. As mentioned, length unstable with FIMN
had 9 total complications, with 0 being major, while length stable with FIMN had 20
total complications, with 4 being major.

Research conclusions
After analyzing the results from this single institution, retrospective comparative/
cohort study, we believe FIMN can be used for certain length unstable diaphyseal
femoral fractures in patients between the ages of 5 and 13.

Research perspectives
Future studies pertaining to this topic should collect patient reported outcomes for
greater follow-up while also achieving a greater sample size of patients. Lastly, future
studies should work to define the appropriate parameters and/or algorithm(s)
necessary for deciding if a pediatric length unstable femur fracture may still benefit
from a more rigid fixation method than FIMN.
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Abstract
BACKGROUND
The care discrepancy for patients presenting to a hospital on the weekend relative
to the work week is well documented. With respect to hip fractures, however,
there is no consensus about the presence of a so-called “weekend effect”. This
study sought to determine the effects, if any, of weekend admission on care of
geriatric hip fractures admitted to a large tertiary care hospital. It was
hypothesized that geriatric hip fracture patients admitted on a weekend would
have longer times to medical optimization and surgery and increased
complication and mortality rates relative to those admitted on a weekday.
AIM
To determine if weekend admission of geriatric hip fractures is associated with
poor outcome measures and surgical delay.
METHODS
A retrospective chart review of operative geriatric hip fractures treated from 20152017 at a large tertiary care hospital was conducted. Two cohorts were compared:
patients who arrived at the emergency department on a weekend, and those that
arrived at the emergency department on a weekday. Primary outcome measures
included mortality rate, complication rate, transfusion rate, and length of stay.
Secondary outcome measures included time from emergency department arrival
to surgery, time from emergency department arrival to medical optimization, and
time from medical optimization to surgery.
RESULTS
There were no statistically significant differences in length of stay (P = 0.2734),
transfusion rate (P = 0.9325), or mortality rate (P = 0.3460) between the weekend
and weekday cohorts. Complication rate was higher in patients who presented on

https://www.wjgnet.com

391

September 18, 2020

Volume 11

Issue 9

Pasternack JB et al. Effect weekend admission geriatric hip fractures

accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p://creativecommons.org/licenses
/by-nc/4.0/

a weekend compared to patients who presented on a weekday (13.3% vs 8.3%; P =
0.044). Time from emergency department arrival to medical optimization (22.7 h
vs 20.0 h; P = 0.0015), time from medical optimization to surgery (13.9 h vs 10.8 h;
P = 0.0172), and time from emergency department arrival to surgery (42.7 h vs 32.5
h; P < 0.0001) were all significantly longer in patients who presented to the
hospital on a weekend compared to patients who presented to the hospital on a
weekday.
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CONCLUSION
This study provided insight into the “weekend effect” for geriatric hip fractures
and found that day of presentation has a clinically significant impact on delivered
care.

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core Tip: This is a retrospective review of operative geriatric hip fractures admitted to a
large, tertiary care center between 2015-2017. Patients who presented on a weekend were
compared to patients who presented on a weekday. Geriatric hip fracture patients that
presented on a weekend experienced a higher complication rate and longer times from
emergency department arrival to medical optimization, from medical optimization to
surgery, and from emergency department arrival to surgery. This is important for
orthopaedic surgeons to know so they can mitigate this increased morbidity accordingly.
Citation: Pasternack JB, Ciminero ML, Silver M, Chang J, Simon RJ, Kang KK. Effect of
weekend admission on geriatric hip fractures. World J Orthop 2020; 11(9): 391-399
URL: https://www.wjgnet.com/2218-5836/full/v11/i9/391.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i9.391

INTRODUCTION
In the United States, more than 300000 people aged 65 and older are hospitalized for
hip fractures annually[1]. With the aging population in the United States, the incidence
of hip fractures will continue to rise and further the burden on the medical system.
Despite hip fractures accounting for less than 20% of all osteoporotic fractures, they
cause the majority of fracture-related mortality in patients over the age of 50[2]. The
high mortality rate associated with hip fractures is often due to the pre-existing
medical comorbidities of the patients that sustain these injuries.
Over 98% of patients with hip fractures receive surgical treatment to stabilize the
fracture and allow for early mobilization[3]. A multitude of studies have found
predictive factors for mortality after surgery. Most risk factors, such as age and the
presence of various medical comorbidities, are non-modifiable in the perioperative
period. Optimization of medical conditions and a multi-disciplinary approach to perioperative care are thus incredibly important in the geriatric patient who sustains a hip
fracture.
Another potential non-modifiable risk factor for geriatric hip fractures is day of
presentation. The care discrepancy for patients presenting to a hospital on the
weekend relative to the work week is well documented[4,5]. With respect to hip
fractures, however, the literature is not so clear. There is no consensus regarding the
presence of a so-called “weekend effect” for geriatric hip fractures[6-9]. Much of the
literature on this topic involves large database studies. While these studies allow for a
large number of patients, they are accompanied by all of the inherent limitations of
database studies.
This study sought to determine the effects, if any, of weekend admission on care of
geriatric hip fractures treated operatively at a large tertiary care hospital. Its findings
would contribute to the debate that exists in the literature and allow orthopaedic
surgeons to have frank discussions with patients and their family members with
respect to risk and prognosis of operative intervention for hip fractures.
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MATERIALS AND METHODS
Data acquisition
A retrospective chart review of geriatric hip fractures treated operatively at our large,
tertiary care institution from 2015-2017 was performed. Patients who presented to the
hospital from 12:00 AM Monday to 11:59 PM Thursday comprised the weekday
cohort. Patients who presented to the hospital from 12:00 AM Friday to 11:59 PM
Sunday comprised the weekend cohort. Holidays were considered weekend days, and
thus patients who presented to the hospital on a holiday were included in the
weekend cohort. Due to the lack of availability of both unscheduled operating room
time and peri-operative services (such an echocardiography), Friday was included as a
weekend day. On weekends and holidays, staffing levels at the study hospital are
decreased relative to weekdays. There is one on-call orthopaedic surgeon, a medical
optimization physician, and two physical therapists that cover the orthopaedic service
on these days. Because the focus of this study was geriatric hip fractures, patients
below 50 years of age were excluded from the study. Only pathologic fractures that
were due to a malignancy were excluded. Only the hospital admission in which the
hip fracture treatment occurred was reviewed.

Outcome measures
Primary outcome measures were length of stay (LOS), blood transfusion rate,
complication rate, and mortality rate. Secondary outcome measures were time from
emergency department (ED) arrival to medical optimization, time from medical
optimization to surgery, and time from ED arrival to surgery. Medical optimization
refers to the process in which an internal medicine physician evaluates pre-operative
patients. He or she determines if patients require additional workup/interventions
prior to surgical intervention. Complications reviewed can be viewed in Table 1.

Statistical analysis
Age between cohorts was compared using a Wilcoxon rank sum test. Sex, American
Society for Anesthesiologists (ASA) classification distributions, surgical procedure
distributions, LOS, time from ED arrival to medical optimization, time from medical
optimization to surgery, time from ED arrival to surgery, transfusion rate,
complication rate, and mortality were analyzed using a Fisher’s exact test. For
complication rate and mortality rate, comorbidities were analyzed with logistic
regression models. Comorbidities analyzed were diabetes mellitus, hyperlipidemia,
chronic kidney disease, cardiac disease, respiratory disease, depression, dementia, and
cancer. Multivariate logistic regression was then performed with the comorbidities
that demonstrated association with the outcome measure in question. An alpha level
of 0.05 was utilized as the cutoff point for significance for all data analysis. All
statistics were performed by Michael Silver from Maimonides Medical Center, who is
the institution’s biostatistician.

RESULTS
A total of 690 geriatric hip fractures were identified from 2015-2017. Three hundred
and eighty-eight (56.2%) of the patients presented to the hospital from 12:00 AM
Monday to 11:59 PM Thursday, and comprised the weekday cohort. Three hundred
and two (43.8%) of the patients presented to the hospital from 12:00 AM Friday to
11:59 PM Sunday or on a holiday, and comprised the weekend cohort. Demographic
information can be viewed in Table 2. There was no difference in age, gender, or ASA
distribution between the two cohorts. There was no difference in medical
comorbidities between the two cohorts, with the exception of hyperlipidemia being
more prevalent in the weekday cohort (P = 0.0014) and respiratory disease being more
prevalent in the weekend cohort (P = 0.0257). Procedures performed for hip fracture
were hemiarthroplasty, total hip arthroplasty, long cephalomedullary nail, short
cephalomedullary nail, cannulated screw fixation, and sliding hip screw. There was no
difference in the distribution of procedures performed between the two cohorts
(Table 3; P = 0.8309).
Comparison of primary and secondary outcome measures between the weekday
and weekend cohorts is shown in Table 4. Median LOS was the same in the weekend
cohort (5 d) as in the weekday cohort (5 d; P = 0.2734). Transfusion rate was also
similar between the two cohorts (P = 0.9325). Mortality rate was not different between
the cohorts either (P = 0.3460). This remained true when multivariate logistic
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Table 1 Complications included in the analysis of complication rate for hip fracture patients
Complications
Atrial fibrillation
Supraventricular tachycardia
Congestive heart failure exacerbation
Cardiac arrest
Acute kidney injury
Acute cholecystitis
Aspiration pneumonia
Hospital acquired pneumonia
Acute respiratory failure
Gastrointestinal bleed
Esophageal varies
Hematemesis
Pulmonary embolism
Deep venous thrombosis
Sepsis
Systemic inflammatory response syndrome
Cerebrovascular accident
Hemiarthroplasty dislocation

regression was performed, taking medical comorbidities into account (P = 0.4530).
Complication rate was significantly higher in the weekend cohort (13.3%) compared to
the weekday cohort (8.3%; P = 0.044). This, too, remained true when multivariate
logistic regression was performed, taking medical comorbidities into account (P =
0.0273). In terms of secondary outcome measures, median time from ED arrival to
medical optimization was significantly longer in the weekend cohort (22.7 h) than the
weekday cohort (20.0 h; P = 0.0015). Likewise, median time from medical optimization
to surgery was significantly longer in the weekend cohort (13.9 h) than in the weekday
cohort (10.8 h; P = 0.0172). Finally, median time from ED arrival to surgery was
significantly longer in the weekend cohort (42.7 h) than the weekday cohort (32.5 h; P
< 0.0001).

DISCUSSION
This study found that the weekend effect is a real phenomenon with respect to
geriatric hip fractures at a large, tertiary care center. Complication rate was
significantly higher for hip fracture patients presenting to the hospital on the weekend.
Time from ED arrival to medical optimization, time from medical optimization to
surgery, and time from ED arrival to surgery were all significantly longer for patients
presenting to the hospital on a weekend relative to a weekday. LOS, transfusion rate,
and mortality rate, however, were not affected by day of presentation.
The difference in median time from ED arrival to surgery between the weekday and
weekend cohorts was 10.2 h. Both time from ED arrival to medical optimization (2.7 h
difference) and time from medical optimization to surgery (3.1 h difference)
contributed to this delay, and all three differences between the weekend and weekday
cohorts were statistically significant. Both medical and surgical physicians should
therefore be cognizant of potential delays that may occur on the weekends, and should
aim for expedient medical optimization and subsequent surgical intervention for hip
fracture patients.
The disparity in outcomes for patients presenting to the hospital on a weekend day
relative to a weekday has been thoroughly described. Diagnoses associated with
increased mortality rates in the presence of weekend admissions include acute
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Table 2 Demographics and comorbidities for the weekday and weekend cohorts. Median and interquartile range are given for age
Weekend

Weekday

n

302

388

Age

85 (77-90)

85 (77-90)

0.8076

213 (70.5)

282 (72.7)

0.5515

1

0 (0)

2 (0.5)

0.2523

2

47 (15.6)

76 (19.6)

3

184 (60.9)

233 (60.1)

4

71 (23.5)

77 (19.9)

Hyperlipidemia

80 (26.5)

148 (38.1)

0.0014

Diabetes mellitus

81 (26.8)

93 (24.0)

0.4267

Renal disease

55 (18.2)

72 (18.6)

0.9215

Dementia

85 (28.2)

93 (24.0)

0.2206

Depression

29 (9.6)

36 (9.3)

0.8962

Cardiac disease

132 (43.7)

170 (43.8)

1

Respiratory disease

57 (18.9)

49 (12.6)

0.0257

Cancer

30 (9.9)

54 (13.9)

0.1274

P value

Sex
F
ASA classification

n (%) of females in each cohort are given for gender. P values reflect Fisher’s Exact tests, with the exception of age, which represents a Wilcoxon rank sum
test. ASA: American Society of Anesthesiologists.

Table 3 Breakdown of procedures performed for the weekday and weekend cohorts, n (%)
Total

Intracapsular
fractures

Trochanteric
fractures

Short nail

Long nail

HA

THA

CS

SHS

Weekday

388 (100)

135 (34.8)

253 (65.2)

183 (47.2)

74 (19.1)

71 (18.3)

16 (4.1)

33 (8.5)

11 (2.8)

Weekend

302 (100)

97 (32.1)

205 (67.9)

153 (50.7)

54 (17.9)

56 (18.5)

8 (2.6)

25 (8.3)

6 (2.0)

A Fisher’s exact test comparing the distributions between the two cohorts yielded a P value of 0.8309. HA: Hemiarthroplasty; THA: Total hip arthroplasty;
CS: Cannulated screw fixation; SHS: Sliding hip screw.

cerebrovascular accident, ruptured abdominal aortic aneurysm, pulmonary embolism,
duodenal ulcer, and ischemic heart disease[5,10-13]. There are multiple theories as to why
the “weekend effect” occurs, including on-call staff being less familiar with treatment
protocols, decreased staffing levels, reduced resources, surgical technicians covering
cases outside of their expertise, and unavailability of specific implants. These variables
differ across health care systems and across institutions.
With respect to hip fractures specifically, there is no consensus about the presence of
a “weekend effect”. It has been reported that weekend admission of isolated hip
fractures has no effect on medical complications, surgical complications, delay to
surgery, length of stay, re-operation rate, or mortality rate[10,14-18]. A study conducted
using the National Inpatient Sample Database to determine predictors of inpatient
mortality following surgical treatment for hip fracture found that day of admission
was not a predictor, but that having surgery on day 2 or later was[19]. Another National
Inpatient Sample Database study found that weekend admission of hip fractures was
associated with lower mortality rates and shorter hospital stays, but no difference was
noted in complication rates[9]. A Norwegian study of over 61000 hip fractures found
that day of admission did not affect 30 d mortality rate, but that early morning
admissions and weekend discharges were associated with an increased 30 d mortality
rate[20]. A single-institution retrospective review of femoral neck fractures found that

WJO

https://www.wjgnet.com

395

September 18, 2020

Volume 11

Issue 9

Pasternack JB et al. Effect weekend admission geriatric hip fractures

Table 4 Comparison of the primary and secondary outcome measures between the weekday and weekend cohorts
Weekend

Weekday

P value

LOS (d)

5 (4-7)

5 (4-7)

0.2734

Time from optimization to surgery (h)

13.9 (5.9-23.0)

10.8 (4.6-21.0)

0.0172a

Time from ED to optimization (h)

22.7 (13.9-40.6)

20.0 (13.9-26.4)

0.0015a

Time from ED to surgery (h)

42.7 (24.6-63.7)

32.5 (24.1-45.9)

< 0.0001a

Complication rate

40 (13.3)

32 (8.3)

0.044a

Transfusion rate

86 (28.5)

112 (28.9)

0.9325

Mortality rate

6 (2.0)

4 (1.0)

0.3460

LOS, time from optimization to surgery, time from ED to Optimization, and time from ED to surgery are given as median and interquartile range.
Complication rate, transfusion rate, and mortality rate are given as numbers and then percentages. All outcome measures were compared between cohorts
using Fisher’s exact tests. Of note, mortality rate remained the same (P = 0.4530) and complication rate remained different (P = 0.0273) between the two
cohorts when multivariate logistic regression was performed.
a
P < 0.05. LOS: Length of stay; ED: Emergency department.

surgeries performed on weekends were associated with an increased in-hospital
mortality rate, but not an increased complication rate[21]. Another retrospective study
from a single institution found that weekend admission of intracapsular femoral neck
fractures was not associated with an increased complication rate[22]. Extracapsular
fractures, however, have been shown to be associated with an increased complication
rate when patients present on a weekend[9]. A variety of studies have found that
weekend or holiday admission is associated with increased mortality rates of geriatric
hip fractures[7,8]. Specifically, Clague and colleagues found that Friday admission was
associated with an increase in 90 d mortality after fixation of hip fracture[23].
Additionally, weekend admission of hip fractures has been associated with delays to
surgery by a number of authors[24-27].
The findings presented here are impactful for a variety of reasons. Time to surgery
has been shown to have a significant impact on complication rate for operative hip
fractures[28]. Here, the oft-quoted ideal time to surgery for hip fractures of 48 h was
achieved in both the weekday and weekend cohorts (via the median values). A
decrease in time to surgery of over 10 h, however, can be clinically significant in terms
of patient pain management and early mobilization. Additionally, the weekend cohort
had an increased in-hospital complication rate. Post-operative complications have
been found to increase one-year-mortality in hip fracture patients[29]. Surgeons must be
aware of the increased morbidity that may accompany their hip fracture patients
simply by virtue of the day they arrive to the hospital. Furthermore, interventions to
reduce this increased morbidity (such as increased staffing or changes in hospital
protocols) should be undertaken where possible.
This study is not without limitations. It was a retrospective study, and only the
hospital stay in which operative intervention occurred was reviewed. Additionally, it
was a single-institution study and thus the findings here may not be entirely
generalizable to the population of hip fracture patients nationwide. Differences in
institutional staffing schemes, operating room organization, and protocols may have
substantial impacts on the effects of weekend hip fracture admission. These factors
also likely account for the variety of findings reported in the literature.

CONCLUSION
We have found that, at a single tertiary-care institution, weekend hip fracture
admission is associated with an increased complication rate, and increased times from
ED arrival to medical optimization, medical optimization to surgery, and ED arrival to
surgery. This information is of utility to surgeons, optimization physicians, and
patients alike. Additionally, it may be of use to hospitals and their administrators to
guide resource and personnel allocation, so that delays to surgery and in-hospital
complications can be minimized.
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ARTICLE HIGHLIGHTS
Research background
In the United States, more than 300000 people aged 65 and older are hospitalized for
hip fractures annually. Despite hip fractures accounting for less than 20% of all
osteoporotic fractures, they cause the majority of fracture-related mortality in patients
over the age of 50. A potential non-modifiable risk factor for geriatric hip fractures is
day of presentation. The care discrepancy for patients presenting to a hospital on the
weekend relative to the work week is well documented. With respect to hip fractures,
however, the literature is not so clear. The purpose of this study was to determine the
effects, if any, of weekend admission on care of geriatric hip fractures treated
operatively at a large tertiary care hospital.

Research motivation
There is currently no consensus regarding the presence of a so-called “weekend effect”
for geriatric hip fractures. Much of the literature on this topic involves large database
studies. While these studies include a large number of patients, they are accompanied
by all of the inherent limitations of database studies. This study sought to determine
the effects of weekend admission on the morbidity, mortality, and times to medical
optimization and surgery for geriatric hip fractures at a single, tertiary care institution.

Research objectives
In this study, we compared length of stay, blood transfusion rate, complication rate,
mortality rate, time from emergency department arrival to medical optimization, time
from medical optimization to surgery, and time from emergency department arrival to
surgery between hip fracture patients who presented to the hospital on a weekday and
those who presented on a weekend.

Research methods
A retrospective chart review of geriatric hip fractures treated operatively at our large,
tertiary care institution from 2015-2017 was performed. Patients who presented to the
hospital from 12:00 AM Monday to 11:59 PM Thursday comprised the weekday
cohort. Patients who presented to the hospital from 12:00 AM Friday to 11:59 PM
Sunday comprised the weekend cohort. Holidays were considered weekend days, and
thus patients who presented to the hospital on a holiday were included in the
weekend cohort.

Research results
There were no statistically significant differences in length of stay (P = 0.2734),
transfusion rate (P = 0.9325), or mortality rate (P = 0.3460) between the weekend and
weekday cohorts. Complication rate was higher in patients who presented on a
weekend compared to patients who presented on a weekday (13.3% vs 8.3%; P =
0.044). Time from emergency department arrival to medical optimization (22.7 h vs
20.0 h; P = 0.0015), time from medical optimization to surgery (13.9 h vs 10.8 h; P =
0.0172), and time from emergency department arrival to surgery (42.7 h vs 32.5 h; P <
0.0001) were all significantly longer in patients who presented to the hospital on a
weekend compared to patients who presented to the hospital on a weekday.

Research conclusions
Geriatric hip fracture patients that presented to the hospital on a weekend experienced
a higher complication rate and longer times from emergency department arrival to
medical optimization, from medical optimization to surgery, and from emergency
department arrival to surgery.

Research perspectives
The findings of this study are of utility to Orthopaedic surgeons, optimization
physicians, and patients alike. Additionally, they may be of use to hospitals and their
administrators to guide resource and personnel allocation, so that delays to surgery
and in-hospital complications can be minimized.
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Abstract
BACKGROUND
Total joint arthroplasty is one of the most common options for end stage
osteoarthritis of major joints. However, we must take into account that thrombosis
after hip/knee arthroplasty may be related to mutations in genes encoding for
blood coagulation factors and immune reactions to anticoagulants [heparininduced thrombocytopenia (HIT)/thrombosis]. Identifying and characterizing
genetic risk should help to develop diagnostic strategies or modify anticoagulant
options in the search for etiological mechanisms that cause thrombophilia
following major orthopedic surgery.
AIM
To evaluate the impact of patients’ coagulation profiles and to study specific
pharmacologic factors in the development of post-arthroplasty thrombosis.
METHODS
In 212 (51 male and 161 female) patients that underwent primary total hip
arthroplasty (100) or total knee arthroplasty (112) due to osteoarthritis during a
period of 1 year, platelet counts and anti-platelet factor 4 (PF4)/heparin
antibodies were evaluated pre/postoperatively, and antithrombin III,
methylenetetrahydrofolate reductase, factor V and prothrombin gene mutations
were evaluated preoperatively. In a minimum follow-up of 3 years, 196 patients
receiving either low-molecular-weight heparins (173) or fondaparinux (23) were
monitored for the development of thrombocytopenia, anti-PF4/heparin
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antibodies, HIT, and thrombosis.
RESULTS
Of 196 patients, 32 developed thrombocytopenia (nonsignificant correlation
between anticoagulant type and thrombocytopenia, P = 0134.) and 18 developed
anti-PF4/heparin antibodies (12/173 for low-molecular-weight heparins and 6/23
for fondaparinux; significant correlation between anticoagulant type and
appearance of antibodies, P = 0.005). Odds of antibody emergence: 8.2% greater in
patients receiving fondaparinux than low-molecular-weight heparins. Gene
mutations in factor II or V (two heterozygotes for both factor V and II) were
identified in 15 of 196 patients. Abnormal low protein C and/or S levels were
found in 3 of 196 (1.5%) patients, while all patients had normal levels of von
Willebrand factor, lupus anticoagulant, and antithrombin III. Four patients
developed HIT (insignificant correlation between thrombocytopenia and
antibodies) and five developed thrombosis (two had positive antibodies and two
were heterozygotes for both factor II & V mutations). Thrombosis was not
significantly correlated to platelet counts or HIT. The correlation of thrombosis to
antibodies, factor II, factor V was P = 0.076, P = 0.043, P = 0.013, respectively.
CONCLUSION
Screening of coagulation profile, instead of platelet monitoring, is probably the
safest way to minimize the risk of post-arthroplasty thrombosis. In addition,
fondaparinux can lead to the formation of anti-PF4/heparin antibodies or HIT.
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Core Tip: This prospective study evaluated the impact of genetic profiles of patients and
pharmacologic factors on the development of thrombosis after lower limb arthroplasty.
Thrombosis was related to the development of anti-platelet factor 4 (anti-PF4)/heparin
antibodies and was correlated significantly to factor II and V mutations. Thus, screening of
coagulation profile preoperatively could minimize the risk of post-arthroplasty thrombosis.
Platelet monitoring does not uncover all cases of anti-PF4/heparin antibody formation,
while antibody monitoring postanticoagulant administration is probably unnecessary.
Fondaparinux can lead to the formation of anti-PF4/heparin antibodies and may cause
heparin-induced thrombocytopenia.
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Venous thromboembolism, representing one of the major complications after total
joint arthroplasty (TJA) procedures, is related to morbidity and mortality during the
perioperative period[1]. Deep vein thrombosis (DVT) can easily develop into
pulmonary embolism (PE), leading to cardiopulmonary dysfunction and death. The
incidence of DVT when no prophylaxis is administered is 42%-57% for total hip
arthroplasty (THA) and 41%-85% for total knee arthroplasty (TKA)[2]. An estimated
baseline risk of symptomatic venous thromboembolism without prophylaxis after
major orthopedic surgery is about 4.3%[3]. Apart from factors related to surgery and
decreased mobility after major TJA, there are many other well defined conditions that
are associated with either a prothrombotic state or embolic phenomena, such as
mutations or polymorphisms in genes that encode blood coagulation factors,
metabolic syndrome, or immune reactions related to pharmacologic agents such as
anticoagulants, which could lead to increased risk of venous thromboembolism and its
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consequences[2,4].
Anticoagulants have been found to reduce the risk of thromboembolic events after
major orthopedic surgery by approximately 50%-80% when used prophylactically[5].
Heparin and heparin-derived pharmacologic agents, including unfractionated heparin
(UFH), low-molecular-weight heparin (LMWH), and occasionally fondaparinux, may
stimulate heparin-induced thrombocytopenia (HIT), a prothrombotic adverse drug
reaction that is caused by the transient production of platelet-activating antibodies of
IgG class that recognize multimolecular complexes of platelet factor 4 (PF4) bound to
heparin[6,7,8]. The IgG/PF4/heparin complexes may enhance the alteration of
endothelial cells, platelets, and monocytes resulting in thrombin generation. Increased
thrombin, and not thrombocytopenia, causes several clinical problems such as venous
and arterial thrombosis, including the cerebral sinus or splanchnic vessels, pulmonary
embolism, stroke, or myocardial or adrenal infraction with a mortality rate of 11.9% to
23.1%[9,10,11].
The risk for venous thromboembolism in patients undergoing major orthopedic
surgery is strongly determined by individual factors such as demographics,
comorbidities, and medical history. Many studies have highlighted the role of varicose
veins, congestive heart failure, female gender, age, hypertension, history of venous
thromboembolism, cancer, diabetes, dyslipidemia, obesity, Black race, TJA type
(primary or revision), primary disease (osteoarthritis, rheumatoid arthritis), and
duration of the procedure in an increased risk of DVT after TJA[2,4,12]. Moreover,
hypercoagulability, one of the three clinical conditions of the Virchow triad, has been
related to several predisposing genetic risk factors and numerous candidate genes. The
most prevalent molecular variants, mutations, or polymorphisms causing venous
thrombosis in the Caucasian population are factor V Leiden (G1691A), prothrombin
(factor II G20210A) and methylenetetrahydrofolate reductase (MTHFR/C677T)[13,14].
Factor V Leiden, which results in impaired inactivation of factor Va by activated
protein C, is associated with a seven-fold increased risk of thrombosis[15]. Additionally,
factor II 20210G/A (prothrombin 20210) is a prothrombotic genetic risk factor,
particularly in the presence of concomitant risk factors identified in 8%-10% of
Caucasians with thrombotic events[16].
The aim of this prospective study is to evaluate the magnitude of individual genetic
profiles and adverse pharmacologic (anticoagulant immunologic) reactions activating
platelets and causing thrombocytopenia in the development of thrombotic episodes
among patients undergoing lower limb TJA. Furthermore, we intended to assess the
impact of different types of anticoagulants on the hematologic profile and incidence of
HIT and thromboembolism after TJA by selecting a strictly homogeneous patient
sample without other well-defined predisposing factors for thrombotic events.

MATERIALS AND METHODS
In total, 212 (51 male and 161 female) patients that underwent primary THA (100) or
TKA (112) due to osteoarthritis during a period of 1 year were enrolled prospectively
in the study that had been approved by the hospital ethics committee. All patients
gave informed consent prior to their inclusion in the study. Patients with other causes
of arthritis (rheumatoid arthritis, avascular necrosis, seronegative spondyloarthropathies, crystal deposition disease, etc.) as well as patients with previous
thrombotic events or other major risk factors for thrombosis (including malignancy,
diabetes, hypertension, BMI > 35, age > 80 years, operation time > 100 min, congestive
heart failure, arrhythmia, smoking, varicose veins) were excluded from this study. The
mean age of patients was 65.8 years (range, 43.0-80.0). None of the patients had any
history of previous heparin exposure within the past 90 d. The operation was
performed under regional central anesthesia in all cases. All surgeries were performed
by a group of four experienced surgeons sharing the same surgical principles. THAs
were performed with a cementless femoral stem and an acetabular component, while
TKAs were performed with a cemented component under tourniquet control
(operation time with the use of tourniquet was less than 100 min for all patients
included in this study, as defined above). The excessive use of pulsatile jet-lavage was
a standard procedure before cement application in order to remove fat and bone
marrow, which could be potential embolic sources. In addition, we ruled out the
appearance of bone cement implantation syndrome of any grade throughout the
perioperative period. Drainage was used in all cases and patients were encouraged to
start flexing the ankle joint, contracting the quadricep muscle as soon as possible, and
to begin ambulation with the help of crutches or ambulator on the first postoperative
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day.
Platelet counts were obtained from all patients preoperatively, daily for the first
seven postoperative days, and on the 20th and 60 th postoperative days, while the
presence of IgG anti-PF4/heparin antibodies was evaluated with an immunoassay
preoperatively, and on the 3rd, 7th, 20th and 60th postoperative days [kit of DiaMed (IDPaGIA)]. Fasting serum lipids (total cholesterol and triglycerides) were measured
preoperatively. Finally, protein C, protein S, von Willebrand factor, lupus
anticoagulant, antithrombin III, 677C/T mutation of MTHFR gene, factor V Leiden
(G/A), and prothrombin gene G20210A mutations were investigated. Genomic DNA
was extracted from fresh blood using the QIAamp DNA Blood Midi extraction kit
(Qiagen, Hilden, Germany).
All patients received anticoagulation for a total of 6 wk. Anticoagulants used were:
tinzaparin 4500 IU (Innohep, Leo Pharma, France), enoxaparine 40 mg (Clexane,
Aventis Pharma, Maisons-Alfort, France), dalteparin 5000 IU (Fragmin, Pharmacia &
Upjohn, Pfizer Hellas S.A., Athens, Greece) or fondaparinux 2.5 mg (Arixtra, SanofiSynthelabo, Paris, France). Anticoagulants were administered 12 h postoperatively if
there was no clinical evidence of bleeding and were administered on a once daily
basis. During the postoperative period care was taken to avoid incidental exposure to
small amounts of UFH.
All patients were followed for a minimum period of 3 years (36-44 mo). Sixteen
patients were lost to follow-up and excluded from the study; thus 196 patients (42
male and 154 female) remained at the final follow-up. The majority of these patients
(173) received LMWH for prevention of thrombosis, while 23 patients received
fondaparinux. Patients were monitored clinically for the development of arterial or
venous thrombotic events, such as DVT, PE, cerebrovascular accident, and myocardial
infarction. On suspicion of a thrombotic event the necessary examinations (triplex,
pulmonary ventilation/perfusion scan) were performed to rule out or to confirm the
thrombotic incident.

Statistical analysis
After the enrollment of 50 patients in the study, sample size estimations showed that
the required sample size to have adequate power to detect potential statistically
significant differences should be approximately 200 patients. A post hoc power
analysis showed that the power of the final sample of the study equaled 0.71. The
Gpower v.3.1 was used in both cases.
All P values were based on two-tailed tests, and the level of statistical significance
was set at P < 0.05. The tests used to obtain P values were the Pearson χ2 and Fisher’s
Exact. Logistic regression analysis was used to study the significant correlations.
Repeated measurements analysis was applied to test differences in platelet levels
between the two anticoagulants. Analysis was conducted using SPSS 14 (SPSS, Inc.,
Chicago, IL, United States).

RESULTS
Thrombocytopenia
Thrombocytopenia, defined as ≥ 50% decrease in platelets assessed relative to the
preoperative (and preanticoagulant administration) platelet count or to the highest
preceding value[7,16], was observed in 30 patients (15.3%) the first 4 postoperative days
and in 2 additional patients (1.0%) on postoperative days 5-7.
Thrombocytopenia in the first 4 postoperative days was temporary in all patients, as
expected. Platelet counts below 100 × 109/L were observed in 17 patients (15 patients
the first 4 postoperative days and 2 additional patients days 5-7). There was no
statistically significant correlation between the type of anticoagulant (LMWH or
fondaparinux) and decrease in platelet counts (over 50% from preoperative counts) in
the first 4 postoperative days (Fisher’s exact test, P value = 0.134) or between
anticoagulant type and the decrease of platelet counts (over 50% of the highest
preceding value) in days 5-7 (P = 1.000, Fisher’s exact test).
Repeated measurements analysis for the comparison of platelet counts
preoperatively and postoperatively showed a fluctuation in counts. A sharp decline of
platelet counts was found starting from day 1, approaching the lowest level on the 3rd
postoperative day, and then a steady rise to nearly preoperative values on the 5th day.
There were no differences in changes of platelet counts between the two
anticoagulation groups (Figure 1).
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Figure 1 Comparison of platelet counts fluctuation between low-molecular-weight heparin and fondaparinux. LMWH: Low-molecular-weight
heparin; PLT: Platelet.

Anti-PF4/heparin antibodies
Anti-PF4/heparin antibodies developed in 18 of 196 patients (9.2%). The incidence of
these antibodies was 12/173 (6.9%) for LMWH and 6/23 (26.1%) for fondaparinux
(Figure 2). There was a statistically significant correlation between the type of
anticoagulant (LMWH or fondaparinux) and appearance of anti-PF4/heparin
antibodies the 1st postoperative week (Fisher’s exact test, P value = 0.005). The odds of
anti-PF4/heparin antibody emergence the first postoperative week was about 8.2%
greater in patients receiving fondaparinux than those receiving LMWH.
There was a peak in the appearance of anti-PF4/heparin antibodies on the 7th
postoperative day (9/18 patients, 50.0%). Three patients developed anti-PF4/heparin
antibodies on the 3rd postoperative day, 3 on the 20th postoperative day, 2 on the 60th
postoperative day, and 1 patient 3 mo postoperatively.

HIT
HIT, defined as a fall in platelet count > 50% of preoperative values (or the highest
value preceding anticoagulant administration) and presence of anti-PF4/heparin IgG
antibodies (strongly positive immunoassay, OD > 1) developed in 4 of 196 patients
(2.0%) (Figure 3). Two of these patients developed the syndrome in the first
postoperative week, while the other 2 patients developed it between the second
postoperative week and the 3rd mo. However, there was no significant correlation
between the platelet counts of postoperative days 1-4 and the antibodies detected at
days 3 or 7, or the antibodies detected across any of the time frames of this study (P =
1.000, Fisher’s exact test). Also, there was no significant correlation between the
platelet counts of days 5-7 and the antibodies detected on day 7 (P = 1.000, Fisher’s
exact test), or the antibodies detected across any of the time frames of this study (P =
0.212, Fisher’s exact test). Three of the patients that developed HIT were receiving
LMWH for anticoagulation and one was receiving fondaparinux.

Mutations of coagulation factors
The FV1691G/A (factor V Leiden) mutation was detected in 5 patients (2.6%), while
heterozygosity and homozygosity for the G20210A mutation in the prothrombin gene
was demonstrated in 8 (4.1%) patients and 2 (1%) patients, respectively. Two patients
(1.0%) were heterozygotes for both factor V Leiden and G20210A mutation. The 677T
MTHFR polymorphism was present in almost 50% of patients (32.7% heterozygous/
13.8% homozygous).
Abnormal low protein C and/or S levels were found in 3 of 196 (1.5%) patients,
while all patients had normal levels of von Willebrand factor, lupus anticoagulant, and
antithrombin III.

Thrombotic events
Symptomatic thrombotic events were observed in 5 of the 196 patients (two incidents
of DVT the 7th and 8 th postoperative days, two incidents of PE the 2nd and 14 th
postoperative days, and one myocardial infarction in the 5th postoperative week),
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Figure 2 Percentage of patients with anti-platelet factor 4/heparin antibodies according to pharmacologic agent (P < 0.05). LMWH: Lowmolecular-weight heparin.

Figure 3 Correlation of thrombocytopenia, anti-platelet factor 4/heparin antibodies formation, heparin-induced thrombocytopenia,
mutation of coagulation factors, and development of thrombosis. HIT: Heparin-induced thrombocytopenia.

while the likelihood of DVT in 10 patients (between the 4th and 56th postoperative days)
or PE in 2 patients (the 4th and 7th postoperative days) was not confirmed by the triplex
or pulmonary ventilation/perfusion scans.
Of 5 patients that developed thrombotic complications, 2 had positive antiPF4/heparin antibodies (but no thrombocytopenia), and 2 patients (suffering from
DVT and PE) were heterozygote for both factor II and V mutations (Figure 3). There
was no significant association between thrombotic events and platelet counts
preoperatively (P = 1.000, Fisher’s exact test), days 1-4 (P = 0.574, Fisher’s exact test), or
days 5-7 (P = 1.000, Fisher’s exact test). Although not statistically significant, the
association between the thrombotic events and anti-PF4/heparin antibodies (detected
in all time frames) approached significance (P = 0.076, Fisher’s exact test). Finally, the
presence of HIT was not associated with a thrombotic event (Fisher’s exact test, P =
1.000). Thrombotic episodes were significantly correlated to mutations of factor II
(Fisher’s exact test, P value = 0.043) and factor V (Fisher’s exact test, P value = 0.013).
For patients with factor V mutation, the odds for thrombosis were 25.6% greater than
in patients without this mutation. MTHFR homozygotes were not found to have
increased risk for thrombotic episodes (P = 0.58). With logistic regression analysis it
was shown that because of the correlation of the mutations only factor V had a
significant influence on thrombotic episodes (P = 0.022).
No association was found between elevated serum lipids and thrombosis (P = 0.30
for cholesterol and P = 0.31 for triglycerides). Finally, gender was not related to antiPF4/heparin antibody formation (P = 0.39) or thrombosis (P = 0.11).
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DISCUSSION
In this study we prospectively investigated the influence of blood coagulation factors
and various pharmacologic antithrombotic prophylactic agents on the development of
thrombotic complications in patients with osteoarthritis undergoing primary hip and
knee arthroplasty.
Thrombocytopenia is common during the postoperative period in various types of
major surgical procedures. A platelet count decrease is expected within 4 d of surgery
normally resulting from the pathophysiological mechanisms of the hemodilution
along with accelerated platelet consumption related to surgical hemostasis[17].
Approximately 16% of the patients in the present study developed thrombocytopenia
without a statistically significant correlation to the type of anticoagulant (LMWH or
fondaparinux) but to a greater degree than those reported in the literature[18,19]. Platelet
counts recovered spontaneously in all cases. We speculate that possible blood loss,
routine use of drainage, occult vitamin deficiency (B12, folic acid), high threshold to
transfusion, or drug related (antibiotics, nonsteroidal anti-inflammatory drugs) excess
platelet destruction may explain the variation of the incidence of thrombocytopenia
across different studies.
Anti-PF4/heparin enzyme immunoassays have an excellent negative predictive
value (up to 99%) but a low positive predictive value because of the detection of
clinically insignificant antibodies[7,19]. As anti-PF4/heparin antibodies are always
present before the platelet count falls, these tests are important as a confirmatory
laboratory evaluation after the initial estimation of high probability of HIT by a
scoring system like the 4T score[20]. In our series with the use of immunoassay, we
found that 9.2% of patients developed anti-PF4/heparin antibodies, a percentage
within the findings of other series for patients undergoing TKA or THA (2%-35%)[21].
There was no significant correlation between the platelet counts of postoperative
days and antibodies detected during all time frames of this study. In addition, only a
small percentage (4/18) of patients with anti-PF4/heparin antibodies had a
concomitant decrease of platelets (Figure 2). As platelet activation from antiPF4/heparin antibodies is a dynamic process and platelet-activating antibodies
comprise a subset of anti-PF4/heparin antibodies, thrombocytopenia is not an
associated finding in every positive PF4-dependent immunoassay[22,23]. This is in
agreement with the “iceberg model,” where only a small percentage of patients who
form anti-PF4/heparin antibodies will develop thrombocytopenia, and an even
smaller number will develop thrombosis[23].
An interesting point, in agreement with other studies, is the high incidence of these
antibodies among patients receiving fondaparinux (26.1%), an antithrombindependent, sulfated pentasaccharide with selective activated factor X inhibition, while
the incidence among patients receiving LMWH was 6.9%[24]. Moreover, the odds of
anti-PF4/heparin antibody emergence in the first postoperative week was about 8.2%
greater in patients receiving fondaparinux than those receiving LMWH. It is well
established that fondaparinux triggers an autoimmune type HIT with antibodies that
activate platelets in the absence of heparin. The serum of these patients always
contains antibodies with different binding affinities for PF4 and PF4/heparin
complexes and usually with an inability to promote platelet activation[9].
In general, heparin and heparin-like anticoagulants differ in their predisposition to
trigger HIT due to divergent structural length of their saccharide units (UFH >>
LMWH >> fondaparinux). Also, fondaparinux is approximately one third of the length
of LMWH, is more homogenous as a synthetic anticoagulant than LMWH and UFH,
and thus is characterized by lower immunogenicity and in vivo cross reactivity[6,25].
These data suggest that the risk of HIT with fondaparinux should be much lower than
that observed with LMWH and perhaps should not occur at all. HIT frequency is
much lower in patients receiving LMWH than those receiving UFH[9]. In a 2005 metaanalysis, it was found that the risk for HIT was 0.2% with LMWH and 2.6% with
UFH[23]. A small percentage (2.0%) of patients in our series developed HIT
(thrombocytopenia in combination with the formation of antibodies, strong positive
immunoassay, OD > 1), and all four remained free of thrombotic complications.
Although fondaparinux is not believed to cause HIT, one of the four patients of the
present series who developed HIT was receiving fondaparinux. After the initial
publication of an analogous case in 2007, a review of the literature through May 2013
found eight published cases of fondaparinux-associated HIT and concluded that the
risk of fondaparinux-associated HIT, although low, was real. After a decade of
extended research, fondaparinux–associated HIT is one of the clinical syndromes that
are strongly related to autoimmune heparin induced thrombocytopenia[25,26].
Two of the five patients who developed thrombotic complications had positive anti-
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PF4/heparin antibodies. The association between the thrombotic events and the antiPF4/heparin antibodies approached significance in contrast to the presence of HIT
that was not associated with a thrombotic event. According to our study, formation of
antibodies can lead to thrombosis without thrombocytopenia. The association of
antibodies to thrombosis, in the absence of thrombocytopenia, has been recently
highlighted in the literature[21,26,27]. In a report published in 2008 found 22 instances of
patients who developed heparin-dependent antibodies sometimes associated with
thrombosis without thrombocytopenia[27]. We might also assume that platelet decline
and thrombosis are two events that occur in a different sequence in each patient. In a
retrospective analysis of 408 patients with HIT, it was shown that in approximately
60% of patients thrombosis was observed either on the same day thrombocytopenia >
50% was documented (26.3%) or before thrombocytopenia (33.5%)[28].
Two patients of the present series developed thrombotic complications that were
significantly correlated to heterozygotic mutations of factor II and factor V Leiden.
Factor V Leiden and prothrombin G20210A revealed a significantly higher risk for
DVT (P = 0.013 and P = 0.043, respectively), and the odds for thrombosis were 25.6%
greater in patients carrying the factor V Leiden mutation. In contrast, MTHFR C677T
polymorphism, as shown by our results, even in a homozygote state was not
associated with increased risk of DVT. The factor II, factor V Leiden, and MTHFR
C677T mutations are the most common well-recognized conditions predisposing
patients to thromboembolism following joint replacement, especially in the Caucasian
population[14,29]. Individuals who are homozygous for factor V Leiden have been
estimated to have a 50-fold increased risk of venous thrombosis, whereas
heterozygotes have a 10-fold increased risk[29]. Moreover, it has been shown that the
copresence of factor V Leiden with prothrombin gene G20210 A heterozygotic
mutation multiplies the predicted risk of thrombotic events from about 4.0-5.0 to
20.0[30]. The selection of a group of patients with strict input criteria in the study helped
to identify with greater clarity the participation of the genetic profile in the occurrence
of a thrombotic episode after TJR. Identifying and characterizing genetic risk should
help to develop diagnostic and treatment strategies for several etiological mechanisms
that cause thrombophilia following major orthopedic surgery.
In conclusion, although the number of patients in our series was relatively small, the
rigorous sample selection criteria optimized the process of drawing conclusions and
limited the impact of bias. Statistical analysis indicated that symptomatic thrombotic
events were not correlated to thrombocytopenia or HIT and also showed that platelet
count monitoring does not necessarily uncover cases of formation of anti-PF4/heparin
antibodies that may be correlated to venous thromboembolism. Moreover, both
LMWH and fondaparinux were found to be responsible for the formation of antiPF4/heparin antibodies. The correlation of thrombotic events to the formation of antiPF4/heparin antibodies approached significance whereas mutations of factor II and
factor V were significantly correlated to symptomatic thrombosis. Thus, the evaluation
of mutations of factor II and factor V preoperatively may reduce thrombotic
complications in patients undergoing major joint replacement. Preoperative tests
should be based on the clinical benefit and cost effectiveness ratio and should also lead
to an individual patient risk assessment or to the most optimal pharmacologic
prophylaxis against venous thromboembolism and HIT after elective lower limb
arthroplasty.

ARTICLE HIGHLIGHTS
Research background
Numerous studies have emphasized the association of multiple risk factors, including
varicose veins, congestive heart failure, female gender, age, hypertension, venous
thromboembolism history, cancer, diabetes, dyslipidemia, obesity, black race, total
joint arthroplasty (TJA) type (primary or revision), primary disease (osteoarthritis,
rheumatoid arthritis), and procedure duration in the increased risk of deep vein
thrombosis after TJA. Deep vein thrombosis can easily develop into pulmonary
embolism leading to cardiopulmonary dysfunction and death.

Research motivation
Apart from the factors related to surgery, comorbidities, medical history, and
decreased mobility after major TJA, there are many other well defined conditions that
are associated with either a prothrombotic state or embolic phenomena, such as

WJO

https://www.wjgnet.com

407

September 18, 2020

Volume 11

Issue 9

Dailiana ZH et al. Factors predisposing to post-arthroplasty thrombosis

mutations or polymorphisms in genes that encode blood coagulation factors,
metabolic syndrome, or immune reactions related to pharmacologic agents such as
anticoagulants, which would possibly lead to increased risk of venous
thromboembolism and its consequences. We aimed to assess the impact of different
types of anticoagulants on the hematologic profile and the incidence of heparininduced thrombocytopenia (HIT) and thromboembolism after TJA by selecting a
strictly homogeneous patient sample uninfluenced by other predisposing factors for
thrombotic events.

Research objectives
The aim of this prospective study was to evaluate the influence of individual genetic
profiles and adverse pharmacologic (anticoagulant immunologic) reactions activating
platelets and causing thrombocytopenia on the development of thrombotic episodes
among patients undergoing lower limb TJA.

Research methods
In 212 patients that underwent primary total hip arthroplasty or total knee
arthroplasty due to osteoarthritis during a period of 1 year, platelet counts and antiplatelet factor 4 (anti-PF4)/heparin antibodies were evaluated pre/postoperatively
and antithrombin III, methylenetetrahydrofolate reductase, factor V, and prothrombin
gene mutations were detected. In a minimum follow-up of 3 years patients receiving
either low-molecular-weight heparins (LMWH) or fondaparinux were monitored for
the development of thrombocytopenia, anti-PF4/heparin antibodies, HIT, and
thrombosis.

Research results
Thirty-two patients developed thrombocytopenia (insignificant correlation between
anticoagulant type and thrombocytopenia, P = 0.134), and eighteen developed antiPF4/heparin antibodies (12/173 for LMWH and 6/23 for fondaparinux). There was a
significant correlation between anticoagulant type and antibody appearance (P =
0.005). Odds of antibody emergence were 8.2% greater in patients receiving
fondaparinux than LMWH. Four patients developed HIT (insignificant correlation
between thrombocytopenia and antibodies), and five developed thrombosis. Two had
positive antibodies and two were heterozygotes for both factor II and factor V
mutations. Thrombosis was not significantly correlated to platelet counts or HIT. The
correlation of thrombosis to antibodies, factor II, and factor V was P = 0.076, P = 0.043,
and P = 0.013, respectively.

Research conclusions
Screening of coagulation profile, instead of platelet monitoring, is likely the safest way
to minimize the risk of post-arthroplasty thrombosis. In addition, fondaparinux can
lead to the formation of anti-PF4/heparin antibodies or HIT.

Research perspectives
Although the number of patients of our series was relatively small, the rigorous
sample selection criteria optimized the process of drawing conclusions and limited the
impact of bias. Statistical analysis indicated that symptomatic thrombotic events were
not correlated to thrombocytopenia or HIT and platelet count monitoring does not
necessarily uncover cases of formation of anti-PF4/heparin antibodies that may be
correlated to venous thromboembolism. Moreover, both LMWH and fondaparinux
were found to be responsible for the formation of anti-PF4/heparin antibodies. The
correlation of thrombotic events to the formation of anti-PF4/heparin antibodies
approached significance, whereas mutations of factors II and V were significantly
correlated to symptomatic thrombosis. Thus, the evaluation of mutations of factor II
and factor V preoperatively may reduce thrombotic complications in patients
undergoing major joint replacement. Preoperative tests should be based on the clinical
benefit and cost effectiveness ratio and should also lead to individual patient risk
assessment or to the most optimal pharmacologic prophylaxis against venous
thromboembolism and HIT after elective lower limb arthroplasties.
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Abstract
BACKGROUND
In this single case report study, we describe an anatomical variance of a
brachioradialis muscle with two muscle bellies and two tendons with their
common insertion on the suprastyloid crest of a distal radius.
CASE SUMMARY
After a self-mutilating forearm injury of a borderline personality patient, we
observed the anatomical variation of brachioradialis tendon. After tendon repair
and aftercare the muscle function recovered completely. Five months after
surgery the forearm magnetic resonance imaging was done revealing a
supernumerary brachioradialis muscle.
CONCLUSION
Anatomical variations of forearm muscles and tendons are not rare. The treating
surgeons should be aware of their existence and anatomical relationships.
Key Words: Supernumerary brachioradialis muscle; Anatomical variation of forearm;
Single case report study
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Core Tip: This is a single case report study of an anatomical variation of brachioradialis
muscle and its tendons in an injured patient. The postoperative magnetic resonance
imaging findings reveal the relationship of the supernumerary and proprius brachioradialis
tendons.
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INTRODUCTION
We present a single case report study of an anatomical variation of brachioradialis
muscle and its tendons. The aim of the study is to inform about a brachioradialis
anatomical variation that to our best knowledge was not reported until yet.

CASE PRESENTATION
Chief complaints
A 17 year old female patient cut herself intentionally with textile scissors on her left
non-dominant forearm.

2020

P-Reviewer: Koumantakis GA,
Dailiana ZH

History of past illness

S-Editor: Liu JH
L-Editor: A
P-Editor: Xing YX

Borderline personality.

Physical examination upon admission
At the initial wound examination in emergency department, we found a 8 cm long,
deep cut through the skin, subcutaneous tissue and volar forearm fascia 9 cm proximal
to the flexion crease with several divided tendons. There were no signs of arterial
injury at that time. We didn’t suspect any bone injury either. Due to the clinical
examination with loss of sensibility distal to the wound up to the thumb base dorsally,
we presumed a superficial sensory nerve injury.
Immobilisation of the wrist was applied, intravenous antibiotics were
administrated, tetanus vaccination refreshed and the indication for wound exploration
in operation theatre under anaesthesia was determined.

FINAL DIAGNOSIS
Cut of left, non-dominant volar distal forearm with disruption of palmaris longus
tendon, flexor carpi radialis tedon, supernumerary brachioradialis tendon and
superficial branch of the radial nerve.

INTRAOPERATIVE FINDINGS AND SURGICAL TREATEMENT
The operation was done with medical loupes with 3.5 magnification. Intraoperatively,
we found an 8 cm long oblique wound on the volar distal forearm. It expanded from
ulnar proximal to radial distal. We diagnosed a clean cut with retraction of palmaris
longus tendon (PL) and flexor carpi radialis tendon (FCR) as well as sharp disruption
of a white fibrous anatomical structure radial to the FCR that was also retracted
beyond the wound edges (Figure 1). Additionally, we recognized radial to this
structure in a very close relationship and running parallel to it what was presumed to
be a superficial branch of the radial nerve (SBRN), which was also disrupted. Radial to
the nerve we identified the bright tendon of the proprius brachioradialis muscle (BR)
that was not injured. Deep dissection revealed no other injuries with intact flexor
pollicis longus tendon and normal appearing median nerve.
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Figure 1 Intraoperative findings. a: Proprius brachioradialis tendon; b: Superficial branch of radial nerve; c: Supernumerary brachioradialis tendon with tendon
loop; d: Flexor carpi radialis tendon with tendon loop; e: Palmaris longus tendon.

Our attention was attracted to the not identified disrupted white anatomical
structure that according to the macroscopic characteristics was assumed to be a
tendon. This tendon was in its diameter and shape of the cross section similar to the PL
(2 mm × 5 mm). Passive wrist motion did not show any influence on the tension of this
structure. Once preparing the distal tendon loop sutures and testing it by pulling on
the suspected tendon proximally, we could palpate it subcutaneously and distally
almost to the radius styloid. By pulling distally on its proximal end, this structure
could be followed by palpating it subcutaneously on its course towards the proximal
radial forearm. It was not palpable at the proximal ulnar third of the forearm. End to
end suturing of this tendon was practically impossible to achieve with extended elbow
due to the distraction of its ends. By flexing the elbow tension was released and we
had no problems adapting the tendon in an end-to-end fashion. The dynamic
examinations, course as well as the anatomical relationship to BR and presumed SBRN
brought us to the conclusion that we might have found an additional aberrant
brachioradialis tendon. Further dissection was not necessary for the reconstruction of
the injured structures and was not performed.
After finishing all tendon repairs of FCR, PL and supernumerary BR, the epineural
adaptation of the presumed SBRN was performed. The surgery was completed with
thorough irrigation and wound closure. Postoperatively, we applied a protective
dorsal wrist splint. In order to prevent stiffness we did not immobilize the elbow, but
advised the patient to wear a dorsal forearm cast with the wrist in neutral position. We
recommended avoiding wrist extension, forceful elbow flexion as well as full
pronation and supination. Free finger range of motion was encouraged. From week 712 postoperatively there was no strict immobilization, but we gave the patient a
protective wrist brace for comfort allowing daily mobilisation of the wrist with free
ROM with limited strength. Three months postoperatively free mobilisation and
strengthening was encouraged.

OUTCOME AND FOLLOW-UP
The follow up at 6, 12 wk and 5 mo postoperatively showed good wound healing
without signs of infection (Figure 2A) and good function of the reconstructed tendons.
There was still a loss of sensibility as shown in the Figure 2B with a positive HofmannTinel sign over the scar.
Imaging examinations: Five months postoperatively local swelling reduced
remarkably and a magnetic resonance imaging (MRI) was performed. We took the
radius styloid tip (RST) as the reference for measuring the distance to the chosen MRI
series of the forearm (Figure 3) MRI series at 5 mo postoperatively, 85 mm proximal to
the RST at the level of injury and tendon suture with relationship of proprius BR (full
line) and supernumerary BR (interrupted line). MRI series of forearm at 5 mo
postoperatively with relationship of proprius BR (full line) and supernumerary BR
(interrupted line) (Figure 4A-F). 165 mm proximal to RST - the two muscle bellies of
the BR are identifiable. The bright tendon of the proprius BR is already good
recognizable and lies near to the border of two muscle bellies (Figure 4A). 113 mm
proximal to the RST - the two bellies are divided. At this level the proprius BR is
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Figure 2 Clinical presentation at 5 mo postoperatively. A: Scarification and distance of the scar to the flexion crease; B: The area of loss of sensibility.

Figure 3 Magnetic resonance imaging series at 5 mo postoperatively, 85 mm proximal to the radius styloid tip at the level of injury and
tendon suture with relationship of proprius brachioradialis (full line) and supernumerary brachioradialis (interrupted line).

mostly tendinous and the supernumerary BR consists still mostly of muscle fibers
(Figure 4B). 93 mm proximal to the RST - full division of two distinct tendons is clear
to see. This is at 8 mm proximally to the tendon suture (Figure 4C). 60 mm proximal to
the RST clearly divided tendons of proprius and supernumerary BR appear. This is at
25 mm distally to the tendon suture (Figure 4D). 41 mm proximal to the RST the two
tendons are getting closer to each other (Figure 4E). 20 mm proximal to the RST is
common insertion site. The supernumerary BR lies closer to the bone and inserts as
first (Figure 4F).

DISCUSSION
Brachioradialis muscle forms together with extensor carpi radialis brevis and longus
muscles the so-called mobile wad of three. This group of muscles lies in the radial
respectively lateral compartment of the forearm. Brachioradialis is the only muscle in
the human body that has its origin on a distal end of one long bone and inserts on a
distal end of another long bone. Its origin is on the distal two thirds of the lateral
supracondylar ridge of the humerus and on the lateral brachial intermuscular septum.
It inserts on the suprastyloid crest of a distal radius. It is innervated by a branch of
radial nerve (C5-7) branching just proximal to the radial nerve division. The main
function of the BR is to flex the elbow. The second function depends on a wrist
position: BR is a pronator if the wrist is supinated and a supinator if the wrist is
pronated[1,2].
Usually BR is a one-headed muscle that extends radial from the distal humerus to
the distal radius. Due to its embryonal origin from the extensor mass there are several
reported variations of the BR and its relationship with the local structures such as a
publication showing a BR variation which origin extends throughout the whole lateral
humeral ridge and intermuscular septum merging with the insertion of the deltoid
muscle on a proximal humeral shaft[3]. A BR accessorius muscle in the lateral cubital
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Figure 4 Magnetic resonance imaging series of forearm at 5 mo postoperatively with relationship of proprius brachioradialis (full line)
and supernumerary brachioradialis (interrupted line).

region was observed in 5 of 176 (2.8%) limbs of dissected cadavers. Its origin was
described to be proximal to BR origin reaching to the deltoid muscle. Its insertion was
described to be on the tuberosity of the radius or just distal to it[4]. Various authors
report about this variance under different names such as long supinateur accessoire
(Lauth, 1930) or brachioradialis brevis seu minor (Gruber, 1868; Rolleston, 1887).
A double-bellied BR was observed in the distal third of a radius during dissection of
a radial forearm free flap (RFFF) in an ORL tumor patient[5].
Another two-bellied BR was found in a male cadaver during a routine student
dissection course, but this BR is different from ours, as it has a common insertional
tendon[6].
An incidentally diagnosed BR with its insertion on metacarpal 3 after passing
through the second extensor compartment was identified in another anatomic
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specimen[7].
Furthermore, in one study SBRN entrapment between two slips of a split BR was
found in 7 of 143 patients (4.9%) who were operated with the diagnosis of
Wartenberg’s syndrome[8]. The relationships between BR and SBRN vas investigated in
a not randomised anatomic study with 150 arms of 75 cadavers. A split BR was found
in 9 of 150 arms (6%). SBRN piercing through the two slips of the BR was found in
3.3% (5 of 150) of all dissected arms, in 4 of 75 cadavers (5.3%) and in one (1.3%) of
them it was found bilaterally[9].
Also SBRN showed inconstant characteristics of its course and branching pattern.
The distances of its emerging point from underneath the forearm fascia to become
subcutaneous and of its bifurcation were inconstant. The nerve’s division showed in
91.7% two branches and in 8.3% three branches. In the same study there is as well
evidence of distal anastomosis between SBRN and lateral antebrachial cutaneous
nerve (LABCN) in 10 of 48 investigated specimens (20.8%). In contrast other studies
report up to 70% of anastomosis between LABCN and SBRN resulting in atypical
distribution of the local sensitive branches that makes it prone to iatrogenic injury[10].
Brachioradialis muscle exhibits some clinical relevance. Firstly its function in elbow
motion can be affected when injured. Secondary BR tends to displace the distal radial
fragment in distal radius fractures. BR tendon is described as donor in tendon transfers
and reconstructive surgery.
Orthopaedic and trauma surgeons not knowing about supernumerary BR variance
and dealing with forearm fractures through a volar Henry approach to the radius in
patients with the here described variance could choose a false plane during surgery
which could lead to iatrogenic injury. Furthermore in a patient like the one mentioned
with a laceration of soft tissue and complete disruption of several tendons and
retraction, the supernumerary BR tendon could be easily misjudged and sutured with
a wrong tendon resulting in dysfunction of the forearm and hand.
A radial forearm free flap is commonly used[11]. An existing supernumerary BR
without surgeon being aware of this variance could be confusing and misleading
during the dissection and harvesting of the flap.
Furthermore there are some clinical features such as a condition called cheiralgia
paresthetica better known as Wartenberg’s syndrome described in 1932[12]. In this
entity the patients suffer pain and dysesthesia due to entrapment of the SBRN between
the BR and ECRL tendons that sometimes requires surgical release.
Due to the close relationship of supernumerary BR tendon and the superficial
branch of the radial nerve and lateral antebrachial cutaneous nerve as well as reported
distal anastomosis between the branches of these two nerves, there is a possibility of
local nerve irritations caused by the supernumerary BR tendon accompanying with
pain and paraesthesia.

