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Radiation exposure and reduction in the operating room:
Perspectives and future directions in spine surgery
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Abstract

Ankur S Narain, Fady Y Hijji, Kelly H Yom, Krishna T
Kudaravalli, Brittany E Haws, Kern Singh, Department of
Orthopaedic Surgery, Rush University Medical Center, Chicago,
IL 60612, United States

Intraoperative imaging is vital for accurate placement of
instrumentation in spine surgery. However, the use of
biplanar fluoroscopy and other intraoperative imaging
modalities is associated with the risk of significant
radiation exposure in the patient, surgeon, and surgical
staff. Radiation exposure in the form of ionizing radiation
can lead to cellular damage via the induction of DNA
lesions and the production of reactive oxygen species.
These effects often result in cell death or genomic
instability, leading to various radiation-associated
pathologies including an increased risk of malignancy.
In attempts to reduce radiation-associated health risks,
radiation safety has become an important topic in the
medical field. All practitioners, regardless of practice
setting, can practice radiation safety techniques including
shielding and distance to reduce radiation exposure.
Additionally, optimization of fluoroscopic settings and
techniques can be used as an effective method of radia
tion dose reduction. New imaging modalities and spinal
navigation systems have also been developed in an
effort to replace conventional fluoroscopy and reduce
radiation doses. These modalities include Isocentric
Three-Dimensional C-Arms, O-Arms, and intraoperative
magnetic resonance imaging. While this influx of new
technology has advanced radiation safety within the
field of spine surgery, more work is still required to
overcome specific limitations involving increased costs
and inadequate training.
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Core tip: Intraoperative radiation exposure is a sig
nificant concern for patients, surgeons, and operative
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room staff during spine surgery. All surgeons should
practice general radiation safety techniques including
shielding, distance, and fluoroscopic dose reduction.
New imaging modalities and spinal navigation systems
have also been developed to mitigate radiation exposure
risk. These modalities include CT-based techniques
such as Isocentric Three-Dimensional C-arms and
O-Arms. Intraoperative magnetic resonance imaging
has also been adapted from the neurosurgical field
and is another developing imaging technique. Further
research is required to overcome the limitations of
these novel technologies in regards to costs and training
requirements.

surgery.

PATHOPHYSIOLOGY AND EFFECTS OF
RADIATION EXPOSURE
During the use of intraoperative imaging, surgical staff
and patients are exposed to both direct and scatter
radiation. Direct radiation is the radiation absorbed
from the beam as it projects from the source. Direct
radiation is the predominant source of radiation ex
posure for the patient and surgeon. Scatter radiation
is radiation from the source that is deflected off of a
surface, typically the patient in an operative setting.
Scatter radiation exposure is the primary form of
exposure for operative staff who stand further away
from the surgical table. While many different types of
radiation exist, the most concerning in regards to the
development of pathology is ionizing radiation. Ionizing
radiation from intraoperative imaging leads to cellular
damage through the induction of direct or indirect DNA
[14,15]
lesions and production of reactive oxygen species
.
The ensuing cellular stress response can lead to cell
[14]
death via replicative or apoptotic mechanisms .
Conversely, if cell death does not occur, the risk of
neoplastic proliferation may be increased due to the
persistence and replication of cells with DNA lesions and
[15]
subsequent genomic instability .
The pathologic effects of ionizing radiation expo
sure can further be described as either deterministic
or stochastic. Deterministic effects are short-term
responses observed only after a certain threshold
radiation exposure has been reached. These effects
are subsequently worsened with any additional expo
[16]
sure past that threshold . Examples of pathology
associated with deterministic effects includes hair loss,
[17-19]
skin erythema, skin burns, and cataract formation
.
As the thresholds for deterministic effects are known
in many cases, they can be prevented via careful moni
toring of radiation exposure levels over short timeperiods. More worrisome are stochastic effects, in
which incidence increases with exposure without any
[16]
definitive time period or threshold exposure level .
Stochastic effects are most commonly associated with
[17,20-23]
carcinogenesis and teratogenesis
. For example,
[21]
Mastrangelo et al
determined that working as an
orthopaedic surgeon was a significant risk factor for
tumor development in a survey of cancer incidence
amongst 316 hospital employees. The authors cau
tioned that this increased risk was possibly a result of
orthopaedic surgeon radiation exposure along with poor
work safety practices.
In order to protect against the dangers of excessive
radiation exposure, guidelines are available regarding
dosage limits both for those exposed in occupational
settings and the general public. The primary inter
national organization producing these guidelines is the
International Commission on Radiological Protection
(ICRP). The dosage limits are expressed in the units
of joules per kilogram, otherwise known as a Sievert

