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Abstract

Surgical skills education is in the process of a crucial
transformation from a master-apprenticeship model
to simulation-based training. Orthopaedic surgery is
one of the surgical specialties where simulation-based
skills training needs to be integrated into the curriculum
efficiently and urgently. The reason for this strong and
pressing need is that orthopaedic surgery covers broad
human anatomy and pathologies and requires learning
enormously diverse surgical procedures including basic
and advanced skills. Although the need for a simulation-
based curriculum in orthopaedic surgery is clear, several
obstacles need to be overcome for a smooth trans-
formation. The main issues to be addressed can be
summarized as defining the skills and procedures so that
simulation-based training will be most effective; choosing
the right time period during the course of orthopaedic
training for exposure to simulators; the right amount of
such exposure; using objective, valid and reliable metrics
to measure the impact of simulation-based training on
the development and progress of surgical skills; and
standardization of the simulation-based curriculum
nationwide and internationally. In the new era of surgical
education, successful integration of simulation-based
surgical skills training into the orthopaedic curriculum
will depend on efficacious solutions to these obstacles in
moving forward.

Key words: Surgical simulation; Orthopaedic surgery;
Education; Skills training
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Core tip: Simulation-based surgical skills training outside
the operating room has become essential for modern
trainees due to restricted work-hours, cost pressures,
emphasis on patient safety, and the increasing humber
of minimally invasive and technically challenging pro-
cedures. Orthopaedic surgery has fallen behind some
other surgical specialties in integrating surgical simulation
into its curriculum due to several obstacles. The authors
aim to clarify these obstacles and suggest solutions for a
smooth transformation to simulation-based curriculum in
orthopaedic surgery.

Atesok K, MacDonald P, Leiter J, Dubberley J, Satava R, VanHeest
A, Hurwitz S, Marsh JL. Orthopaedic education in the era of
surgical simulation: Still at the crawling stage. World J Orthop
2017; 8(4): 290-294 Available from: URL: http://www.wjgnet.
com/2218-5836/full/v8/i4/290.htm DOIL: http://dx.doi.org/10.5312/
wjo.v8.14.290

INTRODUCTION

The traditional method of teaching surgical skills in the
operating rooms (OR) has been based on the master-
apprenticeship (i.e., learning on the patient) model for
over one hundred years". Although this model has been
successful throughout many generations, simulation-
based surgical skills training outside the OR has become
essential for modern trainees due to restricted work-
hours, cost pressures, emphasis on patient safety,
and the increasing number of minimally invasive and
technically challenging procedures®”. In general surgery,
once the need for surgical skills training outside the
OR was recognized, surgical simulation was formally
acknowledged as evidence-based and integrated into
residency curriculum and board certification®*.

Orthopaedic surgery arguably covers the broadest
human anatomy and related pathologies among the
surgical specialties. Hence, the learning of countless basic
and advanced surgical procedures during orthopaedic
surgery training is required. In addition, as a specialty
with a focus on both bone tissue pathologies and soft
tissue disorders, trainees are expected to be familiar
with a diverse range of both surgical and non-surgical
equipment throughout the course of their training,
which indicates a strong need for simulation-based skills
training. However, orthopaedic surgery has fallen behind
some other surgical specialties in integrating surgical
simulation into its curriculum.

Although efforts are underway to make this training
a part of orthopaedic education, issues that must be
addressed include the definition of skills fundamental to
orthopaedic surgery that are amenable to simulation.
The optimal time period and amount of exposure to the
chosen simulations during orthopaedic training must be
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determined. There must be objective, valid and reliable
metrics to measure the effects of simulation training on
both the development and progress of surgical skills.
Finally, simulation-based curriculum for training in ortho-
paedic surgery needs to be standardized at national and
international levels.

CURRENT OBSTACLES TO SIMULATION-
BASED EDUCATION IN ORTHOPAEDICS

Defining areas in need of simulation-based skills
training
Simulation-based training should aim to hasten the
process of leaming surgical skills in a safe environment
that is away from the stress of the OR and also allows
the opportunity to both make and learn from mistakes
without causing harm to patients. Because orthopaedic
surgery encompasses the broadest human anatomy,
simulated orthopaedic procedures need to be defined
carefully so that both basic and advanced orthopaedic
surgical skills can be improved outside the OR effectively.

Currently, the majority of the educational programs in
United States have already integrated simulated training
of basic surgical skills in to their first postgraduate year
(PGY1) either as a one-time intensive course (i.e., boot
camp) or as longitudinal training sessions throughout the
year since this training is required by the American Board
of Orthopaedic Surgery (ABOS) and Residency Review
Committee (RRC) in orthopaedic surgery. However, the
content of these courses is not well-defined. In addition,
there is no consensus among orthopaedic training pro-
grams as to what type of advanced procedures need
simulator training. Almost all advanced orthopaedic
surgical skills” courses that are presently available are
limited in terms of both procedure types and practiced
surgical tools due to their commercial nature. As one of
the first steps forward, priority will need to be given to
the definition of both basic and advanced surgical skills to
be trained on simulators in orthopaedic education.

Another important issue is the use of simulators for
training and certification or recertification of orthopaedic
surgeons already in practice. Simulation-based training
might offer a valuable opportunity for practicing ortho-
paedic surgeons who have completed residency or fellow-
ship training to learn new procedures and/or update their
existing skills. Further, simulations may have a future role
to assess surgical skills as benchmarks for certification
or recertification of practicing orthopaedic surgeons.
Likewise, simulators can be beneficial in selecting
students for specialty training in orthopaedic surgery
based on their aptitude in simulated performance of basic
surgical skills. Nevertheless, all these potential areas in
which simulators could have benefits need to be further
identified and studied rigorously before simulators can be
used in certification/recertification and trainee selection
processes.

Arthroscopic surgery is an area where orthopaedic
simulation is more advanced and that simulation-based
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training can be very effective in improving skills of
orthopaedic trainees®”). During the past few decades,
there have been dramatic improvements in arthroscopic
surgery of the knee, shoulder, hip, elbow, wrist and
ankle joints. However, the amount of time that the
trainees could spend for practicing arthroscopic surgery
skills is limited because the duration of residency
training is still the same as it was decades ago. Further,
there are different arthroscopic procedure types for
each joint, which makes it nearly impossible for trainees
to become truly proficient in this field. Hence, simulated
arthroscopic skills training could be an important learning
opportunity for residents and fellows.

Current simulators are limited to mainly the knee
and shoulder modules and do not include some of the
commonly performed operations such as meniscectomy,
rotator cuff repair, or even loose body removal. It is
clear that simulation-based arthroscopic skills training
needs to be integrated into the educational curriculum.
However, the types of simulator devices and software,
joints on which to focus, and procedures to be practiced
using arthroscopy simulators are still waiting to be
defined and standardized. Cost factors will be another
limitation. As an example, the cost of a high-fidelity
simulator can be as high as 100000 USD including the
device, software, and maintenance.

After defining the skills for which training with
simulators will be most effective, programs to educate
and certify simulation lab instructors to supervise
trainees during simulation-based skills training could be
of value. Although such an initiative could only become
relevant after a standard simulation based curriculum
is established, this may also aid in achieving uniformity
among educational programs nationwide.

Time, duration, and frequency of simulation-based skills
training

Although surgical simulation in orthopaedic skills training
has been recognized as a necessity, and the Accreditation
Council on Graduate Medical Education recommends
simulation training during residency education, specifics
with regard to time, duration, and frequency of practicing
with simulators are left to program directors to determine
what they think is best for their residents®®®. Since July
2013, orthopaedic residency programs in the United
States have been required to incorporate laboratory-
based surgical skills training into the curriculum during
the first year of residency. Currently, some orthopaedic
residency programs have included a one-month period of
an intensive skills training course, or boot camp, into their
curriculum before interns begin their training. There are
existing concerns regarding the effectiveness of short-
term intensive skills training, and the degree to which
skills learned in these courses are retained and achieve
the goal of improved integration into the actual OR is
uncertain®, Hence, some residency programs in the
United States have decided to spread these skills training
courses throughout the entire internship year via one
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or two days of simulation-based training every week.
Further research is required to prove the superiority of
either method in surgical skills training during residency.

Due to the tremendous number of surgical skills and
procedures that must be learned after the first year of
residency, incorporation of simulation-based skills training
into the latter years of residency should positively
influence the development of trainees’ skills. Choosing
the time and duration of simulation-based training as well
as determining the optimal time period for reinforcing
the learned skills by repeating the simulated courses are
of primary concern. Although more simulation-based
surgical skills training may result in better learning for
residents, this would also require more time spent in
education and thus away from clinical service, which
might be an obstacle to conducting lab-based training
for extended periods during residency. The fellowship
period might be a convenient time for practicing skills
that are more advanced and specific to subspecialties
and offer greater opportunities for dedicated time.
However, fellowship programs may vary in terms of
their goals and objectives for training, and standardized
educational curriculum adjustments for simulation-based
training during the fellowship period do not appear to be
realistic at this stage. Also more advanced skills training is
necessary at the fellowship level requiring higher fidelity
simulations which may be cost prohibitive for many
fellowship programs.

Proficiency-based-progression training

A notable simulation-based surgical skills training app-
roach, which was recently proposed, is proficiency-based-
progression (PBP). This approach can be defined as
training based on a benchmark that has been established
by expert performance. The benchmark that the novice
must achieve is set by the mean performance scores
of experts who undergo the same course (curriculum).
Thus, the training is not completed in a given amount
of time but rather continues until the benchmark scores
are met for two consecutive trials. In addition, tasks are
presented in a progressively increasing level of difficulty.
The trainees are allowed to proceed to the next step
only after the previous and easier task is accomplished
proficiently. This notion also matches the Dreyfus and
Dreyfus model of progression of skills performance from
novice to master™™, In a prospective randomized blinded
study, Angelo et af®! demonstrated that the PBP protocol,
when coupled with the use of a shoulder model simulator
and validated metrics, produces superior arthroscopic
Bankart repair skills when compared with traditional and
simulator-enhanced training methods. It is evident that
the integration of simulation-based surgical skills training
into educational curriculum using such novel approaches
will be more beneficial if certain factors, such as which
skills require focus and at what point during the training
they should be implemented, could be determined and
organized beforehand.
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MEASUREMENT OF SKILLS LEARNED IN
SIMULATORS

In the process of simulation-based surgical skills training,
measurement of trainees’ progress in performing
surgical procedures and assessment of their levels of
proficiency is vital. As Rear Admiral Dr. Grace Hopper
stated, “"One accurate measurement is worth a thou-
sand expert opinions”™%. Traditional assessment of
surgical proficiency, which has been based on both the
observations and personal opinions of experts regarding
trainees’ performances, will need to be replaced with
valid, objective, and standardized techniques for the
measurement of the skills learned using simulators.
Current measurement methods include question-
naires, objective structured assessment of technical skills
(OSATS) and global rating scale of performance (GRS)
scoring systems, structured assessments using video
recording, motion tracking, and direct metric measurement
of task performance. Although questionnaires can be
practical and low-cost assessment tools, their inherent
shortcomings are subjectivity and unfeasibility in terms of
standardization. Further, comfort or knowledge question-
naires as proficiency measures in surgical procedures
are not validated instruments™, OSATS is performed
by independent observers, who evaluate a trainee’s
performance objectively using a checklist of specific
surgical maneuvers that have been deemed essential
to the procedure (e.g., measuring the screw length with
depth gauge, verifying screw lengths, ensuring that
screws securely engage the far cortex, etc.); GRS aims
to measure characteristic surgical behaviors during the
performance of any given procedure (e.g., respect for
soft tissues, fluidity of movements, familiarity with the
instruments, etc.)**?. Hence, subjective criteria included
in GRS result in limitations including ambiguity, poor inter-
rater reliability, and frequent bias. Video-based feedback
is a practical method that enables the assessment of
surgical performance using the same measurement
tools as OSATS or GRS at a later, convenient time for
the ratert”®!, However, this means that the shortcomings
associated with OSATS and GRS are also relevant to the
video-based assessment of simulated surgical skills. Motion
tracking and analysis systems can be mounted to surgical
tools and attached to or worn on the hands as sensors™.
They can also be built within a simulator to track and
analyze instrument tip trajectory data™. Although
motion analysis systems might be an objective and valid
tool for assessing surgical skills in terms of precision
and economy of movements during the performance
of simulated surgical procedures, the impact of these
metrics on a trainee’s skill transfer to the OR has yet to
be proven™®*”), Directly measuring a concrete aspect of a
skill using universal metric measurements holds promise
for improving reliability, validity, clinical relevance, and
applicability in large-scale studies or high-stakes board
exams, while decreasing time and expense. Examples
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of such parameters include the mechanical strength
of a knot or a fracture fixation construct; accuracy of
reduction; or time to completion of a skill task™®*”,

The abovementioned measurement methods can be
used alone or in combination based on the preferences
of each research group or institution. Therefore, hetero-
geneity exists in the literature in terms of available
evidence to draw conclusions. Formation of standardized
measurement protocols using reliable, valid, and objec-
tive metrics are essential before a simulation-based
orthopaedic surgery education curriculum can become
standard.

STANDARDIZATION OF SIMULATION-
BASED CURRICULUM AMONG
RESIDENCY AND FELLOWSHIP
PROGRAMS

Although simulation-based surgical skills training in
dedicated laboratories is already a requirement to learn
basic surgical skills during residency in United States,
there are no guidelines that each residency program is
required to follow. Moreover, there is no requirement to
implement simulation-based training in the fellowship
period, during which more advanced procedural skills, such
as arthroscopic treatment of intraarticular pathologies,
are taught.

As an example for standardized curriculum change, the
ABOS and the Orthopaedic RRC have taken initial steps by
requiring simulation based training during the PGY 1 year.
Organizations that focus on education such as American
Orthopaedic Association/Council of Orthopaedic Residency
Directors, American Academy of Orthopaedic Surgeons
or subspecialty societies could develop a more robust
simulation curriculum for later years in training. However
further mandatory requirements will be necessary to
widely incorporate simulation in to curriculum and to
uniformly advance the field. It is likely that the accrediting
and certifying bodies will want to see solutions to some of
the other issues identified in this article before mandating
further requirements. It is clear that proposing initiatives
is easier said than done. However, improving surgical
education and human health is worthy of the required
intensive efforts.

CONCLUSION

Orthopaedic surgery requires the comprehensive inte-
gration of simulation-based surgical skills training into its
educational curriculum. Although efforts are being made
toward transitioning into simulation-based educational
curriculum, orthopaedic surgery lagged behind other
surgical disciplines in simulation. Current obstacles that
require further work and research include definition of
the areas that need simulation-based skills training in
orthopaedic surgery, choosing the optimal time period
in orthopaedic training for exposure to simulators; the
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correct amount of such exposure; using objective, valid,
and reliable metrics to measure the impact of the training
on the development and progress of surgical skills; and
standardization of the simulation-based curriculum both
nationwide and internationally. A successful transition into
simulation-based surgical skills training in the orthopaedic
educational curriculum will depend on efficacious solu-
tions to these obstacles.
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Abstract

Treatment paradigms for Early Onset Scoliosis have
changed from fusion to fusionless methods as the
harmful effects of early fusion on the growing spine

Baishidenge ~ WJO | www.wjgnet.com

and thorax were realized. Magnetic rods are a recent
addition to fusionless technology for controlling scoliosis
in @ growing spine. The clinical evidence base on magnet
driven growth rods (MDGR) has accumulated over
the last 4 years. It has implications for reduction in
the number of repeat surgeries required with similar
complications as the traditional growth rods (TGR) and
at a higher initial cost. However in terms of patient
psyche and avoidance of repeat surgeries which are
necessary with the TGR, MDGR treatment works out
less expensive in the long run with definitely better
patient comfort. The authors look at the available litera-
ture coupled with their own experience to discuss the
current status, limitations and future prospects for this
type of technology.

Key words: Growing spine; Magnet driven growth
rods; Magnetic growth rods; Growth rods; Early Onset
Scoliosis
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Core tip: This editorial focuses on the current status of
magnet driven growth rods in the management of Early
Onset Scoliosis (EOS). The editorial gives a background
of this technology vis a vis the traditional growth rods
and looks at the advantages, limitations and com-
plications associated with the magnetic growth rods.
Also its effects on lung function and cost comparison
with the traditional growth rods is made. The authors
attempt to answer the question “Are magnetic growth
rods the final answer for EOS?” in the light of the world
literature and personal experience on the above subject.
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Progressive Early-Onset Scoliosis (EOS) has remained
a management challenge for decades with surgical
management themes changing from early operative
fusion to the more recent fusionless surgeries. With this
there has been an increased interest to find an ideal tool
to reach the goal with minimal complications. Desirable
characteristics include ease of instrumentation without
age restrictions, minimum number of surgeries for curve
control or reduction with minimum hardware problems.
The advantages and disadvantages of various growth
friendly instruments are noted in Table 1.

EVOLUTION OF A NEW IMPLANT

The thought of achieving distraction without repeat
surgical interventions started with Takaso et af"). In 1998
they devised a growing rod that could be elongated
with a remote controller. The rod contained a motor
with remote control receiver (placed in the abdominal
cavity). In their experimental study on induced scoliosis in
beagle dogs they could achieve correction of curves by 3
weekly distractions using external remote controller non-
invasively with the study animal awake. The limitations
of the instrument were size of the outer cylinder of the
rod (16 mm) and the site for placement of the remote
control receiver.

BEGINNING OF MAGNETIC ERA (MAGNET
CONTROLLED GROWING RODS, MCGR)

The very first report of a magnetic rod being used for
scoliosis dates back to 2004 when Jean Dubousset and
Arnaud developed and used the Phenix device. Arnaud
Souberian a French aeronautical engineer adopted the
idea from expandable rod for bone tumors®?,

The Phenix device consisted of a magnetically
controlled extensible rod that was distracted by placing
a permanent magnet on the skin over the spine at
home. It was first used in 8 paralytic patients. The
clinical outcomes of this device were extremely limited.
Miladi et al reported a limited human experience on
them.

Akbarnia et al* in 2009 presented the first technical
note on Ellipse Technology Inc Device, wherein an
implantable magnetic rod was distracted by external
adjustment device. It was aimed at providing distraction
to the spine by non-surgical means.

The next breakthrough came in 2012 when Akbarmnia
et al! published their report on MAGEC rod in an ex-
perimental study on Yucatan pigs'. In this well-designed
study, the authors implanted the MAGEC rods designed
by Ellipse technologies and compared the results with a
sham group. The rod consisted of an actuator that had
a magnet and could not be contoured. The proximal and
distal parts could be contoured. Distraction was carried
out at 7 mm/wk for 7 wk with the help of an external
adjustment device. At the end of 10 wk of the study
they found a significant difference in the vertebral unit
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height in experimental (MAGEC rod) as compared to
sham group. There were no rod related complications.
Histological data of the para-aortic lymph nodes revealed
inflammatory cells in 2/5 in experimental and 1/3 in
sham group. No abnormalities were found in liver, spleen
and kidney biopsies.

The post implant removal magnetic resonance imaging
(MRI) showed healthy discs and the cord was found to be
normal. They could achieve 80% of distraction given by
the external adjustment device.

INDICATIONS

Magnetic rods have been designed for EOS of varied
etiologies including neuromuscular, idiopathic, congenital,
etc. The indications can be extended to a slightly elder
age group up to 12 years in selected cases. Because of
the limitations of size of the rod most studies have used
the rods after 3 to 4 years of age with scoliosis involving
the thoracic spine predominantly. It can be used for the
more rigid congenital varieties, the results of distraction
may not be favorable, but the fact that the rod can act
as an internal brace in itself can be of help in maintaining
curvature.

MAGNET CONTROLLED GROWING RODS
IN THE RECENT ERA

Many studies have been published in last couple of
years showing its efficacy in humans covering various
aspects of EOS.

In the very first publication on the experience of
MAGEC in humans, Cheung et al”’ described the out-
comes in 2 (one of Marfan’s and other AIS) of the 5
patients who completed 2 years of follow-up. Length of
instrumented segment increased by mean of 1.9 mm
with each distraction (1.5-2 mm/mo). There were no
implant related complications and no patient complained
of pain. All the patients were satisfied with the procedure
and had a good functional outcome as per the SRS-30
questionnaire. There was only one instance of loss of
distraction that was rectified with the rod design.

Subsequent 3 years have seen a burst of papers
on MAGEC exploring its efficacy. The first multicenter
study of 33 patients by Akbarnia et ai® documented
results in 14 cases of EOS (idiopathic, neuromuscular,
congenital and neurofibromatosis) treated with MAGEC
rod instrumentation. The mean age was 8 year and 10
mo. They compared the results of single vs dual rods.
The mean improvement in Cobb angles was 46% and
48% respectively in single and dual rods respectively.
There was no significant difference in both groups in the
average T1-T12 growth but the difference was significant
in T1-S1 growth. Partial loss of distraction was the most
common complication after 11 of 68 distractions (2 in
dual and 9 in single rods). The loss was regained and
maintained in subsequent distractions. No other implant
related complications were noted. In none of the cases
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Table 1 Advantages and disadvantages of various growth friendly instruments

Modality Advantages

Disadvantages

Traditional growth rods/VEPTR
Shilla

Staple/ tether

Fusionless surgery
Fusionless surgery, no repeat surgeries

Less invasive, no repeat surgeries

Repeat surgical distractions, psychological issues
Long term results awaited
Growth potential dependent
Limited indications, lesser degree of severity

VEPTR: Vertical Expandable Prosthetic Titanium Rib.

proximal junctional kyphosis was seen®.

A second landmark paper came from Dannawi et
a!'in 2013 with 34 children (mean age 8 years) of EOS
with mean Cobb’s angle of 69 degrees. At a mean follow-
up of 15 mo (12 to 18 mo), both groups single and dual
rods, had a statistically significant improvement in mean
pre-operative, immediate post operative and final cobb
angles and also significant increase in the mean T1-S1
distance. No patient developed a post-operative fusion.
The complications met were: Superficial infection and
rod breakage in 2 (one in each group), loss of distraction
in 2 patients with single rod (rectified subsequently) and
hook pull out in one patient with dual rod. Trimming of
rod was done in one with hardware prominence. Overall
complications were fewer as compared to conventional
growth rods.

Hickey in their comparative study of MCGR (magnet
controlled growing rods) implantation in primary (mean
age 4.5 year, mean Cobb 74 degrees) vs revision cases
(mean age 10.9 years, Cobb 45 degrees) of EOS found
encouraging results in term of maintenance of Cobb
angle with comparable increase in the spinal growth (6
mm/year in primary, 12 mm/year in revision cases)™"".
Of the two complications in primary procedure one was
rod fracture and the other was proximal screw back out.
In the revision group there was loss of distraction in one
and failure of distraction in another.

La Rosa et a™!, Ridderbusch et a™? and Yilmaz
et a*® in their case series of EOS with MCGR found it
efficacious in allowing non invasive distraction without
repeat surgeries. It achieved spinal growth comparable
to conventional growth rod techniques.

Teoh et al** with the longest follow-up study till date
could get a 43% correction of scoliosis in primary cases
whereas it was only 2% in the conversion case, but the
curves were maintained till the last follow-up.

IMPROVEMENT IN PULMONARY

FUNCTION

Yoon et a™®, in a study of the effects of MAGEC rod
instrumentation on pulmonary function in cases with
neuromuscular scoliosis, compared pre-operative FVC
and FEV1 to the post-operative values. They found a
significant improvement in the post-operative values;
they felt that there may not be longitudinal improvement
in the function because of the natural course of the neuro-
muscular etiology, but the benefits of avoidance of repeat
anaesthesia and surgery remain.
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Harshavardhana et a*® in a prospective study of

26 patients of EOS of various etiologies found the
Magnet Driven Growth Rods (MdGR) to be effective in
reducing the number of complications and distraction
surgeries. They quoted a spectacular improvement of
PFT in neuromuscular cases with reduced incidence of
chest infections and emergency room admissions for
pulmonary ailments.

DISTRACTION FREQUENCY

Three monthly vs small more frequent: Akbarnia et
al*” studied the effect of frequency of distraction on the
outcomes of MCGR. In the more frequent distraction
group (weekly to 2 mo) there were more complications
of failure of rod distraction and proximal junctional
kyphosis as compared to rod breakage and proximal
foundation failure which were seen in other group that
underwent distraction every 3 to 6 mo.

CONVERSION FROM TRADITIONAL
GROWTH RODS TO MAGEC

Keskinen et al*® compared the efficacy of using MdGR
in primary vs conversion from previously operated tradi-
tional growth rods (TGR) and found that scoliosis can be
equally controlled after conversion from TGR to MdGR,
but the growth from baseline is less in conversion group.
The longest follow-up study (minimum longest follow-
up of 44 mo) by Teoh et af'*! quotes that the mid term
results of MAGEC are not as promising as the short term
results. Single rod construct should be avoided and they
indicated a caution in using MAGEC in revision cases.

COMPLICATIONS

Choi et al™ in a retrospective multi-centric study of
MCGR proposed a classification of complications related
to the procedure. Of the 115 operated patients 54 had
a minimum 1-year follow-up and were analyzed. They
classified complications as wound/implant related and
early (< 6 mo) or late > 6 mo. Implant related: (1) rod
breakage; (2) failure of lengthening requiring revision
surgery; and (3) anchor pull outs. Wound related compli-
cations: Surgical site infection (deep) requiring additional
surgical intervention.

They summarized complications as: (1) 42% had at-
least 1 complication; (2) 15% revision surgery, atleast one;
(3) 11% rod breakage (33% early, 66% late); (4) 11% (6)
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failure of lengthening, 4 distracted in subsequent visits, 2
rods were exchanged; (5) 13% anchor point problems;
and (6) 3.7% (2) deep infection, one each early (drainage
and antibiotic)/late (rod penetration, requiring removal of
one of the dual rods).

In the longest follow-up study till date Teoh et af**
reported 75% (6/8) patients required revision surgeries,
4 of which were for rod problems and one for proximal
junctional kyphosis. Rod failure occurred mainly after 3
years (average 39 mo). All single rod constructs required
revision procedure for failure.

Harshavardhana et al''® encountered complications
that include 3 single and 1 dual rod breakage, one
superficial infection, four cases had proximal junctional
kyphosis and distal anchor failure in two patients.

HURDLES

With MCGR emerging as the new hope for EOS as seen
from the published articles and early results, it brings
along with it its own sets of issues to be tackled. Some
limitations are as follows: (1) radiation hazard due to
frequent X-rays for monitoring the distraction; (2) MRI
compatibility: Due to presence of internal magnet in the
rod; and (3) cost.

ULTRASOUND FOR MEASURING
DISTRACTION

In an effort to reduce radiation exposure due to repeated
X-rays for measuring distractions, Stokes et ai*” and
Cheung et al®"! found a good inter observer and intra
observer variability in using ultrasound vs X-rays for me-
asurement of distraction of the MCGR's, thus reducing the
radiation hazard of frequent radiographs for monitoring
distractions. This technique requires training, attention
to details and rejection of sub-optimal images. Errors
can occur during acquisition of images and selection of
reference points. The limitations of this technique are
the inability to assess the spinal alignment and integrity
of construct. Therefore X-rays can be done at 6 monthly
interval to assess these parameters.

MRI COMPATIBILITY

Sturm et al*” in a review article on the management
of EOS mention the efficacy of MAGEC and also state
that there is no evidence that the electromagnetic field
causes any persistent or major side effect with repeated
distractions. Although stiffness, spontaneous fusions
and diminished returns will also be observed with this
technique, avoidance of multiple surgeries is a colossal
advantage over TGR.

Budd et al”® presenting their experimental study
stated the safety of MRI with the MAGEC rods in-situ, i.e.,
the lengthening mechanism was not triggered. They
found no reduction or enhancement in the ability of the
rods to lengthen but the rods did produce an artifact in
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imaging the spine.

COST AS COMPARED TO TGR

Charroin et al®” compared the expenses in TGR vs
MCGR over a period of 4 years based on a simulation
model using assumptions obtained from literature
search or their local experience. They found that MCGR
procedure induces a strong expense at start, then
costs evolve gradually because of the difference of TGR
strategy. Despite its major unit cost, their results show
that the use of MCGR could lead to lower direct costs
with a time horizon of 4 years. Also improvement of
quality of life could be indirectly evaluated considering
that about 2 surgeries and hospital stays per patient-
year could be avoided using MCGR. The limitations of
the study included: (1) the basis of estimation of costs,
i.e., a simulation model; (2) not taking into account
outpatient direct costs and indirect costs such as parent’
s time off work; and (3) assumptions of long term
results of MCGR based on the short term, few published
series. Jenks et al found equal efficacy of both but
the added advantage of MAGEC being a robust cost
saving at the end of 6 years. Thus NICE issued a positive
recommendation for the use of MAGEC for EQS. Similar
recommendations were made by Rolton et a/**®!, Armoiry
et al*”!, with a significant cost saving at the end of 5
years.

WHAT IS THE EVIDENCE?

Evidence based: TGR vs MAGEC

In the first case matched study between traditional
growth rods (TGR) and MCGR in 2014 by Akbarnia
et al” they compared 12 MCGR patients to 12 case
matched TGR patients. The average follow-up for TGR
was 1.6 year more as compared to MCGR who had 2.5
year mean follow-up. Major curve correction, annual
T1-T12 and T1-S1 growth was similar in both groups.
Incidence of unplanned surgical revisions were similar in
both groups but the MCGR patients had 57 fewer surgical
procedures. Most of the complications were related to
implant failure. In the MCGR group loss of distraction was
commonest, 63%, and in the TGR it was anchor pull out
and rod breakage.