CONCLUSION
In this single case report study we describe an anatomical variance of a bifid
brachioradialis muscle with two muscle bellies and two tendons with their common
insertion on the suprastyloid crest on distal radius. Orthopaedic and hand surgeons
should be aware of anatomical variations of brachioradialis muscle and tendons as
well as their anatomical relationship with LABCN und SBRN.
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Abstract
BACKGROUND
The incidence of primary osteoarthritis knee is gradually increasing among young
individuals. The increasing prevalence of obesity, sedentary lifestyle, sporting
activity, and vitamin D deficiency (VDD) has been hypothesized for this shifting
disease trend. This study was designed to look for the association of serum
vitamin D among these young arthritic patients.
AIM
To look for the association of serum vitamin D in younger knee osteoarthritis
(KOA) patients.
METHODS
In a 2-year observational study, 146 non-obese KOA patients of 35-60 years were
evaluated clinically (Knee injury and Osteoarthritis Outcome Score, KOOS) and
radiologically (Kellegren-Lawrence stage, KL). The serum 25(OH)D level of these
patients and 146 normal healthy individuals of same age group were estimated.
RESULTS
Both the groups were comparable in terms of age and sex. The average serum
25(OH)D level in healthy individuals and KOA patients was 45.83 ng/mL and
34.58 ng/mL, respectively (P < 0.001). Inadequate serum 25(OH)D level (< 30
ng/mL) was found in 46.57% of KOA patients and 24% of normal healthy
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participants indicating a significant positive association (odds ratio 2.77, 95%CI:
1.67-4.54, P < 0.001). The 25(OH)D level in KL grade I, II, III and IV was 43.40,
30.59, 31.56 and 33.93 ng/mL respectively (no difference, P = 0.47). Similarly, the
KOOS score in sufficient, insufficient and deficient groups were 65.31, 60.36 and
65.31, respectively (no difference, P = 0.051).
CONCLUSION
The serum 25(OH)D level is significantly low in younger KOA patients. However,
the clinical and radiological severities have no association with serum vitamin D
level.
Key Words: Degenerative disease; Early-onset arthritis; Cholecalciferol; Sunlight; Knee
joint; Arthroplasty; Knee replacement
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core Tip: The association of vitamin D deficiency in young knee osteoarthritis (KOA)
patients were studied. Serum 25(OH)D level of young KOA patients and healthy
individuals were estimated along with clinical and radiological severity assessment of
KOA patients. Serum vitamin D level in healthy individuals and KOA patients were found
to be 45.83 and 34.58 ng/mL, respectively; 46.57% of KOA patients had inadequate
vitamin D compared to 24% healthy participants (odds ratio 2.77, P < 0.001). The clinical
and radiological severities had no association with vitamin D. Although disease severity
cannot be predicted from vitamin D level, it is significantly low in younger KOA patients.
Citation: Tripathy SK, Gantaguru A, Nanda SN, Velagada S, Srinivasan A, Mangaraj M.
Association of vitamin D and knee osteoarthritis in younger individuals. World J Orthop 2020;
11(10): 418-425
URL: https://www.wjgnet.com/2218-5836/full/v11/i10/418.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i10.418

INTRODUCTION
Knee osteoarthritis (KOA) is a common musculoskeletal problem worldwide affecting
3.8% of the world’s population[1,2]. The prevalence of KOA is similar across the globe;
however, it is expected to increase dramatically in low and middle-income nations[3].
KOA generally progresses with age, and is usually seen after 50 years; however
recently, it has been increasingly noticed in younger individuals. KOA and its
associated symptoms such as pain, swelling, and stiffness impair the health-related
quality of life (HRQOL), thereby causing a substantial direct and indirect economic
burden[3]. The increasing prevalence of obesity, sedentary lifestyle, sporting activity,
and vitamin D deficiency (VDD) is attributable to this shifting disease trend[3,4].
Many observational and longitudinal studies across the world reported a higher
prevalence of KOA and increased risk of disease progression in vitamin D deficient
patients[5-13]. However, few studies contradicted this association[14-20]. A recent review by
Vaishya et al[20] reported that there was moderate evidence of a positive association
between VDD and progression of radiographic OA (ROA). They reported limited
evidence for a positive correlation between VDD and cartilage volume loss. There was
also limited evidence of cartilage regeneration and relief of knee pain with vitamin D
supplementation[20]. Most research on the progression of KOA in vitamin D deficient
patients are based on older individuals[20-22], and no study has evaluated the association
of vitamin D deficiency in younger KOA patients. Heidari et al[14] observed significant
vitamin D deficiency among young KOA patients who were below 60 years of age, but
they could not notice this association in elderly patients. With the rising incidence of
younger adults suffering from KOA, this study was designed to determine if there was
an association between VDD and KOA in younger individuals. The effect of the
severity of the deficiency was correlated with the clinical and radiological severity of
the disease.
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MATERIALS AND METHODS
In a case-control study (study duration 2 years, August 2016 to August 2018), all
patients between 35 and 60 years of age, who presented with knee pain and were
diagnosed with primary OA knee, were evaluated for vitamin D deficiency. Similarly,
healthy individuals in the same age group were also evaluated for serum vitamin D
level for comparison. Primary OA knee in young patients was diagnosed clinically
(using American College of Rheumatology criteria) and radiologically using X-ray and
magnetic resonance imaging (in doubtful cases). For inclusion in this study, the
patients must have a body mass index (BMI) of < 30 kg/m2. The patients with
inflammatory arthritis, chronic diseases, previous surgery or trauma to the knee joint,
systemic debilitating diseases or limitation of physical activities, and on vitamin D
supplementation were excluded. Approval of the institutional ethics committee was
obtained prior to patient recruitment (project code T/IM-F/Ortho/15/16).
The KOA patients were evaluated clinically (swelling, tenderness and range of
motion, Knee injury and Osteoarthritis Outcome Score [KOOS]) by an orthopedic
surgeon[23]. The anteroposterior and lateral radiographs of the knee joints were taken,
and disease severity was categorized by Kellegren-Lawrence stage. The blood
parameters such as intact parathyroid hormone (iPTH) (reference 12-88 pg/mL),
alkaline phosphatase (ALP) (9-116 IU/L), and 25(OH)D (30-100 ng/mL) levels in the
patient and the control groups (healthy individuals within the same age group and
BMI) were analyzed using standard methods. In addition, erythrocyte sedimentation
rate (ESR, 0-20 mm/h), C-reactive protein (< 5 mg/L), total serum calcium, ionized
calcium, urea, creatinine, phosphorous, total protein, and albumin levels were
measured with the standard autoanalyzer. Serum vitamin D level of > 30 ng/mL was
considered sufficient, 20-30 ng/mL insufficient, and < 20 ng/mL deficient. The
demographic profiles, clinical and radiological findings and serum vitamin D level
were entered into a predesigned proforma.
Statistical analysis was done using SPSS 20 version software. Descriptive statistics
were used to determine the mean, median, and standard deviation. The patients were
grouped based on age, sex, religion, nativity (rural/semi-urban/urban), and
socioeconomic status. The association of vitamin D deficiency and knee OA was
evaluated using the chi-square test with calculation of odds ratio (OR) and 95%
confidence interval (95%CI). The independent effect of serum vitamin D deficiency
was determined after adjustment for age, sex, and socioeconomic status using logistic
regression analysis. The radiographic and functional severity of OA was correlated
with vitamin D level (normal, insufficiency and deficiency) in these patients.
The sample size was determined with a confidence level of 95% and power of 80%
to detect 15% difference in the proportion of vitamin D deficiency between KOA
patients and controls at a significance level of 0.05%. Considering a 30% VDD in the
general population of this study, 146 subjects were needed for each group.

RESULTS
The average age of normal healthy individuals and OA knee patients was 49.42 years
and 51 years, respectively (P = 0.07). The numbers of male and female patients in the
KOA group were 60 and 86 respectively, and it was not significantly different from the
healthy individual group (male 68, female 78). The serum calcium (mean 9.4 mg/dL,
range 8.5-10.3 mg/dL), iPTH, and albumin levels were within normal limits in all
patients and healthy individuals. The average serum vitamin D level in normal
healthy individuals was 45.83ng/mL. However, the average serum vitamin D level in
OA knee patients was significantly low (34.58 ng/mL, P < 0.001); this indicated a
relative vitamin D deficiency in KOA patients (Table 1).
There was no difference in the number of vitamin D deficient patients in both
groups (P > 0.05). However, 68 patients (46.57%) in the KOA group and 35 participants
(23.97%) in the healthy group had inadequate serum vitamin D (serum vitamin D level
of < 30 ng/mL, includes both vitamin D deficient and insufficient individuals). There
was a statistically significant positive association between inadequate vitamin D level
and KOA (odds ratio 2.77, 95%CI: 1.67-4.54, P < 0.001, chi-square test, Table 2). The
odds of developing KOA in inadequate vitamin D patients were 2.77 times higher than
healthy individuals. By using logistic regression analysis for age, sex and
socioeconomic status, the odds ratio was found to be 2.84 (CI: 1.63-4.90, P < 0.001).
The vitamin D level in Kellegren-Lawrence grade I, II, III and IV were 43.40, 30.59,
31.56 and 33.93 ng/mL respectively; there was no significant difference in vitamin D
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Table 1 Comparison of various parameters between control (n1 = 146) and osteoarthritis (n2 = 146) patients with details of their vitamin
D status as per radiographic disease severity and residency
Sl. No

Parameter

Control

Cases

P value

1

Age

49.42 (5.57)

51.00(6.67)

0.07

2

Sex
Male

68

60

0.41

Female

78

86

3

Vitamin D

45.83 (21.30)

34.58 (21.76)

< 0.001

Sl. No

Parameter

Number

Vitamin D level

P value

1

Disease severity based on X-ray
I

35

43.40 (25.30)

0.47

II

44

30.59 (16.23)

III

38

31.56 (17.78)

IV

29

33.93 (26.79)

Village

102

35.40 (19.87)

Semi-urban

13

31.61 (28.72)

Urban

31

34.24 (26.21)

2

Residence
0.42

Table 2 Odds ratio for vitamin D deficiency in knee osteoarthritis patients
Vitamin D status

Cases (OA patients)

Control

Odds ratio (95%CI)

P value (Chi-square test)

Below normal (deficient and insufficient)

68

35

2.77 (1.67-4.54)

< 0.001

Adequate (sufficient)

78

111

OA: Osteoarthritis.

level as per disease severity (radiological) in OA knee patients (P = 0.47). Also, there
was no difference in vitamin D level between patients of urban dwellers (34.24
ng/mL) and village dwellers (35.40 ng/mL, Table 1). Subgroup analysis of vitamin D
level with disease severity on x-ray did not show any significant difference (Table 3).
The clinical severity of the KOA patients had a positive association with the
radiological severity (Kellegren-Lawrence grade, Table 3). The patients with early OA
had KOOS score of 80.05, whereas the patients with advanced OA had significantly (P
< 0.001) low KOOS score (50.70). The KOOS score was not significantly different in the
OA patients when they were subcategorized as sufficient, insufficient and deficient as
per their vitamin D level (Table 3). The clinical and radiological severity of OA knee
did not correlate with the vitamin D level.

DISCUSSION
This study showed a significantly low vitamin D level in younger OA knee patients
compared to healthy individuals. There were 47% OA knee patients with inadequate
vitamin D, but only 24% of healthy individuals had inadequate vitamin D level. The
odds of development of KOA were 2.77 times more in younger individuals with
inadequate vitamin D compared to healthy individuals. We did not observe any
association of severity of vitamin D deficiency with the clinical severity and
radiological severity of KOA.
The exact role of vitamin D in bone metabolism and on chondrocytes has been
previously studied[20,22]. Suboptimal levels of vitamin D have adverse effects on calcium
metabolism, osteoblastic activity, matrix ossification, and bone mineral density. A
direct effect of vitamin D metabolites on articular chondrocytes, subchondral bone
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Table 3 The vitamin D status and the disease severity among the knee osteoarthritis patients
Disease severity on X-ray

Vitamin D status

I

II

III

IV

Sufficient

27

22

17

12

Insufficient

4

9

11

9

Deficient

4

13

10

8

Parameter

P value
0.07

KOOS Score

P value

Early (KL grade I, II)

80.05 (9.30)

< 0.001

Advanced (KL grade III, IV)

50.70 (14.71)

Severity based on X-ray findings

Severity based on vitamin D level
Sufficient

65.31 (18.58)

Insufficient

60.36 (19.61)

Deficient

65.31 (18.58)

0.051

KOOS: Knee Injury and Osteoarthritis Outcome Score; KL: Kellegren-Lawrence stage.

quality, and early degenerative changes could, therefore, increase the susceptibility to
OA[20-22]. A significant association between low vitamin D intake and KOA has been
reported in diverse populations’ worldwide[5-13,20-22].
In Framingham study, McAlidnon et al[10] (1996) observed threefold increased risk of
KOA progression in participants in the middle and lower tertiles for both vitamin D
intake and serum levels. A follow-up to this study a decade later (2007) revealed that
vitamin D status was unrelated to the risk of joint space or cartilage loss in knee OA[16].
However, Bischoff-Ferrari et al[7] observed a significant positive association between
serum 25(OH)D and BMD in individuals with primary knee OA, independent of sex,
age, BMI, knee pain, physical activity, and disease severity. As there was a high
prevalence of low serum 25(OH)D in KOA patients, and there was a positive
association between 25(OH)D and BMD, vitamin D supplementation might enhance
BMD in these patients. A similar observation was reported in the "Rotterdam Study"
where low dietary vitamin D intake was associated with increased risk of knee OA
progression over a mean follow-up time of 6.5 years[12]. There were reports showing a
positive association between VDD and knee cartilage loss supported by joint space
narrowing and distal femoral cartilage thinning[20,22,24].
Heidari and associates evaluated the status of vitamin D in patients suffering from
OA knee (n = 148) compared to an age-matched control group (n = 150)[14]. The mean
serum 25-(OH)D in OA patients was not significantly lower than controls (P = 0.28)
but on subgroup analysis the mean 25-(OH)D in OA patients aged < 60 years was
significantly lower than controls (23.8 ± 18.8 ng/mL vs 34.5 ± 29.6 ng/mL, P = 0.01).
After adjustment of age and sex in this age group (< 60 years), the authors found a
significant association of vitamin D level with OA knee. They found a greater
association of OA knee in patients aged < 55 years (OR = 2.63, 95%CI: 1.16-5.95, P =
0.01); whereas the association between OA and serum 25-(OH)D deficiency in patients
aged ≥ 60 years did not reach to a significant level[14]. Konstari et al[19] from Finland
found no significant association between serum 25(OH)D level and the risk of
development of knee or hip OA. Al-Jarallah et al[15] from Kuwait reported that most of
their patients had vitamin D deficiency, but the level of 25(OH)D was not related to
the severity of the knee X-ray grading or to the functional assessment in patients with
primary knee OA.
There are many studies related to dietary supplementation of vitamin D in KOA. In
longitudinal studies, Sanghi et al[11] found a small but statistically significant clinical
benefit of vitamin D treatment in patients with knee OA at 12-months follow up. In
VIDEO study, Arden et al[17] did not observe improvement in pain, function, stiffness
or joint space narrowing after 3 years of vitamin D supplementation. In a systematic
review of randomized controlled trials, Hussain et al[21] did not observe any
improvement in Western Ontario and McMaster Universities Osteoarthritis (WOMAC)
pain or function except the study by Sanghi et al. They did not observe improvement
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in WOMAC stiffness and joint cartilage thickness in any of the studies[22]. Two of three
studies documented an improvement in pain using visual analog scale score. Overall
there is insufficient evidence to support the benefit of vitamin D supplementation in
KOA[20,21].
The patients recruited in previous studies were mostly older adults where primary
OA knee and vitamin D deficiency could exist as an isolated problem. Bischoff-Ferrari
et al[7] advocated that the high prevalence of suboptimal vitamin D levels in persons
with knee OA was not unexpected because the mean age was 74 years. Their previous
study based on a United States national survey had revealed that only 33% of
ambulatory white persons ≥ 60 years have normal 25(OH)D levels[25]; This
emphasizeds the general need for vitamin D supplementation, especially in older
persons, including those with KOA. However, there are no studies evaluating the
vitamin D status in younger KOA patients. The study by Heidari et al[14] prompted us
to look into the association VDD in younger KOA patients. Although we did not
observe a statistically significant difference in proportions of patients with vitamin D
deficiency (< 20 ng/mL) between KOA and control group, there was a significant
difference in serum vitamin D level between these two groups. Also, there was a
significant difference in the proportion of patients with inadequate vitamin D level (<
30 ng/mL). “What is optimal vitamin D level to prevent KOA in younger
individuals?” is difficult to evaluate. But patients even below 30 ng/mL are at
increased risk and hence ≥ 30 ng/mL may be the desired vitamin D level in this
population. The association of inadequate serum vitamin D with KOA in younger age
groups may be explained by greater bone health and higher activity of bone
remodeling in these younger individuals than older persons. Healthy bone remodeling
requires the availability of adequate vitamin D. Therefore, younger individuals are
more dependent on vitamin D and expected to be more sensitive to serum 25-(OH)D
deficiency[14].
There are a few limitations to our study. One limitation was the cross-sectional
design of the study, which could not be used to establish a causal relationship between
vitamin D levels and knee OA. We did not measure the BMD of these younger
patients. The radiographic examination of the knees in healthy individuals was not
clinically indicated; hence the inclusion of asymptomatic OA to the control group
could not be ignored. Although propensity matching was done for the control group
participants, a perfect matching of these individuals taking all variables into
consideration could not be assured. Despite this limitations, the study had important
information. Unlike many other studies, there was a control group in this study which
were from the same age group and same community. For patients’ recruitment, a
stringent inclusion and exclusion criteria were adopted whereby the obese patients
and elderly patients were excluded.

CONCLUSION
Serum vitamin D level is significantly low in the younger KOA patients compared to
healthy young individuals. The odds of developing OA knee in inadequate vitamin D
individuals (< 30 ng/mL) is 2.77 times more than healthy individuals. However, the
clinical and radiological severities of the OA knee have no association with vitamin D
level in these patients.

ARTICLE HIGHLIGHTS
Research background
The rise in the incidence of primary osteoarthritis knee among young individuals is
alarming. The increasing prevalence of obesity, sedentary lifestyle, sporting activity
and vitamin D deficiency (VDD) has been hypothesized for this shifting disease trend.
However, there are limited studies evaluating the association of vitamin D deficiency
among young osteoarthritic knee patients.

Research motivation
Vitamin D deficiency (VDD) has been associated with knee osteoarthritis in elderly
individuals. The association of VDD among young arthritic individuals has never been
studied.
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Research objectives
The objectives of this study were to look for the association of serum vitamin D and
knee osteoarthritis (KOA) in younger individuals between 35 and 60 years of age.

Research methods
In a 2-year observational study, 146 non-obese KOA patients of 35-60 years were
evaluated clinically and radiologically. The serum 25(OH)D level of these patients and
146 normal healthy individuals of same age group were estimated.

Research results
There was a significantly low vitamin D level in younger OA knee patients compared
to normal individuals. There were 47% OA knee patients who had inadequate serum
vitamin D compared to 24% normal individuals. The odds of development of KOA
were 2.77 times more in younger individuals with below-normal vitamin D compared
to healthy individuals with normal vitamin D, but the clinical and radiological
severities of OA knee had no association with serum vitamin-D level.

Research conclusions
The serum vitamin D level is significantly low in younger KOA patients. However, the
clinical and radiological severities have no association with the vitamin D level.

Research perspectives
The association of inadequate serum vitamin D with KOA in younger individuals may
be explained by greater bone health and higher activity of bone remodeling compared
to elderly individuals. Therefore, younger individuals are more dependent on vitamin
D and expected to be more sensitive to serum 25-(OH)D deficiency. Vitamin D
supplementation might prevent the onset of the OA knee in these young individuals.
However, the disease progression is probably dependent on other variables as the
severity of OA knee is not correlated with the severity of vitamin D deficiency. Further
research at the molecular and genetic level will probably clarify the association in a
better way.
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Abstract
BACKGROUND
Hip fractures and proximal humerus fractures are known to be associated with
increased mortality, but the impact on mortality of combining these two common
injuries is not well known.
AIM
To compare mortality, inpatient stay and discharge destination for patients with
combined hip and proximal humerus fractures with those sustaining isolated hip
fractures.
METHODS
Using the United Kingdom national hip fracture database, we identified all hip
fracture patients over the age of 60 admitted to a single trauma unit from 20102016. Patients sustaining a proximal humerus fracture in addition to their hip
fracture were identified using hospital coding data. We calculated the 30-d and
one-year mortality for both the hip fracture cohort and the combined hip and
proximal humerus fracture cohort. Other variables recorded included age, gender
and whether the proximal humerus was treated with or without an operation.
RESULTS
We identified 4131 patients with hip fractures within the study period and out of
those 40 had sustained both a hip and a proximal humerus fracture. Mean age in
the hip fracture cohort was 80.9 years and in the combined fracture group 80.3
years. Out of the 40 patients in the combined group four were treated operatively.
The 30-d mortality for our hip fracture cohort was 7.2% compared to the mortality
of our combined cohort of 12.5% (P = 0.163). The one-year mortality for our hip
fracture cohort was 26.4% compared to 40% for the combined fracture cohort (P =
0.038). We also found patients with combined injuries were less likely to return to
their own home.
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CONCLUSION
The 30-d and one-year mortality is higher for those patients who have sustained a
combined hip and proximal humerus fracture when compared to those with a hip
fracture alone.
Key Words: Hip fracture; Proximal humerus fracture; Mortality; Return to home;
Orthopaedics; Trauma
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core Tip: This simple paper highlights a higher mortality for those patients who have
sustained a combined injury with a proximal humerus and hip fracture when compared to
those with a hip fracture alone. This would be useful for the general orthopaedic surgeon
when dealing and discussing risk of death with patients and their families.
Citation: Haque A, Singh HP. Mortality following combined fractures of the hip and proximal
humerus. World J Orthop 2020; 11(10): 426-430
URL: https://www.wjgnet.com/2218-5836/full/v11/i10/426.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i10.426

INTRODUCTION
Hip fractures are common with over 66000 patients sustaining the injury in England
and Wales in 2019[1]. We also know that over a third of all fractures occur in patients
over the age of 65[2]. With an aging population the number of hip fractures presenting
to our hospitals is likely to increase. Hip fractures are associated with a higher
mortality in both the immediate and late post-operative periods. Mortality is usually
quoted as around 10% at 30 d and 30% at 1 year[1]. There are well established
guidelines in place for the management of hip fractures in the elderly[3].
Fractures of the proximal humerus are the third most common fragility fracture
after hip and distal radius accounting for around 6% of all fractures[2]. Longer term
community studies have shown a higher mortality in those patients that have suffered
a fracture of the proximal humerus with Wilson et al[4] showing a two fold increase at 1
year (9.8%) and 5 years (28.2%)[5]. Mortality is likely to be higher with advancing age
and increasing number of comorbidities[4,5].
Mortality following combined hip and proximal humerus fractures is likely to be
higher and the aim of our study was to describe 30 d and 1-year mortality for these
patients and compare them to patients who have suffered a hip fracture alone.

MATERIALS AND METHODS
All hip fractures over the age of 60 presenting to a single large trauma unit were
identified using a prospective national database of hip fractures (National Hip
Fracture Database) from January 2010 to December 2016. Patients sustaining a
proximal humerus fracture in addition to their hip fracture were identified using
hospital coding data which was then confirmed with radiographic review. All
pathological hip and proximal humeral fractures were excluded in addition to those
sustaining other significant orthopaedic injuries. Office of national statistics data was
used to verify mortality in our patient group. We calculated 30 d and 1-year mortality
for those patients that had sustained a hip fracture alone and those that had sustained
a combined hip and proximal humeral fracture. Other variables recorded included
age, gender, inpatient stay and discharge destination. A radiographic review of all
proximal humeral fractures was performed to classify them and record their
treatment.
Statistical analysis was carried out using the SPSS software (IBM, Armonk, NY,
United States). Mortality and other secondary outcome measures were compared
using Fisher’s exact test due to a large difference in sample size between the two
groups. Difference was considered significant if a P value of < 0.05 was reached.
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RESULTS
In total, 4131 patients were identified with a hip fracture in the study period. Out of
these 40 had sustained both a hip fracture and a proximal humerus fracture. Mean age
in the hip fracture cohort was 80.9 years and in the combined fracture group 80.3
years. The male to female ratio in the hip fracture group was 1:2.4 and in the combined
fracture group 1:3.4. In terms of our primary outcome measure the 30-d mortality in
the hip fracture cohort was 7.2% compared to 12.5% in the combined cohort (P =
0.163). The 1-year mortality for our hip fracture cohort was 26.4% compared to 40% for
the combined fracture cohort (P = 0.038) (Table 1).
In terms of secondary outcome measures, mean hospital stay was 14 d for hip
fracture patients compared to 16.3 d for patients with the combined injury (P = 0.163).
Only 29% of patients with the combined injury were discharged back to their own
home compared to 47% in the hip fracture group (P = 0.022). Four of the 40 proximal
humerus fractures had operative fixation. No difference in mortality was seen between
different fracture types or methods of treatment.

DISCUSSION
Sustaining a hip fracture is amongst the commonest reasons for elderly patients
needing emergency surgery. This comes with increased risk both in terms of morbidity
and mortality[1]. Few patients will go on to achieve their full pre-injury abilities, which
means that a significant proportion of patients would require increased level of care[6].
This poses a significant socioeconomic burden on the National Health Service. The
nation institute for health and care excellence estimates 30 d mortality of upto 10% and
1-year mortality of upto 30% in those patients that have sustained a hip fracture[3].
National guidelines and the formation of the national hip fracture database have gone
a long way in improving and standardising the care provided to these patients in
England[1].
In our study we wanted to compare the outcomes of a small cohort of hip fracture
patients that have also sustained a concurrent proximal humerus fracture. Similar to
other previous studies we found that combined hip and proximal humerus fractures
were more prevalent in females (male:female = 1:3.4) and sustained by a comparably
elderly group of patients (mean age 80.3 years). In our analysis patients with combined
hip and proximal humeral fractures had higher mortality at 30 d and 1 year when
compared to those patients that had suffered a hip fracture alone. Although the
difference was not statistically significant at 30 d, it did become significant at one year.
Patients with these combined injuries were also less likely to return to their own home.
Combined proximal humerus and hip fractures are relatively rare and we found
that only 1% of hip fractures had sustained this injury. A single unit would therefore
only expect to see a few of these injuries a year. In our cohort only 4 patients out of 40
had their proximal humerus fractures treated operatively. Patients that have sustained
a combined hip and an upper limb fracture are likely to face greater difficulty in terms
of rehabilitation. With proximal humeral fractures this can be more of an issue as
splints and adapted walking aids cannot be used to help improve mobility as it can for
distal radius fracture for example. It is unclear whether this is the actual reason for
increased mortality, but the socioeconomic burden of these combined injuries is clear.
Previous studies with smaller numbers have described a possible increased risk of
mortality with proximal humeral fractures but their numbers have been smaller.
Robinson et al[7] found 21 proximal humeral fractures in 1971 consecutive hip fracture
patients and suggested that mortality was increased but when hip fractures were
associated with a distal radius fractures, their mortality appeared to be slightly lower.
Mulhall et al[8] looked at 760 hip fractures and only found 5 fractures of the proximal
humerus in their retrospective review, they found that with upper limb injuries there
was an increase in inpatient stay with greater difficulties in mobilisation. Similar
results were also reported by Kang et al[9] in 2019 when they found 35 upper limb
fractures in 1018 hip fracture patients. Only 8 had sustained a combined proximal
humerus fracture with increased mean inpatient stay. We have included 4131 hip
fractures in our study with 40 also sustaining a proximal humerus fracture.
Treating all proximal humeral fractures operatively in those patients that have also
sustained a hip fracture may not be possible due to the nature of their co-morbidities.
Operative treatment may, in addition, not lead to a lower mortality and the benefits of
surgery in terms of rehabilitation may be limited by post-operative restrictions. More
work is needed in this area, however, due to the rarity of these injuries, large studies
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Table 1 Summary of mortality data for isolated hip fractures and combined hip and proximal humerus fractures
Hip fractures only (n = 4091)

Hip and proximal humerus fractures (n = 40)

P value

Mortality 30 d

294

7.19%

Mortality 30 d

5

12.5%

0.163

Mortality 1 yr

1078

26.35%

Mortality 1 yr

16

40.0%

0.038

would be difficult to perform.
The main limitation of our study is its single centre retrospective design, use of
hospital coding data and small number of patients particularly in the combined hip
and proximal humeral fracture group. This was, however, unavoidable due to relative
rarity of this combined injury. The large difference in sample size between the two
groups may lead to difficulties in statistical analysis and this is acknowledged.

CONCLUSION
This retrospective review of a prospectively collected database over 7 years in a large
trauma unit has looked at 4131 hip fractures with 40 out of those sustaining a
combined proximal humerus fracture. These combined injuries are relatively rare but
are likely to be associated with a higher mortality at 1 year. They also cause increased
difficulty in terms of patients reaching their pre-injury abilities as they are also less
likely to return to their own home following discharge. Our hope is that publication of
this information would not only lead to a more informed discussion with patients and
their families, but also generate discussion amongst trauma and shoulder surgeons
about developing better strategies of treating these combined injuries.

ARTICLE HIGHLIGHTS
Research background
Combined hip and proximal humerus fractures are rate injuries that may be associated
with increased mortality and morbidity.

Research motivation
The motivation for this study came from the idea that patients being admitted to our
unit following these combined injuries may not have been getting good care for the
proximal humerus fracture as hip fractures were the priority. So we wanted to see if
mortality is higher for these patients and inpatient stay. Also the motivation was to
increase awareness of this injury with other trauma surgeons so that more
consideration can be given to these injuries.

Research objectives
To compare mortality and inpatient stay for patients with combined hip and proximal
humeral fractures and hip fractures alone.

Research methods
Retropective single centre analysis of local data from a national database.

Research results
Increased mortality and inpatient stay with combined injuries.

Research conclusions
Combined fractures of the hip and proximal humerus are associated with increased
morbidity and mortality when compared to isolated hip fractures. These combined
injuries are relatively rare and more equal consideration should be given to both
fractures when they do occur.

Research perspectives
This is important for those surgeons looking after patients with hip fractures and
specialist upper limb surgeons.
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Abstract
BACKGROUND
New implants for total knee arthroplasty (TKA) are continuously introduced with
the proposed benefit of increased performance and improved outcome. Little
information exists on how the introduction of a novel arthroplasty implant affects
the perioperative and surgical outcome immediately after implementation.
AIM
To investigate how surgery-related factors and implant positioning were affected
by the introduction of a novel TKA system.
METHODS
A novel TKA system was introduced at our institution on 30th November 2015.
Seventy-five TKAs performed with the Persona TKA immediately following its
introduction by 3 different surgeons (25 TKAs/surgeon) were identified as the
Introduction Group. Moreover, the latest 25 TKAs performed by each surgeon
prior to introduction of the Persona TKA were identified as the Control Group. A
Follow-up Group of 25 TKAs/surgeon was identified starting 1-year after the end
of the introduction period. Demographics, surgery-related factors and alignment
data were recorded, and intergroup differences compared.
RESULTS
Following introduction of the novel implant, Persona TKA was utilized in 69%
(71%), 53% (54%), and 45% (75%) of primary TKA procedures by the three
surgeons, respectively (Follow-up Group). Mean surgery time was increased by
28% (P < 0.0001) and mean intra-operative blood loss by 25% (P = 0.002) in the
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Introduction Group, while only the mean surgery time was increased in the
Follow-up Group by 18% (P < 0.0001). Overall alignment was similar between the
groups apart from femoral flexion (FF) and tibial slope (TS). The number of FF
outliers was reduced in the Introduction Group with a more pronounced decrease
in the Follow-up Group.
CONCLUSION
Introduction of the new TKA implant increased surgical time and intraoperative
blood loss immediately after its introduction. These differences diminished one
year after introduction of the new implant. Fewer outliers with respect to FF and
TS were seen when using the novel TKA implant. Further studies are needed to
investigate if these differences persist over time and correlate with patient
reported outcomes.
Key Words: Total knee arthroplasty; Early outcome; Novel introduction; Implant
positioning; Knee; Component choice
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Core Tip: Limited information exists in the literature on how the introduction of a novel
total joint arthroplasty (TKA) system translates to improvements in early surgical outcome
and component alignment in first adopters. The introduction of a novel TKA implant
increased surgical time and intraoperative blood loss immediately after its introduction,
but diminished one year after introduction of the implant. As only minor improvements
with respect to optimal TKA alignment were observed following its introduction, surgeons
should take increased care when introducing new procedures and consider logistics when
selecting novel implants, as small gains in alignment should be balanced against inferior
peri-operative outcomes.
Citation: Omari A, Troelsen A, Husted H, Nielsen CS, Gromov K. Early clinical outcome and
learning curve following unilateral primary total knee arthroplasty after introduction of a novel
total knee arthroplasty system. World J Orthop 2020; 11(10): 431-441
URL: https://www.wjgnet.com/2218-5836/full/v11/i10/431.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i10.431

INTRODUCTION
The use of total knee arthroplasty (TKA) has risen globally throughout the last 2-3
decades and is projected to increase even further[1]. New implants for TKA are
constantly introduced with the proposed benefit of increased performance and
improved outcome for patients. In recent years, this rapidly advancing trend
concurrently necessitated a stricter scrutiny of the regulatory environment around the
introduction of novel medical devices with ambitions of strengthening patient safety
and monitoring claimed effects[2-4]. A focus on the long-term outcome after TKA
introduction, which is gained through prospective and registered studies, is critical in
its own right, and the introduction is similarly accompanied by more immediate
changes in relation to learning curves and early clinical outcomes. Little information
exists on how early surgical outcome is affected following the introduction of a novel
TKA system[5,6]. One study found significant variations in model-specific learning
curves for new TKA systems, with some systems showing a learning curve with an
increase in early revisions[7].
The expectation of improvements offered by the new systems in comparison to the
former established systems, is unfortunately sometimes contradicted by evidence of
undesirable effects on revision rates[8,9] and patient-perceived outcomes[10].
Furthermore, novel TKA systems are generally priced higher compared to older
systems[11].
The Persona® (Zimmer-Biomet, Warsaw, Indiana, United States) TKA was
introduced in our department as a supplement to two older established TKA systems.
The aim of this study was to investigate how surgery-related factors as well as implant
positioning were affected by the introduction of the novel TKA system. Furthermore,
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we aimed to investigate the utilization rate of the novel system, and how surgical
experience with the implant affected the procedure.

MATERIALS AND METHODS
Study population
On the 30th November 2015, the Persona TKA was introduced in our institution
(Copenhagen University Hospital Hvidovre, Denmark).
We included 75 consecutive knees treated with the Persona TKA in the introduction
period starting from 30th November 2015 immediately following implementation by
three experienced surgeons (25 TKAs/surgeon) (Introduction Group), along with a
Control Group (n = 75) consisting of the most recent consecutive TKAs performed by
the same surgeons prior to introduction of the Persona TKA (25 TKAs/surgeon).
Finally, a Follow-up Group of 62 consecutive knees starting from 365-d after each
respective surgeon ended their initial 25 Persona TKAs was included. In the Follow-up
Group, two of the three surgeons managed to complete 25 TKAs, while the third
surgeon only completed 12 TKAs due to a recent change in the first choice of TKA
system at our institution. In summary, we retrospectively identified a total of 212
patients who underwent primary unilateral TKA surgery at our institution (Figure 1).
The patients were operated between 11th August 2015 (the first patient in the Control
Group) and 3rd December 2018 (the last patient in the Follow-up Group). However, it
should be noted that the three orthopedic surgeons’ individual timeframes were
shorter which was ascribed to differences in volume and utilization frequency of the
novel system following its introduction. From start to finish, surgeon 1 spent
approximately 3.2 years, surgeon 2 spent approximately 2.5 years and surgeon 3 spent
approximately 2.8 years. In these individual timeframes, the orthopedic surgeons
performed a total of 96, 118 and 96 TKAs, respectively. As surgical skill, experience
and caseload varies across orthopedic surgeons we ensured a study design which
accounted for these variances by studying the same experienced orthopedic surgeons
throughout the study. Patients were registered and included in this study through use
of the institution’s patient registry. Only cruciate retaining (CR) implants were
included in the analysis.
The patients were pooled into three cohorts for data analysis purposes: Control
Group, Introduction Group and the Follow-up Group. The patients were included
based on their primary unilateral CR TKA, surgeon and timeframe, and as such
unselected for all other factors. All patients were monitored for 90-d after surgery, and
any readmissions or deaths were recorded. No patients were lost due to follow-up or
died within the 90-d period.
Following the introduction of the Persona system, a company representative was
present during surgery for as long as the surgeon deemed necessary. All patients were
operated in a well described standardized fast-track setup[12]. A standard medial
parapatellar incision was used. Femoral and tibial surfaces were prepared using
standard cutting guides using a measured resection technique. All surgeons aimed for
neutral anatomical alignment[13]. Resurfacing of the patella was performed in all cases.
The novel system (Persona) differed with respect to the anatomical baseplate, option
for 1 mm increment adjustment for tibial bearing size, option for adjusting gaps
through anteriorized and posteriorized instrumentation of the femur, option to adjust
distal femoral resection in 1 mm increments and option to adjust distal femoral
resection angle in 1-degree increments. Blood loss management was similar across
TKA systems with bone plugging of the femoral canal, 1 g tranexamic acid
administered at the start of the operation and re-administered 3 h later. No drain or
tourniquet was applied, and spinal anesthesia was given to all patients.
Demographic parameters such as age, gender, length of operation, body mass index
(BMI), levels of pre-operative American Society of Anaesthesiologists score (ASA
score) were recorded (Table 1). Radiological parameters including AP alignment of
tibial and femoral components, femoral flexion (FF), tibial slope (TS), post-operative
tibio-femoral angle (TFA), pre-operative TFA, lateral and medial tibial overhang were
recorded (Table 2). Perioperative factors constituting measured blood loss, any
intraoperative complications, length of operation, length of stay (LOS), and
readmissions within 90 d were recorded (Table 3). For blood loss and length of
operation, patients in the Introduction Group were pooled into five chronologically
ordered patient groups from earliest (0-5) to latest (20-25) TKA by each surgeon, to
detect any initial improvements due to the learning curve (Figure 2 and Figure 3).
Changes in the mentioned surgery-related factors and early outcome were
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Table 1 Baseline characteristics
P value (Control vs
Introduction)

Introduction group

Subjects count, n (%)

75 (100)

75 (100)

Age, mean (range)

65.6 (49-84)

61.1 (39-81)

0.009

65.1 (45-86)

0.90

Mann-Whitney U
test

Gender, male/female
(%)

31/44 (m = 41%, f
= 59%)

38/37 (m = 51%, f =
49%)

0.25

24/38 (63.2)

0.76

χ2

BMI, median (range)

29.4 (17.3-45.1)

29.4 (19.4-46.9)

1.0

28.8 (20.3-51.9)

1.0

Mann-Whitney U
test

ASA Score, median

2

2

0.23

2

0.80

χ2

ASA Score I, n (%)

11 (14.7)

14 (18.7)

7 (11.3)

ASA Score II, n (%)

46 (61.3%)

49 (65.3%)

38 (61.3)

ASA Score III, n (%)

18 (24%)

10 (13.3%)

17 (27.4)

Pre-operative TFA,
mean (95%CI)

1.2 valgus (0.5
varus–2.4 valgus)

0.1 varus (1.2
varus–1.0 valgus)

0.076

Unpaired T-test

Varus Outliers, n (%)

47 (62.7)

55 (73.3)

50 (80.6)

2 (2.7)

2 (3.3)

Valgus Outliers, n (%) 5 (6.7)

Follow-up group

P value (Control
Test
vs Follow-up)

Control group

62 (100)

0.12

0.4 varus (1.7
varus–0.9 valgus)

For normally distributed data, in accordance with Shapiro Wilk-test, kurtosis, skewness and histogram inspection mean values are presented and p-value
calculated using the unpaired T-test. Otherwise Mann-Whitney U test was applied. P values for categorical data is calculated using Pearsons Chi-squared (
χ2) test or Fisher’s exact t-test. Fischer’s exact test was applied when chi-squared (χ2) conditions may be violated due to expected cell number count below 5
and/or total cell count below 40. Pre-operative TFA outliers found based on the principles of neutral knee alignment[13]. Pre-operative TFA is measured in
degrees. 95%CI: 95% Confidence interval; TFA: Tibio-femoral angle; BMI: Body mass index; ASA: American Society of Anaesthesiologists.

compared between the three groups. The alignment measurements were compared
and analyzed with respect to the gold standard of optimal component placement[13].
Optimal alignment was therefore characterized as follows: TFA = 3-7.5° valgus,
femoral component AP alignment: 83-88°, tibial component AP alignment: 87-93°,
femoral flexion: 87-90°, and tibial slope: 83-90°. For AP alignment, femoral and tibial
components, < 90 degrees corresponds to varus placement and > 90 degrees
corresponds to valgus placement. Any alignment outside the optimal alignment
interval was considered an outlier. Tibial overhang was recorded if overhang
measured 1 mm. All measurements were performed by the main authors using
Orthopedic Tools add-on built into Impax Client software.
The use of knee systems other than the newly introduced system (AGC Total Knee
System or Vanguard CR Total Knee System, Zimmer Biomet, Warsaw, Indiana, United
States) for patients receiving primary unilateral TKAs during the time period
encompassing either the Introduction Group or Follow-up Group was registered. The
data on the use of alternative TKA systems were subsequently used to develop a
perspective on the surgeon-specific adaptation rate to the novel system (Table 4).

Statistical analysis
Continuous data were presented as means with standard deviations (SD) or as
medians with range, and categorical data as absolute numbers and percentages (%) or
medians. For comparison of variables between age groups, the Student’s t-test,
Pearson’s Chi squared test (χ²-test) or the Mann Whitney U test were applied when
appropriate. SPSS Statistics Software version 25.0 was used. P values less than 0.05
were considered statistically significant.
No approval from the National Ethics Committee was necessary as this was a noninterventional observational study. This research did not receive any specific grant
from funding agencies in the public, commercial, or not-for-profit sectors. Permission
to store and review patient data was obtained from the Danish Data Protection Agency
Jr, No. 2007-58-0015.
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Table 2 Alignment of the total joint arthroplasty including the tibial and femoral components
Control group

Introduction group

P value (Control vs
Introduction)

Follow-up
group

P value (Control
vs Follow-up)

Tibial AP-alignment,
mean (95%CI)

88.5 (88.1-88.9)

88.5 (88.1-88.9)

0.68

88.5 (88.1-88.8)

1.0

Mann-Whitney U
test

Outliers, n (%)

11 (14.7)

10 (13.3)

0.81

10 (16.1)

0.81

χ2

Femoral APalignment, mean
(95%CI)

96.0 (95.5-96.5)

95.4 (95.0-95.8)

0.06

95.6 (95.2-96.0)

0.22

Unpaired T-test

Outliers, n (%)

21 (28)

14 (18.7)

0.18

11 (17.7)

0.16

χ2

Post-operative TFA,
mean (95%CI)

4.4 valgus (3.85.0)

3.8 valgus (3.3-4.4)

0.16

4.2 valgus (3.64.8)

0.62

Unpaired T-test

Outliers, n (%)

25 (33.3)

26 (34.7)

0.86

23 (37.1)

0.65

χ2

Medial Tibial
Overhang, n (%)

5 (6.7)

8 (10.7)

0.38

6 (9.7)

0.52

χ2

Lateral Tibial
Overhang, n (%)

6 (8.0)

7 (9.3)

0.77

4 (6.5)

0.73

χ2

Tibial Slope, mean
(95%CI)

88.8 (88.2-89.4)

85.1 (84.4-85.8)

< 0.0001

84.9 (84.2-85.5)

< 0.0001

Unpaired T-test

Outliers, n (%)

21 (28.0)

13 (17.3)

0.12

12 (19.4)

0.24

χ2

Femoral Flexion (FF),
mean (95%CI)

86.2 (85.3-87.0)

88.2 (87.8-88.7)

< 0.0001

88.2 (87.8-88.6)

< 0.0001

Unpaired T-test

Outliers, n (%)

44 (58.7)

28 (37.3)

0.009

16 (25.8)

< 0.0001

χ2

Test

For AP alignment femoral and tibial components, < 90 degrees correspond to varus placement and > 90 degrees correspond to valgus placement. Outliers
were found based on intervals for optimal alignment of the components[13]. For normally distributed data, in accordance with Shapiro Wilk-test, kurtosis,
skewness and histogram inspection mean values are presented and p-value calculated using the unpaired T-test. Otherwise Mann-Whitney U test was
applied. P values for categorical data is calculated using Pearsons Chi-squared (χ2) test. 95%CI: 95 % Confidence interval; TFA: Tibio-femoral angle.

Table 3 Indicators of inter- and early postoperative outcome for patients
Control group Introduction group

P value (Control vs
Introduction)

Follow-up
group

P value (Control
vs Follow-up)

Test

Length of operation,
mean (95%CI)

50 min (48-52)

64 min (62-67)

< 0.0001

59 min (57-61)

< 0.0001

Unpaired T test

Length of stay, median
(range)

2 d (0-5)

1 d (0-3)

0.24

1 d (0-9)

0.032

Mann-Whitney U
test

Intra-operative blood
loss, median (range)

200 mL (0-500)

250 mL (20-1200)

0.002

200 mL (501150)

0.84

Mann-Whitney U
test

Intra-operative
complications, n (%)

0 (0)

1 (1.3)

1.0

0 (0)

1.0

Fisher’s exact ttest

Readmissions within 90
d, n (%)

9 (12)

12 (16)

0.56

7 (11.3)

0.83

χ2

0 (0)

1.0

0 (0)

1.0

Fisher’s exact ttest

Deaths within 90 d, n (%) 0 (0)

For normally distributed data, in accordance with Shapiro Wilk-test, kurtosis, skewness and histogram inspection mean values are presented and P value
calculated using the unpaired T-test. Otherwise Mann-Whitney U test was applied. P values for categorical data is calculated using Pearsons Chi-squared (
χ2) test or Fisher’s exact t-test. Fischer’s exact test is applied when chi-squared (χ2) conditions may be violated due to expected cell number count below 5
and/or total cell count below 40. 95%CI: 95% Confidence interval.
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RESULTS
No significant demographic differences between the three groups were found, aside
from a significant discrepancy in the mean age of patients in the Introduction Group,
who were 4.5 years younger than the controls (P = 0.009) (Table 1).
Immediately after introduction of the novel implant, the Persona TKA system was
utilized in 69%, 53%, and 45% of primary TKA procedures by the three surgeons at our
institution. In the Follow-up Group the Persona TKA was utilized in 71%, 54%, and
75% by the respective surgeons (Table 2). Remaining knees in either period were
treated with one of the former TKA standards (AGC- or Vanguard TKA).
Mean operation time significantly increased from 50 to 64 min subsequent to
introduction of the Persona TKA system (P < 0.0001), and this increase was still
evident in the Follow-up Group (P < 0.0001) although it decreased to 59 min (Table 3).
Median intraoperative blood loss significantly increased from 200 mL to 250 mL
following the introduction (P = 0.002). This difference disappeared in the Follow-up
Group (P = 0.84) (Table 3). Length of stay (LOS) was significantly reduced from 2 d to
1 d (median) exclusively in the Follow-up Group compared with the Control Group (P
= 0.032) (Table 3).
The initial learning curve effect on operation time in the first 25 novel TKAs showed
signs of a reduction after the initial 5 TKAs in the Introduction Group for each
surgeon, with a decline from 70 min (median) in the initial 5 patients for each surgeon
to between 65-58 min (Figure 2). However, no signs of an initial learning curve were
observed in the first 25 novel TKAs regarding improvements in blood loss
management as a function of the surgeon’s experience in the novel system (Figure 3).
Alignment measurements on digital X-rays showed significant differences with
respect to the lateral component alignment. Tibial slope (TS) was 88.8-, 85.1- and 84.9
degrees (mean) for the Control, Introduction, and Follow-up Group, respectively
(Table 2), with a significantly increased posterior slope for both the Introduction and
Follow-up Groups.
Mean FF was 86.2 degrees for the Control Group vs 88.2 degrees for both the
Introduction and Follow-up Groups. The number of outliers with respect to FF was
reduced in the Introduction Group (37% outliers) and reduced further in the Followup Group (26% outliers) when compared to patients in the Control Group (59%
outliers). No significant changes in TS outliers were observed. No differences in
medial- and lateral tibial overhang were found (Table 2).

DISCUSSION
In this study, 212 patients were investigated regarding the implementation of a novel
TKA and its influence on perioperative and surgical outcomes. An increase in
operation time of 14 min (from 50 min to 64 min) was seen immediately after the
introduction of this novel TKA system. This increase was still evident, but lower, 1
year after its introduction. Intraoperative blood loss showed a transient rise following
its introduction with 50 mL blood loss (+25%), with no difference recorded 1 year after
introduction of the system (Table 3).
A reduction in femoral flexion (FF) of 2.0 degrees (from 88.2 to 86.2) resulted in
improved optimal overall component placement compared to the Control Group, and
significantly reduced the number of FF outliers in the Introduction Group (from 58.7%
to 37.3% outliers). The observed reduction in FF outliers was even more pronounced in
the Follow-up Group (25.8% outliers). We also found a significantly increased
posterior TS following introduction of this system (TS: 85.1 degrees) and Follow-up
Group (TS: 84.9 degrees) compared to the Control Group (TS: 88.8 degrees). This also
caused a reduction in the number of TS outliers in both groups receiving novel TKAs
compared to the Control Group, although the reduction was not significantly different
(Table 2).
Appropriate surgical training in the new procedure could help resolve the
inexpedient increase in time and blood loss, although Weber et al[14] found no
significant differences in outcome between senior and trainee surgeons in TKA
surgeries. Their study was, however, a retrospective study with a risk of selection bias,
and all trainee surgeons had 2 years of surgical education prior to performing the
surgery and were supervised throughout the operation by senior surgeons. Relatedly,
a multicenter study examining the learning curve of a novel TKA introduction found
no difference in intraoperative outcome and patient reported outcome measures
(PROMs), and only a slight increase in operation time[15]. All surgeons in our study
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Table 4 Utilization frequency of novel system following introduction
Introduction group

Follow-up group

Orthopedic Surgeon 1, n (%)

25 out of 36 (69.4)

25 out of 35 (71.4)

Orthopedic Surgeon 2, n (%)

25 out of 47 (53.2)

25 out of 46 (54.3)

Orthopedic Surgeon 3, n (%)

25 out of 55 (45.4)

12 out of 16 (75)

Frequencies shown as the fraction of total knee alloplastic surgeries where the newly introduced prosthesis was utilized for the three orthopedic surgeons.
Percentages are shown in parenthesis.

Figure 1 Flowchart representing the selection process. TKA: Total knee arthroplasty.

were very experienced at performing knee arthroplasty, thus limiting the learning
curve. Nevertheless, the changes in surgery time and intraoperative blood loss found
in this study do suggest that a learning curve is present even for experienced knee
surgeons following the introduction of a novel knee system. Evidence suggesting
rapid improvement was observed specifically for surgery time after the first 5 TKAs
for each surgeon, while blood loss management showed no signs of improvements in
the first 25 TKAs for each surgeon. This suggests that the orthopedic surgeons
experience with specific TKA systems affects intraoperative outcome indicators at a
different pace (Figure 2 and Figure 3).
Other studies have investigated the role that the introduction of a novel knee system
may play on early outcome. A Swedish study found that a poor routine by the surgeon
affected surgical outcome and was especially pronounced for technically challenging
implants[16]. A nationwide register-based Finnish study examined the ten most
common TKA implants at introduction and found large differences in survival and
revision risk, and interestingly, 4 of the 10 systems appeared to show a surgeon
learning curve at the expense of the first patients who received inferior results[7].
Besides substantiating the plausibility that a wide degree of variance exists between
TKA system designs and their ease of use, the study supports our findings as our
Follow-up Group showed superiority in both intra- and early postoperative outcomes
when compared with the Introduction Group.
It appears that our findings on cemented TKAs were not mirrored when compared
to early outcomes following the introduction of a novel cementless TKA system. A
small American study by Cohen et al[17] looked at how the introduction of a cementless
TKA compared with a conventional cemented TKA system, and found no significant
difference in intra-operative blood loss and a 5 min shorter (-11%) operating time for
the newly introduced cementless TKA. Their results are in line with available
literature on existing TKA systems[18,19], although it should be noted that Cohen et al
merely changed the means of fixation of the implants, while our study investigated a
complete change of the entire TKA system.
In terms of clinical relevance, we believe our findings of an increase in mean
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Figure 2 Initial learning curve effect on operation duration in the first 25 novel total knee arthroplasties. The box represents the interquartile (IQ)
range. Median indicated by line across the box; The whiskers are no greater than 1.5 times the IQ range; Outliers are cases with values between 1.5 and 3 times the
IQ range depicted by circles.

Figure 3 Initial learning curve effect on intra-operative blood loss management in the first 25 novel total knee arthroplasties. The box
represents the interquartile (IQ) range. Median indicated by line across the box. The whiskers are no greater than 1.5 times the IQ range; Outliers are cases with
values between 1.5 and 3 times the IQ range depicted by circles; Extreme outliers are cases with values more than 3 times the IQ range depicted by asterisks.

operation time of 14 min in the Introduction Group is clinically significant as it
constitutes a 28% mean increase. With 3 and 5 cases daily, this difference adds up to 42
min and 1 h and 10 min, respectively. We believe this to be a direct consequence of
more complex instrumentation. The median increase in intra-operative blood loss of
50 mL has little clinical significance for patients, and may partly be the result of
increased operation time as it shows a positive correlation with increased blood loss[20].
In recent times the utilization of guides and other navigation have increased the

WJO

https://www.wjgnet.com

438

October 18, 2020

Volume 11

Issue 10

Omari A et al. Early outcome of novel TKA introduction

opportunity to intraoperatively control alignment and osseous resections during
TKA[21,22]. The Persona implant introduced in this study makes use of bespoke
instrumentation and as such offers inherent advantages regarding fit and placement of
the femoral and tibial components as opposed to the former AGC and Vanguard
systems. This provides an advantage for the surgeon which could explain the
improved TS and FF alignment and an approximately 35% reduction in outliers even
directly following introduction of the novel TKA system, as several of the critical
elements during the procedure have been made easier.
Length of stay (LOS) was significantly shorter only in the Follow-up Group with the
median length of stay of 1 d compared to 2 d in the Control Group. However, this
finding is most likely unrelated to the implant, as continuous evolvement of the fasttrack setup in our institution with continuously decreasing LOS may explain the
differences in LOS between the groups[23].
Limitations of this study include the unavailability of PROMs; thus, the longer term
outcome of patients in the three groups remains unclear, as we have no reports or
evidence to support any viewpoint. Also, the sample size of patients was
fundamentally determined by the number of Persona TKAs at our institution, and an
orderly power analysis was consequently not applied in the study design. Our study
included three surgeons from the same institution as our point of reference, and it is
possible that results may vary between hospitals, although a large American study
found similar overall readmission rates, LOS and postoperative adverse outcomes in
TKA operations between top rated and other hospitals[24].
BMI, gender, pre-operative ASA score and pre-operative tibiofemoral angle were
the same for all three groups suggesting homogeneous patient demographics and thus
limited selection bias, apart from patients in the Introduction Group who were 4 years
(mean) younger that the others, suggesting that surgeons do tend to select a novel (and
more expensive system) for younger patients. The strengths of this study lie in the use
of the secure local registries which ensure that data is collected unbiasedly. Individual
surgeons vary in performance, and by including three surgeons it enabled more
general data to be obtained in which the individual surgeon’s performance plays a
smaller role.

CONCLUSION
The introduction of a new TKA implant at our institution increased surgical time and
intraoperative blood loss immediately after introduction. These differences decreased
one year after introduction of the new implant. Only minor differences were observed
with respect to alignment, which mainly constituted improvements in lateral
component alignment following introduction of the new system, and these were
further pronounced in the follow-up. Further studies are needed to investigate if these
differences persist over time and correlate with patient reported outcomes. Surgeons
should take increased care when introducing new procedures and consider the
logistics when choosing a novel implant as small gains in alignment should be
balanced against inferior peri-operative outcomes.

ARTICLE HIGHLIGHTS
Research background
Globally, the use of total knee arthroplasty (TKA) has risen throughout the last 2-3
decades and is projected to increase even further. The introduction of novel implants
for TKA is a frequent occurrence with proposed benefits for patients, but is
unfortunately sometimes contradicted by evidence of undesirable effects with regard
to revision rates, costs, and patient-perceived outcomes. Little information exists on
how early surgical outcome and implant positioning are affected following the
introduction of a novel TKA system.

Research motivation
This study focused on the early logistical challenges posed by the introduction of a
novel TKA system. In particular, the short-term clinical outcomes in patients with
emphasis on how surgery-related factors and implant positioning are affected
following the introduction of a novel TKA system. The utilization rate across surgeons
and how surgical experience with the implant affects outcome were investigated.
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Research objectives
This short-term study showed that a learning curve is present even for experienced
knee surgeons following the introduction of a novel knee system. Information from
this study may help to increase care when introducing new procedures and logistical
considerations when choosing a novel implant, as small gains in alignment should be
balanced against inferior peri-operative outcomes. These findings will be useful as a
basis for comparisons for future studies and correlations with patient reported
outcomes.

Research methods
This retrospective study included 212 TKA patients undergoing surgery at
Copenhagen University Hospital Hvidovre. We included 75 consecutive knees treated
with the novel TKA system in the introduction period starting from November 30th
2015 immediately following implementation by three experienced surgeons (25
TKAs/surgeon), along with a control group of 75 patients. A Follow-up Group
consisting of 62 consecutive knees starting from 365-d after each respective surgeon
ended their initial 25 novel TKAs was also included. Patient demographics, surgeryrelated factors and alignment data were recorded using the institution’s patient
registry.

Research results
This study examined how early clinical outcome, implant positioning and utilization
rate were affected by the introduction of a novel TKA system between August
2015–December 2018, and how increased surgical experience with the implant affected
patient outcome. The novel TKA system was utilized in 69% (71%), 53% (54%), and
45% (75%) of primary TKA procedures by the three surgeons, respectively (Follow-up
Group). Mean surgery time was increased by 28% and mean intra-operative blood loss
by 25% in the Introduction Group, whereas only the mean surgery time was increased
in the Follow-up Group by 18%. Small improvements were observed in alignment. FF
outliers were reduced in the Introduction Group with a more pronounced decrease in
the Follow-up Group.

Research conclusions
Little information exists on how early surgical outcome is affected following the
introduction of a novel TKA system. This study brings a unique view on short-term
outcome following the introduction of a novel TKA system in relation to implant
positioning, early clinical outcome and the learning curve. It accounts for variances
between surgeons by studying the same experienced orthopedic surgeons throughout
the study, as surgical skill, experience, and caseload varies across surgeons. Increased
surgical time and intraoperative blood loss was observed immediately after
introduction of the new system. These differences diminished one year after
introduction of the new implant. Our findings suggest that surgeons should take
increased care when introducing new procedures and consider the logistics when
choosing a novel implant, as small gains in alignment should be balanced against
inferior peri-operative outcomes.