Narain AS, Hijji FY, Yom KH, Kudaravalli KT, Haws BE, Singh
K. Radiation exposure and reduction in the operating room:
Perspectives and future directions in spine surgery. World J
Orthop 2017; 8(7): 524-530 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v8/i7/524.htm DOI: http://dx.doi.
org/10.5312/wjo.v8.i7.524

INTRODUCTION
The use of instrumentation and other implants is often
necessary for orthopaedic surgical intervention. This
is especially true in the field of spine surgery, where
anterior and posterior instrumentation is frequently
utilized to treat degenerative, traumatic, and neoplas
tic pathologies. Posterior pedicle screws are the most
widely used instruments within spine surgery; how
ever, inaccurate positioning of such constructs can
lead to significant intraoperative and postoperative
[1-5]
adverse events . Specifically, injury to nearby neuro
vascular structures can occur, which often results in
significant patient morbidity and financial burden on
the healthcare system.
In order to ensure accurate placement of spinal
instrumentation, intraoperative radiographic images
are used to guide and confirm implant location. The
use of intraoperative imaging is especially important in
minimally-invasive procedures, where instrumentation
is inserted percutaneously without the direct anato
mic visualization afforded in open procedures.
Biplanar fluoroscopy was one of the first real-time
intraoperative imaging modalities, and remains the
dominant technique amongst orthopaedic and spinal
[6-8]
practitioners
. However, radiation exposure from
intraoperative imaging remains a significant concern
for patients, surgeons, and other operative room
[9-13]
personnel
. In order to mitigate the risk associated
with intraoperative radiation exposure, new imaging
technologies and personal protective equipment have
been developed.
The purpose of this review is to summarize the
pathophysiology of intraoperative radiation exposure,
discuss effective strategies for intraoperative radiation
safety, and to introduce new intraoperative imaging
and navigation modalities within the field of spine

WJO|www.wjgnet.com
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(Sv) . The Sievert is a measure of the stochastic
effects of ionizing radiation, and an exposure of 1 Sv
[24]
is associated with a 5.5% risk of developing cancer .
Under ICRP guidelines, occupational exposure should be
limited to a maximum average of 20 mSv per year over
a five-year period, with no exposure greater than 50
[24]
mSv in a single year . For the general public, exposure
should be limited strictly to a maximum average of 1
[24]
mSv per year over a 5-year period . These limits can
be used as reference points for the evaluation of the
safety and efficacy of new imaging technologies and
radioprotective techniques.

phantom on a surgical table was exposed to fluoroscopy
while a whole-body phantom was placed in varying
positions in the operating room to simulate the surgeon
and operative room staff. Measured scatter doses to
the whole-body phantom decreased with increasing
distance up to 100 cm from the chest phantom device.
[30]
Kruger et al
provided further recommendations for
operative room setup, noting that the image intensifier
should be placed on the same side of the operative table
as the surgeon so as to increase the distance between
the radiation source and operative room personnel.