Jenks et al® in a meta-analysis of the published
literature made provisional recommendations for NICE
(National Institute for Health and Care Excellence). These
were: (1) MAGEC would avoid repeat surgeries and
reduce complications and have benefit for physical and
psychological aspects of patient and family; (2) indicated
for use in children between ages of 2 to 11; and (3)
the system is cost saving as compared to conventional
growth rods from about three years after the index
procedure.

Figueiredo et af*® based on a systematic review of 6
papers found MCGR to be a safe and effective technique
and an alternative to traditional growth rods. There were
limitations due to the limitations of existing literature and
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Table 2 Single centre series of 10 patients operated by the

senior surgeon

Parameter Mean

Age 10.6 yr

Pre operative Cobb angle 83.1°

Last follow-up 65°

No. distraction/ patients 34
External remote controller distraction 12.15 mm
Actual distraction 8.9 mm (73.25%)
Follow-up 14.3 mo
Correction mean 18.3°

Percentage correction 21.62%

potential bias in literature due to this novel technique
being in early phases.

The shortcomings of MAGEC

The results of MAGEC are promising but follow-up is
short and the device technology does not guard against
the risk of gradual stiffening of the spine between
lengthening sessions and the limitation of the force of
magnetic rod to overcome the scoliosis related stiffness
in one or two years of use®”.

With the newer long-term studies coming up, we are
now coming across specific complications of growing
rods viz: (1) failure of distraction; (2) fatigue failure of
implant; (3) proximal junctional kyphosis; (4) loss of
sagittal balance due to non-contourable long actuator; (5)
less reliable results on conversion from traditional growth
rods to MCGR; and (6) more reliability on dual rods.

In a study on sagittal profile following MCGR in EOS,
Akbarnia et al®™ showed that the thoracic kyphosis was
reduced in cases with pre-existing thoracic kyphosis
more than 40 degrees and had no effect on other regional
sagittal parameters.

Inaparthy et al®® reported incidence of proximal
junctional kyphosis (PJK) in 28% cases of EOS operated
with MCGR. It was common in males, all the cases were
syndromic in etiology and 50% of them were conversion
from traditional growth rods. But the presence of PIK
was not an indication for further surgery.

AUTHOR'’S EXPERIENCE

We have been using the MAGEC (Ellipse Technologies)
since November 2014. In our single centre series of
10 patients operated by the senior surgeon (Dr. Ashok
N Johari), 9 cases were of congenital etiology and one
neurogenic with associated syringomyelia without
neurodeficit. All the patients were females. The data
is as shown in Table 2. The mean age at surgery was
10.6 years range (8-13 years). The mean pre operative
Cobb’s angle was 83.1° and post-operative was 65°,
with a mean correction of 21.62%. This correction was
maintained till the last follow-up of a mean 14.3 mo
(7-21 mo). There were 3.4 distractions per patient with
73.25% (8.9/12.15 mms) distraction achieved in-situ.
No patient had any intra-operative complications
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or neurodeficit post-operatively but we had difficulties
instrumenting the spine due to the complex anatomy
of the congenital deformities and severe degrees of
curvatures. The rods needed significant contouring and
almost always we had to use hybrid constructs (hooks
and pedicle screws). We had one rod breakage intra-
operatively which was managed by using a rod to
rod connector from the routine spine instrumentation
inventory.

The patients were advised continuous bracing and
distraction started 3 mo later at 3 mo interval. We
had problems in distraction in one patient which was
recovered in subsequent distraction under a setting
of mild sedation in operation theatre as the patient
was very apprehensive. Later on she had a smooth
course of distraction. All the patients were satisfied
with the procedure and none complained of pain during
distraction.

SO, ARE MAGNETIC RODS THE FINAL
ANSWER?

Problems similar to traditional growth rods like infection,
anchors site failure/break outs persist with MCGR, except
for elimination of repeat surgeries and its consequences.
Although MCGR has reduced the number of planned
surgeries for distraction, there are incidences of un-
planned visits to operation theatre for its own reasons.
These issues need to be addressed before we give a
final verdict on MAGEC. The technology still has scope for
improvement. Due to its novel approach this technique
kindles many a hopes and with traditional growth rods as
the only competitor, MAGEC is here to stay till the next
major breakthrough in instrumentation techniques.
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Abstract

Reconstruction of unstable syndesmotic injuries is not
trivial, and there is no generally accepted treatment
guidelines. Thus, there still remain considerable con-
troversies regarding diagnosis, classification and treat-
ment of syndesmotic injuries. Syndesmotic malreduction
is the most common indication for early re-operation
after ankle fracture surgery, and widening of the ankle
mortise by only 1 mm decreases the contact area of the
tibiotalar joint by 42%. Outcome of ankle fractures with
syndesmosis injury is worse than without, even after
surgical syndesmotic stabilization. This may be due to a
high incidence of syndesmotic malreduction revealed by
increasing postoperative computed tomography controls.
Therefore, even open visualization of the syndesmaosis
during the reduction maneuver has been recommended.
Thus, the most important clinical predictor of outcome is
consistently reported as accuracy of anatomic reduction of
the injured syndesmosis. In this context the TightRope®
system is reported to have advantages compared to
classical syndesmotic screws. However, rotational instability
of the distal fibula cannot be safely limited by use of 1 or
even 2 TightRopes®. Therefore, we developed a new
syndesmotic Interna/Brace™ technique for improved
anatomic distal tibiofibular ligament augmentation to
protect healing of the injured native ligaments. The
Interna/Brace™ technique was developed by Gordon
Mackay from Scotland in 2012 using SwivelLocks® for
knotless aperture fixation of a FiberTape® at the an-
atomic footprints of the augmented ligaments, and
augmentation of the anterior talofibular ligament, the
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deltoid ligament, the spring ligament and the medial
collateral ligaments of the knee have been published
so far. According to the individual injury pattern,
patients can either be treated by the new syndesmotic
Interna/Brace™ technique alone as a single anterior
stabilization, or in combination with one posteriorly
directed TightRope® as a double stabilization, or in
combination with one TightRope® and a posterolateral
malleolar screw fixation as a triple stabilization. Moreover,
the syndesmotic /nterna/Brace™ technique is suitable for
anatomic refixation of displaced bony avulsion fragments
too small for screw fixation and for indirect reduction
of small posterolateral tibial avulsion fragments by
anatomic reduction of the anterior syndesmosis with an
Interna/Brace™ after osteosynthesis of the distal fibula. In
this paper, comprehensively illustrated clinical examples
show that anatomic reconstruction with rotational stabi-
lization of the syndesmosis can be realized by use of our
new syndesmotic /nterna/Brace™ technique. A clinical
trial for evaluation of the functional outcomes has been
started at our hospital.

Key words: Syndesmosis injury; Rotational instability;
Stabilization; Anatomic repair; Interna/Brace™; Surgical
technique

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Reconstruction of unstable syndesmotic in-
juries is not trivial, and there are no generally accepted
treatment guidelines. The TightRope® system is reported
to have advantages compared to classical syndesmaotic
screws. However, rotational instability of the distal fibula
is not safely eliminated by use of 1 or even 2 TightRopes®.
Therefore, we developed a new syndesmotic /nterna/Brace™
technique using SwiveLocks® for knotless aperture fixa-
tion of a FiberTape® at the anatomic footprints of the
injured ligaments for improved anatomic distal tibiofibular
ligament augmentation to protect healing of the injured
native ligaments.

Regauer M, Mackay G, Lange M, Kammerlander C, Bocker W.
Syndesmotic InternalBrace™ for anatomic distal tibiofibular
ligament augmentation. World J Orthop 2017, 8(4): 301-309
Available from: URL: http://www.wjgnet.com/2218-5836/full/
v8/i4/301.htm DOI: http://dx.doi.org/10.5312/wjo.v8.i4.301

INTRODUCTION

The ligaments stabilizing the syndesmosis prevent excess
fibular motion in multiple directions: Anterior-posterior
translation, lateral translation, cranio-caudal translation,
and internal and external rotation™. Appropriate fibular
position and limited rotation are necessary for normal
syndesmotic function and talar position within the ankle
mortise!®. Reconstruction of unstable syndesmotic in-
juries is not trivial, and there is no generally accepted

Baishidenge ~ WJO | www.wjgnet.com

Figure 1 Lateral view on a skeletal model of a left ankle joint: Anatomic
augmentation of the anterior and posterior tibiofibular ligament by use of
an InternalBraceTM technique is simulated.

treatment guidelines!**, Thus, there still remains
considerable controversies regarding diagnosis, classi-
fication and treatment of syndesmotic injuries™>!.
Syndesmotic malreduction is the most common indication
for early re-operation after ankle fracture surgery, and
widening of the ankle mortise by only 1 mm decreases
the contact area of the tibiotalar joint by 42%"©?!,
Syndesmotic instability is a strong predictor for less
favorable clinical outcomes of ankle fractures, even after
surgical syndesmotic stabilization. This may be due to
a high incidence of syndesmotic malreduction revealed
by increasing postoperative computed tomography (CT)
controls!'®*, Therefore, even open visualization of the
syndesmosis during the reduction maneuver has been
recommended™®. Thus, the most important clinical pre-
dictor of outcome is consistently reported as accuracy of
anatomic reduction of the injured syndesmosis™*****,

In this context the TightRope® system (Arthrex®, Naples,
United States) is repeatedly reported to have advantages
compared to dassical syndesmotic screws™%*¢*8l, However,
rotational instability of the distal fibula cannot be safely
limited by standard use of 1 or even 2 TightRopes® as
shown by Teramoto et at*®! who tried to imitate anatomy
by use of different directions of the TightRopes®.

Therefore, we developed a new syndesmotic Internal-
Brace™ technique using SwiveLocks® (Arthrex®, Naples,
United States ) for knotless aperture fixation of a
FiberTape® (Arthrex®, Naples, United States ) directly
at the anatomic footprints of the injured ligaments for
an optimized imitation of the anatomy of the anterior
and posterior syndesmosis to protect healing of the
injured native ligaments. Figure 1 shows a simulation
of an anatomic augmentation of the anterior and
posterior tibiofibular ligament by use of a syndesmotic
InternalBrace™ technique in a skeletal model of a left
ankle joint.

SYNDESMOTIC /INTERNALBRACE™ -
THEORY AND PRINCIPLES

The InternalBrace™ technique was developed by Gordon
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Mackay from Scotland in 2012 using SwivelLocks®
for knotless aperture fixation of a FiberTape® at the
anatomic footprints of the augmented ligaments, and
augmentation of the anterior talofibular ligament!***%,
the deltoid ligament””, the spring ligament'*”, and the
medial collateral and cruciate ligaments of the knee
have been published so far®*?,

The primary aim of an InternalBrace™ is repair of
vital tissue rather than reconstruction or replacement
with non-vital tendon transplants®™. Ligament healing
should be standard rather than replacement, as the
original footprints of ligaments tend to be much larger
than tendon grafts could replace. So an important
advantage of the the InternalBrace™ technique is pre-
servation of proprioception instead of cutting out the
ligament remnants. An InternalBrace™ acts as a check-
rein or as a corner stone to stability just like a seat-belt,
and thus the InternalBrace™ supports early mobilization
of a repaired ligament and allows the natural tissues
to progressively strengthen®®!, In analogy to fracture
repair, an InternalBrace™ applies AO principles to soft
tissues.

The FiberTape® is a braided ultra-high-molecular-
weight polyethylene/polyester suture tape which has an
ultimate tensile strength of about 750 N™!. Until June
2014, when we started to use this new technique, about
732000 FiberTapes® have been sold, and a total of only
95 complications due to FiberTapes® have been reported
so far (internal information by Arthrex). According to
Peter Miller FiberTapes® have been recognized to be
“incorporated” after 4 mo in revision shoulder surgery.
Taken as a whole, FiberTapes® can be considered very
safe implants. Alternative applications of FiberTapes®,
SwivelLocks® or the InternalBrace™ technique, respec-
tively, are augmentation of the anterolateral ligament of
the knee, additional AC-joint stabilization in the horizontal
plane, augmentation of the ulnar collateral ligaments
for elbow stabilization, or minimally invasive repair of
ruptured Achilles tendons®*7%,

SYNDESMOTIC /INTERNALBRACE™ -
SURGICAL TECHNIQUE

Primary feasibility studies in human cadaver models
showed that the syndesmotic Interna/Brace™ technique
can be performed easily in a minimally invasive fashion
(Figures 2 and 3). A longitudinal incision about 15 mm
long was performed at the level of the ankle joint line
just a few millimeters anterior and posterior of the distal
fibula. An aiming drill guide was used to insert a k-wire
into the distal fibula from the anterior to the posterior
footprint of the syndesmotic ligaments for creating a
bone tunnel using a 2.7 mm cannulated drill (Figure
2A). A FiberTape® was inserted through the bone tunnel
until the middle of the tape was inside the tunnel. The
FiberTape® was then locked securely inside the bone
tunnel of the distal fibula by use of an interference
screw (SwiveLock® 3.5 mm) to avoid movements of
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the tape inside the tunnel with potential sawing effects
(Figure 2B). Using the existing approaches, 3.4 mm
bone tunnels were drilled at the tibial footprints of the
anterior and posterior syndesmotic ligaments identified
by fluoroscopy, and after adequate tapping of the bone
tunnels and correct positioning of the distal fibula, both
free ends of the FiberTape® were fixed into the bone
tunnels with a 4.75 mm SwivelLock® (Figure 2C-F).
Control of the minimally invasively performed positioning
of the implants was possible by extensive opening of
the cadaver situs. The view from anterolateral (Figure
3A) and from posterolateral (Figure 3B) on the left ankle
joint reveals correct placement of the four anchors for
anatomic reduction and augmentation of the anterior and
posterior tibiofibular ligaments. Based on these positive
results of the feasibility studies we started to use this
technique in patients.

According to the individual injury pattem, patients were
either treated by the new syndesmotic Interna/Brace™
technique alone as a single anterior stabilization (Figure
4), or in combination with one posteriorly directed Tight-
Rope® as a double stabilization (Figures 5 and 6), or in
combination with one TightRope® and a posterolateral
malleolar screw fixation as a triple stabilization (Figure 7).

SINGLE ANTERIOR STABILIZATION

Figure 4 shows the clinical example of a 32-year-old
female soccer player with acute injury of the anterior
syndesmosis after supination-inversion sprain of the right
ankle (Figure 4A). We sutured the torn ligament (Figure
4B) and performed a single stabilization of the anterior
syndesmosis with a 3.5 mm SwiveLock® at the fibular and
a 4.75 mm SwiveLock® at the tibial footprint, respectively
(Figure 4C). In case of open surgery, the fibular and
tibial footprints can be identified by direct visualization
just following the fibers of the injured ligament. Here
it is important to avoid distal malpositioning of the
Swivelocks to prevent impinging of the FiberTape® on
the anterolateral aspect of the talus. To avoid over-
constraining of the anterior syndesmosis a hemostat
clamp can be put under the FiberTape® during tensioning.
After surgery we performed a CT scan to verify anatomic
positioning of the ankle mortise and correct screw
placement (Figure 4D).

DOUBLE STABILIZATION

Figure 5 shows a double stabilization with an anterior
InternalBrace™ and one posteriorly directed TightRope®
resulting in a perfect indirect reduction of the small
posterolateral avulsion fragment. The 45-year-old male
patient sustained a type B ankle fracture with postero-
lateral subluxation of the talus due to an avulsion of
the posterolateral malleolus (Figures 6A, C, E and G).
After standard plate osteosynthesis of the distal fibula
the syndesmosis remained unstable, especially when
performing external rotation or posterior translation of
the distal fibula. Due to the multidirectional instability of
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Figure 2 Minimally invasive anatomic augmentation of the anterior and posterior syndesmosis in a cadaver model (A-F). Note: The FiberTape® has to be
locked securely inside the bone tunnel of the distal fibula by use of an interference screw to avoid movements of the Tape inside the tunnel with potential sawing

effects.

Figure 3 Control of the positioning of the implants by extensive opening
of the cadaver situs. View from anterolateral (A) and from posterolateral
(B) on a left ankle joint: correct placement of the four anchors for anatomic
reduction and augmentation of the anterior and posterior tibiofibular ligament.

Baishidenge ~ WJO | www.wjgnet.com

the syndesmosis a double stabilization was performed.
Here the sequence of stabilization is important: First
the anterior stabilization should be performed ensuring
anatomic positioning of the distal fibula under direct
visualization so that the posteriorly directed second stabili-
zation using the TightRope® will not lead to malreduction.
In contrast, not directing the TightRope® posteriorly
could lead to malreduction in kind of anterior displace-
ment or malrotation of the distal fibula. To protect the
neurovascular bundle the surgeon has to check under
fluoroscopy if the aiming k-wire enters the tibia on the
lateral side and comes out of the tibia at the medial
side, and before overdrilling the k-wire the surgeon has
to ensure that the k-wire comes out of the tibia at the
medial side anterior to the tendon of the posterior tibial
muscle. Figure 6 shows the comparison of preoperative
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Figure 5 Syndesmotic InternalBrace™ for double stabilization by combination with a slightly posteriorly running TightRope® for indirect reduction (A) and
stabilization (B) of the fracture of the posterior malleolus.

Figure 6 Syndesmotic InternalBrace™ for double stabilization. Comparison of preoperative (A, C, E, G, I) and postoperative (B,

B, D, F, H, J) CT scans. Note:
D, F,

anatomic positioning (F, H) and rotation (J) of the distal fibula and indirect anatomic reduction of the fracture of the posterior malleolus (| H).

(left) and postoperative (right) CT scans revealing stabilization with an additional posterolateral screw. The
anatomic positioning (Figure 6F, H) and rotation (Figure 27-year-old male patient sustained a type C Maison-
6J) of the distal fibula and indirect anatomic reduction of neuve ankle fracture during a mountain bike accident.
the fracture of the posterior malleolus (Figure 6D, F and H). The anterior syndesmosis was disrupted and the post-
erolateral malleolus was fractured. The high fibular
fracture did not need osteosynthesis. In a first step,
TRIPLE STABILIZATION the posterior malleolus was directly refixed with a lag
Figure 7 shows a syndesmotic Internal/Brace™ for triple screw via a posterolateral approach (Figure 7A). Then
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Figure 7 Syndesmotic InternalBrace™ for triple stabilization. The posterior malleolus was first directly refixed with a lag screw (A), then the anterior syndesmosis
was augmented with an InternalBraceTM under direct view (B, C), and finally the posterolateral screw fixation was augmented by a slightly posteriorly directed
TightRope® resulting in a perfect anatomical positioning of the highly unstable distal fibula (D).

Figure 8 Trimalleolar dislocation fracture of a right ankle joint (A, B).

the anterior syndesmosis was augmented with an
InternalBrace™ after anatomic reduction of the distal
fibula under direct view via an anterolateral approach
(Figure 7B and C). And finally, the posterolateral screw
fixation was augmented by a slightly posteriorly directed
TightRope® inserted at a level just above the tibial
incisura, resulting in a perfect anatomical positioning of
the distal fibula, which initially had been highly unstable
due to the Maisonneuve fracture (Figure 7D).

Moreover, we found that the syndesmotic Internal-
Brace™ technique is quite suitable for anatomic refixation

Figure 9 Computed tomography scans of the ankle from Figure 8 showing
T - - tibial avulsion of the anterior tibiofibular ligament with dislocation of a
and stabilization of displaced bony avulsion fragments bone fragment (black arrow) too small for screw fixation (A), complete
too small for screw fixation. For example, Figure 8 shows closed reduction was not possible due to a small bone fragment (white

X-rays of a 43-year-old male patient who sustained a arrow) interposed between distal tibia and fibula (B), displaced avulsion

trimalleolar dislocation fracture of the right ankle joint ~ ©f @ small fragment of the posterolateral malleolus (C, D).

during a motor bike accident. After immediate closed
reduction and cast immobilization, CT scans of the ankle bony tibial avulsion fragment of the anterior tibiofibular

showed tibial avulsion of the anterior tibiofibular ligament ligament (black arrow) and the corresponding avulsion
with dislocation of a bone fragment (black arrow) too small site (white arrow) at the tubercule de Chaput (Figure
for screw fixation (Figure 9A). Furthermore, complete 10A). After reduction of the avulsion fragment the whole
closed reduction was not possible due to a small bone ligament proved to be intact (Figure 10B). After insertion

fragment (white arrow) interposed between distal tibia of a FiberTape® about 4 mm proximal and medial of the
and fibula (Figure 9B). Figure 9C and d reveal a displaced avulsion site (Figure 10C) with a 4.75 mm SwivelLock®,

avulsion of a small fragment of the posterolateral malleolus. standard osteosynthesis of the distal fibula was per-
Due to the fracture pattern the patient was treated by formed using an anatomic preformed locking plate
open surgery (Figure 10). (Arthrex®, Naples, United States). The reduced tibial

The distal fibula and the anterolateral ankle joint avulsion fragment was then stabilized with a FiberTape®
were exposed by a lateral approach. Note the small fixed by the tibial 4.75 mm SwiveLock® and by knots
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Figure 10 Surgical treatment of the patient from Figure 8. Note the small bony tibial avulsion fragment of the anterior tibiofibular ligament (black arrow) and the
corresponding avulsion site (white arrow) at the tubercule de Chaput (A). After reduction of the avulsion fragment the whole ligament proved to be intact (B). Insertion
of a FiberTape® about 4 mm proximal and medial of the avulsion site with a 4.75 mm SwiveLock® (C). Standard osteosynthesis of the distal fibula was performed
using an anatomic preformed locking plate (Arthrex®, Naples, United States). The reduced tibial avulsion fragment was then stabilized with a FiberTape® fixed by the
tibial 4.75 mm SwiveLock® and by knots under the osteosynthesis plate (D).

Figure 11 Postoperative X-rays of the ankle from Figure 8 showing
anatomic reduction of the syndesmotic injury (A, B). The tibial bone tunnel
for the InternalBraceTM visible (black arrow).

under the osteosynthesis plate.

Postoperative X-rays of the ankle showed anatomic
reduction of the syndesmotic injury (Figure 11). The tibial
bone tunnel for the InternalBrace™ is clearly visible (black
arrow). Postoperative CT scans in Figure 12 revealed
anatomic reduction of the tibial avulsion (white arrows)
of the anterior tibiofibular ligament (Figure 12A and C) as
well as anatomic reduction of the ankle mortise (Figure
12D). The tibial bone tunnel (black arrows) for the Figure 12 Postoperative computed tomography scans of the ankle from
InternalBrace™ is clearly visible (Figure 12A and B). Figure 8 showing anatomic reduction of the tibial avulsion (white arrows)

In the field of surgical treatment for unstable syn- of the anterior tibi_ofibular Iigamept (A, C) as well as anatomic reduction
desmotic injuries, intraoperative testing of the stability of the ankle TnNTc.)rtlse (D); .tI?e tibial bone tunnel (black arrows) for the

r - . : InternalBrace ™ is clearly visible (A, B).

of the syndesmosis still remains a major problem, and

a normal classical hook test is not sufficient to exclude

a clinically relevant syndesmotic instability™®"!. Figure shows relevant external rotational instability of the
13 shows an example of an intraoperative testing of anterior tibiofibular ligament (Figure 14B) indicating the
syndesmotic stability after distal fibula plating of a type need for surgical stabilization. Note the clear opening
B ankle fracture: The classical hook test (Figure 13A  of the star figure (white arrow) normally built by the
and B) shows no lateral translation of the distal fibula tibiofibular, tibiotalar and talofibular joint lines (black
while pulling the distal fibula laterally and pushing the arrow) by external rotation of the distal fibula (Figure
distal tibia medially, indicating a normal result with- 14B). Due to the well-known problems of fluoroscopic
out syndesmotic instability. However, the same ankle intraoperative stability testing of the syndesmosis
joint shows relevant rotational instability of the anterior reported in the current literature, an open visualization
tibiofibular ligament (Figure 13C and D) indicating the of the syndesmosis during the reduction maneuver and
need for surgical stabilization. Intraoperative testing of ~ stability testing has recently been recommended™?.
syndesmotic rotational stability under direct visualization Disadvantages of the described procedures are higher
after distal fibula plating using a mounted drill bit for costs of implants and may be an increased surgical time
locking screws is shown in Figure 14. The ankle joint compared to using classical syndesmotic screws.
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Figure 13 Intraoperative testing of syndesmotic stability after distal fibular plating: The classical hook test (A, B) shows no lateral translation of the distal
fibula while pulling the distal fibula laterally and pushing the distal tibia medially, indicating a normal result without syndesmotic instability, however, the
same ankle joint shows relevant rotational instability of the anterior tibiofibular ligament (C, D) indicating the need for surgical stabilization.

Figure 14 Intraoperative testing of syndesmotic stability after distal fibular
plating using a mounted drill bit for locking screws: The ankle joint shows
relevant external rotational instability of the anterior tibiofibular ligament
(B) indicating the need for surgical stabilization. Note opening (white arrow
in B) of the star figure (black arrow in A) normally built by the tibiofibular,
tibiotalar and talofibular joint lines by external rotation of the distal fibula (B).

OO OOOOGR)y

OCOOOOCOOOED

Figure 15 Prototype of a new syndesmosis plate (Arthrex, Naples, United
States) with suture holes especially designed for augmentation of the
anterior and posterior syndesmosis.

OVER THE HORIZON

Our preliminary clinical results indicate that anatomic
reconstruction with rotational stabilization of the syn-
desmosis can be realized regularly by use of the reported
new syndesmotic InternalBrace™ technique. A clinical
trial for prospective evaluation of the functional outcomes
has just been started at our hospital.

And - based on our positive results - a new syn-
desmosis plate is currently developed with added suture
holes for easier mounting of the FiberTapes® for per-
forming a syndesmotic Interna/Brace™.
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Figure 16 Prototype of a new syndesmosis plate with four suture holes,
each combined with a specially designed notch at the inside surface exactly
in line with the potential course of the inserted and tensioned FiberTape®.

Figure 15 shows the current prototype of the new
syndesmosis plate (Arthrex®, Naples, United States) with
suture holes at the distal part especially designed for
augmentation of the anterior and posterior syndesmosis.
The four suture holes are combined with a specially
designed notch at the inside surface (Figure 16) exactly
in line with the potential course of the inserted and
tensioned FiberTape® to avoid impaired fitting of the plate
to the distal fibula. As expected, this new syndesmosis
plate will provide another step for improving anatomical
stabilization of syndesmotic injuries.
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Abstract

AIM
To provide a “patient-normalized” parameter in the pro-
ximal forearm.

METHODS

Sixty-three cadaveric upper extremities from thirty-five
cadavers were studied. A muscle splitting approach was
utilized to locate the posterior interosseous nerve (PIN) at
the point where it emerges from beneath the supinator.
The supinator was carefully incised to expose the
midpoint length of the nerve as it passes into the forearm
while preserving the associated fascial connections,
thereby preserving the relationship of the nerve with
the muscle. We measured the transepicondylar distance
(TED), PIN distance in the forearm’s neutral rotation
position, pronation position, supination position, and the
nerve width. Two individuals performed measurements
using a digital caliper with inter-observer and intra-
observer blinding. The results were analyzed with the
Wilcoxon-Mann-Whitney test for paired samples.

RESULTS

In pronation, the PIN was within two confidence in-
tervals of 1.0 TED in 95% of cases (range 0.7-1.3 TED);
in neutral, within two confidence intervals of 0.84 TED
in 95% of cases (range 0.5-1.1 TED); in supination,
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within two confidence intervals of 0.72 TED in 95% of
cases (range 0.5-0.9 TED). The mean PIN distance from
the lateral epicondyle was 100% of TED in a pronated
forearm, 84% in neutral, and 72% in supination. Pre-
dictive accuracy was highest in supination; in all cases
the majority of specimens (90.47%-95.23%) are within
2 cm of the forearm position-specific percentage of TED.
When comparing right to left sides for TEDs with the
signed Wilcoxon-Mann-Whitney test for paired samples
as well as a significance test (with normal distribution),
the P-value was 0.0357 (significance - 0.05) indicating a
significant difference between the two sides.

CONCLUSION

This “patient normalized” parameter localizes the PIN
crossing a line drawn between the lateral epicondyle
and the radial styloid. Accurate PIN localization will aid
in diagnosis, injections, and surgical approaches.

Key words: Posterior interosseous nerve; Radial nerve;
Transepicondylar distance; Radial tunnel syndrome;
Supinator syndrome

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We present a “patient normalized” parameter
that localizes posterior interosseous nerve (PIN) crossing
point with a line interconnecting the lateral epicondyle
and the radial styloid, with the “70-85-100" rule. The
mean PIN distance from the lateral epicondyle was
100% of transepicondylar distance (TED) in a pronated
forearm, 85% in neutral, and 70% in supination. Pre-
dictive accuracy was highest in supination; in all cases
the majority of specimens (90.47%-95.23%) are within
2 cm of the forearm position-specific percentage of
TED. Non-invasive accurate PIN localization will aid in
diagnosis, injections, surgical approaches, and under-
standing neurological symptoms in the forearm.