Research perspectives
Further studies are needed to investigate if these differences persist over time and
correlate with patient reported outcomes.
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Abstract
BACKGROUND
Polyethylene (PE) particles produced by wear of the acetabular insert are thought
to cause osteolysis and thereby aseptic loosening of the implant in total hip
arthroplasty (THA). As highly cross-linked polyethylene (HXLPE) is presumed to
give lower wear rates, in vivo studies are needed to confirm this.
AIM
To compare the wear of REXPOL, a HXPLE, with conventional PE within the first
five years after implantation using Roentgen stereophotogrammetric analysis
(RSA).
METHODS
Patients were randomised to receive either a HXLPE (REXPOL) or a conventional
PE insert during primary THA. RSA images were obtained directly postoperative
and after 6 wk, 12 wk, 6 mo, 12 mo, 24 mo and five years. Functional outcomes
were assessed using the Hip Injury and Osteoarthritis Outcome Score and Harris
Hip Score at baseline and five years after surgery.
RESULTS
The HXLPE (REXPOL) showed less wear in the latero-medial direction.
Significant wear rates of conventional PE were seen in the latero-medial and
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Core Tip: Polyethylene (PE) particles produced by wear of the acetabular insert can cause
osteolysis and thereby aseptic loosening of the implant in total hip arthroplasty (THA). As
highly cross-linked polyethylene (HXLPE) is presumed to result in lower wear rates, we
performed a randomised controlled trial (RCT) using Roentgen stereophotogrammetric
analysis with a five-year follow-up period. This RCT showed, for the first time, that fiveyear total 3D wear was less in THAs inserted with REXPOL HXLPE and hereby confirms
that this inlay is preferred to standard PE.
Citation: van Loon J, Hoornenborg D, Sierevelt I, Opdam KT, Kerkhoffs GM, Haverkamp D.
Highly cross-linked versus conventional polyethylene inserts in total hip arthroplasty, a fiveyear Roentgen stereophotogrammetric analysis randomised controlled trial. World J Orthop
2020; 11(10): 442-452
URL: https://www.wjgnet.com/2218-5836/full/v11/i10/442.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i10.442

INTRODUCTION
Since the introduction of total hip arthroplasty (THA) in the 1960s, the incidence of this
procedure has been increasing. Although THA is one of the most successful
orthopaedic procedures, the main causes of late revisions are wear, and the resulting
osteolysis causing aseptic loosening of the implant[1].
Therefore, the search to minimise wear continues and several bearing couplings
over time have been tried, of which polyethylene (PE) with a ceramic head still
remains the best option[2]. However, wear still occurs due to existing friction, resulting
in progressive loss of material and the presence of microparticles. These PE particles
induce a foreign-body reaction, which results in osteolysis[3]. The number of wear
particles produced, the material used, and its morphological form determine the
severity of the aforementioned reaction[4]. In response to this problem of PE wear, a
highly cross-linked PE (HXLPE) has been developed. Following irradiation, freeradicals are formed, creating cross-links in the PE, which are increased by heating and
reduce wear[5]. Depending on the type and dose of irradiation and the type of PE used
as the control group, wear can be decreased by 42%-100% compared to traditional
PE[6].
To determine the performance of an implant, a standardised and reliable method is
required to measure wear. Stilling et al[7] demonstrated that wear in different directions
combined with volume wear of acetabular inserts can be calculated accurately using
Roentgen stereophotogrammetric analysis (RSA). As wear is one of the most important
reasons for revision in THA, and therefore an indicator of long-term survival, HXLPE
could reduce the number of revisions needed in the future. To prove this, in vivo
analyses with RSA are needed to confirm that the in vitro results are confirmed in the
real setting.
The objective of this randomised controlled trial (RCT) was to compare the wear of
two different inlays, the HXLPE (REXPOL) and conventional PE acetabular inserts
with similar ceramic head articulation, within the first five years after implantation.
Our hypothesis was that total 3D wear after five years in the REXPOL group would
be less than that in the conventional PE group.
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MATERIALS AND METHODS
Ethical approval/registration
This single center RCT was granted ethical approval by the local ethics committee
review board of the Slotervaart Medical Center (registration number: NL23524.048.08;
Dutch trial register: NL5605). The design and reporting of this study were conducted
in accordance with the Consolidated Standards of Reporting Trials (CONSORT)
principles.

Study design
This was a single center, double-blind RCT comparing HXLPE (REXPOL, Smith and
Nephew) to standard PE acetabular inserts (Standard PE, Smith and Nephew) with
similar ceramic head (Biolox, Smith and Nephew) articulation. Both the patients and
investigators were blinded with regard to the group patients were assigned to. RSA
analysis was performed in a blinded mode. Randomisation was performed by the use
of numbered opaque envelopes, containing the prescribed PE insert. The orthopaedic
surgeon randomly received those envelopes and opened them prior to the procedure.

Eligibility
Between January 2011 and January 2014, patients undergoing THA in the Slotervaart
Medical Center were included in this study after completing an informed consent if
they met the inclusion criteria (Table 1).

Sample size
Previous RSA studies showed a high degree of sensitivity and accuracy of
measurements of migration; relatively small patient groups showed a statistically
significant outcome[8]. Standard PE has a linear wear rate of around 0.06-0.08
mm/year, whereas REXPOL is expected to show almost no wear over five years. A
recent publication on five-year wear results in THA measured by RSA, revealed a
mean 3D wear of 0.23 mm (95%CI: 0.17-0.29) for HXLPE vs 0.41 mm (95%CI: 0.32-0.50)
for conventional PE[9]. Based on this difference in wear of 0.18 mm, a SD of 0.21 and a
power of 80%, a sample size of 21 patients was required in each group, to identify a
statistically significant difference at the 0.05 significance level.

Surgical procedure
All THAs were performed in the Slotervaart Medical Center in the standardised way
using a straight lateral approach, according to the surgical technique described by the
manufacturer of the implants. All patients received the same uncemented acetabular
cup (EP-FIT PLUS, Smith and Nephew) and a titanium uncemented Zweymuller
femoral stem implant (SL-PLUS, Smith and Nephew) with the same ceramic head
articulation (Biolox, Smith and Nephew). As inclination of > 45˚ gives more wear, the
navigated position of the cup is aimed to be between 40 and 45˚ of inclination and 15
to 25˚ of anteversion[10,11]. In these series, computer navigation was used to determine
this position (CT free navigation Galileo, Plus Orthopedic AG, Switzerland). The liner
used was either a HXLPE liner (REXPOL, Smith and Nephew) or a standard PE liner
(Standard PE, Smith and Nephew). Leg length and femoral offset were aimed to be
identical to the contralateral side. In addition to this procedure, at least five wellscattered tantalum markers were installed (ø 1.0 mm) with a specially designed
insertion instrument into the bone around the stem component to obtain skeletal
landmarks.

RSA outcomes
Patient demographics were recorded at baseline. RSA evaluations were performed
postoperatively, after receiving the same standard rehabilitation program, within one
week, at 6 wk, 3 mo, 6 mo, 12 mo, 24 mo and 60 mo after implantation. RSA
measurements were performed as described in the guidelines of Valstar et al[8], in the
supine position using a uniplanar calibration box (Medis CarbonBox nr. 011, Medis
Specials, Leiden, Netherlands). Analysis of the radiographic images was carried out
with the model-based RSA Software, version 4.1 (RSAcore, Dept. of Orthopaedics,
LUMC, Netherlands). The RSA system resulted in anteroposterior and lateral views of
the hip simultaneously. The RSA at four to seven days postoperatively was used as a
baseline. By using the implanted tantalum balls that were fixed in the bone around the
implant, the position of the implant relative to the bone was accurately assessed using
a model-based RSA technique (Figure 1). With this technique the 2D head penetration
as a measure of linear wear was measured in millimetres by the proximal-distal

WJO

https://www.wjgnet.com

444

October 18, 2020

Volume 11

Issue 10

van Loon J et al. HXLPE in THA: A RSA RCT

Table 1 Inclusion and exclusion criteria
Inclusion

Exclusion

Primary arthroplasty due to:

Patients who recently suffered:

Primary osteoarthritis

Post-operative osteoarthritis

Avascular necrosis

Charnley C osteoarthritis

Femoral neck fracture

Infection of the hip

Hip dysplasia
Age between 60 - 75 yr at surgery

Prior osteotomy or arthroplasty of the affected hip

Willing to comply with the post-operative review program

Under treatment for osteoporosis
Body mass index > 35 kg/m2
Requiring cortisone medication

Figure 1 Model of Roentgen stereophotogrammetric analysis technique. Model of Roentgen stereophotogrammetric analysis technique on right-sided
acetabular component after insertion of tantalum markers, by measuring the penetration of the head in the proximal-distal (A-axis), medial-lateral (B-axis) and
anterior-posterior migration (C-axis) direction.

migration (A-axis) and medial-lateral migration (B-axis). Using this penetration, the
thickness of the inlay could be calculated in millimetres. Additionally, the anteriorposterior migration (C-axis) was measured to calculate 3D head penetration, to
determine the volume. The volume of the PE inlay was determined (in mm3/year) to
measure the number of millimetres of linear wear/year. Normally wear occurs in the
upward direction, in a cylindrical shape. However, as the wear is not only in a neat
upwards direction, but also in other angles or directions, a corrected volume was also
calculated, according to the formula of Hashimoto[12]. This formula has been validated
as the most accurate way to determine volume wear from linear wear[13].

Functional outcomes
The pain and activity of daily living (ADL) domains of the Hip Injury and
Osteoarthritis Outcome Score (HOOS) were assessed pre-operatively, and after five
years by a research nurse[14]. The HOOS was constructed to assess patient-relevant
outcomes in five separate subscales: Pain, symptoms, ADL, sport and recreation
function and hip-related quality of life. The sum scores of the domains in this
questionnaire are transformed into a zero to 100, worst to best scale. Another
functional questionnaire assessed, was the Harris Hip Score (HHS)[15]. This
questionnaire was focussed on pain and function, completed by range of motion and
deformity. The maximum of 100 points is the best possible outcome.
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Statistical analysis
Statistical analyses were performed with IBM SPSS Statistics version 26.0 (IBM Corp.,
Armonk, NY, United States). After confirmation of normal distribution, continuous
variables are presented as mean ± SD. Categorical data are described as numbers with
accompanying proportions. A mixed model analysis was performed to evaluate the
amount of wear between both groups during follow-up. The effect of the different
inlay was considered as a model factor and interaction with the follow-up time was
evaluated to assess the differences in progression of wear in both inlays. The difference
in wear at final follow-up was assessed by the Student’s t-test. To assess the
differences of the PROMs between the inlay groups after five years, univariate as well
as multivariate regression analyses were performed to adjust for potential confounders
such as demographics. The differences were significant if the P values were less than
0.05. All statistical methods in this study were performed by a biomedical statistical
expert (Inger N Sierevelt).

RESULTS
A total of 51 consecutive patients were included in this study at baseline. Figure 2
shows a flow chart of the patients during this study. Seven patients were excluded,
and the remaining 44 patients were included in our analysis; 22 in the REXPOL and 22
in the Standard PE insert group. During follow-up, five patients in the REXPOL group
and three in the Standard PE group were lost to follow-up. The patient demographics
and baseline characteristics of both groups were comparable and are shown in Table 2.
No significant differences were seen in cup sizes between the two groups and no
revisions were needed during follow-up in either group.

RSA migration
The total wear of the inlay measured from baseline showed less wear in all directions
in the REXPOL group, which was significant in the REXPOL group in the lateromedial direction. All results of total wear measured from baseline are shown in
Table 3. Due to a significant interaction between cup type and follow-up time, the
wear pattern during follow-up of the REXPOL and Standard PE inlay were analysed
separately. These wear patterns over the years showed greater wear in all directions in
the conventional PE group, which is shown in Figures 3-6. The corresponding wear
rates over this time period in Table 4 show that in all directions and volumes
calculated, conventional PE had significant wear rates, whereas REXPOL did not show
this outcome over time. The RSA images showed no signs of osteolysis.

Functional outcomes
The functional questionnaires were obtained at five years, to detect potential
differences in functional outcomes. These results are shown in Table 5, with no
significant differences observed.

DISCUSSION
The main finding of this study is that total 3D wear was less in the REXPOL group
than in the standard PE group, with significant less wear in the medial direction after
five years. Moreover, the wear rates in the medial and proximal direction and in both
volume and corrected volume were significant in the standard PE group, but not in the
REXPOL group.
Several in vivo studies have shown that HXLPE can reduce wear in comparison with
normal PE inlays in THA[16]. However, only one study investigated the results of
REXPOL in vivo, without randomisation and RSA analysis[17]. The outcomes in that
study supported our findings of reduced wear in the REXPOL group, with
approximately 70% less wear at the five-year follow-up. Therefore, this study is the
first to present randomised clinical RSA data regarding the REXPOL liner.
In other in vivo studies using RSA, a systematic review performed by Callary et al[18]
showed that only 12 cohorts comprising 260 THAs have compared the outcomes of
HXLPE vs normal PE. Their recommendations on standardisation of reporting RSA
outcomes are applied in our study. However, the studies included in their review
assessed different inlays and not all of them were randomised. Thus, our study
contributes to their statement that more longer-term standardised studies are needed
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Table 2 Patient and baseline characteristics
Conventional PE

REXPOL

25 (49)

26 (51)

10 (40)

10 (39)

15 (60)

16 (59)

BMI, mean ± SD kg/m

26.7 ± 2.9

27.2 ± 3.4

Age at operation in years, mean ± SD

68.5 ± 4.6

68.6 ± 5.1

HOOS pain, mean ± SD

46.5 ± 21.6

51.1 ± 17.7

HOOS ADL, mean ± SD

41.1 ± 16.6

46.0 ± 17.2

HHS, mean ± SD

50.6 ± 12.7

54.6 ± 10.9

Number of patients, n (%)
Gender, n (%)
Male
Female
2

PE: Polyethylene; BMI: Body mass index; HOOS: Hip injury and osteoarthritis outcome score; ADL: Activity of daily living; HHS: Harris hip score.

Table 3 Total wear in all directions at the five-year follow-up, presented as mean with ranges

Medial (mm)
Proximal (mm)
3

Volume (mm )
3

Corrected volume (mm )

Conventional PE (Polyethylene)

REXPOL

P value

-0.128 (-0.202 to -0.054)

0.013 (-0.054 to 0.081)

0.006

0.196 (0.054 to 0.338)

0.017 (-0.120 to 0.154)

0.07

113.39 (-2.48 to 229.26)

-30.59 (-167.16 to 105.98)

0.10

121.6 (17.76 to 225.46)

-12.45 (-122.94; 98.03)

0.07

Table 4 Mean wear rates per year, presented as mean with ranges
Conventional PE (Polyethylene)

P value

REXPOL

P value

Medial (mm/yr)

-0.021 (-0.028 to -0.015)

< 0.001

0.004 (-0.002 to 0.009)

0.21

Proximal (mm/yr)

0.033 (0.018 to 0.047)

< 0.001

0.003 (-0.011 to 0.017)

0.66

15.94 (2.729 to 29.15)

0.02

-5.545 (-20.36 to 9.269)

0.46

18.53 (7.188 to 29.86)

0.002

-2.142 (-14.13 to 9.841)

0.72

3

Volume (mm /yr)
3

Corrected volume (mm /yr)

Table 5 Functional outcomes at the five-year follow-up, presented as mean with 95%CI
Univariate

Multivariate

Conventional PE (n = 17)

REXPOL (n = 17)

P value

Adjusted β-coefficient

P value

HOOS pain

93.8 (86.8; 100)

85.9 (77.1; 94.7)

0.15

-3.3 (-14.9; 8.3)

0.57

HOOS ADL

89.0 (81.2: 96.8)

77.6 (66.6; 88.5)

0.08

-8.6 (-23.3; 6.1)

0.24

HHS

89.7 (83.0; 96.4)

86.5 (78.8; 94.2)

0.51

0.15 (-10.1; 10.4)

0.98

PE: Polyethylene; HOOS: Hip injury and osteoarthritis outcome score; ADL: Activity of daily living; HHS: Harris hip score.

to improve our understanding of the factors related to wear. Moreover, this will
provide a better indication of the chance of osteolysis and as a result loosening of the
cup and revision in the longer term.
A literature review by Dumbleton et al[19] showed that a threshold for wear of 0.05
mm/year would eliminate osteolysis. Although both standard PE and REXPOL
showed wear rates below this threshold in our study, the long-term wear of REXPOL
is still unclear. Long-term results were reported in the study by Broomfield et al[20]
using another brand of HXPLE with the same low wear rates at 12 years. Rates of 0.03
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Figure 2 Flow chart of follow-up. PE: Polyethylene; RSA: Roentgen stereophotogrammetric analysis.

Figure 3 Wear of the inlay in the medial direction in mm over time (months).

mm/year were seen in the standard PE group and 0.003 mm/year in the HXLPE
group, with higher wear rates in patients with osteolysis. Their long-term outcomes
were supported by several studies showing ten-year or longer wear rates in favour of
HXLPE[21-23]. Moreover, the study by Oparaugo et al[24] clarified the correlation between
wear debris-induced osteolysis, volumetric wear-rates and revision.
Despite this correlation, subsequent concern was raised that HXLPE microparticles
would show increased bioactivity in vivo as this had been observed in in vitro studies,
since these particles are smaller than conventional PE[25-27]. However, the in vivo study
by Lachiewicz et al[28] showed that at 10 to 14 years, small osteolytic lesions were also
seen with HXLPE. Broomfield et al[20] supported this outcome and showed 50%
osteolysis after 12-years with conventional PE vs 4% with HXPLE, which was
statistically significant. This shows that HXLPE wear particles are not more
biologically active than conventional PE and may not elevate the risk of osteolysis.
As osteolysis is one of the main reasons for loosening of the cup, the aforementioned
results on long-term reduction of osteolysis become even more clinically relevant if a
reduction in revisions is seen over time. The study by Hanna et al[29] showed less wear
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Figure 4 Wear of the inlay in the proximal direction in mm over time (months).

Figure 5 Volumetric wear of the inlay in mm3 over time (months).

in the HXLPE group and as a result no osteolysis or revisions at 13-years in the HXPLE
group with an implant survival rate of 100% vs 86% in the conventional PE group. De
Steiger et al[30] also confirmed this in a large observational study and showed a 16-year
cumulative revision rate of 11.7% with conventional PE vs 6.2% with HXLPE. The
aforementioned outcomes confirm that the lower wear rates of HXLPE as seen in our
study can reduce the risk of osteolysis when compared to conventional PE and can
also reduce revision rates in the longer term.
By measuring wear as the slope of the amount of penetration in the different
directions, some negative results on wear are seen in this study. These negative wear
rate outcomes have been reported in previous studies[1,31-35]. However, this may be due
to lower wear rates of HXLPE being harder to accurately measure compared to
conventional PE. Although RSA is considered the best way to measure wear of a
prothesis, it has an accuracy range of 0.022 mm to 0.086 mm, depending on the
direction of measurement. In the case of HXPLE with even lower wear rates, it
becomes more challenging to determine small amounts of wear[36]. Therefore, it
becomes more important to have large cohorts to detect significant differences. As our
study was carried out with small cohorts, the wear results should be interpreted while
bearing this in mind. The expectation is that in the longer term these wear rates can be
calculated more accurately for HXLPE, because they will be determined outwith the
threshold. Since our RSA analysis was performed while in the supine position, another
explanation of the negative wear rates is subluxation of the femoral head while lying.
However, this was not confirmed by the review conducted by Callary et al[18] who
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Figure 6 Corrected volumetric wear of the inlay in mm3 over time (months).

showed no differences between the studies on supine or standing RSA. To overcome
problems of negative wear results, long-term results of HXLPE wear are needed.
According to the outcomes in favour of HXLPE, this study confirms that the use of
inlays such as the REXPOL, is preferred in THAs.

Limitations
The clinical outcomes of our study were measured to assess any major drawbacks of
standard PE or HXLPE at the five-year follow-up. As improvement from baseline was
seen in both groups with no significant differences between the groups, no practical
disadvantages were seen by preferring one inlay over the other. As the study was not
powered by clinical outcomes, further research is needed to investigate these
outcomes.

Implications for further research
This study showed, for the first time, that REXPOL resulted in less wear in the shortterm in a randomised setting by RSA. Therefore, further investigation of wear over a
longer period should be performed, to confirm that REXPOL can reduce the risk of
osteolysis and consequently reduce revision rates in THA. Also, more research needs
to be carried out to overcome problems of minimal differences in wear rates. In
addition, research on other variables that influence wear such as activity, weight and
surgical factors such as inclination of the acetabular component should be performed.

CONCLUSION
Total 3D wear is less with REXPOL inlay than with conventional PE inlay in THAs
after five years. This study confirmed, for the first time, that the REXPOL HXLPE inlay
is preferred to the standard PE inlay.

ARTICLE HIGHLIGHTS
Research background
Highly cross-linked polyethylene (HXLPE) inlay in total hip arthroplasty (THA) is
thought to result in lower wear rates in vivo, compared to conventional polyethylene.

Research motivation
More in vivo studies are needed, especially those using Roentgen stereophotogrammetric analysis (RSA), to confirm the advantage of HXLPE over
conventional polyethylene (PE).
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Research objectives
The objective of the study was to compare wear of the HXLPE (REXPOL) and
conventional PE acetabular inlay with similar ceramic head articulation, within the
first five years after implantation.

Research methods
A double-blind randomised controlled trial was performed to compare wear of
REXPOL, a HXLPE, with conventional PE within the first five years after implantation
using RSA.

Research results
The HXLPE (REXPOL) inlay showed less wear in the latero-medial direction.
Significant wear rates of the conventional PE inlay were seen in the latero-medial and
center-proximal direction and in volume and corrected volume, whereas the REXPOL
inlay did not show this outcome over time.

Research conclusions
Total 3D wear is less with the REXPOL (HXLPE) inlay than with the conventional PE
inlay in THAs after five years.

Research perspectives
Further investigations into the long-term wear and factors that might influence wear
rates should be conducted, to confirm that HXLPE (REXPOL) can reduce the risk of
osteolysis and consequently reduce revision rates in THA. In addition, an investigation
of the impact of wear reduction by HXPLE on the functional outcomes of patients is
required.
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Abstract
BACKGROUND
Severe spasticity may negatively impact functionality and quality of life after
spinal cord injury (SCI). Intrathecal baclofen treatment (IBT) is effectively used to
manage severe spasticity and reduce comorbidities. However, long-term IBT may
have a negative effect on bone mineral content (BMC), bone mineral density
(BMD) and body composition (such as percentage fat mass and lean body mass).
We demonstrated the negative effects of long-term IBT use in a single case
compared with two non-IBT users.
CASE SUMMARY
A 46-year old Caucasian male Veteran (case) with a 21 year history of complete
tetraplegia (complete C6 SCI) was implanted with IBT for 20 years. The case was
matched to two participants with different time since injuries [2 (match 1) and 13
(match 2) years] without IBT. Knee BMC and BMD at the epiphysis and
metaphysis of the distal femur and proximal tibia were evaluated using dual knee
and the dual femur modules of GE Lunar iDXA software. Total and leg body
composition assessments were also conducted for the three participants. Potential
effect of long-term IBT was demonstrated by changes in BMD, consistent with
bone demineralization, at the distal femur and proximal tibia and changes in
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percentage fat mass and lean mass of legs. The case showed 113% lower BMD at
the distal femur, and 78.1% lower at the proximal tibia compared to match 1,
moreover the case showed 45% lower BMD at the distal femur, and no observed
changes at the proximal tibia compared to match 2. The case had 27.1% and 16.5%
greater leg %fat mass compared to match 1 and match 2, respectively.
Furthermore, the case had 17.4% and 11.8% lower % leg lean mass compared to
match 1 and match 2, respectively.
CONCLUSION
Long-term IBT may impact bone health and body composition parameters in
persons with complete SCI. It may be prudent to encourage regular screening of
individuals on long-term IBT considering the prevalence of osteoporosis related
fractures, cardiovascular diseases, and metabolic disorders in this population.
Key Words: Intrathecal baclofen; Spasticity; Bone mineral density; Epiphysis; Metaphysis;
Spinal cord injury; Case report
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core Tip: The long-term effects of intrathecal baclofen treatment (IBT) on bone mineral
density and body composition profile were investigated in a man with spinal cord injury
compared to two matched participants with different age and time since injury. Bone
mineral density loss was greater at the distal femur and proximal tibia compared to the
matches without IBT. Furthermore, the case had greater percentage leg fat mass and lower
percentage lean mass compared to both matches. The negative side effects of IBT
implantation warrant further studies considering the prevalence of osteoporosis related
fractures, cardiovascular diseases, and metabolic disorders in this population.
Citation: Ifon DE, Ghatas MP, Davis JC, Khalil RE, Adler RA, Gorgey AS. Long-term effect of
intrathecal baclofen treatment on bone health and body composition after spinal cord injury: A
case matched report. World J Orthop 2020; 11(10): 453-464
URL: https://www.wjgnet.com/2218-5836/full/v11/i10/453.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i10.453

INTRODUCTION
Spasticity is a sequela of spinal cord injury (SCI) associated with upper motor neuron
disorder[1-3]. Seventy percent or more of individuals with chronic SCI experience
spasticity[1-3]. Spasticity is more prevalent in individuals with motor complete or
incomplete injury of cervicothoracic origin[3-6]. The most commonly cited definition of
spasticity was proposed by Lance in 1980[3,4] and it is defined as, “a motor disorder
characterized by velocity-dependent increase in the tonic stretch reflexes (muscle tone)
with exaggerated tendon jerks, resulting from hyperexcitability of the stretch reflexes
as one component of the upper motor neuron syndrome”[1-3].
Spasticity is recognized for its deleterious as well as beneficial effects on health
outcomes after SCI[5]. A mild or moderate spasticity may provide stability for sitting,
bed mobility, transfers, standing for assistance with self-care, walking, and grip on
assistive devices for self-care or feeding[3,5]. Furthermore, spasticity has been reported
to have a positive influence on muscle mass and body composition in persons with
SCI[6,7]. Two studies reported preservation of skeletal muscle size, fat-free mass (FFM)
and increased resting energy expenditure[6,7]. Gorgey et al[7] suggested that spasticity
maintained FFM and decreased fat mass (FM) in persons with motor complete SCI.
Increased FFM has been associated with cardiovascular benefits, improved
metabolism, improved muscle strength, and healthier physique[2]. Another study noted
that severe spasticity lowered fasting plasma glucose[8]. However, the findings are still
not universal and additional studies with large sample size are required to elucidate
the role of spasticity on obesity and cardiovascular disease after SCI.
On the contrary, severe spasticity may result in negative consequences on several
health variables including functional mobility, quality of life, and it may accentuate
lower extremity pain[3,5]. Also, functional limitations from spasticity can increase the
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risk of contractures, pressure injuries, infections, and falls[3,5] thereby impacting quality
of life and may result in social isolation for persons with SCI. A variety of
pharmacological and non-pharmacological treatments are available for the control of
severe spasticity[9]. However, there is no high-quality evidence for nonpharmacological treatments; hence, pharmacological treatment is favored over nonpharmacological treatment[9,10]. Oral baclofen is generally recommended as first line
treatment for spasticity in individuals with SCI[9,10]. However, the relatively high oral
doses of baclofen have been associated with undesirable side effects such as dizziness,
fatigue, liver toxicity and excessive sedation, which can impair problem solving and
intellectual judgement[9,10].
To mitigate these side effects, use of intrathecal baclofen treatment (IBT) has steadily
improved over the last four decades and has become a preferred method of managing
severe spasticity that is refractory to oral spasmolytic agents. IBT has been associated
with fewer side effects compared to oral baclofen, especially when only a small
concentrated dose is pumped into the intrathecal space to effectively manage
spasticity[10,11]. Intrathecal baclofen treatment requires surgical implantation of a
metallic disc (pump) and a catheter under the skin of the abdomen near the waistline.
The disc (pump) holds liquid baclofen and a catheter exiting the pump carries the
liquid baclofen into the intrathecal space where the other end of the catheter
terminates[10]. Numerous studies have reported the efficacy of IBT in relieving
symptoms of severe spasticity and improving quality of life after SCI[9-13]. Some have
pointed out to the negative consequences of IBT on body composition. In one
prospective longitudinal trial, participants experienced increases in fat mass after 12
mo of IBT[8]. In a case report, Nevin et al[11] noted that a 36-year-old woman, who
previously lost weight, gained an additional 6 kg within 27 mo of commencement of
IBT. This suggests that IBT may predispose an individual to changes in body
composition[13], cardiovascular disease and metabolic syndrome, even as early as 12 mo
into treatment.
Osteoporosis represents a significant social and economic problem in the SCI
population because of the propensity for osteoporosis-related low impact fractures. It
is estimated that more than 50% of individuals with SCI will develop low impact
fracture during their lifetime[14]. These fractures commonly occur at the distal femur
and proximal tibia. Advances in imaging techniques, including upgraded dual-energy
X-ray (DXA) software, provide the opportunity to easily study bone mineral content
(BMC) and bone mineral density (BMD) at the potential fracture sites. The relatively
high prevalence of fractures in persons with SCI, necessitates further scrutiny of
potential side effect of long-term IBT on BMC and BMD in that population. This report
seeks to aid that process by measuring BMC, BMD and body composition parameters
in a long-term IBT user (case) compared to two matched participants.

CASE PRESENTATION
Chief complaints
A 46-year old Caucasian male with C6 SCI American Spinal Injury Association
impairment scale (AIS) A presented with inability to walk and lack of use of his arms.

History of present illness
The case has complete tetraplegia as a result of SCI sustained in 1999 from a motor
vehicle accident. He had sustained multiple cervical vertebrae (C5-C7) fractures and
was classified as having a C6 Level of injury according to the International Standards
for Neurological Classification of SCI. An AIS A classification indicates that there is no
motor or sensory preservation in the sacral segment S4-S5[15], suggesting no voluntary
movement or feeling below the level of injury.
The injury was complicated by severe lower extremities spasticity and neuropathic
pain. In 2000, the case was implanted with a Medtronic pump, which allowed the
delivery of liquid medication directly into his intrathecal space for management of his
spasticity and pain. The pump contains a liquid mixture of Baclofen (for IBT),
Bupivacaine and Morphine for pain management. Since commencement of IBT, the
case has undergone 6 pumps changes, including one exchange due to a mechanical
failure and has refills every 90 d.

History of past illness
No significant past medical history prior to his accident.
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Personal and family history
No relevant family history.

Physical examination
At the time of presentation, he weighed 45 kg, measured 1.6m in height and his body
mass index (BMI) was 17.5.

Laboratory examinations
Serum 25 hydroxyvitamin D [25(OH)D] was 25.1 ng/mL.

Imaging examinations
DXA imaging were obtained for BMD and body composition parameters.

FINAL DIAGNOSIS
Tetraplegia with severe osteopenia.

TREATMENT
The case continued to receive IBT for management of spasticity. There was no
interruption in his treatment regimen. We compared the radiological findings of the
case with those of two other participants with SCI, with similar levels of injury, who
had never received IBT.

OUTCOME AND FOLLOW-UP
Two matched participants with chronic SCI were identified to determine the effects of
long-term IBT on BMC, BMD and leg body composition parameters after SCI.
Matched participant (1); male with C7 AIS B (sensory but no motor function
preserved below the level of injury, including sacral segment S4-S5)[15] and with only 2
years since injury. Match (1) was identified to serve as a control to account for the lack
of an initial DXA scan for the case report, on the assumption that the match participant
(1) would have had similar knee BMD to that of the case at the time of commencement
of IBT.
Match Participant (2); male with C7 AIS A (no motor or sensory function preserved
below the level of injury, including sacral segments S4-S5), with 13 years since injury.
The general consensus is that bone loss accelerates in the first 6 mo after SCI, slows
down in 2 years and reaches steady state in 5-8 years[14,16]. The case and matches were
matched on the basis of neurological levels of injury (plus or minus one level),
approximate age, weight in kg, height in meter and BMI in kg/m2.
Table 1 shows demographics, neurological characteristics, and treatment for the
three participants (case and matches). The three participants were recruited from a
convenience pool as a part of a parent clinical trial registered at clinicaltrials.gov
(NCT01652040)[17].

Procedure
DXA scans: DXA scans were conducted by a trained investigator using the total body
and dual knee modules of GE Lunar iDXA system (GE Healthcare Lunar, platform
WI). These scan modules were used to capture BMC and BMD data for total body,
legs, distal femur, and proximal tibia. Calibration was performed using a phantom
calibration box, simulating human tissues to certify scan reliability and precision. All
metals were removed from all participants (case and matches) before placement in a
supine position on the scanning table. Arms were internally rotated in with the palms
facing medially. A trapezoidal foot positioner was used to hold the feet in place during
knee scans. The trapezoidal foot positioner kept the legs internally rotated to ensure
minimal overlap between the tibia and fibula. A foam block was placed underneath
each knee joint to increase stability during scanning. The scan starting point was
identified by placing the DXA laser pointer four fingers breadths (10 cm) from the
distal border of the patella.
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Table 1 Physical and spinal cord injury characteristics of the case report and case-match (1 and 2)
Characteristics

Case report

Case match 1

Case match 2

Age (yr)

46

25

44

Weight (kg)

44.8

58

53.5

Height (cm)

160.2

185.4

183

BMI (kg/m )

17.5

16.9

16

Gender

Male

Male

Male

Ethnicity

White

White

White

Level of injury

C6

C7

C7

Level of paralysis

Tetraplegia

Tetraplegia

Tetraplegia

Time since injury (yr)

20

2

13

AIS classification

A

B

A

2

Case match 1 was included to account for the lack of initial DXA scan for the case report at the time of IBT implantation. AIS: American Spinal Injury
Association impairment scale; BMI: Body mass index.

Knee images analysis
Bone mineral content (BMC) and bone mineral density (BMD) values were computed
at regional knee areas which correspond to anatomical sites of knee fractures in
persons with SCI, using the manufacturer software Lunar EnCore version 16 (GE
Healthcare, Madison, WI)[18]. Previously published work showed controversies about
anatomical sites that are likely to contribute to knee fractures after SCI. To obviate
such controversies, we have decided to assess bone at metaphysis[19] and epiphysis[20] of
the distal femur and proximal tibia.
The calculations of BMC and BMD were performed for the distal femur metaphysis,
distal femur epiphysis, proximal tibia metaphysis and proximal tibia epiphysis
(Figure 1B). For the proximal tibia metaphysis, a rectangular region of interest was
drawn with its height set at 7% of femur length, width set to include only tibial bone
(excluding fibula) and its proximal edge positioned at the uppermost point of contact
between the fibular head and the tibia (Figure 1B). For proximal tibia epiphysis, a
rectangular region of interest was drawn with its height set at 10% of tibial length,
width to include bone at tibial and fibular heads with its lateral edge located at the
tibial plateau.
For the distal femur metaphysis, a rectangular region of interest was drawn with its
height set to match the proximal tibia metaphysis, width to include femoral bone and
its lateral end positioned at a distance of 13% of femoral length extended up from the
lateral condyle. For distal femur epiphysis, the rectangular region of interest was
drawn with its height set at 10% of femoral length. The width included the femoral
epiphysial bone with its lateral edge positioned at the tibial groove (Figure 1B).
Manual correction, using a brushing tool within the software was used to assign
bone pixels that were not automatically detected by the software (Figure 1A). Previous
work showed that in chronic SCI group, the root-mean-square coefficient of variation
(RMS-CV) values for BMD were 3.12, 4.70 and 3.40%, for the distal femur epiphysis,
distal femur metaphysis and proximal tibia epiphysis, respectively[21]. The RMS-CV
values were determined for the three knee regions using an existing DXA forearm
acquisition algorithm against quantitative computed tomography-derived volumetric
BMD. In the current case report, we have applied the above thresholds to determine
whether the magnitude of the changes in BMD are clinically meaningful or not
following IBT.

Results
The physical and SCI characteristics of the case, and the matched controls are
presented in Table 1. There were no remarkable differences in physical characteristics
among the three participants, except for the age of one of the two matched participants
based on the design of the study. All participants were of approximate level of injury
and similar ethnicity. The case was matched to two participants with different times
since injury (2 and 13 years) and similar neurological level of injury. Serum 25
hydroxyvitamin D [25(OH)D] was 25.1 and 50.2 ng/mL for the case and matched 2,
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Figure 1 Regional left knee scan for case using GE software (Encore v.16). A: Initially detected knee (un-brushed) with many un-assigned bone pixels;
B: Corrected (brushed) image of the knee scan with four regions of interest. DFM: Distal femur metaphysis; DFE: Distal femur epiphysis; PTE: Proximal tibia
epiphysis; PTM: Proximal tibia metaphysis.

respectively, before enrollment in the study.

Knee BMC and BMD
DXA-based BMC and BMD values of the three participants (case and matches) are
presented in Table 2, Figures 2 and 3. Figure 2A and B displays the DXA-based BMC
and BMD of the right and left distal femur metaphysis and epiphysis, respectively.
Figure 3A and B displays the DXA-based BMC and BMD for the right and left
proximal tibia metaphysis and epiphysis, respectively.
The case showed a remarkably lower BMD as compared to match 1 for the distal
femur, with average percentage difference of 113% for both legs epiphyses and
metaphyses; moreover the case showed lower BMD as compared to match 1 for the
proximal tibia, with average percentage difference of 78.1% for both legs epiphyses
and metaphyses.
Furthermore, the case showed lower BMD as compared to match 2 for the distal
femur, with average percentage difference of 45% for both legs epiphyses and
metaphyses, with no noticeable change in proximal tibia BMD.

Total body and leg composition assessments
Leg and total body BMC, lean mass and fat percentage for the case and matches are
presented in Figure 4 respectively. Table 3 presents total body and leg composition
assessment for the case compared to the matched participants with complete SCI.
There were remarkable differences in leg and total body composition between the case
and both matches, clearly in legs % fat where the case was 27.1% and 16.5% higher
compared to match 1 and match 2 respectively. Moreover, the case was 17.4% and
11.8% lower in leg %lean mass compared to match 1 and match 2, respectively.

DISCUSSION
Knee BMC, BMD and body composition parameters were evaluated in a 46-year-old
male with a C6 AIS A SCI, who had IBT implantation for approximately 20 years for
management of severe spasticity. The case was matched to other two male participants
with similar neurological level of injury and different times since injuries for the
purpose of comparison. The first match with 2 years post-injury was selected with
similar age and time since injury, to the case at the time of IBT implantation. This
approach was adopted to account for the lack of initial DXA scan at the time of IBT
implantation in the case. In addition, it presumably provides a reference for
longitudinal changes in knee bone and body composition parameters compared to the
case and match 1.
Despite the differences in the time since injury between the case and match 2 (20 vs
13), the observed changes in BMD and body composition support our hypothesis that
long-term IBT may negatively influence bone and body composition parameters in
persons with SCI. Bone tissue has dynamic turnover as determined by a delicate
balance between osteoblastic and osteoclastic cells activities. This dynamic balance is
disrupted following SCI and is likely to reach a steady state from 5-8 years postinjury[20]. Following the first 2 years of injury, bone loss continues with both cortical
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Table 2 Bone mineral density and bone mineral content for knee metaphysis and bone epiphysis of distal femur and proximal tibia in a
case report with intrathecal baclofen treatment implantation and the case-matches with complete spinal cord injury
Region

RDFM

RPTM

LDFM

LPTM

RDFE

RPTE

LDFE

LPTE

Case report

3.97

4.29

4.11

4.07

5.73

4.66

6.94

4.58

Case match 1

8.49

8.32

7.89

9.2

15.68

12.4

16.15

12.71

% change case to
match 1

113.3

93.9

91.9

126.0

173.6

166.0

132.7

177.5

Case match 2

5.13

3.21

5.28

4.79

9.79

5.12

11.66

6.63

% change case to
match 2

29.2

-25.1

28.4

17.7

70.8

9.8

68.0

44.7

Case report

0.257

0.484

0.267

0.404

0.277

0.248

0.354

0.247

Case match 1

0.605

0.665

0.585

0.731

0.605

0.479

0.634

0.498

% change case to
match 1

135.4

37.4

119.1

80.9

118.4

93.1

79.09

101.6

Case match 2

0.371

0.263

0.376

0.362

0.435

0.246

0.487

0.286

% change case to
match 2

44.3

-45.6

40.8

-10.4

57.0

-0.8065

37.6

15.8

Knee BMC

Knee BMD

% change is the percentage changes in either bone mineral density or bone mineral content between the case report and either the case match 1 [2 years
post- post-spinal cord injury (SCI)] or the case-match 2 (13-years post-SCI). BMC: Bone mineral content; BMD: Bone mineral density; RDFM: Right distal
femur metaphysis; RPTM: Right proximal tibia metaphysis; LDFM: Left distal femur metaphysis; LPTM: Left proximal tibia metaphysis; RDFE: Right distal
femur epiphysis; RPTE: Right proximal tibia epiphysis; LDFE: Left distal femur epiphysis; LPTE: Left proximal tibia epiphysis.

Table 3 Total body and leg composition assessments using dual-energy X-ray in a case report with IBT implantation and case-matches
with complete spinal cord injury
Region

%Fat

%Lean

LM (g)

BMC (g)

TM (kg)

Mass (kg)

Case report

27.3

68.89362

29142

1597

42.3

Case match 1

21.4

74.34251

43193

2468

58.1

% change case to match 1

-5.9

5.4

48.2

54.5

37.3

Case match 2

24.2

72.2

39205

1938

54.3

% change case to match 2

-3.1

3.3

34.5

21.3

28.3

Case report

39.2

57.8

6714

356

11.6

Case match 1

28.6

67.9

12646

646

18.6

% change case to match 1

-27.1

17.4

88.3

81.4

60.3

Case match 2

32.7

64.7

11591

482

17.9

% change case to match 2

-16.5

11.8

72.6

35.3

54.3

Total body composition

Leg composition

% change is the percentage changes in either bone mineral density or bone mineral content between the case report and case-matches. %Fat: Percentage of
fat mass; %Lean: Percentage of lean mass; LM: Lean mass; BMC: Bone mineral content; TM: Total mass.

and trabecular bones reacting differently to injury, and probably contributing to low
impact fracture risk at the distal femur or proximal tibia. Since the changes are
speculated to reach a steady state at 5-8 years post injury, the rate of bone loss at 13
years compared to 20years post-injury should be reasonably comparable between the
case and match 2.
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Figure 2 Bar plots for bone mineral density (g/cm2) and bone mineral content (g) values of distal femur for the case and matched
participants. A: Left distal femur metaphysis [Bone mineral density (BMD)]; B: Right distal femur metaphysis (BMD); C: Left distal femur metaphysis [Bone mineral
content (BMC)]; D: Right distal femur metaphysis (BMC); E: Left distal femur epiphysis (BMD); F: Right distal femur epiphysis (BMD); G: Left distal femur epiphysis
(BMC); H: Right distal femur epiphysis (BMC). BMC: Bone mineral content; BMD: Bone mineral density.

Major findings of the study
The major findings suggest that long-term IBT may have accelerated bone loss in the
case as compared to the matched participants. Knee BMC and BMD were remarkably
lower at the distal femur, with no observable changes in BMC in the proximal tibia.
We have chosen to present BMC because the areas of the encompassed regions are
extremely different between the case and the matches (Figure 1A). Despite the use of
DXA-brushing tool, BMC was still lower in the case compared to the matched
participants (Table 2). This may explain the unexpected results in BMD of proximal
tibia in the case compared to the matches. The unexpected results in the tibial BMD are
attributed to lower area of bone in the rectangular region of interest in the case and to
his lower body weight. Furthermore, both legs and total body had greater % fat mass
as well as lower absolute lean mass in the case compared to the matched participants.

The use of IBT in spasticity
Spasticity impacts about 70% of the entire SCI population[2]. The negative sequelae of
spasticity are well recognized by clinicians, researchers and caregivers. In severe cases
of SCI related spasticity, IBT has been recommended as a viable therapeutic approach
to mitigate the negative consequences of spasticity, especially, in those who failed to
respond to standard treatment[9,10]. In one study, participants treated for spasticity with
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Figure 3 Bar plots for bone mineral density (g/cm2) and bone mineral content (g) values of proximal tibia for the case and matched
participants. A: Left proximal tibia metaphysis [Bone mineral density (BMD)]; B: Right proximal tibia metaphysis (BMD); C: Left proximal tibia metaphysis [Bone
mineral content (BMC)]; D: Right proximal tibia metaphysis (BMC); E: Left proximal tibia epiphysis (BMD); F: Right proximal tibia epiphysis (BMD); G: Left proximal
tibia epiphysis (BMC); H: Right proximal tibia epiphysis (BMC). BMC: Bone mineral content; BMD: Bone mineral density.

IBT reported less frequent and milder spasticity compared to those treated with oral
baclofen[21]. Another systematic review of 8 studies suggested that a recognizable
number (162 individuals with a range of 7 to 75 persons in each study) are possibly
using IBT for management of spasticity in the SCI population[22]. Nevertheless, the
negative side effects of IBT on bone mass and body composition are not well
recognized.

Positive effects of spasticity
Over the years, researchers have identified positive aspects of maintaining spasticity
on muscle mass, bone mass and body composition in persons with SCI. Gorgey et al[6]
noted that thigh muscle cross-sectional area as measured by magnetic resonance
imaging was 22% greater in spastic individuals compared to non-spastic ones just six
weeks post-injury. Furthermore, spasticity explained 54% of the variance in muscle
size among individuals with incomplete SCI[6]. Another study demonstrated
remarkable relationships between spasticity and parameters of body composition in
persons with complete SCI[7]. Knee extensor spasticity was negatively related to
abdominal circumferences and positively related to both total % fat-free mass and
lower FM to FFM ratio[7]. Finally, spasticity may indirectly influence glucose
homeostasis, lipid profile and basal metabolic rate by maintaining FFM[7]. It is worth
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Figure 4 Bar plot for total body and leg composition for the case and matched participants. A: Leg bone mineral content (BMC) (g); B: Total body
BMC (g); C: Leg lean mass (g); D: Total body lean mass (g); E: Percentage leg fat mass; F: Percentage total body fat mass.

noting that long-term administration of oral baclofen does not appear to attenuate the
protective effects of spasticity on body composition and metabolic profile after SCI[23].
Researchers have suggested that spasticity possibly exerted positive effects on muscle
mass and body composition via increasing level of circulating insulin-like growth
factors (IGF)[24]. Persons with modified Ashworth score greater than 2 had 44% greater
plasma IGF-1 compared to those with lower scores[24].

Effects of long-term IBT on bone and body composition parameters
There is currently a dearth of knowledge regarding the long-term effects of IBT on
bone health in persons with SCI. It is estimated that 50 to 70% of individuals with SCI
will sustain low impact fracture during their lifetime[25,26]. If the current findings hold
true, then, the number of persons with SCI at risk of sustaining low impact fracture
will naturally increase following IBT. The onset of scoliosis or worsening of preexisting scoliosis as a side effect of Lioresal intrathecal baclofen has been reported[27-29].
It has also been reported that BMD is lower in persons with scoliosis compared to
controls of similar age group[30]. Therefore, it is possible to assume that IBT may
contribute to worsening of BMD of the spine or long bones. However, additional
studies are warranted to objectively determine the effect of long-term IBT on bone
mass and body composition in persons with SCI.
Finally, recent work identified controversies about the anatomical sites that are
likely to contribute to bone fractures in persons with SCI[19,20]. Cognizant of such
controversies, we chose to measure BMD at both metaphysis and epiphysis of the
distal femur and the proximal tibia. However, both epiphysis and metaphysis
measurements of BMD at the distal femur indicated similar findings in the two
participants (case and match).
Persons with SCI suffer dramatic changes in the parameters of body composition as
characterized by decreasing lean mass and increasing fat mass[7]. In fact, the long-term
consequences of altered body composition on metabolic profile is well recognized[17]. In
the current study, long-term use of IBT may have negatively influenced body
composition parameters in the case compared to the matched participants. It is
apparent that the case has a remarkable decrease in total body and leg lean masses and

WJO

https://www.wjgnet.com

462

October 18, 2020

Volume 11

Issue 10

Ifon DE et al. Intrathecal baclofen and bone health in SCI

increase in percentage fat mass compared to the matched participants. To determine
whether these changes are of clinical relevance, we have contrasted these changes
against the reported precision of the regional and whole-body composition of using
DXA in persons with SCI[18]. Our findings suggested that the changes in body
composition are of clinical relevance and may lead to serious cardio-metabolic
comorbidities with aging in the case. Therefore, it is reasonable to speculate that longterm use of IBT may represent a potential risk factor for cardiovascular disease in the
SCI population.

Limitations
Several limitations of this study should be highlighted. Firstly, this is a single matched
case report; thus, findings should be treated with caution. Secondly, the study
participants (case and matches) were all males and there may be gender differences in
response to IBT. All efforts were made to match the case and other two participants as
closely as possible in all demographics and level of injury, however we were limited to
the participants previously enrolled in the parent clinical trial. The findings in this
study may be considered a pilot study providing preliminary data for future robust
studies to investigate the impact of long-term IBT on bone health and body
composition parameters in persons with SCI. Therefore, large cohort prospective
studies are warranted to monitor participants, prior to initiation of IBT, and to provide
a reasonable follow-up period to objectively assess and further evaluate the changes
that were observed in the current case report. Finally, the case was administered
baclofen in conjunction with an opioid analgesic to treat aggravating neuropathic pain.
The current case report cannot exclude the possible side effects of long-term use of
opioid medications on bone health and body composition in persons with SCI.

CONCLUSION
The current case report clearly suggests that long-term use of IBT may affect bone
health and body composition parameters in persons with complete SCI compared to
matched controls. Compared to match 1, we were able to show longitudinal changes in
knee BMD and body composition parameters of the case as well as lower knee BMD
and worsened body composition profile compared to match 2.
This observation, though anecdotal, points to the need for larger prospective studies
to objectively determine the long-term effect of IBT on bone health and body
composition parameters. Recognizing the positive benefits of IBT for severe spasticity,
clinicians may need to balance the potential benefits to the risk ratio, especially in
young individuals who are likely to use IBT for an extended period of time. Clinicians
need to be cautious in management of severe spasticity with IBT before exhausting
other rehabilitation modalities; especially in young individuals with SCI. Regular
screening of individuals on IBT for cardiovascular and metabolic diseases should be
encouraged. Furthermore, it may be possible to consider modulating or titrating the
dose of IBT to mitigate such negative consequences among IBT users.
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Abstract
BACKGROUND
Patients with a shoulder arthrodesis generally experience restriction in range of
motion and limitations in activities of daily living. In addition, up to one-third of
the patients deals with serious peri scapular pain. The conversion of a shoulder
arthrodesis in a reverse shoulder arthroplasty (RSA) has been described as an
effective treatment to achieve better function and decreased pain, although
literature is sparse. We present the case of a conversion from a painful shoulder
arthrodesis to RSA, after a 51 years interval.
CASE SUMMARY
A 71-year-old male presented with severe peri scapular pain and limited function
51 years after shoulder arthrodesis. Preoperative workup showed a normal bone
stock of the glenoid and an intact axillary nerve, but atrophic posterior part of the
deltoid muscle. The shoulder arthrodesis was successfully converted to RSA.
Twelve months postoperative the patient was very satisfied. He has no pain at
rest, nor with exercise and experienced definite improvements in activities of
daily living, despite his limited range of motion.
CONCLUSION
Conversion from shoulder arthrodesis to a RSA can be performed safely, with a
high chance of peri scapular pain relief; even after a longstanding arthrodesis.
Key Words: Shoulder arthrodesis; Conversion; Reverse shoulder arthroplasty;
Electromyography; Case report
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core Tip: To the best of our knowledge, this unique presentation of a conversion from
shoulder arthrodesis to reverse shoulder arthroplasty is the sixth reported case. This
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treatment should be considered in patients with a painful shoulder arthrodesis.
Requirements for a successful procedure are adequate bone stock and a functional deltoid
muscle. The treatment can be performed safely, with a high chance of peri scapular pain
relief; even after a longstanding arthrodesis. Improvements of activities of daily living are
noticed, with varying results of shoulder function.
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INTRODUCTION
Shoulder arthrodesis is a salvage procedure for patients with shoulder dysfunction
when other surgical options are limited. Indications include post-traumatic brachial
plexus injuries, paralysis of the deltoid muscle and the rotator cuff, chronic infections,
failed arthroplasties, and recurrent instability[1,2]. A shoulder arthrodesis may involve
an acromiohumeral fusion, a glenohumeral fusion, or a combination of both[1-3]. The
shoulder function of a well-positioned arthrodesis is limited and allows the patient to
reach his back pocket, groin, and mouth. Generally, only scapulothoracic movements,
like elevation and minimal rotations, after an arthrodesis are possible[1,2]. Most patients
experience a reduction in pain but few are pain free, with up to one-third experiencing
substantial peri scapular pain[1,2,4].
A treatment for a painful arthrodesis is conversion to reverse shoulder arthroplasty
(RSA), which has been described as effective for pain relief and promising functional
improvements[5,6]. Based on the literature review conducted by the authors of this
report, only two reports were found that describe a total of five cases in which the
patients received a conversion to RSA[5,6].
Here we present the case and surgical technique of a conversion from a painful
shoulder arthrodesis to RSA in a 71-year-old male patient after a 51 years interval. The
patient was informed that data concerning the case would be submitted for
publication, and written patient consent was obtained. Table 1 outlines a timeline of
the patient presentation.

CASE PRESENTATION
Chief complaints
A 71-year-old male patient presented to the orthopedics outpatient department of our
hospital with complaints of severe peri scapular pain and limited shoulder function, 51
years post arthrodesis of the right shoulder.

History of present illness
Since the shoulder arthrodesis, the patient has been experiencing peri scapular pain.
There was no history of new preceding trauma or injury. Pain progressed throughout
the years, present at rest and with activity. Due to the limited range of shoulder
motion, the patient experienced problems in activities of daily living. He was unable to
reach above shoulder level and particularly the loss of internal rotation bothered him
in self-care. Conservative treatment including analgesics and physical therapy was
ineffective.

History of past illness
Indication for arthrodesis in the past was persistent posttraumatic posterior instability
of both shoulders after failed open stabilizing procedures. In 2017, the patient was
treated with a RSA on the left side because of development of a rotator cuff
arthropathy. Due to a very good functional outcome of the left shoulder, he had the
expressed wish for conversion of the fused right shoulder into RSA as well.
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Table 1 Patient timeline
Timeline

Patient situation

1967

Posttraumatic posterior instability both shoulders; underwent arthrodesis right shoulder

2017

Underwent reverse shoulder arthroplasty left shoulder

Mai 2018

Conversion of arthrodesis to reverse shoulder arthroplasty right shoulder

Mai 2019

At twelve months follow-up; complete disappearance of his peri scapular pain and improvements in activities of daily living

Physical examination
At physical examination the actively achieved elevation was 100º, external rotation
and internal rotation to lateral side of his leg. Notable was the peri scapular pain
which he experienced during physical examination. He had an Oxford Shoulder Score
of 38 (the best score: 12; the lowest score: 60). Sensibility of the axillary nerve was
intact and despite general atrophy of the deltoid muscle (in particular the posterior
part), contraction of the deltoid muscle was still possible.

Imaging examinations
Conventional radiographs (Figure 1) and computed tomography (Figure 2) showed a
shoulder arthrodesis with glenohumeral and acromiohumeral consolidation and
normal bone stock of the glenoid. As part of the preoperative workup,
electromyography (EMG) was performed and showed normal motor unit activity and
recruitment in all three parts of the deltoid muscle.

FINAL DIAGNOSIS
Complete cessation of peri scapular pain and structural improvements in daily activity
after conversion of shoulder arthrodesis to RSA, after a 51 years interval.

TREATMENT
Surgical technique
At the time of surgery, the patient had an interscalene block with general anesthesia,
and was positioned semi-inclined in the beach chair position. After a stab incision the
superior screw, through the acromion into the humeral head, was removed. The
original anterior incision was used and a deltopectoral approach performed. The
layers could nicely be mobilized without obstruction of an excessive amount of
fibrosis. In contrast with a sufficient deltoid muscle (Figure 3), the quality of the
rotator cuff was very poor with an absent superior cuff and a fibrotic, very thin
subscapularis muscle. After removal of the screw which penetrated the formal
glenohumeral joint, an osteotome was used to split the acromion from the humeral
head. The “glenohumeral” osteotomy was performed under 10º of caudal inclination, a
neutral version and one centimeter lateral from the original joint line, creating a longnecked scapula (Figure 4) in order to minimize scapular notching and improve
rotations. An uncemented RSA (DELTA XTEND, DePuy Synthes, Raynham,
Massachusetts, United States) was now implanted in a standard fashion (Figure 5).

OUTCOME AND FOLLOW-UP
Postoperatively the patient was placed in a shoulder immobilizer for 6 wk. The patient
was allowed to move passively and actively guided for 6 wk direct postoperatively.
The postoperative course was otherwise uneventful. At 12 mo follow-up, the patient
was very happy with respect to the outcome, with complete disappearance of his peri
scapular pain (visual analogue scale score 0 in rest and exercise) and structural
improvements in activities of daily living like eating with knife and fork, wiping his
buttocks with his right hand, carrying more heavy objects with his right hand.
Nevertheless, his shoulder function was rather poor with an active forward elevation
of 50º, internal rotation to Th12 and absence of external rotation (neutral position)
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Figure 1 Conventional radiographs demonstrating the glenohumeral and acromiohumeral consolidation. A: Preoperative anteroposterior; B:
Lateral/scapular Y; C: Axial radiographs.

Figure 2 Preoperative Computed Tomography scan demonstrating the glenohumeral and acromiohumeral consolidation. A: Coronal view;
B: Sagittal view; C: Axial view.

Figure 3 Deltopectoral approach. The anterior and cranial rotator cuff muscles are absent.

(Figures 6-8). The deltoid muscle had an intact function in the anterior and lateral part,
the posterior part was atrophic (Figure 6). He had an Oxford Shoulder Score of 23, and
a Subjective Shoulder Value of 60%. Conventional radiographs showed a correct
position of the RSA (Figure 5B). The patient was very satisfied with the outcome and
assured the necessity of the surgery.
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Figure 4 The glenohumeral osteotomy. The glenohumeral osteotomy was performed under 10º of inclination, a neutral version and 1 cm lateral from the
original joint line.

Figure 5 The implanted reverse shoulder arthroplasty. A: During surgery; B: Postoperative anteroposterior radiograph.

Figure 6 The active forward elevation of 50º after 12 mo postoperatively.
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Figure 7 The internal rotation toTh12 12 mo postoperatively.

Figure 8 No external rotation 12 mo postoperatively.

DISCUSSION
Shoulder arthrodesis for recurrent instability is a salvage procedure to regaining
stability and some degree of function[1,2]. However, after the arthrodesis not all patients
are pain free. Our patient still experienced peri scapular pain and severe limitation of
active range of motion. The conversion of a shoulder arthrodesis into a RSA, has been
described as an alternative and promising treatment for managing pain and achieve
better functional results[5,6].
In patients with a RSA, the deltoid muscle becomes the primary mover of the
shoulder. Due to fibrosis and atrophy after arthrodesis, the function of the rotator cuff
muscles is absent[4,6]. Therefore, the deltoid muscle function is critical to shoulder
function after RSA[7,8]. Li et al[8] have suggested that preoperative EMG measurements
of the deltoid muscle will help to predict the postoperative outcome of RSA. They
found that postoperative shoulder strength after RSA was increased in patients with
greater EMG activity of the middle deltoid. In an EMG study of Walker et al[4], an
important role for the anterior part of the deltoid is suggested. Lädermann et al[9]
concluded that if partial deltoid function remains, RSA can produce reliable
improvements in functional outcomes without an increased risk of dislocation. To
obtain preoperative information of the activity and the quality of the deltoid muscle,
we performed an EMG, which showed normal motor unit activity and recruitment in
all three parts of the deltoid muscle.
A few previous case reports described conversion of a shoulder arthrodesis into
hemiarthroplasty and total shoulder arthroplasty[10-13]. Patients achieved minimal
functional improvement and mild to moderate pain remained. To the best of our
knowledge, only two case reports of conversion of a shoulder arthrodesis into RSA are
published[5,6]. No cases reported such a long interval (51 years) between arthrodesis
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and conversion to RSA.
Table 2 shows the patient characteristics and functional outcomes at different
follow-up of patients from both studies[5,6]. Alta et al[6] found that activity in two-thirds
of the deltoid was sufficient to create a stable arthroplasty, with impairment of the
anterior part in three of the four patients. Only one patient preoperatively had a
completely intact deltoid muscle. Nevertheless, after conversion to RSA the elevation
of that patient improved with 40 degrees but postoperative elevation did not reach
above shoulder height[6]. The young patient in Toney et al[5] achieved excellent
elevation of 160 degrees after conversion to RSA, with an intact deltoid muscle.
However, this patient was not free of pain. In Alta et al[6], all patients experienced
decreased pain, but only one patient noted a pain score of zero. Most important for our
patient was his complete ceasing of peri scapular pain, and he was very pleased with
the improvement in internal rotation. Despite an intact axillary nerve and anterior part
of the deltoid, he lost postoperatively active forward elevation, which could be related
with the timeframe between arthrodesis and reverse arthroplasty. However, the
patient is a highly motivated patient who continued in a determined way with active
exercises.
The importance of a complete intact deltoid muscle and the role of the anterior part
seems debatable. In our opinion, the activity of the deltoid muscle can be assessed by
judging the tension of the muscle during physical examination. Additional
information on the deltoid muscle by performing an EMG can be considered. More
cases with conversion of arthroplasty to RSA are needed to predict the outcome of
shoulder function from the activity of the three parts of the deltoid muscle.