Fluoroscopic dose reduction techniques

Dose reduction techniques are also an important
strategy both in reducing radiation exposure and
following the “as low as reasonably achievable” (ALARA)
principle. One such technique is the use of fluoroscopy
[26,29-31]
in pulsed and low dose modes
. Pulsed mode
refers to a method where power to the radiation
source is applied intermittently producing short pulses
of radiation, while low-dose mode reduces the peak
kilovolts and miliamperes necessary to create the
[26]
[26]
radiation beam . Goodman et al , in a study of 316
patients undergoing spinal interventional procedures,
determined that the combination of pulsed and lowdose modes decreased average radiation exposure
time by 56.7%. The authors also suggested that
pulsed modes are most effective in reducing radiation
exposure when the surgeon is required to be in closest
[29]
proximity to the patient. Plastaras et al
examined
the effect of pulsed fluoroscopy in conjunction with
shielding in patients undergoing interventional spine pro
cedures. The combination of the two methods resulted
in a 97.3% reduction in effective dose to all operative
room staff. Despite the benefit of radiation exposure
reduction, pulsed and low-dose modes exhibit potential
disadvantages. Of primary concern is reduced image
quality, and as such, the adoption of these fluoroscopy
[26]
modes is dependent on surgeon acumen and comfort .
Other dose reduction techniques include intermit
[30,32]
tent fluoroscopy and last image hold
. Intermittent
fluoroscopy refers to applying fluoroscopy only for short
time periods, while last image hold displays the last
collected image even when fluoroscopy is not being
[32]
applied . These methods allow for both reduced total
fluoroscopy time and the ability to better plan surgical
approaches through image review. Finally, collimation
can be utilized to reduce radiation dose. Collimation
refers to narrowing the radiation beam over the area
of anatomic interest, thus reducing radiation exposure
by subjecting less total body area to interaction with
[26,31]
radiation
.

GENERAL STRATEGIES FOR REDUCING
RADIATION EXPOSURE IN SPINAL
PROCEDURES
Shielding

In attempting to reduce intraoperative radiation
exposure, a variety of simple methods should be em
ployed by all practitioners. One of these methods is
shielding, which involves the use of physical barriers
to absorb a portion of scatter radiation and prevent
it from reaching soft tissues. Shielding for operative
room personnel is primarily accomplished by the
wearing of lead aprons and thyroid shields, which
protect radiosensitive areas from the upper body to
[18,19,23,25-27]
the gonads
. Other less commonly utilized
methods of shielding include lead gloves to reduce hand
exposure, lead skirts for operative tables, and mobile
shielding screens to provide additional protection to
[28-30]
operative room personnel
. The literature is over
whelmingly supportive of the utility of shielding, with
reported reductions in radiation exposure between
[19,27,28,30]
[27]
42%-96.9%
. For example, Ahn et al , in
a study of three surgeons performing percutaneous
endoscopic lumbar discectomies, determined that
lead aprons and collars reduced radiation exposure
to the upper body and thyroid by 94.2% and 96.9%,
respectively. Furthermore, the use of lead aprons was
estimated to increase the number of total operations
before reaching occupational exposure limits by 5088
procedures.

Distance

An additional method to reduce intraoperative radia
tion exposure is to feasibly maximize the distance
between the patient surface and the surgeon or opera
[18,30]
tive room personnel
. This principle derives from
the fact that radiation intensity follows an inverse
square law, decreasing substantially with increasing
distance from the radiation or scatter source. As such,
with appropriate shielding, scatter radiation may be
reduced to 0.1% and 0.025% of the primary radiation
[11]
at a distance of 3 feet and 6 feet, respectively . This
[18]
principle is further illustrated by Lee et al , in an
investigation of scatter radiation doses measured during
intraoperative C-arm fluoroscopy. In this study, a chest
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INTRAOPERATIVE THREE-DIMENSIONAL
IMAGING AND SPINAL NAVIGATION
SYSTEMS
Spinal navigation systems have been developed with
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the goals of increasing the accuracy of instrumentation
placement and reducing operative radiation exposure.
Navigation technologies are comprised of many diff
erent components that must act in concert. Typically,
an imaging mechanism is used to collect radiographic
images that are then imported into a computer work
station that creates a three-dimensional (3D) recons
[33]
truction of the anatomy of interest . This computer
system interacts with a specialized optical camera
and surgical tools to guide real-time insertion of instru
mentation without the need for repetitive collection of
[33]
fluoroscopic images .
Since its inception, navigation has shifted from
utilizing preoperative images to using intraoperative 3D
[34]
imaging modalities . These imaging modalities are
more frequently used because, unlike with preoperative
imaging, they do not require as significant a degree of
[17]
the time-consuming process of anatomic registration .
Furthermore, intraoperative imaging is a better re
presentation of surgical anatomy than preoperative
studies, as preoperative images do not reflect anatomic
[35-40]
shifts and variations due to surgical positioning
.
Multiple intraoperative imaging modalities can be used
in conjunction with navigation systems, including com
puted tomography (CT) and magnetic resonance imagi
ng (MRI) based approaches.

advantages of isocentric 3D C-arm use also extend
past limiting radiation exposure, as multiple studies
have indicated equivalent or superior accuracy of
pedicle screw placement when compared to standard
[36,44,46,47]
fluoroscopic methods
.