Kamineni S, Norgren CR, Davidson EM, Kamineni EP,
Deane AS. Posterior interosseous nerve localization within the
proximal forearm - a patient normalized parameter. World J
Orthop 2017; 8(4): 310-316 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v8/i4/310.htm DOI: http://dx.doi.
org/10.5312/wjo.v8.i4.310

INTRODUCTION

The radial nerve's localization has been the subject of
much concern due to the potential for pathologic™?,
traumatic®*, and iatrogenic®” injuries. Radial nerve
localization has been described relative to a distance
from various bony landmarks: The acromion and lateral
epicondyle®™ proximal to the elbow and the bicipital
tuberosity distal to the elbow™. The deep radial nerve
[posterior interosseous nerve (PIN)] has proven more

Roishidenge ~ WJO | www.wjgnet.com

311

difficult to localize distal to the elbow. Accurately
localizing PIN in the proximal forearm is important when
diagnosing nerve compression with physical examination,
placing injections at the site of the nerve, accurately
exposing the nerve during a surgical exposure™”, and
reducing the incidence of iatrogenic nerve injury during
surgical interventions!*™*”), Specifically, the surgical repair
of open and closed injuries to the elbow/forearm, relief
of entrapment neuropathies, and implantation of fixation
devices for fracture stabilization all require intimate
knowledge of PIN anatomy™'****”*®] The general course
of PIN has previously been described in detail in relation to
muscular anatomy and by using absolute measurement
from a bony landmark!®®*1#161%%°] These descriptors serve
a useful function for the general anatomic understanding
of PIN location, but have their limitations. They are limited
because muscular anatomy must be defined first, which
limits its usefulness to surgical interventions with this
capacity, such as open surgical dissection. Descriptors
utilizing a specific measurement from a bony landmark
can be difficult to use clinically due to body habitus or
because the bony landmark is outside of the surgical
field. An absolute measurement does not normalize for a
particular individual and can lead to erroneous localization.
This latter issue is based on the wide range of variability
in body sizes. Thus, localization of PIN in the proximal
forearm utilizing a patient-normalized parameter is
advantageous when dealing with an individual person.

Surgical landmarks traditionally used to localize
PIN in the forearm (such as the bicipital tuberosity,
articular surface of the posterior supinator head, and the
entry and exit points of the supinator muscle) require
invasive surgical exploration of the area for accurate
use of the parameter®''****!1, The establishment of
a non-invasive parameter using external anatomical
landmarks would be beneficial by localizing PIN without
invasive dissection and could potentially reduce the
incidence of iatrogenic PIN injury.

We propose that the transepicondylar distance (TED)
are, utilized as a body size descriptor and normalizing
feature, can be used as a non-invasive parameter for
PIN localization in the proximal forearm. In this study,
we calculate PIN distance from the lateral humeral
epicondyle as a percentage of TED and examine the
predictive accuracy of this parameter in localizing PIN
in three forearm positions: Pronation, supination, and
neutral. We expect this information will be useful to guide
surgical techniques in a more patient-specific manner,
which may ultimately reduce surgical morbidities.

MATERIALS AND METHODS

Approval was obtained from the Department of An-
atomy in the College of Medicine at our University to
collect morphometric data describing PIN position from
cadavers. The procedures followed were in accordance
with the ethical standards of the responsible committee
on human experimentation.
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Cadaver preparation

Skin was removed from 35 cadavers utilizing 63 upper
extremities. A muscle splitting approach was utilized to
locate PIN at the point where it emerges from beneath
the supinator. The supinator was carefully incised to
expose the midpoint length of the nerve as it passes
into the forearm while preserving the associated fascial
connections, thereby preserving the relationship of the
nerve with the muscle.

Measurements

TED: The medial and lateral epicondyles of the humerus
were palpated to identify the maximum medial and
lateral extensions of the humeral epicondyles. The
distance between these points was measured using
Mituyoto digital calipers. Maximum TED was measured
on three separate occasions by two separate observers
for a total of six measurements.

PIN distance: The distance between the lateral humeral
epicondyle apex and the proximal and distal borders of
PIN were recorded for each cadaver with the forearm
in a pronated, supinated and neutral position along an
interconnecting line between the lateral epicondyle and
radial styloid tip (“epi-styloid line”). PIN position was
measured by establishing the position of the lateral
humeral epicondyle and then extending a length of
inelastic string (0.5 mm diameter) from that point to the
radial styloid process, following the surface contour of
the forearm. Distances were recorded from the lateral
epicondyle to the proximal intersection of PIN with
the string and between the lateral epicondyle and the
distal intersection of PIN with the guide string. Proximal
and distal PIN positions were each measured on three
separate occasions by two observers for a total of six
proximal and six distal PIN measurements. PIN distance
from the epicondyle was recorded as the distance from
the epicondyle to the midpoint between the proximal and
distal intersection of PIN with the guide string.

PIN width: The total difference between the proximal
and distal intersection of PIN with the guide string.

Summary descriptive statistics (i.e., mean, standard
deviation, range) were calculated for all individual PIN
distance measurements and for all individual PIN dis-
tance measurements when calculated as a percentage of
TED. We conducted the signed Wilcoxon-Mann-Whitney
test for paired samples as well as a significance test
(with normal distribution) for paired samples in order
to compare difference between right and left sides of
TED lengths, pronated position, supinated position,
and neutral position. The distances of PIN from the
lateral epicondyle, with respect to TED, were plotted
with 95%(ClIs, using normal, long normal, Weibull, and
Gamma distributions.

RESULTS

The mean TED for all elbows was 63.59 mm (range
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53.0-80 mm). The mean left elbow TED was 62.92 mm
(range 53-80 mm), and the mean right TED was 63.97
mm (range 54-77 mm). When comparing right to left
sides for TEDs with the signed Wilcoxon-Mann-Whitney
test for paired samples as well as a significance test (with
normal distribution), the P-value was 0.0357 (significance
- 0.05) indicating a significant difference between the
two sides. However, when comparing the measurements
by different observers, as a measure of inter-observer
differences of measurements taken, all P-values were
greater than 0.29 indicating no significance was detected.

Mean radial nerve distances from the lateral epicondyle
were greatest when the forearm was in a pronated
position [63 mm (range 34.5-80.6 mm)] and least when
the forearm was in a supinated position [45.7 mm (33-61.9
mm)]. Mean radial nerve distances when the forearm
was in a neutral position [53.5 mm (34.3-70.6 mm)] was
intermediate to the values reported for the pronated and
supinated forearm (Figure 1).

We calculated the location of PIN along the epi-styloid
line as a percentage of TED for that same specimen. In
neutral forearm rotation the radial nerve was located at
85% of TED [range 65% (4.1 cm) to 105% (6.6 cm)
TED]. In supination it was located at 70% of TED [range
50% (3.15 cm) to 90% (5.7 cm) TED], and in pronation
was 100% of TED [range 70% (4.4 cm) to 120%
(7.6 cm) TED] (Figure 2).

Radial nerve width (i.e., the distance between the
proximal and distal intersection of the nerve with the
guide string) was observed to vary across cadavers.
Figure 3 represents boxplots of sample median, standard
deviation and range for all forearm positions in both the
left and right upper limb (Figure 3).

Mean PIN distance as a percentage of TED was
greatest when the forearm is pronated (98.7%-101.4%)
and least when the forearm was supinated (71.7%-72.6%).
Mean PIN distance as a percentage of TED when the
forearm was in a neutral position (84.4%-84.7%) were
intermediate to the values reported for the pronated and
supinated forearm.

PIN distances recorded when the forearm was
pronated, supinated, and in neutral rotation were used
to predict PIN position relative to the lateral epicondyle.
The mean distance between the lateral epicondyle and
proximal intersection of PIN and guide string was used
to establish predictive lengths for each of the three
forearm positions. When the forearm was pronated
the mean PIN distance was 100% of TED. In the
supinated position the mean PIN distance was 70% of
TED. When the arm is in a neutral position the mean
posterior interosseous distance was approximately
85% of TED. These percentages were applied to the
individual cadavers to establish a “Predictive Value” for
PIN localization.

When the arm was pronated PIN was located within
1.5 cm of 1.0 x TED in 71.43% of the specimens and
within 2 cm in 90.47% of specimens. The predictive
accuracy was highest when the arm was supinated. PIN
was identified within 1 cm of 0.7 x TED in 73.01% of
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Figure 1 Boxplots of the distance from the humeral epicondyle to
the midpoint of the radial nerve (mm) for the left and right forearm in
pronated, supinated and neutral positions. Cross bars represent the median
value for each group, while the boxes show the 50% confidence interval and
the whiskers extend to the highest and lowest values. L: left; R: Right; Pro:
Pronated; Sup: Supinated; Neut: Neutral.

cadavers, and within 1.5 cm in 85.7% of cadavers and
within 2 cm in 95.23% of cadavers. When the forearm
was in neutral rotation PIN was within 1 cm of 0.85 X
TED in 63.5% of specimens, 1.5 cm in 84.12%, and
within 2 cm in 93.7% of proximal forearms.

DISCUSSION

Our study introduces a non-invasive, patient-normalized
parameter for localizing PIN in the proximal forearm
within 2 cm of the predicted distance from the lateral
humeral epicondyle with 90%-95% accuracy in three
positions of forearm rotation. TED has previously been
utilized to normalize radial nerve localization proximal
to the elbow, to help prevent radial nerve injury when
placing pins/screws®, as has the bicipital tuberosity™
distal to the elbow. We have demonstrated that the
mean PIN distance relative to TED is approximately 85%
in neutral (Figure 4), 70% when supinated (Figure 5),
and 100% when pronated (Figure 6).

There are several potential limitations to consider
when evaluating this “70-85-100" guideline. These
issues include the use of cadavers, variable branching
patterns, inter-individual differences, and the value of
this parameter compared to using absolute values for
localization of PIN.

Anatomical investigations often use cadavers for data
collection, but some studies use formalin-embalmed
cadavers while others use fresh specimens. While it is
unclear how the embalming process would significantly
alter anatomical relationships, Artico et a/*®! postulated
that differences in the distances of PIN to various
landmarks in their study vs other literature can be
explained by the use of either fresh cadaver specimens
or formalin-embalmed cadavers. While fresh cadaver
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Figure 2 Boxplots of the distance from the humeral epicondyle to
the midpoint of the radial nerve (mm) for the left and right forearm in
pronated, supinated and neutral positions as expressed as a percentage
of transepicondylar distance breadth. Crossbars represent the median
value for each group, while the boxes show the 50% confidence interval and
the whiskers extend to the highest and lowest values. L: left; R: Right; Pro:
Pronated; Sup: Supinated; Neut: Neutral.

specimens likely preserve normal anatomy more
accurately than embalmed ones, we believe the relatively
large sample size of our study (n = 63) increases the
power of our data such that the correlations we have
found are true. However, future research with fresh
cadaver specimens may be valuable in supporting or
refuting our findings.

There were significant variations in the branching
patterns of the deep PIN within the supinator muscle
that made localization less precise even though care
was taken during the dissection to preserve as much
surrounding fascial tissue as possible with minimal dis-
ruption of anatomical relationships. This is reflected
by the wide ranges of PIN widths (Figure 3) as deter-
mined by the distance from the lateral epicondyle
to the proximal and distal edges of where the guide
string crossed PIN. The inclusion of some, but not all,
branches as part of the main PIN trunk led to some
subjective interpretation of which branches were “too
far” or “too small” to include. Variability in nerve sizes
and branching patterns contributed to a wide range of
widths which could affect the calculated mean distances
of the “midpoint” of the nerve to the lateral epicondyle. A
suggestion for future research would be to focus on the
“safe zone” of where surgical incisions are less likely to
damage PIN or any of its branches as opposed to direct
PIN localization.

Intra-individual variation between right and left upper
extremities is not well predicted by our “70-85-100"
rule. Despite the fact that most people have similar right
and left TED's, this does not necessarily mean that their
PINs have symmetric courses. Benham et a/'** found
that there were significant intra-individual differences
between the right and left limb in the distance from the
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Figure 3 Boxplots of the distance from the proximal to the distal
intersection of the radial nerve and the guide string for the left and right
forearm in pronated, supinated and neutral positions. Crossbars represent
the median value for each group, while the boxes show the 50% confidence
interval and the whiskers extend to the highest and lowest values. L: left; R:
Right; Pro: Pronated; Sup: Supinated; Neut: Neutral.

Neutral
The radial nerve is within 1 cm of
85% of the TED in 63.5% of cases

Figure 4 Pictoral depiction of the location of the posterior interosseous
nerve, along the longitudinal line drawn from the lateral epicondyle to
the radial styloid, at 85% transepicondylar distance, with the forearm in
neutral rotation. TED: Transepicondylar distance.

lateral epicondyle to the bifurcation point of PIN into
its superficial and deep branches. While this finding
may have important clinical implications, it may not
be relevant for deep PIN localization because their
study uses a different point of measurement and our
study found no significant difference between the right
and left measurements in any of the three forearm
positions. While intra-individual variation may exist at
the bifurcation point of the superficial and deep PIN
branches, it does not likely play a role in the localization
of the deep PIN within the supinator muscle.

TED was measured after skin removal, which re-
sulted in an over-estimation when assessing PIN in situ.
However, our method provides a good estimation of
PIN localization as the effect of skin thickness is likely
negligible when using the parameter non-surgically (skin
intact state).

Although our proposed localizing parameter is patient-
normalized using TED, it may not be any more specific
than using the absolute values provided by previous
research. It is important to note that our “70-85-100" rule
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Supinated
The radial nerve is within 1 cm of
70% of the TED in 73.01% of cases

Figure 5 Pictoral depiction of the location of the posterior interosseous
nerve, along the longitudinal line drawn from the lateral epicondyle to
the radial styloid, at 70 transepicondylar distance, with the forearm in
supination. TED: Transepicondylar distance.

Pronated
The radial nerve is within 1 cm of
100% of the TED in 50% of cases

Figure 6 Pictoral depiction of the location of the posterior interosseous
nerve, along the longitudinal line drawn from the lateral epicondyle to
the radial styloid, at 100% transepicondylar distance, with the forearm in
pronation. TED: Transepicondylar distance.

predicts the location of PIN within 1 cm in only 50% of
cases when pronated, 63.5% when neutral, and 73.1%
when supinated. Only when the range is increased to
2 cm does it include 90%-95% of cases, which is no more
specific or accurate than the average values and ranges
calculated from numerous specimens. For example,
Strauch et al''"! found the average distance from the
posterior interosseous tuberosity to PIN is 2.3 cm with a
total range of only 1.4 cm (1.8 cm-3.2 cm). Witt et af”
discovered the distance from the first branches of PIN to
the articular surface of the posterior interosseous head
are 6.0 cm = 1 cm (range 4.0-8.4 cm). Thomas et af*¥
reported that the bifurcation of PIN into its superficial and
deep branches is 8.0 cm £ 1.9 cm distal to the lateral
intermuscular septum and 3.6 cm + 0.7 cm proximal to
the leading edge of the supinator (Arcade of Froshe). While
these studies use different landmarks, they all have ranges
of < 2 cm when reporting absolute values for localizing
PIN. Therefore, our patient-normalized parameter may be
no more specific or individualized than absolute values for
localizing PIN, but it still has the advantage of being non-
invasive.

Our study has limitations that should be considered
when utilizing it in the clinical setting. These were
cadaveric specimens which may differ from patients in
their musculoskeletal relationships as a consequence
of the preservation procedure. The line connecting the
lateral epicondyle and radial styloid was not a projected
straight line, but a straight line following the contour of
the forearm and may be influenced by the individual
bulk of the forearm, which was not investigated in this
study. Previous trauma or surgical procedures in the
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territory could influence this parameter.
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COMMENTS

Background

The authors describe a simple method, based on cadaveric data and
corroborated in clinical practice, of locating the posterior interosseous
nerve (PIN) in the proximal forearm. The location of the PIN can be simply
summarized by the 70-85-100 rule. They have demonstrated that the location
of the PIN from the lateral epicondyle, in terms of the patient’s transepicondylar
distance (TED) is approximately 70%TED with forearm supination, 85%TED in
neutral forearm rotation, and 100%TED when pronated. This will help clinicians
to localize the PIN when dealing with a proximal forearm painful differential
diagnosis, injections around the PIN for diagnostic and therapeutic purposes,
and when surgically approaching the PIN for a decompressive operation.

Research frontiers

The PIN is increasingly recognized as a differential diagnosis and a coexistent
pathology in tennis elbow. The ability to locate the PIN accurately in relation to the
patient's own anatomy is a very important step towards an accurate diagnosis.

Innovations and breakthroughs

The significant innovation of the study is that they are able to locate the PIN by
“normalizing” their measurement to the patient’s own anatomy. The authors’
normalizing parameter is the TED, which can easily be measured by the clinician.

Applications

The practical application of their study is that it accurately locates the PIN, it
normalizes the location of this nerve to the patient's own anatomy, helps in
the diagnosis of lateral elbow and forearm pain, improves the localization of
diagnostic and therapeutic injections around the PIN, and helps the surgeon
decrease in the size of the incision when decompressing the PIN.

Terminology
TED: The distance between the most prominent part of the medial and lateral
epicondyle.

Peer-review
This is a very well presented study.

REFERENCES

1 Jou IM, Wang HN, Wang PH, Yong IS, Su WR. Compression of
the radial nerve at the elbow by a ganglion: two case reports. J Med
Case Rep 2009; 3: 7258 [PMID: 19830153 DOI: 10.4076/1752-19
47-3-7258]

2 Nelson G. Radial nerve compression due to lipoma. J Vis Commun
Med 2007; 30: 191-192 [PMID: 18266144 DOI: 10.1080/1745305
0701822836]

3 Chesser TJ, Leslie 1J. Radial nerve entrapment by the lateral
intermuscular septum after trauma. J Orthop Trauma 2000; 14: 65-66
[PMID: 10630806 DOI: 10.1097/00005131-200001000-00013]

4 Banskota A, Volz RG. Traumatic laceration of the radial nerve
following supracondylar fracture of the elbow. A case report. Clin
Orthop Relat Res 1984; (184): 150-152 [PMID: 6705338 DOI:

Baishidenge ~ WJO | www.wjgnet.com

315

10

11

13

14

15

17

20

21

10.1097/00003086-198404000-00022]

Haapaniemi T, Berggren M, Adolfsson L. Complete transection
of the median and radial nerves during arthroscopic release of
post-traumatic elbow contracture. Arthroscopy 1999; 15: 784-787
[PMID: 10524831 DOI: 10.1016/s0749-8063(99)70015-0]
Caldwell JM, Kim HM, Levine WN. Radial nerve injury associated
with application of a hinged elbow external fixator: a report of 2
cases. J Shoulder Elbow Surg 2013; 22: e12-e16 [PMID: 23352546
DOL 10.1016/j.jse.2012.11.012]

Marcu DM, Balts J, McCarthy JJ, Kozin SH, Noonan KJ. Iatro-
genic radial nerve injury with cannulated fixation of medial
epicondyle fractures in the pediatric humerus: a report of 2 cases. J
Pediatr Orthop 2011; 31: el13-e16 [PMID: 21307699 DOI: 10.1097/
BPO.0b013e318209287d]

Artico M, Telera S, Tiengo C, Stecco C, Macchi V, Porzionato
A, Vigato E, Parenti A, De Caro R. Surgical anatomy of the radial
nerve at the elbow. Surg Radiol Anat 2009; 31: 101-106 [PMID:
18795220 DOI: 10.1007/s00276-008-0412-8]

Witt JD, Kamineni S. The posterior interosseous nerve and the
posterolateral approach to the proximal radius. J Bone Joint Surg
Br 1998; 80: 240-242 [PMID: 9546452 DOI: 10.1302/0301-620x.8
0b2.8036]

Ducic I, Felder JM, Quadri HS. Common nerve decompressions of
the upper extremity: reliable exposure using shorter incisions. Ann
Plast Surg 2012; 68: 606-609 [PMID: 22643103 DOI: 10.1097/
SAP.0b013e31824b3e68]

Strauch RJ, Rosenwasser MP, Glazer PA. Surgical exposure of the
dorsal proximal third of the radius: how vulnerable is the posterior
interosseous nerve? J Shoulder Elbow Surg 1996; 5: 342-346
[PMID: 8933455 DOI: 10.1016/S1058-2746(96)80064-4]

Tabor OB, Bosse MJ, Sims SH, Kellam JF. Iatrogenic posterior
interosseous nerve injury: is transosseous static locked nailing of
the radius feasible? J Orthop Trauma 1995; 9: 427-429 [PMID:
8537847 DOI: 10.1097/00005131-199505000-00011]

Catalano LW, Zlotolow DA, Hitchcock PB, Shah SN, Barron OA.
Surgical exposures of the radius and ulna. J Am Acad Orthop Surg
2011; 19: 430-438 [PMID: 21724922]

Thomas SJ, Yakin DE, Parry BR, Lubahn JD. The anatomical
relationship between the posterior interosseous nerve and the
supinator muscle. J Hand Surg Am 2000; 25: 936-941 [PMID:
11040309 DOI: 10.1053/jhsu.2000.16360]

Lindenhovius AL, Felsch Q, Ring D, Kloen P. The long-term outcome
of open reduction and internal fixation of stable displaced isolated
partial articular fractures of the radial head. J Trauma 2009; 67:
143-146 [PMID: 19590324 DOI: 10.1097/TA.0b013¢31818234d6]
Heidari N, Kraus T, Weinberg AM, Weiglein AH, Grechenig W.
The risk injury to the posterior interosseous nerve in standard
approaches to the proximal radius: a cadaver study. Surg Radiol
Anat 2011; 33: 353-357 [PMID: 20803014 DOI: 10.1007/s00276-
010-0718-1]

Tornetta P, Hochwald N, Bono C, Grossman M. Anatomy of the
posterior interosseous nerve in relation to fixation of the radial head.
Clin Orthop Relat Res 1997; (345): 215-218 [PMID: 9418643 DOI:
10.1097/00003086-199712000-00031]

Clavert P, Lutz JC, Adam P, Wolfram-Gabel R, Liverneaux P,
Kahn JL. Frohse’s arcade is not the exclusive compression site of
the radial nerve in its tunnel. Orthop Traumatol Surg Res 2009; 95:
114-118 [PMID: 19297265 DOI: 10.1016/j.0tsr.2008.11.001]
Diliberti T, Botte MJ, Abrams RA. Anatomical considerations
regarding the posterior interosseous nerve during posterolateral
approaches to the proximal part of the radius. J Bone Joint Surg
Am 2000; 82: 809-813 [PMID: 10859100 DOI: 10.2106/00004623
-200006000-00007]

Tubbs RS, Salter EG, Wellons JC, Blount JP, Oakes WJ. Superficial
surgical landmarks for identifying the posterior interosseous nerve.
J Neurosurg 2006; 104: 796-799 [PMID: 16703886 DOI: 10.3171/
jns.2006.104.5.796]

Prasartritha T, Liupolvanish P, Rojanakit A. A study of the
posterior interosseous nerve (PIN) and the radial tunnel in 30 Thai
cadavers. J Hand Surg Am 1993; 18: 107-112 [PMID: 8423293
DOLI: 10.1016/0363-5023(93)90253-y]

April 18,2017 | Volume 8 | Issue 4 |



Kamineni S et a/. Accurately locating the posterior interosseous nerve

22 Kamineni S, Ankem H, Patten DK. Anatomic relationship of the
radial nerve to the elbow joint: clinical implications of safe pin
placement. Clin Anat 2009; 22: 684-688 [PMID: 19637299 DOI:

10.1002/ca.20831]

JRaishideng®

WJO | www.wjgnet.com

316

23

Benham A, Introwicz B, Waterfield J, Sim J, Derricott H, Mahon
M. Intra-individual variations in the bifurcation of the radial nerve
and the length of the posterior interosseous nerve. Man Ther 2012;
17: 22-26 [PMID: 21903444 DOI: 10.1016/j.math.2011.07.009]

P- Reviewer: Drosos GI, Matuszewski LS ~ S- Editor: Ji FF
L- Editor: A E- Editor: Li D

April 18,2017 | Volume 8 | Issue 4 |



wdJ 0

World Journal of
Orthopedics

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

DOI: 10.5312/wjo.v8.i4.317

World | Orthop 2017 April 18; 8(4): 317-321

ISSN 2218-5836 (online)

ORIGINAL ARTICLE

Basic Study

Effect of a specialized injury prevention program on static
balance, dynamic balance and kicking accuracy of young
soccer players

Ayelet Dunsky, Ido Barzilay, Orly Fox

Ayelet Dunsky, Ido Barzilay, Orly Fox, Department of Bio-
mechanics, the Zinman College of Physical Education and Sport
Sciences, Wingate Institute, Netanya 42902, Israel

Author contributions: Dunsky A designed and coordinated the
research, and wrote the paper; Barzilay I performed the majority
of experiments; Fox O analyzed the data.

Institutional review board statement: The study was reviewed
and approved by the Zinman College of Physical Education and
Sport Sciences Institutional Review Board.

Conflict-of-interest statement: The authors declare no conflict
of interest.

Data sharing statement: No additional data are available.

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
Commons Attribution Non Commercial (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/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Ayelet Dunsky, PhD, Senior Lecturer,
Department of Biomechanics, the Zinman College of Physical
Education and Sport Sciences, Wingate Institute, On Route 4,
Netanya 42902, Israel. ayelet@wincol.ac.il

Telephone: +972-9-8639308

Fax: +972-9-8639298

Received: September 26, 2016
Peer-review started: September 28, 2016
First decision: November 10, 2016
Revised: January 11,2017

Accepted: February 8, 2017

Article in press: February 13,2017

Baishidenge ~ WJO | www.wjgnet.com

Published online: April 18,2017

Abstract

AIM

To study the effect of balance intervention program
using the “FIFA 114" program on static and dynamic
balance and kicking accuracy of young soccer players.

METHODS

Twenty young soccer players were allocated to ex-
perimental (7 = 10) or control (# = 10) groups. The
experimental group performed the “FIFA 11+" program
three times a week for six weeks. The control group
performed their normal warm-up routine. The primary
outcomes were measured pre and post intervention,
and assessed kicking accuracy, static balance and dynamic
balance.

RESULTS

No differences were found in kicking accuracy following
intervention, for both groups, however, static balance
improved significantly among the experimental group
with significant interaction with the control group, and
with high effect size. In addition, the dynamic balance
of the left leg of the experimental group, with medium
effect size for interaction between groups.

CONCLUSION

The large effect size of balance improvement that was
observed following six weeks of intervention sessions,
implies that soccer trainers and coaches should consider
the inclusion of “FIFA 114" as components of programs
aimed at improving balance ability/control in young
soccer players, as improvement in balance abilities may
prevent injuries.
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Core tip: The implementation of “FIFA 11+" for six
weeks of intervention, led to a large effect size of
balance improvement among young soccer players. As
improvement in balance abilities may prevent injuries,
soccer trainers and coaches should consider the inclusion
of “FIFA 11+"” as a component of training programs in
young soccer players.

Dunsky A, Barzilay I, Fox O. Effect of a specialized injury
prevention program on static balance, dynamic balance and
kicking accuracy of young soccer players. World J Orthop
2017; 8(4): 317-321 Available from: URL: http://www.wjgnet.
com/2218-5836/full/v8/i4/317.htm DOIL: http://dx.doi.org/10.5312/
wjo.v8.14.317

INTRODUCTION

Soccer is a sport requiring a plethora of technical skills
as well as static, semi-dynamic and dynamic balance.
Most of these skills, such as passing, juggling the ball
in the air, dribbling or receiving the ball, are achieved
through standing on one leg. Balance plays a pivotal
role in the harsh conditions, such as pushing opponents,
slippery grass, changes to the ball’s orbit, moving, facing
footballers during a football game™.

Balance ability has been found to be significantly
related to several performances in sport, such as shooting
accuracy of archers, pitching accuracy of baseball pitchers,
maximum skating speed during ice hockey, and putting
accuracy of golfers®. While the relationship between
balance and accuracy of ball kicking in soccer is randomly
reported, it is well known that good balance seems to be
effective in neuromuscular control performance™, and is
considered a distinctive characteristic of high level soccer
players at the same time®™. In addition, soccer players
have been proved to surpass basketball players in static
and dynamic balance and do not differ from gymnasts or
dancers™.

Playing soccer, as with any other sport, entails some
risk of injury. With more than 240 million amateur soccer
players worldwide, it has the highest participation rate in
the world, and it accounts for more than 10% of sport
injuries requiring medical attention in adolescents'**!,
Based on those facts, injury prevention programs should
be of major importance for soccer coaches and trainers.
Considerable reductions in the number of injured players,
ranging between 30% and 70%, have been observed
among the teams that implemented the FIFA 11+
program'®..

As poor balance has been correlated to increased risk
of injury in athletes”, it was suggested that a program
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Table 1 Descriptive statistics for anthropometric data of the

participants (means and standard deviations)

Variable Experimental Control
Age (yr) 12.91 £0.26 12.75£0.3
Height (cm) 153.6 £ 7.58 149.7 £ 7.45
Weight (kg) 448 +6.33 40.7+6.5
Right leg length (cm) 80.4 +4.95 76.8 £5.05
Left leg length (cm) 79.7 £ 4.57 77.1£4.86

based on balance improvement may reduce the risk of
injury™®.

One suggested program was the “FIFA 114", which is a
complete warm-up package that combines cardiovascular
activation and preventive neuromuscular exercises. The
key element of the program is the promotion of proper
neuromuscular control during all exercises ensuring
correct posture and body control, thus it is mainly based
on balance control. Recently the “FIFA 11+"” was found
to induced improvements in neuromuscular control in
amateur football players®!, however in another study it
was found to have no significant effect on vertical jump
tests, sprint running and soccer skill tests in comparison
to control condition®..