CONCLUSION
Conversion from shoulder arthrodesis to a RSA can be performed safely, with a
possibility for peri scapular pain relief; even after a longstanding arthrodesis.
Improvements in activities of daily living were noticed by our patient despite loss of
active forward elevation.
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Table 2 Outcomes of previous studies with patients who underwent conversion of arthrodesis to reversed shoulder arthrodesis
Toney et al[5]

Alta et al[6]

Patient characteristics

Female, 41 yr

Female, 63 yr

Male, 46 yr

Female 66, yr

Male, 58 yr

Arthrodesis indication

Brachial plexus injury with
recurrent instability

Post-traumatic
arthritis

Glenohumeral
arthritis

Failed surgeries for
proximal humeral
fracture

Failed surgeries for
proximal humeral fracture

Years after arthrodesis

5

11

5

6

11

Preoperative EMG

Deltoid intact

2/3 deltoid intact 2/3 deltoid intact Deltoid intact

2/3 deltoid intact

Follow-up (mo)

12

36

6

48

22

Forward elevation

60/160

60/70

70/110

50/90

40/40

External rotation

0/60

0/15

0/20

0/15

0/10

Internal rotation

Trochanter/Th12

Trochanter/L5

Trochanter/L5

Trochanter/L5

Trochanter/sacrum

VAS pain scores

6

2

0

4

1

Preoperative/postoperative

EMG: Electromyography; VAS: Visual analogue scale.
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Abstract
Trochanteric bursitis is one of the most common causes of lateral hip pain in
adults. The prevalence of unilateral trochanteric bursitis is 15.0% in women and
8.5% in men. Access to internet based information has increased dramatically and
health related information is now one of the most popular searches in online
activity, despite this the quality of information can vary. The objective of this
paper is to examine the quality and readability of internet based information of
trochanteric bursitis. Overall, we have found a high variability among not only
the quality but also the readability of information published. Websites that
appeared first on each search engine for trochanteric bursitis did not necessarily
score better, demonstrating the importance of providing patients with high
quality resources. Future articles should use more critical appraisal tools in order
to provide the reader with more high quality and readable information.
Key Words: Internet; Quality; Readability; DISCERN; Journal of American Medical
Association; Flesh Reading Ease
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core Tip: From this study, we note that there is a large variance in the information
available on the internet, health care workers should be aware of this, should educate
patient’s about the large variance of quality of medical information on the internet and
should direct patients who are looking for further information to the relevant websites.
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TO THE EDITOR
The internet’s usage has massively increased in the last number of years with over 85%
of the American population having access to it[1]. In this modern age with the rise of
the internet, we face an ever growing population of self-educated patients. This
presents a new challenge for doctors as the quality of information on the internet is
variable and could lead to misinformed patients.
We recently reviewed the quality of internet-based information of a commonly
encountered hip pathology: Trochanteric bursitis. We used this search term to look at
the first 50 websites from the top five search engines. A total of 107 websites were
analysed after removing duplicates and inaccessible sites. We used three quality
scoring systems: The DISCERN scoring system, the Journal of American Medical
Association (JAMA) and HON code certification[2-4]. The readability of each website was
also assessed using the Flesh Reading Ease (FRE) score and the Flesh Kincaid grade
level.
When analysing sites about Trochanteric bursitis, the mean DISCERN score was
49.3 (SD 13.7), JAMA was 1 (SD 1.39). The websites with the highest DISCERN and
JAMA scores were the Academic and Physician led websites which showed a
significant difference in the quality when compared to commercial or
discussion/social media websites (P < 0.001). A stark contrast was also seen in the
readability of each website with the commercial/social media websites being
significantly easier to read with mean FRE score being 57 (SD 11.3) and FKGL score
being 7.6 (SD 1.7) when compared to the academic or physician led websites which
had a significant lower readability (P < 0.001).
Notably only 14 of the 107 websites looked at had HON code certifications and
these were the academic or physician led websites. We noticed that there was a
correlation between increased JAMA and DISCERN scores and sites with HON code
certifications therefore leading us to believe that sites with HON code certification
were of a higher quality.
Amante et al[5] demonstrated that people experiencing trouble accessing health care
are more likely obtain health information from the Internet. This is particularly
worrying when you look at the results of our study as patients who chose nonacademic and non-physician led websites as their source of information are more
likely to get lower quality information.
In conclusion, we propose that surgeons and clinicians recommend a select number
of websites to that are of high quality and also have a high readability in order for
patients who are interested be able to expand their understanding of their condition
with high quality resources.
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Abstract
Scaphoid fractures, particularly those that occur more proximally, are unreliable
in achieving union due to the retrograde blood supply of the scaphoid bone.
Vascular compromise is associated with the development of nonunions and
avascular necrosis of the proximal pole. Due to the tenuous blood supply of the
scaphoid, it is imperative that the vascularity be assessed when creating
diagnostic and treatment strategies. Early detection of vascular compromise via
imaging may signal impending nonunion and allow clinicians to perform
interventions that aid in restoring perfusion to the scaphoid. Vascular
compromise in the scaphoid presents a diagnostic challenge, in part due to the
non-specific findings on plain radiographs and computed tomography. Magnetic
resonance imaging techniques have dramatically improved our ability to assess
the blood supply to the scaphoid and improve time to intervention. This review
aims to summarize these advances and highlights the importance of imaging in
assessing vascular compromise in scaphoid nonunion and in reperfusion
following surgical intervention.
Key Words: Vascularity; Perfusion; Scaphoid fracture; Scaphoid nonunion; Scaphoid open
reduction and internal fixation; Bone graft
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This paper aims to summarize the modern radiographic methodologies
available to clinicians to assess the vascularity of scaphoid nonunions, as it crucial in
decision-making for future treatment plans. For example, a scaphoid nonunion with
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preserved vascularity at the proximal pole may be amenable to simple bone grafting
and open reduction internal fixation. In cases with compromised perfusion,
significantly more extensive surgical intervention involving vascularized bone transfer
may be required. Given the drastic differences in treatment algorithms, review papers
such as this are needed to better educate the medical community to improve treatment
of this complex orthopedic disease process.
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INTRODUCTION
As the most commonly fractured carpal bone, the treatment of scaphoid nonunions
remains a significant clinical challenge for orthopaedic providers. Scaphoid nonunions
are defined as fractures that fail to unite by six months after injury and comprise 5%10% of all scaphoid fractures[1]. Misdiagnosis and under-treatment of scaphoid
nonunions may result in continued pain, avascular necrosis (AVN), and chronic joint
instability[1] (Figure 1). Longstanding instability may increase the risk of developing
scaphoid lunate advanced collapse and scaphoid nonunion advanced collapse
(Figure 2). Other potential complications include permanent joint deformity,
osteoarthritis, carpal tunnel syndrome, and sympathetic dystrophy[2,3]. Management of
acute scaphoid fractures ranges are from non-operative immobilization to open
reduction and internal fixation (ORIF). In nonunions, ORIF can be accompanied by
vascularized bone grafting with reported union rates of 80%-91% in the absence of
AVN and 43%-67% in the presence of AVN[4,5]. With non-vasculrized bone grafting,
reported union rates have ranged between 90%-97% without AVN[6,7], and 40%-67%
with AVN[8]. Fractures at the proximal pole of the scaphoid are at the highest risk for
AVN due to its retrograde blood supply, whereas fractures at the relatively wellperfused distal pole typically unite without difficulty[9,10]. Eighty-three percent of the
scaphoid bone is vascularized from a dorsal arterial network comprising of the radial
artery, dorsal radial carpal arch, and dorsal scaphoid arteries at the proximal pole[9].
The remaining 17% of the vascular supply is provided by a volar network to the distal
scaphoid[9]. In the pre- and postoperative setting, careful evaluation of the vascular
status of the scaphoid is essential. Plain radiographs, computed tomography (CT), and
magnetic resonance imaging (MRI) techniques are frequently used in assessing
scaphoid viability, as well as bony bridging and graft integrity postoperatively.
However, given the various limitations of these imaging modalities, assessing the
viability of the scaphoid presents a diagnostic challenge. This review will summarize
and evaluate the current literature on the radiologic evaluation of the vascularity of
scaphoid nonunions, defined as greater than 6 mo without evidence of fracture
healing, and imaging modalities used to assess and predict revascularization after
surgical intervention.

ASSESSING PERFUSION IN SCAPHOID NONUNIONS
Plain radiographs are important in initially screening for nonunions, although further
imaging is required for definitive diagnosis. The most common manifestation of poor
blood flow to the scaphoid on plain radiographs is varying degrees of sclerosis
(Figure 3). However, sclerosis may also signify new bone formation, dystrophic
calcification, bone compaction, or even relative osteopenia of adjacent bones resulting
from immobilization[10]. As such, the findings on plain radiographs are too non-specific
for precise diagnosis.
Intraoperatively, perfusion to the scaphoid is assessed by puncturing the proximal
pole to visually inspect for signs of bleeding; this serves as the gold standard to which
imaging modalities are then compared. One study compared CT scans to punctate
proximal pole bleeding and found that CT assessment of vascular status did not
correlate with intraoperative findings[11]. While CT is not helpful in assessing
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Figure 1 Plain PA and lateral radiographs demonstrating a post-traumatic deformity of a proximal right scaphoid with moderate to
severe radiocarpal joint narrowing as well as dorsal intercalated segmental instability.

Figure 2 Coronal magnetic resonance imaging T1-weighted unenhanced, coronal proton density fat-saturation propeller, and coronal T2weighted sequences showing scaphoid nonunion advanced collapse with chronic ununited comminuted scaphoid fracture involving the
proximal pole and mid waist. There are several displaced and necrotic proximal pole fragments, and severe chondrosis at the radioscaphoid articulation. PD:
Proton density; FS: Fat-saturation.

vascularity, it is instrumental in assessing fine osseous details. As such CT is used to
determine bony architectural changes, such as the degree of deformity (Figure 4) and
level of bony bridging (Figure 5), which are helping in diagnosing nonunions and for
operative planning.
Bone scintigraphy has also been used to assess scaphoid vascularity, but it lacks
sensitivity due to the low resolution of detecting radiotracers (i.e., measures of
perfusion), such as Tc-99m hydroxymethylene diphosphonate, in the small carpal
bones[12]. Although not very helpful in assessing vascularity, bone scintigraphy may
still play a role in detecting occult scaphoid fractures suspected clinically in which
other imaging correlates are not available.
MRI is the most reliable imaging modalities for assessing perfusion to the scaphoid
in nonunions. Viable bone is characterized by T1-weighted-imaging isointensity and
T1-weighted-imaging enhancement with gadolinium (Figure 6). Diagnostic criteria for
avascular necrosis includes the presence of hypointensity on T1-weighted and T2weighted imaging and lack of enhancement on fat-suppressed T1-weighted postgadolinium sequences (Figure 7). In a head-to-head comparison of MRI vs the gold
standard of intraoperative punctate bleeding, hypointensity on non-contrast T1weighted-imaging of the proximal pole was 72% sensitive and 100% specific, in
addition to having a 100% positive predictive value, and 73% negative predictive
value for osteonecrosis[11]. Furthermore, 90% of scaphoids with MRI findings in
keeping with osteonecrosis were confirmed to have the same finding during
surgery[11,13].
If MRI is the best modality in assessing scaphoid vascularity, the logical next
question is whether its utility can be enhanced with contrast. One study compared
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Figure 3 Plain PA, lateral and navicular view radiographs demonstrating sclerosis of the scaphoid at the waist and resorption of the
proximal pole.

Figure 4 Coronal and sagittal unenhanced computed tomography image demonstrating a chronic fracture involving the distal scaphoid
with moderate humpback deformity and dorsal intercalated segmental instability.

unenhanced MRI to the gold standard of intraoperative punctate bleeding and
determined a sensitivity of 36% and specificity of 78%[14,15]. Another study used
gadolinium-enhanced MRI and reported a significantly better sensitivity of 63%-66%
and 77%-88% specificity[14,15]. As such, contrast enhancement improves the ability of
MRI to assess scaphoid vascularity.
Static vs dynamic contrast-enhancement protocols have also been compared to
assess scaphoid vascularity. In one study, 28 scaphoid nonunions were evaluated and
found that dynamic contrast-enhancement in fact led to inferior sensitivity and
specificity in detecting vascular compromise[16]. Another study evaluated 35 scaphoid
nonunions and determined that dynamic contrast-enhancement was superior to static
contrast-enhanced MRIs[17]. Given these contradictory findings, the authors postulate
that the utility of dynamic contrast-enhancement is dependent on the time from initial
injury. Non-unions closer to the 6-mo post-injury timepoint have less contrasting
signals between the proximal and distal fragments (i.e., flattening of the time-intensity
curves); however, in nonunions several years old, the difference between the proximal
and distal fragments is more evident and therefore more reliably assessed on dynamic
contrast imaging[17]. Further research is needed to determine the timepoint whereafter
dynamic protocols may be more helpful than static protocols in assessing scaphoid
nonunions.

POST-OPERATIVE ASSESSMENT OF PERFUSION IN SCAPHOID
NONUNIONS
Surgical fixation of scaphoid fractures may be performed using internal lag screws,
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Figure 5 Coronal, sagittal, and axial unenhanced computed tomography images status post treatment of scaphoid nonunion with
vascularized bone graft from the distal radius and single threaded screw. There is evidence of bony bridging and integration of the graft.

Figure 6 T1-weighted fat saturated pre-contrast, T1-weighted fat saturated post-contrast, and T2-weighted post-contrast sequences
showing preserved vascularity in a proximal pole scaphoid fracture. There is a hypointense fracture line and diffuse marrow edema throughout
the scaphoid. There is also hypointense T1 signal and hyperintense T2 signal with corresponding hyperenhancement on post-contrast imaging at the proximal pole,
most intense in the proximal pole in keeping with preserved vascularity. FS: Fat saturated.

plates, or staples. In nonunions, fixation often requires augmentation with bone grafts,
which may or may not be vascularized, to provide the osteoinductive and osteoconductive growth factors important for healing[18,19]. Postoperatively, patients are
followed with imaging to confirm graft integration and fracture union.
In the post-operative period, CT is the gold standard for evaluating bone graft
integration; however, CT scan does not reliably demonstrate revascularization after
vascularized bone grafting[20]. While the presence of a persistent pseudo-arthrosis on
CT may be a reflection of inadequate vascular restoration, CT does not directly display
the vascular compromise itself[20]. It is also important to remember that failure to
achieve union is not necessarily a consequence of inadequate vascularity. For example,
conditions such as in hypovitaminosis D or abnormal parathyroid hormone levels can
lead to union despite ample vascularity. As such, presence of pseudo-arthrosis on CT
does not necessitate inadequate vascularity.
Rather than CT, MRI is the primary diagnostic modality in evaluating postoperative revascularization of scaphoid nonunions or identifying vascularized graft
failures[21]. One study treated 77 scaphoid nonunions with distal radius vascularized
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Figure 7 Coronal T1-weighted proton density fat saturation pre-contrast, Coronal T1-weighted fat saturation post-contrast, and coronal
T2-weighted fat saturation pre-contrast magnetic resonance imaging sequences demonstrating nondisplaced ununited fracture of the
proximal pole of the scaphoid. There is T1 hypointense and heterogeneous T2 signal within the proximal pole fracture fragment. The proximal pole fracture
fragment demonstrates no significant contrast enhancement on the postcontrast images, compatible with avascular necrosis. PD: Proton density; FS: Fat saturation.

bone grafts and then prospectively followed those patients with enhanced MRIs at 3mo post-op. In all patients who had clinical signs of union, i.e., complete to almost
complete relief of pain, the MRIs showed restoration of signal in the proximal pole[22].
Another similar study also evaluated post-operative revascularization of 13 scaphoid
nonunions after distal radius vascularized graft and compared MRI findings to CT
scans, rather than clinical relief of pain. With a minimum of three year follow up, they
reported that all patients who did not have restoration of bone marrow signal in the
proximal pole on MRI had persistent nonunion on CT scan[20]. These studies confirm
the ability of enhanced MRI to detect scaphoid revascularization post-operatively.

PREDICTING NONUNION FORMATION AND POST-OPERATIVE HEALING
WITH MRIS
It remains unclear whether imaging may be used to detect acute scaphoid fractures at
risk for progression to nonunion. In one study, scaphoid fractures were imaged using
fat-suppressed T1-weighted gradient-echo MRI within 2 wk of injury and the proximal
pole vascularity was quantified using a custom grading system[23]. The fractures were
treated non-operatively and then underwent CT imaging 12 wk post-injury to assess
for union. They reported that the quantitative severity of vascular compromise
measured on pre-treatment MRIs had no correlation with development of nonunion
on follow up CT imaging[23]. As such, the authors concluded that MRIs could not
reliably predict which acute fractures would develop nonunion after non-operative
treatment.
Similarly, other studies suggest that MRIs also cannot predict which scaphoid
nonunions will heal after operative intervention. In a study of nonunions that
underwent surgical management, those with more than 50% enhancement of the
proximal pole on pre-operative MRI had union rates of 67%. However, nonunions
with less than 50% enhancement pre-operatively actually had higher a union rate of
75%, and those with less than 25% enhancement had 50% union rates[24]. As such, no
definitive correlation exists between preoperative vascularity and the ability to predict
of union in the post-treatment (non-operative and operative) settings. Further research
is needed before imaging can be reliably used to make predictions of nonunion.

CONCLUSION
This review provides an overview of the role of various imaging modalities used to
assess the vascular status of scaphoid nonunions at either clinical presentation or after
surgical intervention. In nonunions, changes associated with vascular compromise are
too non-specific for accurate detection by plain radiographs or CT, and bone scans lack
the resolution to adequately detect the extent of vascular insult. MRIs are useful for
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evaluation of vascular compromise, with slightly improved sensitivity and specificity
with gadolinium administration. Dynamic contrast-enhancement does not necessarily
provide additional advantages over static contrast-enhancement, but this may be
dependent on the age of the nonunion. Postoperatively, plain radiographs and CTs can
be used to assess bony union. However, MRI is preferred in detecting signal recovery
as evidence of bone graft viability. None of our current modalities have been shown to
reliably predict scaphoid fractures at risk for progression to nonunion, or the success
of operative intervention on achieving bony bridging in nonunions. There is still a
need for development of an accurate prognosticator.
A promising tool may be found in T1-rho MRI sequences, which are sensitive in
detecting changes in cartilage vascularity and structure. Perhaps, T1-rho MRIs can be
used to assess scaphoid cartilage after fractures, and thresholds can be set that define
the degree of cartilage change needed to predict which fractures will go on to union or
nonunion. Further research is needed to ascertain the role of new imaging modalities
like T1-rho MRIs and delineate what constitutes normal or abnormal cartilage blood
flow in the setting of acute scaphoid fractures and nonunions.
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Abstract
BACKGROUND
There are few studies in the literature comparing the clinical outcomes and
radiographic results of proximal femoral nail (PFN) and proximal femoral nail
antirotation (PFNA) for pertrochanteric femoral fracture (PFF) in elderly patients.
AIM
To evaluate both clinical and radiographic outcomes after fixation with PFN and
PFNA in an elderly patient population.
METHODS
One hundred fifty-eight patients older than 65 years with PFF who underwent
fixation with either PFN or PFNA were included. Seventy-three patients
underwent fixation with PFN, whereas 85 were fixed with PFNA. The mean
follow-up was 2.4 years (range, 1-7 years). Clinical outcome was measured in
terms of operation time, postoperative function at each follow-up visit, and
mortality within one year. Radiographic evaluation included reduction quality
after surgery, Cleveland Index, tip-apex distance (TAD), union rate, time to union,
and sliding distance of the screw or blade. Complications including nonunion,
screw cutout, infection, osteonecrosis of the femoral head, and implant breakage
were also investigated.
RESULTS
Postoperative function was more satisfactory in patients who underwent PFNA
than in those who underwent PFN (P = 0.033). Radiologically, the sliding
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difference was greater in PFN than in PFNA patients (6.1 and 3.2 mm,
respectively, P = 0.036). The rate of screw cutout was higher in the PFN group;
eight for PFN (11.0%) and two for PFNA patients (2.4%, P = 0.027). There were no
differences between the two groups in terms of operation time, mortality rate at
one year after the operation, adequacy of reduction, Cleveland Index, TAD, union
rate, time to union, nonunion, infection, osteonecrosis, or implant breakage.
CONCLUSION
Elderly patients with PFF who underwent PFNA using a helical blade
demonstrated better clinical and radiographic outcomes as measured by clinical
score and sliding distance compared with patients who underwent PFN.
Key Words: Pertrochanteric fracture; Proximal femoral nail; Proximal femoral nail
antirotation; Sliding distance; Cutout; Outcome
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Core Tip: There are few studies comparing the clinical outcomes and radiographic
results in elderly patients with pertrochanteric femoral fracture (PFF) receiving
proximal femoral nail antirotation (PFNA) and those receiving the previous-generation
proximal femoral nail. PFNA using a helical blade demonstrated better clinical and
radiographic outcomes in terms of clinical score, sliding distance and cutout rate in
elderly patients with PFF.
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INTRODUCTION
As the population continues to age, the incidence of pertrochanteric femoral fracture
(PFF) has also increased[1] and surgery has been reported as a standard treatment for
achieving better clinical outcomes, including shorter hospitalization, earlier return to
preinjury status, and fewer complications such as bed sores, pulmonary
thromboembolism, and pneumonia[2-4]. Among the numerous implants currently
available for the internal fixation of PFF[5-7], proximal femoral nail (PFN; Synthes®,
Solothurn, Switzerland) has been reported in the last decade to be a suitable implant
for the treatment of unstable PFF in elderly patients[8-10]. However, some studies have
reported several complications associated with the use of PFN, including cutout and
the Z-effect[8,11,12]. To overcome these complications, a newly-designed implant,
proximal femoral nail antirotation (PFNA; Synthes®, Solothurn, Switzerland), has been
developed. According to a biomechanical study conducted in the laboratory setting,
the PFNA blade compacts the cancellous bone, leading to increased stability and
higher resistance to cutout in the osteoporotic bone[13]. However, there are few studies
comparing clinical outcomes and radiographic results (including cutout after fixation)
between elderly patients with PFF receiving PFNA and those receiving the previousgeneration PFN. Therefore, we evaluated the clinical and radiographic outcomes after
fixation with PFN and PFNA for PFF in elderly patients.

MATERIALS AND METHODS
This retrospective study was approved by the institutional review board in our
institution which waived informed consents. From January 2003 to December 2009,
204 patients over 65 years of age with PFF underwent fixation with either PFN or
PFNA at a single institution. Among them, 46 patients were excluded because of
bilateral PFF (2 patients) and loss to follow-up before radiographic follow-up at one
WJO
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year (44 patients). Thus, the remaining 158 patients were included. The mean duration
of radiographic follow-up was 2.4 years (range, 1-7 years). Seventy-three patients
underwent fixation with PFN (PFN group), whereas 85 patients were fixed with PFNA
(PFNA group). The PFN group was composed of 31 men and 42 women with an
average age of 76.6 ± 7.3 years. Based on the AO classification[14], fractures was
categorized as 31-A1 in 14 patients, A2 in 42 patients, and A3 in 17 patients. The PFNA
group consisted of 37 men and 48 women with an average age of 74.9 ± 7.2 years.
Fractures were classified as 31-A1 in 19 patients, A2 in 50 patients, and A3 in 16
patients. We identified each patient’s medical history and converted it to a Charlson
Comorbidity Index[15] score by deploying questionnaires at each patient’s visit to the
clinic and conducting a careful review of medical records. In addition, femoral bone
mineral density was also investigated. Demographic details and fracture
characteristics are described in Table 1. There were no differences between the two
groups (P > 0.05).
All operations were performed using a fracture table under the guidance of
fluoroscopy. We encouraged the Q-setting exercise with an active range of motion,
with wheelchair ambulation at one day after index operation. Clinical outcome was
measured in terms of operation time, postoperative function according to Salvati and
Wilson’s hip function rating system[16] at each patient’s visit to the clinic, and mortality
rate within one year. The operation time was calculated from skin incision to closure.
We searched the National Statistical Office for death certificates for patients who failed
follow-up[17]. Radiographic evaluation included the reduction state after the operation,
which was categorized into three groups using modified Baumgartner’s criteria[18], the
Cleveland Index[19], tip-apex distance (TAD)[7], union rate, time to union and sliding
distance of the screw or blade. Complications, including nonunion, screw cutout,
infection, osteonecrosis of the femoral head, and implant breakage were also
investigated.
The Pearson chi-square test and Student t-test were performed for statistical
analysis using SPSS software version 22.0 (SPSS, Chicago, IL, United States), and
differences were considered significant when the P value was < 0.05. The statistical
methods used in this study were reviewed by Won Kee Lee, Professor of Biostatistics
of Kyungpook National University.

RESULTS
Clinical outcomes
In the PFN group, postoperative hip function was graded as excellent in 26 (35.6%),
good in 35 (47.9%), fair in 8, and poor in 4 patients, respectively (Table 2). In the PFNA
group, hip function was classified as excellent in 36 (42.4%), good in 44 (51.8%), fair in
4, and poor in 1 patient, respectively. The proportion of patients with excellent or good
postoperative function was significantly higher in the PFNA group compared to the
PFN group (94.1% and 83.6%, P = 0.033). Differences in operation time and mortality
within one year were not significantly different between the two groups (P > 0.05).

Radiographic outcomes
The union rate was 87.7% for the PFN group (64/73) and 94.1% for the PFNA group
(80/85) (P = 0.155), and the union time was 14.9 wk (range, 12-17) and 13.7 wk (range,
11-18), respectively (P = 0.156).
In the PFN group, reduction was graded as good in 34 (46.6%), normal in 31 (42.5%),
and poor in 8 patients, whereas it was rated as good in 42 (49.4%), normal in 36
(42.4%), and poor in 7 patients in the PFNA group (P = 0.830; Table 3). According to
Cleveland et al[19], zones 5, 6, 8, and 9 were shown in 67 (91.8%) patients with PFN,
whereas those zones were demonstrated in 79 patients (92.9%) with PFNA (P = 0.218).
TAD was 7.2 mm (range, 2.1-12.3) in the PFN group, whereas it was 7.9 mm (range,
3.6-14.9) on immediate postoperative radiographs in the PFNA group.
Sliding distance was 6.1 mm (range, 0-23.6 mm) in the PFN group, whereas it was
3.2 mm (range, 0-18.4 mm) in the PFNA group at final follow-up compared to
radiographs taken immediately after the index operation. The sliding difference was
significantly higher in the PFN group (P = 0.036). There was no difference between the
two groups in terms of reduction state, Cleveland Index, TAD, union rate and time to
union (Figures 1 and 2).
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Table 1 Demographic details and fracture characteristics in the proximal femoral nail and proximal femoral nail antirotation groups
PFN group

PFNA group

P value

Number of patients

73

85

NA

Male:female

31:42

37:48

0.893

Age, yr

76.6 (65-90)

74.9 (65-92)

0.213

21.4 (18.5-31.6)

22.8 (20.4-28.3)

0.576

-2.83 (-1.3 to -5.3)

-3.14(-1.1 to -6.1)

0.518

13.4 (3-18)

11.9 (4-19)

0.536

BMI, kg/m

2

Femoral BMD, T-score
[15]

Charlson Comorbidity Index
Cause of injury

0.890

Slip down

56

65

Traffic accident

8

11

Fall down

9

9

AO/OTA classification

0.750

31-A1

14

19

31-A2

42

50

31-A3

17

16

Stay before operation, d

4.02 (1-13)

2.84 (1-17)

0.253

PFN: Proximal femoral nail; PFNA: Proximal femoral nail antirotation; NA: Not available; BMI: Body mass index; BMD: Bone mineral density.

Table 2 Clinical outcomes in the proximal femoral nail and proximal femoral nail antirotation groups

Operation time, min

PFN group

PFNA group

P value

67.3

63.2

0.395

[16]

Salvati and Wilson score score

0.328

Excellent (32 or more)

26

36

Good (24-31)

35

44

Fair (16-23)

8

4

Poor (15 or less)

4

1

Excellent + good

61 (83.6%)

80 (94.1%)

0.033

Mortality within one year

16 (21.9%)

20 (23.5%)

0.629

PFN: Proximal femoral nail; PFNA: Proximal femoral nail antirotation.

Complications
Screw cutout was demonstrated in eight (11.0%) patients in the PFN group and in two
(2.4%) patients in the PFNA group (P = 0.027; Table 4). However, there was no
statistical difference between groups in terms of nonunion, infection, osteonecrosis of
the femoral head, or implant breakage.

DISCUSSION
Among the various implants used for treating proximal femur fracture, PFNA has
been developed to overcome several problems of PFN, which has a similar design but
uses a helical blade[8,11,12]. According to one biomechanical study, better clinical
outcomes might be expected in patients undergoing PFNA than in those receiving the
previous-generation PFN[13]. However, few studies have compared the clinical and
radiographic outcomes, including cutout after fixation, between PFNA and PFN in
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Table 3 Radiographic results in the proximal femoral nail and proximal femoral nail antirotation groups
PFN group

PFNA group

Reduction

P value
0.830

Good, n (%)

34 (46.6%)

42 (49.4%),

Normal, n (%)

31 (42.5%)

36 (42.4%)

Poor

8

7

Cleveland Index

0.577

Zone 1

0

0

Zone 2

1

0

Zone 3

0

0

Zone 4

2

2

Zone 5

34

42

Zone 6

11

15

Zone 7

3

4

Zone 8

14

19

Zone 9

8

3

Zone 5 + 6 + 8 + 9, n (%)

67 (91.8%)

79 (92.9%)

0.218

TAD, mm

7.2 (2.1-12.3)

7.9 (3.6-14.9)

0.222

Union rate, % (n)

87.7 (64/73)

94.1 (80/85)

0.155

Union time, wk

14.9 (12-17)

13.7 (11-18)

0.156

Sliding distance, mm

6.1 (0-23.6)

3.2 (0-18.4)

0.036

PFN: Proximal femoral nail; PFNA: Proximal femoral nail antirotation; TAD: Tip-apex distance.

Table 4 Complications in both groups
PFN group

PFNA group

P value

Screw cutout, n (%)

8 (11.0%)

2 (2.4%)

0.027

Nonunion, n (%)

9 (12.3%)

5 (5.9%)

0.155

Infection

2

1

0.473

ONFH

1

0

0.279

Implant breakage

1

0

0.279

PFN: Proximal femoral nail; PFNA: Proximal femoral nail antirotation; ONFH: Osteonecrosis of the femoral head.

elderly patients with PFF. Thus, we performed the current study. Our results indicate
that PFNA is associated with better clinical outcomes and fewer complications (in
terms of sliding distance and screw cutout) compared to PFN.
In our study, the group that underwent PFNA with a helical blade demonstrated
less sliding distance compared to the group undergoing PFN with a conventional
screw. This result is comparable with previous studies conducted in the laboratory
setting, which demonstrated increased resistance of the blade to implant migration,
and an increase in interlocking stability[13,20,21]. In a clinical study comparing the sliding
distance between PFN and PFNA groups, Choo et al[22] reported that the sliding
distance was shorter in the PFNA group than in the PFN group, which was consistent
with our results.
Similar to our study, several studies comparing PFN and PFNA indicated that the
PFN group had more implant-related complications[23-25]. We speculate that this result
is due to the biomechanical properties of the helical blade of PFNA[13]. As reaming is
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Figure 1 Radiographic results. A: A preoperative radiograph shows an intertrochanteric fracture with AO classification type A3.2. in a 79-year-old female
patient. She underwent closed reduction and fixation with proximal femoral nail. Immediate postoperative radiographs demonstrate good reduction, tip-apex distance
of 12.1 mm and Cleveland Index of 5 on anteroposterior (B) and axial view (C). D: A radiograph taken at follow-up duration of 3 years shows bone union with the
sliding distance of 14.5 mm.

Figure 2 Radiographic results. A: A preoperative radiograph shows an intertrochanteric fracture with AO classification type A3.3 in a 59-year-old female patient.
She underwent closed reduction and fixation with proximal femoral nail antirotation. B and C: Immediate postoperative radiographs demonstrate distal fragment is
distracted, leaving a fracture gap, tip-apex distance of 21.2 mm and Cleveland Index of 5 on anteroposterior (B) and axial view (C). D: A radiograph taken at follow-up
duration of 7 years shows bone union with the sliding distance of 8.6 mm.

not performed before blade insertion, the bone stock of the femoral head can be
preserved, thereby increasing the contact area between the implant and cancellous
bone of the femoral head. In addition, when the blade is inserted, the cancellous bone
is compressed, which increases resistance to rotational stress and varus collapse[26].
However, Mallya et al[27] described that there was no difference in implant-related
complications between the two groups. We presume that their study was conducted
with a short follow-up period of 6 mo; thus, there was no difference between the two
groups.
In the present study, the clinical score after surgery was significantly higher in the
PFNA group than in the PFN group (P = 0.033). This result is different to previous
studies that reported no difference in clinical outcomes between the two
groups[22,25,27,28]. We speculate that the decrease in blade sliding had a smaller effect on
native hip biomechanics, including offset and limb length, leading to less reduction in
walking ability. In addition, decreased sliding might have resulted in less irritation of
the iliotibial band and gluteal sling by the blade itself, leading to less pain.
Our study showed no difference in surgical time between the two groups. In
contrast to our findings, several studies[22,24,27,28] reported a shortened time of operation
with PFNA when compared with PFN due to the simplified surgical steps. We
estimated that this discrepancy among studies might originate from the learning curve
associated with the initial introduction of PFNA, which could affect operation time.
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The current study is limited by its nonrandomized, retrospective nature, as well as
the fact that there were no selection criteria applied for each implant. However, the
analysis of demographic characteristics and data related to the operation in the two
groups did not reveal any confounding factors such as selection bias. Second, our
findings cannot reflect long-term clinical outcomes because of the relatively short-term
follow-up. However, a high mortality rate within 5 years has been reported in the
literature[29]. Lastly, the current study included a relatively small number of patients,
which can weaken statistical power. Nevertheless, we believe that our findings are
important as when a theoretically improved implant is introduced, comparison with
previous implants of a similar design is paramount to determine the value of the new
implant.

CONCLUSION
In conclusion, PFNA using a helical blade demonstrated better clinical and
radiographic outcomes in terms of clinical score, cutout, and sliding distance following
treatment of PFF in elderly patients. However, a randomized study with longer-term
follow-up may be necessary to draw a definitive conclusion.

ARTICLE HIGHLIGHTS
Research background
There are few studies comparing clinical and radiologic outcomes between proximal
femoral nail antirotation (PFNA) and previous-generation proximal femoral nail (PFN)
in elderly patients with pertrochanteric femoral fracture (PFF).

Research motivation
We evaluated the clinical and radiographic outcomes after fixation with PFN and
PFNA for PFF in elderly patients.

Research objectives
From January 2003 to December 2009, seventy-three patients underwent fixation with
PFN (PFN group), whereas 85 patients were fixed with PFNA (PFNA group). The
mean duration of radiographic follow-up was 2.4 years (range, 1-7 years). The PFN
group was composed of 31 men and 42 women with an average age of 76.6 ± 7.3 years.
The PFNA group consisted of 37 men and 48 women with an average age of 74.9 ± 7.2
years.

Research methods
We evaluated each patient’s medical history and converted it to a Charlson
Comorbidity Index score and femoral bone mineral density. There was no difference
in demographics between the two groups (P > 0.05). Clinical outcome was measured
in terms of operation time, postoperative function according to Salvati and Wilson’s
hip function rating system and mortality rate within one year. Radiographic
evaluation included the reduction state after the operation, the Cleveland Index[19], tipapex distance (TAD), union rate, time to union and sliding distance of the screw or
blade. Complications, including nonunion, screw cutout, infection, osteonecrosis of the
femoral head, and implant breakage were also investigated.

Research results
The proportion of patients with excellent or good postoperative function was
significantly higher in the PFNA group compared to the PFN group (94.1% and 83.6%,
respectively, P = 0.033). Differences in operation time and mortality within one year
were not significantly different between the two groups (P > 0.05). Sliding distance
was 6.1 mm (range, 0-23.6 mm) in the PFN group, and was 3.2 mm (range, 0-18.4 mm)
in the PFNA group at final follow-up (P = 0.036). There was no difference between the
two groups in terms of reduction state, Cleveland Index, TAD, union rate and time to
union. Screw cutout was demonstrated in eight (11.0%) patients in the PFN group and
in two (2.4%) patients in the PFNA group (P = 0.027).
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Research conclusions
PFNA using a helical blade demonstrated better outcomes in terms of clinical score,
sliding distance and cutout rate following treatment of PFF in elderly patients than
PFN.

Research perspectives
A randomized control study with longer-term follow-up may be necessary to draw a
definitive conclusion.
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Abstract
BACKGROUND
Orthopedic physicians typically apply a cast to immobilize a body part that has
been injured. There have been no significant structural changes or advances in
synthetic casts since the development of the modern cast. The Opencast® is a
recently developed type of cast that allows ventilation and direct visual inspection
of the skin to avoid cast-related complications. Although this novel cast appears to
have more benefits than the conventional synthetic cast, its clinical efficacy and
advantages have not been established.
AIM
To investigate the clinical efficacy and advantages of the newly developed
Opencast® based on patients’ perspectives in those with ankle inversion injury.
METHODS
A specifically designed questionnaire consisting of 19 items was used to compare
patients’ opinions and concerns of the Opencast® and the conventional synthetic
cast. The items were focused on subjective patient satisfaction, discomfort, and
adverse effects while wearing the cast. Patients with an ankle inversion injury
diagnosed as a high-grade ankle sprain were enrolled. The subjects were
randomized and instructed to fill the questionnaire after wearing a synthetic cast
or an Opencast® for 2 wk. They were then required to fill the questionnaire again,
after switching to the alternative type of cast for 2 more weeks.
RESULTS
A total of 22 subjects participated in the study. The synthetic cast appeared to be
more rigid and stable than the Opencast®, but there was no significant difference
in the amount of pain relief. The likelihood of adverse effects when wearing the
synthetic cast was significantly higher. Patient satisfaction tended to be rated
higher after wearing the Opencast®. Opencast® showed more subjective
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vulnerability than the synthetic cast, but there was no significant difference in the
redo rate. Patients were more anxious about removal of the synthetic cast than of
the Opencast®.
CONCLUSION
The results indicate that the Opencast® could replace the conventional synthetic
cast as it offers increased patient satisfaction, which would in turn increase
compliance to treatment.
Key Words: Clinical utility; Comparison; Open cast; Conventional cast; Cast material;
Ankle sprain
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A newly developed Opencast® was found to provide more convenience and
satisfaction in patients with ankle sprain. The patients wearing the Opencast® could take
showers and felt less anxiety during cast removal. These characteristics are expected to
increase the patients’ compliance with treatment.
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INTRODUCTION
Traditionally, the first-line treatment of an ankle sprain, which is the most common
sports-associated injury, involves immobilizing the joint. Orthopedic physicians
typically apply a cast to immobilize an injured body part. The modern plaster cast
dates back to the 1850s when a Dutch military surgeon first used cotton bandages
impregnated with calcined gypsum to immobilize limb fractures. The so-called plaster
of Paris cast has been used widely in the field of orthopedics ever since[1,2].
Nearly 120 years later, in the 1970s, a synthetic cast made out of fiberglass was
developed and is still used worldwide[1,2]. However, this synthetic cast was developed
by only changing the cast material from cotton bandage impregnated with gypsum to
fiberglass. Although some improvement has been made in terms of stiffness and
weight, there have been no other significant structural changes or advances in
synthetic casts since the development of the modern cast 170 years ago.
Regardless of the cast material used, there have been some inevitable adverse
effects, given that the cast cannot be taken off during treatment and the material is
hard. Furthermore, there can be serious complications, such as tight cast syndrome,
which includes skin necrosis, pressure ulcers, and nerve palsy[3,4]. Immobilizing boots
are commercially available and could avoid these complications, but their efficacy and
patient compliance are not guaranteed.
The Opencast® (OpenM, Daejeon, Korea) is a newly developed type of cast that
contains multiple web-type or mesh-type open spaces that allow ventilation and direct
visual inspection of the skin to avoid cast-related complications. Furthermore, the
Opencast® guarantees compliance because patients cannot remove the cast themselves.
Although this novel cast appears to have more benefits than the conventional synthetic
cast, its clinical efficacy and advantages have not yet been established.
The aim of this study was to compare patients’ opinions of the relative clinical
benefits of the Opencast® and the conventional synthetic cast using a specifically
designed questionnaire.
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MATERIALS AND METHODS
This prospective study was approved by the institutional review board of our hospital.
Informed consent was obtained from all study participants.

Generating the questionnaire
Before initiating the study, the questionnaire items were devised by a consensus
committee consisting of three orthopedic surgeons and a research assistant specialized
in questionnaire development. The items were selected from previous studies[3-5] or
generated during discussions by the committee.
Emphasis was made on subjective patient satisfaction, discomfort, and adverse
effects while wearing the cast. The inclusion of any item was decided by considering
its content validity, which was mainly determined by consensus of the committee
members. Nineteen items were chosen. The items in this questionnaire were
categorized into the following domains: Function and effect, adverse effects and
improvement in quality of life, and effectiveness. The function and effect domain
consisted of five items that assessed the subjective response regarding immobilization
after application of the cast. Ten items were included in the adverse effects and
improvement in quality of life domain to test for subjective satisfaction or discomfort
while wearing the cast material for 2 wk. Four items were included in the effectiveness
domain and were designed to compare the cast redo rate and patient discomfort
during removal of the cast. All items except the first question had a response format
based on a 5-point Likert scale[6] (scored 1-5) to facilitate comparison of the two types
of cast. For the first two domains, the items were carefully chosen to have acceptable
reliability within the domain.

Patient selection
The inclusion criteria were as follows: Aged 20 years or older, an ankle inversion
injury diagnosed as a high-grade ankle sprain within the previous week, attendance at
our outpatient clinic (at a tertiary referral center for foot and ankle surgery), and
willingness to participate in the study. Patients with ankle fractures were excluded.
Patients who could not complete the questionnaire and those with a previous ankle
fracture, ankle surgery, infection, tumor, neuromuscular disease, or any other
condition that could change the normal anatomy of the ankle joint were also excluded.

Study design
The patients enrolled in the study were randomized to fill the questionnaire after
wearing a conventional synthetic cast (Figure 1) or an Opencast® (Figure 2) for 2 wk.
They were then switched to the alternative type of cast for 2 more weeks after which
they were required to fill the questionnaire again. The questionnaire took a maximum
of 10 min to complete.

Specifications of the Opencast® and its application and removal
The Opencast® contains three components. The first is the core component, which is
made of carbon fiber composite plastic, melts at 80–90 °C and can be molded into any
shape. When the temperature is decreased after the change in shape, the shape is then
solidified and maintained. The cast maintains its rigidity at temperatures below 50 °C,
which is the temperature range of normal daily living. Hot showers are allowed while
wearing the cast but saunas are not. The second component is an outer skin
surrounding the core and is made of an elastomer with a high melting point and a
rubber-like elastic texture. When the structural core component melts at high
temperatures, the outer skin component holds and protects the unique mesh structure
of the Opencast® while maintaining its inherent flexibility that allows easy molding.
The third component is a pad that protects the skin and is in direct contact with the
cast. This pad is made from skin-friendly polyolefin foam that gives the skin a soft
touch and feel.
The Opencast® is applied in a way similar to that of a thermoplastic splint (Figure 3).
Two appropriately sized sheets of Opencast® are preheated until soft and moldable.
These sheets are then applied to the limb in a cylindrical shape using plastic clamps
after covering the limb with stockinettes to prevent heat injury. After molding, the
final shape is fixed using the stretch wrapping supplied with the product. Finally, all
other materials, including the stockinettes and wraps, are removed through the open
structure. The Opencast® is much simpler to remove than the synthetic cast. Rather
than cutting it open with a saw, the plastic clamp is removed and just enough of the
mesh frame is cut with a nipper to permit its removal.
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Figure 1 Illustration showing a conventional synthetic cast and its structure.

Figure 2 Illustration showing an Opencast® cast and its structure.

Sample size calculation
This study was based on the responses of study participants to a questionnaire. It was
calculated that at least 34 patients would need to be recruited to permit at least 17
patients in each matched group with an alpha error of 0.05 and a power of 0.8[7].
Anticipating a withdrawal rate of 25% during 4 wk of immobilization in a cast, each
study group had to contain 23 subjects. Therefore, 23 subjects were enrolled and had
their treatment alternated to constitute the matched group. During follow-up, one
subject declined a follow-up visit. Therefore, 22 subjects were finally included in the
data analysis.

Statistical analysis
All data are presented as mean and standard deviation. The questionnaire items were
categorized according to the type of cast worn during the previous 2 wk. The
responses to the synthetic cast and Opencast® questionnaires were compared using the
Wilcoxon signed rank test. The reliability of the questionnaire was determined using
Cronbach’s alpha. All statistical analyses were performed using SPSS software
(version 25.0, IBM Corp., Armonk, NY, United States). Statistical significance was set
at P < 0.05.

RESULTS
Of the 23 subjects initially enrolled, 1 was lost to follow up. Therefore, a total of 22
subjects were finally included in the analysis. The mean patient age was 27.0 ± 10.8
years. The reliability of the questionnaire for the first two domains was acceptable
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Figure 3 Instructions for application of the Opencast®.

(Cronbach’s alpha, 0.71 and 0.76, respectively).
In the function and effect domain, the synthetic cast appeared to be more rigid (Q2,
P < 0.001), stable (Q3, P = 0.002), and better protect the injured ankle (Q4, P = 0.001)
than the Opencast®. However, there was no significant difference in the amount of
pain relief offered by each type of cast (Q5, P = 0.891).
In the adverse effects and improvement in quality of life domain, the likelihood of
adverse effects when wearing the synthetic cast was significantly higher in terms of
tightness (Q6, P < 0.001), itchiness (Q7, P < 0.002), discomfort because of low
ventilation (Q8, P < 0.001), water seeping inside the cast (Q9, P < 0.001), discomfort
due to dampness (Q10, P < 0.001), bad odor (Q11, P < 0.001), inability to bathe or
shower freely (Q12, P < 0.001), inability to see the skin beneath the cast (Q13, P <
0.001), and limitations to activities of daily living (Q14, P = 0.003) after casting. Patient
satisfaction tended to be rated higher after wearing the Opencast® for 2 wk but this
finding did not reach statistical significance (Q15, P = 0.15)
In the effectiveness domain, the Opencast® showed more subjective vulnerability
than the synthetic cast (Q16, P = 0.001), but there was no significant difference in the
redo rate between groups (Q17, P = 0.564). Patients were more anxious about removal
of the synthetic cast than of the Opencast® (Q18, P = 0.001 and Q19, P = 0.004).

DISCUSSION
Immobilization using casts is well accepted as the first-line treatment for an ankle
sprain. Although functional bracing and early rehabilitation for ankle sprains is
becoming more popular nowadays, the cast still plays an important role in the
treatment of this common injury[8]. In this study, we chose ankle sprain as the inclusion
criterion for type of injury because it is a very common injury[9], has reports of wellestablished outcomes associated with ankle sprains published[10], and yields good
results for immobilization of high-grade ankle sprains using casts[8-10]. The study
design was set to minimize bias given that the same questionnaire was answered just 2
wk apart as part of the crossover study design.
WJO
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The results for the function and effect domain show that the Opencast® provided
somewhat less support than the conventional synthetic cast; however, there was no
significant between-group difference in the amount of pain relief. The severity of pain
experienced after an ankle sprain depended on the amount of inflammation present,
which could be aggravated by movement of the injured tissues[11,12]. Therefore, this
suggests that the injured ligamentous tissue was well protected and immobilized
despite the patients’ subjective feelings otherwise.
The results for the adverse effects and improvement in quality of life domain were
predictable for the conventional synthetic cast. The synthetic cast is less comfortable
than the Opencast® because it is tight, causes itching, has limited ventilation (causing
dampness), is hard to manage when water accidently seeps between the plaster and
the skin, and is malodorous. The visible and open nature of the Opencast® may
overcome these undesirable effects and provide satisfactory results for both patients
and physicians.
Finally, in the effectiveness domain, the redo rate was similar for both types of casts
despite the patients feeling more vulnerable when wearing the Opencast®. There was
no evidence of a broken cast that required a redo procedure. Although the durability
of the Opencast® has been controversial, its structural durability is as good as that of
the conventional synthetic cast. Additionally, a patient may feel anxious when the cast
is being removed. Unlike a conventional cast, the Opencast® does not require cutting
by a saw to remove it. Therefore, an Opencast® would be beneficial in patients who
feel anxious about the cast cutting procedure.
This study had some limitations. First, the number of study participants was small
and a specific group of patients was chosen. Second, the questionnaire was subjective
and did not measure any objective outcomes, such as stress radiographic examination
or functional scoring. However, the purpose of this study was not to provide
treatment de novo but to test the clinical application of a new type of immobilization
material with the hope of improving the poor safety profile of the blind and
nonwashable conventional casts. The authors assume that this new type of cast may
provide adequate structural support in addition to the above-mentioned benefits.

CONCLUSION
The results of this study indicate that the Opencast® could replace the conventional
synthetic cast by increasing patient satisfaction, which would in turn increase
compliance to treatment. Further investigations are needed before the conventional
synthetic cast can be replaced with the Opencast®. However, this small randomized
controlled trial shows the potential benefit of using this novel type of cast for the
treatment of ankle sprains.

ARTICLE HIGHLIGHTS
Research background
Although the conventional cast has been effective in immobilizing orthopedic injuries,
it has shortcomings such as foul odor, itchiness, internal moisture, inability to take a
shower, etc. during its use. These could impede a patient’s compliance.

Research motivation
Opencast® is a recently developed mesh type of cast that allows ventilation and direct
visual inspection of the skin. This cast is expected to avoid cast-related complications
and discomfort. However, the advantage and efficacy of the cast have not been tested.

Research objectives
This study aimed to compare patients’ perspectives of the clinical benefits of the
Opencast® and the conventional synthetic cast using a specifically designed
questionnaire.

Research methods
Patients who sustained recent ankle sprain injuries were randomly allocated to group
A (initial 2 wk of conventional cast + additional 2 wk of Opencast®) and group B
(initial 2 wk of Opencast® and additional 2 wk of conventional cast). Patients’
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perspectives on the complications and discomfort regarding the two types of cast were
compared using a specifically designed questionnaire.

Research results
A total of 22 subjects participated in the study. The conventional cast appeared to be
more rigid and stable than the Opencast®. Patient satisfaction tended to be rated higher
after wearing the Opencast®. Opencast® was superior to the conventional cast in the
items regarding itchiness, bad odor, ability to take a shower, etc.

Research conclusions
Opencast® was found to be appropriate for immobilization in patients with acute ankle
sprains. Mechanical strength needs to be improved for this new type of cast.

Research perspectives
Opencast® could replace the conventional synthetic cast as it offers increased patient
satisfaction, which would in turn increase compliance to treatment.
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Abstract
BACKGROUND
The morbidity and burden of knee osteoarthritis affecting millions of lives
worldwide has created a constant pursuit in finding the ideal treatment for knee
osteoarthritis. There has been a paradigm shift in the surgical treatment of
osteoarthritis ever since the initial description of Volkmann’s tibial osteotomy.
This review focuses on one such recent procedure, the proximal fibular osteotomy
(PFO) for medial compartment knee osteoarthritis. This review encompasses the
history, evidence, risk factors, outcomes and technical considerations of PFO.
AIM
To understand the evidence and its techniques, and whether this could be an
alternative solution to the problem of knee osteoarthritis in the developing world.
METHODS
The phrases “proximal fibular osteotomy” and “knee osteoarthritis” were
searched (date of search December 20, 2019) on PubMed to identify articles
evaluating the biomechanical and clinical outcomes of PFO in patients with knee
osteoarthritis. A total of 258 were retrieved. After reviewing the summary of the
texts, 22 articles written in English were marked for abstract review. Articles that
were case studies or cadaver experiments were excluded. The abstracts of the
remaining articles were read, and only those that focused on the history,
outcomes of case studies and technical considerations of PFO were included in the
review. A total of 12 articles were included in this review.
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RESULTS
At least six studies reported improvement in the visual analogue scale(VAS) from
the average preoperative VAS score [6.32, 95% confidence interval (CI) = (4.05,
8.59)] to average postoperative VAS score [1.23, 95%CI: (-1.20, 3.71)], which was
statistically significant. Similarly, the American Knee Society Score (KSS)
functional score improved from an average preoperative KSS functional score
[43.11, 95%CI: (37.83, 48.38)] to postoperative KSS functional score [66.145, 95%CI:
(61.94, 70.35)], which was statistically significant. The femorotibial angle
improved by around 7º, and the hip knee ankle angle improved by around 6º.
CONCLUSION
With the existing data, it seems that PFO is a viable option for treating medial
joint osteoarthritis in selected patients. Long term outcome studies and
progression of disease pathology are some of the important parameters that need
to be addressed by use of multicenter randomized controlled trials.
Key Words: Proximal fibular osteotomy; High tibial osteotomy; Knee osteoarthritis;
Functional outcome; Orthopedic
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The treatment of knee osteoarthritis with total knee arthroplasty is still a
luxury and far-fetched for most patients from developing countries. The burden caused
by the morbidity of knee osteoarthritis is more in Asian countries than in western
countries, hence a treatment modality that could address this specific population
subgroup within their financial hold is needed.
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INTRODUCTION
An unassisted bipedal gait is a complex series of movements that results in a
progression of the body. This is perhaps one of the most fundamental functions of the
human race on which humanity has thrived. This complex series of movements is
crippled in persons with osteoarthritis, thereby affecting their livelihood significantly.
The prevalence of knee osteoarthritis reported in 1997 by the Framingham study
group was at 15.6%[1]. Since then, this rate has nearly doubled (28.7%) in countries like
India[2]. Treatment options include various nonsurgical and surgical management
strategies; total knee arthroplasty (TKA) is the treatment of choice in end stage knee
osteoarthritis. It is estimated that by 2030, the demand for TKA is projected to grow at
a staggering 673%, reaching 3.4 million surgeries between the years 2005-2030[3].
The procedure, although highly effective, incurs a significant expenditure to both
the hospital and the patient[4]. In most developed countries, with bundled payments,
insurance coverage of costs, meticulous data collection and sample analysis by way of
maintaining arthroplasty registries, TKA has been deemed a successful operation for
treatment of osteoarthritis. On the contrary, the treatment of knee osteoarthritis with
TKA is still a luxury and far-fetched for most patients from developing countries. The
burden caused by the morbidity of knee osteoarthritis is more in Asian countries than
in western countries, hence a treatment modality that could address this specific
population subgroup within their financial hold is needed. Hence, this review on
proximal fibular osteotomy (PFO) was undertaken to understand the evidence and its
techniques, and whether this could be an alternative solution to the problem of knee
osteoarthritis in the developing world.
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MATERIALS AND METHODS
Methodology
The phrases “proximal fibular osteotomy” and “knee osteoarthritis” were searched
(date of search December 20, 2019) on PubMed to identify articles evaluating the
biomechanical and clinical outcomes of PFO in patients with knee osteoarthritis. A
total of 258 were retrieved. After reviewing the summary of the texts, 22 articles
written in English were marked for abstract review. Articles that were case studies or
cadaver experiments were excluded. The abstracts of the remaining articles were read,
and only those that focused on the history, outcomes of case studies and technical
considerations of PFO were included in the review. A total of 12 articles were included
in this review (Figure 1).

Quality assessment
Two investigators independently performed the quality assessment using the Coleman
Methodology criteria, which has a maximum score of 100%. The average Coleman
Methodology Score was 63.

RESULTS
In this review, there were eight clinical studies and four biomechanical studies on
PFO. All of the reported studies were published after 2014. All of the clinical studies
were from Asian countries (seven from China and one from Indonesia). The total
number of knees analyzed in the clinical studies was 535 (Table 1). The PFO was done
in these studies for all grades of symptomatic knee osteoarthritis. In two out of seven
studies (including 203 knees), the authors did not document the grade of osteoarthritis
in their patients undergoing PFO. Whereas, in the remaining 280 knees, the KellegrenLawrence grade of osteoarthritis was grade I (61 knees), grade 2 (97 knees), grade 3 (60
knees), and grade 4 (62 knees). The complications were listed only in three studies,
there were twelve superficial peroneal nerve palsy and two common peroneal nerve
palsy. However, all of these nerve palsies were transient and were recovered in an
average time of 11.6 mo (range: 3 to 15 mo). The functional outcomes were assessed
using the American Knee Society Score (KSS), Oxford Knee Score, Japanese
Orthopaedic Association Knee Score, and Hospital for Special Surgery Score. The
reported outcomes in all eight studies showed significant improvement of
postoperative values as compared to preoperative values.
Among the biomechanical studies (Table 2), there were two cadaveric studies and
three clinical studies. Unlike the clinical studies in this review, the demographics of the
origin of these biomechanical studies did not belong to one particular region. All of the
studies uniformly demonstrated medial compartment unloading following PFO.

Pooled sample analysis
Demographics and preoperative variables of the patients studied: A total of eight
studies were included for the pooled sample quantitative analysis. The largest study to
date by Yang et al[6] included 156 patients on whom the PFO was performed, but only
110 patients were available for follow-up to obtain postoperative data. After excluding
patients with incomplete data sets, we had 450 patients available for quantitative
analysis. The age of the patients was reported by all eight studies, and the average age
of the patients undergoing PFO was 60.76 (range 58.45 to 63.96). Body mass index
(BMI) was reported by three studies, and average BMI was 25.30 (range 24.20 to 27.38).
Follow-up duration was mentioned by seven studies, and the average duration of
follow-up was 21.9 mo (range 6.0 to 49.1 mo).
Outcome measures studied: Pain was assessed using the visual analog scale (VAS)
score and was reported preoperatively in seven studies and postoperatively in six
studies. There was no uniformity in the type of clinical outcome scores used in various
studies. The KSS clinical outcome measure was used by three studies, the KSS
functional score was reported by two studies, the Oxford Score was used in one study,
the Japanese Knee Score was used in one study, and the Hospital for Special Surgery
Score was used for one study. Femorotibial angle was used as a radiological outcome
by three studies, and the hip knee ankle angle was used by two studies.
At least six studies reported improvement in VAS from the average preoperative
VAS score [6.32, 95% confidence interval (CI): 4.05, 8.59] to average postoperative VAS
score (1.23, 95%CI: -1.20, 3.71), which was statistically significant. Similarly, the KSS
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Table 1 Compilation of results from the selected clinical studies on proximal fibular osteotomy
Modified Colemans
methodological quality
assessment score

No. Ref.

Country Year

Cases, Grade of
osteoarthritis
n

Outcome
score

Follow up
period

1

Yang
et al[6]

China

2015

156

Not mentioned

KSS

49

CPN palsy = 2 nos;
SPN palsy = 2 nos; All
resolved

76

2

Zou
et al[7]

China

2017

92

Grade 1, 2-30; grade
3, 4-10

JOA

25

NVI = 1; Fracture = 1;
Recurrent deformity =
1

68

3

Wang
et al[8]

China

2017

47

Not mentioned

KSS

12

Not available

63

4

Lu
et al[9]

China

2018

31

Ahlback grade 1

HSS

24

SPN palsy = 1

53

5

Liu
et al[10]

China

2018

111

Grade 2 = 17; Grade
= 47; Grade = 47

KSS

12

Not available

68

6

Nie
et al[11]

China

2018

16

Grade 2 = 3; Grade 3 HSS
= 16

12

Not available

63

7

Qin et al China

2018

67

KL score more than
2 with varus
deformity

36

SPN palsy = 8

71

8

Utomo
et al[13]

Indonesia 2018

15

All cases were grade OKS
4

Immediate
postoperative
period only

Not available

51

[12]

HSS

Complications

KSS: American Knee Society Score; JOA: Japanese Orthopaedic Association Score; HSS: Hospital for Special Surgery Score; OKS: Oxford Knee Score; KL
Score: Kellegren-Lawrence Score; CPN: Common peroneal nerve; SPN: Superficial peroneal nerve.

Table 2 Compilation of the biomechanical studies on proximal fibular osteotomy

No. Ref.

Country

Year Type of study

Cases, n

Medial
compartment
unloading

Remarks

1

Yazdi
et al[14]

Iran

2015

Cadaveric study

6

Yes

Increase in pressure of lateral compartment

2

Huang
et al[15]

China

2017

Clinical study with gait analysis

1

Yes

Reduction in knee pain due to increasing
femoral valgus, femoral external rotation
and distal translation of knee

3

Baldini
et al[16]

United
States

2018

Cadaveric study

10

Yes

A decrease in lateral compartment as well
as ankle joint pressure was noted

4

Nie
et al[11]

China

2018

Clinical study with gait analysis
and dynamic musculoskeletal
analysis

29 patient vs
20 controls

Yes

Decreased knee adduction moment was
observed

5

Wang
et al[17]

China

2019

Retrospective study with
radiographic analysis

560 knees

Yes

Reduction in knee adduction moments and
rebalance the biceps-proximal fibulaperoneus longus complex

functional score improved from an average preoperative KSS functional score (43.11,
95%CI: 37.83, 48.38) to postoperative KSS functional score (66.145, 95%CI: 61.94, 70.35),
which was statistically significant. The femorotibial angle improved by around 7 º, and
the hip knee ankle angle improved by around 6 º. Complications were reported by
three studies with a mean complication of 8 (range 1 to 8).

Univariate analysis of factors affecting postoperative functional outcome and
complication
For this part of the analysis, we stratified postoperative outcome as “good” if there
was less than 30% improvement in the preoperative outcome score and “excellent” if
there was more than 30% increase in the reported outcome score. Outcomes from six
studies were categorized as good, and outcomes from two studies were categorized as
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Figure 1 PRISMA flowchart.

excellent. There was no statistical difference between the two groups in any of the
preoperative variables including age, BMI, preoperative functional score, or VAS
scores. Patients with excellent outcomes tended to have longer follow-up (27.5 mo)
compared to patients with good outcomes (19.6 mo). However, this difference was not
statistically significant but shows a trend that the outcome continues to get better with
continuing follow-up up to two years. We also noted that higher complications
occurred in patients with good outcomes (3 complications) compared to patients with
excellent outcomes (0 complications). This further signifies the need for good surgical
technique thereby avoiding early complications, which could affect the outcome up to
two years.
When analyzing studies reporting more complications, none of the preoperative
variables were noted to significantly differ between studies with less than 10% or more
than 10% complications. However, it is difficult to interpret because complications
were only reported by three studies.