O-arm

The O-arm (Medtronic, Fridley, Minnesota) is a conebeam, CT-based intraoperative imaging modality that
[8]
can produce a 360° scanning arc . O-arm devices can
acquire up to 750 images in a single scan, and these
images can be utilized with navigation systems to
[7,48,49]
create 3D anatomical reconstructions
. The O-arm
also is programmed with preset modes that optimize
kilovoltage and miliampere settings for various patient
[25,48,49]
sizes and anatomical regions
. Similar to the
isocentric 3D C-arm, the O-arm can possibly reduce
radiation exposure by allowing the surgical staff to exit
[49]
the operating theatre during image acquisition .
The literature regarding the use of O-arm imaging
is mixed in terms of its efficacy in radiation dose
reduction. Multiple studies have determined that while
O-arm imaging reduces radiation exposure to operative
room personnel, it increases the radiation exposure to
[7,17,25,48-50]
[50]
the patient
. Tabaraee et al
demonstrated
such findings in a cadaveric study investigating the
insertion of 160 pedicle screws under either C-arm or
O-arm imaging. In the operative room staff, O-arm
imaging led to undetectable levels of radiation exposure
while C-arm imaging was associated with an exposure
of 60.75 mREM. The opposite correlation was seen
in cadavers, where the use of the O-arm modality
was associated with higher mean radiation doses
compared to the use of conventional C-arm fluoroscopy.
[17]
Mendelsohn et al
confirmed this association in a
matched cohort analysis of 146 patients undergoing
posterior pedicle screw insertion. In the 73 patients
undergoing a procedure with O-arm imaging, the
observed radiation dose in patients was 8.74 times
greater than that of the OR staff. Those patients also
experienced a higher mean effective dose of radiation
(1.09 mSv) compared to published radiation dosages
for patients undergoing pedicle screw insertion using
standard C-arm fluoroscopy following MIS (0.611
mSv) or open (0.393 mSv) techniques. The results of
these studies indicate that any practitioner considering
the use of O-arm imaging must weigh the benefit of
reduced radiation exposure to operative staff with the
limitation of increased radiation exposure to patients.

Isocentric 3D C-arm

Isocentric 3D C-arms are CT based systems that collect
[36,41,42]
images from a 190° screening arc
. Up to 200
fluoroscopic images are collected at equidistant angles
which are then utilized by navigation systems to create
[41,43]
a 3D reconstruction of the relevant spinal anatomy
.
In one pass, these modified C-arms can collect images
3
[44]
from a 12 cm anatomical space . Furthermore,
the surgeon and surgical staff can step outside of the
operating room during image acquisition, possibly
[45,46]
reducing unnecessary radiation exposure
.
In regards to radiation exposure, prior investigations
have exhibited reduced fluoroscopy time and radiation
doses with the use of Isocentric 3D C-arms compared
[41,45,46]
[45]
to standard fluoroscopy
. Kim et al
performed
one such study in 18 cadaveric spines undergoing
minimally invasive transforaminal lumbar interbody
fusion (MIS TLIF). The authors demonstrated that while
the navigation group had greater setup time (9.67
min vs 4.78 min), the overall fluoroscopy time was
lower compared to the standard fluoroscopy group
(28.7 s vs 41.9 s). Radiation exposure, measured in
millirems (mREM), was also lower in the navigation
group (undetectable vs 12.4 mREM). Furthermore, in a
subsequent series of 18 patients undergoing MIS TLIF,
the navigation group had lower overall fluoroscopy time
[46]
(57.1 vs 147.2 s). Smith et al noted similar findings
in an investigation of 4 cadavers in which lumbar
pedicle screw placement was attempted. Compared
to standard fluoroscopy, isocentric C-arm use was
associated with lower total mean radiation exposure to
the surgeon’s torso (0.33 mREM vs 4.33 mREM). The
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Intraoperative MRI