To the best of our knowledge, no studies have
examined the changes in accuracy of ball kicking
among young soccer players induced by the “FIFA 11+".
Therefore, the main aim of this study was to examine
whether implementing the “FIFA11+" for six weeks as a
routine warm-up can improve kicking accuracy as well
as static and dynamic balance abilities in young soccer
players.

MATERIALS AND METHODS

The study was approved by the Zinman College of
Physical Education and Sport Sciences Institutional
Review Board.

Participants

Twenty young soccer players who agreed to participate,
and had confirmation from their parents, were selected
to take part in the study, and were allocated into two
groups by their football group for convenience of training
routine.

Inclusion criteria for the players were: (1) male
amateur players competing in the Official Amateur
Championships of the Israeli Football Federation; (2)
supervised training 3 times a week for 90 min; (3) no
major recent injuries; and (4) good physical condition
for completing the baseline measurements.

Descriptive statistics for the group are presented in
Table 1.

Intervention
Experimental group: The players completed "The FIFA
114" (for details see the manual and instructions freely
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Figure 2 Stances used in Balance Error Scoring System. A: Double-leg
stance; B: Single-leg stance; C: Tandem stance; D: Double-leg stance with
foam; E: Single leg on foam; F: Tandem stance on foam.

available on the official website: http://f-marc.com/fifa-
11-kids/) three times a week for six weeks substituting
their normal warm-up routine. In brief, the protocol
includes three parts: 8 min of running exercises, 10 min
of strength, plyometric and balance exercises, and 2 min
of explosive running exercises. From week one to two
players performed the level 1, from week three to four
they performed the level 2 and from week five to six
they performed the level 3.

Control group: The control group received a normal
warm-up routine while matching the duration of the “FIFA
11+" (20-25 min). This routine involved a combination
of running, stretching, technical exercises with the ball
and small-sided games.

The guidance of both groups were performed by the
fitness coach who is familiar with the “FIFA 11+".

Assessments

Kicking accuracy: This test was performed based on
Currell et ai®. A goalmouth was split into nine equal
targets by a series of ropes. Each target was allocated a
different score: The center was worth 5 points, around

Baishidenge ~ WJO | www.wjgnet.com

319

Dunsky A et al. Balance program for soccer players

Figure 3 Postures used in the Y Balance Test. A: Y-balance anterior reach; B:
Y-balance posteromedial reach; C: Y-balance posterolateral reach.

the center 3 points and the corners 1 point (Figure 1).
Participants had 10 attempts from 16 m away, using their
preferred foot and with the ball being stationary. On the
completion of one kick the next immediately followed.

Balance ability: Static balance - Balance Error Scoring
System™!, This test consists of three stances: Double-
leg stance (hands on the hips and feet together), single-
leg stance (standing on the non-dominant leg with
hands on hips), and a tandem stance (non-dominant
foot behind the dominant foot) in a heel-to-toe fashion
(Figure 2). The stances are performed on a firm surface
and on a foam surface with the eyes closed, with errors
counted during each 20-s trial. An error is defined as
opening eyes, lifting hands off hips, stepping, stumbling
or falling out of position, lifting forefoot or heel, abducting
the hip by more than 30°, or failing to return to the
test position in more than 5 s. Dynamic balance - The
Y Balance Test (YBT) assesses range of motion (ROM),
strength, and neuromuscular control of the lower ex-
tremity and was chosen to assess the participants’ lower
limb balance as prior studies have demonstrated its
utility as a clinical test to assess for lower limb balance
deficits in the athletic population™. The participant
reaches with one foot in the anterior, posteromedial, and
posterolateral directions while standing on the other foot
on a centralized stance platform. The test is performed
barefoot with both left and right limbs (Figure 3). Following
the protocol, each participant was required to perform
six practice trials before the three data-collection trials.
With the stance-foot toes immediately behind the start
line, the participant was instructed to reach as far as he
could while maintaining his balance. Each participant
was instructed that any of the following activities would
constitute a failed attempt, after which an additional trial
would be performed: (1) touching the reach foot down
before returning to the stance platform under control;
or (2) losing balance before returning under control to
bilateral stance. The reach distance in each direction was
normalized to the limb length (i.e., inferior anterosuperior
iliac spine to inferior medial malleolus). The sum of three
normalized reach distances was then averaged and
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Table 2 Means, standard deviations and analysis of variance comparing performance for kicking accuracy, static balance and dynamic

balance

Variable Experimental Control Cohen’s d
Pre Post Pre Post

kicking accuracy 2.69 +0.54 3.06+£0.72 2.5+0.51 2.82+0.38 0.11

Static balance - BESS 3.52+0.78 3.35+1.04 1.72+0.66 294 +1.17 1.92

Dynamic balance - YBT-R 0.98 +0.07 1.03 +0.07 0.97 +0.06 1.00 +£0.04 0.31

Dynamic balance - YBT-L 0.98 +0.08 1.04 £ 0.07° 0.97 +0.06 1.01 £0.04 0.32

'Significant interaction (F11s= 21.05, P < 0.01); *Significant improvement (t = 1.78, P = 0.05). BESS: Balance Error Scoring System; YBT-R: Y Balance Test Right

leg; YBT-L: Y Balance Test Left leg.

multiplied by 100 to generate a composite score®.,

Statistical analysis

A repeated measures ANOVA model was employed
in order to determine possible statistically significant
differences between the measurements and between
the experimental and control group.

RESULTS

Both groups showed excellent adherence during the
intervention period. More specifically, participants of the
experimental group expressed their high enthusiastic
about the “FIFA 114" program, and asked their coach
to continue with it.

The differences in kicking accuracy and balance
assessments between pre and post intervention for the
experimental group and the control group are presented
in Table 2. No differences were found in kicking accuracy
following intervention, for both groups, however, static
balance improved significantly among the experimental
group with significant interaction with the control group,
and with high effect size. In addition, the dynamic
balance of the left leg of the experimental group, with
medium effect size for interaction between groups.

DISCUSSION

The results of this study show that the integration of “FIFA
114" program for six weeks improved both static as well
as dynamic balance ability, among young soccer players,
but it did not improve the accuracy of kicking. The “FIFA
11+" has been developed for improving neuromuscular
control®, which explains the improvement in balance
control among the experimental group in the current
study, and also in other studies™'®, In addition, the
implementation of “FIFA 11+” led to reductions in the
number of injured players, ranging between 30% and
70%".

Improvement in balance control as measured by the
YBT is considered to be important for soccer players,
since it is based on the combination of ROM, move-
ment abilities, strength, and proprioception®. Thus,
improvements found in that assessment may imply
better performances during soccer game.

Baishidenge ~ WJO | www.wjgnet.com

320

In addition, some researchers investigated the effects
of balance training on injury rates reduction concerning
soccer players, since soccer is a contact sport associated
with a large number of injuries involving adult as well
as young players™™, In that matter, it was found that
balance training was associated with reduced number
of injuries among soccer players™*®!, However, Malliou
et al"® suggested that for better results of injury pre-
vention, proprioceptive training should be incorporated
with the balance training. It is important to mention in this
matter;, that the prevention of muscular injuries seems
multifactorial and would imply nutrition and hydration to
optimize performances and recovery, type of grounds,
climatic conditions, or still stretching and strengthening
protocols to restore limbs muscle imbalance™”, thus, the
posibility to predict injuries or to prevent injuries may still
considered to be inconclusive.

The fact that the accuracy of kicking was not changed
significantly may be explained by the short duration of
the intervention, since we found some improvement in
that variable, however it was not significant. It is possible
that longer period of intervention would lead to significant
improvement in kicking accuracy, based on the fact that
kicking requires control and exploitation of large reactive
forces while the performer preserves stability over a
narrow base of support!®.

Another possible explanation for the lack of changes
in kicking accuracy is based on the “FIFA 11+" protocol.
It is possible that if training protocols were designed to
not just prevent injuries but also increase performance,
they would lead to higher potential for athlete com-
pliance®. The “FIFA 11+” does not contain specific
accuracy exercises, however based on the correlations
that were found between kicking accuracy and single-
leg balance®, it was suggested that improved balance
would lead to improved accuracy. Still, no significant
improvement was seen in kicking accuracy among the
experimental group in comparison to the control group.

In the current study, the large effect size of balance
improvement that was observed following six weeks of
intervention sessions implies that soccer trainers and
coaches should consider the inclusion “FIFA 114" as
components of programs aimed at improving balance
ability/control in young soccer players, as improvement
in balance abilities may prevent injuries.
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Background

Playing soccer entails some risk of injury and it accounts for more than 10% of
sport injuries requiring medical attention in adolescents. As poor balance has
been correlated to increased risk of injury in athletes, it was suggested that a
program based on balance improvement might reduce the risk of injury.

Research frontiers

The “FIFA 11+, which is a complete warm-up package that combines
cardiovascular activation and preventive neuromuscular exercises, was found
to induce improvements in neuromuscular control in amateur football players.
The key element of the program is the promotion of proper neuromuscular
control during all exercises ensuring correct posture and body control, thus it is
mainly based on balance control.

Innovations and breakthroughs

To the best of our knowledge, no studies have examined the changes in both
balance as well as accuracy of ball kicking among young soccer players
induced by the “FIFA 11+”. The major result of the study implies a large effect
size of balance improvement following six weeks of intervention sessions, with
no significant change in kicking accuracy.

Applications

The large effect size of balance improvement that was observed following
six weeks of intervention sessions, implies that soccer trainers and coaches
should consider the inclusion of “FIFA 11+” as components of programs aimed
at improving balance ability/control in young soccer players, as improvement in
balance abilities may prevent injuries.

Terminology

The “FIFA 11+” program - A warm-up program that includes three parts: 8 min
of running exercises, 10 min of strength, plyometric and balance exercises, and
2 min of explosive running exercises.

Peer-review
The review has a good level of quality and it is very interesting and adequate.
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Abstract

AIM

To analyse ground reaction forces at higher speeds
using another method to be more sensitive in assessing
significant gait abnormalities.

METHODS

A total of 44 subjects, consisting of 24 knee osteo-
arthritis (OA) patients and 20 healthy controls were
analysed. The knee OA patients were recruited from an
orthopaedic clinic that were awaiting knee replacement.
All subjects had their gait patterns during stance phase
at top walking speed assessed on a validated treadmill
instrumented with tandem force plates. Temporal
measurements and ground reaction forces (GRFs) along
with a novel impulse technique were collected for both
limbs and a symmetry ratio was applied to all variables
to assess inter-limb asymmetry. All continuous variables
for each group were compared using a student #-test
and z” analysis for categorical variables with significance
set at o = 0.05. Receiver operator characteristics curves
were utilised to determine best discriminating ability.

RESULTS
The knee OA patients were older (66 *+ 7 years vs 53 +
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9 years, P = 0.01) and heavier (body mass index: 31 +
6 vs 23 £ 7, P < 0.001) but had a similar gender ratio
when compared to the control group. Knee OA patients
were predictably slower at top walking speed (1.37 £
0.23 m/s vs 2.00 = 0.20 m/s, P < 0.0001) with shorter
mean step length (79 = 12 cm 15 99 + 8 cm, £ < 0.0001)
and broader gait width (14 £ 5cm s 11 £ 3 cm, P =
0.015) than controls without any known lower-limb joint
disease. At a matched mean speed (1.37 £ 0.23 vs 1.34
+ 0.07), ground reaction results revealed that push-
off forces and impulse were significantly (P < 0.0001)
worse (18% and 12% respectively) for the knee OA
patients when compared to the controls. Receiver
operating characteristic curves analysis demonstrated
total impulse to be the best discriminator of asymmetry,
with an area under the curve of 0.902, with a cut-off of
-3% and a specificity of 95% and sensitivity of 88%.

CONCLUSION

Abnormal GRFs in knee osteoarthritis are clearly evident
at higher speeds. Analysing GRFs with another method
may explain the general decline in knee OA patient’s
gait.

Key words: Gait; Treadmill; Ground reaction forces;
Symmetry; Osteoarthritis; Knee

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Top walking speed may unmask significant
abnormalities which would not be seen at slower walking
speeds. The use of impulse rather than solitary peaks
in the analysis of ground reaction forces may be more
sensitive in detecting significant abnormalities in gait.

Wiik AV, Aqil A, Brevadt M, Jones G, Cobb J. Abnormal ground
reaction forces lead to a general decline in gait speed in knee
osteoarthritis patients. World J Orthop 2017; 8(4): 322-328
Available from: URL: http://www.wjgnet.com/2218-5836/full/v8/
i4/322.htm DOI: http://dx.doi.org/10.5312/wjo.v8.i4.322

INTRODUCTION

Difficulty walking is one of the principal symptoms
reported by patients with knee osteoarthritis (OA).
Analysis of gait symmetry between right and left legs
has been shown useful in identifying lower limb joint
disease, particularly osteoarthritis'!, Such data may be
useful as a trigger for clinical intervention, given that
significant asymmetry may lead to falls, injury to other
joints and declining walking activity™.

Previous studies analysing gait symmetry in OA are
arguably limited in value by their use of slow speed gait
protocolst, with more recent studies demonstrating that
slower speeds are employed as a protective mechanism
by the patient, and can disguise the significant gait ab-
normalities apparent at higher speeds™. Furthermore,
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analysis at faster walking speeds may provide insight into
why self-selected walking speed is reduced in knee OA
patients, which is of particular interest given that a slow
walking speed has been associated with decreased life
expectancy™.

Biomechanical (obesity, joint instability and malalign-
ment) factors play an important role in the development
of OA”®, and the vertical ground reaction force (GRF)
measured in gait laboratories is a useful non-invasive
surrogate of internal joint loading™. Although repeatable
and well described, GRF results are surprisingly variable
in the published literature, which is likely due to the
uncontrolled variation in walking speed during assess-
ments®. Analysing GRF symmetry offers a potential
method of removing the effect introduced by variations
in speed, given that the patient’s normal limb acts as
a control when compared to the diseased contralateral
limb. Moreover, most studies only use single “peak” data
points for GRF during the gait cycle™, which may fail
to capture the variation between subjects afforded by a
more detailed analysis.

The aim of the study was to: (1) assess the gait
patterns and symmetry of patients with knee OA at top
walking speed with the aid of an instrumented treadmill;
and (2) apply a new method of assessing ground reaction
force symmetry. The null hypothesis was that top walking
speed and a new method of analysis would show no
differences.

MATERIALS AND METHODS

Participants

A total of 44 subjects, consisting of 24 knee OA patients
and 20 healthy controls, were included in this study
ethically approved by the joint research office (10/
HO0807/101). Patients with unilateral symptomatic knee
OA awaiting knee arthroplasty were recruited from
an orthopaedic knee clinic. All subjects had primary
knee osteoarthritis and were cardio-vascularly fit, with
no further lower limb or joint disease. Standard pre-
operative knee radiographs of the OA patient group
were used to assess disease severity using Kellgren
and Lawrence (KL) grading™, In order to aid validity
and interpretation of subsequent data, patients with
neurological, medical or other lower limb conditions were
excluded, as these variables may also have affected
walking ability. This study utilised a control group comprising
of healthy staff members, who were free from neurological
or joint problems. Test subjects were recruited by a
single research assistant. Gait analysis was undertaken
using a blinded assessor to avoid testing bias.

Gait analysis and data collection

Gait analysis was performed using a validated treadmill
instrumented with tandem piezo-electric force plates
(Kistler Gaitway®, Kistler Instrument Corporation, Amherst
NY). All participants gave informed consent before tread-
mill testing began. After an acclimatisation period at
4 km/h, speed was increased incrementally until top
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Figure 1 Impulse analysis during weight acceptance: Comparing the knee osteoarthritis limb to the contralateral normal side. OA: Osteoarthritis.

walking speed (TWS) performance had been attained.
TWS was defined as the fastest speed a subject could
walk without running. All walking measurements were
collected without the aid of any props using a standardised
testing protocol™. Vertical ground reaction forces, centre
of pressure (COP) and temporal measurements were
collected for both limbs with a sampling frequency of 100
Hz over 10 s. Gait data was subject to averaging by a
custom written MATLAB software script as a 10 s interval
normally recorded a minimum of 5 steps for each limb. A
validated body weight normalising (BWN) was applied to
the force results to correct for mass differences!™.

BWN force = Ground reaction force/(body mass x gravity)

The data was further divided into affected (A)/
unaffected (UA) limb for the OA group, and right/left
limb for the healthy controls. A previously described
and validated symmetry ratio (SR)™¥, was applied to all
variables.

SR= [(XA/XUA) - 1] X 100%

SR values describe the percentage difference
between limbs, with zero indicating complete symmetry.
Negative values indicated worsening asymmetry with
respect to the affected limb in the OA group and the
right limb in the control group.

Impulse values were calculated from the vertical GRF
data. Impulse takes into account both the magnitude of
loading and duration of stance phase of a limb. The total
and each phase peak of impulse was assessed on the
“M" pattern force curve, comprising weight acceptance
(WA) and push-off (PO) impulse. These peaks were
identified using a MATLAB script to segment the data,
with the limits of integration defined as 5% of force time
either side of the maximum value. Figure 1 illustrates the
calculation of weight acceptance impulse during stance
phase between right and left legs. The same technique
was also used for push-off and total impulse used the
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entire curve.

Statistical analysis

Statistical analysis was performed with SPSS (IBM
SPSS Statistics, version 20). For continuous variables
between the groups an independent t-test was used
and for categorical variable (gender), a y° test was
used. A significance level of o = 0.05 was employed
throughout. Shapiro-Wilk test showed the gait variables
to be normally distributed. Variable data is presented as
means with standard deviations.

Receiver operating characteristics (ROC) curves were
utilised to determine which gait symmetry variables had
the best discriminating ability. Categorisation of the area
under the curve (AUC) was performed, with AUC above
0.7 determined as fair, above 0.8 good and above 0.9
as excellent discriminating ability™.

OA patients’ top walking speed results were pre-
dictably slower than the healthy group, and were hence
also compared to the healthy group’s preferred walking
speed, which was more comparable.

RESULTS

Patient and control characteristics are provided in Table
1. The most common disease severity grade of OA
was 2 using Kellgren and Lawrence system. Nineteen
patients had medial tibiofemoral OA with an element of
patellofemoral OA. Two patients had lateral tibiofemoral
OA and remaining three had primarily patellofemoral OA.
None of the patients had significant joint bone deformity
and an intermediate grade of knee OA can be concluded.

Preferred and top walking speed for the knee OA
patients was predictably and significantly slower (P <
0.0001) than the controls (1.09 m/s vs 1.34 m/s and
1.37 m/s vs 2.00 m/s respectively). Step length was also
reduced at TWS (79 cm vs 99 cm, P < 0.0001), with a
broader gait width (14 cm vs 11 cm, P = 0.015) as seen
in Table 2. As ground reaction forces are partly speed
dependent™ (Figure 2), analysis comparing the knee OA
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Figure 3 Mean gait patterns during stance phase of controls (blue) and
knee osteoarthritis patients (red) at similar speeds. OA: Osteoarthritis;
TWS: Top walking speed.

results to the control group’s preferred walking speed was
done given that they were similar (1.34 m/s vs 1.37 m/s P
= 0.56). Push-off force and total impulse were significantly
(P < 0.0001) less (22% and 12% respectively) than the
controls (Table 2 and Figure 3). This was also seen at
the knee OA preferred walking speed, but became more
pronounced at top walking speed. The knee OA patients
were also significantly more asymmetrical than the healthy
controls, with the greatest difference between limbs (Table
2) seen during single limb stance time (8%, P = 0.001),
push-off impulse (7%, P = 0.050) and total impulse (7%,
P < 0.0001). ROC analysis of the gait symmetry variables
(Table 3) at TWS demonstrated that total impulse (Figure
4) was the best discriminator of symmetry with an AUC of
0.902, with a cut-off of -3% and a specificity of 95% and
sensitivity of 88%.

DISCUSSION

By analysing gait ground reaction forces and symmetry
at top walking speed, this study set-out to determine
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Figure 4 Receiver operating characteristics graph: Displaying the dis-
criminating ability of total impulse symmetry ratio. ROC: Receiver operating
characteristics.

Table 1 Subject characteristics

Subject Control Knee OA
Sex M:F 713 8:16

Age (yr) 52.5 (8.8) 65.5 (7.2)!
BMI 23.2 (6.6) 31.2 (6.1)'
Leg length (cm) 89.3 (5.6) 85.1 (5.9)'
Height (cm) 168.5 (7.5) 164.1 (7.9)
Total KL score NA 2.5(1.1)

'Significant difference between OA group vs control at PWS (P < 0.05).
OA: Osteoarthritis; NA: Not available; PWS: Preferred walking speed; KL:
Kellgren and Lawrence; BMI: Body mass index.

the changes in gait associated with the general decline
in walking speed seen in patients with knee OA. In
accordance with previous studies™’*®, compared to
healthy controls the OA group walked more slowly and
asymmetrically, with a wider based gait, and a shorter
step length. Furthermore the study demonstrated that
testing at top walking speed elicited differences in gait
which would not ordinarily be detected at slower walking
speeds.

Of most interest was that the OA patients had a
significantly lower, and less symmetrical, push-off force
and push-off impulse compared to healthy controls -
suggesting a weakness during the terminal stance phase
is a factor causing slower walking speeds. This may be
secondary to loss of muscle power around the joint, a
theory supported by Baert et al'*s finding of a 37%
decrease in isometric knee extension power in early
OA, and a 56% decrease in established OA patients,
when compared to a matched control group. This loss
may also be due to pain and the progressive attrition
of muscle power due to the decreasing activity found in
a biomechanically faulty knee. Nevertheless Bytyqi et
al*® demonstrated 11.6 degree loss during knee flexion/
extension during comfortable walking in patients with OA
when compared to controls which would further explain
the importance of power and improved knee kinematics
to achieve faster walking speed. This is of clinical value
to surgeons and patients alike, given that it reinforces

325 April 18,2017 | Volume 8 | Issue 4 |



Wiik AV et a/. Gait analysis of knee osteoarthritis patients

au3 ‘Aisnoyinpio4 "paads doj Joase) Apuedyiubis e yum payem pue 4abunoA pue uyybil Apuedyiubis a1om oym ‘dnosb j043uod sy3 03 seejad Apnis Siu3 JOo uonejwl syl
*|leAIS3Ul DUSPUUOD SY U0 Bulpuadap Ajjeonsiels saleA pue Juspuadap Jsjaweled S| ydiym ApwiwAse
4o abuel e sey jieb Ayyeay jeyy S3esSUOWSP 0S|e SYNSBI INQ “[,¢,SOIPNIS S|dRINW AQ papuBWILIOdaI Se ejep dusweled 104 popusWILIOdB. 3] Ajjesausb pinoys uoLsD
%0T & SS9lPYHaASN "ds|nduwil |10} 104 %SG Se MO| Se UOLIDILD oiel AjswiwAs e 3se66ns synsad 1no 3sjiym ‘(;S|03u0d Ayljesy yaim syusied yo diy buriedwod >om Jisyy woly
Jeb |eoibojoyaed J0) uoLRD ABWILIASE 94 (0T B papuauuwodal uoibuljig-1poH ‘258’0 JO DNV Ue yum ‘aunseaw bupeuiwlsip poob e aq 03 paaold os|e asjndwil souejdanoe
OIS JUD|[SIXD PALSPISUOD SI YIIYM Z06°0 40 DNV Ue yim ‘sdnolb usamisq 3euiwdsip 0} S|gerLieA 1s9q aU3 Se ol AldWWwAS asinduwll |30} aU3 paunuapl sisAjeue DOY
puy ‘sjusned YO 99Uy Ul sauawWwAse 1sabuae| oyl paAe|dsip asjndwi Jo-ysnd pue asindwi 103 ‘awiy aouels quii| ajbuis Jaye ‘piebad siyy ur “AnswwAs buissasse Jo poypwl

[oAou e se “ead ay3 uo sjulod Auejijos 3snl ueyy Jayjes ‘syead 90404 uooeal punolb mojaqg (asindwi) eade ue Jo 9sn aY3 SSasse 0] Sem Apnis ay3 JO wie ujew puodss ay |
*HuIND20 wiody sisolyie julol Jayny uaaaud Ajlednaioayy pue
Sa0.04 souejdanoe Jybiam ybiy proAe ‘yeb uleial 03 wie yoiym uonuaAsiul buunsesw 4oy (003 e se ‘anjeA [eapeld Jo 3g Aew SUORAISSCO 3SBY ] *(,,VO 93U Yim spalgns
ul bupjiem buunp speoj juiol @aux paseauoul Apuedyiubis buipodad Apnis e yaim JualsISUoD ale Asy) aJowiayuing “aouesul 1S4y a4l Ul IN0 a1om sjulol asuy| disyl Aym uiejdxas
Apped Aew sbuipuy asayl -bupjiem buunp aauy sjuaned O aul ybnoayy buipaen si ydiym 90404 sSoUb anay ay3 sejewnsalapun S)Nsad 92104 pasijewdou ay) ‘sjoijuod ayl
ueyy Jaybiy o46Ge a1om (IINg) Xopul ssew Apoq s,juaned ayl jeyl Buuspisuod alowlaypng 1 uo peoj aonpad 0} buiAn pue buidwi ale Asyy mou Ydiym je paads ey e
pa1adxa g pjnom Jeym uey) puoAsq juiof aaux dnpuype Jisyl papeo| aney Apuatayul syusied asayy jeyy sajedipul ARl SIYL “(S/NMJ 02T°0 SA €TT°0 Pue NMd 92°T SA
QT'T) Juaned awes ay) ul 63| paayeun syl 0] paledwod usym |eurioude 10} ul alaom Asyl ‘(AjpAndadsal S/NME ZTT°0 SA €TT°0 pue NMd 8T'T $A 8T'T) S|ouod Ayyeay 0]
3|gesedwod sem sjuaiied YO 99Uy Ul quii| paaye ay3 Jo soueidadoe Jybiom ayl Isjiym ybiom |Iny syl bundsooe pue papusixa AjIny S| 99Uy a3 Ydiym e aseyd souels Apes

buunp pouad ayy si asueidacoe Jybiop syusned YO aauy ay3 ul asindwi asuejdanoe Jybiam pue soueidaooe Jybiam Jo synsad ay3 sem buipuy Apnis juepiodw Jayjouy
"L1zPWI3 J9A0 BA0IdW ued uoouny
pue jieb jeyy buipuy syl Yyum Juaisisuod si pue ‘uopow Jo sbues pue yibualis apsnw buniojsad Je pawie AdessyjoisAyd yum pauiquuiod aq 03 Aisbuns yuswisoe|dad L0 pasu syl

‘SHLIYIIE09}SQ (VO ‘pasiewiou jySom Apog :NMd ‘paads Sunjrem doJ :gM I ‘o[qefreae joN VN ‘paads
Suryrem parrdga1d :SMd (S0°0 > d) SML ¥ [onuod sa dnoid YO usamiaq dduRIIP JuedyIusis, (S0°0 > d) SMd ¥e [01u0d se dnoid YO usamIaq OUSINIP JUROHIUSIS, [UOHEIADP PIepUe)s F SULSW Se PajedIpul dIe sanfea YL

(re) €0~ (co0)ec0  (F00) €0 (e85 L (€0'0) F€0 (200) €0 (€9 0 (%0°0) 8€°0 (%0°0) 80 (€6) 04~ ($0°0)9€0 #00) £€0 (s) aum soueys quuy 93uig
(1) €0~ (50°0) 9 o (000950 L. (6€) Fe- (£0°0) ;290 (50°0) ;4590 (z71) €0 (90°0) 69°0 (90°0) 89°0 (8¢ - (c00) ﬂﬁ 0 (50°0) 2270 (s) aum 3oe3U0D
(ce)zo- (00 ¥ F0)¥0  40990F%  (G00).050 (€0°0) 870 (Te) €0 (#0°0) €50 (50°0) €50 (CAkan #0°0) ¥9 (50°0) €50 (s) owm doxg
61 0T (8) 86 (8) 66 (N ad TD) 82 [(en) 64 (€2 L1 () 8z (9) 64 (59 9T (6) £ (01) 89 (wo) yy3usy derg
(v 6T (6000) TLL0 (T10°0) OIT0  ,,(0°8) 9°9- Roo 0),4860°0 @8 0) 1600 (90 6T (8000 ¥IT0  (6000) TITO  (FeD)90  (IT0°0) %8 0 (800°0) 8600 (s/NMg) @smndut 3o ysng
v ae (oo zwro Or00)9vro .99 s (S100),0cT0  (FL00) LI10 (re)eo  (ooo)ziro (2000 ZITO (€9) ¢ (010°0) 8010 (800°0) F0T'0  (5/NMg) dsmduur sdueydeooe JySem
ODTo- G090 #0090 @I TL #0050  F00) 680 (8D TO0- (50°0) 550 (50°0) 550 (99 65 #00) £50 (50°0) €50 (s/NMg) esindur rejo,
(g e0-  (orozrt  @roort 09 00 00T  (£00) ,.560 ODeT (80°0) 9T'T (60°0) ST'T (ce) 9T (90°0) ;201 (90°0) ,00'T (NMg) 3o-ysnd
(€€ 9t roesr  @roest  LL9des 0 ,9c1 GO0 SUT (02 20 (£00) ST'T (80°0) ST'T (£9) 0% (010 2IT (80°0) £0°T (NMg) 2oueydaoe yySrom
VN (0¢)TTr VN (%) ,TFT VN (e Trr VN @ 971 (wo) yIpim Jren
VN (D) LeT VN (6) ;€T VN (om) ¥TT VN (£) €Tt (unur /deys) ouspe)
VN (02°0) 00T VN (€2°0) £ET VN (£0°0) ¥€'T VN (#10) 601 (s/u) paads
(as) uesy  (@s) ued  (@s) ued  (As) ued  (@S) ued  (@S) U (@S) uedW  (AS) ued  (@S) uedW  (AS) uedW  (AS) UedW (as) uesp
(z=u) (0z=u) bz =0 Wz =) Wz = u) 0z = u) 0z = ) Wz = u) Wz = u)
Iy | W8y paiayeun panayy 31 18Ry paayeun paayY
% onel 9, onel 9, onel 9% onel
AnawwAg SML [onuo) AnswwAg SML VO 9au)y AnswwAg SMd [onuo) AnaunuAg SMd VO 9wy dqeriep

S)[Nsa1 Uopdea punois pasijewiou pue [enedsorodwin] g d[qel

April 18,2017 | Volume 8 | Issue 4 |

326

WJO | www.wjgnet.com

JBaishideng®



Table 3 Area under curve results with confidence intervals

demonstrating the discriminating ability of different variables

SR at TWS AUC Cl Significance
WA 0.898 0.800, 0.996 <0.001
PO 0.683 0.521, 0.846 0.038
TI 0.902 0.797, 1.000 <0.001
WAI 0.852 0.736, 0.968 <0.001
POI 0.654 0.491, 0.817 0.081
ST 0.650 0.484, 0.816 0.090
CT 0.767 0.628, 0.905 0.003
SLST 0.767 0.628, 0.906 0.003

AUC: Area under curve; CI: Confidence intervals; SR: Symmetry ratio;
WA: Weight acceptance; PO: Push-off; TI: Total impulse; WAI: Weight
acceptance impulse; POI: Push-off impulse; ST: Stance time; CT: Contact
time; SLST: Single limb stance time.

control group’s preferred walking speed was similar to
the OA group’s top walking speed with identical step
length (79 cm vs 79 cm), allowing for a fair and better
comparison. Additionally the intended objective was
not to determine which group was faster but rather,
which factors caused them to be slower. Nevertheless
a previous 3-D kinematic gait study looking at knee
movements did not observe a difference in fast walking
speed in knee OA patients despite them being almost
10 years older than the health controls™. And as
previously discussed, by looking at asymmetry, in effect
patients act as their own controls if they have one
healthy, un-affected, knee. In common with many other
gait studies, our OA group were significantly heavier
than controls, which is unsurprising given that high BMI
is a perhaps the greatest known risk factor for OAF*,
However, all ground reaction forces were normalised
for body weight to minimise the bias introduced by
this difference between groups. Lastly this is a cross-
sectional study and it would have been interesting to
see whether interventions such as physiotherapy, foot
orthotics, or knee surgery could restore normal ground
reaction forces and symmetry while walking.