DISCUSSION
The technique of osteotomy in knee osteoarthritis was first reported by Volkmann in
1875, wherein he had described a simple high tibial osteotomy (HTO) for surgical
management of knee osteoarthritis. According to Wardle et al[18], combined tibial and
fibular osteotomy was observed in Royal Southern Hospital, Liverpool in the year
1928. The reason for combining a fibular osteotomy was that it facilitates better union
rates following the procedure. Over the years the tibial osteotomy procedure has been
the workhorse procedure of choice in younger patients with osteoarthritis. The danger
of nerve injuries following a combined tibia and fibula osteotomy was described by
Preston et al[19].
Conversion to total knee arthroplasty following PFO was observed in four cases
reported by Yang et al[6] after one year follow-up. Lu et al[9] reported no conversion to
total knee arthroplasty following PFO in their study. The other authors did not
mention conversion to total knee arthroplasty.
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It was noted by Lu et al[9] that the disease progression had stopped when PFO was
used in conjunction with medial meniscectomy. The authors felt that this could have
happened as the medial meniscectomy addressing the theory of meniscal subluxation
leading to osteoarthritis[20].
A statistically significant decrease in operative time, bleeding, and complication
rates were observed when PFO was compared with HTO[7]. Also, in this study it was
noted that there were improved clinical outcome scores in comparison with that of the
HTO group.
The exact mechanism by which a PFO works is believed to be based on the principle
of nonuniform settlement (discussed below). As reported by Wang et al[17], it is stated
that the lateral support provided to the osteoporotic tibia by the fibula–soft tissue
complex may lead to non-uniform settlement and degeneration of the plateau
bilaterally, which may cause the load from the normal distribution to shift farther
medially to the medial plateau, consequently leading to knee Varus and aggravating
the progression of medial compartment osteoarthritis of the knee joint. A PFO thereby
nullifies the effect of lateral support provided by the fibula and leads to unloading of
the medial compartment of the knee.
The settlement phenomenon was studied radiographically using objective
measurements by Dong et al[21]. Furthermore, they had also described that the proximal
fibula had more bone density when compared with the proximal tibia by quantitative
computed tomography bone scan.
Following a PFO, biomechanical cadaveric studies demonstrated that the medial
compartment was unloaded. Meanwhile, gait analysis studies have shown a reduced
knee adduction moment, increasing femoral valgus, femoral external rotation, and
distal translation of knee. The factors that have been identified to be associated with
outcome of PFO are the following[10,12] (Table 3): (1) Medial joint space; (2) Condyle
plateau angle; (3) Hip knee ankle angle; (4) Settlement value; (5) Preoperative
functional score; and (6) Patient BMI. Of which (1)-(4) are radiographic parameters,
and (5) and (6) are clinical parameters.

Technical considerations of PFO[6]
Under epidural anesthesia, the pneumatic tourniquet was used for hemostasis, and the
fibular posterolateral approach was performed in the supine position. The
subcutaneous tissues were exposed, the intermuscular space between the peroneus
longus and brevis and soleus muscle were found, curved forceps were used for layer
separation until the proximal fibula, and then the subperiosteal dissection was
performed. Two broad osteotomes were used to protect the soft tissues along the
fibular medial surface. A 2 cm long fibula 6-10 cm away from the fibular head was cut
off using a micro-oscillating saw and then washed thoroughly with 0.9% sodium
chloride solution. The broken end was sealed by bone wax to reduce bleeding and
pain. Combined with arthroscopic debridement, the synovial soft tissues and cartilage
face were cleaned, loose bodies were removed, the meniscus was repaired and shaped,
the lateral patellar retinaculum was released, and osteophytes were removed. The
negative pressure drainage tube was placed and then removed within 24 h. The
pneumatic pump was used to prevent lower limb venous thrombosis, and lower limb
functional exercise was guided.
Peroneal nerve palsy is the most reported complication following PFO. Rupp et al[22]
described the danger zones while performing fibular osteotomy. The neurovascular
structures at primary risk in the proximal third region are the common peroneal nerve,
superficial peroneal nerve, deep peroneal nerve, and anterior tibial artery. In the
middle third region, primary risk is to peroneal artery and superficial peroneal nerve.
This anatomical consideration forms the basis of selecting a 2 cm long fibula roughly 610 cm away from fibular head.

CONCLUSION
The certain characteristics of the case studies included in this review that are to be
noted are: (1) Almost all of the case studies have an Asian background; and (2) The
level of evidence is low. Ever since the initial descriptions and reports of proximal
fibular osteotomy for medial joint knee osteoarthritis had surfaced, it has been faced
with less enthusiasm as is evident by the number of published studies when compared
with the voluminous data that exist in literature regarding total knee arthroplasty.
However, with the existing data, it seems that PFO is a viable option for treating
medial joint osteoarthritis in selected patients. Long term outcome studies and
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Table 3 Predictive factors affecting outcome of proximal fibular osteotomy
Radiological parameters

Clinical parameters

Medial joint space

Preoperative functional score

CP angle

Body mass index

HKA angle
Settlement value

CP angle: Condyle plateau angle; HKA angle: Hip knee ankle angle.

progression of disease pathology are some of the important parameters that need to be
addressed by use of multicenter randomized controlled trials. Of particular note, the
reason why studies on PFO from the developed countries remains sparse is rather
intriguing. The rationale and technique of PFO seems to be promising but at a nascent
stage according to the available literature.

ARTICLE HIGHLIGHTS
Research background
A systematic review of articles pertaining to proximal fibular osteotomy (PFO).

Research motivation
To better understand the effects of PFO in treating medial compartmental arthritis.

Research objectives
To conduct a systematic review and Coleman’s methodological assessment.

Research methods
To evaluate using systematic review using PRISMA guidelines and methodological
quality of studies using Coleman’s scoring.

Research results
Short term and midterm outcomes have demonstrated clinically and statistically
significant reduction in pain and functional outcomes.

Research conclusions
The results obtained are rather encouraging and PFO may be a viable option in
selected patients.

Research perspectives
Further long term outcomes and randomized controlled trials are to be conducted to
shed light on this treatment strategy.
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Abstract
BACKGROUND
Müller-Weiss disease (MWD) is an idiopathic foot condition characterized by
spontaneous tarsal “scaphoiditis” in adults. Frequently bilateral and affecting
females during the 4th-6 th decades of life, the pathogenesis of MWD remains
unclear: It has been traditionally considered a spontaneous osteonecrosis of the
navicular. The typical presentation of MWD is a long period of subtle discomfort
followed by prolonged standing, atraumatic, disabling pain. Currently, there is no
gold standard for the treatment of patients with MWD. Most support initial
conservative therapy. Operative treatment should be considered for failure of
conservative therapies longer than 6 months. The indication for surgery is severity
of symptoms rather than severity of deformities. Operative treatment options
include core decompression, internal fixation of the tarsal navicular, open or
arthroscopic triple fusion, talo-navicular or talo-navicular-cuneiform arthrodesis,
and navicular excision with reconstruction of the medial column.
CASE SUMMARY
In this study, we report four patients affected by MWD. Clinical and radiographic
assessment, follow-up and treatment are reported.
CONCLUSION
As it is frequently misdiagnosed, MWD is challenging for orthopedic surgeons.
Early diagnosis and effective treatment are mandatory to avoid sequelae.
Key Words: Müller-Weiss; Etiopathogenesis; Review; Treatment; Case report
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Core tip: Müller-Weiss is a subtle disease of the foot, rarely described in the literature.
This study describes four cases, examines in detail the etiopathogenesis reported in the
literature and describes available treatments. We believe that these findings could assist
orthopedic surgeons in the successful management of this foot disorder.
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INTRODUCTION
Müller-Weiss disease (MWD) is a dysplasia of the tarsal navicular that develops
during childhood and becomes symptomatic around the fifth decade. Although first
reported by Schimdt in 1925, the disorder was described by Müller[1] in 1927 who
proposed a relationship with forceful compression laterally and in the varus, and
osteonecrosis of this tarsal bone. He proposed that the condition was due to a
congenital defect. At the same time, Konrad Weiss described a similar disorder but
suggested osteonecrosis as the cause for the condition[2]. Given the frequent
misdiagnosis, affected patients by MWD are disabled for a very long time. Details of
four cases and those found in the literature are described.

CASE PRESENTATION
Case 1
A 56-year-old female reported mild dorsomedial pain in the right midfoot,
exacerbated by longstanding. The discomfort was initially managed only by
nonsteroidal anti-inflammatory drugs (NSAIDs) (diclofenac, ibuprofen). Given her
persistent pain, the patient decided to undergo our evaluation and tenderness and
mild swelling over the dorsomedial aspect was assessed. She presented a plantigrade
foot, slight range of motion (ROM) reduction of her ankle and normal hindfoot ROM
[American Orthopedic Foot and Ankle Score (AOFAS) score 80/100]. Rx showed
minimal arthritic deformity. Magnetic resonance imaging (MRI) demonstrated
alteration of the navicular bone in both T1- and T2-weighted images (Figure 1).

Case 2
A 63-year-old female reported dorsomedial pain in her left midfoot of two years
duration. She could not go up and down stairs and needed a single crutch for long
walks. There was no history of trauma. She occasionally took acetaminophen for pain.
Prominence of the medial navicular and valgus hindfoot were evaluated. The patient
had pain at palpation of the dorsomedial midfoot. Her AOFAS score was 59/100. MRI
images demonstrated alteration and fragmentation of the navicular bone (Figure 2).

Case 3
A 58-year-old male underwent arthrodesis of the left subtalar joint three years
previously for posterior tibial tendon dysfunction. At post-operative follow-up, he
reported severe limitation of daily and recreational activities due to persistent dorsal
pain at the right ankle. He could only walk with two crutches. The foot was flat with a
positive single-heel-raise test. A mild prominence at the talo-navicular joint was
present and the ankle presented moderate restriction of dorsi-plantarflexion. His
AOFAS score was 23/100. X-rays demonstrated sclerosis of the talo-navicular joint and
deformity of the scaphoid (Figure 3). MRI demonstrated necrosis of the scaphoid.

Case 4
A 62-year-old female practiced ballet in her youth. She reported a persistent
dorsomedial pain in the left midfoot without trauma. She used custom-made orthoses
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Figure 1 Typical tarsal “scaphoiditis” of Müller-Weiss disease is shown: Early arthritis in X-rays and signal alterations in magnetic
resonance imaging.

Figure 2 Magnetic resonance imaging reveals signal alterations and fragmentation of the navicular in Müller-Weiss disease.

and occasionally took NSAIDs (ibuprofen). During the last few months, she could not
take part in recreational activity and her daily life was strictly limited. She presented
with a flatfoot, pain at the talo-navicular and hallux valgus, very restricted ROM of the
ankle and subtalar joint, and dorsal hard prominence at the talus. Her AOFAS score
was 25/100. X-rays showed narrowing of the joint and subchondral geodes. A
computed tomography (CT) scan demonstrated advanced arthritis (Figure 4).

FINAL DIAGNOSIS
Case 1: Stage-1 MWD; Case 2: Stage-2 MWD; Case 3: Stage-4 MWD; Case 4: Stage-4
MWD.

TREATMENT
Case 1
The patient was treated with conservative therapies: magnetotherapy (8 h/d),
bisphosphonates (intramuscular Chlodronate 200 mg: Once a day for two weeks, and
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Figure 3 Arthritis of the talo-navicular joint is shown in X-rays: An arthrodesis with two screws was performed.

Figure 4 X-rays and computed tomography scans show advanced arthritis of the talo-navicular joint.

then once a week for six subsequent weeks) and custom-made foot orthoses. The
patient returned to normal life with no restrictions after eighty days (AOFAS score
98/100).

Case 2
The patent was treated with magnetotherapy (8 h/d) and used custom-made foot
orthoses. She returned to normal life with minimal restrictions after four months
(AOFAS score 84/100).

Case 3
Talo-navicular arthrodesis with two screws was performed. Weight-bearing was
allowed at two months. At five months, the patient showed moderate improvement
and partial return to daily activities (AOFAS score 71/100).

Case 4
Talo-navicular arthrodesis with two cross screws was performed (Figure 5). Weightbearing was allowed at two months. At six months, the patient showed occasional
symptoms and she did not need any crutches for long walks; she returned to
recreational activities such as swimming and cycling (AOFAS score 75/100).
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Figure 5 Patient underwent talo-navicular arthrodesis. Intra-operative images show degeneration of the joint.

OUTCOMES AND FOLLOW UP
The patients had uneventful clinical courses after conservative or operative treatment.
At follow-up visits, the four patients were either asymptomatic or had occasional
symptoms. They returned to their daily and recreational activities [AOFAS score (7198)/100].

DISCUSSION
MWD is an idiopathic osteonecrosis of the tarsal navicular that is symptomatic in
adulthood.

Epidemiology
The true incidence of MWD is unknown. The disease is frequently bilateral and affects
females during the 4th-6 th decades of life[3,4]. Patients are usually overweight, the
condition is more common in Europe than in America, and is probably related to
nutritional or environmental factors. Nutritional deficiencies may cause disturbances
in the ossification process. MWD is associated with tooth enamel hypoplasia, loss of
teeth and the tertiary dentition process[5]. Its incidence is higher in populations under
stressful conditions (war or famine) and in manual workers: however, these
postulations have recently been refuted by Doyle et al[6].

Etiology and pathogenesis
Its pathogenesis remains unclear. MWD has been traditionally considered a
spontaneous osteonecrosis of the navicular, but Maceira et al[5] recently disproved this
theory, as patients’ histopathologic specimens demonstrated normal bone, inconsistent
with osteonecrosis. In addition, Haller et al[7] stated that MRI findings were compatible
but not specific to osteonecrosis. Mohiuddin et al[4] suggested that MWD is a sequelae
of repetitive shear stress fractures of the navicular: However, this theory has not yet
been proved.
MWD is commonly referred to an abnormal force distribution throughout the foot
which alters navicular vascularization and delays its ossification (clamp-like
mechanism)[5]. Thus, any condition resulting in lateralization of excessive compressive
forces leads to deformity and, in late stages, fragmentation of the dorsolateral
navicular. Moreover, shifting of the talar head occurs laterally over the calcaneus,
driving the subtalar joint into the varus[8]. This occurs as the central navicular has a
poor blood supply and local or generalized disturbance (endocrinopathies or
malabsorption diseases) and this may disturb bone ossification. Mohiuddin et al[4]
stated that MWD corresponds to the sequelae of undiagnosed navicular stress
fractures, as lateral compressive force leads to the formation of a cleft along the sagittal
plane, dividing the bone in two[4]. Navicular osteonecrosis could be related to
polyarthritis, rheumatoid arthritis, kidney insufficiency or lupus erythematosus.
Trauma is indeed considered to an unlikely contributing factor as bilateral disease is
usually found in patients with a history of unilateral trauma[6].

WJO

https://www.wjgnet.com

511

November 18, 2020

Volume 11

Issue 11

Volpe A et al. Müller-Weiss disease

Clinical presentation
MWD is often misdiagnosed. The typical presentation is a long period of mild and
subtle discomfort followed by longstanding, atraumatic, disabling pain in the
dorsomedial midfoot or/and hindfoot. Physical examination may reveal a hindfoot
varus with low-arched, normal or a high-arched foot, depending on the severity of
disease. The lateral malleolus is posteriorly placed due to extra-rotation of the tibia. A
false impression of hindfoot varus is caused by the medial prominence of the navicular
tuberosity, but the head of the talus is displaced laterally to the hindfoot axis. This
situation, known as paradoxical pes planus varus, suggests an advanced stage of
disease and is usually associated with a posteriorly prominent calcaneus. Monteagudo
et al[8] asserts that failure to identify paradoxical flatfoot may lead to misdiagnosis and
incorrect management. Swelling and tenderness are present over the dorsomedial
aspect of the midfoot; tenderness may also exist over the lateral sinus tarsi. Subtalar
movements may be reduced. Patients frequently complain of anterior knee pain due to
patellar maltracking[3,4].

Imaging and differential diagnosis
Weightbearing x-rays form the mainstay for diagnosis. Basic views are anteroposterior, lateral and oblique of the foot; anteroposterior, lateral and mortise view of the
ankle. It is important to obtain imaging of the contralateral foot for comparison. The
examiner should assess the extent of navicular fragmentation as the presence of
associated deformity or arthritic evolution.
Hetsroni et al[9] revealed significant differences in foot pressure distribution in MWD
compared to non-MWD. They recorded increased plantar pressures at the midfoot and
lower values in the toe segments. Hindfoot varus deformity leads to decreased mean
pressure on the medial heel. Maceira and Rochera[5] also noted that the decreased
pressure of the forefoot could lead to a low incidence of hallux valgus. As
comprehensively illustrated by Welck et al[10], imaging is fundamental for diagnosis
while exposing many parameters (Table 1).
A computed tomography scan allows accurate assessment of fracture lines,
deformities, bone stock and density of tarsal navicular and surrounding arthritis.
Furthermore, measurement of medial column shortening and pre-operative planning
are permitted. MRI shows homogeneous hypointense signals in dorsolateral bone
marrow on T1-weighted images, edema on STIR sequences and effusion in the
surrounding joints. Hyperperfusion around the tarsal navicular is shown by
technetium-99m polyphosphate bone scintigraphy. The same paper also illustrated a
new method of tridimensional CT imaging with full weightbearing[10].
MWD should not be confused with Kohler’s disease as the latter is a spontaneous
osteochondrosis that occurs in children, with a generally benign and self-limited
course. These two disorders differ in epidemiology, clinical features and imaging.
Köhler’s disease affects children 3-to-7 years old and is usually asymptomatic. The
scaphoid appears hypoplastic at X-ray. MWD affects adults with pain and progressive
navicular deformity. Koehler's disease is unilateral in 75%-80% and has a male
preponderance of 4 or 6:1, while MWD is usually bilateral and seen predominately in
women with a ratio of approximately 6:4. The most common imaging features are a
flattened navicular bone, with irregular central sclerosis and eventual uniform
reconstitution[10].
Other pathologies to consider as a possible differential diagnosis are osteomyelitis,
Paget’s disease, healing fracture of the navicular, osteonecrosis secondary to renal
failure, rheumatoid arthritis or systemic lupus erythematosus. In these cases, diagnosis
is based on the patient’s history and laboratory values. Navicular stress fractures
should also be considered, particularly in athletes. CT depicts stress-adaptive sclerosis
and fracture morphology. These fractures are typically incomplete and involve the
dorsal aspect of the navicular bone. Lastly, diabetic Charcot foot may also develop
with subtle midfoot/hindfoot pain, swelling, fragmentation and sclerosis of the
navicular. Destructive joint changes at later stages of the disease, followed by sclerotic
and reparative changes, result in both joint subluxations/dislocation and foot
deformities. However, the fragmentation in Charcot arthropathy is periarticular and
associated with joint debris, whereas sclerotic changes are usually found over a
disorganized joint. Vascular calcifications are an adjunctive finding in up to 90% of
patients with Charcot foot[11].

Classification
In 2004 Maceira and Rochera[5] introduced a classification based on the compression/
fragmentation of the navicular bone and Meary’s line, on lateral radiographs (Table 2).
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Table 1 Radiological features in Müller-Weiss disease, described by Welck et al[10]
Radiological features in Müller-Weiss disease
Anteroposterior weightbearing
Hindfoot
Talocalcaneal divergence (reduced Kite angle)
Short cyma line: Talar head is no longer than the anterior process of the calcaneus
Widened talar head due to rotation
Midfoot
Comma or hourglass-shaped navicular
Lateral compression of the navicular with hyperdensity
Difficulty in distinguishing the lateral navicular from the underlying cuboid
Contact between the talar head and lateral cuneiforms
Medial column shortening
Cuboid sign: Subluxation of the cuboid
Forefoot
Parallelism of metatarsals with variable atrophy of 1st, 3rd, 4th and 5th
Second tarsal-metatarsal joint rotation
True or apparent (due to shortening of medial column) 1st metatarsal shortening
Second metatarsal cortical hypertrophy related to increased load
Lateral weightbearing
Hindfoot
Sinus-tarsi “see-through” sign
Increased calcaneal pitch
Abnormal cyma line
Posterior and middle subtalar facet visible in the same view
Double talar dome shadow
Midfoot
Anteroposterior shortening of the navicular
Meary’s line
Splitting with extrusion of the navicular
Surrounding arthritis

Mayich[12] suggested the addition of stage 5 to include subtalar degeneration.

Treatment
Currently, there is no gold standard for the treatment of patients with MWD. A wide
variety of options have been described in a limited number of papers. Most of the
options for early stages of the disease suggest initial conservative therapy with ankle
foot orthoses, cast immobilization and NSAIDs[13]. The use of rigid insoles with a
support of the medial arch and an anti-supination wedge for os calcis has been shown
to be effective[8].
Operative treatment should subsequently be considered for failed conservative
therapies longer than 6 months. The indication for surgery should be based on the
severity of symptoms rather than the severity of deformities. Basics of intervention are
arthrodesis of symptomatic degenerative joints to relieve pain and restoration of the
medial longitudinal arch or Meary-Tomeno axis[4].
Operative treatment options include core decompression, internal fixation of the
tarsal navicular, open or arthroscopic triple fusion, talo-navicular or talo-navicularcuneiform arthrodesis, and navicular excision with reconstruction of the medial
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Table 2 Radiological staging by Maceira and Rochera[5]
Radiological staging
Stage 1

Normal or minimal bone changes on radiographs. Subtle subtalar varus. Intra-osseus edema on MRI. Positive CT scan

Stage 2

Initial cavovarus: Subtalar varus and dorsal angulation of Meary’s line, dorsal and lateral subluxation of the talar head

Stage 3

Subtalar varus. Medial column shortened. Neutral Meary’s line

Stage 4

Subtalar varus. Plantarwards Meary’s line. Paradoxical pes planus with varus and calcaneal equinus

Stage 5

Degeneration of the subtalar joint. Formation of talo-cuneiform articulation, complete extrusion of the navicular

MRI: Magnetic resonance imaging; CT: Computed tomography.

column[4,13-15]. Other procedures such as Achilles tendon lengthening or calcaneal
osteotomy can also be considered. Some authors have suggested that calcaneal
osteotomy is fundamental, as maldistribution of forces and biomechanical impairment
are present in the MWD foot, and surgical treatment of the hindfoot should be
considered to correct the varus deformity[3,13,16]. Monteagudo et al[8] suggested
performing the Dwyer calcaneal osteotomy with lateral displacement, due to good
outcomes and preservation of talar joints. The use of autologous tricortical iliac crest or
allogenic femoral head grafts to reconstruct the excised navicular fragment was also
described[3,17].
Although core decompression and autologous bone grafting has been widely used
to treat the early stages of osteonecrosis of the femoral head, there is no consensus
among investigators for the indications on this procedure or its efficacy[14].
Internal fixation of the navicular is considered appropriate for acute fractures, but
with MWD, particularly in the later stages, morphological deformation precludes
anatomic restoration of the navicular and its joint surfaces. Furthermore, fixation is not
possible due to loss of bone stock in advanced stages of the disease. Maceira et al[5] and
Fernandez de Retana et al[13] reported poor results in the presence of peri-navicular
arthritis.
Isolated talo-navicular arthrodesis usually fails to resolve the incongruence of the
navicular-cuneiform joint and carries a high risk of non-union[13,18]. This complication is
due to poor vascularity of the bone and curved surfaces of the joint which can hinder
internal fixation. As calcaneal-cuboid degeneration has been shown to be significant
(83.3%), Lui recommended adding a calcaneal-cuboid arthrodesis instead of an
isolated talo-navicular fusion because of potential pain in this joint[19]. Although
isolated talo-navicular arthrodesis involves only a single joint, biomechanically it
results in an almost complete loss of motion in the subtalar and transverse tarsal
joints[20]. Finally, standard techniques with screw fixation may not be able to withstand
the remaining forces resulting from the external rotation of the talar head and
adduction forces of the navicular, respectively: Fornaciari et al[21] recommended, in
addition to medial screw fixation, a lateral tension band technique to control these
forces.
Talo-navicular-cuneiform arthrodesis (TNC) effectively corrects the deformity,
eliminates the medial column arthritis that is the major source of pain, and maintains
ROM in the remaining joints. Metal screws, staples or low contact plates can be used to
stabilize the graft and for the arthrodesis. Fernandez de Retana et al[13] described
medial-approach TNC arthrodesis using a trapezoid autologous graft to achieve the
desired medial arch length. Cao proposed dorsal-approach TNC arthrodesis with a
reverse V shaped osteotomy, and a dorsal based closing wedge osteotomy, through
the talo-navicular joint. The graft was held in place with cannulated 4.0 mm titanium
screws[18]. Yu et al[22] reported good results using a locking screw-plate system for TNC
arthrodesis.
Triple fusion may deliver better consolidation but does not solve the problem of
pain with the navicular-cuneiform joints; additionally, the subtalar joint motion is
severely and unnecessarily restricted[17]. Triple arthrodesis can provide medial and
lateral control, resulting in good stabilization. Lui proposed an arthroscopic fusion[19]
which was performed through lateral, dorsolateral, dorsomedial and medial portals.
Fixation was obtained by 4.0 cannulated screws. Compared to the open procedure,
arthroscopic triple arthrodesis can minimize the soft tissue dissection and wound
complications. Finally, Tan described excision of the diseased navicular and medial
column reconstruction with either autologous cancellous bone or a remodeled femoral
head allograft, stabilized with an AO low-contact plate[23].
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CONCLUSION
The treatment of Müller-Weiss disease depends on the gravity of this disorder.
Conservative therapies often succeed in the early stages while surgical treatment is
indicated in patients with collapsed navicular bone or advanced osteoarthritis.
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Abstract
BACKGROUND
The brisement manipulation is an effective treatment for refractory shoulder
stiffness. Rotator cuff tears can sometimes exist in combination with adhesive
capsulitis. Arthroscopic capsular release combined with rotator cuff repair has
achieved good outcomes in published reports.
CASE SUMMARY
We report the case of a patient with right shoulder pain for more than 1 year that
was suspected to have adhesive capsulitis and a rotator cuff tear that was treated
with brisement manipulation and arthroscopic management. An iatrogenic
glenoid fracture with shoulder instability occurred during the manipulation.
Arthroscopic treatment for fracture fixation, capsular release, and rotator cuff
repair was performed, and the functional results are reported.
CONCLUSION
Arthroscopic fixation for iatrogenic glenoid fracture and repairing coexisting
rotator cuff tear can provide the stability needed for early rehabilitation.
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Core Tip: Manipulation under anesthesia is an effective treatment for refractory stiff
shoulder, but some severe complications have been reported. We present a rare case of
rotator cuff tear and antero-inferior glenoid rim fracture combined with shoulder
instability after manipulation for shoulder stiffness. Arthroscopic repair of the glenoid
fracture and concomitant rotator cuff tear was performed. A good outcome was
achieved with this treatment in the 2-year postoperative follow-ups.

Citation: Chiang CH, Tsai TC, Tung KK, Chih WH, Yeh ML, Su WR. Treatment of a rotator
cuff tear combined with iatrogenic glenoid fracture and shoulder instability: A rare case report.
World J Orthop 2020; 11(11): 516-522
URL: https://www.wjgnet.com/2218-5836/full/v11/i11/516.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i11.516

INTRODUCTION
Rotator cuff tears accompanied by adhesive capsulitis are common in clinical
practice[1-3]. Both problems are prevalent causes of shoulder pain and disability.
Manipulation under anesthesia with or without arthroscopic capsular release is an
effective operative treatment for a refractory stiff shoulder[3-6]. Rotator cuff repair
combined with capsular release can achieve a good functional outcome with a low
retear rate[7]. Some severe complications have been reported after the manipulation (
e.g., humeral fracture, glenohumeral dislocation, and brachial plexus injury)[3,8].
Therefore, performing an arthroscopic capsular release before a shoulder manipulation
is suggested to decrease the incidence of complications[3,9,10]. However, some surgeons
still prefer to perform the manipulation before arthroscopy to facilitate the
performance of the arthroscopy, and the use of an arthroscope after manipulation
could increase the release and address any concomitant problems[9-12]. Furthermore, a
high rate of iatrogenic intraarticular damage may occur during the manipulation[13].
The incidence of glenoid fracture after manipulation is rare, according to historical
reports[8,14,15]. We present a case of antero-inferior glenoid rim fracture combined with
shoulder instability after manipulation for shoulder stiffness. Arthroscopic repair of
the glenoid fracture and concomitant rotator cuff tear was performed. A good outcome
was achieved with this treatment. Informed consent was obtained from the patient,
and she gave permission for her case to be published.

CASE PRESENTATION
Chief complaints

P-Reviewer: Halabchi F, Wang X,
Zacharia B, Zhu SH

S-Editor: Zhang H
L-Editor: Filipodia
P-Editor: Li X

A 58-year-old woman presented to our clinic with a history of right shoulder pain and
decreased range of motion (ROM) for more than 1 year.

History of present illness
She had a history of diabetes mellitus and was treated with oral diabetic medication.
Adhesive capsulitis was suspected, and a physical therapy program was arranged to
increase passive motion. Unfortunately, the ROM and right shoulder function showed
no improvement after 2 mo of rehabilitation (Table 1).

History of past illness
She denied history of trauma of the right shoulder. She had a history of diabetes
mellitus and was treated with oral diabetic medication.

Personal and family history
The patient herself and her family had not suffer from this symptom before.

Physical examination
There were positive findings for the Hawkin’s and empty can tests. The decreased
ROM function is described in Table 1.
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Table 1 Functional result before surgery and at the postoperative 2-year follow-up
Before surgery

1-yr follow-up

2-yr follow-up

VAS at rest

5

2

1

VAS during activity

8

3

2

ASES score

20.0

80

85.0

10

30

31

FE

130

160

175

ER, arm at side

50

70

70

ER, arm at 90° abduction

60

85

90

IR, arm at side

Buttock level

L1 level

T10 level

IR, arm at 90° abduction

10

60

70

Abduction

120

150

160

UCLA shoulder score
Range of motion in

o

ASES: American shoulder and elbow surgeons[23]; ER: External rotation; FE: Forward elevation; IR: Internal rotation; UCLA: University of California at Los
Angeles[24]; VAS: Visual analog pain scale (0, no pain; 10, worst pain).

Laboratory examinations
All laboratory tests revealed no significant result.

Imaging examinations
A magnetic resonance imaging assessment revealed a small-sized full-thickness
supraspinatus tear and wall thickening at the inferior capsule of the shoulder. No
fractures were identified in the preoperative image evaluation (Figure 1).

FINAL DIAGNOSIS
Before operation, the tentative diagnosis was small-sized full-thickness supraspinatus
tear and adhesive capsulitis. After manipulation, the final diagnosis was shifted to
small-sized full-thickness supraspinatus tear combined with the glenoid fracture and
shoulder instability.

TREATMENT
She was given general anesthesia and placed in the supine position. Brisement
manipulation was first performed and begun with forward flexion in internal rotation
with light traction, which held the arm close to the axilla to decrease the lever effect.
Continuous gentle pressure was applied, and a distinct clicking sound with a givingway sensation was noted mid-way when the arm elevation was at 150 degrees. The Xray was checked, and no proximal humeral fracture or dislocation was found. Then,
manipulation for abduction, external rotation, and internal rotation was performed.
After the manipulation, an examination revealed grade II laxity during anterior
translation for the right shoulder[16].
Shoulder arthroscopy was then performed with the patient in the beach-chair
position, starting from the standard posterior portal. A fresh fracture of the
anteroinferior rim of the glenoid was noted (Figure 2). The size of the fragment was
measured by a laser-marked device about 5 mm and 15 mm in the anterior-posterior
and superior-inferior directions, respectively. Due to hypermobile anterior translation
of the glenohumeral joint, fracture fixation was decided. Anteroinferior and accessory
anterosuperior portals were established via an outside-in technique. Three 2.8-mm
Twinfix Ti suture anchors (Smith & Nephew, Andover, MA, United States) were set in
place at the lower edge, upper edge, and middle of the fractured glenoid for fixation of
the fractured glenoid rim (Figure 2). After fracture fixation, the anterior translation test
found no instability. Then, a complete capsular release was performed
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Figure 1 Magnetic resonance imaging of the right shoulder before surgery. A: The full-thickness rotator cuff tear; B: The intact glenoid of the right
shoulder.

Figure 2 Intraoperative photographs. A: A fresh fracture with displacement at the anteroinferior glenoid rim. The size of the fragment was about 5 mm and 15
mm in the anterior-posterior and superior-inferior directions, respectively; B: The suture anchors for fixation of the fracture; C: The small-sized full-thickness
supraspinatus tear; D: Torn rotator cuff was repaired by the double-row arthroscopic technique. G: Glenoid; H: Humeral head; Star: The fragment of anteroinferior
glenoid with intact anterior joint capsule; Black arrow: Fresh fracture line.

arthroscopically[8]. Repeated examinations showed good stability with full ROM. The
fixed glenoid fracture was checked again arthroscopically and showed good stability
with no displacement. Arthroscopic rotator cuff repair was then performed by two 5.0mm Twinfix Ti suture anchors (Smith & Nephew) as the double-row suture technique
in the subacromial space (Figure 2).
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OUTCOME AND FOLLOW-UP
After surgery, the patient was immobilized in a simple sling, and gentle passive
pendulum exercise was allowed for 6 wk, followed by active-assisted ROM exercises
coupled with a comprehensive strengthening program. A computed tomography scan
revealed healing of the fracture 3 mo after surgery (Figure 3). More aggressive training
for strengthening and overhead lifting began from month 4, in accordance with the
recovery of ROM and strength.
At the 1-year and 2-year postoperative follow-ups, functional outcomes had
improved beyond the baseline preoperative measures, and the patient was satisfied
with the surgical outcome (Table 1 and Figure 4).

DISCUSSION
Manipulation under anesthesia or arthroscopic capsular release is effective in treating
a refractory stiff shoulder. For cases with coexisting rotator cuff tears, arthroscopic
capsular release for the stiff shoulder combined with repair for the rotator cuff tear can
achieve a good result[7]. Therefore, in cases of a stiff shoulder combined with a rotator
cuff tear, surgeons can use an arthroscope to evaluate and address possible injuries
and to perform additional capsular release, in addition to the manipulation procedure.
Although there was no evidence to show that aggressive treatment for the coexisting
problems could achieve a better outcome than manipulation only, it is reasonable to
suggest that a better outcome can be achieved if all the problems can be treated in a
minimally invasive manner, rather than with open surgery. This kind of aggressive
treatment would be more suitable for patients with a strong motivation for
rehabilitation and would result in a shorter treatment time than treating both of the
problems separately or nonoperatively[1].
The management of the glenoid fracture remained controversial. Magnussen et al[17]
reported a case with glenoid fracture during manipulation. The fracture healed only
after immobilization without any surgical treatment. On the other hand, glenoid rim
fractures often lead to chronic shoulder instability, and avulsion fractures of more than
5 mm with the instability of the glenohumeral joint may require operative
stabilization[18,19]. Patients with glenoid fracture treated with arthroscopic anchor or
screw fixation can also achieve uneventful healing and good functional results[20].
Arthroscopic fixation for glenoid fracture can minimize soft tissue dissection and
manipulation. Additionally, with stable fixation and a reduced glenoid fossa, early
rehabilitation can be allowed, complications related to malunion can be avoided, and
good functional outcomes are more likely.
The reported results for arthroscopic repair of rotator cuff tears only and of tears
combined with Bankart lesions have been similar and good[21,22]. The conditions in our
case may be similar to those of a rotator cuff tear combined with a Bankart lesion. The
treatment for both sites may have outcomes similar to those of rotator cuff repair only.
Although the results are affected by capsule release, we would be more confident in
allowing the patient to begin early motion rehabilitation if the glenoid fracture could
be fixed together with the rotator cuff.

CONCLUSION
We would like to suggest that surgeons who experience a giving-way sensation after
an obvious popping sound perform a radiographic check-up or an arthroscopic exam.
Additionally, shoulder instability tests could be performed to evaluate possible
instability. Arthroscopic fixation for an iatrogenic glenoid fracture and repair of a
coexisting rotator cuff tear can provide stability needed for early rehabilitation.
Fracture healing and good functional outcomes can be achieved.
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Figure 3 Radiograph at the 3-mo follow-up. A: The position of the anchors and the computed tomography scan are shown; B: Good healing of the fracture.

Figure 4 Timeline of the case. MRI: Magnetic resonance imaging.
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Abstract
BACKGROUND
The correction surgery for severely multidimensional spinal deformity in
neurofibromatosis type I is very difficult and it is still a very big challenge for
spine surgeons.
CASE SUMMARY
A 44-year-old woman presented with progressive kyphosis for more than 10 years
and low back pain for 2 years. She had been diagnosed with neurofibromatosis at
a local hospital many years ago. Conservative treatments had been applied, but
the symptoms got worse rather than alleviated. Therefore, surgery was required.
CONCLUSION
For this patient with severe deformity, the correction treatment of Ponte
osteotomy followed by satellite rod technique in the region of the apical vertebra
and the technique of pedicle screws and dual iliac screws had been applied, and
successful clinical outcomes were achieved.
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Core Tip: The neurofibromatosis type I (NF-I) dystrophic spinal deformity can be very
severe. Thus, sufficient and exquisite preoperative assessment is significantly
important for the correction surgery. In this study, we creatively performed a modified
surgery for a patient with NF-I dystrophic spinal deformity.
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INTRODUCTION
Neurofibromatosis is one of the most common single-gene disorders and it is
autosomal dominant. According to its clinical manifestations and genetic location,
neurofibromatosis can be divided into neurofibromatosis type I (NF-I), neurofibromatosis type II, and schwannomatosis. NF-I is frequently associated with orthopaedic
disorders such as scoliosis, in which severe wedging and rotation of the vertebral
body, vertebral subluxation, penciling of ribs, spindling of transverse processes,
enlargement of nerve root canal, and pedicle defects are often seen[1,2]. The correction
surgery for this severely multidimensional spinal deformity is very difficult and is still
a very big challenge for spine surgeons. Importantly, personalized treatment is
required. Herein, we report a new treatment for a patient with neurofibromatosis
scoliosis.

manuscript
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A 44-year-old woman presented with progressive kyphosis for more than 10 years and
low back pain in the past 2 years.

History of present illness
It had been about 10 years since she suffered from kyphosis, just after she gave birth.
After long standing and fatigue, she began to feel low back pain, and her height
became shorter after getting up in the morning, but she had not been diagnosed and
treated. She suffered from severe inferiority due to deformity as well. In the last 2
years, her pain was gradually aggravated. Neurofibromatosis was diagnosed at a local
hospital many years ago.
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The patient had no previous medical history.

Physical examination
The patient was 144 cm in height and had a weight of 40 kg. A mass of café-au-lait
spots and neurofibromas can be found over her body. She presented thoracolumbar
angular kyphosis, but no spinal cord damage or neurological dysfunction (Figure 1).

Imaging examinations
Preoperative computerized tomography (CT) and magnetic resonance imaging
examinations showed rotatory subluxation of L2 vertebra, spontaneous fusion of T12L4 vertebrae, thin pedicles of L1-L5, expansion of dural ectasia, and spinal cord located
in the concave side (right) (Figure 2).

FINAL DIAGNOSIS
NF-I dystrophic spinal deformity.

TREATMENT
After the patient received conservative treatment for a few days, the pain was not
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Figure 1 Preoperative examinations of the patient. A: Preoperative physical examination showed many café-au-lait spots and severe spinal deformity; B: An
axial computerized tomography image at L1-L5 demonstrates the thin pedicles; C: Axial T2-W images obtained by magnetic resonance imaging show vertebral
scalloping with a dural ectasia; D: A three-dimensional model shows the preoperative vertebral condition.

Figure 2 Images of the patient before and after the surgery. A: Digital subtraction angiography images show the lumbar vascular conditions at 48 h before
the surgery; B and C: Plain radiographs at the two-year follow-up indicate the successful correction (right) of the spinal deformity, when compared to the preoperative
ones (left).

alleviated. Thus, we decided to take surgical treatment.
Forty-eight hours before operation, L1-L3 segmental artery embolization was
performed under digital subtraction angiography to reduce the intraoperative
hemorrhage. With the patient lying prone on a Jackson table, because the pedicles of
L1-L5 are too thin to be implanted with pedicle screws, a total of eight pedicle screws
were placed in T9-T12 under navigation, and internal fixation with dual iliac screws
was performed at the same time. Potent osteotomy was performed at L1/L2 and
L2/L3, the bone was loosened to the anterior osteophyte along the intervertebral
space, and the intervertebral space was filled with bone graft.
The transvertebra screw and satellite rod were placed in L1-L3 on the convex side of
the apical vertebra. The convex side of the apical vertebra was compressed for the local
correction and the main bending angle of the scoliosis was reduced.
Finally, the full-length orthopedic rod stretching out the concave side was placed
and then the maximum correction effect was achieved by clasping the convex side.
After decortication of posterior bony element of the spine, autologous bone chips and
allograft bone chips were implanted. The whole procedures were monitored by motor
evoked potential and somatosensory evoked potential. The duration of operation was
5 h with a blood loss of 500 mL. After the deformity correction surgery, thoraciclumbo-sacral orthosis was applied for 3 mo in order to protect excessive strains and to
prevent dislodgement of the implants.

OUTCOME AND FOLLOW-UP
The patient’s height became 153 cm postoperatively. Corrected spinal curve and height
were well preserved during a 2-year follow-up period with solid fusion without
neurologic deficit (Figure 3A). At the final follow-up, her Scoliosis Research Society-
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Figure 3 Patient photos and the Scoliosis Research Society-22r score at the two-year follow-up. A: The deformity had been improved obviously;
B: Scoliosis Research Society-22r score indicates a significant improvement after surgery. Pre. Op: Preoperative; Post. Op: Postoperative.

22r score was significantly improved compared to preoperative score (Figure 3B).

DISCUSSION
Artery embolization
The surgical treatment for NF-I dystrophic spinal deformity is still a challenge for
spine surgeons. Because of the presence of paraspinal neurofibroma and plexiform
veins surrounding the spinal soft tissue, the surgery can cause massive blood loss.
Therefore, the segmental artery interventional embolization is routinely adopted
during the total vertebra resection, and the embolization of L1-L3 bilateral segmental
arteries effectively reduced the intraoperative hemorrhage and shortened the
operation time.

Ponte osteotomy
For patients with severe rigid deformity, although three-column osteotomy is good for
deformity correction, the high-risk complications during the perioperative period,
postoperative internal fixation failure, pseudarthrosis formation, and the loss of
correction cannot be ignored. It was reported that the incidence of neurologic
complications after three-column osteotomy is 9.9%-21.9% while the incidence of rod
breaking is as high as 16.7%[3]. For this patient, after careful inquiry of her history, we
found that the kyphosis would partially recover after lying down at night, and the
kyphosis would gradually increase after the physiological load in the morning. We
believed that the surgical goal for the patient was to stabilize the spine and to prevent
spinal cord injury caused by further progression of deformities; hence, it was not
necessary to pursue complete reduction.
If the apical vertebra could be fully released, kyphosis can be effectively corrected
and strong fixation can be maintained. Different from three-column osteotomy, Ponte
osteotomy only removes the articular process and part of the lamina, which is less
invasive and much safer for patients and easier for surgeons. Meanwhile, the
preoperative CT demonstrated that the anterior vertebral body had formed osseous
fusion. During the operation, for further loosening, an ultrasonic bone knife was used
to cut off the bone bridge of the anterior edge of the vertebral body through the
intervertebral space, which improved the correction of severe scoliosis.

Vertebral nail plus satellite rod technology
The finite elements analysis reveals that the satellite rod was able to enhance the
strength of the internal fixation remarkably and disperse the stress of the main rod
effectively so as to decrease the incidence of the main rod fracture[4]. The use of Ponte
osteotomy combined with satellite rod sequential orthopedic technology obtained
better correction in the treatment of severe rigid thoracic scoliosis, and during the
long-term follow-up there was less loss of correction[3,4]. Hence, it is a safe and effective
surgical strategy. In this case, the screw could not be placed because of the thin pedicle
of the lumbar vertebra. In order to strength the fixation of the osteotomy region, we
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innovatively designed a new approach to insert the vertebral nails on the side of the
vertebral body together with the satellite rod at the same time. Finally, very satisfying
outcomes were achieved.

Dual iliac screws
Biomechanical testing has confirmed that the anti-compression and anti-torsion ability
of dual iliac screws is higher than that of single iliac screw and the stability is the same
as that of the initial state[5-7]. For this patient, the dual iliac screw was necessary; even if
the patient is short, patients with NF-I malnutrition have varying degrees of
osteoporosis. Therefore, strong anchoring should be performed to improve the
stability of long segment fixation and fusion, so as to ensure the safety of the
surrounding osteotomy area before stable bone fusion.

Complications
Although no neurologic cardiopulmonary complication was seen during the surgery
and follow-up period in this case, we still need to pay attention to this issue. Ponte
osteotomy may cause nerve injury and the major mechanisms include stretching or
mechanical trauma of the spinal cord and nerve roots; thus, regional cord ischemia
from vascular insufficiency may occur. However, based on the existing literature, it is
not easy to assess the true rate of neurologic complications in patients after the
treatment of Ponte osteotomy[8,9]. This issue remains further investigations.

CONCLUSION
Preoperative three-dimensional printing model, intraoperative spinal nerve
monitoring, and accurate intraoperative navigation are the important guarantees of
safe operation for NF-I dystrophic spinal deformity. Most of the cases of NF-I
dystrophy were thoracic scoliosis and it was for the first time that lumbar subluxation
with all lumbar pedicle mutation was found. For this severe deformity, local correction
was performed with Ponte osteotomy in the apex region combined with vertebral
screw satellite rod technique, followed by the fixation using long segment
transpedicular screws and dual iliac screws. This modified technique is safe and
effective for NF-I dystrophic spinal deformity.
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Abstract
BACKGROUND
Short stems are usually uncemented prosthetics and are recommended in the
treatment of traumatic or degenerative diseases of hip. In revision procedures for
elderly patients with serious comorbidity, applying a short stem could reduce
peri- and post-operative secondary surgical risks to femoral osteotomy, which are
necessary for the removal of parts of the implant or acrylic cement from the
medullary canal. There are no cases in the literature that apply a short stem for
prosthetic revision by acrylic cement anchorage.
CASE SUMMARY
A male patient had a left hip replacement in 1995 due to coxarthrosis. At the age
of eighty the patient reported an accidental trauma and walked with pain in the
left thigh. The X-ray highlighted the stem breakage in the distal section without
fracturing the femoral cortex. The patient had various comorbidities (diabetes,
anaemia, heart deficiency, and arrhythmia) presenting a high operation risk (ASA
4). During the revision procedure, the distal apex of the stem could not be
removed from the femoral cortex. Because of the poor general health of the
patient, the surgeon decided not to perform a Wagner femoral osteotomy to
remove the distal section of the stem and decided to implant a short stem to avoid
removing the stem section of the previous implant. The patient had his left femur
X-rayed 15 d post-trauma.
CONCLUSION
A field of application of short stem may be the development of a cemented short
stem to reduce the complexity of the revision procedure.
Key Words: Short stem; Revision procedure; Cementless implant; Total hip replacement;
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Core Tip: Short stems, because of their reduced size, could be applied for posttraumatic obliteration of the femoral canal when it is difficult to apply a standard stem;
moreover, in revision procedures for patients with serious comorbidity, the use of a
short stem could reduce the surgical risks to femoral osteotomy, which is necessary for
the removal of parts of the implant or acrylic cement from the medullary canal. The
availability of cemented short stems could help surgeons in cases where there is a lack
or reduced quality of bone to treat particular prosthetic revisions, limiting surgical
invasiveness and the use of long stems.
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INTRODUCTION
Standard uncemented femoral stems have proven to be clinically, functionally, and
radiologically successful in total hip replacement, particularly in young and active
patients[1,2]. Recently, the use of short stems (stems with length < 120 mm) has become
more popular; short stems have been designed to obtain optimal load transfer to the
proximal femur, to ease stem removal in revision procedures, to reduce the rate of
periprosthetic fractures, to preserve proximal femoral medullary bone, and to make
implantation less invasive[3,4]. While standard stems have diaphyseal engagement that
could likely cause proximal stress shielding, short stems have metaphyseal fixation
and allow proximal load transfer, thereby reducing bone resorption. Clinical studies
on short stems have found an increase in bone mineral density in the first and seventh
area of Gruen from the 3rd mo[5,6]. Implant longevity relies upon an initial “press-fit”
between the implant and the surrounding bone, which is a prerequisite for
osseointegration of the stem, in order to achieve axial and rotational stability[7].
Metaphyseal stems could be an alternative for primary total hip replacement in young
patients because this group has a high probability of undergoing revision surgery[8-10].
Because of their reduced size, short stems could be applied to first implants for posttraumatic obliteration of the femoral canal or excessive thickness of the diaphyseal
cortex, when it is difficult to apply a standard stem. Some authors have used the short
stem with cement[11]; advantages of a short-cemented implant include preservation of
diaphyseal femoral bone, more proximal load transfer, easier insertion, and easier
stem and cement removal in case of revision procedure[11]. Furthermore, in revision
procedures for elderly patients with serious comorbidity and osteoporosis, applying a
short-cemented stem could reduce the peri- and post-operative secondary surgical
risks to femoral osteotomy, which is necessary for the removal of parts of the implant
or acrylic cement from the medullary canal. Generally short stems require biological
anchorage to the femur, so it would be particularly useful in select revision procedures
to apply short stem anchorage in acrylic cement in cases where there is a lack of or
reduced quality of the cancellous bone to obtain a primary stability of implant.
Cemented short stems permit solid and immediate stability and do not require
additional time for biological fixation[11]. There are no cases in the literature of applying
a short stem for prosthetic revision by acrylic cement anchorage.
This clinical case describes the unusual application of a biological short stem with
acrylic cement in prosthetic revision, and we propose extending its application to
special revision procedures and in selected patients in an attempt to reduce surgical
invasiveness.
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CASE PRESENTATION
Chief complaints
An 80-year-old Caucasian patient with left hip prosthesis, 1.75 cm tall, first degree
obesity (body mass index 33.5), and male sex, reported an accidental trauma to the
pelvis and left femur after falling on the street.

History of present illness
Post-trauma, the patient walked with steppage gait and reported feeling pain in the
left thigh; the pain did not decrease despite the administration of drugs.

History of past illness
Before the trauma the patient was asymptomatic and did not report any hip pain.

Personal and family history
There was no family history of treatment with elective hip replacement for
osteoarthritis.

Physical examination
The patient reported pain in response to pressure on the thigh and external and
internal rotation movements of the hip; no thigh oedema was found at the clinic
examination.

Laboratory examinations
No laboratory tests were performed on the patient.

Imaging examinations
The patient had his left femur X-rayed 15 d post-trauma. The prosthesis had not been
X-rayed for several years prior.

FINAL DIAGNOSIS
The X-ray highlighted the stem breakage in the distal section without fracture of the
femoral cortex (Figure 1). Moreover, the stem showed a thickening of the femoral
cortex at the distal end of implant, and the proximal part was loose without
osteointegration. The radiographic image demonstrated a chronic implant loosening
with subsequent traumatic rupture due to a positioning varus of the stem.

TREATMENT
Despite being active and autonomous in daily life, the patient had various
comorbidities (diabetes, anaemia, heart deficiency, and arrhythmia) presenting a high
operation risk (ASA 4). In the same month, the patient underwent a prosthetic stem
revision. Watson-Jones access was performed with the patient in a supine position.
During the revision, the distal apex of the stem could not be removed as it was
anchored between the femoral cortex due to the reduced size of the medullary canal.
Because of the poor general health of the patient, the surgeon decided not to
perform a Wagner femoral osteotomy to remove the distal section of the stem.
Implantation of a long stem with distal anchorage would have led to greater blood loss
and a higher risk of infection with the likely exitus of the patient. The surgeon decided
to implant a short Fitmore stem to avoid removing the stem section of the previous
implant that was solidly anchored to the medullary canal.
Normally applied in selected patients as a biological implant, the Fitmore stem was
used because of its reduced size to enable the revision of a standard-length stem. Due
to the poor quality of bone tissue and the difficulty in obtaining primary stability for
the new implant, the surgeon used acrylic cement to anchor the prosthesis. During
surgery, a metallic femoral head (+ 4 mm) was used to obtain implant stability. The
acetabulum showed no signs of movement, whereas the polyethylene insert showed
signs of wear so it needed replacing. After 7 d in intensive care, the patient was
transferred to the Orthopaedic Department and discharged 15 d after the operation.
Subsequently, the patient was admitted to the rehabilitation unit for about 30 d.
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Figure 1 The X-ray of stem breakage. Left hip radiographs obtained at 21 years follow-up demonstrating stem breakage in the distal section without fracturing
the femoral cortex.

OUTCOME AND FOLLOW-UP
X-ray and clinical checks were carried out for the next 2 years without showing signs
of breakage to the femoral stem nor loosening of implant from cement. No subsidence
at the stem-cement interface was observed, demonstrating the excellent stability of the
cemented implant. The patient resumed normal life 3 mo post-operation. During the
final check, roughly 2 years after the operation, the patient reported feeling no thigh
pain and did not indicate limited articulation, living daily life without the assistance of
walking aids (Figure 2).

DISCUSSION
There are three categories of prosthetic implant revision: Patient causes (infections),
implant causes (aseptic loosening, peri-prosthetic fractures, implant failure or
breakage), and surgical errors (instability, pain)[12]. Implant breakage is less common
than aseptic loosening or infections and is caused by the mechanical stress generated
by cyclic loads in most cases. Most stem failures are due to stainless steel components
and present years after the operation.
Steel stems often deform and then fracture before breaking, whereas chrome-cobalt
stems fatigue and fracture without deforming. The section that is most often involved
is the middle third distal stem, which shows a loss of bone support close to the femur,
exposing that section to a shearing force followed by metal fatigue failure. The risk
factors most associated with prosthetic stem breakage are weight gain or increased
physical activity, the varus position of the stem, increased offset, small cross-section
stems, the use of steel stems, and loosening of implant[12].
Cementless implants have shown excellent long-term survival with respect to
cemented prosthesis[1,2]. An essential condition in cementless implants is an optimal
press-fit with low micromotions in the femur in order to allow secondary fixation to
the bone. Proximal load transfer and the absence of distal fixation are essential for
better clinical results in total hip arthroplasty. To reproduce natural load transfer in the
subtrochanteric area, short stem devices were developed. Short stems include a large
variety of prostheses that differ in shape, length, anchorage, level of bone resection,
and reconstruction of the biomechanics of the femur[3].
Within the family of short stems, the Fitmore stem is made of a titanium forged
alloy covered with a porous coating, which allows the bone ingrowth process to be
increased[5]. The anchorage concept is based on apposition to the calcar by the medial
curve and contact with the lateral cortex through the axial load[13]. The concept of this
stem geometry is based on the redistribution of 70% of loading forces on the calcar of
the femur[14]. Trapezoidal cross-section allows for increase in primary stability, which
is enhanced by a slightly oversized titanium coating. The Fitmore stem has a special
design; the system portfolio consists of three different shaped stem families with
different medial calcar curve radii to allow calcar and medial metaphyseal bony
contact to be maximized[3]. There is a correlation between the calcar curve radius and
the off-set; the valgus stem with large medial calcar radii has less of an off-set, while
the varus stem with smaller calcar radii has a greater off-set. Generally, larger off-set is
observed in males than in females. An increase in the offset leads to improved muscle

WJO

https://www.wjgnet.com

531

November 18, 2020

Volume 11

Issue 11

Evola FR et al. Femoral stem revision with short implant

Figure 2 Radiographs at 2 years of follow-up. Radiographs at 2 years of follow-up, there are no signs of implant loosening.

strength, a greater range of motion and joint contact forces, and higher wear rate[15,16];
disadvantages are the increase in medial bending load, loading of the distal portion of
the stem, and an increased risk of trochanteric pain.
In this clinical case, we think the standard stem had a distal diaphyseal anchor on
the femur and a chronic loosening of the proximal portion; the trauma broke the stem
that had no anchorage in the metaphysis and proximal shaft, only in the distal part. In
the literature, the revision of this implant required removal of the prosthesis and
replacement with a standard or long stem[17,18]. The stem was easily removed during
the surgery, while the distal apex of the stem could not be removed, as it was anchored
between the femoral cortex. Patient's serious general clinical condition and
intraoperative blood loss required a reduction in operating times. The presence of the
tip of the stem in the femoral canal did not allow neither the use of a standard stem
nor a long stem. Removing the broken part of the stem by a femoral osteotomy would
have increased the surgical risk to the patient. Therefore, the small size of the short
stems, normally used in primary implants and not in revisions, prevented femoral
osteotomy and therefore reduced the risk of bleeding and infection in a patient with
serious comorbidity. Due to the poor quality of bone tissue, the level of bone resection
and the difficulty in obtaining primary stability for the new uncemented implant, the
surgeon used acrylic cement to anchor the prosthesis. The surgeon did not have a
short-cemented stem available, only the uncemented stem Fitmore. Short stems are
usually uncemented prosthetic devices. The use of acrylic cement became necessary
because of the lack of nearby bone, thereby preventing sufficient stable anchorage.
Advantages of a short-cemented implant are minimal bone invasiveness, a decrease
risk of bone-cement implantation syndrome, and an easier future revision
procedure[11]. The main disadvantage of using an uncemented short stem with cement
is the detachment of the implant at the prosthesis-cement interface due to the porous
coating of Fitmore stem, causing short-term implant failure. The anchoring of the stem
did not occur in the three points, calcar, lateral, and medial cortex of the metaphysis,
but in the cortical femoral evenly, through the acrylic cement. The various off-sets of
the Fitmore stem enabled the articular biomechanics to be reconstructed and ensured
implant stability[16].
Using an uncemented stem with acrylic cement is not correct. The short-cemented
stem is little used among orthopaedists as they prefer biological fixation and these
implants are unavailable. A short-cemented stem is feasible but requires specific
implants and a perfect bone cement obtainable with cementation techniques. A precise
cementing technique has permitted a homogeneous 2 mm cement mantle all around
the stem, a prerequisite for a greater survival of prosthesis. Therefore, as more elderly
osteoporotic patients require joint arthroplasty, it is possible to predict a return of
cemented implants.
One limitation of this study was the short-term follow-up given that the patient was
assessed for 2 years after the revision before dying, so it was not possible to observe
any loosening of the stem cement or any change in long-term implant stability.

CONCLUSION
A suggestive field of application of short stem may be the development of a cemented
short design with different tapering angles to match the smaller femur in specific
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populations and to reduce the complexity of cemented or uncemented stem revision.
Furthermore, the availability of cemented short stems could help surgeons to treat
particular prosthetic revisions in patients in poor general health, thereby limiting
surgical invasiveness and the use of long stems.

REFERENCES
1

2

3
4

5

6

7

8
9
10

11
12

13

14
15

16

17

18

WJO

Evola FR, Evola G, Graceffa A, Sessa A, Pavone V, Costarella L, Sessa G, Avondo S. Performance of the
CLS Spotorno uncemented stem in the third decade after implantation. Bone Joint J 2014; 96-B: 455-461
[PMID: 24692610 DOI: 10.1302/0301-620X.96B4.32607]
Giardina F, Castagnini F, Stea S, Bordini B, Montalti M, Toni A. Short Stems Versus Conventional Stems
in Cementless Total Hip Arthroplasty: A Long-Term Registry Study. J Arthroplasty 2018; 33: 1794-1799
[PMID: 29395723 DOI: 10.1016/j.arth.2018.01.005]
Falez F, Casella F, Papalia M. Current concepts, classification, and results in short stem hip arthroplasty.
Orthopedics 2015; 38: S6-13 [PMID: 25826635 DOI: 10.3928/01477447-20150215-50]
Lidder S, Epstein DJ, Scott G. A systematic review of short metaphyseal loading cementless stems in hip
arthroplasty. Bone Joint J 2019; 101-B: 502-511 [PMID: 31037973 DOI:
10.1302/0301-620X.101B5.BJJ-2018-1199.R1]
Gasbarra E, Celi M, Perrone FL, Iundusi R, Di Primio L, Guglielmi G, Tarantino U. Osseointegration of
Fitmore stem in total hip arthroplasty. J Clin Densitom 2014; 17: 307-313 [PMID: 24613452 DOI:
10.1016/j.jocd.2013.11.001]
Meyer JS, Freitag T, Reichel H, Bieger R. Periprosthetic Bone Mineral Density Changes After Implantation
of a Curved Bone Preserving Hip Stem Compared to a Standard Length Straight Stem: 5-Yr Results of a
Prospective, Randomized DXA-Analysis. J Clin Densitom 2019; 22: 96-103 [PMID: 30126775 DOI:
10.1016/j.jocd.2018.07.007]
Migliorini F, Driessen A, Colarossi G, El Mansy Y, Gatz M, Tingart M, Eschweiler J. Short stems for total
hip replacement among middle-aged patients. Int Orthop 2020; 44: 847-855 [PMID: 32193611 DOI:
10.1007/s00264-020-04516-x]
Stulberg SD, Patel RM. The short stem: promises and pitfalls. Bone Joint J 2013; 95-B: 57-62 [PMID:
24187354 DOI: 10.1302/0301-620X.95B11.32936]
Gruner A, Heller KD. Patient selection for shorter femoral stems. Orthopedics 2015; 38: S27-S32 [PMID:
25826629 DOI: 10.3928/01477447-20150215-53]
Kutzner KP, Freitag T, Bieger R. Defining 'undersizing' in short-stem total hip arthroplasty: the importance
of sufficient contact with the lateral femoral cortex. Hip Int 2020; 1120700020940276 [PMID: 32644828
DOI: 10.1177/1120700020940276]
Santori N, Falez F, Potestio D, Santori FS. Fourteen-year experience with short cemented stems in total hip
replacement. Int Orthop 2019; 43: 55-61 [PMID: 30411248 DOI: 10.1007/s00264-018-4205-3]
Ulrich SD, Seyler TM, Bennett D, Delanois RE, Saleh KJ, Thongtrangan I, Kuskowski M, Cheng EY,
Sharkey PF, Parvizi J, Stiehl JB, Mont MA. Total hip arthroplasties: what are the reasons for revision? Int
Orthop 2008; 32: 597-604 [PMID: 17443324 DOI: 10.1007/s00264-007-0364-3]
Acklin YP, Jenni R, Bereiter H, Thalmann C, Stoffel K. Prospective clinical and radiostereometric analysis
of the Fitmore short-stem total hip arthroplasty. Arch Orthop Trauma Surg 2016; 136: 277-284 [PMID:
26739137 DOI: 10.1007/s00402-015-2401-9]
Gustke K. Short stems for total hip arthroplasty: initial experience with the Fitmore stem. J Bone Joint Surg
Br 2012; 94: 47-51 [PMID: 23118380 DOI: 10.1302/0301-620X.94B11.30677]
von Roth P, Perka C, Mayr HO, Preininger B, Ziebula F, Matziolis G, Hube R. Reproducibility of femoral
offset following short stem and straight stem total hip arthroplasty. Orthopedics 2014; 37: e678-e684 [PMID:
24992068 DOI: 10.3928/01477447-20140626-61]
Schmidutz F, Beirer M, Weber P, Mazoochian F, Fottner A, Jansson V. Biomechanical reconstruction of the
hip: comparison between modular short-stem hip arthroplasty and conventional total hip arthroplasty. Int
Orthop 2012; 36: 1341-1347 [PMID: 22262250 DOI: 10.1007/s00264-011-1477-2]
Canovas F, Putman S, Dagneaux L, Chadli L, Le Béguec P. Cementless revision femoral stems application
of press-fit principles and clinical outcomes. Int Orthop 2019; 43: 2261-2267 [PMID: 30554260 DOI:
10.1007/s00264-018-4265-4]
Zimmerer A, Slouka S, Kinkel S, Fritz T, Weiss S, Sobau C, Miehlke W. Comparison of short-stem with
conventional-stem prostheses in total hip arthroplasty: an 8-year follow-up study. Arch Orthop Trauma Surg
2020; 140: 1285-1291 [PMID: 32572595 DOI: 10.1007/s00402-020-03519-y]

https://www.wjgnet.com

533

November 18, 2020

Volume 11

Issue 11

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wjgnet.com
Help Desk: https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

© 2020 Baishideng Publishing Group Inc. All rights reserved.