Intraoperative MRI is a developing technology in the field
of spine surgery that has the potential for significant
reductions in intraoperative radiation exposure both
for patients and surgical personnel. Intraoperative MRI
has been adapted from the field of neurosurgery, and it
[51]
involves the use of ultra-high field 3T MRI scanners .
Within the spine literature, few studies exist regarding
the safety and efficacy of intraoperative MRI. Woodard

527

July 18, 2017|Volume 8|Issue 7|

Narain AS et al . Radiation exposure spine
[52]

et al , in a case series consisting of both cervical and
lumbar procedures, demonstrated that intraoperative
MRI could feasibly be used for localization and con
firmation of neural decompression. Similarly, Choi
[53]
et al
conducted a study utilizing intraoperative
MRI for surgical site localization and confirmation of
decompression in 89 patients undergoing percutaneous
endoscopic lumbar discectomy. The authors concluded
that intraoperative MRI was successful in detecting
inadequate intraoperative decompression, especially
in cases of highly migrated or segmented discs. While
this initial data is promising, further work is required to
definitively determine the efficacy of procedures utilizing
intraoperative MRI.

shielding, distance, and dose reduction. Furthermore,
practitioners should also consider the use of new
navigation systems with alternative imaging modalities
such as isocentric-3D C-arm, O-arm, or intraoperative
MRI. While these systems may be associated with redu
ctions in radiation exposure to operative staff, they also
have significant limitations pertaining to cost, training
requirements, and operative times. Further work is still
required within the field of spine surgery to improve
radiation safety and to further increase the adoption of
new imaging modalities.
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Use of recombinant human bone morphogenetic protein-2
in spine surgery
Marios Lykissas, Ioannis Gkiatas
surgery and especially in spine surgery. The use of
recombinant human bone morphogenetic protein-2 has
been officially approved by the United States Food and
Drug Administration only for single level anterior lumbar
interbody fusion, nevertheless it is widely used by many
surgeons with off-label indications. Despite advantages
in bone formation, its use still remains a controversial
issue and several complications have been described by
authors who oppose their wide use.
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Core tip: The use of recombinant human bone morpho
genetic protein-2 is widely used in spine surgery not
only in approved indications but also in off-label indi
cations. Despite its ability to promote fusion there are
many reported disadvantages. That’s why the Yale
University Open Data project aims to serve both the
patients but also the companies which fund the vast
majority of research in medical products.
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INTRODUCTION
During the last 10 years, the use of bone morpho
genetic proteins (BMPs) has become very popular
in orthopaedic surgery. BMPs are osteoinductive
factors which are capable of inhibiting chondrocyte
differentiation independently and they are recognized
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Bone morphogenetic proteins are osteoinductive
factors which have gained popularity in orthopaedic
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as important regulators of growth, differentiation,
[1,2]
and morphogenesis during embryology . They are
members of the superfamily of transforming growth
factor-β (TGF-β) and play an important role in the
development and regeneration of various tissues
[3,4]
[5]
including bone, cartilage, and tendons . Urist in
1965 described first these factors with the term “bone
autoinduction principle”. During the last two decades
BMPs gradually gained popularity in bone healing
and especially in spinal fusion enhancement. BMPs
are released by platelets and osteogenitor cells and
their main role is to stimulate cellular proliferation,
angiogenesis, osteoblast differentiation, and direct
[6]
bone matrix formation . More than 20 different types
[7]
of BMPs have been identified since Urist described
their properties and all of them have significant osteo
genic properties. From all types of BMPs, BMP-2 has
been found to be the most osteoinductive and its
efficacy to generate an osseous fusion mass has been
[8]
well established in several preclinical spine models .
In spine surgery, autogenous bone grafting is often
used to stimulate fusion. Due to the insufficiency of
traditional techniques of bone grafting in long spinal
fusions or spinal fusions in adverse metabolic con
ditions, bone grafts substitutes, such as recombinant
human bone morphogenetic protein-2 (rhBMP-2), have
[9]
been introduced in the clinical practice .