In conclusion, this paper reconfirms the gait ab-
normalities seen with knee OA, but for the first time
using ground reaction forces at top walking speed and
a novel method of analysis. Reduced push-off and
overall loading (impulse) are key factors in limiting the
top walking speed of patients with OA. Higher than
expected weight acceptance loads are potential causes
for patients wearing out their joints. Furthermore OA
patients demonstrate significant asymmetry in almost
all parameters of gait biomechanics, with ROC analysis
identifying total impulse as the variable with the best
discriminating ability. Longitudinal studies are required,
but these features may be useful in the screening and
rehabilitation of patients at risk of developing, or with
early knee arthrosis.

COMMENTS

Background

Knee osteoarthritis is an increasingly common condition. Understanding the
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loading characteristics of patients with knee osteoarthritis may help prevent or
delay this condition from occurring.

Research frontiers

The gait assessment of patients with knee osteoarthritis has primarily been
completed using slower speed protocols. The use of faster speeds on an
instrumented treadmill has allowed us to better understand the loading patterns
of patients with knee osteoarthritis.

Innovations and breakthroughs

This study demonstrated that faster speed detected differences which would not
be seen at slower speed. Impulse and weight acceptance were the variables
with the best discriminating ability.

Applications
Faster walking speed is recommended during gait analysis for patients with
knee osteoarthritis.

Terminology
Ground reaction forces are the stance phase loading characteristics of the foot
during gait.

Peer-review

This is an interesting paper that aims to evaluate the gait patterns in osteo-
arthritis patients at top walking speed. This is a well-designed and organized
study that uses validated measurements and produces some important
findings. The methodology used is appropriate and well presented.
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Abstract

AIM
To quantify the variability of financial disclosures by
authors presenting orthopaedic trauma research.

METHODS

Self-reported authorship disclosure information pub-
lished for the 2012 American Academy of Orthopaedic
Surgeons (AAOS) and Orthopaedic Trauma Association
(OTA) meetings was compiled from meeting programs.
Both the AAOS and OTA required global disclosures for
participants. Data collected included: (1) total nhumber
of presenters; (2) number of presenters with financial
disclosures; (3) number of disclosures per author; (4)
total number of companies supporting each author;
and (5) specific type of disclosure. Disclosures made by
authors presenting at more than one meeting were then
compared for discrepancies.

RESULTS

Of the 5002 and 1168 authors presenting at the AAOS
and OTA annual meetings, respectively, 1649 (33%)
and 246 (21.9%) reported a financial disclosure (P <
0.0001). At the AAQS conference, the mean number
of disclosures among presenters with disclosures was
4.01 with a range from 1 to 44. The majority of authors
with disclosures reported three or more disclosures (7
= 876, 53.1%). The most common cited disclosure
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was as a paid consultant (51.5%) followed by research
support (43.0%) and paid speaker (34.8%). Among the
256 physicians with financial disclosures presenting at
the OTA conference, the mean number of disclosures
was 4.03 with a range from 1 to 22. Similar to the
AAOS conference, the majority of authors with any
disclosures at the OTA conference reported three or
more disclosures (7 = 140, 54.7%). Most authors with
a disclosure had three or more disclosures and the
most common type of disclosure was paid consulting.
At the OTA conference, the most commonly cited form
of disclosure was paid consultant (54.3%) followed by
research support (46.1%) and paid speaker (42.6%).
Of the 346 researchers who presented at both meetings,
112 (32.4%) authors were found to have at least one
disclosure discrepancy. Among authors with a discrepancy,
36 (32.1%) had three or more discrepancies.

CONCLUSION

There were variability and inconsistencies in financial
disclosures by researchers presenting orthopaedic trauma
research. Improved transparency of conflict of interest
disclosures is warranted among trauma researchers
presenting at national meetings.

Key words: Conflict of interest; Financial disclosures;
Ethics; American Academy of Orthopaedic Surgeons;
Orthopaedic Trauma Association

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Previous studies have demonstrated dis-
crepancies in financial conflict of interest disclosures
among physicians presenting research. The purpose
of this study was to quantify the variability of self-
reported financial disclosures by authors presenting
at multiple trauma conferences during the same
year. The disclosures published for the 2012 annual
meetings of the American Academy of Orthopaedic
Surgery and Orthopaedic Trauma Association were
tabulated and disclosures made by authors presenting
at both meetings were compared for discrepancies. Our
results demonstrate variability in reported disclosures
by authors presenting at multiple conferences within
the same year. Further work is warranted to improve
transparency of disclosures.

Wong K, Yi PH, Mohan R, Choo KIJ. Variability in conflict of
interest disclosures by physicians presenting trauma research.
World J Orthop 2017; 8(4): 329-335 Available from: URL:
http://www.wjgnet.com/2218-5836/full/v8/i4/329.htm DOI:
http://dx.doi.org/10.5312/wjo.v8.i4.329

INTRODUCTION

Private industry has become an increasingly significant
source of funding for physicians conducting research
in recent years'”.. As industry investment in medical
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research grows however, conflict of interest (COI) has
become a controversial topic in orthopaedic surgery.
Many studies have suggested that close ties between
industry and physicians may negatively influence the
quality and integrity of clinical studies®. For example,
industry funding is one of the strongest predictors for a
favorable result in a product being studied” !, Although
industry funding has a potential to create bias, it has
also been essential in achieving many advances in
diagnosis and treatment in medicine!*?, and as a result
balancing the benefits and risks of industry relationships
has become a divisive reality to deal with within the
orthopaedic community.

Disclosures of conflict of interest have been called
for by the American Academy of Orthopaedic Surgeons
(AAOS) and other medical organizations in order to
maintain research integrity!**®.. Unfortunately, diffe-
rences in what constitutes a COI as well as ambiguity
between disclosure guidelines between different orga-
nizations can make it difficult for physicians to know
exactly what to disclose™'”), Previous studies have
shown variability in the COI disclosures by researchers
presenting on spine surgery and sports medicine, possibly
due to variability in disclosure policies™®'?. In fact, some
evidence suggests that inaccuracies in COI disclosure
can be found throughout the field of orthopaedics as a
whole™. To date, however, there has been no previous
analysis of COI discrepancies within the subspecialty of
orthopaedic trauma.

The purpose of the present study was: (1) to describe
the COI disclosures of authors presenting research
at both the AAOS and the OTA annual meetings; and
(2) to quantify variability in COI disclosures of authors
who presented orthopaedic trauma research. We hypo-
thesized that there would be variability in the disclosure
of physicians presenting research at the two conferences
in the same given year.

MATERIALS AND METHODS

We recorded the disclosures from all authors who pre-
sented trauma research at two orthopedic conferences.
The two conferences included in the study were the
2012 annual meeting for the AAOS and the 2012 annual
meeting for the Orthopaedic Trauma Association (OTA).
Self-reported disclosure data from the authors for each
conference was collected from the printed meeting infor-
mation, which is available online®??, Since the 2012
AAOS abstract deadline was in June 2011 while the 2012
OTA conference abstract deadline was in February 2012,
it is possible that industry support and COI for some
authors may have changed during the time between
the two conferences. However, it is common for industry
sponsorships to last for years, especially when these
partnerships involve clinical research™?. Thus, for the
purposes of this current study, it was assumed that
changes, if any, would be minimal given the relatively
short time between the two conference deadlines.

The disclosure policies for the AAOS and OTA con-
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ferences were obtained from the AAOS and OTA
websites!®, Both the AAOS and OTA conferences
required global disclosure (i.e., presenters were required
to disclose all financial relationships, regardless of
relevance to their presentation). Because the guidelines
between these two conferences were equivalent, we
were able to compare the financial relationships reported
by authors who attended both conferences in order to
quantify any discrepancies present in the author’s disclo-
sures. Only authors who presented at both conferences
were included in the present study for a total of 346 in-
dividuals. Researchers who presented at only one of the
conferences were excluded from the study.

Pertinent characteristics recorded from each con-
ference included: (1) total number of presenters; (2)
number of presenters with financial disclosures; (3)
number of disclosures per author (among authors with
disclosures); (4) total humber of companies/entities
supporting each author (among authors with disclosures);
and (5) percentage breakdown of each type of disclosure
into 9 specific categories (i.e., royalties, paid speaker,
employee, paid consultant, nonpaid consultant, stock
options, research support, other support, and publishers).

After recording disclosure data from each conference
for eligible authors, the disclosures between the two
conferences were then compared. First, the total number of
authors with and without consistent number of disclosures
was recorded. Next the individuals with inconsistent
disclosures were categorized into two categories: (1) those
who disclosed at least one financial relationship at one
conference but no financial relationships at the other
conference; and (2) those who disclosed at both con-
ferences but with different number and type of disclosures.

RESULTS

The total number of research presenters at the AAOS
annual meeting was 5002, and out of those who pre-
sented, 1649 (33.0%) had financial disclosures. The
total number of presenters at the OTA annual meeting
was 1168 and a total of 256 (21.9%) authors at the OTA
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meeting had financial disclosures. In total there were
6613 disclosures reported at the AAOS meeting and
1033 disclosures reported at the OTA meeting.

At the AAOS conference, the mean number of dis-
closures among presenters with disclosures was 4.01
with a range from 1 to 44. The majority of authors with
disclosures reported three or more disclosures (n
876, 53.1%); in contrast, only 443 (26.9%) researchers
reported one disclosure and 330 (20.0%) of researchers
reported two disclosures. Although the majority of authors
reported three or more disclosures, the number of re-
searchers reporting increasing number of disclosures
progressively decreases (Figure 1). The mean number
of companies/entities supporting researchers among
those with disclosures was 2.88 with a range from 1
to 33 companies. Of those authors with support from
companies, 612 (37.1%) researchers received support
from only one company, 358 (21.7%) received support
from two companies, and 679 (41.2%) received support
from three or more companies. Similar to the total number
of disclosures, the number of researchers disclosing
company/entity support decreases as the number of
disclosures increases (Figure 2). Among authors who
provided specific types of disclosures, the most common
cited disclosure was as a paid consultant (51.5%) followed
by research support (43.0%) and paid speaker (34.8%).
In descending order, the remaining disclosures include
royalties (29.1%), stock options (27.9%), publisher
(17.5%), unpaid consultant (11.7%), other support
(11.0%), and employee (5.15%).

Among the 256 physicians with financial disclosures
presenting at the OTA conference, the mean number of
disclosures was 4.03 with a range from 1 to 22. Similar
to the AAOS conference, the majority of authors with any
disclosures reported three or more disclosures (n = 140,
54.7%), a total of 61 (23.8%) presenters reported only
one disclosure and 55 (21.5%) of presenters reported
two disclosures. Although the majority of authors who
reported any disclosures at the OTA conference reported
three or more financial affiliations, the number of re-
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searchers reporting sequentially increasing number of
affiliations decreases (Figure 3). The mean number
of companies/entities supporting researchers who re-
ported disclosures was 3.09 with a range from 1 to 22
companies. Of those presenters who received support
from companies, 78 (30.5%) researchers received
support from only one company, 69 (27.0%) researchers
received support from two companies, and 109 (42.6%)
researchers received support from three or more com-
panies. The number of physicians disclosing support from
companies decreases at successively higher numbers
of company support (Figure 4). Among presenters who
provided specific types of financial disclosures, the most
commonly cited form of disclosure was paid consultant
(54.3%) followed by research support (46.1%) and paid
speaker (42.6%). In descending order, the remaining
disclosures include stock options (23.4%), royalties
(19.5%), publisher (16.8%), other support (13.3%),
unpaid consultant (12.1%), and employee (6.25%).

In total, 346 physicians presented at both the AAOS
and OTA conferences in 2012. The number of co-pre-
senters with discrepancies in financial disclosure was
112 (32.4%) with a mean of 2.47 and a range from
1 to 16 discrepancies. Among the co-presenters with
disclosures, 55 (49.1%) had one discrepancy between
the AAOS and OTA conferences, 21 (18.8%) of co-
presenters had two discrepancies between the two
conferences, and 36 (32.1%) of co-presenters had three
or more discrepancies between the two conferences
(Figure 5). Of the 112 co-presenters with discrepancies,
38 (33.9%) made zero disclosures at one conference
but disclosed at least one financial relationship at the
other conference while 74 (66.1%) of co-presenters
with discrepancies disclosed at both conferences (Figure
6). The remaining 67.6% of physicians who presented at
both conferences were found to have no discrepancies
between their disclosures.

DISCUSSION

As funding for biomedical research has shifted sig-

Roishidenge ~ WJO | www.wjgnet.com

332

Orthopaedic Trauma Association
35+

No. of researchers

1 2 3 4 5 6 7 8 9
No. of companies supporting researcher

16

Figure 4 Number of researchers disclosing company/entity support at the
Orthopaedic Trauma Association decreases as the number of disclosures
increases.

nificantly towards private industry™, addressing COI has
become an important topic for orthopaedic surgeons.
Although previous studies have demonstrated disclosure
inconsistencies by physicians presenting sports medicine
and spine surgery at various orthopaedic conferencest'®'?,
no previous study has assessed the variability of COI
disclosures by physicians presenting orthopaedic trauma
research. The purpose of this study was to evaluate
disclosures by physicians presenting at the 2012 AAOS
and OTA annual meetings in order to quantify COI
discrepancies. Overall, we found a high prevalence of
disclosure discrepancies. Nevertheless, specific types
of disclosures were similar between presenters at both
the AAOS and OTA conferences; furthermore, the most
common disclosure types were paid consulting, research
support, and paid speaker. Finally, we found that the
majority of physicians with discrepancies had more than
one discrepancy, and a large portion of physicians with
discrepancies disclosed nothing at one conference despite
disclosing at least one COI at the other conference.
There was a high prevalence of disclosure discre-
pancies by physicians who presented at both the 2012
AAOS and OTA conferences with a total of about one
third of all physicians with at least one discrepancy. This
is consistent with previous reports in sports medicine
and spine, which have also shown high discrepancy rates
among researchers presenting in these fields. There
are several possible explanations for this high number
of discrepancies. First, it is possible that discrepancies
between the two conferences can be explained simply
by natural changes in industry affiliations that occurred
between the two conferences; however the period
of only a few months between conference abstract
submission deadlines makes this explanation unlikely.
A second possibility is that the discrepancies simply
result from physician carelessness. Current penalties
for inaccurate disclosure are fairly limited and leave
researchers considerable discretion in what they decide
to disclose™®?”; lack of sufficient repercussion may
decrease the effort some authors make in order to check
or verify disclosure policies, leading to disclosure errors.

April 18,2017 | Volume 8 | Issue 4 |



Wong K et a/. Variability in orthopaedic trauma disclosures

3+ 49.1%
Disclosures

At least 1
Discrepancy
n=112

1
Discrepancy

8.2%

Figure 5 Number of disclosure discrepancies by physicians who disclosed at both the American Academy of Orthopaedic Surgery and Orthopaedic
Trauma Association conferences.

At least 1
No discrepancy Discrepancy

0 disclosures | conferences
vs 1+

n =234 n =112 .
disclosures

Figure 6 Disclosure patterns among researchers with disclosure discrepancies.

This carelessness might also explain the difference intotal ~ to serve as experts®. These findings demonstrate
disclosures between the AAOS and OTA conferences: that industry funding has become such a consistent
The AAOS is a larger conference, and hosts not only a factor in orthopaedic research that even the type of
higher number of attendees, but also features a larger disclosures remains steady between orthopaedic trauma
number of orthopaedic topics including but not limited and other orthopaedic specialties. However the prevalence
to trauma™. While it is possible that some physicians  of industry funding within orthopaedic research is not
correctly assumed a global disclosure policy at the AAOS necessarily detrimental. As we have already mentioned,
conference given the larger scope of the conference, industry funding in itself does not automatically decrease
when these same physicians presented at the OTA the credibility or validity of research. Secondly, the
conference - a conference focused on a more niche topic presence of industry funding in multiple orthopaedic
- they may have erroneously assumed that they only specialties may actually be beneficial by providing an
needed to disclose project-specific industry relationships opportunity to compare rates of disclosure discrepancies
without checking for the true OTA global disclosure policy. between specialties and identify areas with lower
This possibility is consistent with our data, which showed discrepancies. This would ultimately be beneficial for
an increase in the proportion of physicians reporting orthopaedic trauma research by allowing researchers to
disclosures at the AAOS conference compared to the OTA adopt successful strategies to reduce COI discrepancies
conference. within this field.

The three most common types of disclosures in de- Meaningful research requires more than proper
scending order were paid consultant, research support, technique and procedure, it also requires proper disclosure
and paid speaker. These observations are consistent  of conflicts of interest’®**3, The inability of current
with previous studies within the fields of spine surgery, disclosure guidelines to facilitate uniform and accurate
sports medicine, and pediatric orthopaedics, which physician disclosure regarding orthopaedic trauma
have also been shown to have the same three most research is demonstrated by the high variability in both
frequent financial relationships™. General trends in  the number and type of disclosure inconsistencies. Our
paid consultancies are also commonplace in total joint data has shown that the majority of physicians with
arthroplasty, with manufacturers often paying physicians discrepancies in disclosure presented with more than one
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discrepancy. Furthermore, over a third of physicians who
reported at least one disclosure at one conference failed to
report any COI at the other conference. Proper disclosure
is crucial to inform the audience and allow readers to
draw their own conclusions about the objectivity of the
research®™. At a time when the public is often cautious
and even skeptical towards medical research, disclosure
inconsistencies may negatively impact the integrity of
research, and it is therefore important that orthopaedic
surgeons hold themselves to a high standard of accuracy
and decrease the inconsistencies in both the number and
type of disclosures.

There were several limitations to our study. As
previously mentioned, the AAOS and OTA conferences
occurred during different months so there may have
been changes in financial affiliations during that time.
The disclosure deadline for the 2012 AAOS conference
was June 2011 while the disclosure deadline for the
2012 OTA conference was February 2011. In these nine
months, we predicted that there would only be minor
changes, if any, in disclosures by anyone presenting at
both conferences. Another limitation to our study was
the fact that only two orthopaedic conferences were
examined in this study. For this reason, the sampling of
physician disclosures may not be representative of the
total population of disclosures in orthopaedic trauma
research, nor can the findings be generalized towards
non-orthopaedic research. Nevertheless, we believe
that our data does provide accurate insight into the
realities of two of the most prominent venues for the
presentation of orthopaedic trauma research in the
world, and as such is relevant to the discussion of COI
in orthopaedics.

In our study, we found substantial variability in dis-
closures from physicians presenting orthopaedic trauma
research at the 2012 AAOS and OTA conferences. The
origin of financial relationships between researchers
and industry arise from multiple sources, and there is
variability in both the number and type of discrepancies
involved in trauma research. The large proportion of
disclosure inconsistencies currently found in physicians
presenting trauma research may be explained by factors
such as physician carelessness, unclear disclosure
instructions, or inadequate repercussions by the AAOS
and OTA for failure to accurately disclose. Because the
current system presents with a high number of disclosure
discrepancies within orthopaedic trauma, we recommend
adjusting current guidelines to be more clear and uniform
as a first step in promoting accurate COI disclosure as
well as research transparency and accountability.

COMMENTS

Background

Private industry has become an increasingly significant source of research
funding. Financial relationships may create biases that compromise the
integrity and objectivity of industry-sponsored medical research. To improve
transparency, multiple orthopaedic organizations have developed specific
disclosure policies. Unfortunately, current guidelines vary between organizations
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and are often not clearly explained to researchers. The purpose of this study
was to quantify the variability of financial disclosures by authors presenting
orthopaedic trauma research.

Research frontiers

Previous studies in sports medicine, spine surgery, and arthroplasty have shown
that researchers presenting at separate national meetings within the same
academic year have discrepancies in the financial disclosures they make.

Innovations and breakthroughs

This is the first study to our knowledge that has investigated: (1) the prevalence
and characteristics of financial relationships; and (2) quantified discrepancies
in conflict of interest disclosures by researchers presenting orthopaedic trauma
research. The results of their study demonstrate that many authors reported
financial disclosures at American Academy of Orthopaedic Surgeons and
Orthopaedic Trauma Association, with a relatively high number of discrepancies.

Applications

Clearer instructions for authors regarding financial disclosures should be
established in order to help make conflict of interest disclosures a more reliable
and appropriate measure.

Terminology

A “conflict of interest” is defined as a situation in which a person or organization
is involved in multiple personal or financial interests that may corrupt or otherwise
influence the motivation and decision-making abilities of that individual.

Peer-review
The paper is an excellent paper with very important topic: Variability in conflict
of interest disclosures by physicians presenting trauma research.
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Abstract

AIM

To investigate whether reductions in pain catastro-
phizing associated with physical performance in the
early period after total knee arthroplasty (TKA) or total
hip arthroplasty (THA).

METHODS

The study group of 46 participants underwent TKA or THA.
The participants were evaluated within 7 d before the
operation and at 14 d afterwards. Physical performance
was measured by the Timed Up and Go (TUG) test,
and 10-m gait time was measured at comfortable and
maximum speeds. They rated their knee or hip pain
using a visual analog scale (VAS) for daily life activities.
Psychological characteristics were measured by the Pain
Catastrophizing Scale (PCS). Physical characteristics
were measured by isometric muscle strength of knee
extensors and hip abductors on the operated side. The
variables of percent changes between pre- and post-
operation were calculated by dividing post-operation
score by pre-operation score.

RESULTS

Postoperative VAS and PCS were better than pre-
operative for both TKA and THA. Postoperative physical
performance and muscle strength were poorer than
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preoperative for both TKA and THA. The percent change
in physical performance showed no correlation with
preoperative variables. In TKA patients, the percent
change of PCS showed correlation with percent change of
TUG (P = 0.016), 10-m gait time at comfortable speeds
(P = 0.003), and 10-m gait time at maximum speeds
(P = 0.042). The percent change of muscle strength
showed partial correlation with physical performances.
The percent change of VAS showed no correlation with
physical performances. On the other hand, in THA
patients, the percent change of hip abductor strength
showed correlation with percent change of TUG (P =
0.047), 10-m gait time at comfortable speeds (P = 0.001),
and 10-m gait time at maximum speeds (P = 0.021). The
percent change of knee extensor strength showed partial
correlation with physical performances. The percent
change of VAS and PCS showed no correlation with physical
performances.

CONCLUSION

Changes in pain catastrophizing significantly associated
with changes in physical performance in the early period
after TKA. It contributes to future postoperative reha-
bilitation of arthroplasty.

Key words: Gait; Hip arthroplasty; Knee arthroplasty;
Osteoarthritis; Pain; Pain management; Postoperative
care

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This clinical trial investigated whether re-
ductions in pain catastrophizing are associated with
physical performance in the early period after total
knee arthroplasty (TKA) or total hip arthroplasty (THA).
We found that changes in pain catastrophizing were
significantly associated with physical performance in the
early period after TKA. These findings may contribute to
future postoperative rehabilitation of the arthroplasties
in lower limbs. Treatment based on cognitive-behavioral
therapy might be useful in the early period, particularly
after TKA.

Hayashi K, Kako M, Suzuki K, Hattori K, Fukuyasu S, Sato
K, Kadono I, Sakai T, Hasegawa Y, Nishida Y. Associations
among pain catastrophizing, muscle strength, and physical
performance after total knee and hip arthroplasty. World J Orthop
2017; 8(4): 336-341 Available from: URL: http://www.wjgnet.
com/2218-5836/full/v8/i4/336.htm DOI: http://dx.doi.org/10.5312/
wjo.v8.i4.336

INTRODUCTION

Osteoarthritis leads to considerable morbidity in terms
of pain, functional disability, lowered quality of life,
and psychological problems™. Total knee arthroplasty
(TKA) and total hip arthroplasty (THA) improve pain
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and physical performance in participants with end-stage
arthritis™. The number of TKA and THA procedures per-
formed is increasing worldwide™. Early postoperative
recovery is important in particularly rehabilitation;
however, uncertainty exists about effective rehabilitation
methods for physical performance.

Pain treatment has targeted not only pain intensity,
but also pain catastrophizing, which has been con-
ceptualized as a negative cognitive-affective response
to pain™. The patients with high pain catastrophizing
suggest that cognitive-behavioral intervention should
incorporate in treatment™. Recently systematic review
concludes better outcome associates with grater re-
duction in pain catastrophizing during treatment in low
back pain™. The review shows a mediating effect is
found in all studies assessing the impact of a decrease
in catastrophizing during treatment®. In addition,
some studies have reported pain catastrophizing asso-
ciated with physical performance than pain intensity,
in low back pain*®!. On the other hand, the impact of
reduction in pain catastrophizing on outcome has not
investigated in patients with TKA or THA, although pain
catastrophizing has investigated only at baseline®**,
In changes of pain related variables, the changes in
postoperative pain intensity associate with changes in
physical performance within 16 d after either TKA or
THA™, Tt has not investigated whether pain intensity or
pain catastrophizing have mediating effect of physical
performance.

The purpose of the present study is to determine
whether reductions in pain catastrophizing are associated
with physical performance in the early period after TKA
or THA.

MATERIALS AND METHODS

Participants

A total of 46 participants were enrolled. Twenty-three
underwent initial TKA, and 23 underwent initial THA
between September 2014 and April 2015 at Nagoya
University Hospital (Table 1). Exclusion criteria were
that the participant (1) was diagnosed with cognitive
impairment; and (2) had pain in other body parts that
was more severe than in the operative site. All participants
underwent a baseline preoperative visit prior to their
operation and received standardized in-participant
treatment including usual rehabilitation, following either a
primary total hip or total knee care pathway.

This cross sectional study was approved by the
Ethics Committee of Nagoya University Hospital (No.
328). All the participants provided written informed
consent.

Measures

Demographic data including age, sex, height, body weight,
and body mass index were measured. The participants
were evaluated within 7 d before the operation and at
14 d afterwards. Physical performance was measured
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Table 1 Participant characteristics

THA TKA
Sex (male/female) 4/19 9/14
Age 61.17 £10.32 69.65 + 8.52
Height (cm) 155.84 £ 8.34 153.01 £10.37
Body weight (kg) 58.66 +13.75 60.78 +12.87
Body mass index (kg/m’) 24.05 £ 4.30 25.80 £4.25

Data for age, height, body weight, and body mass index are presented as
mean + SD. THA: Total hip arthroplasty; TKA: Total knee arthroplasty.

by the Timed Up and Go (TUG) test, and 10-m gait
time was measured at comfortable and maximum
speedst**¥, Participants were allowed to use a walking
aid, based on walking ability. They rated their knee or
hip pain using a visual analog scale (VAS) for daily life
activities. Psychological characteristics were measured
by the Pain Catastrophizing Scale (PCS)™>*®.. Physical
characteristics were measured by isometric muscle
strength of knee extensors and hip abductors on the
operated side™’?,

Physical performance: The 10-m gait test was used
to measure the time it took the participant to walk 10 m
at comfortable and maximum speeds. Timing at each of
the two speeds was measured twice. Participants were
timed using a stopwatch as they moved along a 10-m
walkway. Participants stood directly behind the start line
and were clocked from the moment the first foot crossed
the start line until the lead foot crossed the finish line.
Participants were instructed to continue at least 2 m past
the finish line to eliminate the deceleration effects from
stopping the gait. Gait speeds were then expressed as
meters per second™. For the comfortable-gait speed
trial, participants were instructed to walk at their normal
comfortable speeds. For the maximum-speed trials, they
were asked to walk as fast as they could safely do so
without running. Each participant performed two valid
trials, and the higher-speed trial was used for analysis.