ISSN 2218-5836 (online)

World Journal of
Orthopedics
World J Orthop 2020 December 18; 11(12): 534-626

Published by Baishideng Publishing Group Inc

WJ O

World Journal of
Orthopedics

Contents

Monthly Volume 11 Number 12 December 18, 2020

REVIEW
534

Acute ankle sprain in athletes: Clinical aspects and algorithmic approach
Halabchi F, Hassabi M

559

Systematic review of single stage revision for prosthetic joint infection
Lum ZC, Holland CT, Meehan JP

MINIREVIEWS
573

Management of acute spinal cord injury: A summary of the evidence pertaining to the acute management,
operative and non-operative management
Sandean D

584

Technological developments enable measuring and using patient-reported outcomes data in orthopaedic
clinical practice
Hamilton DF, Giesinger JM, Giesinger K

ORIGINAL ARTICLE
Retrospective Cohort Study
595

Improved patient reported outcomes with functional articulating spacers in two-stage revision of the
infected hip
Veltman ES, Moojen DJF, Poolman RW

Retrospective Study
606

Impact of medial open-wedge high tibial osteotomy for medial compartment osteoarthritis of the knee
Nikose SS, Nikose D, Kekatpure AL, Jain S, Saoji K, Reddy SM

CASE REPORT
615

Tibial tuberosity avulsion-fracture associated with complete distal rupture of the patellar tendon: A case
report and review of literature
Morales-Avalos R, Martínez-Manautou LE, de la Garza-Castro S, Pozos-Garza AJ, Villarreal-Villareal GA, Peña-Martínez
VM, Vílchez-Cavazos F

WJO

https://www.wjgnet.com

I

December 18, 2020

Volume 11

Issue 12

World Journal of Orthopedics

Contents

Monthly Volume 11 Number 12 December 18, 2020

ABOUT COVER
Editorial Board member of World Journal of Orthopedics, Dr. Alessandro Ramieri, MD, PhD, graduated in Medicine
and Surgery and completed post-graduate study in Orthopedics and Traumatology at the Sapienza Rome
University (Rome, Italy). He also received his PhD in Pathophysiology and Muscle-Skeletal Disorders from
Sapienza Rome University. Afterwards, he earned a 2-year fellowship at the Spinal Surgery Department of S.
Pertini Hospital in Rome. He is currently a researcher at Rome University “La Sapienza”, with a teaching position
as Professor. He has devoted much of his professional activities to the study and management of spinal diseases,
applying conservative and surgical treatments. He is a Silver Member of the AO Spine and the AO Subaxial
Fractures and Sacral Fractures International Validation Groups. Since 2011 and 2014, he has held, respectively, the
European Spine Course Diploma and the TFR Course Diploma of the EUROSPINE Foundation. (L-Editor:
Filipodia)

AIMS AND SCOPE
The primary aim of World Journal of Orthopedics (WJO, World J Orthop) is to provide scholars and readers from
various fields of orthopedics with a platform to publish high-quality basic and clinical research articles and
communicate their research findings online.
WJO mainly publishes articles reporting research results and findings obtained in the field of orthopedics and
covering a wide range of topics including arthroscopy, bone trauma, bone tumors, hand and foot surgery, joint
surgery, orthopedic trauma, osteoarthropathy, osteoporosis, pediatric orthopedics, spinal diseases, spine surgery,
and sports medicine.

INDEXING/ABSTRACTING
The WJO is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (Web of
Science), China National Knowledge Infrastructure (CNKI), China Science and Technology Journal Database
(CSTJ), and Superstar Journals Database.

RESPONSIBLE EDITORS FOR THIS ISSUE
Production Editor: Yan-Xia Xing; Production Department Director: Xiang Li; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL

INSTRUCTIONS TO AUTHORS

World Journal of Orthopedics

https://www.wjgnet.com/bpg/gerinfo/204

ISSN

GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2218-5836 (online)

https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

November 18, 2010

https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY

PUBLICATION ETHICS

Monthly

https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF

PUBLICATION MISCONDUCT

Massimiliano Leigheb

https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS

ARTICLE PROCESSING CHARGE

http://www.wjgnet.com/2218-5836/editorialboard.htm

https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE

STEPS FOR SUBMITTING MANUSCRIPTS

December 18, 2020

https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT

ONLINE SUBMISSION

© 2020 Baishideng Publishing Group Inc

https://www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

WJO

https://www.wjgnet.com

II

December 18, 2020

Volume 11

Issue 12

WJ O

World Journal of
Orthopedics

Submit a Manuscript: https://www.f6publishing.com

World J Orthop 2020 December 18; 11(12): 534-558

DOI: 10.5312/wjo.v11.i12.534

ISSN 2218-5836 (online)

REVIEW

Acute ankle sprain in athletes: Clinical aspects and algorithmic
approach
Farzin Halabchi, Mohammad Hassabi

ORCID number: Farzin Halabchi
0000-0002-3005-6190; Mohammad
Hassabi 0000-0002-6449-5562.

Author contributions: Halabchi F
and Hassabi M contributed equally
to this work; both authors
contributed to all stages of the
development of this manuscript
from planning the structure,
searching evidence, editing and
revising the main text, preparing
original photos, and the algorithm;
both authors have read and
approved the final manuscript.

Conflict-of-interest statement: The
authors declare no conflict of
interest.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

Manuscript source: Invited

WJO

Farzin Halabchi, Department of Sports and Exercise Medicine, Tehran University of Medical
Sciences, Tehran 14167-53955, Iran
Mohammad Hassabi, Department of Sports and Exercise Medicine, Shahid Beheshti University
of Medical Sciences, Tehran 19979-64151, Iran
Corresponding author: Mohammad Hassabi, MD, Assistant Professor, Department of Sports
and Exercise Medicine, Shahid Beheshti University of Medical Sciences, Aarabi Avenue,
Yaman Street, Tehran 19979-64151, Iran. hassabi@sbmu.ac.ir

Abstract
Acute ankle sprain is the most common lower limb injury in athletes and accounts
for 16%-40% of all sports-related injuries. It is especially common in basketball,
American football, and soccer. The majority of sprains affect the lateral ligaments,
particularly the anterior talofibular ligament. Despite its high prevalence, a high
proportion of patients experience persistent residual symptoms and injury
recurrence. A detailed history and proper physical examination are diagnostic
cornerstones. Imaging is not indicated for the majority of ankle sprain cases and
should be requested according to the Ottawa ankle rules. Several interventions
have been recommended in the management of acute ankle sprains including rest,
ice, compression, and elevation, analgesic and anti-inflammatory medications,
bracing and immobilization, early weight-bearing and walking aids, foot orthoses,
manual therapy, exercise therapy, electrophysical modalities and surgery (only in
selected refractory cases). Among these interventions, exercise and bracing have
been recommended with a higher level of evidence and should be incorporated in
the rehabilitation process. An exercise program should be comprehensive and
progressive including the range of motion, stretching, strengthening,
neuromuscular, proprioceptive, and sport-specific exercises. Decision-making
regarding return to the sport in athletes may be challenging and a sports
physician should determine this based on the self-reported variables, manual tests
for stability, and functional performance testing. There are some common myths
and mistakes in the management of ankle sprains, which all clinicians should be
aware of and avoid. These include excessive imaging, unwarranted non-weightbearing, unjustified immobilization, delay in functional movements, and
inadequate rehabilitation. The application of an evidence-based algorithmic
approach considering the individual characteristics is helpful and should be
recommended.
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Acute ankle injury is one of the most prevalent musculoskeletal injuries[1,2]. Ankle
sprain is the most common lower limb injury in physically active individuals[3,4]. Each
day, almost one ankle sprain occurs per 10000 persons in Western countries[1,5] and
over two million ankle sprains are treated annually in emergency departments of the
United States and United Kingdom[6]. In sport, the incidence is even higher, accounting
for 16%-40% of all sport-related trauma cases[1,7,8].
Approximately 40% of all traumatic ankle injuries and nearly half of all ankle
sprains occur during athletic activity[4,9,10], with basketball (41.1%), American football
(9.3%), and soccer (7.9%) having the highest incidence[4,6,11]. Ankle sprain is more
prevalent in females, children, and athletes taking part in indoor and court sports[9].
Besides the bony and muscular structures, several ligaments have a major
contribution to the stability of the ankle joint, which are distributed in lateral, medial,
and syndesmotic areas (Figure 1).
Almost 85% of ankle sprains involve the lateral ligaments. In about 65% of cases,
isolated injury of the anterior talofibular ligament (ATFL) and in 20%, injury of both
ATFL and the calcaneofibular ligament exist. Injuries of the posterior talofibular
ligament are unusual[12]. The remaining 15% involves syndesmotic and medial ankle
sprains[9]. A syndesmotic ankle sprain is an injury to one or more of the ligaments
comprising the distal tibiofibular junction and is frequently known as "high ankle
sprain"[10].
Despite its excessive prevalence, the long-term prognosis of an acute ankle sprain is
not favorable and a high proportion of patients experience persistent residual
symptoms (up to 40%-50%)[13,14] and injury recurrence[6]. Furthermore, the prevalence of
underdiagnosed injuries associated with ankle sprain, such as tendinous and
osteochondral injuries and midfoot fractures are high[15]. Therefore, direct and indirect
financial and societal costs for managing lateral ankle sprains and their sequelae lead
to a high socioeconomic burden[10,16,17].
In this review, we aimed to discuss different clinical aspects of lateral ankle sprain
in athletes and introduce a novel and practical algorithmic approach for proper
diagnosis and management.

RISK FACTORS
Several parameters have been suggested as potential risk factors for ankle sprain.
These are classified as intrinsic or extrinsic. Some of the intrinsic risk factors are
modifiable and their identification may be helpful in the prevention of potential
injury[18].
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Figure 1 Lateral ligaments of the ankle.

Several studies have investigated proposed risk factors in athletic and military
populations. These include demographic (including age[19], gender[20], weight[19-22],
height[20,21], body mass index[20,21,23,24], limb dominance[20]), anatomical (foot type[20], foot
and ankle alignment, including foot hyper-pronation)[20,21], laxity (generalized joint
laxity[20,21,24], ankle-joint laxity[19-21,24]), range of motion (ROM), including ankle and first
metatarsophalangeal ROM[21,24-27]), muscle strength[19,20,23,26,27], muscle-reaction time[20,23,24],
balance (single leg balance and star excursion balance tests) and proprioception[20,21,23-26], previous history of ankle sprain[11,21,22,24,25], and sport-related parameters
(including type of sport[25], level of competition[25], playing on artificial grass[25], playing
position[25], type of sport shoe[11], lack of warm-up stretching[11], and landing technique
after a jump[25]). There is no convincing evidence on how significant or effective these
parameters are. However, previous history of an ankle sprain, being overweight, ankle
joint laxity, and impaired balance are some exceptions that the majority of studies have
agreement on their importance[11,20-22,24,25,28]. For example, it has been shown that an
overweight player with a previous ankle sprain is 19 times more likely to sustain
noncontact ankle sprain compared to a normal-weight player with no previous ankle
sprain[22].

CLINICAL PRESENTATION
History
Accurate clinical assessment of the ankle injury needs a comprehensive and organized
history[29]. Athletes usually report shifting the center of gravity over the lateral border
of the weight-bearing leg as an injury mechanism. It may be caused by catching the
lateral side of the foot on the ground, awkward landing on the opponent's foot, or
contacting with the inside of the opponent's supporting leg during a slide tackle[30,31].
The patients typically complain of lateral ankle swelling (local or diffuse), pain,
bruising, and limited ROM[32]. The ability of weight-bearing immediately after injury is
important and may influence the decision to order standard radiology[33].
History must also include age, demographic data, time since injury, exact
mechanism, nature of injury (acute or chronic), location of pain, previous history of
ankle sprain or instability, history of other lower extremity pain or deformities,
mechanical symptoms (locking or feeling of loose bodies) and paresthesia[33-36].
In the case of a suspected ankle sprain, the physician should probe risk factors such
as previous injury, special activity, or sport during which the injury occurred,
footwear, playing surface, and the use of taping or bracing[33].
Usually, plantar flexion and inversion of the ankle is the main mechanism of lateral
sprain[33]. A history of other mechanisms (e.g., forced plantar flexion, eversion, and
dorsiflexion) should alert the physician about uncommon ligament injuries or
fractures[37].

Physical examination
After looking for a fracture by careful palpation of the critical anatomic check-points
(especially lateral and medial malleoli, the base of the fifth metatarsal and navicular
bones), ecchymosis, edema, point tenderness, ROM, ligamentous laxity, and muscle
strength should be carefully evaluated in all suspected ankle sprains[1,32,36,38,39].
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In a typical lateral ankle sprain, ecchymosis and tenderness are located over the
ATFL and calcaneofibular (CFL) ligaments. Acute injuries do not have swelling or
ecchymosis over the forefoot or toes. However, in the absence of appropriate treatment
and after one day, bruising and swelling may be visible down the whole foot as a
result of gravity, especially if the patient has been ambulating[37]. Edema may be
measured with a tape using a figure of 8 method that includes four points of lateral
and medial malleoli, the base of the fifth metatarsal and navicular bone[40]. Evaluation
of active, passive, and resistive ROM can help to differentiate injury to ligaments,
tendons, muscles, and nerves (level 3)[41]. Also, a typical antalgic gait to protect the
ankle and avoid further pain is common[7].
The provocative tests are also important. Anterior drawer and talar tilt (inversion
stress) tests are utilized to evaluate lateral ankle instability. These tests should be
performed in comparison with the uninjured ankle. Tests are regarded as positive in
cases of increased laxity[1,39].
The anterior drawer test (ADT) is applied to assess the integrity of ATFL as it
prevents anterior translation of the talus under the distal tibia. Ten millimeters of
displacement in the injured ankle or more than 3-4 mm of difference in translation
compared with the healthy side indicate an ATFL tear[7]. In an ATFL tear, a dimple
sign may also be visible in the anterior side of the joint in 50% of cases[42].
The talar tilt test evaluates the integrity of the CFL. In this test, the angle between
the talar dome and the tibial plafond is measured during forced heel inversion while
the tibiotalar joint is in the neutral position. If there is more than 5° of difference with
the normal side, the test is considered positive[7].
It should be noted that during the few days after injury, in the acute condition
(especially when joint effusion has occurred), the physical examination may be
nonspecific due to pain and swelling[36]. Therefore, all patients should be examined
again 3-5 d later[43]. It was demonstrated that the ADT in this delayed examination
produced the best results in comparison to stress radiography, sonography, and
arthrography with a sensitivity of 96% and a specificity of 84% (level 2)[10,43].
To rule out less common syndesmotic injuries, provocative tests are helpful. These
tests including the squeeze test (lower leg squeeze at midcalf), crossed-leg test (asking
the individual to cross the legs with the injured leg resting at midcalf on the other
knee), external rotation stress test (concurrent external rotation and dorsiflexion), heel
thump test (applying gentle but firm thump on the heel with the fist) and Cotton test
(applying a medial and lateral translation force to the foot) to stress the syndesmosis
and elicit pain above the ankle joint[37]. Otherwise, swelling and tenderness on the
medial side of the ankle, positive eversion stress test, and/or defect palpation in the
soft tissues just distal to the medial malleolus may suggest probable deltoid ligament
injury[7].
Assessment of the patient’s neurovascular status in the injured extremity should
also be included as an essential part of the physical examination[7]. For this purpose,
light touch sensation, capillary refilling, and dorsal pedal pulse should be checked[31].
In the sports setting, the sports-specific functional level of the athlete should also be
assessed. Proper objective interpretation of these findings is fundamental to correct
injury grading[38].

Grading
Lateral ankle sprains are characteristically classified as grade I, II, or III, based on the
severity of injury to the lateral ligaments. As mentioned earlier, provocative ligament
tests are challenging to accomplish at the time of acute injury; thus, clinical grading is
usually rather subjective and focused on the amount of existing swelling, pain, and
ecchymosis[37].
Mild swelling, tenderness, and minimal difficulty in ROM are usually seen in lower
grades. However, diffuse swelling, ecchymosis, tenderness, positive provocative tests,
and inability of weight bearing are associated with substantial instability in a Grade III
injury. Hemarthrosis may also complicate the clinical presentation[7].
According to a systematic review, 96% of patients with all four findings of swelling,
ecchymosis, tenderness and a positive ADT have a lateral ligament rupture in contrast
to only 14% of individuals without all these findings[44].
There is no definite end-point for unilateral joint laxity in the ADT or talar tilt test
suggesting grade III injuries[44]. Therefore, due to this problem as well as limitations
imposed by pain and dysfunction, precisely recognizing grade III sprains is clinically
difficult[45].
A grading system has been introduced in which more severe grades need longer
rehabilitation for full recovery of the athlete[32,38] (Table 1).
This grading system can estimate the severity of an injury and predict the

WJO

https://www.wjgnet.com

537

December 18, 2020

Volume 11

Issue 12

Halabchi F et al. Ankle sprain in athletes

Table 1 Ankle sprain grading system[32,38]
Grade Hemorrhage

Point
tenderness

Loss of
function

Decreased total ankle
Swelling
motion

Anterior
drawer test

Talar tilt
test

Stress
radiography

I

Little or No

No

No

≤ 5°

≤ 0.5 cm

-

-

II

Yes

Yes

Some

> 5° and < 10°

> 0.5 and < 2
cm

+

-

-

IIIA

Yes

Yes (extreme)

Near total

≥ 10°

≥ 2 cm

+

+

ADM ≤ 3 mm

IIIB

Yes

Yes (extreme)

Near total

≥ 10°

≥ 2 cm

+

+

ADM > 3 mm

-

ADM: Anterior drawer movement.

prognosis[38]. However, clinical grading does not change initial management and has a
limited role in the acute setting[37].

IMAGING
Plain radiography
The Ottawa Ankle and Foot Rules are clinically recommended for all acute ankle
injuries in order to accelerate patient care and reduce the number and costs of
unnecessary radiographs[46-48].
According to these rules, plain ankle radiography is needed, if pain exists in the
malleolar zone and there is at least one of the following signs: (1) Bone tenderness in
the distal 6 cm of the posterior half of the tibia or tip of the medial malleolus; (2) Bone
tenderness in the distal 6 cm of the posterior half of the fibula or tip of the lateral
malleolus; and (3) Inability of weight-bearing for 4 steps both immediately after injury
and in the physician’s office or emergency department.
In addition, if the midfoot is painful, plain foot radiography should be requested if
any of the following exist: (1) Inability to bear weight for 4 steps just after the injury
and at the medical service center or office; (2) Tenderness over the navicular bone; and
(3) Tenderness at the base of the fifth metatarsal bone[37,48].
These rules are the most validated tool for exclusion of ankle or mid-foot fractures
in first 7 d after injury (level 1)[46-48]. Multiple studies have shown a high sensitivity of
94.6% to 100%, but a variable specificity, ranging from 11.5% to 79%, in detecting
fractures in adults and children with acute ankle injury[36,44,47,49,50].
As a result, negative findings indicate that radiography is not needed. Nevertheless,
due to low specificity, positive findings do not essentially reveal the existing fracture,
but do show that radiography is required to approve or rule out fracture[48].
If ankle radiographs are indicated, standard trauma views including anteroposterior
(AP), mortise (AP with 10°-20° internal rotation) and lateral views should be
obtained[1,48]. Imaging during weight-bearing would be ideal; however, the patient's
tolerance and cooperation in the acute phase may be challenging[7,36].
In the case of tenderness on the proximal part of the fifth metatarsal, an oblique foot
X-ray may also be necessary. AP and mortise views in ankle dorsiflexion and plantarflexion may also be valuable in suspected osteochondral lesions of the talus[7].
In a skeletally immature patient, Salter-Harris type 1 fracture should not be
overlooked, when there is tenderness over the distal growth-plate of the tibia or
fibula[31].

Stress radiography
Ankle stress radiography is generally unnecessary, unreliable, and outdated to reveal
acute ligamentous injuries after ankle sprain (level 2)[1,41,51].
The technique is painful and needs local anesthesia. The result is also inconclusive
due to high variability in values defined as normal as well as mechanical or manual
techniques to achieve optimal stress[1].
Two types of stress radiography may be used, which generally aid in the diagnosis
of medial or syndesmotic ligament injuries: (1) Talar stress views may be helpful to
detect lateral instability by taking an ankle mortise view while locating the ankle in
plantarflexion and inversion; and (2) External rotation stress views may be used to
diagnose the syndesmotic or deltoid ligament injuries. In this view, the ankle is forced
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to external rotation while obtaining an AP view. Increased medial clear space width
(space between the medial malleolus and talus) of more than 4 mm is indicative of
deep deltoid ligament rupture and tibiofibular clear space (measured 1 cm proximal to
the tibial plafond) of more than 6 mm in both the AP and mortise views suggests
syndesmotic injuries[52].

Ultrasound
Ultrasound may be useful for the diagnosis of ankle ligamentous injuries. Diagnostic
accuracy of up to 95% for ATFL and 90% for CFL injuries has been reported for
ultrasound[53]. Additionally, ultrasound permits the physician to obtain dynamic
images to detect functional impairments or joint instability that could not be visualized
with other imaging choices[7,53].
Nevertheless, it has two notable limitations: First, acute tears may be pictured in
different forms such as hypo-echogenicity or swelling, which may not provide
adequate information for correct diagnosis, and second, its accuracy is highly
dependent on the operator and/or equipment.
Compared with magnetic resonance imaging (MRI), diagnostic ultrasonography is
valuable but less precise and sensitive in the detection of acute lateral ligament injury
(level 2)[41].

MRI
Despite the fact that MRI is a reliable method for revealing acute tears of the ATFL and
CFL following acute injury (level 2)[41], it is not usually indicated in the routine
investigation of acute ankle injuries due to high incidence, limited accessibility, high
cost and false-positive findings[1].
However, as the gold standard imaging modality of ankle ligamentous and intraarticular injuries[1], MRI may be extremely beneficial in some particular patients with
clinically suspected concomitant injuries, such as osteochondral lesions, syndesmotic
injuries, and tendinous pathologies or when persistent symptoms and chronic ankle
instability mandate further workup[33].
MRI has good accuracy to detect osteochondral lesions of the talus and determine
the level of injury to the ankle syndesmotic ligaments (level 2)[41].

Other imaging techniques
Other techniques such as computed tomography (CT) scan, CT arthrogram, contrastenhanced MRI, magnetic resonance arthrogram or bone scan are not routinely ordered
for diagnosis. However, they may be valuable in the assessment of particular
patients[7]. Arthrography within 48 h after an inversion trauma is highly sensitive, but
not recommended (level 2)[25].

TREATMENT AND REHABILITATION
Rest, ice, compression, and elevation
Similar to many acute musculoskeletal injuries, the principles of rest, ice, compression,
and elevation (RICE) are historically applied for patients with ankle sprain. However,
there is limited evidence supporting the efficacy of this approach in reducing
associated symptoms following injury[10,33]. Several studies have investigated the
components of ice and compression[10].
Limited evidence has indicated that the effectiveness of cryotherapy for reducing
symptoms of an ankle sprain is doubtful (level 1)[10,54,55]. Also, there is no evidence that
the isolated application of ice can decrease pain and swelling, as well as improve
function among persons with acute ankle sprain (level 2)[10,56,57]. However, cryotherapy
for 3-7 d is routinely used to reduce pain, minimize swelling and bleeding due to
vasoconstriction (especially when applied in the first hours), and decrease secondary
injury[54,56,58].
Most statements have recommended a protocol of 20 min each two hours[59].
Intermittent immersion cold therapy in the first week after injury may also be helpful
in short-term pain relief[38,56,59].
Due to lack of evidence and the potential for injury exacerbation as the result of
vasodilation and inflammatory response, thermotherapy (application of heat) is not
recommended during the acute and subacute phases of injury (level 3)[41,57].
Traditionally, compression is regarded as an effective tool to reduce swelling and
improve quality of life[60], but current evidence concerning the effectiveness of
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compression after acute sprain is questionable (level 2)[10,61-64]. It may be explained by
the poor quality of existing studies and the variety of treatments used. However, over
75% of hospitals still use tubular compression bandaging despite the lack of
convincing evidence on its effectiveness at enhancing recovery[60]. Nevertheless, the
application of an elastic bandage in acute ankle sprain was more effective than a splint
in reducing edema. Therefore, an elastic bandage could be preferred over a splint for
the treatment of acute ankle sprains[65].
There have been no controlled trials on the individual efficacy of rest or elevation in
the management of acute ankle sprains[33]. Nevertheless, the injured leg with an acute
sprain may be elevated 15-25 cm above the level of the heart to enhance venous and
lymphatic drainage and minimize swelling[41,59].
Although there is no sufficient evidence, the use of RICE therapy is a reasonable,
routine, and probably safe method in the acute setting for short-term pain relief to
expedite early mobilization[33].

Analgesic and anti-inflammatory medications
Nonsteroidal anti-inflammatory drugs: Oral and topical nonsteroidal antiinflammatory drugs (NSAIDs) are commonly prescribed to decrease pain and
inflammation in the acute phase of ankle sprain[66].
Current studies indicate that the consumption of topical or oral NSAIDs in young
and healthy athletes cause short-term improvement of pain and swelling (< 2 wk)
without considerably raising the risk of unfavorable events compared with placebo
(level 1)[10,41,67-70].
Although NSAIDs are generally considered safe, they should be prescribed
prudently due to their potential gastrointestinal, renal, and cardiovascular adverse
effects (level 2)[10,71]. Otherwise, they may delay the natural healing process caused by
inhibition of the normal inflammatory response[33,71]. Therefore, before prescription,
their effect on each individual case has to be weighed.
Regarding the selected NSAIDs for ankle sprains, a few studies have shown
superior results for diclofenac at first and second days compared with piroxicam and
ibuprofen for pain reduction in mild to severe acute sprains and equal side effects
(levels 2 and 3)[10,72,73].
Acetaminophen: Acetaminophen seems to be equally effective as NSAIDs for pain,
swelling, and ROM in the first two weeks following acute sprain (level 1)[10,33,74-76].
Opioid analgesics: Compared to NSAIDs, opioid analgesics are similarly effective for
pain control, albeit with more adverse effects (level 2)[10,77,78].
Other pharmaceutical agents: Besides the routinely used analgesics, other
pharmaceutical agents were investigated in the management of acute ankle sprains,
such as hyaluronic acid or platelet-rich plasma (PRP) injections and topical Traumeel.
Studies have shown that periarticular hyaluronic acid injections compared with
placebo decreased the pain, but they did not result in a faster return to sport or
reduced recurrence (level 2)[10,79,80]. Orthobiologics such as PRP injections were not
better than placebo injections for pain and functional outcomes (level 3)[10,81]. Also,
topical Traumeel was not more effective than diclofenac topical gel for ankle swelling,
pain, and function (level 2)[10,82].

Bracing and Immobilization
According to the current evidence, early mobilization and functional ankle support are
better than rigid immobilization in the management of acute ankle sprains, especially
for grade I and II injuries (level 1)[10,83].
A randomized controlled trial showed that injured athletes who used functional
support were able to return to sports activities earlier than those who were managed
by casting, and they had fewer symptoms 3 to 6 mo after injury. Although the reinjury rate between the two groups was not significantly different, more ligamentous
laxity was radiographically observed among the athletes who were managed with the
cast[84]. In a meta-analysis comparing rigid immobilization and functional support,
authors reported that a higher percentage of patients who were treated with functional
support returned to sports than those managed with rigid immobilization (level 1).
Studies have also shown, at intermediate follow-up that the functional support group
had benefited from a greater ROM, earlier return to work, and less prevalence of
ligamentous laxity and persistent swelling[83,85-88].
However, some evidence showed that a short episode of immobilization (less than
10 d) with a below-knee plaster cast or rigid stirrup brace may be of added value in
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grade III sprains to decrease pain and swelling and improve functional outcome (level
2)[10,33,89-92].
Functional supports are frequently used in the form of a brace, tape, or elastic
bandage. These external supports are different from rigid immobilization and permit
loading on damaged tissues in a protected manner[91]. The use of an ankle brace shows
the greatest effects compared with other types of functional support such as nonelastic sports tape or elastic kinesiotape, with no side effects (level 2)[10,93]. The
superiority of different types of external supports over each other is a matter of
controversy[85,94,95].
In comparison between the brace and elastic bandage, a meta-analysis demonstrated
that lace-up or semi-rigid braces are superior to the application of the elastic bandage
(level 1)[85]. Any type of true ankle support is more efficient than the less adequate
supports such as compression bandage (level 2)[91]. Therefore, it seems that
compression bandage is not beneficial after the acute phase in the management
process (level 3)[64]. The use of an elastic bandage is associated with a delayed return to
sport and more perceived instability compared to semi-rigid ankle support[85].
Although outcomes following six months treatment of acute ankle sprain shows no
difference between managements with tape, semi-rigid brace, or lace-up brace, in the
short-term a lace-up brace or semi-rigid brace appears to be more effective in reducing
swelling than a tape or elastic band (level 2)[85,96]. In addition, bracing is more costeffective[93].
A small systematic review has shown that kinesiotape may not provide adequate
mechanical support for unstable ankles (level 1)[97].
However, the success of functional support depends on the severity of the injury.
For instance, outcomes may be worse in a sprain complicated by an avulsion fracture,
compared to isolated ligament injuries[10,98].
As a conclusion, a lace-up brace or a semi-rigid brace seems suitable and are
recommended for all athletes with a prior history of ankle sprain, especially when
participating in high-risk activities and sports[99], although some authors believe that
lace-up ankle supports are superior to semi-rigid ones[100,101]. In elite athletes, taping can
also be a choice[25].
A brace should be used for a minimum of 6 mo following an acute moderate to
severe ankle sprain to prevent recurrence[102]. Apart from the preventive effect, the rate
of severe ankle sprain is reduced with the use of brace[6,16].
Regarding the protective effect of external supports in athletes returning to the sport
after an ankle sprain, a systematic review revealed that athletes who taped or braced
had 70% fewer ankle injuries compared to individuals without any prophylactic
support[103,104].

Weight bearing and walking aid
Despite the traditional emphasis on non-weight bearing in the early phases of
rehabilitation, a systematic review has shown that early weight-bearing with support
reduced the symptoms of acute ankle sprain[105]. This early and progressive weightbearing should include a proper walking-aid device such as a crutch, as needed[106].
Numerous studies have demonstrated that integrating early weight-bearing and
movement has a positive influence on the reduction of swelling and restoration of
normal ROM. In addition, it accelerates the return to normal activity[105,107,108]. These
positive effects have also been reported in individuals with severe grade III sprains,
without impeding long-term mechanical stability[109].

Foot orthosis
Foot orthoses may have a significant positive effect in athletes with acute ankle
sprain[110]. Some studies have shown that they considerably diminished pain and
increased postural control after an acute ankle sprain, possibly due to improved
sensory inputs and improved muscular function[110-112]. Both custom made and
prefabricated orthoses seem to be effective. Currently, the use of foot orthoses is
endorsed by some experts as an important part in the rehabilitation process of ankle
sprain[104].

Manual Therapy
The application of manual techniques in the rehabilitation process of acute ankle
sprains may be beneficial in pain reduction[113,114] (level 1), ROM (especially
dorsiflexion, level 1)[113,115,116], stride length, and functional recovery[113,114]. However, it is
uncertain whether manual therapy was useful for the primary outcome of recurrence
rate[6].
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Common manual techniques include anterior to posterior talocrural glides and
talocrural distraction in the neutral position[113]. Soft tissue massage and manual
lymphatic drainage techniques can also be performed to reduce stiffness and swelling
while improving ROM and proprioceptive awareness[117].
The combination of manual therapy and exercise therapy may provide better results
compared with exercise therapy alone (level 3)[114]. Mobilization with movement of the
ankle joint includes a combination of posterior talar glide mobilization and active
dorsiflexion and can be performed in both positions of weight-bearing or non-weightbearing[118]. This method may be performed to further increase dorsiflexion and
improve function (level 2)[41,118,119].
Accordingly, the inclusion of manual therapy techniques into rehabilitation
programs is recommended (level 3)[10,33].

Exercise therapy
Growing evidence supports the use of exercise therapy as the main component of the
treatment program[25,115,120-122]. The efficacy of exercise therapy programs has been
established, especially when initiated early following an acute ankle sprain[10,120,123].
These programs can reduce the prevalence of recurrent injuries[115,124,125], as well as
functional ankle instability[115,126]. Moreover, they may result in an earlier time to
recovery and improved self-reported function following acute ankle sprain (level
1)[6,121,124,126].
Both supervised[121,122,127] and home-based[25] exercise are recommended. However,
supervised exercise compared with home-based programs may be more helpful in
improving ankle strength and proprioception[127], and returning to work[122] and sport
earlier[121] (level 1). Nevertheless, some articles disagree with these positive results and
believe that the addition of supervised exercise therapy may not be more effective than
the conventional program alone (level 2)[115,128-130]. Accordingly, it remains uncertain
whether exercise therapy should be supervised or not and additional research is
necessary (level 1)[10].
Exercise therapy should be comprehensive and progressive and include ROM,
flexibility (stretching), resistance (strengthening), neuromuscular and proprioceptive,
and finally sport-specific functional exercises (level 2)[10,41,88,92,120,131-135]. However, no
consensus exists regarding the optimal exercise content and training volume in this
area[136].
ROM exercises: Early ROM exercises should be started as soon as pain permits[100].
Such a program can frequently be commenced immediately in grade I and II injuries
but may need to be postponed in a grade III injury[35]. As soon as the pain permits,
individuals should begin weight-bearing and ROM rehabilitation[37,100].
However, it is better to minimize inversion and eversion in the early stages of
rehabilitation. After decreasing tenderness over the ligament, inversion and eversion
exercises should be added. Athletes are encouraged to do these exercises slowly,
without pain, and to use high repetitions[137]. ROM should be resumed first, before
functional rehabilitation starts[138].
Stretching exercises: These exercises should be started with open-chain ankle motions
for all planes and non-weight bearing dorsiflexion stretch with upper extremity assist
and progress to standing calf stretch and generalized ankle stretching in the closed
chain[138,139]. Vigorous heel cord stretching should be initiated as soon as possible. It is
hypothesized that tight heel cord may act as a bowstring and can increase the
possibility of ankle sprains[140].
Strengthening exercises: After restoration of normal ROM, the athlete starts this
phase, beginning with isometric exercises against an immobile object in both frontal
and sagittal planes. Afterward, the athlete progresses to isotonic resistive exercises
using weights, elastic bands or manual resistance by the therapist for dorsiflexion,
plantar flexion, inversion, and eversion as tolerated by pain. It is recommended to start
with dorsiflexion and plantar flexion isotonic exercises in the early phases, which do
not compromise the ligaments. As the ligaments heal further and ROM normalizes,
strengthening exercises may be begun in all planes of motion, using pain as the basic
guideline[137]. These combine concentric (muscle shortening), and eccentric (muscle
lengthening) exercises[37,141]. At first, light resistance with high repetitions are
recommended (two to four sets of 10 repetitions)[137]. Strengthening the peroneal
muscles is important because reduced eversion strength has been associated with
recurrent injury and chronic instability[35]. Bilateral standing toe raised through the full
range with use of an angle board or stairs may also be helpful[139]. Proprioceptive
neuromuscular facilitation (PNF) strengthening exercises that isolate the desired
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motions at the talocrural joint may also be useful[137].
As an athlete progresses through the program, it is essential to include exercises that
involve proximal muscles of the hip and trunk. It has been shown that low hip
strength may increase the chance of lateral ankle sprains[28]. Merging hip and trunk
exercises in the rehabilitation process may be useful in reducing the re-injury rate and
hence should be considered in athletes with acute ankle sprain[38].
Neuromuscular and proprioceptive exercises: The next phase of rehabilitation
involves neuromuscular and proprioceptive training to restore the balance and
postural control[133,142].
It was demonstrated that neuromuscular activation patterns are altered after ankle
sprain, which may contribute to adverse outcomes such as functional instability, gait
abnormalities, and increased recurrence rate[143]. Therefore, these exercises may reduce
subjective instability, improve functional outcome measures[126] and decrease the
prevalence of recurrence[115,124,126,144].
Early application of neuromuscular training in the first week of injury gives rise to
higher activity levels without consequences such as increased pain, swelling, or the
rate of re-injury[120]. Therefore, early neuromuscular re-training is safe and effective
and is recommended as an important part of the rehabilitation program for athletes
suffering ankle sprain[33,38,126]. This type of training should be performed throughout the
rehabilitation process (level 1)[41,132-135].
In the early phases, neuromuscular (sensorimotor) exercises may be started with
intrinsic foot motion (toe extension with ankle plantar flexion/toe flexion with ankle
dorsiflexion) and exercises performed on a foam surface, wedge board, Bosu or
DynaDisc in the seated position[133,142,145]. Initially, the athlete should begin with a
wedge board in the sagittal direction. As pain decreases, the board may be turned in
the coronal direction. When the athlete can perform these movements without
difficulty, a seated Biomechanical Ankle Platform System (BAPS) board may be used
for full ROM exercises[137,139].
When seated exercises are done easily, standing balance exercises should be started.
They may be initiated on one leg standing without a board. The patient then supports
their weight with the hands and maintains balance on an unstable surface of a wedge
board in either the sagittal or coronal direction with both and then the injured foot.
Next, hand support may be eliminated while balancing on the wedge board. The same
sequence is then used on the BAPS board[137]. In athletes, the exercise may be made
more challenging with the addition of sport-specific perturbation (depending on
specific sport; chest pass/overhead pass, volleyball passing, hand fighting for
football/wrestling). In the last phases, full-speed planned movement drills (Ladder,
Cone) and unilateral jumps to unstable surfaces (foam pad/Bosu) should be
performed[139].
Sport-specific exercises: The last phase of the rehabilitation process involves sportspecific training. In a volleyball player, it may consist of plyometric training with
jumping maneuvers and for a soccer player, this would include running and cutting
drills[146]. Application of a brace or tape may be warranted during the early period of
sport-specific training[35].
Although there is no convincing evidence to support better results of sports-specific
training compared to neuromuscular training with regard to reducing the chance of reinjury, it seems prudent, based on existing evidence, that sport-specific training be
incorporated in the rehabilitation program of athletes with acute ankle sprain[38,106].
This phase of the training program needs expert trainers or therapists with
equipment and facilities simulating the real sporting milieu. Evaluation of mastery in
sport-specific skills mandates good interaction between the rehabilitation team so that
the treating physician can decide regarding return to play[104,147].
Samples of different suitable exercises in the rehabilitation of acute ankle sprain are
illustrated in Figure 2.

Electrophysical modalities
Traditionally, these modalities have been suggested to improve the healing process
following acute ankle sprain; however, there is not enough evidence available to
justify their application[34,148]. No effect on pain, edema, function and return to play has
been reported for ultrasound[148,149] (level 1), laser therapy[150] (level 1), electrotherapy
(level 1)[151-153] and shortwave diathermy (level 2)[154-157] in the management of acute
ankle sprain[6].
A small cohort study demonstrated that local vibration therapy may be useful in
ankle sprain by improving ROM (dorsiflexion and eversion) and reducing ankle
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Figure 2 Ankle sprain exercises. ROM: Range of motion.

stiffness (level 3)[158]. Another study showed the potential positive effect of Bioptron
light therapy in addition to cryotherapy (level 3)[159].
Furthermore, no evidence exists that the addition of supervised physiotherapy to
routine care may provide a clinically important change in outcome[160].
Therefore, these modalities are not recommended due to lack of convincing
evidence on their effectiveness (level 2)[10].

Surgical therapy
In the past, surgical therapy for acute ankle sprains was common practice. However, it
is now evident that the long-term effects of surgical treatment is similar to functional
treatment in cases of acute ankle sprain and the majority of cases do not need surgery
to resolve the complaints (level 1)[161-163]. Currently, non-operative functional treatment
is the preferred method and surgery is only reserved for acute cases of unstable
syndesmotic injuries, associated ankle fractures, chronic cases of refractory ankle
instability (defined by varus tilt > 10° or > 5° compared to the contralateral side or 10
mm of anterior translation or 5 mm more than the contralateral side)[164], and in cases
not responding to an adequate exercise-based rehabilitation[33]. However, treatment
decisions should be individualized. In elite athletes, surgery may be chosen to ensure
earlier return to play[10,163].
Surgical techniques emphasize anatomic repair/reconstruction to regain stability
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while trying to minimize complications such as limitation of joint motion and long
term development of degenerative arthritis[165].
The modified Broström procedure is commonly used and comprises the direct
anatomic repair of torn lateral ligaments together with reinforcement of the inferior
extensor retinaculum[166]. This procedure has a success rate of > 90%[164]. Arthroscopic
surgery may be preferred in order to treat or rule out a concomitant intra-articular
lesion, avoid unnecessary exposure to a more invasive approach, and expedite
recovery and return to play in the athletic population (level 1)[10,36,162].
Some studies have reported that surgical intervention may have a higher risk of
complications (issues such as wound healing, infection, dystrophy, iatrogenic nerve
damage and paresthesia) compared with a conservative intervention[6,161,163,167].
However, the evidence is limited for impaired ankle mobility, higher rate of ankle
stiffness, extended recovery times, and other complications in patients who underwent
surgical treatment (level 1)[161].
Surgery may be superior at decreasing the recurrence rate of sprain, thereby
diminishing the risk for early osteoarthritis (level 2)[168]. However, most individuals
(60%–70%) with acute ankle sprain will have a good response to the non-surgical
approach[162], and hence surgical treatment would expose individuals to an invasive
intervention regardless of the higher cost (level 1)[10].

Other therapies
Some other therapies have been theorized to be effective in the management of ankle
sprains. However, such interventions like homeopathic therapy[162,169], hyperbaric
oxygen therapy[170], or prolotherapy[171] were not effective or there was not sufficient
data to support their use in the treatment of acute ankle sprain. Therefore, they should
not be used as a part of the standard rehabilitation of acute ankle sprains[1].
Although a review concluded that acupuncture might have a therapeutic effect to
decrease acute symptoms, evidence on the effectiveness of acupuncture is also
inconclusive due to large heterogeneity between studies (level 1)[6,172,173].

RETURN TO SPORT
In an injured athlete, timely and safe return to training or competition is the desired
outcome of the rehabilitation process. Sports physician should finally decide regarding
the athlete’s readiness for return to sport. This decision can be a complex procedure
and may need obtaining and interpreting evidence from multiple sources[174].
Obtaining feedback from all members of the rehabilitation team is very important, as
many of the key parameters cannot be assessed or monitored in the practice or clinical
setting[104]. The responsibility of the physician is to consider all relevant parameters and
explain the consequences and risks to the athlete.
In accordance with the consensus statement from the American College of Sports
Medicine, the team doctor should make a return to play (RTP) decision, when
important criteria such as good sport-specific function of the injured ankle, normal
cardiopulmonary and musculoskeletal function, and overall health, restored sports
skills and psychosocial readiness were confirmed. In addition, the ability of the athlete
to perform safely with a brace, orthosis, and equipment modification is critical.
Furthermore, the team physician should ensure that the athlete does not pose an
unjustified risk to herself/himself or the safety of other athletes and complies with
applicable regulations and legislation[174].
To make an evidence-based RTP decision, the sports physician should consider all
of the following parameters.

Self-reported variables
Although assessment of swelling, pain, and ROM by the physician was traditionally
considered an important indicator of recovery, current evidence raises the question
regarding its reliability[175]. Now, there is a discussion about whether the athlete rather
than the physician may be in the best position to evaluate the quality of recovery from
an ankle sprain[176]. Outcome studies highly emphasized the athlete’s subjective feeling
of function and quality of life in relation to an injury[176-179]. Self-reported outcome tools
may help clinicians to evaluate the effects of an injury as well as applied treatment on
physical function and should be incorporated in any RTP decision making[41]. The
relevance of several tools has been established in supervising recovery from an ankle
sprain, including the foot and ankle disability index[180], foot and ankle ability
measure[181], lower extremity function score[182], sports ankle rating system[183], lower
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limb task questionnaire[179], and Cumberland ankle instability tool[184].
These tools usually have a scoring scale and are designed to quantify an athlete’s
alteration in health status (especially functional disability) over time[185,186]. However,
many tools have some questions about ankle function when participating in sports,
which could not be applied for RTP decision while the individual has not yet been
eligible to participate[104].

Manual tests of ankle stability
Manual tests of the anterior drawer and talar tilt may be helpful in measuring residual
laxity and mechanical instability of the ankle, especially after the remission of acute
swelling and pain[7,104]. However, functional instability of the ankle may impede return
to play without any mechanical instability. For this reason, the functional tests may be
more important in decision-making.

Functional performance testing
In the final parts of rehabilitation, several performance tests should be carried out.
Many of these tests have been established to recognize athletes with ankle functional
instability, such as shuttle run and different hop tests (single-legged for distance, side,
and up-and-down)[187]. These functional tests have not been precisely appraised for
suitability in decision making about RTP. Therefore, it is generally recommended that
the physician must compare the injured and non-injured ankles and verify that the
injured one has attained at least a performance level of 80%[188]. To monitor recovery
after an ankle sprain, evaluation of impairments in postural control and balance may
be critical[189]. The single-leg balance test (modified Romberg test) is an easy tool to use
in the clinic and has acceptable reliability for revealing balance deficits in athletes after
an ankle sprain[190]. However, most clinicians believe that assessment of dynamic
balance is more reliable for predicting post-sprain recovery[191]. The star excursion
balance test (SEBT) is regarded as more specific than static tests in functional
assessment[192,193]. This test concurrently evaluates the ROM, strength, neuromuscular
control, and proprioception. To perform this test, the athlete stands on one foot and
then reaches the other foot in 8 determined directions. In the simplified form of this
test, only 3 reach directions of anteromedial, medial, and posteromedial are
assessed[194]. The physician can rapidly apply this simplified test to evaluate dynamic
balance by comparison of the injured and non-injured ankles.
Quantitative measurements are carried out for all tests, such as distance achieved
with hopping or time to complete the task. Some of these tests such as single-legged
hop for distance (lateral and forward), single-leg stance for time, SEBT, and heel
rockers may be most feasible to administer and are recommended in the clinical
setting[104,187,195-197]. Before the athlete restores sport-specific exercises, the functional
performance of the injured limb should be equal or more than 80% of the uninjured
limb[41,142].

PREVENTION OF RECURRENT SPRAINS
Several measures have been studied as possible interventions for lowering the
incidence of recurrent ankle sprains. However, the evidence is limited and mostly
concentrated on bracing, taping, and neuromuscular training.

Bracing and taping
Non-rigid bracing and prophylactic taping are effective methods in the prevention of
recurrent ankle sprain[10]. In persons with a history of ankle sprain, these may decrease
the risk of sprains by 50% to 70%[198]. Compared to taping, bracing is more costeffective[199], but both seem to be efficient in the prevention of recurrent sprain, and the
selection may be dependent on the athlete’s preference. No study has compared the
concurrent application of both bracing and tape to either intervention alone[33].
Ankle bracing (especially non-rigid lace-up brace) may be effective for secondary
prevention of acute sprain in soccer, basketball, volleyball, and American football.
There is no available randomized controlled trial on this topic for other sports[200,201].
According to the existing evidence, lace-up brace or taping may be recommended
for one year following ankle sprain to avoid recurrence[33].

Neuromuscular exercises
Neuromuscular exercise programs usually comprise proprioception and balance
exercises with repeated involuntary or voluntary destabilization during exercise.
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These programs improve functional outcome scores, joint proprioception, and muscle
reaction time[124]. They decrease the rate of recurrence up to 12 mo following acute
sprain and should be considered in every athlete who experiences an ankle sprain as
early as tolerated following injury[10,33].

TAKING ALL TOGETHER IN AN ALGORITHMIC APPROACH
Although grading of ankle sprain has been considered an important determinant of
the rehabilitation process and return to play, it seems that reliance on grading in elite
athletes may be challenging and is of limited benefit (especially in the acute setting)[37]
due to the following reasons: (1) As conventional grading systems rely mainly on the
signs and symptoms such as hemorrhage, swelling, and tenderness[32,38], the proper and
early application of first aid measures may significantly affect the grade identification
by the physician. For example, swelling and tenderness may be less than expected
with timely and due use of RICE and electrophysical modalities. This is particularly
true for elite athletes who are regularly under the close supervision of expert team
physicians and therapists; (2) The stability tests such as anterior drawer and talar tilt
may be impractical and non-specific due to inflammation and pain in the acute stage
(first 5 d)[36,43]. As these tests are so important in the existing grading systems, it seems
that proper grading is not reliable, at least in the critical first days; (3) The stability
tests should be judged in comparison with the uninjured ankle[1,39]. As many elite
athletes (especially in high-risk sports such as basketball, volleyball, and soccer) may
frequently have a history of ankle sprain and subsequent instability in the other side,
this comparison may be less meaningful in this group; and (4) The healing response of
athlete’s tissues may be dependent on important parameters such as genetics, age, coexisting injuries, rehabilitation protocol, nutrition, and pre-injury fitness level and has
great inter-individual variation. Therefore, over-emphasis on the grading system to
determine the exact time of return to play does not seem prudent and reliable.
According to the above-mentioned reasons, we recommend tailoring primary
diagnostic and therapeutic interventions and rehabilitation programs based on the
periodic assessments of athlete’s symptoms and signs in an individualized manner.
This approach has been summarized in the following algorithm (Figure 3).

CONCLUSION
There are some common mistakes in the management of ankle sprains among athletes,
which all clinicians should be aware of and avoid. These include unnecessary imaging,
undue non-weight-bearing, unwarranted immobilization, delay in functional
movements, and insufficient rehabilitation. The use of an evidence-based algorithmic
approach with consideration of individual characteristics is highly recommended.
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Figure 3 Algorithmic approach to acute lateral ankle sprain. AP: Anteroposterior; RICE: Rest, ice, compression, and elevation; NSAID: Nonsteroidal antiinflammatory drug; ROM: Range of motion; TMT: Tarsometatarsal.
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Abstract
While advanced technology, increased medical knowledge and improved surgical
technique has improved patient outcomes in total joint arthroplasty, prosthetic
joint infection still remains one of the leading causes of increased healthcare costs,
medical resources and societal burdens in orthopaedic care. Two stage
arthroplasty revision remains the gold standard for treatment of prosthetic joint
infection. Proponents of single stage revision arthroplasty for infection argue that
it results in lower healthcare costs while improving patient reported functional
outcomes and with equivalent success rates. Here we review the history of single
stage revision arthroplasty, discuss the key principles, highlight the indications
and contraindications, and review the reported outcomes with a focus on future
developments of single stage revision arthroplasty for hip and knee periprosthetic
joint infections.
Key Words: Prosthetic joint infection; Single stage; Revision total joint arthroplasty; Total
knee arthroplasty; Infection
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Single stage revision for periprosthetic joint infection can be a successful
operation with careful selection of the patient, infecting organism and precise surgical
technique. The 3 key principles of bacterial sensitivities, thorough radial debridement
and delivery of local and systemic antibiotics can result in similar infection free
survivorship to two stage exchange. Future developments into this technique include its
practice in culture negative infections or use of cementless implants. Randomized
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INTRODUCTION
In the early 1970s Dr. Hans Wilhelm Buchholz published extensive research into the
properties of antibiotics and polymethylmethacrylate with respect to hip and knee
replacement surgery. There, he was able to report consistently lower infection rates
with addition of gentamycin antibiotics to the bone cement[1]. He was one of the first to
report successful prophylactic treatment of endoprostheses with antibiotic loaded
bone cement as well as surgical treatment by single exchange arthroplasty for infected
prostheses[2]. Buchholz’s experience was unique as treatment of prosthetic joint
infections (PJI) were evolving during this time and two-stage exchange arthroplasty
was proving to have improved infection control in other parts of the world.
In the modern treatment paradigm, two-stage exchange arthroplasty for PJI is the
gold standard treatment. However, more centers around the world are challenging
that concept by reporting their successful results of single stage exchange arthroplasty,
with techniques and principles similar to the original ones described by Buchholz’s
center at the ENDO Klinik in Hamburg, Germany[3-6]. With a globalization of education
and technology, improvements to this process has allowed for a better understanding
of single stage exchange arthroplasty. We report the current literature regarding key
principles, indications, contraindications, outcomes and future direction of single stage
revision arthroplasty for prosthetic hip and knee infections.

REASONING FOR SINGLE STAGE
Periprosthetic joint infection is one of the most common reasons for early, less than 2
years, and all-cause revisions in total knee arthroplasty and total hip arthroplasty[7-9].
With a rising total number of both primary joint procedures and periprosthetic joint
infections, understanding surgical management options are important, especially in a
value-based healthcare system[10]. Single stage revision (SSR) for PJI (SSR PJI) has been
reported to have equivalent infection-free success compared to two stage revision,
with lower mortality and morbidity, with less hospitalizations, shorter antibiotic
treatment duration, and lower overall healthcare costs[11-15] (Table 1). The ability to
perform one less operation appeals to patients on many levels and naturally will lend
itself to lower the risks of an additional operation.
Two stage revision is not without its complications. Gomez et al[16] reviewed 504
patients undergoing two stage revision for PJI at 56 mo. Only 82% of patients
underwent final implantation. In patients with gram negative infection, the reimplantation rate was even lower at 64%. 11% of patients required a spacer exchange
from reinfection, and 10.3% of patients died at 2 years. The option for the surgeon to
perform single stage revision may help reduce the risk of some devastating outcomes
from a second operation.

KEY PRINCIPLES OF SINGLE STAGE
There are 3 key principles of SSR PJI[17]. The first is the organism must be known with
sensitivities and bacterial minimally inhibitory concentrations. Single stage
revision should not be performed without this information as antibiotic treatment
cannot be tailored to combat the infection. Aspiration of the joint is performed with the
patient off antibiotics for at least 14 d, using an “as sterile as possible technique” and
with a culture incubation period of 14 d. Studies have suggested anesthetics such as
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Table 1 Single stage revision outcomes for total knee arthroplasty and total hip arthroplasty
Ref.

Year

PJI

Cases

Reinfection

Follow-up (in year)

1985

Knee

8

0

2

Göksan et al[48]

1992

Knee

18

2 (11%)

5

Scott et al[49]

1993

Knee

10

3 (30%)

2002

Knee

37

4 (11%)

5

Freeman et al

[47]

[50]

Silva et al

[51]

Buechel et al

2004

Knee

22

2 (9%)

10

[52]

2011

Knee

18

1 (6%)

5.2

[53]

Parkinson et al

2011

Knee

22

0

2

Singer et al[54]

2012

Knee

63

3 (5%)

3

Klatte et al[55]

2014

Knee

4

1 (25%)

2.1

2014

Knee

50

1 (2%)

10.5

2015

Knee

28

0

6.5

Labruyère et al

2015

Knee

9

0

5

Holland et al[57]

2019

Knee

26

1 (4%)

5.3

Siddiqi et al[58]

2019

TKA

57

8 (14%)

4.4

Abdelaziz et al[59]

2020

TKA

72

8 (11%)

4.2

2020

Both

51

5 (10%)

4.4

1978

Hip

77

17 (22%)

1979

Hip

13

4 (31%)

Buchholz et al[2]

1981

Hip

640

130 (20%)

4.3

Miley et al[63]

1982

Hip

47

6 (13%)

4

1986

Hip

8

2 (25%)

6

1986

Hip

102

9 (9%)

3.2

1988

Hip

102

25 (25%)

7

Hope et al

1989

Hip

72

9 (13%)

3.75

Raut et al[67]

1994

Hip

57

8 (14%)

7.3

Mulcahy et al[68]

1996

Hip

15

0

4

1998

Hip

22

0

10.5

Callaghan et al

1999

Hip

24

2 (8%)

10

[70]

2008

Hip

32

2 (6%)

5

Winkler et al

2008

Hip

37

3 (8%)

4.4

Yoo et al[72]

2008

Hip

12

1 (8%)

7.2

Whiteside et al

[13]

Tibrewal et al
Haddad et al

[14]
[56]

[60]

Ji et al

[61]

Carlsson et al
Hughes et al

[62]

Weber et al[64]
Wroblewski et al
[65]

Sanzén et al

[66]

[69]

Ure et al

[6]

Rudelli et al

[71]

Oussedik et al[39]

[4]

2010

Hip

11

0

6.8

[40]

2011

Hip

22

0

3.8

[11]

2012

Hip

38

0

2

2013

Hip

17

3 (18%)

5.1

Hansen et al

2013

Hip

27

8 (30%)

2.25

Bori et al[46]

2014

Hip

24

1 (4%)

3.6

Jenny et al[74]

2014

Hip

65

17 (26%)

5

[55]

De Man et al

Klouche et al
Choi et al

[73]
[26]

Klatte et al
Wolf et al

2014

Hip

6

0

2.1

[27]

2014

Hip

37

24 (65%)

2

[5]

2014

Hip

157

8 (5%)

3.4

Zeller et al
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Ebied et al[75]

2016

Hip

33

1 (3%)

6

2016

Hip

39

0

6.6

Born et al[77]

2016

Hip

28

0

7

Lange et al[78]

2017

Hip

56

5 (91%)

4

Whiteside et al[79]

2017

Hip

21

1 (95%)

5.2

2018

Hip

85

5 (6%)

10.5

2018

Hip

19

1 (5%)

2019

Hip

26

1 (96%)

15

2019

Hip

111

12 (11%)

4.8

Ilchman et al

Zahar et al

[76]

[80]

[81]

Bori et al

Wolff et al

[82]

Ji et al[24]

Study author listed, year of publication, joint investigated, number of cases, reinfection rate, and follow up reported. PJI: Prosthetic joint infections.

lidocaine and ethyl chloride spray can affect bacterial growth[18,19]. Because of this, our
institution does not use local anesthetic while aspirating the joint.
The second principle is the debridement. This may be the most important principle
of SSR. Mortality after PJI has been worse than the 5 most common cancers, with
mortalities reaching up to 5% per year postoperatively[20,21]. Treating the debridement
similarly to cancer necessitates a radial resection of all infected tissue in order to obtain
clean margins and healthy tissue. Aggressive debridement includes anterior and
posterior capsule, and even the abductors when addressing PJI in the hip. In knees, the
entire synovial membrane is removed en bloc so as to not contaminate the joint and to
minimize risk of contaminating the entire surgical field. The initial incision excises the
previous scar if able, and the debridement removes all peri-incisional tissue towards
the joint. This is culminated in removal of the entire block of infected tissue. This style
of debridement is in contrast to two-stage revision, where intra-lesional debridement
occurs and may leave infected tissue throughout the surgical wound. In certain
instances, if there is a sinus tract that can be incorporated in the planned incision then
it will be excised as well. Unresectable sinus tracts, and involvement of neurovascular
bundles are contraindications for single stage revision. Lastly, while some studies
report use of methylene blue injected into the joint prior to resection to ensure
adequate resection works for two stage, it has not been studied in single stage as the
resection margins need to be greater and the goal of the debridement is not intralesional[22].
The third principle is both local and systemic antibiotic delivery tailored to the
known pathologic organism. Local antibiotic delivery can be in the form of cement,
powder or intra-articular infusion[23,24]. The delivery of antibiotics locally is known to
achieve much higher tissue concentrations at the site of infection. Naturally, the use of
bactericidal antibiotics such as aminoglycosides, cephalosporins, fluoroquinolones,
metronidazole, penicillin and vancomycin will provide better treatment than
bacteriostatic antibiotics (Table 2)[17]. Some authors advocate for Clindamycin as an
acceptable bacteriostatic antibiotic [17]. Up to 10% of the dry crystalline weight of
antibiotics can be added to the cement without significant mechanical loss[17]. Addition
of slightly more (approximately 1/8th bottle per batch) liquid monomer may allow
better viscosity characteristics for mixing. While local antibiotics generate high intraarticular concentrations with lower systemic risks, there are case reports of systemic
complications such as renal or hepatic failure, and allergic reaction[25]. Surgeons must
be mindful of dosage in patients with these risk factors. However, local antibiotic use
is a key principle. Failure to add local antibiotics has resulted in lower infection free
survivorship between 56%-70% compared to intravenous antibiotics only[26,27].
Combination of these three principles in single stage revision for periprosthetic joint
infection has resulted in midterm infection free survivorship in the 80%-95% range;
similar to two-stage revision arthroplasty[28].