emerged, including among others severe soft-tissue
swelling following anterior cervical discectomy and
fusion, heterotopic bone formation, and vertebral body
[18-20]
osteolysis in the thoracic and lumbar spine
. Ong
[21]
et al reported that the 85% of all surgeries in which
rhBMP-2 was used were for “off-label” applications.
These off-label indications included posterior lumbar
interbody infusion, transforaminal lumbar interbody
infusion, posterior lumbar fusion, anterior cervical
discectomy and fusion (ACDF), and more recently,
[22]
lateral lumbar interbody fusion .
[23]
Rihn et al , in 2009 published their study about the
use of rhBMP-2 in single-level transforaminal lumbar
interbody fusion. They showed high rate of fusion
and improvement of symptoms. Nevertheless, its use
was associated with complications that raise concern
including a high rate of postoperative radiculitis. One
[24]
year later, Oliveira et al presented their results using
rhBMP-2 in standalone lateral lumbar interbody fusion.
Following a 24-mo follow-up, the authors concluded
that single level disc degenerative disease can be
successfully treated with standalone lateral lumbar
interbody fusion using rhBMP-2 providing except of
pain relief significant cost reduction. Complications
included cage subsidence, heterotopic bone formation,
persistent stenosis, and adjacent level degeneration.
[25]
According to a current retrospective cohort study ,
during the last years a decrease in the off-label use of
BMP-2 in spinal fusions and particularly in cervical spine
fusions was noticed. The authors noted that although
there was a tendency of decreased odds from 2009 to
2012, a higher resource utilization and odds for com
plications remained in patients in whom BMP-2 was
used.

INDICATIONS
RhBMP-2 in spinal surgery was first studied clinically
in anterior lumbar interbody fusion (ALIF) and was
[10]
compared with iliac crest bone graft . The fusion rate
of rhBMP-2 group was 94.5% whereas the fusion rate
in the group where iliac crest bone graft was used was
88.7%. More studies supporting the effectiveness of
rhBMP-2 in spine fusion followed, which resulted in the
approval of rhBMP-2 by the United States Food and
Drug Administration (FDA) for single-level ALIF within
specific threaded cages in skeletally mature patients.
In a meta-analysis in 2014 the authors report that
rhBMP-2 in lumbar spine fusion can increase the fusion
[11]
rate , while reduce the reoperation rate and operating
time. Additionally, it does not increase the complication
rate, the amount of blood loss, and the hospital stay.

ADVANTAGES
One of the main advantages of the use of rhBMP-2
in spinal fusion is the elimination of adverse events
that have been associated with iliac crest bone graft
harvesting despite the improvement of bone-harvesting
techniques. These complications include pain, hema
[8]
toma formation, sacral fracture, and infection .
In spine surgery, the rhBMP-2 fusion rate is usually
compared with the iliac crest bone graft fusion rate.
In the first prospective randomized controlled trial in
[26]
2000 Boden et al
supported that arthrodesis occur
red more reliably in patients treated with rhBMP-2
filled cages than in controls treated with autogenous
bone graft. In general, the fusion rate with the use of
rhBMP-2 ranges from 94.5% to 100%, whereas with
the use of iliac crest bone graft the fusion rate ranges
from 88.7% to 100%. The main complaint in the group
of patients treated with iliac crest bone graft was the
pain at the donor site. It was also suggested that there
is more blood loss with the use of iliac crest bone graft,
as well as more operating time. Moreover, in some
specific cases, such as in women with osteoporosis,
it was speculated that the osteoinductive ability of