The TUG test is @ measure frequently used to assess
function in older individuals™*. Subjects were given
verbal instructions to stand up from a chair, walk 3 m
as quickly and as safely as possible, cross a line marked
on the floor, turn around, walk back, and sit down. Each
participant performed two valid trials, and the higher-
speed trial was used for analysis.

Psychological measures: For the 13-item PCS, par-
ticipants rate how frequently they have experienced
various cognitions or emotions!*>'®!, The PCS comprises
three subscales: rumination (e.g., "I keep thinking about
how much it hurts”), magnification (e.g., “I wonder
whether something serious may happen”), and help-
lessness (e.g., “There is nothing I can do to reduce
the intensity of the pain”)">'®. The total score range is
0-52">¢1, Several findings support this scale’s validity as
a measure of PCS!*>*¢),

Baishidenge ~ WJO | www.wjgnet.com

338

Isometric muscle strength: The isometric muscle
strength of the hip abductors and knee extensors
was measured using a hand-held gauge meter (u-Tas
F-100; Anima, Tokyo, Japan). The strength of the hip
abductors was measured in the supine position with
both lower limbs in neutral position. The transducer was
placed at the lateral femoral condyles™”. The strength-
testing position of the knee extensors was confirmed
using a goniometer at a hip angle of 90° and knee
flexed to 60°. If necessary, the feet were supported by
a small bench!®??, A strap was attached between the
examination couch and a point on the participant’s ankle,
5 cm above the lateral malleolus. The transducer was
then placed at the front of the ankle under the strap to
measure the extension strength. The participants were
asked to push maximally against the force transducer for
5 s. Participants performed two contractions separated
by a 60-s interval. The highest value was used for an-
alysis. Muscle strength was expressed as the maximum
voluntary torque with use of the external lever-arm
length. The lever-arm length was the distance from the
trochanter major to the center of the dynamometer for
hip abductors and from the lateral femoral epicondyle to
the center of the dynamometer for knee extensors.

Statistical analysis

All data are expressed as mean + SD. The variables of
percent changes between pre- and post-operation were
quantified. It was calculated dividing post-operation score
by pre-operation score!®, Their resultant data were
analyzed by paired t-test. The correlation of physical
performance with psychological and physical variables
was analyzed by the Pearson r rank test. The data were
analyzed with SPSS software (version 20.0 for Microsoft
Windows; SPSS, Chicago, IL, United States). A value of P
< 0.05 was considered statistically significant.

RESULTS

Pre- and post-operative data are shown in Table 2. The
mean % SD of VAS in THA and TKA were at preoperative
of 37.87 £+ 24.20, and 41.91 £ 27.09, and postoperative
at 14-d of 17.61 £ 20.29, and 25.22 + 20.41. The mean
+ SD of PCS in THA and TKA were at preoperative of
28.70 £ 9.28, and 28.26 + 11.90, and postoperative at
14-d of 18.70 £ 11.19, and 20.26 £ 10.72. Postoperative
VAS and PCS were better than preoperative for both TKA
and THA. Postoperative physical performance and muscle
strength were poorer than preoperative for both TKA and
THA.

The correlations between physical performance
and other variables are shown in Table 3. The percent
change in physical performance showed no correlation
with preoperative variables. In TKA patients, the percent
change of PCS showed correlation with percent change of
TUG (P = 0.016), 10-m gait time at comfortable speeds (P
= 0.003), and 10-m gait time at maximum speeds (P =
0.042). The percent change of muscle strength showed
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Table 2 Pre- and postoperative data according to site of replacement

THA TKA
Preoperative Postoperative at 14-d  P-value Preoperative Postoperative at 14-d P-value
TUG (s) 11.51+3.82 13.67 +5.65 0.004" 12.22+4.33 16.42 +9.09 0.004"
10 m gait speeds at comfortable (m/s) 0.97 £ 0.23 0.92 £0.20 0.187 0.99 £0.24 0.77 £0.23 0.000°
10 m gait speeds at maximum (m/s) 1.28 +£0.34 1.11£0.32 0.005° 1.19+£0.34 0.95 +0.32 0.000°
VAS 37.87 +24.20 17.61 +20.29 0.001° 41.91 +27.09 2522 +20.41 0.004*
PCS 28.70 +£9.28 18.70 +11.19 0.000" 28.26 +11.90 20.26 +10.72 0.003"
Muscle strength (kgf*m)
Hip abductor strength (operated side) 2.62 +1.63 2.04+1.36 0.026" 3.49 +£2.06 2.10+1.63 0.001°
Knee extensor strength (operated side) 4.78 +3.19 3.99 +1.59 0.240 4.46+2.82 2.55+2.13 0.001°

These data were analyzed with paired t-tests. Data for TUG, 10-m gait speeds, VAS, PCS, and muscle strength are presented as mean + SD. “P < 0.05. THA:
Total hip arthroplasty; TKA: Total knee arthroplasty; TUG: Timed Up and Go; VAS: Visual analog scale; PCS: Pain Catastrophizing Scale.

Table 3 Correlation between percent changes from pre- to post-operative physical performance and other variables

THA TKA
ATUG (s) A10 m gait speeds A10 m gait ATUG (s) A10 m gait speeds A10 m gait
at comfortable speeds at at comfortable speeds at
(m/s) maximum (m/s) (m/s) maximum (m/s)
Preoperative Preoperative
VAS r=0.184 0.083 -0.025 VAS r=0237 -0.177 -0.287
P =0.402 0.707 0.908 P=0.276 0.419 0.184
PCS r=0.270 0.021 -0.119 PCS r=-0.184 0.122 0.169
P=0.213 0.923 0.588 P =0.400 0.579 0.442
Hip abductor strength r=10.063 -0.165 -0.161 Hip abductor strength  r=-0.168 0.142 0.084
(operated side, kg f) P=0.774 0.452 0.464 (operated side, kg f) P =0.444 0.517 0.703
Knee extensor strength r=0.044 -0.235 -0.278 Knee extensor strength  r=-0.077 0.070 -0.102
(operated side, kg f) P=0.842 0.281 0.199 (operated side, kg f) P =0.726 0.751 0.643
Percent changes Percent changes
AVAS r=0.225 -0.093 -0.212 AVAS r=0.085 -0.265 -0.129
P=0.302 0.672 0.332 P =0.699 0.221 0.558
APCS r=0.117 -0.042 -0.047 APCS r=0.495 -0.583 -0.427
P=0.5% 0.849 0.831 P=0.016" 0.003" 0.042°
AHip abductor strength r=-0.418 0.642 0.479 AHip abductor r=-0.333 0.373 0.546
(operated side, kg f) P =0.047" 0.001° 0.021° strength (operated P =0.121 0.079 0.007*
side, kg f)
AKnee extensor strength r=-0.247 0.434 0.530 AKnee extensor r=-0.389 0.474 0.656
(operated side, kg ) P=0.257 0.038" 0.009° strength (operated P =0.066 0.022° 0.001°
side, kg f)

These data were analyzed by the Pearson r rank test, with the r value as the correlation coefficient; ‘P < 0.05. THA: Total hip arthroplasty; TKA: Total knee
arthroplasty; TUG: Timed Up and Go; VAS: Visual analog scale; PCS: Pain catastrophizing scale.

partial correlation with percent change of physical
performances. The percent change of VAS showed no
correlation with percent change of physical performances.
On the other hand, in THA patients, the percent change
of hip abductor strength showed correlation with per-
cent change of TUG (P = 0.047), 10-m gait time at
comfortable speeds (P = 0.001), and 10-m gait time at
maximum speeds (P = 0.021). The percent change of
knee extensor strength showed partial correlation with
percent change of physical performances. The percent
change of VAS and PCS showed no correlation with
percent change of physical performances.

DISCUSSION

The present study showed that changes in pain cata-
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strophizing significantly associated with changes in
physical performance in the early period after TKA, but
not after THA. Changes in muscle strength significantly
associated with changes in physical performance in the
early period after TKA and THA. Quantification of early
postoperative changes and their potential relationships to
physical performance can reveal responsible mechanisms
and contribute to future postoperative rehabilitation.

The importance of assessing pain catastrophizing has
been highlighted in preoperative TKA or THA patients®*!,
Pain catastrophizing associated with physical performance,
more so than was pain intensity in low back pain™?. In
addition, better physical performance associated reduction
in pain catastrophizing during treatment than scores at
baseline in low back pain®. Some reports in low back
pain showed pain catastrophizing at baseline was no
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predictive for disability at follow-up™. This study, first,
showed reductions in pain catastrophizing associated with
physical performance in the early period after TKA. It is
important in early postoperative treatment outcome, at
least after TKA. For example, treatment that incorporates
a cognitive-behavioral intervention can lead to reduction
in pain catastrophizing concurrent with reduction in
pain-related activity interference and disability among
persons with persistent pain™. The intervention targeted
a decrease in maladaptive behaviors, an increase in
adaptive behaviors, identification, and correction of
maladaptive thoughts and beliefs, and an increase in
self-efficacy for pain management™®, It was introduced
to reduce pain and psychological distress and to improve
physical and role function’. Medical staff should expand
their evaluations beyond traditional demographics
and medical status variables to include pain-related
psychological constructs when addressing perioperative
participants.

The present study showed that, in the early period
after THA, changes in physical performances were
not significantly associated with changes in pain cata-
strophizing. The VAS and PCS at postoperative at 14-d
in THA was less than in TKA, consistent with previous
study™. In general, pain-related disability might be
resolved at an earlier stage than 14 d after THA. However,
a recent systematic review concluded that there is no
evidence for psychological factors as an influence on
outcome after THA®!, Further investigation is needed to
assess longitudinal changes after THA.

Preoperative and postoperative muscle weakness is
a major contributor to poor physical performance after
TKA and THA”>?”), The present study showed changes
in physical performance were associated with changes
in muscle strength.

There are several limitations in this study. We included
only a small number of participants from a single medical
center, so our observations must be interpreted with
caution. The present study investigated only the early
postoperative period; these findings should be considered
preliminary for TKA and THA, although other studies
have considered physical function in the early period after
TKA and THA"*'®*% Scores on the preoperative PCS in
the present study were higher than those reported in
previous TKA studies® ", This finding might be confined
to the patients with high pain catastrophizing. A larger
and long-term study to investigate further the association
among changes in pain catastrophizing, muscle strength,
and physical performance is required.

Changes in levels of pain catastrophizing were
associated with changes in physical performance in the
early period after TKA; and changes in muscle strength
were associated with changes in physical performance
in this period after both TKA and THA. These findings
may contribute to future postoperative rehabilitation of
lower-limb arthroplasties. Treatment based on cognitive-
behavioral therapy might be useful in the early period,
at least after TKA.
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Pain treatment has targeted not only pain intensity, but also pain catastrophizing,
which has been conceptualized as a negative cognitive-affective response to pain.
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Abstract

AIM

To assess serum levels of RANK-ligand (RANKL) and
osteoprotegerin (OPG) as biomarkers for periprosthetic
joint infection (PJI) and compare their accuracy with
standard tests.

METHODS

One hundred and twenty patients presenting with a
painful total knee or hip arthroplasty with indication
for surgical revision were included in this prospective
clinical trial. Based on standard diagnostics (joint aspi-
rate, microbiological, and histological samples) and
Musculoskeletal Infection Society consensus classification,
patients were categorized into PJI, aseptic loosening,
and control groups. Implant loosening was assessed

April 18,2017 | Volume 8 | Issue 4 |



Friedrich MJ et a/. RANK-ligand and osteoprotegerin as biomarker for PJI

radiographically and intraoperatively. Preoperative serum
samples were collected and analyzed for RANKL, OPG,
calcium, phosphate, alkaline phosphatase (AP), and the
bone-specific subform of AP (bAP). Statistical analysis was
carried out, testing for significant differences between the
three groups and between stable and loose implants.

RESULTS

All three groups were identical in regards to age,
gender, and joint distribution. No statistically significant
differences in the serum concentration of RANKL (P =
0.16) and OPG (P = 0.45) were found between aseptic
loosening and PJI, with a trend towards lower RANKL
concentrations and higher OPG concentrations in the
PJI group. The RANKL/OPG ratio was significant for the
comparison between PJI and non-PJI (P = 0.005). A
ratio > 60 ruled out PJI in all cases (specificity: 100%,
95%CI: 89, 11% to 100.0%) but only 30% of non-PJI
patients crossed this threshold. The positive predictive
value remained poor at any cut-off. In the differentiation
between stable and loose implants, none of the para-
meters measured (calcium, phosphate, AP, and bAP)
showed a significant difference, and only AP and bAP
measurements showed a tendency towards higher values
in the loosened group (with Z = 0.09 for AP and P = 0.19
for bAP).

CONCLUSION
Lower RANKL and higher OPG concentrations could be
detected in PJI, without statistical significance.

Key words: Aseptic loosening; Diagnostic; RANK-ligand;
Periprosthetic joint infection; Biomarker; Osteoprotegerin

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: No statistically significant differences in the
serum concentration of RANK-ligand (RANKL) and
osteoprotegerin (OPG) were found between aseptic
loosening and periprosthetic joint infection (PJI) with a
certain trend of lower concentrations in the PJI group.
Nevertheless, a RANKL/OPG ratio > 60 ruled out PJI in
all cases. In the differentiation between a stable and
loose implant the parameters measured showed no
significant difference, which let to the conclusion that
the sole use of these parameters for differentiating
PJI and aseptic loosening cannot be recommended.
RANK and OPG may have utility as a conformation test
but are not an effective screening parameter for the
discrimination of PJI and AL.

Friedrich MJ, Wimmer MD, Schmolders J, Strauss AC, Ploeger
MM, Kohlhof H, Wirtz DC, Gravius S, Randau TM. RANK-
ligand and osteoprotegerin as biomarkers in the differentiation
between periprosthetic joint infection and aseptic prosthesis
loosening. World J Orthop 2017, 8(4): 342-349 Available from:
URL: http://www.wjgnet.com/2218-5836/full/v8/i4/342.htm
DOI: http://dx.doi.org/10.5312/wjo.v8.14.342
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INTRODUCTION

Periprosthetic joint infection (PJI) after total joint replace-
ment still remains one of the most serious complications
and is a key challenge in orthopedic surgery. A precise
and rapid diagnosis of implant failure is mandatory
for treatment success. The differentiation between PJI
and aseptic loosening can, in particular, be unyielding
or controversial, and misdiagnosis can lead to serious
and permanent impairment. As the treatment of PJI
is completely different from the treatment of aseptic
loosening, its correct and timely diagnosis is crucial
for successful therapy and relies in part on the use of
molecular markers. Nevertheless, establishing a definite
diagnosis of PJI prior to surgical intervention is at times
difficult. Numerous researchers have focused on the
development of novel and more accurate molecular
methods™ ™. However, there is no diagnostic gold standard
so far. Various definitions have been proposed and current
recommendations are based on several prae-, intra-, and
postoperative parameterst®”’,

Previous studies have suggested osteoprotegerin
(OPG) and receptor activator of nuclear factor-kB ligand
(RANK Ligand, RANKL) as markers of periprosthetic
osteolysis™, RANKL and its receptor RANK and OPG play
an important role in osteoclastogenesis as final effectors of
bone resorption. RANKL, which expresses on the surface
of osteoblast, stromal cells and activated T-lymphocytes,
binds to RANK on osteoclastic precursors cells or mature
osteoclasts, and thereby promotes osteoclastogenesis and
bone resorption. OPG, which is expressed by osteoblasts
and stromal cells, strongly inhibits bone resorption by
binding to its ligand RANKL, and thereby preventing it
from binding to its receptor, RANK. The RANKL/RANK/
OPG system regulates the formation of multinucleated
osteoclasts from their precursors as well as their activation
and survival in normal bone remodeling™®*!, Therefore,
the balance between OPG and RANKL is essential to
regulate bone remodeling, by controlling the activation
state of RANK on osteoclasts™.

In cases of aseptic loosening, it has been demon-
strated that the accumulation of wear debris around
the joint leads to an activation of mononuclear cells and
T-lymphocytes, resulting in a multinuclear cell giant
cell reaction. This causes an osteoclast activation and
bone resorption™, Periprosthetic membranes retrieved
from patients with aseptic loosening contain fibroblasts,
macrophages, and T lymphocytes™, as well as oste-
oclasts and multinucleated foreign body giant cells!*”..
This periprosthetic tissue produces a variety of factors
including tumor necrosis factor (TNF), interleukin-1
(IL-1), IL-6 and other peptides that stimulate osteoclasts
through the induction of RANKL™*”), TNF in turn directly
stimulates the production of RANKL by stromal cells,
T-lymphocytes, and endothelial cells. Indirect stimulus of
RANKL expression works the TNF-induced up regulation
of prostaglandins, IL-1 or IL-17, resulting in an advanced
expression of RANKL as well. The dominant form of this
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response is due to innate reactivity to implant debris
through danger associated molecular pattern signaling
and inflammatory responses!'®.,

Correspondingly, in the pathogen-associated molecular
patterns in PJI, bacterial toxins and parts of the pathogen'’s
cell membrane seem to induce infiltration with mainly
neutrophil granulocytes and macrophages. Though
the trigger is a different one, the final result with bone
loosening and prosthesis failure is the same. So far,
there are no investigations concerning the exact role of
interleukins and RANKL/OPG signaling in PJI-associated
prosthesis failure. The role of the RANKL/RANK/OPG
system has not yet been examined in the differentiation
between PJI and aseptic prosthesis loosening. In this
study, therefore, we defined the sensitivity, specificity,
and accuracy of RANKL and OPG in patients with PJI vs
aseptic loosening and compared these results to current
standards of diagnostic testing. Total joint replacement
without signs of PJI or aseptic loosening severed as the
control group. Furthermore, we tested whether there is
a difference between loosened and stable implants in the
serum levels of these and other parameters.

Our hypothesis was that the measured serum
levels of RANKL and OPG correlate positively: (1) with
the presence of PJI; and (2) with implant loosening.
Secondly, we investigated if the serum levels of calcium
(Ca™), phosphate (PO4), and alkaline phosphatase (AP)
would be different in stable or loosened implants.

MATERIALS AND METHODS

This prospective study was approved by the local
Institutional Review Board and Ethics committee with
informed consent obtained in compliance with the
dedlaration of Helsinki prior to being enrolled in the study.
Between 2010 and 2011 we included 120 consecutive
patients presenting with a painful total hip or total knee
arthroplasty undergoing revision arthroplasty surgery for
(1) PII; (2) aseptic failure (AL); or (3) aseptic revision
causes without PJI or aseptic loosening. Any patient
scheduled to undergo revision surgery of a hip or knee
arthroplasty were included. After signing of informed
consent, all patients underwent standardized diagnostics
as outlined in literature™. Preoperative serum samples
were collected and joint aspiration was performed under
strictly aseptic conditions for cell count, cell differentiation,
and microbiological analysis.

White blood cell count was determined from the blood
samples, and serum samples were analyzed for C-reactive
protein (CRP) (Dimension Vista, Siemens Medical Solutions
Diagnostics GmbH, Eschborn, Germany), RANKL, and
OPG (Sandwich ELISA, Fa. BioVendor GmbH, Heidelberg,
Germany); Serum Ca*, serum POs, AP and the bone-
specific subform of the AP (bAP) were also analyzed
in serum (Immunolite, Siemens, Eschborn, Germany).
Ratio of RANKL/OPG was calculated from the determined
values.

Intraoperatively, tissue specimens were taken for
microbiological and histological analysis™®”, and the intrao-
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perative aspect was recorded. Assessment of relevant
implant instability is a routine for the experienced
arthroplasty surgeon and part of many revision algo-
rithms. If in the surgeon’s view at least one implant
component with bony contact could be removed with
ease after debridement, the implant was considered
“loosened”™. Also, radiographic signs of loosening were
taken into account where implant migration or dislocation
could clearly be seen preoperatively.

Depending on the results of the laboratory diag-
nostics, including serum CRP as well as cell count and
differentiation of the aspirate, microbiologic assessment
of aspirate and intraoperative cultures, as well as his-
topathology of the intraoperative samples, the diagnosis
of PJI was considered proven following the criteria
according to the Musculoskeletal Infection Society (MSIS)
consensus paper by Parvizi et al”’, independent of the
implant being loose or stable. Those who did not meet
the criteria for a diagnosis of PJI and required a revision
due to loosening were assigned as aseptic loosening
(AL) group. Those without signs of PJI or loosening were
assigned as controls (control group). For subanalysis of
loosening, the PII group was divided for those presenting
with a macroscopically loosened implant vs those with
stable implants. Demographic data (age, sex, body mass
index, type of prosthesis [total hip arthroplasty (THA)/total
knee arthroplasty (TKA)] were collected for comparative
analysis.

Data were collected in Microsoft Excel (Microsoft
Corporation, Richmond, United States), and statistical
analysis was carried out using GraphPad Prism 5.04
(GraphPad Software, La Jolla, CA, United States),
testing for statistical significance between the three
groups with Kruskal-Wallis-ANOVA without assuming
normal distribution and with Dunn’s post-hoc test. To
test for significance between PJI vs non-PJI or stable vs
loose, Mann-Whitney t-tests were used, and Receiver-
Operator-Characteristic (ROC) curves were calculated
to assess the discriminatory strength on the basis of the
area under the curve (AUC) and to determine optimal
cut-off. Nonparametric Correlation (Spearman) was
calculated between selected parameters. According to
the “Standards for Reporting of Diagnostic Accuracy”,
probabilistic measures, such as sensitivity, specificity,
likelihood ratios, and their confidence limits for individual
values and combinations were calculated™"). For calculating
the geometric coefficient of variation (GCV), data was
log-transformed and coefficient of variation calculated
from the transformed data set.

RESULTS

One hundred and twenty patients were enrolled into
our prospective cohort study. In all groups, there were
no differences with regard to age, gender, or joint
distribution. In the PJI group (26 THA, 54%) and in the
aseptic loosening group (35 THA, 69%), more THA were
recruited, while the control group included more TKA (13
TKA, 62%). The patient demographics and details are
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Table 1 Patient demographics

Group Total (7) Mean age (+ SD) Sex (W:M) Joint (hip:knee)
PJI 48 69.5 yr 27 female 22 TKA
(#1211 yr) 21 male 26 THA
Aseptic 51 68 yr 33 female 16 TKA
loosening (#11.1 yr) 18 male 35 THA
Control 21 64.05 yr 13 female 13 TKA
(119 yr) 8 male 8 THA
All 120 67.94 73 female 51 TKA
(#117) 47 male 69 THA
P 0.2686 0.8611 0.1110

One hundred and twenty consecutive patients were enrolled in the study
prospectively. Group assignment was done according to the criteria
as mentioned above. There was no statistical difference in patient age,
gender, or distribution of joints in the groups. More women than men
were enrolled in total and in all groups. There was a lower number of total
hip arthroplasties (THA) than total knee arthroplasties (TKA) only in the
control group. PJI: Periprosthetic joint infection.

given in Table 1. In our collective, 31 out of 48 patients
(64%) in the PJI group had consistent findings in two or
more positive microbiology cultures, matching the “major”
MSIS criterion for microbiology; another five patients had
one positive culture, and the remaining 12 patients were
“culture negative” PJIs.

Statistical analysis was completed to compare the
means of laboratory values between the three groups.
The results are summarized in Figure 1A and B. We
found no significant differences in the mean values of
PJI, AL, or the control group in the serum concentration
of RANKL (P = 0.16) or OPG (P = 0.45) with a certain
trend of lower RANKL concentrations and higher OPG
concentrations in the PJI group. The “geometric” coeffi-
cients of variation were within a tolerable range. For
RANKL, we calculated GCV as 10.65% (PJI), 18.6%
(AL), and 15.85% (Control), for OPG we calculated GCV
as 21.46% (OPG), 19.33% (AL) and 19.65% (Control).
To assess discriminatory strength of these parameters,
we pooled the AL and control group into a larger non-
PJI group and calculated ROC with AUC, and a non-
parametric t-test (Figure 1C-F). Neither RANKL nor OPG
showed a significant difference (P = 0.26 for RANKL and
P = 0.3 for OPG), and discriminatory strength was poor
(AUC: 0.57 £ 0.05 for RANKL and 0.56 £ 0.06 for OPG).
Since the aforementioned trend was still visible, we
calculated sensitivity and specificity for different cut-offs
and found the best, yet still poor likelihood ratio to detect
a PJI for RANKL at < 188.9 pmol/L [sensitivity: 93.94%,
95% confidence interval (95%CI): 79,77% to 99.26%;
specificity: 32.47%, 95%CI: 22.23% to 44.10%,
likelihood ratio: 1.39], and for OPG at > 9.38 pmol/L
(sensitivity: 28.13%, 95%CI: 13.75% to 46.75%;
specificity: 89.33%, 95%CI: 80.06% to 95.28%,
likelihood ratio: 2.64).

To determine if the parameters were independent
of each other, we calculated the Spearman correlation,
which showed an r of 0.01 (95%CI: 0.18 to 0.21,
P = 0.88) stating that there was neither a positive
nor a negative correlation between OPG and RANKL.

Baishidenge ~ WJO | www.wjgnet.com

345

We therefore calculated the RANKL/OPG ratio as an
additional parameter, to make use of possible synergistic
effects. Though this parameter also remained without
statistical significance between all three groups (P =
0.1), the comparison between PJI and non-PJI (Figure
1G and H) was significant (with P = 0.005) and the
discriminatory strength was much enhanced (AUC: 0.7 +
0.05). A ratio > 60 ruled out PII in all cases (specificity:
100%, 95%CI: 89.11% to 100.0%) but only 30% of
non-PJI patients crossed this threshold (95%CI: 21.67%
to 40.29%), while the positive predictive value remained
poor at any cut-off.

Both groups, PJI and non-PJI included patients where
parts of the prosthesis were loosened. We therefore
assessed whether or not any of the parameters would
correlate with the bony integration and a stable interface
of the prosthesis. None of the parameters measured
showed a significant difference in this analysis (Figure
2), and only the AP and bAP measurements showed
a tendency towards higher values in the loosened
group (with P = 0.09 for AP and P = 0.19 for bAP). No
other trends were visible, and no further statistics were
calculated.

DISCUSSION

The accurate diagnosis of PJI is difficult, as the clinical
symptoms often resemble those of aseptic loosening,
with nonspecific pain and swelling of the joint. Though both
entities share a common final pathway, leading to osteolysis
and implant failure, their exact pathomechanisms remain
unclear. Analyzing the available evidence and existing
published data on the definition of PJI, a workgroup
convened by the MSIS presented a summary of recom-
mendations concerning a new definition for PJIV, These
recommendations are based on clinical findings, laboratory
parameters, sterile joint aspiration for synovial leucocyte
count, and microbiological analysis as well as tissue
sampling for histopathology. Nevertheless, because of the
inconsistent data, even the MSIS cannot provide general
recommendations in interpretation of single aspects
(e.g., different cut-off values of CRP or leukocyte count in
synovial tests). Consequently, there is a need for further
research and development into hew methods aimed at
improving diagnostic accuracy and speed of detection.

Several studies have attempted to assess the clinical
relevance of RANKL and OPG levels in a variety of human
diseases characterized by local or systemic changes in
bone remodeling™®'”****!, The essential role of the OPG/
RANK/RANKL pathway in regulating bone remodeling
around orthopedic implants is well recognized, but the
clinical usefulness of circulating OPG and RANKL levels in
the differentiation between PJI and aseptic loosening is
unknown.

Our hypothesis was therefore that the measured
serum levels of RANKL and OPG correlate positively: (1)
with the presence of PJI; and (2) with implant loosening.
Secondly, we investigated if the serum levels of calcium,
phosphate, and alkaline phosphatase would be different
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Figure 1 sRANKL and osteoprotegerin in serum, periprosthetic joint infection vs non-periprosthetic joint infection. Analysis of variance (Kruskal-Wallis-
ANOVA) without assuming normal distribution with Dunn’s post-hoc test. RANKL and OPG serum levels showed no significant (ns) differences in the mean values
between periprosthetic joint infection (PJI) and aseptic loosening (AL) and between PJI and control (A and B). ANOVA for a pooled group of non-PJI (AL + control) vs
PJI did not show a significant difference for either RANKL or OPG (P = 0.26 for RANKL and P = 0.3 for OPG) (C and D). The receiver-operating characteristic (ROC)
curve of RANKL and OPG showed a poor discriminatory strength (AUC: 0.57 + 0.05 for RANKL and 0.56 + 0.06 for OPG) (E and F). ANOVA for the RANKL/OPG
ratio showed a significant difference between PJI and non-PJI (G), and the discriminatory strength was enhanced with an AUC of 0.7 + 0.05 (H); °P < 0.001. RANKL:
RANK-ligand; OPG: Osteoprotegerin.

in stable or loosened implants. mentioned hypotheses, as we found no significant
According to the results, we had to discard our above differences in the mean values of circulating RANKL and
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Figure 2 Serum parameters, loosened vs stable implants. Analysis of variance (Kruskal-Wallis-ANOVA) without assuming normal distribution with Dunn’s post-
hoc test. RANKL and OPG serum levels showed no significant (ns) differences in the mean values between a stable and loose implant (A and B), nor did the other
parameters as alkaline phosphatase (AP), boneAP, and serum phosphate (C-F). RANKL: RANK-ligand; OPG: Osteoprotegerin.