INDICATIONS
Single stage revision for PJI is a viable treatment option that has gradually increased in
acceptance and popularity at certain specialized centers around the world. There has
been an increasing body of published literature on this topic with favorable results[3-6].
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Table 2 Bactericidal antibiotics vs bacteriostatic antibiotics
Bactericidal antibiotics

Bacteriostatic

Aminoglycosides, cephalosporins, fluoroquinolones, metronidazole,
penicillin, vancomycin

Chloramphenicol, clindamycin, erythromycin, sulfamethoxazole,
tetracycline, trimethoprim

It is important to use local bacteriocidal antibiotics to combat periprosthetic joint infection in single stage revision. The exception is clindamycin where it
has been reported to have success in single stage revision for infection.

The first goal is to confirm the presence of PJI in the patient. The International
Consensus Meeting (ICM) in Philadelphia 2018 gathered world leaders in orthopaedic
surgery in their subspecialized fields and created consensus guidelines based upon
available current published literature. The musculoskeletal infection society, part of
the ICM, moderately agreed on criteria for diagnosis of PJI based upon patient
laboratory tests, cultures and synovial aspiration. Patients are considered positive for
PJI if they fulfill one of two major criteria: Two positive cultures of the same organism
or a sinus tract with evidence of communication to the joint or prosthesis. Patients are
also considered positive if they have 6 or more points, inconclusive if 3-5 points, and
negative if less than 3 points on the minor criteria system. Elevated C-reactive protein
or D-Dimer (2 points), elevated ESR (1 point), elevated synovial white blood cell or ++
leukocyte esterase test stripe or positive alpha defensin (3 points), elevated synovial
polymorphoneutrophils percentage (2 points), single positive culture (2 points),
positive histology such as frozen section (3 points), intraoperative purulence (3
points). A definition and threshold of acute and chronic infection is defined in Table 3.
Difference from the 2013 criteria is the addition of leukocyte esterase, alpha defensin,
and D-Dimer which may improve sensitivity compared to the previous criteria[29].
Although some authors report chronic PJI to be a strict timeframe of more than 4
wk, the key to diagnosis of chronic infection is the establishment of biofilm and the
inability to eradicate the bacterial burden without removal of foreign material
including the metallic implants, polymethylmethacrylate, and polyethylene
bearings. Biofilm is created when groups of the infectious micro-organism(s) aggregate
together on a surface embedded in a glycosylated extra-cellular matrix. This matrix
prevents penetration of antibiotics, and allows enhanced cell to cell communication for
microbe protection and nutrition. Although true biofilm establishment by microbes
vary based on organism and conditions, early in vitro studies have suggested
formation may occur as early as 8 h[30]. However, 4 wk is usually the acceptable limit
for the ability to debride, lower bacterial burden, and remove sufficient biofilm
material, while retaining implants.
Theoretically patients with established biofilm and PJI can be candidates for single
stage revision[31] (Figure 1). Although some authors consider virulent organisms a
relative contraindication, we further discuss that it may not be a strict
contraindication. Patients in the acutely infected period may be better off treated with
debridement, antibiotics, irrigation and prosthesis retention[32]. This method assumes
biofilm has not been established and bacterial burden can be lowered enough for the
host’s own immune system to clear infection. Surgical options for chronic infection
includes single stage revision, two stage revision, chronic suppression, or
amputation/disarticulation.
A host’s comorbidities play an important role in outcomes in primary and revision
total joint arthroplasty. The increase in count and severity of comorbidities can result
in higher rates of medical and surgical complications, including infection, reoperation
and death. McPherson et al[33] classified periprosthetic joint infections in hips into
infection type, host class, and local extremity grade. Host class correlated with the
ability to clear infection, undergo successful reimplantation, and avoid amputation or
permanent resection arthroplasty. Host class A has no comorbidities, host class B has
1-2 comorbidities and host class C has 3 or more comorbidities or were essentially
immunocompromised with absolute neutrophil count < 1000, CD4 count below 100,
intravenous drug abuse, chronic active infection in another site, or dysplasia or
neoplasm of immune system. Comorbidities are listed in Table 4. Specific to single
stage revision for PJI, one study suggested a host class A had better success of infection
clearance compared to host class B or C[27]. Although this study did not follow one of
the principles of single stage, which is local antibiotic delivery, they were still able to
achieve 100% eradication of infection in that subset of patients. European centers more
selective in their single stage revision criteria may exclude immunocompromised
individuals[14,31]. Although there is some variance in patient selection criteria, reports
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Table 3 International Consensus Meeting 2018 Guidelines for prosthetic joint infection for hip and knee arthroplasty
Major criteria
Two positive cultures of the same organism / Sinus tract with communication to the joint or prosthesis
Minor criteria
Criteria

Acute threshold

Chronic threshold

Score

CRP (mg/L) or D Dimer (ug/L)

100; unknown

10; 860

2

ESR (mm/h)

No role

30

1

Synovial WBC or leukocyte esterase or alpha
defensin

10000; ++; 1.0

3000; ++; 1.0

2

Synovial PMN %

90

70

2

Single positive culture

2

Positive histology

3

Positive intraoperative purulence

3

A positive prosthetic joint infection is one of two major criteria, or 6 or more points for minor criteria. 3-5 points for minor criteria is inconclusive and less
than 3 points is negative for prosthetic joint infection. WBC: White blood cell; PJI: Prosthetic joint infection; CRP: C-reactive protein; ESR: Erythrocyte
sedimentation rate; PMN: Polymorphonuclearleukocyte.

Table 4 McPherson host class comorbidities
Systemic host compromising factors
Age ≥ 80 yr

Alcoholism

Chronic cellulitis or dermatitis

Chronic indwelling catheter

Malnutrition (albumin < 3 g/dL)

Current nicotine use

Diabetes

Hepatic insuffiency

Immunosuppressive drugs

Malignancy (history or active)

Pulmonary insuffiency

Renal failure on dialysis

Systemic inflammatory disease

Systemic immune compromised disease or infection
(HIV, AIDS)

McPherson hip infection classification comprises of infection type, host type and local factors. Host factors are graded A, B or C. A has none of the listed
factors, B has 2 or fewer factors, C has 3 or more factors or severe immunocompromise defined by: absolute neutrophil count < 1000/mm3, CD4 T cell count
< 100/mm3, intravenous drug abuse, or dysplasia or neoplasm of the immune system. HIV: Human immunodeficiency virus; AIDS: Acquired immune
deficiency syndrome.

that followed the 3 listed principles had higher infection free success that those that
did not[26,27]. Further determination of patient selection will be discussed later in this
article.
Knowledge of the infecting organism and appropriate antibiotic sensitivities is of
critical importance. It is worth repeating, a culture negative infection is a
contraindication to single stage revision for PJI. Highly virulent organisms such as
methicillin resistant staphylococcus aureus or methicillin resistant staphylococcus
epidermidis (MRSA)/(MRSE) or enterococcus, multi-drug resistance, and rare flora
may make infection eradication more difficult. Additionally, inability to add local
antibiotics to combat the infection due to high drug resistance or inactivation in
cement may be a contraindication to single stage revision[31]. Other factors that may
make single stage revision difficult would be repeat surgeries, repeat infections and
enterococcus infection. ENDO Klinik retrospectively reviewed their subsequent
failures of single stage revision in hip and knee arthroplasty. For knees, failures
correlated to previous failed revision for infection, enterococcus or streptococcus
infection. For hips, wound drainage > 1 wk, previous operation and enterococcus
infection were risk factors for reoperation or re-infection[34,35]. Although these were not
contraindications for single stage, surgeons considering performing single stage
revision arthroplasty should acknowledge the difficulty eradicating infection in these
situations.
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Figure 1 Single stage revision flowchart.

ICM 2018 indications
In July 2018, the International Consensus Meeting on Periprosthetic Joint Infection was
held in Philadelphia, PA with over 850 international delegates specializing in the field
of orthopaedic surgery. There they developed consensus guidelines on management of
various episodes of periprosthetic joint infection based upon current literature. Single
stage revision for infection was discussed and 4 consensus agreements were
published[31].
The potential advantages of a 1 stage exchange arthroplasty are multiple, including
lower surgical morbidity and mortality, earlier functional return, lower healthcare and
global economic costs, and increase in health related quality adjusted life years. This
statement had an 89% consensus agreement with a moderate level of evidence (LOE).
The indications and contraindications listed below had 93% consensus agreement
with a moderate LOE (Table 5): (1) Indications: Non-immunocompromised host,
absence of systemic sepsis, minimal bone/soft tissue loss allowing primary wound
closure, known pathologic organism with sensitivities preoperatively; and (2)
Contraindications: Severe soft tissue defect or unresectable sinus tract, culture negative
PJI, unable to perform a radical debridement, unable to deliver local antibiotic
treatment, lack of bone stock for fixation of new implant.
There is a role for single stage exchange arthroplasty in the setting of acute
cementless total hip arthroplasty (THA) PJI. This statement had an 89% consensus
agreement with a moderate LOE.
Putting aside the effect on successful treatment of PJIs, it is logical that a single
surgical procedure puts patients at lower risk of both mortality and morbidity
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Table 5 International consensus meeting indications and contra-indications for single stage revision for prosthetic joint infection
Indications

Contra-indications

Non-immunocompromised host

Severe damage to soft tissues were direct closure not possible or inexcisable complex sinus tract
with old scar

Absence of systemic sepsis

Culture negative PJI

Minimal bone/soft tissue loss allowing primary
closure

Inability to perform radical debridement

Isolation of pathologic organism preoperatively

Unable to give local antibiotic treatment

Known sensitivities to bactericidal treatment

No proper bone stock available for fixation

PJI: Prosthetic joint infection.

compared to a 2-stage exchange arthroplasty that involves 2 separate operations. 83%
of the ICM agreed using moderate LOE.
These 4 agreements suggested single stage revision for PJI may result in similar
outcomes with one less operation in the appropriately selected patient with guidance
to whom may be good candidates.

CONTRAINDICATIONS
Although certain centers have attested to performing SSR in a majority of their
infection cases, they have a few specific criteria that are absolute contraindications for
single stage revision[17]. It is worth mentioning, a culture negative infection where
bacterial sensitivities are unknown does not allow for properly targeted antibiotic
treatment. Inability to obtain adequate primary soft tissue coverage, infection
involving the neurovascular bundles, and other unresectable infected areas are also
contraindications for single stage revision. Other authors successfully performing
single stage revision for PJI have their own indications and contraindications. Haddad
et al[14] reported on 102 patients undergoing treatment for total knee arthroplasty (TKA)
PJI. 28 underwent single stage revision while 74 underwent two stage revision. At 6.5
years, no patients in the single stage developed reinfection compared to 5 (9%) of the
two stage. In addition to the ICM contraindication criteria, they excluded patients with
peripheral vascular disease, polymicrobial infection, and multi-resistant organisms
such as MRSA/MRSE. Their retrospective results should not be interpreted as single
stage revision is better than two stage, as there is inherent patient selection bias, but
that in properly selected individuals it can work as successfully.

OUTCOMES OF SINGLE STAGE PROSTHETIC JOINT INFECTIONS
Infection free success for properly indicated single stage revision varies from 77%100% by a variety of studies[23,24,28]. Failures of single stage for aseptic loosening on long
term follow-up can range from 5%-18%, although this is not dramatically different
than aseptic loosening in two stage revisions[13,34-37]. Evaluating reoperations from
single stage revisions, Citak et al[34] reported on their reasons for re-revision in single
stage TKAs in 91 patients out of 697 patients at the ENDO Klinik. There were 47/697
(6.7%) reinfections and 37/697 (5.3%) revisions for aseptic loosening, three patients
underwent revision for patellar mal-tracking, three underwent revision for
periprosthetic fracture and one for knee dislocation. Abdelaziz et al[35] also reported on
their reasons for re-revision in single stage THA PJI. Out of 121 reoperations, 53 (40%)
were for instability, 40 (33%) reinfection, 16 (13%) aseptic loosening, seven (6%)
periprosthetic fracture, three (2%) implant failure, and one each for wound healing
disorder and heterotopic ossification. These reasons for revision arthroplasty were
similar to those who underwent two stage revisions[28].
Patient reported outcomes after single stage revision have been suggested to be
comparable to two stage[12,14,38]. Haddad et al[14] reported their single stage TKA
revisions had knee society scores of 88 compared to 76 in their two stage (P < 0.02),
and better visual analogy scores satisfaction scores of 7.82 compared to 6.18 in the two
stage cohort (P < 0.01). Comparative studies investigating outcomes after single stage
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THA revision had equivalent harris hip scores (HHS) in three studies and better in
one[39-42]. Oussedik et al[39] reported on 50 patients undergoing revision for THA PJI with
11 patients undergoing single stage compared with 39 with two stage revision. HHS in
the single stage was 87.8 compared with 75.5 in the two stage (P < 0.001) as well as
change in HHS favoring single stage (P = 0.027). Authors recognized the retrospective
selection bias of single stage, but suggested for appropriately indicated patients, single
stage may provide improved functional outcomes. In additional, Markov model
decision tree analyses and quality of life adjusted values after single stage revision has
also been calculated to have favorability over two stage revision[15,43]. Although
healthcare cost savings, outcomes and improved morbidity from one less operation
may by appealing for single stage revision, the larger effort of work and lower
compensatory reward may be de-incentivizing for the surgeon. Fehring et al[44] found
single stage revision required more time and effort and less compensation compared
to primary arthroplasty. They encouraged payors to improve reimbursement to
incentivize and align the goals of the healthcare system.
Lastly, failure of a previous single revision is not a contraindication for a repeat
single stage revision. Knowledge of the three principles, organism type, antimicrobial
sensitivities, and thorough debridement is crucial. However, previous risk factors for
single stage revision failure such as poor host class factors, enterococcus infection,
virulent organism infection, polymicrobial infection or multiple previous operations
may guide the treating surgeon towards two stage revision gold standard.

TECHNICAL PEARLS
After obtaining a diagnosis of PJI, with cultures and antibiotic sensitivities, a
meticulous debridement occurs. Preoperative intravenous antibiotics are given,
tailored to the organism. The operative theatre where the single stage revision is
performed is not followed by another primary joint procedure, and a deep extended
cleaning of the room is performed after. We typically will use a sterile tourniquet for a
total knee unless the planned incision and reconstruction does not give enough
operative space. The tourniquet is deflated after removal of implants and re-inflated at
the start of the second re-implantation procedure. Hemostasis should be achieved at
the deflation. The previous skin incision is utilized with incorporation of a sinus tract
if present. Excision of the scar, sinus tract, surgical tract, and all fibrous infected tissue
down to the capsule is performed in a single piece leaving normal tissue to
remain. Exposure of the capsule and all unhealthy tissue is removed en bloc. Removal
of the capsule going down to bone is performed in an attempt to minimize surgical
field contamination. Meticulous hemostasis is achieved. Removal of implants is
performed routinely with marrow reaming to remove any infectious material. Pulsatile
lavage with at least 6 liters of normal saline solution is then performed, an optional
povidone-iodine solution diluted to 0.3% with irrigation and then the wound is
packed with chlorohexidine soaked sponges. Povidone iodine solution is not routinely
used at our center as the infection rates are lower with simple saline irrigation. The
wound is loosely closed at the skin, all drapes, gowns, gloves, table with all previous
instruments are removed. The patient is then re-prepped, re-draped, all new
instruments, new table, new gowns and gloves, and new scrubs for the surgical staff is
performed for the second stage of the procedure. The second stage includes another
irrigation, a change of gloves and suction tips, and proceeding to re-implantation. At
this point, the procedure is similar to the second stage of a two-stage revision. Local
antibiotics are mixed in cement if cementation is occurring, or topical antibiotics are
added down the canals, in the acetabulum and in the joint prior to deep
closure. Cementless implants in total hip arthroplasty have been described with
success, with all authors adding topical and intravenous antibiotics to their treatment
regimen. Antibiotics in calcium sulfate beads are an optional way to deliver the intraarticular concentrations of antibiotics. Dosages of more than 20 cc of beads may cause
increased drainage, or other complications such as heterotopic ossification, or hypercalcemia[45]. Postoperatively, specific targeted intravenous antibiotics are given for 6
wk with assistance in management by an infectious disease specialist with subspecialization in periprosthetic joint infections.
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FUTURE DEVELOPMENTS
Single stage revision arthroplasty for infection has been in development since the
1970s, initially pioneered by Buchholz et al[1,2], it has now been furthered by surgeons
as technology and surgical techniques continue to improve. One area of progress is in
the use of cementless THA implants in single stage revision. The ICM 2018 suggested
potential viability of this technique in response to several articles reporting successful
infection free survivorship. Bori et al[46] reported on single stage THA revision in 24
patients with cementless femoral components, but antibiotic cemented acetabular
components in nine patients. Only one patient (95.8%) developed an infection at 44 mo
follow-up. Ji et al[24] reported on 111 patients with various infecting organisms using
both cementless femur and acetabular components with 89.2% infection free
survivorship at 58 mo. They applied intra-articular antibiotic infusions in
MRSE/MRSA, fungal or culture negative in addition to powdered local antibiotics. An
important note is that these patients still received local antibiotic delivery by other
methods such as intra-articular infusion or topical powder application, a key principle
for this technique.
To date, there is no algorithm for predicting what specific patient factors, organism
factors, or surgical factors lead to infection free success in single stage revision for
PJI. Although host factors such as McPherson Host Class C, virulent organisms such as
fungal, MRSA/MRSE or culture negative, or surgical factors such as inadequate
radical debridement may lead to lower infection free survival, it is not known how
many factors will lead to failure or success of single stage revision. These are potential
future research goals for improvement.
Naturally, single stage revision for PJI has an inherent retrospective selection bias
due to less virulent organisms and healthier hosts when comparing to two stage
revision. Undergoing a single operation will typically be less costly and have lower
morbidity and mortality for the patient. Ultimately, a randomized control trial may be
necessary to fully realize who may benefit from this procedure and by how much.

CONCLUSION
Single stage revision for periprosthetic joint infection can be a successful operation
with careful selection of the patient, infecting organism and precise surgical
technique[47-82]. The 3 key principles of bacterial sensitivities, thorough radial
debridement and delivery of local and systemic antibiotics can result in similar
infection free survivorship to two stage exchange. Future developments into this
technique include its practice in culture negative infections or use of cementless
implants. Randomized controlled trials may help further our understanding of single
stage revision compared with two stage.
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Abstract
Acute traumatic spinal cord injury is often a lifechanging and devastating event
with considerable mortality and morbidity. Over half a million people suffer from
traumatic spinal cord injury annually with the majority resulting from road traffic
accidents or falls. The Individual, societal and economic costs are enormous.
Initial recognition and treatment of acute traumatic spinal cord injury are crucial
to limit secondary injury to the spinal cord and to provide patients with the best
chance of some functional recovery. This article is an overview of the
management of the acute traumatic spinal cord injury patient presenting to the
emergency department. We review the initial assessment, criteria for imaging and
clearing the spine, and evaluate the literature to determine the optimum timing of
surgery and the role of non-surgical treatment in patients presenting with acute
spinal cord injury.
Key Words: Traumatic spinal cord injury; Acute management; Spinal fracture; Vertebral
fracture; Spinal cord transection; Traumatic myelopathy
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Core Tip: This article is aimed to guide the clinician treating the patient with suspected
traumatic spinal cord injury in the emergency department. It highlights the acute
management, timing and factors pertaining to surgery and considerations for nonsurgical management.
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INTRODUCTION
Spinal cord injury (SCI) is the transient or permanent loss of usual spinal motor,
sensory and autonomic function; it can be a devastating injury for several reasons. SCI
often happens unexpectedly, for example, the young motorcyclist who develops
paraplegia following a road traffic accident, the gymnast who breaks their neck and
becomes a wheelchair user for the rest of their lives, or the rugby player who injures
their cervical spine during a scrum. These are all people in their prime, looking
forward to life and severely disabled in seconds — a lifechanging event with years of
good quality life lost. Another reason is the consequences of SCI are enormous for both
the Individual and society as patients are left with significant psychological sequelae
and physical dependence; thus managing these patients requires extensive medical,
rehabilitative and social care. These resources are costly; in the United States it is
estimated each patient costs $375000-$1149000 in the first year of injury and the
lifetime cost of a 25-year-old tetraplegic patient is around $5100000[1].
In the United Kingdom, major trauma is the most significant cause of mortality in
the under-50s[2], and survivors can be left with permanent disabilities. There are an
estimated 1200 traumatic spinal cord injuries in the United Kingdom annually[3], and
around 40000 people currently live with long term disabilities following SCI[4]
although certain charities believe this may be higher[5]. Approximately 14% of spinal
fractures damage the spinal cord, of which 50% are incomplete[6]. If managed correctly,
half of these will walk on discharge. Appropriate initial management is thus essential
and should target the preservation of cord function whilst avoiding further
complications. This article aims to explore the initial management of patients with SCI,
when surgery should be considered, and options for non-surgical management.

ACUTE MANAGEMENT
Trauma management begins before reaching the hospital. Up to 25% of traumatic
spinal cord injuries occur after the primary insult during extraction, transport, or
handling[7]. In patients with a mechanism of injury compatible with spinal trauma,
spinal immobilisation is a priority and leads to better outcomes[8]. Gold standard spinal
protection consists of three-point immobilisation of the cervical spine using blocks,
collar and tape, and a rigid spinal board to maintain alignment of the rest of the
spine[4,9]. Although these protective measures are essential to prevent further spinal
injury, they have their associated complications including pressure sores[10],
aspiration[11], increased intracranial pressure[12] and may hinder initial assessment. As
soon as safety allows, immobilising devices should be removed.
Up to 57% of patients with SCI have other injuries or even concomitant spinal
fractures[13-15], and 25% to 50% of acute SCI patients have concomitant head injury[16].
Associated injuries in the context of SCI is pertinent for several reasons. Attempting to
treat other life-threatening injuries in the face of suspected SCI can be challenging
when establishing a secure airway or treating hypotension compounded by
neurogenic shock. Other injuries can also precipitate hypoxia and hypotension, which
in turn inflict secondary damage to the spinal cord. Consequently, all trauma patients
must be assessed and treated according to an Advanced Trauma and Life Support
(ATLS) protocol to ensure life/Limb-threatening injuries and other spinal cord injuries
are not missed. Life-threatening injuries should take priority; however, spinal
alignment must always be maintained.
Patients with spinal cord injuries can present with systemic effects. Cervical lesions
in the C3-C5 region can affect diaphragmatic innervation leading to respiratory
difficulties in patients who may require ventilation[17]. These patients are also at risk at
regurgitation and pulmonary aspiration secondary to paralytic ileus and reduced
gastroesophageal sphincter tone[18]; this can be addressed by decompressing the
stomach with a nasogastric tube. Another phenomenon commonly seen in up to 20%[19]
of patients with high spinal cord injuries is neurogenic shock which can cause
decreased systemic vascular resistance, profound hypotension, bradycardia and
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unopposed vagal tone[20]. This can often be mistaken for haemorrhagic shock
secondary to internal bleeding in the context of major trauma. However, hypotension
in neurogenic shock is often fluid-resistant and inotropic/vasopressor support may be
more appropriate. In the absence of pelvic fractures, urinary catheterisation can be
useful when assessing fluid balance, especially in patients with a denervated bladder
and at risk of urinary retention.
Once life and limb-threatening injuries have been addressed whilst maintaining
spinal immobilisation, the focus can be turned to assessing the spine. The patient
needs to be evaluated for spinal injuries and appropriately imaged. A neurological
examination, including anal tone, should be performed and documented on an
American Spinal Injury Association (ASIA) chart (Figure 1). Acute SCI patients often
present with spinal shock, which is an acute state of diminished spinal function
characterised by loss of all sensorimotor functions caudal to the site of injury. Spinal
shock should not be confused with neurogenic shock; the former describes depressed
spinal cord function following acute insult to the cord whilst the latter refers to
circulatory collapse as previously described. Spinal shock is transient; thus, the initial
neurological examination may be misleading, repeat examination within the days
following the initial injury is vital to determine the true extent of cord injury.
Guidelines form the UK National Institute for Health and Care Excellence[4]
summarise the immobilisation, assessment, and imaging of patients with suspected
spinal injuries. Adult patients with distracting injuries, spinal pain, limb
weakness/paraesthesia, priapism, confusion or altered consciousness require a
computed tomography (CT) of the cervical spine or X-ray of the thoracolumbar spine
depending on the suspected injury location. If X-rays are inconclusive, then further CT
of the thoracolumbar spine is required. Adult patients without the above risk factors
but still suspected of having C spine injuries should be assessed using the Canadian Cspine rule (Figure 2). Patients who have a high-risk factor, such as paraesthesia in the
lower/upper limbs, a dangerous mechanism of injury, or are above 65 years of age
require a CT scan of the C-spine. If only low-risk factors are present and they can
rotate their neck 45 degrees to the left and right no further immobilisation or imaging
are warranted. Patients with no radiological abnormality on X-ray/CT and clinically
have no spinal pain or neurological deficit can have their spines 'cleared' and
immobilisation devices can be removed. In patients under the age of 16, the imaging
modality of choice is an magnetic resonance imaging (MRI) scan if there is a strong
suspicion of C spine injury based on the Canadian C-spine rule and clinical
assessment. CT and MRI scans should be reported by a senior radiologist prior to
clearing the spine.

TIMING OF SURGERY
It is crucial to appreciate that damage to the spinal cord in SCI is not limited to the
initial insult but also includes a secondary injury in the early acute phase (minutes to
hours) and subacute phase (days to weeks). During the acute period, vasogenic
oedema, microvessel vasospasm, inflammation, failure of sodium ion pumps and free
radicals are the main pathophysiologic changes accounting for secondary injury to the
spinal cord. In the subacute phase, microglial stimulation, apoptosis and macrophage
activity are the principal mechanisms of cellular damage[21,22].
The literature remains divisive over the optimal timing for spinal decompression
and stabilisation following surgery. Some pre-clinical evidence in animals suggests a
secondary injury due to the persistent compression of the spinal cord after the initial
injury may be reversible if addressed quickly. This can improve outcomes by reducing
neural tissue damage. Fehlings et al[23] performed a review of several experimental
studies to evaluate the effect of early decompression on outcomes in dogs and rats.
They concluded that early decompression improved evoked potentials and
neurological recovery. Delamarter et al[24] analysed the effect of spinal cord
compression on dogs and showed that decompression at one hour produced
significantly greater neurological recovery that at six hours.
Human data, unfortunately, is more complicated. Liu et al[25] conducted a
retrospective review in the timing of surgical decompression for traumatic cervical
spinal cord injury. They concluded that early surgical intervention leads to higher
rates of mortality and neurological deterioration compared with later surgery but had
significantly shorter hospital stay. Early was defined as surgery in the first 72 h.
Vaccaro et al[26] performed a prospective randomised trial on cervical SCI and
concluded that early surgery, within 72 h, did not provide any significant neurologic

WJO

https://www.wjgnet.com

575

December 18, 2020

Volume 11

Issue 12

Sandean D. Management of acute spinal cord injury

Figure 1 American Spinal Injury Association Impairment Scale.

benefit compared to later intervention. They also showed that there was no significant
difference in length of stay or time for rehabilitation. On the other hand, Cengiz et al[27]
performed a prospective randomised controlled study on the timing of thoracolumbar
stabilisation following trauma. Their definition of 'Early' was different to the previous
studies and defined as surgery within 8 h and late as 3-15 d following injury. They
concluded that patients treated early had significantly better neurologic improvement
on the ASIA score, shorter overall hospital and intensive therapy unit (ITU) stay, and
less systemic complications such as pneumonia. Similarly, the Surgical Timing in
Acute Spinal Cord Injury Study (STASCIS) showed that decompression before 24 h
conferred a significant improved neurologic outcome of at least a grade 2 ASIA
Improvement Score (AIS) in adults with a cervical SCI[28].
Early surgical intervention may have beneficial outcomes for other measures.
Bellabarba et al[29] performed a systematic review identifying seven studies which
reported on hospital length of stay (LOS), intensive care unit LOS, and respiratory
complications in patients with thoracolumbar spinal trauma. Overall, there was a
significant reduction in hospital LOS and respiratory morbidity in favour of early
surgery (< 72 h following injury). ITU LOS also showed a significant decrease but the
effect was limited to patients with thoracic spinal injury. Other studies have also found
similar results favouring early surgical intervention in hospital LOS, ITU LOS and
morbidity[30]. With regards to mortality, Schinkel et al[31] reported a statistically
significant decrease in mortality with early fixation in patients with thoracic fracture.
In contrast, other studies have shown no difference in mortality with regards to the
timing of surgery for thoracolumbar and lumbar fractures[32]. Other studies have also
shown a significant cost saving with early stabilisation in thoracic spinal injuries
ranging from $40000 to $80000 in hospital-related charges. Interestingly these same
studies did not show similar findings for lumbar fractures[32,33].
Although the Spinal Trauma Study group[28] has identified the initial 24 h following
SCI as the optimum period for decompression, we have seen that different timescales
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Figure 2 Canadian C-Spine rule. GCS: Glasgow Coma Scale.

have been used to define 'early' and 'late' surgical decompression. This inconsistency
could have hindered the development of firm conclusions regarding the optimal
timing of surgery. To date, no surgical guidelines explore the merits of early vs late
surgical decompression and stabilisation in SCI with regards to the 24-h threshold.
Other guidelines on surgical timing have suggested class 2 evidence supporting (1)
early surgery (< 72 h) in SCI patients who have been haemodynamically optimised (2)
expeditious reduction of bilateral locked facets in SCI patients with tetraplegia and (3)
urgent decompression in the presence of neurologic deterioration[34].
It seems that the evidence supports early surgical intervention to reduce morbidity,
length of stay, healthcare costs and, if performed early enough, can even improve
neurological recovery. Disappointingly, in one survey involving 2000 neurosurgeons,
80% were in favour of early surgery, but fewer than 50% found that operating within
24 h was feasible (30). The main obstacles were the lack of resources for overnight or
weekend operating. Of note, Macis et al[35] found a 33% reduction in long term
paralysis if patients were treated at a trauma centre.

NON-SURGICAL MANAGEMENT
The decision to operate or not in spinal trauma is multifactorial. Patient factors include
fitness for surgery and the presence of other life or limb-threatening injuries whilst
having the right resources and skill are apparent considerations too. Non-operative
management has a limited role in established cases of neurological deficit and
instability but may have a role in a stable spine with no neurology. Prolonged
immobility, however, can increase the risk of pressure sores, deep vein thrombosis and
pneumonia[36].
The Thoracolumbar Injury Classification and Severity Score (TLICS)[37] (Figure 3)

WJO

https://www.wjgnet.com

577

December 18, 2020

Volume 11

Issue 12

Sandean D. Management of acute spinal cord injury

Figure 3 Subaxial Cervical Spine Injury Classification System[38].

and the sub-axial Injury Classification and Severity Scale (SLIC)[38] (Figure 4) are
classification systems used to score spinal fracture patterns in the thoracolumbar and
sub-axial cervical regions respectively. These scoring systems are based on the fracture
morphology, the integrity of the disco-ligamentous complex (DLC)/posterior
ligamentous complex (PLC) and neurological status. Generally, scores <4 can typically
be managed conservatively, a score of > 4 would favour surgical intervention, and a
score of 4 is generally based on the surgeon's individual preference[37]. These scoring
systems have shown good inter and intraobserver reliability and are reliable when
predicting which patients can be managed non-operatively[39].
In scores of less than 4 spinal orthoses can be used to facilitate early ambulation and
improve acute pain. Standing X-rays should be obtained before discharge to check for
stability, alignment, and occult ligamentous injury. In the thoracolumbar region, nonoperative management is predominantly used for compression or bust fracture in the
absence of neurological deficit and PLC injury[40], transverse and spinous process
fractures do generally not warrant surgery either[41]. Cervical injuries can be divided
into C1, C2 and sub-axial (C3-C7) injuries. Simple C1 injuries with an intact transverse
alar ligament and C2 dens fractures type 1 and 3 can be managed with a rigid collar;
however, individual patient factors need to be considered for risk of non-union with
C2 dens fractures[42]. Management of sub-axial injuries should consider the SLIC
scoring system when deciding between operative and non-operative management.
The role of corticosteroids in acute SCI is controversial. The National Acute Spinal
Cord Injury Study (NASCIS) II and III were initially pivotal studies recommending the
use of steroids in acute SCI[43,44]. However, other studies have shown significantly
higher rates of morbidity and mortality in patients treated with corticosteroids,
particularly for pneumonia, sepsis, gastrointestinal haemorrhage, acute respiratory
distress syndrome and death[7]. Consequently, steroids are not recommended by the
British Association of Spinal Cord Injury Specialists and not routinely used for acute
SCI in the United Kingdom or United States[4,45].

CONCLUSION
Patients presenting with acute spinal cord injury can be challenging. They may present
with other injuries and multisystem problems. Nonetheless, the management,
assessment, classification, and medical treatment of patients with acute SCI is
becoming increasingly standardised. Figure 5 summarises the treatment algorithm for
trauma patients presenting to the emergency department with suspected traumatic
spinal cord injury. The main role of surgery is to prevent further neurological
deterioration through decompression whilst stabilisation reduces complications
related to immobility and facilitates earlier rehabilitation which remains critical in
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Figure 4 Thoracolumbar injury classification score[37].

optimising outcomes. Ultimately, we need a better understanding of SCI
pathophysiology to develop novel treatments with the aim of restoring neurological
function to preinjury levels.
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Figure 5 Spinal cord injury evaluation.
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Abstract
Patient-reported outcomes measures form the backbone of outcomes evaluation in
orthopaedics, with most of the literature now relying on these scoring tools to
measure change in patient health status. This patient-reported information is
increasingly collected routinely by orthopaedic providers but use of the data is
typically restricted to academic research. Developments in electronic data capture
and the outcome tools themselves now allow use of this data as part of the clinical
consultation. This review evaluates the role of patient reported outcomes data as a
tool to enhance daily orthopaedic clinical practice, and documents how developments in electronic outcome measures, computer-adaptive questionnaire design
and instant graphical display of questionnaire can facilitate enhanced patientclinician shared decision making.
Key Words: Patient reported outcome measures; Electronic patient-reported outcome;
Computer adaptive design; Outcomes evaluation
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Core Tip: Utilising modern information technology, data collection, processing and
intuitive graphical data display in real-time, electronic patient-reported outcome
assessment can be implemented in daily clinical practice.
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INTRODUCTION
Patient-reported outcome measures (PROMs) are widely used in orthopaedic research
as they provide important and detailed information on patients' perception of
symptoms and function in everyday life[1]. These metrics are central to evaluating
success in orthopaedics as factors such as pain and satisfaction are only accessible by
self-report. Most orthopaedic units collect these to some degree and clinical staff will
be familiar with these scores from the literature if not their personal practice. In the
main, outcomes are assessed via pen-and-paper questionnaires, but electronic PRO
questionnaire administration is increasingly employed in clinical studies and more
recently also in daily clinical practice[2].
PROMs allow for objective measurement of the patient’s subjective view of their
health status[3] which complement other clinical or image-based evaluations. In clinical
practice, numerous benefits have been cited for using PROM data, including enhanced
screening, diagnosis, and longitudinal monitoring of conditions, along with the
promotion of patient centred care[4-6]. Greenhalgh et al[7] suggest that collecting and
using PROM data, along with clear feedback and dissemination of this information,
will stimulate and incentivise health professionals and ultimately healthcare providers
to provide better care[7]. The challenge though is how to take the mean outcome score
from a patient questionnaire and modify care delivery.
Today’s patients certainly want greater involvement in decisions regarding their
care[8]. Shared decision-making i.e. the conversation that happens between a patient
and health professional to reach a healthcare choice together, has been advocated and
been embedded in clinical practice for some time. Patients should always make the
ultimate decision - especially in elective surgery - about their care but can only do so if
they are fully informed about the options and are encouraged to participate[9]. In
orthopaedics, surveys suggest that surgeons are strong advocates of shared decisionmaking, but also that they have concerns regarding logistics, practicality and in
particular burden to the clinical workflow relating to engaging the patient and
providing in-depth personalised feedback and discussion[10]. Being able to interpret
how well an individual is performing relative to the wider knee replacement
population can form a meaningful part of the consultation process, and potentially
influence the overall experience of the surgical pathway[11].

Use of patient reported outcomes data as part of clinical care
To date, the integration of PROM data in routine orthopaedic care is less evolved than
in other specialties such as oncology. Here several clinical studies have emphasized
the positive effects of regular collection and use of this data in patient
management[12-14]. Regular collection of health data has demonstrated a positive impact
on symptom control, overall quality of life and emotional well-being without
burdening clinical management. Physicians report that over time the clinical use of
PROM information improved their ability to recognize symptoms and health issues
and enabled crucial conversation with the patient[15-17]. These positive effects should be
similarly replicable in the orthopaedic field.
The routine collection of PRO data in daily practice can provide valuable
information for research purposes. The collection of pre- and post-operation PRO
questionnaire data is routine for many orthopaedic interventions in many healthcare
systems. In fact, combined PRO assessments of general health and joint-specific
outcomes have been integrated with national registries in the United Kingdom,
Sweden, and the Netherlands and numerous local or regional registries[18]. This data
that evaluates all patients at scale, can add valuable real-world context to help
interpret the results of tightly controlled studies that may, for example, not encompass
the typical case-mix presentation in routine practice. However, these routinely
collected registry data are typically not directly available for the clinical teams, but
only used for later analysis for research purposes or quality assurance. Thus, analyses
of collected PROMs is generally at the population level and published primarily for
the benefit of academic readers. Only summed information is occasionally fed back
into clinical practice at the clinical governance level in the Figure 1. Therefore, the time
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Figure 1 Current usage of patient information data flows.

and resources spent to collect PROM data do not help inform the individual patient or
clinician and the full potential of these data is poorly exploited. Clinical assessment is
separately based on the clinician’s individual discussion with the patient as to their
symptomology and medical history and does not incorporate the standardized
information provided by patients via PROMs. The latter is particularly useful for the
longitudinal evaluation of symptoms and functional levels, as patients may have
difficulties to provide valid information on the degree of deterioration or improvement of symptoms over time and clinical documentation may capture such change
insufficiently; depending on the individual viewpoints, expectations and experience of
the treating clinician. Alongside a physical analysis, imaging and potentially lab tests,
PRO data may therefore have a key role in driving clinical management.
PROM data can be used to promote patient centred care[19] and to facilitate patient
and clinician’s understanding of how different treatments affect patient functioning
and wellbeing over time, informing treatment decision making and, most importantly,
improving expectation management[20]. Feeding back PRO data at the level of the
individual patient during the consultation combines these two, usually separate
streams of information in the Figure 2.
We are increasingly using prediction models for estimating eventual post-operative
scores as part of pre-operative surgical expectation management. Unlike paper-pencil
assessments, electronic data capture provides immediate availability of all collected
data in a database that may be used for establishing and constant updating of
regression models that allow for a prognosis of treatment outcome for individual
patients based on baseline PRO assessments and patient characteristics, such as age,
body mass index, or comorbidities[21,22]. Such models based on the data collected at an
individual centre or taken from the literature may be helpful when dealing with
interpreting individual PROM scores. Prediction models based on the routine data of a
specific centre, may be more precise for predicting scores of new patients at that centre
than models from the literature, as in such a scenario the sample on which the model is
based is more similar to the patients for which predictions are desired.
Contextualising PROM data for the patient in terms of that individual’s position
within the wider expected levels for people of their specific demographics, at a
particular point in time, makes the PROM data relevant to the presenting complaint
and planned management discussion. It facilitates the patient-clinician discussion of
symptomology, expected trajectories and clinical management options; directly
feeding into clinical management and outcomes. The use of these reports during the
consultation can help to identify important health issues that might otherwise not be
disclosed during the consultation[12]. Engaging the patient has the further benefit of
enhancing inclusion and shared decision making contributes to patient satisfaction
with clinical services.
While incorporating patient outcome scores in this manner as part of the clinical
consultation has been an attractive idea for quite some time, it has only recently
become a feasible proposition with a transformative step change in the way we can
collect and use information technology in the clinic.

Electronic proms
As noted, PROMs are traditionally pen and paper-based, collected en-masse and
manually uploaded for processing at the national, institutional or project level.
Logistics can be challenging, and time consuming, often delayed, and manual data
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Figure 2 Potential usage of patient information data flows.

entry opens further issues with imputation errors.
Electronic PROMs (ePROMs) collected via a tablet computer connected to a local
network to collate, process and store the data, clearly, offers several advantages;
electronic administration of outcome questionnaires using tablet PCs or smartphones
improved feasibility of data collection, decreased responder burden and sophisticated
survey administration with real-time processing[23-25]. The International Society for
Pharmacoeconomics and Outcomes Research PRO Mixed Modes Task Force[26]
highlights additional advantages of using electronic data collection including
avoidance of secondary data entry errors, date and time stamping, edit checks, and
more accurate and complete data. Further, electronic systems allow remote
questionnaire completion (e.g., at home), and automatic messages that remind patients
of due assessments[27].
But most importantly, ePROM collection is necessary for using these data in the
clinical consultation with the individual patient, as data collected on paper can hardly
be made available timely in an accessible format without electronic means. In addition,
regular PRO monitoring from home allows patients to observe their recovery process
independently, to assess how they compare with a similar sample population and to
remain in constant contact with surgical and therapy centres between outpatient
appointments via increasingly available institutional web portals. This supports selfmanagement by helping patients to better assess and contextualise their state of
health/recovery. In a next step, if appropriate, patients can be invited to attend for
radiographs or clinical review based on changes in their remote data presentation.
The successful use of PROMs in routine care in this way clearly requires careful
planning and adequate logistics[28-30]. Implementation is supported by international
guidelines such as the “User’s Guide for Implementing Patient-Reported Outcomes
Assessment in Clinical Practice” published by the International Society for Quality of
Life Research[31]. In detail, this process includes tasks such as: development of training
and information materials regarding the use of PRO data during the clinical encounter,
identifying the appropriate PRO measure that allows valid and reliable assessment of
the relevant health issues, definition of time points during the treatment and disease
trajectory when assessments should take place, and establishing pathways for linking
clinically relevant scores to interventions and referrals.

Computer-adaptive measures and ‘intelligent’ questionnaires
The technological move to electronic data collection also facilitates a wider change in
the use of PROMs, offering enhanced “intelligent” questionnaires. Traditionally,
patient reported outcomes are “static” questionnaires, where all patients complete a
defined set of the same fixed questions[32]. The questionnaire tools themselves can be
lengthy, as many questions are required to allow accurate measurement[33]. For
example, the well-used Knee injury and Osteoarthritis Outcome Score comprises 42
questions[34]. Lengthy questionnaires can cause high drop-off rates, leading in turn to
fewer complete PROMs[35,36]. This static “one-size fits all” structure is suboptimal for
multiple reasons. The questionnaire length can pose a burden to the patient as these
measures require a considerable number of questions to cover the whole measurement
range of the outcome parameter of interest (pain, functional limitation etc.). Following
this, patients often find themselves confronted with questions that are repetitive or
that are not appropriate to their current condition (e.g., inquiring as to sporting
activities they could clearly not partake in). Such inappropriate questions can be
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irritating to complete and impair compliance. Frustratingly, these “inappropriate”
questions provide no or little additional information to the clinician nor the researcher
interpreting the questionnaire (e.g., if a patient reports barely being able to walk,
further questions on various sports activities provide little or no further information).
A major step forwards in addressing these issues is the development of computeradaptive test (CAT) measures[37-39]. Computer-adaptive testing uses large sets (or item
banks) of potential questions that cover the spectrum of the issue in question and an
algorithm for tailoring individual sets of questions. Based on the response to the initial
item the CAT algorithm calculates a first estimate and confidence interval of the
outcome score and selects the next most appropriate item (that offers the highest item
information in the range of that estimated score) to be administered to specific the
patient. This procedure continues until a predefined measurement precision has been
reached or a maximum number of items have been asked. In this way, patients only
need to answer a fraction of the possible questions – and not necessarily the same
questions that others will complete. Thanks to the underlying mathematical model, the
scores calculated by different questions within the same item bank are perfectly
comparable.
The underlying probabilistic model of a CAT tool is based on item response theory
(IRT). An essential prerequisite for running these models is that the outcome
questionnaire is based on a strictly unidimensional item sets (i.e. questions that
measure the same thing; be that pain or function or general health)[40]. IRT frameworks
have been developed in various fields such as cancer and respiratory medicine[41-44].
Since internal consistency (unidimensionality) of orthopaedic questionnaires tends to
be high they naturally lend themselves to IRT model application and CAT designs[45].
Although still a relatively new field in orthopaedics, a few studies have applied IRT
modelling approaches to orthopaedic outcome measures for functional status, pain,
and rehabilitation outcome[46-51] including studies on various aspects of CAT
measures[32,52,53].
The largest initiative on the development of item banks for health outcomes
measurement is the United States-led Patient-reported Outcome Measure Information
System (PROMIS) group. PROMIS has released a substantial number of item banks,
including an item bank for the assessment of physical functioning in all types of
patient groups[54-56]. The PROMIS measures have been tested and validated in large
reference populations, making them suitable for research on different health
conditions[57]. For orthopaedic outcome research PROMIS provides useful measures for
physical function (including versions for upper extremity, mobility, and mobility aid
users)[54,58]. To date there is no joint-specific PROMIS tool available. The computeradaptive pilot version of the FJS-12[32] for hip and knee assessment is the first
computer-adaptive joint-specific measure for orthopaedics. However, because of its
limited item bank, this pilot version represents primarily a proof of principle rather
than an elaborate CAT instrument with an extensive item bank.
Clearly, CAT based outcome measures require infrastructure; hardware such as a
computer tablet interface and a software package to run the questionnaires
electronically, to manage item banks and to employ the CAT algorithm for item
administration. As IT infrastructure for electronic data capture is increasingly available
in hospital settings, the use of CAT measures becomes more feasible and efficient[59].
Compared to static versions, CAT questionnaires take a fraction of the time to
complete and, because of the large item banks in the background, can be even more
reliable, valid and sensitive to change compared to their paper-based counterparts.
Advantages of the CAT approach include instant score calculation and no missing
data. The beneficial use of this technology is perhaps most readily seen in clinical
trials, where efficiency is enhanced by the direct entry of data by the patient, reducing
transcription error rates in processing but most importantly in the enhanced accuracy
in terms of confidence intervals facilitating reduction in required sample sizes and
costs[60,61].

Scoring, interpretation, and feedback
For PROMs to contribute meaningfully to clinical care, patients and clinicians must be
able to readily understand and interpret these data. Unfortunately, interpretation of
the results presented by these instruments is not always easy, especially when
different instruments are used to measure similar things, and each instrument is
scored and scaled differently. For example, the score range of the Oxford Hip Score[62]
ranges from 0 to 48 points, whereas the FJS-12[63] is reported on a 0-100-point scale.
Scale direction is not consistent; some outcome tools report higher scores as “better”
health whereas others indicate problems. The Western Ontario MacMaster score[64] is
an example of a tool that is inversely scored, as it is a measure of symptom burden.
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This can make it difficult to compare information across questionnaires in daily
practice. Both patients and clinicians report that variation in PROM scoring, scaling
and presentation poses obstacles to interpretation and application[4].
Questionnaire scores taken at isolated time points are somewhat abstract and
additional information is required from the literature or from manuals to interpret
these. Various approaches have been taken to solve this; wider comparison can be
straightforward by simply contrasting the individual score to the population mean or
converting the score to percentiles. A further method is to convert scores to a
standardized T-score metric with a fixed mean of 50 points and a standard deviation of
10 points. The T-score of an individual patient informs directly to what degree
(measured in standard deviation units) the patient deviates from the mean of the
reference population[11].
With today's widespread electronic data collection and processing, this data can be
visualized immediately after the questionnaire has been completed. Using electronic
data capture and display, patients can be presented with a normalised graph (targeted
for their specific demographics) showing the expected change and standard deviations
around the mean change following surgical interventions such as knee arthroplasty.
PROs are usually assessed repeatedly, prior to and following intervention, across
multiple outpatient visits. As such it makes sense to present results longitudinally.
This allows a quick overview as to the course of symptoms or functional impairments
over time. Few studies have evaluated how to present outcome score results
graphically[65,66]. These have shown that longitudinal line charts may be optimal for
presenting individual patient data and that it is important to clearly indicate the scale
direction (i.e., if high scores indicate poor or good health). Using color-coding or
specific percentiles from reference populations can be integrated into charts to guide
interpretation[67,68].
The transformation to T-values enables both patients and clinicians to understand
the individual score results more easily, as results can be presented in the context of
the results reported by others of a similar demographic and intervention. This
feedback somewhat akin to the population height and weight growth charts that are
routinely used in primary care, allows the patient to see what change would be
expected for them in terms of outcomes that matter to them in Figure 3, and monitor
their progress against their direct peers. Presenting the typical pre-operative scores
also highlights the relative improvement that can be made from the patient’s
individual starting point. This data should be captured sequentially, as it can be
difficult to accurately deduce symptom burden retrospectively from memory and nonstandardised clinic notes.

Challenges in moving to ePROMs
As with all new developments there is a reluctance to embrace new technology[3] and
there are real challenges to address. There are issues to consider in terms of data
security and privacy[23], as well as the feasibility of developing the local infrastructure
required[26]. With regard to software there are essentially two possibilities, the
necessary features can either be provided by an extension of the clinical information
system, or stand-alone software developed specifically for the purpose of routine PRO
monitoring may be used. Whereas the first option has the advantage of easier
integration of PRO results into medical charts and linkage of clinical and PRO data, the
latter option usually has more refined features for facilitating questionnaire
administration and a more sophisticated presentation of results. Currently, it is also
unclear whether the computer platforms and servers required increase the provider
costs compared to employing a pen-and-paper model with manual transcription and
upload. This may also depend on the individual institutional situation.
Electronic questionnaire administration requires the patient to have a basic level
computer literacy. However, the last decade has seen more and more elderly people
engaging with technology such as using smartphones and social media on a day-today basis. It has been suggested that vulnerable patients and elderly groups may
struggle to fully engage with this technology. However, these patients currently
engage in PROM surveys and in principle should be perfectly able to contribute
data[69]. While the orthopaedic literature on implementation studies is still scarce, there
are encouraging results, such as the findings by Slover et al[70] who reported questionnaire completion rates of about 95% in osteoarthritis patients using a web portal.
Further optimization of the graphical user interfaces may be required to promote wide
uptake and to promote efficient usage of electronic questionnaires as in the early days
of smartphones with full-field touchscreens. In practice, a person well-integrated
within the clinic team could be designated as the local ePROM facilitator for
introducing patients to the electronic assessments, responding to questions, and
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Figure 3 OKS T-scores feedback model stratified to patient demographics. Figure showing the longitudinal course of expected patient outcomes. The
exemplary course (green line) of an individual patient undergoing total knee arthroplasty at 3 different points prior to and following surgery is presented in terms of tscores against a background of an age and gender matched population. The dark grey area is the range for +/- 1 standard deviation of the appropriate matched
population and the light grey area the range for +/- 2 standard deviation.

discussing patient concerns[71].
When migrating a PROM to an electronic format, great care needs to be taken that
standardization of the questionnaire is maintained and no major changes in wording
and formatting are introduced. Guidance on such migration and the assessment of
equivalence of paper and electronic questionnaires has been developed by an ISPOR
task force[72], which also highlights the type of evidence needed to demonstrate
equivalence of both formats.

CONCLUSION
Utilising modern information technology, data collection, processing and intuitive
graphical data display in real-time, electronic PRO assessment can be implemented in
daily clinical practice. With home monitoring, the individual recovery process of the
patients can be observed via an easy-to-use web portal and, if necessary, focused
appointments can be made for clinically important parameters. With this transition to
daily practice, PROMs expand from their original homeland of clinical studies and
data registries and enter routine outpatient appointments to facilitate shared decision
making, help manage patient expectations and complement follow-up.
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Abstract
BACKGROUND
Two-stage revision arthroplasty with an antibiotic-loaded spacer is the treatment
of choice in chronically infected total hip arthroplasties. Interval spacers can be
functional articulating or prefabricated. Functional results of these spacers have
scarcely been reported.
AIM
To compare retrospectively the patient reported outcome and infection
eradication rate after two-stage revision arthroplasty of the hip with the use of a
functional articulating or prefabricated spacer.
METHODS
All patients with two-stage revision of a hip prosthesis at our hospital between
2003 and 2016 were included in this retrospective cohort study. Patients were
divided into two groups; patients treated with a functional articulating spacer or
with a prefabricated spacer. Patients completed the Hip Osteoarthritis Outcome
Score and the EQ-5D-3L (EQ-5D) and the EQ-5D quality of life thermometer (EQVAS) scores. Primary outcomes were patient reported outcome and infection
eradication after two-stage revision. The results of both groups were compared to
the patient acceptable symptom state for primary arthroplasty of the hip.
Secondary outcomes were complications during spacer treatment and at final
follow-up. Descriptive statistics, mean and range are used to represent the
demographics of the patients. For numerical variables, students’ t-tests were used
to assess the level of significance for differences between the groups, with 95%
confidence intervals; for binary outcome, we used Fisher’s exact test.
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RESULTS
We consecutively treated 55 patients with a prefabricated spacer and 15 patients
with a functional articulating spacer of the hip. The infection eradication rates for
functional articulating and prefabricated spacers were 93% and 78%, respectively
(P > 0.05). With respect to the functional outcome, the Hip Osteoarthritis Outcome
Score (HOOS) and its subscores (all P < 0.01), the EQ-5D (P < 0.01) and the EQVAS scores (P < 0.05) were all significantly better for patients successfully treated
with a functional articulating spacer. More patients in the functional articulating
spacer group reached the patient acceptable symptom state for the HOOS pain,
HOOS quality of life and EQ-VAS. The number of patients with a spacer
dislocation was not significantly different for the functional articulating or
prefabricated spacer group (P > 0.05). However, the number of dislocations per
patient experiencing a dislocation was significantly higher for patients with a
prefabricated spacer (P < 0.01).
CONCLUSION
Functional articulating spacers lead to improved patient reported functional
outcome and less perioperative complications after two-stage revision
arthroplasty of an infected total hip prosthesis, while maintaining a similar
infection eradication rate compared to prefabricated spacers.
Key Words: Two-stage revision; Periprosthetic joint infection; Hip arthroplasty; Functional
articulating spacer; Prefabricated spacer; Patient reported outcome
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Two-stage revision arthroplasty with an antibiotic-loaded spacer is the
treatment of choice in chronically infected total hip arthroplasties. The functional
results of these spacers have scarcely been reported. We retrospectively compared all
patients treated with two-stage revision arthroplasty of the hip with a functional
articulating or prefabricated spacer between 2003 and 2016. We used 15 functional
articulating spacers and 55 prefabricated spacers. Patient reported outcome was
significantly better for the functional articulating spacer group, while a similar
infection eradication rate was achieved.

Citation: Veltman ES, Moojen DJF, Poolman RW. Improved patient reported outcomes with
functional articulating spacers in two-stage revision of the infected hip. World J Orthop 2020;
11(12): 595-605
URL: https://www.wjgnet.com/2218-5836/full/v11/i12/595.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i12.595

INTRODUCTION
When a periprosthetic joint infection (PJI) persists after a debridement, antibiotics and
implant retention procedure of an infected prosthesis, or when onset of infection is
delayed or late, the PJI is considered chronic[1,2]. Two-stage revision arthroplasty is the
standard treatment for chronic PJI of the hip[3]. Antibiotic-loaded interval spacers have
proven to be effective in eradicating the infection[3-5]. In contrast to a Girdlestone
situation, the antibiotic-loaded hip spacer keeps the soft tissues at length during the
interval period[6]. Antibiotic-loaded interval spacers can be either functional
articulating, prefabricated or custom-made peroperatively with or without the use of a
prefabricated mould[4]. The infection eradication rates for these types of spacers are
comparable, while the complication rates of prefabricated spacers are reported to be
higher[4,7-9]. Dislocation of prefabricated hip spacers is the most common complication
occurring during the spacer interval, which is probably caused by the limited number
of options available to adjust the prefabricated spacer to the patients’ anatomy[4,10,11].
Repetitive surgery on a joint causes soft tissue trauma, which can lead to
periarticular fibrosis and impaired range of motion[6,12]. Therefore, orthopaedic
surgeons have been trying to find a type of antibiotic-loaded spacer with the same
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efficacy in infection eradication but also facilitating range of motion exercises and
ambulation during the spacer period[7,13,14]. Since the functional articulating spacers
allow the patient normal activity during the interval period, they may be a good
solution for these functional problems and thereby also decrease morbidity and
impairments of the patients to a certain extent. Patient related functional assessment of
hip function after two-stage revision of the infected total hip arthroplasty with the use
of a functional articulating has only scarcely been reported, and these studies did not
compare the outcome of the different types of spacers[13,14].
The functional articulating spacers are made of commonly used femoral and
acetabular cemented components. During insertion the antibiotic-loaded cement is not
pressurized, and care is taken to have no cement distal to the tip of the stem. The type
of antibiotics used in the cement can be adjusted to the causative pathogen found in
the preoperative cultures. The surgeon has several options to optimise offset and neck
length of the femoral component and offset, version and inclination of the acetabular
component. The spacer enables patients to practice full range of motion, and patients
are allowed to walk bearing 50% to full body weight, irrespective of the extent of bone
loss. Prefabricated antibiotic-loaded hip spacers are commercially available with
different stem lengths and head sizes. During the spacer interval, the prefabricated
spacer allows patients to practice range of motion of the hip. Weight-bearing during
the spacer interval is usually limited to less than 25% of body weight.
The aim of this study was to review retrospectively and compare all patients treated
with two-stage revision of an infected hip arthroplasty with the use of either a
prefabricated or a functional articulating spacer between 2003 and 2016.

MATERIALS AND METHODS
The STROBE statement was adhered to while constructing the study and writing the
manuscript.

Patients
After approval by the local medical ethics committee, the records of all patients who
had two-stage revision arthroplasty of the hip between 2003 and 2016 were
retrospectively reviewed. All patients with chronic periprosthetic joint infection of the
hip that were treated with two-stage revision arthroplasty with the use of an interval
spacer and with follow-up of at least 12 mo were included in the study. Exclusion
criteria were two-stage revision without the use of a spacer, patients treated with onestage revision and follow-up of less than 12 mo. Extent of bone loss was not an
exclusion criterion for either kind of spacer.

Intervention
During first-stage surgery the infected prosthesis including bone cement, if present,
was removed using a posterolateral approach. After meticulous debridement, a
functional articulating-or a prefabricated antibiotic-loaded interval spacer was inserted
(Figure 1A and B, respectively). The two groups of patients were treated consecutively,
there were no differences in selection criteria for either type of treatment. Initially the
prefabricated spacers were used; later the functional articulating spacers. The
concentration of antibiotics in the cement were the same in both groups.
All included patients were treated with antibiotics according to the
recommendations postulated by Zimmerli et al[2] in 2004. The type of antibiotic
treatment was decided in close consultation with a microbiologist and an infection
specialist. Two weeks before the second stage procedure, antibiotics were
discontinued to achieve a 2-wk antibiotic free interval. During the study period there
were no other changes to the treatment practice, except for the implementation of the
functional articulating spacers in 2014.

Data and patient reported outcome measures
General patient characteristics, complications during treatment and infection status
were retrieved from patients’ records. At follow-up, patient reported outcome was
measured using the Hip Osteoarthritis Outcome Score (HOOS), EQ-5D-3L (EQ-5D)
and the EQ-5D quality of life thermometer (EQ-VAS)[15,16]. The HOOS is a validated
score for patients with osteoarthritis of the hip and consists of five domains: symptoms
(five questions), pain (10 questions), activities (17 questions), sports (four questions)
and quality of life (four questions). Using all answers, a score can be calculated with
range of scores between 0-100, with 100 as the optimal score. The EQ-5D is a
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Figure 1 After meticulous debridement a functional articulating or a prefabricated antibiotic-loaded interval spacer was inserted. A:
Functional articulating spacer; B: Prefabricated spacer in situ, both of the left hip.

questionnaire that was developed to describe and value health across a wide range of
disease areas. The EQ-5D is comprised of five dimensions: Mobility, self-care, usual
activities, pain/discomfort and anxiety/depression. The patient indicates his health
state on one of three levels: No problems, some problems or extreme problems,
labelled 1-3. The scores can be converted into a value -0.500 to 1.00, with 1.00 as the
optimal score. The EQ-5D also contains a visual analogue scale for quality of life (EQVAS), where patients can indicate their perceived quality of life on a range of scores 0100, with 100 as the optimal score.
Primary outcomes were patient related outcome measure scores (PROMs) and
infection eradication after second-stage procedure. Secondary outcomes were
complications reported during the spacer period and at final follow-up.