OFF-LABEL USE
Although rhBMP-2 has been approved by the FDA for a
single narrow method of spinal fusion, over the last 10
years, numerous articles on BMP-2 have documented
its use for a far wider range of spinal applications.
Since its approval, rhBMP-2 has gained popularity
as an effective bone-graft substitute as it obviates
the need for autologous bone graft harvesting and
eliminates associated complications and donor site
[12,13]
morbidity
. Many surgeons, began the off-label use
[14-17]
of the product in all spinal regions
, after which
new complications associated with the use of rhBMP-2
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rhBMP-2 was more efficient when compared to iliac
[10,17]
crest bone graft
.
[27]
In 2009, Dawson et al
combined rhBMP-2 on an
absorbable collagen sponge with a ceramic-granule
bulking agent in patients undergoing single level
posterolateral lumbar fusion. The group of patients who
received this combination was compared with a control
group of patients who were treated with autogenous
iliac crest bone graft. The authors concluded that the
combination of the absorbable collagen sponge soaked
with rhBMP-2 and ceramic granules provided not only
improved clinical results, but also higher radiographic
fusion rates when compared to the control group of
patients.
The cost should also be taken seriously into con
[28]
sideration. In 2008, Glassman et al compared the
perioperative costs for patients treated with rhBMP-2
or iliac crest bone graft. Surprisingly, the mean cost
for the 3 mo perioperative period was $ 33860 in the
rhBMP-2 group and $ 37227 in the iliac crest bone graft
group. A decreased physician fee was also noticed in
the rhBMP-2 group ($ 5082 and $ 5316, respectively).
Taking all these into consideration, someone
can assume that there is no difference between the
rhBMP-2 and the iliac crest bone graft in terms of
obtaining a solid spinal fusion. Nevertheless, it seems
that the rhBMP-2 can achieve an “easier” and faster
fusion with no donor site morbidity.

root ganglia.
Certain cancer cell lines have been shown to have
BMPs receptors and local administration of these
growth factors has led to stimulation of cell growth of
[32]
cancer lines in vitro . In a comparative study of 463
[33]
patients, Carragee et al
concluded that a high dose
of 40 mg of rhBMP-2 in lumbar spinal arthrodesis is
associated with an increased risk of new cancer. On
[34]
the other hand, in a current study of Beachler et al
in a large population of elderly United States adults
who underwent lumbar arthrodesis, rhBMP-2 was not
associated with cancer risk or increased mortality.
The mechanism of rhBMP-2 action that may
have led to complications described above has been
[35]
investigated. Hsu et al
in an experimental study
of posterolateral intertransverse lumbar spinal fusion
demonstrated that the in vivo host response to rhBMP-2
may be associated with circulating proinflammatory
and osteoclastic cytokines, such as tumor necrosis
factor-α, macrophage inflammatory protein 1-alpha,
and interleukin1-β. Additionally, angiogenesis was found
to be stimulated through the induction of vascular
[36]
endothelial growth factors secretion .

FURTHER RESEARCH
Increased use of rhBMP-2 in spine surgery has raised
several controversial conflicts among investigators.
During the last years a new promising project has
been established, which aims to cope with the issue
of unpublished or selectively published clinical evid
[37,38]
ence
. The Yale University Open Data Access (YODA)
project aims to serve patients and produce benefits for
the companies that fund the vast majority of research
in medical products. Lately two systematic reviews
on rhBMP-2, which are based on patient-level data
were shared through YODA. The agreement between
the YODA team and Medtronic (rhBMP-2 company)
included two parts. Firstly, two independent research
groups were selected through a competitive process
to evaluate the quality of the studies and synthesize
evidence regarding the effectiveness and safety of
rhBMP-2. Secondly, the YODA team made the data
available to others for potential scientific questions. In
this way all the clinical trial data for this product should
have been made available in order to be used by other
[39]
investigators for further analysis .
These two studies concluded in the same results
after analyzing their data. Despite the higher fusion
rate that was observed with the use of rhBMP-2,
clinical results showed no significant differences bet
ween the use of iliac crest bone graft and rhBMP-2.
The authors of both studies agreed that a clear safety
risk is posed when rhBMP-2 is used in the anterior
[8]
aspect of the cervical spine . As far as it concerns
the carcinogenicity, one study showed significantly
higher rate of cancer in patients who were treated
with rhBMP-2, while the other presented statistically
insignificant higher incidence of cancer in the rhBMP-2