OPG in PJI vs AL or control groups, but found a certain
trend of lower RANKL concentrations and higher OPG
concentrations in the PJI group.

Granchi et al'® tried to evaluate whether serum
levels of OPG and RANKL could be different in patients
with aseptic loosening compared to patients with stable
implants. While the serum levels of RANKL and the OPG-
to-RANKL ratio showed no significant changes with the
clinical condition or status of the implant, an increased
serum level of OPG provides good diagnostic accuracy
in detecting implant failure due to aseptic loosening with
a sensitivity of 92%, a specificity of 75%, and a positive
likelihood ratio of 7.1®. These findings are in accordance
with the results of He et a**' who analyzed multiple
biomarkers for the detection of aseptic loosening in total
hip arthroplasty. They found elevated plasma levels of
OPG in failed THA and an increase of OPG plasma level
from stable healthy patients to early aseptic loosening

Roishidenge ~ WJO | www.wjgnet.com

347

to late aseptic loosening, stating that OPG may reflect
a protective mechanism of the skeleton to increased
bone resorption thereby inhibiting osteoclast formation
and bone resorbing activity in aseptic loosening. These
findings are in contrast to our observations, as we could
not see any significant differences of OPG and RANKL
plasma levels in the subanalyses between stable and loose
implants. Only the AP and bAP measurements showed a
tendency towards higher values in the loosened group. On
the other hand, we successfully evaluated and confirmed
that the RANKL/OPG ratio as an additional parameter may
help in the differentiation between aseptic loosening and
PII as a ratio > 60 ruled out PJI in all cases. These results
suggest that osteolysis inside the periprosthetic interface of
artificial joints is not associated with a significant systemic
elevation of the RANKL/RANK/OPG system.

The current paradigm to explain aseptic loosening
involves an inflammatory response to wear debris par-
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ticles produced by prosthetic implants. These particles
are phagocytosed by macrophages adjacent to the
implant resulting in cell activation and the release of
cytokines as well as in a localized inflammatory re-
sponse. By examination of periprosthetic tissues of
59 patients undergoing hip replacement revision for
aseptic loosening Veigl et a**! could show that RANKL
is present only in tissues with a large amount of wear
debris and predominantly in cases involving loosened
cemented implants. Gehrke et al'”’ examined the pre-
sence and distribution of RANKL, RANK and OPG in the
periprosthetic interface in cases of septic and aseptic
loosening by immunohistochemistry and immunoblotting.
They could show a different histopathologic pattern as
well as a difference in grade of inflammatory infiltrate.
The inflamed periprosthetic tissue produces a variety
of factors including TNFa, IL-1, IL-6 and prostaglandin
stimulating osteoclast to resorb bone through the induction
of RANKL. However, none of these cytokines represents a
final common pathway for the process of particle-induced
osteoclast differentiation and maturation. While many of
these biomarkers are established in the differentiation
between aseptic loosening and PJI, to the best of our
knowledge, the role of the RANKL/RANK/OPG system
has not yet been examined.

We acknowledge that our study has limitations. It
must be considered that group definition is difficult in
revision arthroplasty. The MSIS has defined a “gold
standard" in PJI diagnostics. But they also acknowledge
that infection may be present even without major or
minor criteria being fulfilled. We therefore cannot gua-
rantee that patients with low-grade infections and low
virulence would not be misclassified into the “aseptic
loosening” or control group. Also, the sample size is low
for a study investigating arthroplasties. The inhomogenity
of the patients investigated is both a weakness and
strength of the paper. We did not exclude patients with
systemic or inflammatory diseases that may also interfere
with the parameters investigated. Patients with PJI are
complex and difficult to compare, but this represents day-
to-day clinical experience. Eventually, new biomarkers
and a further modification of the therapy algorithm may
become necessary.

COMMENTS

Background

Periprosthetic joint infection (PJI) after total joint replacement still remains
one of the most serious complications and is a key challenge in orthopedic
surgery. A precise and rapid diagnosis of implant failure is mandatory for
treatment success. Especially the differentiation between PJI and aseptic
loosening can be unyielding or controversial and misdiagnosis can lead to
serious and permanent impairment. As the treatment of PJI is completely
different to the treatment of aseptic loosening the correct and timely diagnosis
is crucial for successful therapy and relies in part on the use of molecular
markers. Nevertheless, establishing a definite diagnosis of PJI prior to surgical
intervention is at times difficult.

Research frontiers
Numerous researchers have focused on the development of novel and more
accurate molecular methods. However, there is no diagnostic gold standard
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so far. Several studies have attempted to assess the clinical relevance of
RANK-ligand (RANKL) and osteoprotegerin (OPG) levels in a variety of human
diseases characterized by local or systemic changes in bone remodeling. The
essential role of the OPG/RANK/RANKL pathway in regulating bone remodeling
around orthopedic implants is well recognized, but the clinical usefulness
of circulating OPG and RANKL levels in the differentiation between PJI and
aseptic loosening is unknown.

Innovations and breakthroughs

No statistically significant differences in the serum concentration of RANKL
and OPG were found between aseptic loosening and PJI, with a trend towards
lower RANKL concentrations and higher OPG concentrations in the PJI group.

Applications
The sole use of these parameters for differentiating PJI and aseptic loosening
cannot be recommended, but they may have utility as a conformation test.

Terminology

Receptor activator of nuclear factor-KB (RANK) ligand (RANKL), its receptor
RANK and OPG play an important role in osteoclastogenesis as final effectors of
bone resorption. RANKL, which expresses on the surface of osteoblast, stromal
cells and activated T-lymphocytes, binds to RANK on osteoclastic precursors
cells or mature osteoclasts, and thereby promotes osteoclastogenesis and bone
resorption. While OPG, which is expressed by osteoblasts and stromal cells,
strongly inhibits bone resorption by binding to its ligand RANKL and thereby
preventing it from binding to its receptor, RANK. The RANKL/RANK/OPG system
regulates the formation of multinucleated osteoclasts from their precursors as well
as their activation and survival in normal bone remodeling. Therefore, the balance
between OPG and RANKL is essential to regulate bone remodeling, by controlling
the activation state of RANK on osteoclasts.

Peer-review
A good study with a well stated hypothesis and methodology.

REFERENCES

1 Gollwitzer H, Dombrowski Y, Prodinger PM, Peric M, Summer B,
Hapfelmeier A, Saldamli B, Pankow F, von Eisenhart-Rothe R, Imhoff
AB, Schauber J, Thomas P, Burgkart R, Banke 1J. Antimicrobial
peptides and proinflammatory cytokines in periprosthetic joint
infection. J Bone Joint Surg Am 2013; 95: 644-651 [PMID: 23553300
DOI: 10.2106/JBJS.L.00205]

2 Deirmengian C, Kardos K, Kilmartin P, Cameron A, Schiller
K, Parvizi J. Diagnosing periprosthetic joint infection: has the
era of the biomarker arrived? Clin Orthop Relat Res 2014; 472:
3254-3262 [PMID: 24590839 DOI: 10.1007/s11999-014-3543-8]

3 Gravius S, Randau TM, Casadonte R, Kriegsmann M, Friedrich
MJ, Kriegsmann J. Investigation of neutrophilic peptides in
periprosthetic tissue by matrix-assisted laser desorption ionisation
time-of-flight imaging mass spectrometry. Int Orthop 2015; 39:
559-567 [PMID: 25277763 DOI: 10.1007/s00264-014-2544-2]

4 Friedrich MJ, Randau TM, Wimmer MD, Reichert B, Kuberra
D, Stoffel-Wagner B, Wirtz DC, Gravius S. Lipopolysaccharide-
binding protein: a valuable biomarker in the differentiation
between periprosthetic joint infection and aseptic loosening? Int
Orthop 2014; 38: 2201-2207 [PMID: 24827968 DOI: 10.1007/
500264-014-2351-9]

5 Randau TM, Friedrich MJ, Wimmer MD, Reichert B, Kuberra D,
Stoffel-Wagner B, Limmer A, Wirtz DC, Gravius S. Interleukin-6
in serum and in synovial fluid enhances the differentiation
between periprosthetic joint infection and aseptic loosening. PLoS
One 2014; 9: 89045 [PMID: 24586496 DOI: 10.1371/journal.
pone.0089045]

6  Zimmerli W, Trampuz A, Ochsner PE. Prosthetic-joint infections.
N Engl J Med 2004; 351: 1645-1654 [PMID: 15483283 DOI:
10.1056/NEJMra040181]

7 Parvizi J, Zmistowski B, Berbari EF, Bauer TW, Springer BD,
Della Valle CJ, Garvin KL, Mont MA, Wongworawat MD, Zalavras

April 18,2017 | Volume 8 | Issue 4 |



10

15

JRaishideng®

Friedrich MJ et a/. RANK-ligand and osteoprotegerin as biomarker for PJI

CG. New definition for periprosthetic joint infection: from the
Workgroup of the Musculoskeletal Infection Society. Clin Orthop
Relat Res 2011; 469: 2992-2994 [PMID: 21938532 DOI: 10.1007/
511999-011-2102-9]

Granchi D, Pellacani A, Spina M, Cenni E, Savarino LM, Baldini
N, Giunti A. Serum levels of osteoprotegerin and receptor activator
of nuclear factor-kappaB ligand as markers of periprosthetic
osteolysis. J Bone Joint Surg Am 2006; 88: 1501-1509 [PMID:
16818976 DOI: 10.2106/JBJS.E.01038]

Gehrke T, Sers C, Morawietz L, Fernahl G, Neidel J, Frommelt
L, Krenn V. Receptor activator of nuclear factor kappaB ligand is
expressed in resident and inflammatory cells in aseptic and septic
prosthesis loosening. Scand J Rheumatol 2003; 32: 287-294 [PMID:
14690142]

Boyce BF, Xing L. The RANKL/RANK/OPG pathway. Curr
Osteoporos Rep 2007; 5: 98-104 [PMID: 17925190]

Boyce BF, Xing L. Biology of RANK, RANKL, and osteopro-
tegerin. Arthritis Res Ther 2007; 9 Suppl 1: S1 [PMID: 17634140
DOI: 10.1186/ar2165]

Boyle WJ, Simonet WS, Lacey DL. Osteoclast differentiation and
activation. Nature 2003; 423: 337-342 [PMID: 12748652 DOI:
10.1038/nature01658]

Charnley J. Long-term results of low-friction arthroplasty. Hip
1982: 42-49 [PMID: 7166505]

Goldring SR, Schiller AL, Roelke M, Rourke CM, O’Neil DA,
Harris WH. The synovial-like membrane at the bone-cement
interface in loose total hip replacements and its proposed role
in bone lysis. J Bone Joint Surg Am 1983; 65: 575-584 [PMID:
6304106]

Gravius S, Mumme T, Delank KS, Eckardt A, Maus U, Andereya
S, Hansen T. [Immunohistochemical analysis of periprosthetic
osteolysis in aseptic loosening of hip arthroplasty]. Z Orthop
Unfall 2007; 145: 169-175 [PMID: 17492556 DOI: 10.1055/
s-2007-965184]

Chiba J, Rubash HE, Kim KJ, Iwaki Y. The characterization of
cytokines in the interface tissue obtained from failed cementless
total hip arthroplasty with and without femoral osteolysis. Clin
Orthop Relat Res 1994; (300): 304-312 [PMID: 7510596]

WJO | www.wjgnet.com

349

17

18

19

20

21

22

23

24

25

Ritchlin CT, Schwarz EM, O’Keefe RJ, Looney RJ. RANK,
RANKL and OPG in inflammatory arthritis and periprosthetic
osteolysis. J Musculoskelet Neuronal Interact 2004; 4: 276-284
[PMID: 15615495]

Landgraeber S, Jager M, Jacobs JJ, Hallab NJ. The pathology of
orthopedic implant failure is mediated by innate immune system
cytokines. Mediators Inflamm 2014; 2014: 185150 [PMID:
24891761 DOI: 10.1155/2014/185150]

Wimmer MD, Randau TM, Petersdorf S, Pagenstert GI, Wei3kopf
M, Wirtz DC, Gravius S. Evaluation of an interdisciplinary
therapy algorithm in patients with prosthetic joint infections. /nt
Orthop 2013; 37: 2271-2278 [PMID: 23851647 DOI: 10.1007/
$00264-013-1995-1]

Krenn V, Morawietz L, Kienapfel H, Ascherl R, Matziolis G,
Hassenpflug J, Thomsen M, Thomas P, Huber M, Schuh C, Kendoff
D, Baumhoer D, Krukemeyer MG, Perino G, Zustin J, Berger I,
Riither W, Poremba C, Gehrke T. [Revised consensus classification.
Histopathological classification of diseases associated with joint
endoprostheses]. Z Rheumatol 2013; 72: 383-392 [PMID: 23446461
DOI: 10.1007/s00393-012-1099-0]

Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP,
Irwig LM, Lijmer JG, Moher D, Rennie D, de Vet HC. Towards
complete and accurate reporting of studies of diagnostic accuracy:
The STARD Initiative. Ann Intern Med 2003; 138: 40-44 [PMID:
12513043]

Hofbauer LC, Schoppet M. Serum measurement of osteo-
protegerin--clinical relevance and potential applications. Eur J
Endocrinol 2001; 145: 681-683 [PMID: 11720890]

Martin TJ, Sims NA. RANKL/OPG; Critical role in bone
physiology. Rev Endocr Metab Disord 2015; 16: 131-139 [PMID:
25557611 DOI: 10.1007/511154-014-9308-6]

He T, Wu W, Huang Y, Zhang X, Tang T, Dai K. Multiple
biomarkers analysis for the early detection of prosthetic aseptic
loosening of hip arthroplasty. /nt Orthop 2013; 37: 1025-1031
[PMID: 23467893 DOI: 10.1007/s00264-013-1837-1]

Veigl D, Niederlova J, Krystifkova O. Periprosthetic osteolysis
and its association with RANKL expression. Physiol Res 2007; 56:
455-462 [PMID: 16925460]

P- Reviewer: Hooper GJ, Nishio K, Ohishi T  S- Editor: Ji FF
L- Editor: A E- Editor: Li D

'.

April 18,2017 | Volume 8 | Issue 4 |



wdJ 0

World Journal of
Orthopedics

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

DOI: 10.5312/wjo.v8.i4.350

World ] Orthop 2017 April 18; 8(4): 350-356

ISSN 2218-5836 (online)

Observational Study

T1p/T2 mapping and histopathology of degenerative
cartilage in advanced knee osteoarthritis

ORIGINAL ARTICLE

Benjamin S Kester, Philip M Carpenter, Hon J Yu, Taiki Nozaki, Yasuhito Kaneko, Hiroshi Yoshioka, Ran

Schwarzkopf

Benjamin S Kester, Ran Schwarzkopf, Division of Adult
Reconstruction, Department of Orthopaedics, NYU Langone
Medical Center Hospital for Joint Diseases, New York, NY
10003, United States

Philip M Carpenter, Department of Pathology, University of
California Irvine, Orange, CA 92868, United States

Hon J Yu, Taiki Nozaki, Yasuhito Kaneko, Hiroshi Yoshioka,
Department of Radiological Sciences, University of California
Irvine, Orange, CA 92868, United States

Author contributions: All authors participated in the inter-
pretation of data, revision and final approval of the manuscript;
Kester BS interpreted the data, drafted and completed the
manuscript; Carpenter PM additionally carried out the histologic
analysis; Yu HJ, Nozaki T, Kaneko Y and Yoshioka H equally
participated in the study design, radiographic interpretation,
and statistical analysis; Yoshioka H and Schwarzkopf R were
the principle investigators, lead of study conception and guided
manuscript completion.

Supported by The National Center for Research Resources
and the National Center for Advancing Translational Sciences,
National Institutes of Health, No. UL1 TR000153. The content is
solely the responsibility of the authors and does not necessarily
represent the official views of the NIH.

Institutional review board statement: The study protocol
was approved by the University of California Irvine institutional
review board.

Informed consent statement: All subjects provided written
informed consent before any study-related procedures were

performed.

Conflict-of-interest statement: To the best of our knowledge,
no conflict of interest exists.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was

Baishidenge ~ WJO | www.wjgnet.com

350

selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (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/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Benjamin S Kester, MD, Division of
Adult Reconstruction, Department of Orthopaedics, NYU Langone
Medical Center Hospital for Joint Diseases, 301 E 17" St, New
York, NY 10003, United States. benjamin.kester@nyumc.org
Telephone: +1-212-5986000

Received: October 10, 2016
Peer-review started: October 11,2016
First decision: November 30, 2016
Revised: December 13, 2016
Accepted: January 2, 2017

Article in press: January 3, 2017
Published online: April 18, 2017

Abstract

AIM

To investigate whether normal thickness cartilage in
osteoarthritic knees demonstrate depletion of proteo-
glycan or collagen content compared to healthy knees.

METHODS

Magnetic resonance (MR) images were acquired from
5 subjects scheduled for total knee arthroplasty (TKA)
(mean age 70 years) and 20 young healthy control
subjects without knee pain (mean age 28.9 years). MR
images of T1p mapping, T2 mapping, and fat suppressed
proton-density weighted sequences were obtained.
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Following TKA each condyle was divided into 4 parts
(distal medial, posterior medial, distal lateral, posterior
lateral) for cartilage analysis. Twenty specimens (bone
and cartilage blocks) were examined. For each joint,
the degree and extent of cartilage destruction was
determined using the Osteoarthritis Research Society
International cartilage histopathology assessment system.
In magnetic resonance imaging (MRI) analysis, 2 readers
performed cartilage segmentation for T1p/T2 values and
cartilage thickness measurement.

RESULTS

Eleven areas in MRI including normal or near normal
cartilage thickness were selected. The corresponding
histopathological sections demonstrated mild to moderate
osteoarthritis (OA). There was no significant difference
in cartilage thickness in MRI between control and ad-
vanced OA samples [medial distal condyle, P = 0.461;
medial posterior condyle (MPC), P = 0.352; lateral distal
condyle, P = 0.654; lateral posterior condyle, 2 = 0.550],
suggesting arthritic specimens were morphologically
similar to normal or early staged degenerative cartilage.
Cartilage T2 and T1p values from the MPC were signi-
ficantly higher among the patients with advanced OA (P
= 0.043). For remaining condylar samples there was no
statistical difference in T2 and T1p values between cases
and controls but there was a trend towards higher values
in advanced OA patients.

CONCLUSION

Though cartilage is morphologically normal or near
normal, degenerative changes exist in advanced OA
patients. These changes can be detected with T2 and
T1p MRI techniques.

Key words: T1rho; Osteoarthritis; Magnetic resonance
imaging; Cartilage; Knee

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Magnetic resonance images of eleven healthy
knees and five knees with advanced osteoarthritis (OA)
were studied using T1p and T2 mapping. Histopathologic
samples were also taken from the five osteoarthritic
knees following total knee arthroplasty. Our results
indicate that even though cartilage is morphologically
normal or near normal, cartilage degenerative changes
exist in advanced OA patients. This suggests that
normal thickness cartilage or mild cartilage thinning
in the advanced OA knee demonstrates depletion of
proteoglycan or collagen content compared with similar
appearing cartilage in young healthy knees. These
early changes can be detected with T2 and T1p MRI
techniques.

Kester BS, Carpenter PM, Yu HJ, Nozaki T, Kaneko Y, Yoshioka
H, Schwarzkopf R. T1p/T2 mapping and histopathology of
degenerative cartilage in advanced knee osteoarthritis. World J
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INTRODUCTION

Osteoarthritis (OA) is one of the fastest growing medical
conditions worldwide, affecting at least 27 million people
in the United States alone™?. It is a major contributor
to functional disability and loss of autonomy in older
adults”. These factors represent a significant health and
financial burden to the general population™*. Knee and
hip OA cause the greatest burden of disability, leading to
the need for prosthetic joint replacements in the most
severe cases”. Decreasing the need for such procedures,
and costs to both the patient and society, motivates
the need for research into disease prevention and early
detection.

OA is characterized by the progressive loss of articular
cartilage. However, significant damage to the collagen-
proteoglycan matrix and elevation of cartilage water
content are believed to precede the loss of cartilage
and consequent symptoms of knee OA®”. Magnetic
resonance imaging (MRI) techniques are been developed
over the past decade that allow for the detection of these
early and subtle changes to the cartilage matrix®"",
Among these techniques, T1p has stood out as a high
sensitivity option to detect early changes without the use
of contrast agents”.

Prior studies have already demonstrated increased
cartilage T1p values, a surrogate of cartilage damage,
in patients with knee OA™**, Specifically, T1p and
T2 values are known to be elevated in asymptomatic,
healthy subjects with early stage OA compared to
individuals without focal lesions'*!. While severe focal
lesions are common indications for total knee replace-
ment, patients may also be considered for joint sparing
or cartilage preservation procedures. We aim to determine
whether normal appearing cartilage by MRI in the non-
symptomatic regions of advanced knee OA demonstrate
depletion of proteoglycan and collagen content by T1p
and T2 mapping and to correlate these measurements
with degenerative changes of cartilage by histology.
We hypothesize that normal thickness cartilage or mild
cartilage thinning (early staged cartilage degeneration)
in advanced knee OA will demonstrate depletion of
proteoglycan or collagen content, compared with similar
appearing cartilage in young healthy knees.

MATERIALS AND METHODS

Study population

Five advanced OA patients scheduled for total knee
arthroplasty (TKA) were enrolled in this study. A board
certified orthopaedic surgeon (RS) recruited them
(Kellgren-Lawrence score of 3 or 4; mean age 70 years,
range 62-90 years; 2 men and 3 women). Twenty knees
from 20 healthy volunteers (mean age 28.9 years, range
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19-38 years; 13 men and 7 women) without any history
of knee symptoms or prior knee surgery were used as an
imaging control group. The study protocol was approved
by the institutional review board and all subjects provided
written informed consent before any study-related
procedures were performed.

MRI

All MR studies were performed on a 3.0-T unit (Achieva,
Philips Healthcare, Netherland) utilizing an 8-channel
knee receive-only radiofrequency coil. Three sagittal
MR images were acquired including fat suppressed (FS)
proton density-weighted imaging (PDWI) sequence,
T2 mapping sequence, and Tlp mapping sequence.
All sagittal images were obtained without oblique
angulation, parallel to the magnetic static field (BO).
Parallel imaging was used on all imaging sequences
utilizing Sensitivity Encoding for MRI. The acquisition
parameters were as follows. FS PDWI: 2D turbo spin-
echo; Repetition time (TR)/echo time (TE) = 4311/30
ms, number of excitation (NEX) = 2, and total acquisition
time = 3 min 35 s. T2 mapping: 2D turbo spin-echo;
TR/TE = 2700/13, 26, 39, 52, 65, 78, 91 ms, NEX = 1
and total acquisition time = 13 min 26 s. T1lp: 3D FS
PROSET (Principle of Selective Excitation Technique);
TR/TE = 6.4/3.4 ms, flip angle = 10°, echo train length
= 64, NEX = 1, spin-lock frequency = 575 Hertz, time of
spin-lock (TSL), 20, 40, 60 and 80 ms, and acquisition
time = 4 min 9 s x 4. All images were obtained with
field of view = 140 x 140 mm, slice thickness/gap = 3/0
mm, image matrix = 512 x 512, number of slices = 31
and effective in-plane spatial resolution = 0.27 x 0.27
mm. Each femoral condyle was divided into 4 areas: The
medial distal condyle (MDC), medial posterior condyle
(MPC), lateral distal condyle (LDC), and lateral posterior
condyle (LPC). Therefore, a total of 20 areas of MRI of
the femoral condyle from 5 patients with advanced OA
were reviewed.

TKA

TKA was conducted as scheduled on each operative
candidate. Surgically resected condyles were recovered
intraoperatively and divided into 4 parts (MDC, MPC,
LDC, LPC). A total of 20 specimens (bone and cartilage
blocks) were histopathologically examined.

Pathology

The MDP, MPC, LDC and LDP of the distal femur removed
at surgery were fixed in 10% neutral buffered formalin
for at least 72 h, decalcified using dilute hydrochloric
acid (Rapid Bone Decalcifier, American Master Tech Inc.,
Lodi CA) for two days, and post fixed in formalin for at
least 2 more days. Sagittal sections across the entire
mid portion of each of the condyles underwent routine
paraffin embedding and staining with hematoxylin and
eosin. In this way, the same region was sampled for
each of the specimens, and maximum extent of the
lesion could be assessed in the mid sagittal plane of
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each of the condyles. Additional paraffin sections were
stained with Masson’s trichrome and Alcian blue. For
each joint, the degree and extent of cartilage destruction
was determined using the Osteoarthritis Research
Society International cartilage histopathology assessment
system™® by a pathologist with experience in bone
and soft tissue pathology. For this system, the degree
of cartilage destruction (OA grade) and the extent of
destruction (OA stage) are multiplied to determine the
OA score. The surgical edges were not assessed to avoid
possible over-interpretation of surgical artifacts.

Imaging analysis

Images were transferred in Digital Imaging and Com-
munications in Medicine format to a personal computer
(Windows 7), which was used to perform all post-
processing and analyses. T2 and T1p analyses were
performed using in-house developed and implemented
software in MatLab (MathWorks, Natick, MA) (Figure 1).
Manual cartilage extraction of the femoral condyle in
healthy volunteers (n = 20) and advanced OA patients
(n = 5) was performed on both T2 and T1p images by
a board-certified orthopaedic surgeon with 14 years of
experience and a board-certified radiologist with 13 years
of experience, independently. Images with TE = 26 in
T2 and TSL = 20 in T1p were chosen for segmentation
due to high signal-to-noise ratio compared to the other
images, based on prior studies™”*®. T2 and T1p values
were measured in a range of -10 to 20 degrees for the
distal condyle and 70 to 100 degrees for the posterior
condyle (Figure 2). The angle 0 is defined along BO. We
calculated average T2 and T1p values of two observers
at each femoral condyle, and average thickness of the
cartilage as pixel numbers in the segmented area at each
condyle.

Statistical analysis

Differences in T2/T1p values and thickness of the car-
tilage between normal cartilage and advanced dege-
nerative cartilage do not conform to normal distributions.
These differences were assessed using a nonparametric
Mann-Whitney U test. Statistical review of the study was
performed by a researcher with training in biomedical
statistics. SPSS Statistics version 22 (IBM, Armonk, New
York) was used for calculations. In all cases, a P value of
0.05 or less was deemed statistically significant.

RESULTS

A total of 20 areas on MRI of the femoral condyles from
5 advanced OA patients were reviewed. Eleven areas
including normal or near normal cartilage thickness (2
MDCs, 2 MPCs, 4 LDCs, 3 LPCs) were selected. The average
OA grade, stage, and, scores of corresponding specimens
(bone blocks and cartilage) were 3.82 (range: 3-4.5),
3.45 (range: 2-4), and 13.1 (range: 7-16), respectively,
compatible with mild to moderate OA (Table 1). Examples
of FS PDWI, hematoxylin and eosin stain, Alcian blue stain,
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BO

Figure 1 T2 and T1p relaxation time measurement. T2 and T1p relaxation times were measured in a range of -10 to 20 degrees for the distal condyle and 70 to

100 degrees for the posterior condyle. The angle 0 is defined along BO.

T1p mapping

o : =
T2 mapping

Figure 2 Example of sagittal fat suppressed proton density-weighted
imaging, T1p mapping and T2 mapping.

and Masson’s trichrome stain are demonstrated in Figure 3.

Table 2 shows the T2/T1p values and thickness
of the cartilage in normal volunteers and advanced
osteoarthritis patients. Although the difference of each
cartilage thickness between normal volunteers and
advanced OA patients was not observed, T2/ T1p values
were significantly higher at the MPC in advanced OA
patients compared to normal volunteers (P < 0.05).
T2/T1p values also tended to be higher in advanced OA
patients compared to normal volunteers at the MDC, LDC
and LPC without significant difference.

DISCUSSION

Knee OA is a multifactorial disease with a significant
population burden!'. Novel strategies in the management
of knee OA are based on early detection and minimally
invasive procedures™*?), Certain patients with focal
advanced knee OA may benefit from joint preservation
strategies if remaining articular cartilage is healthy. In
our study we aimed to assess whether normal appearing
cartilage in advanced knee OA patients demonstrate
depletion of proteoglycan and collagen content by T2/
T1p analysis, markers of early OA. We have demon-
strated that although non-osteoarthritic portions of the
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femoral condyle in patients with advanced knee OA
have similar morphologic characteristics compared to
controls in routine MRI, there are significant changes on
T2/T1p mapping that can measure differences on the
biomolecular level.