Data analysis
The results of the subscores of the HOOS and the result of the EQ-5D were compared
to the patient acceptable symptom state (PASS) as described for patients following
primary total hip arthroplasty by Paulsen et al[17]. The PASS for the HOOS, EQ-5D and
EQ-VAS are 91 (HOOS Pain), 88 (HOOS-PS), 83 [HOOS Quality of life (QoL)], 0.92
(EQ-5D Index) and 85 (EQ-VAS), respectively[17].
Patients were analysed for the type of spacer they were treated with. To be able to
compare patient reported outcome after successful treatment and to determine patient
reported outcome after failed two-stage revision and subsequent treatment, the
PROMs of successfully and unsuccessfully treated patients were analysed separately.
Failure of treatment was defined as persisting infection at final follow-up, removal
of the hip prosthesis or use of suppressive antibiotics at follow-up[18]. Descriptive
statistics, mean and range are used to represent the demographics of the patients. For
numerical variables, we used students’ t-tests to assess the level of significance for
differences between the groups, with 95% confidence intervals; for binary outcome, we
used Fisher’s exact test. The P values are presented to show the presence or absence of
statistical significance. Calculations and statistical analyses were performed using
Excel and SPSS software (Armonk, NY, United States).

RESULTS
Patient characteristics and general outcome
Between 2003 and 2016 we consecutively treated 55 patients with a prefabricated
spacer and 15 patients with a functional articulating spacer. General patient
characteristics and infection characteristics are listed in Tables 1 and 2. All live patients
completed the PROMs. The results of HOOS and EQ-5D scores are displayed in
Figure 2.

Functional articulating spacer group
Fifteen patients were treated with a functional articulating spacer of the hip. At a mean
follow-up of 24 mo (range 15-85 mo), one patient had died due to reasons unrelated to
treatment.
The mean operating time of the first-stage surgery was 160 min (range 116-290 min).
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Table 1 General patient characteristics
Functional articulating spacer group

Prefabricated spacer group

Number of patients

15

55

Age (range)

66 (58-76)

68 (33-88)

NS

Gender female

8

25

NS

BMI (range)

27 (20-35)

27 (19-41)

NS

BMI > 30

3

13

NS

Diabetes

4

8

NS

ASA 1/2/3

1/11/3

3/30/22

NS

Post-traumatic (fracture)

6

9

< 0.05

Months follow-up (range)

24 (15-85)

51 (13-129)

< 0.005

P value

NS: Not significant; BMI: Body mass index; ASA: American Society of Anesthesiologists score.

Table 2 Infection characteristics, causative pathogens
Functional articulating spacer group

Prefabricated spacer group

CoNS

10

18

S. aureus

0

9

S. epidermidis

0

1

Propioni acnes

0

5

E. faecalis

2

2

E. coli

0

1

P. aeruginosa

0

1

H. parainfluenzae

0

1

Corynebacterium

0

2

Aerococcus christensenii

0

1

Group B Streptococcus

1

0

Candida albicans

0

2

Culture negative

0

4

Polymicrobial

2

8

CoNS: Coagulase Negative Staphylococcus; S. aureus: Staphylococcus aureus; S. epidermidis: Staphylococcus epidermidis; E. faecalis: Enterococcus faecalis; E. coli:
Escherichia coli; P. aeruginosa: Pseudomonas aeruginosa; H. parainfluenzae: Haemophilus parainfluenzae.

Patients were admitted to the orthopaedic ward for median 13 d (range 5-34 d) after
the first stage procedure. Spacer dislocation occurred in two patients. Both patients
experienced one dislocation each, which was treated with a closed reduction in both
patients. The mean duration of the spacer interval was 8 wk (range 5-12 wk).
The mean operating time of the second stage surgery was 139 min (range 88-188
min). After the second stage procedure patients were admitted for a median 6 d (range
3-12 d) postoperatively. Results of the PROMs are listed in Table 3 and Figure 2; PASS
was reached for the mean score of the HOOS pain, HOOS QoL and EQ-VAS.
We consider one patient as failure of treatment. Infection persisted after two-stage
revision, therefore a Girdlestone situation was created.

Prefabricated spacer group
Fifty-five patients were treated with a prefabricated spacer of the hip. At a mean
follow-up of 51 mo (range 13-129 mo) 10 patients had died; five of these patients had
died due to reasons unrelated to treatment.
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Table 3 Patient reported outcome measure results and comparison of the groups
Functional articulating spacer group

Prefabricated spacer group

Number of patients

15

55

HOOS total (SD)

88 (6)

67 (14)

< 0.01

HOOS pain (SD), % PASS

92 (6), 54%

75 (14), 8%

< 0.01

HOOS PS (SD), % PASS

85 (6), 15%

67 (14), 3%

< 0.01

HOOS QoL (SD), % PASS

85 (12), 46%

56 (21), 5%

< 0.01

EQ-5D (SD), % PASS

0.90 (0.17), 46%

0.69 (0.30), 5%

< 0.01

EQ-VAS (range), % PASS

85 (65-100), 46%

71 (45-85), 3%

< 0.05

P value

HOOS: Hip osteoarthritis outcome score; PASS: Patient acceptable symptom state; QoL: Quality of life; VAS: Visual analogue scale; SD: Standard deviation.

Figure 2 Patient reported outcome measure results at follow-up. The results of the EQ-5D score are multiplied by 100 for reasons of readability. HOOS:
Hip Osteoarthritis Outcome Score; PASS: Patient Accepted Symptom Scale as described by Paulsen; QoL: Quality of life.

The mean operating time of the first-stage surgery was 186 min (range 70-360 min).
Patients were admitted to the orthopaedic ward for median 31 d (range 5-114 d) after
the first stage procedure. Ten patients experienced dislocation of the spacer. In these
ten patients a total of 25 dislocations occurred. Revision of the spacer because of
multiple dislocations was performed in seven patients. The mean duration of the
spacer interval was 8 wk (range 2-28 wk).
The mean operating time of the second stage surgery was 165 min (range 75-326
min). After the second stage procedure patients were admitted for a median 22
d (range 3-63 d) postoperatively. After second-stage procedure dislocation of the hip
prosthesis occurred in two patients, both of these patients were treated with a closed
reduction. Results of the PROMs are listed in Table 3 and Figure 2; none of the mean
outcomes reached the PASS.
We considered 12 patients as failure of treatment. Persistent infection occurred in
eight patients, and re-infection with a different bacteria was present in four patients.
Two patients were treated with lifelong suppressive antibiotics. Two patients
underwent subsequent two-stage revision that was successful in both. Eventually, a
Girdlestone situation was created in eight patients. Five of the failure patients had
died at time of final follow-up.

Comparison of the groups
With respect to the functional outcome, the HOOS and its subscores (all P < 0.01), the
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EQ-5D (P < 0.01) and the EQ-VAS scores (P < 0.05) were all significantly better for
patients successfully treated with a functional articulating spacer compared to patients
successfully treated with a prefabricated spacer. The infection eradication rates were
93% and 78% (P > 0.05) for patients treated with a functional articulating spacer and
for patients treated with a prefabricated spacer, respectively. There are differences
between the causative pathogens found for both groups (Table 2). The prefabricated
group contains more patients with a Staphylococcus aureus, candida and polymicrobial
infection.
The mean duration of the first-stage procedure was not statistically different (P =
0.14) and neither was the second-stage procedure (P = 0.13) for the functional
articulating and prefabricated groups, respectively. The duration of time patients were
admitted to the hospital was significantly shorter for the patients with a functional
articulating spacer, both after first-stage surgery (P < 0.01) as well as after the secondstage procedure (P < 0.01).
The number of patients with a spacer dislocation was not significantly different for
the functional articulating or prefabricated spacer group (P > 0.05). However, the
number of dislocations per patient experiencing a dislocation was significantly higher
for patients with a prefabricated spacer (P < 0.01). Revision of the spacer due to
recurrent dislocations was performed more often in the prefabricated spacer group,
without reaching significance (P = 0.15).

Failure patients
We considered 13 patients as failure of treatment after two-stage revision of the hip.
Mean age of these patients was 67 years (range 50-88 years) at first-stage surgery.
There were 10 females and three males. Mean body mass index was 32 (range 24-37).
Seven patients were American Society of Anesthesiologists score (ASA) 3, the other six
were ASA 2. Five patients had died at final follow-up, all of these patients were ASA 3.
The eight patients who were alive at follow-up completed the HOOS, EQ-5D and EQVAS questionnaires and scored mean 20 (range 5-39), 0.1486 (range -0.128-0.693) and
52 (range 30-80), respectively. None of the patients reached PASS for any of these
outcomes. Two of these seven patients received lifelong suppressive antibiotic therapy,
the others had a Girdlestone situation.

DISCUSSION
This study compared patient reported outcome, infection eradication rate and
complications for functional articulating spacers and prefabricated spacers used in
two-staged revision arthroplasty for PJI of the hip. Infection eradication rate was
similar for patients treated with a functional articulating spacer and patients treated
with a prefabricated spacer (93% vs 78% respectively, P > 0.05). Both of these infection
eradication rates are in concordance with the literature[13,14].
The patients treated with a functional articulating spacer achieved patient reported
outcome scores above or close to the PASS, reflecting an acceptable state of functioning
from a patient’s perspective as described by Paulsen et al[17], whereas the patients
treated with a prefabricated spacer achieve much lower scores[17]. The results of the
HOOS, EQ-5D and EQ-QoL show patients treated with a functional articulating spacer
achieved significantly higher scores compared to the patients treated with a
prefabricated spacer. The difference may be partially explained by heterogeneity of the
two patient groups, however correcting for age and comorbidity made no difference.
We think these higher scores adequately reflect the better functional recovery of
patients with a functional spacer, which has large implications for long-term quality of
life. Both Lausmann et al[19] and Zhang et al[9] have found comparable results in their
cohorts of patients treated with functional articulating spacers[9,19].
As expected, patients with a Girdlestone situation scored lowest of all groups on the
HOOS and the EQ-5D. The impact of permanent explantation of the hip prosthesis on
patients’ lives may be reflected even better with the EQ-QoL score, where patients
with a Girdlestone situation score only a median 40 of a possible 100. Orthopaedic
surgeons should be aware of this very poor functional outcome and decreased quality
of life when counselling and preparing their patients for explantation of a hip
prosthesis.
Patients treated with a functional articulating spacer had significantly shorter inhospital stays after both first-stage and second-stage surgery. This effect may be biased
by the year of surgery, as patients treated with a functional articulating spacer were
treated more recently compared to patients treated with a prefabricated spacer. In
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recent years there has been increased emphasis on a shorter in-patient period, both
after primary and revision arthroplasty[20,21]. However, with a functional articulating
spacer, the patients’ mobility is improved and patients can therefore go home more
often and sooner and there is less need for discharge to rehabilitation clinics.
Duration of surgery was longer for the prefabricated spacer group during first stage
surgery as well as during second stage surgery, without reaching significance. One
could expect that spacer removal would be more difficult and time-consuming in
patients with a functional articulating spacer, as these stems have been cemented in
contrast to the prefabricated spacers. However, by maintaining normal motion with
the functional articulating spacer, these patients may suffer less arthrofibrosis of the
hip joint due to improved mobilization during the spacer interval, possibly resulting in
an overall easier reimplantation procedure. Zhang et al[9] found no significant
difference in the mean duration of first- and second stage surgery in their retrospective
cohort study including 13 patients with a functional articulating spacer[9].
Spacer dislocation occurred in two out of 15 patients with a functional articulating
spacer and in ten out of fifty-five patients with a prefabricated spacer. Both patients
with a functional articulating spacer had a single dislocation that was treated with a
closed reduction. In patients treated with a prefabricated spacer, dislocation
reoccurred 25 times in ten patients. Spacer revision because of repetitive dislocations
was performed in seven patients with a prefabricated spacer. The higher dislocation
rate in patients with a prefabricated spacer can be explained by the limited number of
modifications that can be made to prefabricated spacers, possibly resulting in less softtissue balance around the spacer and thus a higher risk of dislocation. Gil Gonzalez
et al[22] tried to prevent dislocation by proximal cementation of the prefabricated spacer,
but this did not result in significantly less dislocations in their patient series[22]. Yang
et al[11] found an incidence as high as 45% for their cohort of patients with prefabricated
spacers[11]. Jones and colleagues report that the incidence of complications is
significantly associated with spacer design and loss of femoral offset[10].
This study has several limitations that impede drawing definite conclusions. A
weak point of this study is reflected by the retrospective design. There were no
baseline PROMs available to compare to the PROMs at follow-up, therefore we cannot
exclude that the groups had different baseline scores. The number of patients included
in this study is low, which is caused by the relative scarcity of PJI requiring two-stage
revision. Due to the long period of time in which patients were treated, differences in
outcome may partially rely on other smaller changes in treatment that may have
occurred over that interval of time. The heterogeneity of the two groups can cause bias
in favour of the functional articulating spacer group, as patients in this group are
slightly younger, less patients have an ASA classification > 2, there is a difference in
causative pathogens between the groups and follow-up is shorter compared to
patients in the prefabricated spacer group (Tables 1 and 2). These differences were not
caused by patient selection, since initially all patients were treated with a prefabricated
spacer and later all patients with a functional articulating one. Duration of in-hospital
stay may also be influenced by the year patients were treated, as in recent years the
emphasis on short term in-hospital stay has become stronger. Longer follow-up should
determine whether the improved outcome of the functional articulating spacer group
lasts.
Two-stage revision arthroplasty is a physically and psychologically demanding
procedure to endure, especially for frail elderly patients[23]. Although this was not
investigated in our cohort, in cases where the spacer is well-fixed, the use of a
functional articulating spacer may even facilitate withholding a second stage
procedure in high-risk and low-demand patients. Several studies have described
patients refusing further procedures because they were satisfied with the function of
the spacer[4,24,25]. Long-term results of retained functional articulating spacers have yet
to be studied.

CONCLUSION
This was the first study to compare patient reported outcomes between groups of
patients treated with two-stage revision arthroplasty for infection of the hip with a
functional articulating or prefabricated spacer. Functional articulating spacers lead to
significantly improved patient reported functional outcome, reaching a functional
status that is acceptable to patients; comparable infection eradication rate and less
perioperative complications, after two-stage revision arthroplasty of an infected total
hip prosthesis, compared to prefabricated antibiotic-loaded spacers. The authors
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believe that, if technically possible, all two-stage revision procedures of the hip should
be performed with the use of a functional articulating spacer, as this study shows clear
advantages for this type of spacer. There is a need for a prospective randomised
controlled trial studying the infection eradication rate and functional outcome of
patients during the spacer interval and at long-term follow-up. As randomised trials
are difficult to organise due to the low percentage of infections, performing this study
as a cluster randomised controlled trial should be executable.
Failure of two-stage revision and subsequent explantation of the prosthesis leads to
very poor quality of life. Whenever possible, patients should be counselled about this
outcome.

ARTICLE HIGHLIGHTS
Research background
Infection is a tremendous complication of atheroplasty surgery. In case of chronic
infection, a two-stage revision procedure is indicated. For the interval period, several
types of antibiotic-loaded spacers are available. Prefabricated spacers have a high
complication rate, with instability as its main problem. In recent years, we have
implemented the use of a functional articulating antibiotic loaded interval spacer.

Research motivation
The current literature lacks reports on the efficacy and safety of different types of
spacers used in two-stage revision of an infected total hip arthroplasty. Physicians are
still performing two-stage revision with an interval Girdlestone situation or with a
prefabricated spacer, even though the patients' mobility is severely compromised and
prefabricated spacers are known to have a high dislocation rate.

Research objectives
This study aims to compare the efficacy and safety of the functional articulating spacer
to the previously used prefabricated spacer. We compared the groups on infection
eradication rate, complications and functional and patient reported outcome.

Research methods
We retrospectively reviewed all patients treated with two-stage revision of an infected
total hip arthroplasty between 2003 and 2016.

Research results
We treated 55 patient with a prefabricated spacer and 15 patients with a functional
articulating spacer. The patient reported outcomes for the hip osteoarthritis outcome
score and EQ-5D-3L were significantly better for the functional articulating spacer
group (both P < 0.01). The infection eradication rate was comparable between the
groups (93% and 78%, P > 0.05). The risk of dislocation was comparable, but the
number of dislocations was significantly higher for the prefabricated spacer group (P <
0.05).

Research conclusions
Functional articulating spacers lead to comparable infection eradication rate, improved
patient reported outcome and less complications compared to prefabricated spacers
used for two-stage revision of the infected hip.

Research perspectives
Future studies should evaluate whether our findings can be affirmed in a prospective
study with a larger number of patients. Also, it should be evaluated whether it is safe
to have a patient retain the spacer when he is satisfied with its function.
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Abstract
BACKGROUND
Most populations worldwide, who are used to squatting and sitting cross-legged
for their activities of daily living, largely comprise the lower socioeconomic strata,
thus making them candidates for exclusion for total knee arthroplasty.
Proximal/high tibial osteotomy (HTO) is a preferred strategy for clinically
symptomatic osteoarthritis (OA) with genu varum due to painful medial
compartment OA which is not amenable to conservative measures.
AIM
To evaluate the outcomes of medial open-wedge HTO along with autologous
bone grafting and buttress plate for the treatment of genu varum due to OA of the
knee in a rural population of central India.
METHODS
A total of 65 knees in 56 patients with a mean age of 58.22 ± 5.63 years with genu
varum due to intractable painful knee OA were treated with medial open-wedge
HTO along with autologous bone grafting and buttress plate osteosynthesis from
June 2015 to May 2018. The mean preoperative radiological angle of genu varum
was 13.4°. Clinical outcomes were assessed by the range of movement, knee
scores, pain scores, and functional scores. Radiographic studies were performed
preoperatively and at regular intervals during the follow-up period.
RESULTS
All patients reported pain relief immediately after the osteotomy and during the
long-term analysis covering between one to three years. The genu varum angle
was overcorrected to approximately four degrees in all patients. There was a loss
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with the 1964 Helsinki declaration
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comparable ethical standards and
were approved by the Datta Meghe
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of reduction by approximately three degrees in all patients at around six weeks
postoperatively. Preoperative knee movements were restored in all patients. No
major perioperative complications were noted during surgery and postoperative
follow-up and the clinical scores were significantly improved during the final
analysis which revealed good pain relief.
CONCLUSION
Medial open-wedge HTO is a reliable, safe, practical, physiological, and feasible
treatment for populations who are used to increased activity in their occupation
and lifestyle and is associated with excellent short-term and long-term results for
OA in genu varum knees.
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Core Tip: In recent times, unicompartment knee arthroplasty has been the procedure of
choice for isolated medial compartment osteoarthritis in the developed world; however,
this option is unsuitable for populations used to squatting and sitting cross-legged, and
having greater physical demands on the knees. For these subsets of individuals, a
physiological and biological procedure to correct the deformity and relieve pain in the
long-term has been made possible by medial open-wedge high tibial osteotomy which
does not compromise future knee surgery such as total knee arthroplasty if the situation
demands.

Citation: Nikose SS, Nikose D, Kekatpure AL, Jain S, Saoji K, Reddy SM. Impact of medial
open-wedge high tibial osteotomy for medial compartment osteoarthritis of the knee. World J
Orthop 2020; 11(12): 606-614
URL: https://www.wjgnet.com/2218-5836/full/v11/i12/606.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i12.606

INTRODUCTION
Osteoarthritis (OA) is a chronic, progressive joint disease with high disability and
teratogenicity in the joints. Deterioration of the articular cartilage is the main problem
associated with OA, which decreases joint space between the two bones [1]. The level of
human cartilage glycoprotein chitinase 3-like-1 is known as a potential marker for the
activation of chondrocytes and the progression of OA, whereas lubricin appears to be
chondroprotective. These two glycoproteins are functionally associated with the
development of OA and in particular with grade 2/3 of OA, suggesting that in the
future they could be helpful in staging the severity and progression of the disease[1].
OA of the knee joint is a frequent hindrance in communities resulting in disabling
and painful knees with functional physical restriction, work loss along with hardships
relating to the activities of daily living[2]. While moderate physical activity acts as a
biological key for OA prevention, based on its effects as a natural anti-inflammatory
remedy that also enhances joint lubrication, this disease is largely distributed in the
community and is probably one of the top ten conditions causing significant
dysfunction and incapacitation throughout the globe[3]. Knee OA initially results in
medial compartment overload and disease progression in the knee, leading ultimately
to a progressive genu varum deformity if left untreated[4-6]. Undercorrection and
overcorrection of the deformity during surgery and post-surgical period results in
improper clinical outcomes, and hence appropriate correction of mechanical and
anatomical limb alignment is necessary until comprehensive healing is achieved and
maintained[7].
OA is a degenerative disease of the articular cartilage, and it represents one of the
most common causes of disability in the world linked to hypomobility[8]. OA can be
viewed as the clinical and pathological outcome of a range of disorders that result in
structural and functional failure of synovial joints with loss and erosion of articular
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cartilage, subchondral bone alteration, meniscal degeneration, a synovial
inflammatory response, and bone and cartilage overgrowth. Castorina et al[9] used
different functional tests such as the Barthel, MRC and VAS, and revealed that the
function and movement of OA patients were normalized due to gradual and
progressive improvement during 2 mo after surgery. The benefits of moderate
physical activity in OA patients may have protective roles on joints as a non-surgical
and non-pharmacological treatment, re-establishing the physiological function of
synoviocytes, preventing the onset of OA, and/or postponing the need for joint
replacement[10].
High tibial osteotomy (HTO) is often referred to as proximal tibial osteotomy and is
a frequently practiced surgical procedure for painful knees with varus malalignment
due to OA and overload in the medial compartment. Initially, HTO was introduced by
Jackson et al[11] in 1961, and thereafter Sir Robert Jones mentioned the use of tibial
osteotomies to correct genu varum due to rickets as documented by Wardle[12] in 1962.
However, Coventry[13] popularized the technique in 1985. The primary objective of
HTO is pain relief in OA in order to delay or avoid the need for knee replacement by
unloading the medial joint compartment and realigning the mechanical axis of the
lower limb thus slowing the degeneration. Moreover, HTO minimizes knee pain by
shifting the loads during weight-bearing to the relatively unaffected lateral
compartment after correction in varus knees. There are different HTO techniques such
as open-medial wedge osteotomy, closed lateral wedge osteotomy, progressive callus
distraction and dome osteotomy[14]. In the present study, the painful medial
compartment of knee OA was managed by a medial open-wedge HTO due to the
several advantages of this technique over other methods.
Medial open-wedge osteotomy is a comparatively simple process involving only a
couple of dissections and a single osteotomy where the lateral tibial cortex is kept
intact. The procedure does not require either a fibular osteotomy which has been
associated with bone resection of the lateral tibia and/or neurovascular complications.
Consequently, after the procedure, the normal anatomical tibial bone shape is
maintained which allows later reorganization during total knee arthroplasty (TKA) if
the need arises[13]. Varus malaligned knees can be treated by medial opening wedge
high tibial osteotomy (MOWHTO). Nowadays, the use of MOWHTO has accelerated
as it is superior to closed wedge techniques as it includes rectification of the deformity
proximate to the origin. Moreover, it avoids injuries to the common peroneal nerve,
proximal tibiofibular joint, is simpler to execute and provides additional expected
adjustments alongside maintaining the original bone stock. However, many
complications have been reported such as infection, non-union, osteotomy piercing or
hardware device drifting within the tibiofemoral joint, iatrogenic proximal tibial
plateau fracture, along with misplacement and miscalculated angle of correction[13,14].
In the present study we evaluated the outcomes of medial open-wedge HTO along
with autologous bone grafting and buttress plate for the treatment of genu varum due
to OA of the knee in a rural population of central India.

MATERIALS AND METHODS
Patients
The present research was conducted, after validation by the ethical committee, in 65
knees of 56 patients with medial compartment OA and genu varum treated from June
2015 to May 2018 in the Department of Orthopedics at Jawaharlal Nehru Medical
College and Hospital Wardha, Maharashtra, India. Ethical approval was obtained
from the Departmental Ethical Committee of the hospital. The mean preoperative
radiological angle of genu varum was 13.4° (range: 11°-15°). All adult patients with
genu varum and painful OA were treated with an open-wedge osteotomy with the
apex directed laterally. The criteria for preclusion were involvement of the lateral and
the patellofemoral, severe osteoporosis (low bone mass density) and the presence of
severe OA (Kellgren–Lawrence radiographic grading scale of 4), a genu varum of
more than 15°, movement restriction in the knee less than 90° along with fixed flexion
deformity of more than 10°.

Operative procedure
The study comprised 65 osteotomies in 56 patients by employing contoured T-buttress
plates (4.5 mm screws) with autogenous tricortical iliac crest addition within the gap
created by the opening of the osteotomy. Preoperative strategy and postoperative
assessment were based on a standing hip to ankle radiographic examination (Figure 1).
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Figure 1 Preoperative radiographs with mechanical axis demonstrating a medial compartment osteoarthritis and genu varum (measured
as 13.8°) as compared to postoperative radiographs (anteroposterior and lateral) showing an overcorrection along with the immediate
opening of the medial compartment.

The weight-bearing line was programmed and considered to cross the Fujisawa point
30%-40% lateral to the tibial plateau midpoint[15]. Each patient was positioned on a
radiolucent bench with a thigh tourniquet in the supine position. The surgical
technique involved an incision obliquely placed from the medial aspect of the knee
leveled at the joint line to the tuberosity of the tibia followed by subperiosteal release
of the superficial portion of the medial collateral ligament and the location of which
was doubly confirmed by fluoroscopic examination. At the upper border of the pes
anserine an oblique Kirschner wire was inserted from the medial aspect and directed
laterally towards the fibular head landmark. The knee was in a 15° flexed position and
the osteotomies were performed using a thin osteotome and electric oscillating saw
beneath the wire. The osteotomy to the lateral cortex ended within 5 mm medial to the
lateral cortex, thus keeping it intact. The gaps were created medially by a valgusdirected force and maintained with a spreader. The intraoperative mechanical axis was
controlled by keeping the knee in an extended position using the cable technique[16].
The bone graft was harvested from the ipsilateral iliac crest and fashioned into an
appropriate shape and size and was kept and impacted at the opened osteotomy site
along with additional slivers of bone within the osteotomy site followed by
osteosynthesis using a T-buttress plate as demonstrated in Figure 1.
Pre-operative and post-operative assessment of medial compartment OA was
performed by measuring range of movement (ROM), knee scores, pain scores, and
functional scores. Each patient was followed-up postoperatively at four and eight
weeks, three and four months and thereafter at six months, one year, two years, and
three years. The data were assessed and analyzed using SPSS version 13.0.

RESULTS
A total of 65 knees in 56 OA patients with a mean age of 58.22 ± 5.63 years were
enrolled for MOWHTO. Among these patients, almost 55% of women over the age of
60 years had symptoms not relieved by adequate conservative measures. Almost all
the patients were right dominant; thus, of 65 knees, 76.93% were right and 23.07%
were left, and it was noted that knee OA was more common in the dominant side of
young active individuals where there was no limb length discrepancy postoperatively.
The mean weight and body mass index of the patients was 65.25 ± 4.36 kg and 24.06 ±
4.69, respectively. The preoperative mean knee pain score was 17 ± 6.57 and was 43 ±
5.23 in the postoperative period.
None of the patients had preoperative anteroposterior instability. Only one patient
had 6 mm of medio-lateral instability. There was no change in stability in any patients
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after surgery. In all patients, Knee Society Scores (KSS) improved significantly. The
preoperative mean knee score was 42.96 ± 8.39, whereas the postoperative knee score
was 89.15 ± 8.26. The mean preoperative functional knee score was 47.52 ± 8.15, which
improved in all patients postoperatively (78.56 ± 6.65). Table 1 shows the different
scoring scales in these patients.
There were no non-unions at the osteotomy site and in 95.38% knees (62 knees) the
osteotomy united within a 12-wk period. The final outcome of the study according to
the KSS[17,18] is depicted in Table 2.
The genu varum angle was overcorrected intraoperatively by approximately four
degrees in all patients as every patient lost some degrees of correction. We noted a loss
of reduction of approximately three degrees in all patients around six weeks
postoperatively. Preoperative knee movements were restored in all patients.
Complications such as vascular injuries, deep-seated infections, or events related to
evident deep vein thrombosis of the calf were reported in four (7.14%) of 56 patients.
Additionally, no untoward complications were reported at the iliac bone graft harvest
site, such as major hematoma, iatrogenic fracture, or nerve palsies, but the harvest site
continued to be a common source of pain for patients during the initial three months
in the postoperative phase. None of the patients required a fixation revision or
subsequent TKA of the knee or had an increase in patellofemoral joint pain. None of
the patients were immobilized in a splint or cast and the knee ROM was started as
soon as the comfort of the patient permitted after surgery.

DISCUSSION
The speculative benefits of the medial opening wedge osteotomy over the closing
wedge osteotomy are numerous, and include (1) the capacity to attain consistent
correction in the coronal and sagittal planes; (2) anatomical reconditioning with or
without adding bone grafts to the osteotomy site; (3) proximal tibiofibular joint
maintenance; (4) avoidance of lateral compartment penetration; (5) the ability to
intraoperatively modify the need for amendment; (6) a single plane oblique bone cut;
and (7) the advantage of simultaneous reconstruction of the anterior cruciate ligament
if necessary. The drawbacks of this technique are few and involve the formation of a
gap or defect which needs to be filled with bone grafts or substitutes to prevent early
and late collapse, morbidity at donor graft sites, a potentially elevated risk of delayedor non-union due to a relatively avascular area of the medial surface, and probably a
longer duration of postoperative weight-bearing restriction[19]. To support the above
evidence, several studies have been performed which reported that opening wedge
HTO is considered a safe procedure and convenient to both patient and surgeon,
whereas the expectation that closing wedge HTO may be significantly associated with
a greater incidence of complications, particularly peroneal nerve paralysis[20,21].
HTO and unicompartmental knee arthroplasty (UKA) probably have indications
that include the fifth or sixth decades of life without any joint instability, moderately
active individuals who present with mild varus malalignment and moderate
unicompartmental arthrosis, non-obese, and a fair range of knee flexion[22]. HTO
remains the most popular operation nowadays, and is primarily performed in young
patients with osseous tibial varus deformity combined with a symptomatic medial
knee compartment which is a bone and joint preserving technique and a more
physiological procedure[23]. Other possible alternatives such as TKA or UKA do not
rescue the joint, and have the drawbacks of sacrificing part or whole of the knee
joint[24]. While the revision of UKA to TKA is a challenging and demanding procedure,
the opening wedge HTO conversion to TKA is simpler and easy, overall it seems that
these less bone-preserving strategies have different indications than HTO, specifically
requiring a higher degree of OA, older age and lower activity level[25,26].
Hormonal dissimilarities between males and females may play a significant role in
the development of OA. In particular, postmenopausal women have a greater risk of
developing arthritis, and this has been associated with a reduction in estrogen during
this period[27]. Insall et al[17] reported OA is a major cause of mobility impairment,
particularly among females. A similar observation was found in the present study
where 55% of women had OA.
A frequent issue with HTO is the difficulty in achieving an effective correctional
degree. The optimal angular correction is uncertain, for the best long-term outcome.
Less than acceptable results were reported where the deformity had been
undercorrected probably because the preoperative radiographs were standing and the
intraoperative correction is in the supine position. Even when a specific correction
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Table 1 Different scoring among the patients during the follow-up period
Parameter

ROM (mean ± SD)

Knee scores (mean ± SD)

Pain scores (mean ± SD)

Functional scores (mean ± SD)

6 wk

115.65 ± 6.45

82.25 ± 8.63

27.9 ± 4.98

52.52 ± 16.82

3 mo

119.63 ± 5.13

85..52 ± 8.98

36.23 ± 4.53

64.23 ± 8.53

6 mo

121.9 ± 6.26

89.15 ± 8.26

42.65 ± 5.75

78.56 ± 6.65

P value

< 0.05

< 0.05

< 0.05

< 0.05

ROM: Range of movement; SD: Standard deviation.

Table 2 Final outcome according to the Knee Society Score
Final results

KSS score

No. of knees (n = 65)

Percentage

Excellent

80-100

57

87.69%

Good

70-79

5

7.69%

Fair

60-69

3

4.61%

Poor

< 60

0

0%

KSS: Knee Society Score (Insall et al[17] and Asif et al[18]).

angle has been pre-operatively planned, it has been reported that 20% of HTOs do not
achieve optimum correction due to the above-stated reason. This could be due to
difficulty in standardizing the radiographs, and some of the perceived deformity may
be caused by rotational malalignment of the tibia. It has even been shown that there is
no significant relationship between pain and knee alignment and so static deformity
correction alone may not be reliable[28]. In the present study, an attempt was made to
treat painful OA of the knee with medial open-wedge HTO along with autologous
bone grafting and buttress plate osteosynthesis, and this technique resulted in a
stronger fixation along with increased stability in OA patients until the healing of
osteotomy had been achieved.
Trieb et al[29] claimed that elderly people (> 65 years old) had a greater incidence of
HTO failure when they used the lateral closing wedge osteotomy. Osteotomy failure
was not observed in the current study despite the age differences. After MOWHTO,
antecedent research has demonstrated that the proportion of complications varies
widely and ranges between 1.9% and 55%[30,31]. When hardware-related issues were
seen, the Puddu plates were accompanied by a high complication rate (37.7%-55%),
while the use of non-locking T-plates and locking compression plates were associated
with fairly good results and an acceptable surgical complication rate (1.9%-8.6%)[32-35].
In comparison, a lower complication rate (6.15%) with the use of T-buttress plates was
observed in the current study.
Although radiological assessments of the union stage are correct even in tibial shaft
fractures in only about 50%, to increase the reliability of these examinations, we used
separate assessments to evaluate both the clinical and radiographic unions. Unlike a
previous study by Meidinger et al[36], we found that within two to three months most of
the osteotomies were united in our study. Also, the long-term follow-up revealed that
the MOWHTO was successfully performed with excellent outcomes in terms of knee
pain, muscle strength, gait, and activities in daily living.

CONCLUSION
It was revealed that better coordination and collaboration between the orthopedic
surgeons, physiatrists, physical therapists and patients would possibility achieve faster
recovery in patients who underwent TKA. These collaborations would normalize the
function and movement of OA patients with reduced hospital stay and improved
ROM, pain score, knee score and functional score. We continue to study this method to
the surgery and the rehabilitation program. In this way we can achieve better results
and have more data that will help the recovery, pain and ROM of patients.
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Medial open wedge HTO is a reliable, safe and feasible treatment for people who
tend to squat and sit cross-legged due to their lifestyle and is associated with excellent
outcomes in the short-term and long-term follow-up for OA in genu varum knees. It
was also revealed that MOWHTO results in good union along with few complications
compared with the conventional approach and preserves the bone stock for
subsequent conversion to a TKA if necessary. We believe that with proper indications
and due considerations, a bone and joint preservation technique would be more
beneficial compared to other techniques, especially UKA.

ARTICLE HIGHLIGHTS
Research background
Osteoarthritis (OA) of the knee joint continues to affect humans throughout the world
and the general consensus is to treat it either non-operatively or by total knee
arthroplasty (TKA) which has acceptable results but causes bone loss and the
procedure cannot be undone. This review focused on the points which preserve the
bone, cause pain relief due to mechanical alignment of the lower limb, and can provide
good long-term outcomes in most populations.

Research motivation
Keeping the research background in mind an anatomical, physiological and biological
management was sought to preserve the natural bone of the patient and at the same
time reduce functional disability.

Research objectives
High tibial osteotomy (HTO) is common in orthopedic surgery and various techniques
have been described, each claiming advantages over the other. However, we aim for
precise patient selection, indications, procedures, and acceptable results along with a
brief summary of already described surgical techniques, methods of fixation, and
complications. This article focuses on the points that should be considered to achieve
good long-term outcomes.

Research methods
Prospective clinical study: Level of evidence - Level II.

Research results
Very little data exists on the use of different pharmacological and nonpharmacological treatments for OA. These highly relevant research results are
encouraging in terms of good outcomes, less morbidity, less economically disturbing
for paying populations and good long-term results as there is a high incidence of
comorbidities in this population. OA may be one of many health problems affecting
function, and this may influence the appropriateness of management options.

Research conclusions
The goals of treatment for knee OA must include lasting relief of pain and
inflammation, and improvement in or maintenance of mobility, function (including
activities of daily living and improved health-related quality of life). The efficacy of
TKA for improving pain and function has been demonstrated; however, not all
patients are candidates for this surgery and it is not suited to the lifestyle of
populations who squat and sit cross-legged. Additionally, the HTO provides an
effective treatment approach that can relieve pain and improve function to delay or
avoid TKA surgery.

Research perspectives
Future directions in knee OA point to more joint preservation techniques and
protocols as compared to bone sacrificing extensive surgeries.
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Abstract
BACKGROUND
Few cases of avulsion fractures of the tibial tuberosity with simultaneous rupture
of the patellar tendon have been reported in the literature. Therefore, its
mechanism and incidence have not been determined conclusively. This type of
fracture is considered a serious injury that requires prompt diagnosis and early
surgical repair. There is no therapeutic algorithm or standard method of
treatment due to the infrequency of the injury. In this case report, we conducted
an exhaustive review and synthesis of the existing literature including all
previously reported cases.
CASE SUMMARY
We present a 16-year-old male soccer player with a case of a tibial tuberosity
fracture with distal avulsion of the patellar tendon 5 d prior to surgical treatment.
The patient presented with a loss of the extensor mechanism of the knee, edema,
the inability to walk, and pain. X-rays showed a high patella and a 180-degree
avulsion of the tibial tuberosity. The diagnosis was confirmed by magnetic
resonance imaging and computed tomography. The patient underwent open
reduction and internal fixation of the fracture with a cannulated screw and
washer as well as patellar tendon repair with two metallic anchors. The
rehabilitation protocol consisted of initial immobilization in extension followed by
passive mobility and muscle strengthening exercises. The patient demonstrated
excellent postoperative outcomes and returned to regular activity without
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complications.
CONCLUSION
This case presentation and literature review comprise the most relevant clinical,
radiographic, and treatment details described in the international literature to
date, providing the reader with an overview of this rare condition.
Key Words: Avulsion; Case report; Patellar tendon; Rupture; Simultaneous; Tibial
tuberosity
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Core Tip: Simultaneous injury to the anterior tibial tuberosity and the patellar tendon is
rare, and the etiology is unclear. To date, no definitive treatment protocols for this
pathology have been reported. In this case report, we present a review of the studies
published to date. The diagnoses must be based on high clinical suspicion, physical
examinations, and imaging methods. Open reduction and internal fixation of the bone
fragment are almost always necessary. Patellar tendon repair is performed using
sutures, anchors, staples, or screws.

Citation: Morales-Avalos R, Martínez-Manautou LE, de la Garza-Castro S, Pozos-Garza AJ,
Villarreal-Villareal GA, Peña-Martínez VM, Vílchez-Cavazos F. Tibial tuberosity avulsionfracture associated with complete distal rupture of the patellar tendon: A case report and review
of literature. World J Orthop 2020; 11(12): 615-626
URL: https://www.wjgnet.com/2218-5836/full/v11/i12/615.htm
DOI: https://dx.doi.org/10.5312/wjo.v11.i12.615

INTRODUCTION
Avulsion fractures of the tibial tuberosity (TT) are uncommon, accounting for less than
1% of all physeal injuries[1] and 0.4%-2.7% of epiphyseal injuries. The incidence of
patellar tendon (PT) rupture in the pediatric population is unclear[2,3]. Only a few cases
of avulsion fracture of the TT with a complete simultaneous rupture of the PT have
been reported in the literature[4]; therefore, the mechanism and incidence of this type of
fracture have not been clearly determined[5]. Some previous studies have suggested
that it may be related to certain enzymatic deficiencies, obesity or Osgood-Schlatter
disease[5].
Watson-Jones[6] was the first to classify TT fractures into three different types.
Subsequently, Ogden et al[7]further modified this classification system in 1980 by
looking at other parameters that impacted management, including displacement and
comminution, and added subtypes A and B. Then Frankl et al[8] extended the
classification system to include the association with PT ruptures.
Although rare, avulsion fractures of the TT are considered serious injuries that
necessitate a prompt diagnosis and early surgical repair. There are relevant differences
among the treatments proposed by various authors, most of which are surgical
treatments. However, there is no therapeutic algorithm or standard method of
treatment due to the infrequency of the injury[9]. The authors present a case of TT
fracture with distal avulsion of the PT that occurred in a 16-year-old amateur soccer
player who was surgically treated, as well as a comprehensive review of the existing
literature on the injury. The authors have obtained written informed consent from the
patient and his parents to print and electronically publish the case report and in this
case report no data is shown that could lead to the identification of the patient.

CASE PRESENTATION
Chief complaints
A 16-year-old male soccer player on an amateur team who was a resident of a rural
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The patient’s injury occurred while he was playing soccer; his right leg was fixed in
extension when he kicked a ball with his left foot. Subsequently, the patient
experienced severe pain in the left knee, fell directly onto the ground from a standing
position, and could not bear weight on the foot. He was immobilized and treated with
non-steroidal anti-inflammatory drugs (NSAIDs), rested and physical measures;
however, when the symptoms persisted, the patient was transferred to our trauma
center. He was initially assessed in our center 6 d after the incident.

History of past illness
The patient had no significant previous illnesses.

Personal and family history
The patient exhibited grade 2 obesity (weight: 102 kg, height: 1.65 cm, body mass
index: 37.50 kg/m2), and there were no relevant items in the medical history.

Physical examination
In the examination, the skin on the left knee was intact, without abrasions or wounds,
and the patient showed a diffuse increase in soft tissue around the left knee, moderate
joint effusion (grade 3), and a knee attitude in flexion. He was also unable to actively
perform knee extension. The patient experienced severe pain during palpation of the
TT (8/10 in the visual analogue scale). The injured patella was also asymmetrically
elevated compared to the contralateral patella (Figure 1). The Lachman test result was
negative, and no knee instability was confirmed on the physical exam. Distally, he
demonstrated to the ability to completely plantarflex and dorsiflex the ankle and flex
and extend the fingers.

Laboratory examinations
This patient had routine blood tests including complete blood count, blood clotting,
blood group, basic metabolic panel, C-reactive protein and erythrocyte sedimentation
rate tests. These results did not reveal any abnormalities.

Imaging examinations
The radiographs revealed a displaced avulsion fracture of the TT extending to the level
of the proximal tibial physis (Ogden type 2B) with 180º of rotation in the fragment and
a concomitant high-riding patella (Caton-Desahmps index: 1.47) (Figure 2A and B).
Given the latter finding, concern was raised for PT injury; a magnetic resonance
imaging (MRI) scan was performed, and the results demonstrated a complete distal
rupture of the PT (which was retracted in the lower pole of the patella) (Figures 2C
and D), reclassifying the lesion as an Ogden 2C type lesion. A computed tomography
(CT) scan of the knee was performed, which revealed a large anterior fragment
displaced by 13.14 mm (Figures 2E and F).

FINAL DIAGNOSIS
The final diagnosis was an avulsion fracture of the tibial tuberosity and total distal
rupture of the patellar tendon (simultaneous injury at two sites of the extensor
mechanism).

TREATMENT
The patient’s left lower extremity was placed into a bulky jones dressing with a knee
immobilizer, and the patient was admitted to the hospital. He was taken to the
operating room the following day for open reduction and internal fixation of the
fracture and repair of the tendon injury.
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Figure 1 Preoperative clinical photograph of the patient's lower extremities, where the swelling in the affected knee (left) can be
observed, as well as asymmetry in the height of the patella. The upper and lower margins of the patella were marked with a pen.

Figure 2 Patient imaging studies. A and B: Simple radiographs in the two standard projections (anteroposterior and lateral), where the avulsion fracture of the
TT is observed without apparent involvement of the articular surface; C and D: Sagittal sections of magnetic resonance images with T1 and T2 sequences, where the
distal rupture and proximal retraction of the patellar tendon can be observed, maintaining its integrity; E-G: Computed tomography images taken in the axial, coronal
and sagittal views of the bone window, where the displacement of the bone fragment, the eversion and 180º degrees of rotation of the same segment can be
observed; the anterior cortex rotated posteriorly, confirming the integrity of the articular surface.

Surgery
After the induction of spinal anesthesia, prophylactic antibiotics were administered
(cephalotin 1-gram I.V.). The patient was positioned supine on a radiolucent table
without a tourniquet due to possible retraction that can affect the patellar and
quadricipital tendons. After sterile preparation and draping with the knee in 30º of
flexion, an anterior longitudinal incision measuring 7 cm was made over the anterior
aspect of the knee, extending from the distal pole of the patella to 3 cm below the TT
(Figure 3A). Dissection was performed through the subcutaneous tissue to the
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Figure 3 Surgical procedure performed. A: The incision made; B: Identification of the proximally retracted patellar tendon; C: Image showing its
integrity; D: The only large avulsed bone fragment; E: Reduction and temporal fixation of the bone fragment with K-wire; F: Definitive osteosynthesis with the use of a
cannulated screw with a partial thread of 6.5 mm in diameter and the use of a washer; G: The placement of two steel anchors on each side of the newly fixed tibial
tuberosity; H: Final appearance of the reinserted tendon; I and J: Immediate postoperative radiographs in two projections; K: Final appearance of the knee at 24 h
postoperatively.

extensor mechanism, where the fracture and hematoma were encountered (Figure 3B).
After the hematoma was drained, the infrapatellar fat pad was identified and
debrided from the fibrotic tissue. Then the PT was identified and completely avulsed
from its distal native footprint (Figure 3C). Macroscopically, the PT appeared
delaminated and frayed without any intratendinous ruptures. The PT was located for
later reconstruction. Then the TT was found to be a completely free fragment, rotated
by 180º and displaced from its original position (Figure 3D). The anterior cortex of the
TT was devoid of periosteum at the patellar tendon insertional footprint (consistent
with a tendon avulsion), while some ruptured terminal tendon fibers remained
attached to the tubercle. The tubercle’s periosteum was found to be attached to the
undersurface of the ruptured patellar tendon.
The free TT fracture edges were cleared of soft tissue, and the hematoma was
removed. Under fluoroscopic assistance, the TT was correctly reduced. With a 0.045inch K-wire, the reduction was secured (Figure 3E), and a half-threaded 6.5 mm × 50
mm cannulated screw (DePuy Synthes®, West Chester, PA, United States) and washer
were used (Figure 3F). Subsequently, PT reconstruction was initiated. With the knee in
30º of flexion, the PT was reduced to its original footprint over the TT. The periosteum
attached to the undersurface of the tendon was reapproximated onto its footprint on
the tibial tubercle and was thus used as an anatomic landmark to ensure the
appropriate tensioning of the PT. If this maneuver was not possible, a peroneus longus
allograft was prepared. Subsequently, two 5.5 mm metallic anchors (Corkscrew;
Arthrex®, Naples, FL, United States), with two high resistance sutures per anchor,
were placed 2.5 cm distal to the TT; one anchor was placed medial to the TT, and one
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anchor was placed lateral to the TT (Figure 3G). Subsequently, one high-resistance
suture of the medial anchor was used to perform a Krackow suture on the PT. A total
of seven passes were performed, and the free ends of the suture were knotted. Then,
one suture was used as the lateral anchor, a Krackow suture was performed on the PT,
with a total of 7 passes, and the free ends of the suture were knotted. The other two
high-resistance sutures were used to repair the medial and lateral retinacula of the PT
(Figure 3H). The duration of the surgery was 58 min. Finally, radiographic images
were taken to confirm the patella height was correct according to the Caton-Deshamps
index (Figures 3I and J). The wound was irrigated, and a multilayered closure was
performed (Figure 3K). The knee was immobilized with an extension brace.

OUTCOME AND FOLLOW-UP
The patient was discharged 48 h later without complications. The patient visited the
office at 2 wk postoperatively for wound inspection and stitch removal. At 4 wk, he
was allowed to initiate proprioceptive weight bearing with crutches. The radiograph
showed total consolidation of the fracture at 5 wk postoperatively. At 6 wk, the
immobilization device was removed; strengthening exercises of the quadriceps,
passive flexion-extension movements to 90º degrees of flexion and limited active
flexion-extension movements of the limb (0º to 60º degrees) were initiated; and
ambulation with partial weight bearing assisted by a crutch was allowed. At 8 wk, he
was allowed to move freely with full weight bearing. At 12 wk, he could perform 130º
degrees of flexion and full extension. He was allowed to return to sports activities at 5
mo postoperatively and the patient subjectively report being in excellent condition.

DISCUSSION
Mayba et al[10] was the first to report this pathology in 1982, and since then, a few case
reports and case series have been published. Kaneko et al[11] conducted a review of six
cases previously published in the literature. Subsequently, Mosier et al[5] reported 19
cases of TT avulsion fractures, 2 of which were associated with a PT rupture. Yousef
et al[12] reported the incidence of a combined injury to the TT and PT to be 4.2% in a
retrospective analysis of 71 pediatric cases of injuries of the knee extensor mechanism.
We believe the occurrence of such injury patterns has increased progressively due to
the increased participation in sports activities at younger ages.
In most cases, the age of presentation was between 11-years-old[13] and 18-yearsold[14]. This injury is more common in males than in females and occurs predominantly
on the left side[15]. Patients with this pathology tend to have well-developed quadriceps
muscles capable of exerting tremendous forces across the extensor mechanism of the
knee[16]. The mechanisms of injury for each of the two lesions described in this case
report have been well described (vigorous eccentric contraction of the extensor
mechanism with the knee fixed in flexion or, as in our case, an aggressive quadriceps
contraction when the ipsilateral foot is fixed, both of which can occur during jumping
activities)[16]. However, it is not clear why the extensor mechanism fails in two different
locations[17]. The synchronous failure at both sites can imply perfectly balanced forces
at both sites[15]. Kaneko et al[11] suggested that an eccentric contraction of the quadriceps
can initially result in avulsion of the TT, which intensifies to the point of rupture of the
PT. When the bony fragment has been inverted while initially remaining attached to
the proximal periosteum, there is secondary resistance to the extensor mechanism, and
when knee flexion and a forceful quadriceps contraction are maintained, the PT
avulses from the TT[14].
Clinical diagnoses of these injuries can be challenging, and the loss of active knee
extension should heighten clinical suspicion for associated PT rupture[18].
Radiographically, the presence of patella alta on lateral radiographs of the knee flexed
to 30° as well as calcified fragments below the patella may indicate the presence of PT
rupture[12,13]. Frankl et al[8] recommended taking plain lateral knee radiographs in
extension and flexion, with an increased patellar to tibial distance in flexion indicating
a combined injury. Tai et al[19] mentioned that the Insall-Salvati index can be used,
which had a value of 1.6 in the preoperative period in their study; however, we used
and suggest using the Caton-Deschamps, as it is more reliable and does not involve a
measurement of the anterior tibial tuberosity, which may be fragmented or displaced
from its original position, biasing the measurement.
The use of advanced imaging can surely increase diagnostic accuracy. MRI is
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indicated when there is articular involvement of the fracture or the associated lesions
of the menisci, articular cartilage, cruciate ligaments or collateral ligaments need to be
evaluated[20-23]. However, it is striking that only a small number of cases were assessed
by this method preoperatively (6 of 23, 26.08%). Nevertheless, MRI is not available in
all hospitals and has a high cost. CT is useful for the evaluation of the articular surface
and preoperative planning, but it has the disadvantage of exposing the patient to
radiation.
Pandya et al[16] retrospectively determined that these types of injuries are associated
with sports that involve jumping (basketball 27%, soccer 22%, and running 22%);
however, in our extensive review, we observed that this combined injury also occurs
in sports such as wrestling[24], gymnastics[15], hurdling[11], running[12] and handball[19].
Multiple treatment and fixation methods have been proposed, such as the use of
immobilization with plaster or percutaneous fixation in the Ogden 1 type fractures and
the use of Kirschner wires[8], tension bands[25], staples[26], conventional AO screws[23] or
cannulated screws (unicortical or bicortical with and without the use of washers, it has
been previously shown that there are no differences regarding the number of
cortices)[27] measuring 3.5 mm[3], 4.0 mm[28], 4.5 mm[22], 5.0 mm[17] and 6.5 mm[14] with full
or partial thread; usually, two screws are used, but the use of three screws has been
described[18]. The reinsertion/fixation of the patellar tendon has been described using
direct suture repair of the tendon to the periosteum[14], staples[29], tension bands,
transosseous sutures through the tibia in an oblique[3] or horizontal direction[17], pole
screws[22], fixing anchors placed in the native footprint of the PT insertion or on each
side of the fracture line[30] and combinations of these methods[28]. The preferred suture
technique for patellar tendon repair is the Krackow technique for most cases and the
Bunell technique for some cases[12], and various suture materials are used: 2/0
Ethindond[31], #2 Fiberwire®[3,17], #2 polydioxanone[18] or Vycril[14]. Due to the rare nature
of this pathology, no clinical studies have been performed comparing the previously
described methods; however, on the basis of the positive findings reported in most of
the studies, we believe that achieving stable fixation of the bone fragment and repair
and adequate reinsertion of the patellar tendon can lead to a satisfactory clinical
outcome. However, the choice of the method depends on the age of the patient, the
size and the comminution status of the fragment, and the surgeon’s experience, based
on previous case reports, we suggest as a hypothesis that the absolute fixation of the
bone fragment and an adequate repair and reinsertion of the PT by any method lead to
satisfactory clinical results.
Similarly, the use of semitendinosus autografts for acute lesions[22] and the use of
Achilles tendon allografts for chronic lesions[32] to augment or protect the PT have been
previously described (where wire cerclages have also been used[18,19]or high strength
sutures[3]). In some cases, surgery is associated with additional procedures, such as
releasing the anterolateral compartment of the leg to prevent the appearance of a
compartment syndrome or partial meniscectomies. It is noteworthy that in most cases,
patients undergo surgery in the acute phase on the same day or the day after
diagnosis; however, we believe that the longest time from injury to surgery was
presented in our study (6 d) and the study by Garbuz et al[24].
In most studies, pneumatic tourniquets were not used, except for some exceptions[33]
in which complications or difficulties with its use were not reported. However, in our
case, we preferred not to use a tourniquet due to the possibility of retraction of the PT
with its use. Similarly, only a few studies have used postoperative drainage[14,23,30]. In all
cases, a vertical midline incision of variable length was preferred for the management
of the patients (generally 6 to 10 cm in most studies).
A 180 degree rotation of the bone fragment has been reported in many
studies[2,3,11,21,28]. Wu et al[30] mentioned that after 180° of rotation, soft-tissue attachments
around the tibial tubercle prevent further displacement, but continued application of a
force beyond this angle may then cause a patellar ligament avulsion.
Postoperative recovery protocols in existing case reports range from leg
immobilization for 4-8 wk to range of motion exercises being performed early[18]. The
exercises start from strengthening exercises in extension, progressive active
movements and assisted walking in extension from 3 wk or to the withdrawal of
immobilization. The full mobility range (0° to 130°-140°) is generally reached between
12-14 wk postoperatively[33]. The complete recovery of patients with their subsequent
return to sports activities has been reported between 5-6 mo postoperatively[33].
Few articles have reported long-term complications or the need for additional
procedures for subsequent management or removal of temporary implants[18]. TT
avulsion fractures can cause disruption to the growth plate, which can cause skeletal
deformities such as genu recurvatum or limb-length discrepancy, which can be present
in 4% and 5% of cases, respectively[34]. It is imperative to continue to follow up these
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patients until they have reached skeletal maturity to ensure normal growth without
any resultant osseous deformities, as additional procedures, such as growth plate
modulation, may be required[23].
The strengths of this case report include X-ray, CT, and MRI assessment of the
injury, accurate description of the surgical techniques and photos of them, detailed
postoperative follow-up, and a comprehensive evaluation of all available
literature which could help in the elaboration of clinical practice guidelines for this
pathology. In Table 1, we present the results for all the 23 previous case reports
described since 1982, including the present case report.

CONCLUSION
This case presentation and literature review covers the most relevant clinical,
radiographic and treatment details described in the international literature so far,
which provide the reader with an overview of this rare condition. Subsequent clinical
and biomechanical studies are necessary to determine the definitive etiology of this
condition as well as to establish a specific treatment method.
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Table 1 Different studies carried out since 1982 (23 in total)

No. Ref.

Year Country Gender Age Sport

Mechanism
Screw
Screw Kind of
Approach
of injury
diameter number screw

Autograft/
allograft

Method of
patellar
tendon
fixation

Range
Use
Protection Immobilization Rehabilitation of
Consolidation of
motion
MRI

1

Mayba[10]

1982

Canada

Male

15

Running

Jump

Anterior

-

1

Cortical

-

Sutures

-

Cast

6 wk

1 yr

-

No

2

Frankl
et al[8]
(Case 1)

1990

United
States

Male

16

Basketball

Jump

Anterior

-

1

Cortical

-

Sutures

-

-

-

6 mo

-

No

3

Frankl
et al[8]
(Case 2)

1990

United
States

Male

12

Gymnast

Hyperflexion Anterior

-

-

-

-

Kirschner
wire + suture

-

-

3 mo

-

No

4

Goodier
et al[14]

1994

England

Male

18

Soccer

Tripped

Anterior

6.5

1

Cancellous

-

Sutures

-

Cast

6 wk

11 wk

-

No

5

Kaneko
et al[11]

2000

Japan

Female

14

Hurdle

Jump

Anterior

-

1

Cancellous

-

Staples

-

Cast

4 wk

3 mo

-

No

6

Sullivan
et al[4]

2000

Turkey

Male

14

Wrestling

Extension

Anterior

-

-

-

-

Staples +
Anchors de
Ethibond

-

Splint

4 wk

6 wk

-

No

7

Seo
et al[34]

2005

South
Korea

Male

14

Jumping rope

Jump

Anterior

-

1

Cancellous

-

Staples

-

Cast

6 wk

3 mo

-

Yes

8

Uppal
et al[21]

2007

United
States

Male

-

Running

-

Anterior

-

1

Cancellous

-

Transosseous suture

Cast

4 wk

4 mo

-

No

9

Swan
et al[9]

2007

United
States

Male

15

Basketball

Jump

Anterior

4.0

2

Half
threaded

-

Transosseous suture

Knee
Immobilizer

Postop

6 wk

-

Yes

10

Boyle
et al[15]

2011

New
Zealand

Male

11

Gymnast

Jump

Anterior

-

-

-

-

Kirschner
Tension
wire + suture wire

Cast

12 wk

12 wk

-

Yes

11

Sié et al[28]

2011

Ivory
Coast

Male

15

-

Jump

Anterior

-

-

-

-

Staples

Cast

6 wk

6 wk

-

No

12

Wu
et al[32]

2012

Taiwan,
China

Male

18

Basketball

-

Anterior

-

-

-

-

Surgical steel 7.0 + staples
+ ethibond

Splint

-

3 mo

-

No

13

Sharief
et al[30]

2015

Kuwait

Male

15

-

Fall

Anterior

4.0

2

Cancellous

-

Sutures

Splint

4 wk

2 mo

-

No

14

Tai et al[19] 2015

Hong
Kong,
China

Male

16

Handball

Jump

Anterior

6.5 y 5.0

3

Cannulated -

Fiberglass

8 wk

5 mo

-

No
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15

Gurbuz
et al[24]

2016

Turkey

Male

14

Wrestling

Extension

Anterior

-

-

-

-

Staples +
Anchors de
Ethibond

16

Clarke
et al[18]

2016

-

Male

16

Football

Tackle

Anterior

4.0

3

Cortical

-

17

Yousef
et al[12]
(Case 1)

2017

United
States

Male

13

Basketball

Jump

Anterior

-

1

Half
threaded

-

18

Yousef
et al[12]
(Case 2)

2017

United
states

Male

14

Basketball

Jump

Anterior

-

2

19

Yousef
et al[12]
(Case 3)

2017

United
states

Male

14

Running

Fall

Anterior

-

20

Agarwalla 2018
et al[23]

United
States

Male

14

Basketball

Jump

Anterior

Splint

4 wk

6 wk

-

No

Transosseous Tension
suture
wire

-

Postop

5 mo

-

No

Transosseous suture +
spiked
washer

Cast

3 wk

12 wk

12 wk

No

Cannulated -

Suture
anchors

-

Knee
Immobilizer

8 wk

20 wk

8 wk

No

2

Cannulated -

Transosseous suture

Knee
Immobilizer

4 wk

12 wk

8 wk

No

3.5

3

Cortical

Anchors

-

Hinged Knee
Brace

3 wk

5 mo

-

Yes

21

Pereira
et al[22]

2018

Brazil

Male

15

Basketball

Jump

Anterior

4.5

2

Cannulated Semitendinosus Suture
anchors

-

Brace

6 wk

14 wk

14 wk

Yes

22

Behery
et al[2]

2018

United
States

Female

13

Skateboarding Hyperflexion Anterior

3.5

2

Cortical

-

Transosseous suture

Knee
Immobilizer

1 wk

5 mo

-

Yes

23

Bárcena
Tricio
et al[3]

2019

Spain

Male

14

Soccer

Jump

Anterior

5.0

2

Half
threaded

-

Transosseous suture

Cast

-

12 wk

-

No

24

Morales2020
Avalos et
al (Present
Report)

Mexico

Male

16

Soccer

Extension

Anterior

3.5

1

Cannulated -

Suture
anchors

Knee
Immobilizer

12 wk

5 mo

10 wk

Yes

-

-

-

The different epidemiological and clinical characteristics, treatment and rehabilitation protocols of all the cases reported in the literature to date, based on an exhaustive search of the literature. MRI: Magnetic resonance imaging.
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