Many in vivo studies have demonstrated an association
between increased T2/T1p values and various stages of
OA about the knee™ ™. T1p values have been seen to
increase with age, but are also higher in middle-aged
populations with isolated patellofemoral and tibiofemoral
compartment knee OA™***?% T1p relaxation times in
particular may be elevated by as much as 30%-40% in
patients with early knee OA™, Furthermore, Stahl et af**!
demonstrated that patients with asymptomatic knee OA
have increased T2/T1p values in some compartments
compared to healthy controls. These data are consistent
with our findings that T2/T1p values are consistently
higher in multiple compartments in patients with ad-
vanced OA compared to asymptomatic controls. By
isolating pathologic samples with mild or near normal
pathologic changes of articular cartilage we have demon-
strated a subset of patients with mild arthritic changes.
Li et aM*” have already shown significantly elevated T1p
relaxation times in subcompartments of knee OA subjects
where no prior morphologic changes were observed.
This type of study demonstrates the utility of quantitative
MRI sequences in detecting early biochemical changes
within the articular cartilage matrix, but is limited to
radiographic assessments alone. We have isolated not
only radiographically similar, but pathologically similar
cartilage samples to be used in this type of analysis.

This study agrees with multiple other publications
that demonstrate the use of T2/T1p relaxation times
for the early detection of knee OA™*?4, The unique
contribution is the comparison of normal or near normal
imaging samples between cases and controls. Thuillier
et al” examined patients with patellar-femoral pain
but without radiographic evidence of knee OA and
found significantly elevated T1p values in the lateral
patellar cartilage compared to controls. Several other
studies have also showed that focal cartilage defects
identified on arthroscopy are correlated with elevated
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MRI

Alcian blue Masson's trichrome

Figure 3 Example of normal thickness magnetic resonance imaging with corresponding hematoxylin and eosin, Alcian blue, and Masson trichrome stains.
OA grade/stage/score in this case is 4/3/12, compatible with early OA. MRI: Magnetic resonance imaging; HE: Hematoxylin and eosin; OA: Osteoarthritis.

Table 1 Results of pathologic analysis of bone block and cartilage specimens

No. Location Grade Stage  Score Pathology comments
1 MDC 4 4 16  Superficial erosion, prominent vertical fissures and depletion of more than the upper 2/3 of proteoglycans
by alcian blue staining

2 MPC 4 3 12 Focal erosion, a few small vertical clefts, depletion of the upper 1/2 to 2/3 of proteoglycans by alcian blue
staining

3 LDC ) 4 12 Superficial fibrillation, small vertical clefts, minimal superficial depletion of proteoglycans by alcian blue
staining

4 LDC 45 3 13.5  Deep erosion extending almost to bone and almost complete depletion of proteoglycans by alcian blue
staining

5 MDC 4 3 12 Superficial erosion, prominent vertical and horizontal fissures and depletion of more than the upper 2/3

of proteoglycans by alcian blue staining
6 LPC 3.5 2 7 Focal superficial erosion almost complete depletion of proteoglycans by alcian blue staining
7 MPC 4 4 16 Erosion, focally deep and superficial depletion of proteoglycans by alcian blue staining over most of the
surface, with complete depletion at region of deep erosion
8 LDC 85 4 14 Focal erosion and vertical fissures extending to mid zone with complete depletion of proteoglycans by
alcian blue staining at site of fissures

9 LPC 3 4 12 Focal vertical fissures extending to mid zone with minimal depletion of proteoglycans by alcian blue
staining

10 LDC 45 3 13.5 Focal deep erosion and superficial depletion of proteoglycans by alcian blue staining

Mean 3.82 3.45 13.09

MDC: Medial distal condyle; MPC: Medial posterior condyle; LDC: Lateral distal condyle; LPC: Lateral posterior condyle.

MRI relaxation times™****), We have similarly shown

that morphologically normal articular cartilage, though
adjoining osteoarthritic compartments of the knee, exhibit
early changes in cartilage degeneration. These early
changes include articular cartilage hydration, loss of pro-
teoglycan content, thinning and loosening of collagen
fibrils. While statistically significant changes were not
observed in all compartments for this small sample size,
the trends are readily apparent in all groups and notably
significant in the MPC.

The utility of these sequences in joint preservation or
replacement remains to be seen. T2 and T1p mapping
have increasingly been applied with high fidelity to track
outcomes after articular cartilage repair®®. Studies have
shown significant improvements in T1p relaxation times
following microfracture and mosaicplasty, but values do
not appear to ever return to baseline!®*?®, The question
stands as to whether focal articular cartilage defects
about the knee are amenable to preservation therapies
if surrounding articular cartilage exhibits degenerative
changes. No doubt there is a spectrum and diversity
of cartilage injuries, and only a subset are arthritic in
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nature, but our data suggest that patients should be
closely examined for early articular changes prior to such
therapies. T2 and T1p mapping may have an important
role in identifying which patients may benefit from
preservation strategies and which are better candidates
for joint replacement. Furthermore, these strategies may
be used to develop personalized, systematic recommen-
dations for patients with articular cartilage injuries.

This study is not without limitations. Only five patients
undergoing TKA were recruited for the OA arm of the
study. Although T2 and T1p were significantly higher in
the posteromedial condylar segments, this study was
underpowered to demonstrate statistically significant
differences in the remaining condyles. We believe that
a larger sample size would bolster our conclusions. Of
note, there was a marked difference in age between
the OA group and controls (70 years vs 28.9 years).
Differences in T2 and T1p mapping may be confounded
by physiologic changes with age alone, as previously
mentioned. Although the concept of morphologically
normal but biochemically impaired cartilage is valid, this
observation may weaken the validity of our argument
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Table 2 Comparison of T2/T1p values and cartilage thickness

between the control cohort and advanced osteoarthritis
patient

Control (n = 20) ACA(n = 5) P'

MDC T2-value® 52.23 64.9 0.524
T1p-value 5245 52.98 0.642
T2-cartilage thickness’ 6.13 5.38 0.461
T1p-cartilage thickness 5.7 6.8 0.97

MPC  T2-value 46.83 59.3 0.016
T1p-value 57.15 73.5 0.043
T2-cartilage thickness 8.6 10.05 0.352
T1p-cartilage thickness 8.7 8.93 0.938

LDC T2-value 48.93 53.7 0.067
T1p-value 55.85 62.55 0.371
T2-cartilage thickness 6.58 6.4 0.654
T1p-cartilage thickness 6.2 5.75 0.587

LPC T2-value 442 50.8 0.218
T1p-value 48.53 68.5 0.055
T2-cartilage thickness 8.93 7.95 0.55
T1p-cartilage thickness 85 9.15 0.601

1Marm—Whitney U test; *T2 and T1p values, measured in milliseconds;
*Thickness, measured in pixels. AOA: Advanced osteoarthritis; MDC:
Medial distal condyle; MPC: Medial posterior condyle; LDC: Lateral distal
condyle; LPC: Lateral posterior condyle.

regarding joint preservation options. Furthermore, this
is a cross-sectional design with no long-term follow-up
as all OA patients underwent TKA. They also were not
recruited according to degree or radiographic severity of
disease and there is no long-term follow-up regarding
symptom development in control subjects. However,
there are lessons to be learned from this work that may
help in the development of personalized treatments for
OA and cartilage injuries.

In conclusion, our findings lend additional support
to the use of T2 and T1p mapping in the diagnosis and
management of OA of the knee. We have uniquely
shown that even though cartilage is morphologically
normal or near normal, cartilage degenerative changes
exist in advanced OA patients. These early changes
can be detected with T2 and T1p MRI techniques and
consideration should be given to the use of these se-
quences in the early detection of OA.
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Background

Characterized by the progressive loss of articular cartilage, osteoarthritis
(OA) is one of the largest and fastest growing medical conditions worldwide.
Significant damage to the collagen-proteoglycan matrix is believed to precede
the loss of cartilage and consequent symptoms of knee OA. Among imaging
techniques, magnetic resonance T1p has stood out as a high sensitivity option
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to detect these early changes in otherwise young, healthy joints.

Research frontiers

Prior studies have demonstrated increased cartilage T1p values, a surrogate of
cartilage damage, in patients with knee OA. Specifically, T1p and T2 values are
known to be elevated in asymptomatic, healthy subjects with early stage OA
compared to individuals without focal lesions. The basic science foundation for
the use of these techniques is now understood, but translating them into clinical
practice is an area of current interest.

Innovations and breakthroughs

In recent years, novel strategies have been explored for the early detection of
OA. Magnetic resonance T1p and T2 mapping has emerged as an excellent
candidate for this endeavor. The authors have uniquely shown that even though
cartilage is morphologically normal or near normal, cartilage degenerative
changes exist in advanced OA patients. These early changes can be detected
with T2 and T1p magnetic resonance imaging techniques and consideration
should be given to the use of these sequences in the early detection of OA.

Applications

The authors’ findings lend support to the use of T2 and T1p mapping in the
diagnosis and management of OA of the knee. The results of this study suggest
that asymptomatic individuals under consideration for knee joint preservation
strategies may benefit from pre-procedure T2 and T1p analysis. Future studies
should build upon their results to determine specific T2 and T1p parameters
whereby joint preservation strategies are likely to fail.

Terminology

Standard T2 and lesser-known T1p magnetic resonance pulse sequences can
be used as surrogates of cartilage damage in patients with knee OA. Specifically,
T1p and T2 values are known to be elevated in asymptomatic, healthy subjects
with early stage OA compared to individuals without focal lesions.
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Abstract

AIM

To investigate the clinical and functional outcomes
following total hip arthroplasty (THA) in patients with
Paget’s disease.

METHODS

We carried out a systematic review of the literature to
determine the functional outcome, complications and
revision rates of THA in patients with Paget’s disease.
Eight studies involving 358 hips were reviewed. The
mean age was 70.4 years and follow-up was 8.3 years.
There were 247 cemented THAs (69%), 105 uncemented
THAs (29%) and 6 hybrid THAs (2%).

RESULTS

All studies reported significant improvement in hip
function following THA. There were 19 cases of aseptic
loosening (5%) at a mean of 8.6 years. Three cases
occurred in the uncemented cohort (3%) at a mean of
15.3 years and 16 cases developed in the cemented
group (6%) at a mean of 7.5 years (P = 0.2052). There
were 27 revisions in the 358 cases (8%) occurring at
a mean of 7 years. Six revisions occurred in the un-
cemented cohort (6%) at a mean of 8.6 years and 21 in
the cemented cohort (9%) at a mean of 6.5 years (P =
0.5117).

CONCLUSION

The findings support the use of THA in patients with
Paget’s disease hip arthropathy. The post-operative
functional outcome is largely similar to other patients;
however, the revision rate is higher with aseptic loosening
being the most common reason for revision. Uncemented
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implants appear to be associated with a lower failure
rate, however, there were no modern stem designs fixed
using current generation cementing techniques used
in the reported studies, and as such, caution is advised
when drawing any conclusions.

Key words: Total hip arthroplasty; Paget’s disease;
Revision; Loosening; Heterotopic ossification

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Patients with Paget’s disease commonly develop
structural bone deformities in the proximal femur, making
total hip arthroplasty (THA) technically demanding. In
addition, achieving adequate fixation of hip implants in
the hypervascular and often sclerotic bone may prove
challenging. This review has shown that, despite its
challenging nature, THA can be very successful in terms
of improving symptoms and restoring hip function in
this unique group of patients. The failure rate, however,
appears to be slightly higher than in other patients
undergoing a primary total hip replacement. The most
common reason for revision surgery is aseptic loosening,
and using modern uncemented implants appear to
reduce the risk of this occurring.

Hanna SA, Dawson-Bowling S, Millington S, Bhumbra R,
Achan P. Total hip arthroplasty in patients with Paget’s disease of
bone: A systematic review. World J Orthop 2017; 8(4): 357-363
Available from: URL: http://www.wjgnet.com/2218-5836/full/
v8/i4/357.htm DOL: http://dx.doi.org/10.5312/wjo.v8.i4.357

INTRODUCTION

Paget’s disease of bone (PDB) is a chronic deforming
metabolic disorder characterised by increased osteoclastic
bone resorption and subsequent erratic compensatory
formation of new woven bone of an abnormal microstruc-
ture!'. British surgeon Sir James Paget first described
PDB in 1877 as a chronic inflammation of bone and
termed it “osteitis deformans?!. The resultant bone
is mechanically weaker, larger, less compact, more
vascular, and more susceptible to fracture than normal
adult lamellar bone™. Although the exact aetiology of
PDB remains unknown, both genetic and environmental
factors have been suggested™. PDB is more common in
Europe, North America and Australasia than in Asia and
Africa. It is thought to result from a slow viral infection
occurring in individuals with a genetic predisposition'.
PBD evolves through three distinct phases: An initial
osteolytic phase, a mixed phase with lytic and blastic
features, and a final osteoblastic or sclerotic phase'. Its
prevalence has been shown to increase with age and
the most commonly involved sites include the pelvis,
femur, spine, skull and tibia®. The pelvis and proximal
femur are involved in 20%-80% of patients resulting
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in disabling hip disease™®. A number of structural bony
deformities such as coxa vara, anterolateral femoral
bowing and acetabular protrusio are commonly seen in
patients with advanced PDB hip arthropathy'. When
secondary degenerative changes occur in the hip,
symptoms may be initially treated with activity and life-
style modifications, anti-inflammatory and anti-pagetic
medications, functional bracing and physical therapy.
If these measures fail, total hip arthroplasty (THA) is
indicated to manage significant pain, joint stiffness and
deformity. If THA is considered, preoperative treatment
with bisphosphonates or calcitonin is thought to reduce
the incidence of intraoperative bleeding, heterotrophic
ossification and loosening, although no randomised con-
trolled trials exist to support their use”. The increased
bone turnover and remodelling is associated with elevated
levels of serum alkaline phosphatase (ALP), which is used
to assess the activity of the PDB and the effectiveness of
medical treatment by bisphosphonates™.

THA in the context of PDB can be a technically
challenging procedure because of a number of reasons.
The broad spectrum of deformities developing in the hip,
including acetabular protrusio, coxa vara and femoral
bowing, may hamper dislocation of the hip necessitating
a neck cut in-situ. A trochanteric osteotomy may also be
required for adequate exposure. A marked deformity of
the proximal femur may require a corrective osteotomy
to enable adequate femoral component alignment and
fixation. The presence of dense sclerotic bone may
make reaming and bone preparation extremely difficult.
Bone hypervascularity may impair visualisation, require
higher than usual fluid and blood replacement, and
compromise cement implant fixation. Inability to achieve
a dry bone bed for cement interdigitation/micro-interlock
may compromise long-term implant fixation™, which
probably explains why the published results of cemented
THA in PDB patients appear to be generally poorer than
results in other patients”’. Concerns also exist when
using uncemented hip implants in patients with PDB, as
the increased bone turnover is believed to predispose to
failure of osseointegration and early aseptic loosening in
some cases.

It is estimated that approximately 3% to 4% of the
population over age 50 in the United States are affected
by PDB!®. Although the majority of these patients will
not require surgical intervention, those who do, however,
represent a unique subset of patients and orthopaedic
pathology. When taking into account the exponential
increase in the number of THAs performed annually, it
can be extrapolated that arthroplasty surgeons will be
faced with caring for an increasing number of patients
with PDB in the future. It is, therefore, important to
recognise the unique problems and challenges inherent
to performing THA in patents with PDB. To this end, we
therefore performed a systematic review of the literature
to determine the method of fixation, failure rates, com-
plication rates and functional outcome of THA in patients
with PDB of the hip.
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Figure 1 PRISMA flowchart illustrating the search strategy and number of
records screened and included.

MATERIALS AND METHODS

Search strategy

MEDLINE and EMBASE were searched on 1/7/2016 to
identify relevant studies in the English literature describing
the results of THA in patients with PDB between 1980 and
July 2016 in line with the PRISMA statement. Keywords
used for the searches were “total hip arthroplasty” or “total
hip replacement” and “Paget’s disease”. The bibliographies
of all included studies and pertinent reviews were checked
carefully for identifying additional studies. We did not
contact the corresponding authors to obtain extra data.

Eligibility criteria

Inclusion criteria included all papers, which described
the results of THA in patients with PDB published in the
English language. Isolated case reports/series with 5 or
less patients were excluded. The included articles met
the PICO criteria for systematic reviews (Population,
Intervention, Comparison and Outcomes).

Data extraction

One reviewer (Sammy A Hanna) extracted data through
a standardized data collection form, and then another
reviewer (Sebastian Dawson-Bowling) checked the data
for accuracy. Any inconsistent results were handled by
discussion. Data of the number of patients, follow-up
period, type of implant, type of fixation, complications,
re-operations, revision rate and functional outcome
were extracted and entered in a spreadsheet. Figure 1
represents a PRISMA flowchart illustrating the search
strategy and number of records screened and included.
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Statistical analysis

Fisher’s exact test was used to compare the incidence
of aseptic loosening and revision THA between the
uncemented and cemented groups. A P value of < 0.05
was considered statistically significant.

RESULTS

Search results

A total of 43 relevant article titles were identified. After
reviewing the full text, a total of 8 studies”**"*”’ satisfied
the eligibility criteria and the search strategy illustrated
in Figure 1. The excluded 35 articles did not meet the
PICO criteria. The included 8 studies were small to
medium size retrospective case series (n = 19-98). The
range of follow-up was 2 to 12.3 years.

Quality assessment

All studies were small to medium size retrospective case
series (n = 19-98) describing the outcome of THA in
patients with PDB of the hip. The range of follow-up in
the studies was 2 to 12.3 years.

Cohort characteristics

The studies included 358 THAs performed in patients
with a mean age of 70.4 years who were followed-up
for a mean of 8.3 years (0.7 to 20). There were 247
cemented THAs (69%), 105 uncemented THAs (29%)
and 6 hybrid THAs (2%). The demographics of the
patients in the studies are summarised in Table 1.

Outcome analysis

Functional outcome: All studies reported significant
improvement in hip function and patient satisfaction
following THA. The Harris Hip Score improved by a mean of
40 points post-operatively (27 to 57) in 5 studies'****>"),
The Hospital for Special Surgery Scale improved from 18 to
30 post-operatively in one study!!.

Aseptic loosening: Overall, there were 19 cases of
aseptic loosening in 358 cases (5%) at a mean of 8.6
years (1.5 to 20). Three cases occurred in the uncemented
cohort (3%) at a mean of 15.3 years (14 to 17) and 16
cases developed in the cemented group (6%) at a mean
of 7.5 years (1.5 to 20) - (P = 0.2052). There was only
one case of failure of osseointegration/early subsidence
of the femoral stem in the uncemented patients (1%)
occurring at 7 mo.

Revisions rate: There were 27 failures requiring
revision surgery in the 358 cases (8%) occurring at a
mean of 7 years (0.6 to 20). Six revisions occurred in the
uncemented cohort (6%) at a mean of 8.6 years (0.6 to
17) and 21 in the cemented cohort (9%) at a mean of 6.5
years (1.5 to 20) - (P = 0.5117). The reasons for failure
were aseptic loosening (70%, n = 19), septic loosening
(11%, n = 3), periprosthetic fracture (11%, n = 3),
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Table 1 Demographics of the patients included in the studies and summary of the results

Study and country No. of Age (yr) Follow-up (yr)  Type of Approach  Complications (implant Heterotopic Revision Functional
hips fixation related) ossification rate (%) outcome (pre
(%) and post op)
Merkow et al™ 1984, 21  68.6 (57-80) 52(2-114) Cemented Directlateral Aseptic loosening (2) 52% 10%  HSS scale: 18 to
United States ) 30
Antero-lateral
(14)
McDonald et al™ 91 69.9 (49-85) 7.2(0.7-15) Cemented Direct lateral Aseptic loosening (12) 37% 15%  HHS: 39 to 83
1987, United States (64) Deep infection (2)
Antero-lateral Instability (2)
(27) Foot drop (1)
Nonunion of GT
osteotomy (7)
Ludkowski et al™ 37  71.5(60-81) 7.8 (1-18.4) Cemented Directlateral Superficial infection (3) 65% 0% HHS: 48.1 to
1990, United States 83.2
Sochart et al™ 2000, 98  67.4 (51-79) 10.4 (5.3-20) Cemented Direct lateral Stem fracture (1) 29% 5%
United Kingdom Deep infection (1)
Instability (1)
Aseptic loosening (2)
Nonunion of GT
osteotomy (1)
Foot drop (1)
Kirsh et al™ 2001, 20 72 (62-82) 5.7 (4-8)  Uncemented Antero-lateral Instability (1) 50% 0%  HHS:31to 88
Australia 17) (13)
Hybrid (3)  Posterior (7)
Parvizi et al™ 2002, 19 71.3 (54-85) 7 (2-15)  Uncemented  Posterior Instability (1) 32% 0% HHS: 59.8 to
United States 86.7
Wegrzyn et al"” 39 742 (55-89) 6.6(2-12)  Uncemented Antero-lateral  Intra-operative 56% 0%  HHS:54 to 89
2010, France (36) (36) posterior column
Hybrid (3)  Posterior (3) acetabular fracture (1)
Periprosthetic fractures
@
Imbuldeniya et al” 33 75 (63-85)  12.3 (10.3-17) Uncemented  Posterior Aseptic loosening/ 45% 18%
2014, Australia poly wear (4)
Periprosthetic fracture
@

HSS: Hospital for special surgery; HHS: Harris hip score.

Table 2 Comparison of the complication rates between the

cemented and uncemented groups 7 (%)

Complication Cemented THR  Uncemented THR
(n = 247) (n = 105)

Aseptic loosening 16 (6) 3(3)

Septic loosening 3(1) 0(0)

Periprosthetic fracture 0(0) 4(4)

Intra-operative fracture 0(0) 1(1)

THR: Total hip replacement.

femoral stem fracture (4%, n = 1) and instability (4%, n
= 1). Table 2 summarises the different complication rates
between the cemented and uncemented groups.

DISCUSSION

THA appears to be a generally successful procedure
in patients with PDB. The reported post-operative im-
provement in functional outcome and patient satisfaction
is significant in all studies in this review, and is largely
comparable to the outcome of THA in other patients!”.
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The overall revision rate was 8% at 7 years with aseptic
loosening being the main reason for revision (70%).
The revision rate was lower in the uncemented patients
(6%) at 8.6 years compared with (9%) in the cemented
group at 6.5 years and the incidence of aseptic loosening
was higher when cemented implants were used (6%),
compared with uncemented porous coated implants
(3%). Both differences were not statistically significant
(P = 0.5117 and 0.2052 respectively). Aseptic loosening
also occurred much earlier in the cemented patients
(7.5 years vs 15.3 years). These failure rates are slightly
higher than those in other patients undergoing THA!®,
According to the Australian National Joint Registry, a
revision rate of > 7.5% at 10 years is considered higher
than anticipated™. It is important to note that the
vast majority of cemented THAs in this review included
modifications of the Charnely stem coupled with a
conventional ultra high molecular weight polyethylene
liner and fixed with first/second generation cementing
techniques. This may have contributed to the relatively
high failure rates®®®. Cementless implants may have a
theoretical advantage over cemented ones in the context
of PDB. Cement penetration and interdigitation may
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be limited in Pagetic bone, which is typically sclerotic
and more prone to bleeding. In contrast, many authors
believe that the altered bone morphology and increased
turnover may hamper osseointegration of uncemented
implants’”. Interestingly, there was only one case in the
uncemented cohort (1%) where failure of bone ingrowth/
osseointegration had occurred. This required revision at
7 mo post index surgery.

The overall reported incidence of heterotopic bone
(HO) formation was 46% (29% to 65%). It is unclear
how the surgical approach to the hip affects this. It is also
unclear as to how best to prevent it in terms of dose and
timing of radiation and/or chemoprophylaxis'*.

Taking into account the exponential increase in the
number of THAs performed annually, it can be extrapolated
that arthroplasty surgeons will be faced with caring for
an increasing number of patients with PDB in the future.
It is, therefore, important to understand the implications
of PDB on the medical management of patients, intra-
operative technical considerations and the outcomes and
complications associated with surgery. When planning
to perform THA in a PDB patient, a systematic approach
is paramount to ensure optimal outcome. The following
pre, intra and post-operative considerations need to be
adequately addressed.

Pre-operative considerations /requirements
Differentiating mechanical joint pain from Pagetic bone
pain is important. Diagnostic injections are a useful tool
to confirm the intra-articular origin of the hip pain and
to rule our concurrent pathology.

Good quality imaging studies including long leg
views £ computed tomography (CT) scans to assess
bone morphology and extra-articular deformities. This
is important to plan surgery, including the need for any
extra intra-operative steps such as corrective osteotomy
and to choose the appropriate implants.

Review by a cardiologist is recommended to assess
cardiac function and the presence of high-output cardiac
failure. This will likely have anaesthetic implications and
may require optimisation prior to performing the surgery.

Preoperative treatment with bisphosphonates or
calcitonin reduces intraoperative bleeding by decreasing
disease activity. Anti-pagetic medications should be
started at least 6 wk prior to elective surgery. Disease
activity can be monitored using ALP serum levels'®..

Pre-operative optimisation of Haemoglobin levels is
important to compensate for blood loss intra-operatively.
Pre-operative autologous blood donation may also be
considered.

Intra-operative considerations /requirements
Effective blood salvage strategies should be employed
including expeditious surgery and the administration of
tranexamic acid.

Surgery should be performed through an extensile
approach when necessary with liberal soft tissue releases
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in patients with severe contractures.

Preparation of the femoral side must be performed
with caution because standard rasps and reamers may
not be effective when used in extremely sclerotic bone. A
high-speed burr may be useful to aid in bone preparation.
As discussed previously, sclerotic bone may compromise
the interdigitation of cement, and uncemented implants
may be preferred under these circumstances.

If an uncemented shell is used, it is important to
achieve good peripheral rim fit and the use of acetabular
screws are recommended to enhance fixation™®.

Concurrent osteotomy to achieve satisfactory femoral
component alignment can be difficult. It is advisable to
perform the osteotomy in the metaphysis when possible.
A previous study has shown that osteotomy performed in
a metaphyseal location had a better outcome than those
performed through diaphysis’®®!. However, the complex
nature of the deformity in some of these patients may
necessitate diaphyseal, and in some occasions multi-
planar osteotomies to achieve a satisfactory correction.

Post-operative considerations /requirements
Bisphosphonate treatment should continue if the disease
activity high (ALP levels).

It is advisable to administer prophylaxis against
HO with preventive measures such as radiation and/or
prophylactic drug regimens™", The efficacy of indome-
thacin in preventing HO is well documented™. The most
common treatment is to give 25 mg three times a day for
five to six weeks. Several studies have shown the efficacy
of radiation therapy in reducing the incidence of HO
following lower limb arthroplasty. The most appropriate
dose regimen appears to be 7 to 8 Gy given as a single
fraction either < 4 h pre-operatively or < 72 h post-
operatively™.

The main limitation of this review is that it included
studies dating back to 1980, with three of the eight
papers included being published in 1990 or earlier. Only
two articles were published in the last 10 years. This
potentially has an impact the results as dated implants
and techniques have poorer survivorship. However,
although Paget’s disease is fairly common (3%-4% of
the United States population above the age of 50 are
affected)™, very limited new information has been
published on the topic. With the exponential annual
increase of THAs, most arthroplasty surgeons will care
for patients with Paget’s disease at some point, which
makes this review relevant to clinical practice, especially
by highlighting the potential challenges and expected
outcomes of THA in this unique group of patients.

Conclusion

The findings of this review support the use of THA to
alleviate debilitating hip pain and functional limitation in
PDB patients with hip arthropathy. Post-operative patient
satisfaction and functional improvement is similar to
other patients, however, the revision rate is higher with
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aseptic loosening being the most common reason for
revision. Uncemented implants appear to be associated
with a lower failure rate. However, there are no studies
reporting on the use of modern stem designs fixed using
current generation cementing techniques in PDB patients,
so caution is advised when drawing any conclusions.

COMMENTS

Background

Paget's disease is a fairly common disorder, which affects approximately 3% to 4%
of the United States population over the age of 50. Although the majority of these
patients will not require surgical intervention, those who do, however, represent a
unique subset of patients and orthopaedic pathology. Hip involvement is common
and performing total hip arthroplasty (THA) in this group of patients is technically
demanding. There are three main issues the surgeon needs to address during
the procedure: How to deal with the structural deformities present in the hip, how
to achieve adequate implant fixation in the hypervascular and sclerotic bone, and
how to manage blood loss intra-operatively. This review attempts to answer these
questions based on current evidence.

Research frontiers
The optimal method of fixation of hip implants in patients with Paget's disease
is frequently debated amongst hip surgeons with no clear consensus. The role
of Bisphosphonate therapy peri and post-operatively in reducing blood loss is
also a controversial issue.

Innovations and breakthroughs

The review supports the use of THA in patients with Paget's disease. The
functional benefit after the procedure is similar to other patients undergoing a
primary THA. However, the authors found a slightly higher revision rate in tis
group of patients, with aseptic loosening being the most common reason for
revision. Although uncemented implants appear to be associated with a lower
failure rate, however, they did not find any studies evaluating the role of modern
polished tapered cemented stem designs in patients with Paget's disease.
Caution is therefore advised when drawing any conclusions.

Applications

The results highlight the need for a structured, planned and multidisciplinary
approach when managing patients with Paget's disease of bone undergoing
THA in order to optimise outcome and reduce the risk of complications.

Peer-review

This is a systematic review on THA in patients with Paget's disease of bone. The
introduction is well written and convincing. This systematic review seems to be
highly original and no systematic review currently exists on this topic; thus, this
manuscript is timely.
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