COMPLICATIONS
The first studies presenting the results of rhBMP-2
in spine surgery, reported no adverse events directly
[7]
related to BMP-2 usage . It has to be mentioned
though that all these studies were industry supported.
More recently, authors started to present disadvan
tages for the use of BMPs especially in its off-label
[29]
indications. Epstein
in 2013 presented several
complications associated with the off-label use of
rhBMP-2 including heterotopic ossification, postopera
tive seroma/hematoma formation, increased infection
rate, arachnoiditis, dysphagia following ACDF, retro
grade ejaculation after ALIF, increased neurologic
deficits, and cancer. Neurologic deficits following late
ral lumbar interbody fusion with the supplementary
use of rhBMP-2 were also recorded in another study
[30]
where 919 treated levels were reviewed . Imme
diately after surgery, sensory and motor deficits were
identified in 38% of the patients treated with rhBMP-2
and in 23.9% of the patients fused with cancellous
allograft or iliac crest bone autograft. At the last followup, the percentage of sensory and motor deficits
was decreased to 24.1% and 17.3%, respectively.
A potential deleterious effect of rhBMP-2 on the
[22]
[31]
lumbosacral plexus was suggested . Mitchell et al in
an experimental study in 2016, modeled the clinical use
of BMP-2 for posterior lumbar fusion. They concluded
that the implantation of rhBMP-2 on the lumbar spine
may trigger neuroinflammatory responses in the dorsal
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group. Both teams of investigators reached to the
same conclusion: Despite the higher rate of cancer
appearance, the overall absolute risk of carcinogenesis
due to the use of rhBMP-2 for spinal fusion is generally
[40]
low .
[41]
However, Carragee et al
supported that despite
access to Medtronic trial data, the YODA project will
not be able to resolve many, if not most, fundamental
safety and efficacy issues on various current uses
because there are inadequate trials available.

11

12

CONCLUSION
RhBMP-2, due to its ability to stimulate bone formation
may offer an effective alternative method of fusion in
spine surgery. The clinical outcomes and fusion rates
are comparable with those of iliac crest bone graft.
Ιn some challenging situations though, rhBMP-2 may
have even better results. Its cost is higher compared
with the cost of other bone graft substitutes, but con
cerning the total cost for a patient who needs multiple
surgeries to achieve a solid spinal fusion, it seems
that rhBMP-2 may be proved cost effective. RhBMP-2
is very often used in spinal applications that have not
been studied and/or approved by the FDA, where their
results may be unpredictable. Long-term outcomes
from randomized control trials are warranted to further
clarify the appropriate dose, carrier, and indications of
rhBMP-2.
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AIM
To investigate if there are typical degenerative changes
in the ageing sternoclavicular joint (SCJ), potentially
accessible for arthroscopic intervention.
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METHODS
Both SCJs were obtained from 39 human cadavers
(mean age: 79 years, range: 59-96, 13 F/26 M). Each
frozen specimen was divided frontally with a band saw,
so that both SCJs were opened in the same section
through the center of the discs. After thawing of the
specimens, the condition of the discs was evaluated by
probing and visual inspection. The articular cartilages
were graded according to Outerbridge, and disc attach
ments were probed. Cranio-caudal heights of the joint
cartilages were measured. Superior motion of the clavi
cle with inferior movement of the lateral clavicle was
measured.
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RESULTS
Degenerative changes of the discs were common.
Only 22 discs (28%) were fully attached and the discs
were thickest superiorly. We found a typical pattern:
Detachment of the disc inferiorly in connection with
thinning, fraying and fragmentation of the inferior part
of the disc, and detachment from the anterior and/or
posterior capsule. Severe joint cartilage degeneration ≥
grade 3 was more common on the clavicular side (73%)
than on the sternal side (54%) of the joint. In cadavers
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[8]

< 70 years 75% had ≤ grade 2 changes while this was
the case for only 19% aged 90 years or more. There
was no difference in cartilage changes when right and
left sides were compared, and no difference between
sexes. Only one cadaver - a woman aged 60 years - had
normal cartilages.

SCJ has been reported successful in 6 patients .
Open resection of the medial clavicular end show good
[9,10]
results in treatment for SCJ osteoarthritis
when the
[10-12]
costoclavicular ligament is kept intact
. However,
the scar after open surgery can be cosmetically
prominent because of the location.
Arthroscopic surgery of the SCJ can be performed
through two portals (Figure 1), leaving minor scars,
using a 2.7 mm arthroscope and standard instruments
(Figure 2). The two portals give access to both com
partments of the joint on either side of the articular
disc. The depth of the joint is about 1.5 cm, and care
should be taken not to exceed this during introduction
of the arthroscope, in order not to penetrate the
posterior capsule. Once the arthroscope is introduced
all structures are usually easy to identify, and resection
of the disc, medial clavicle or intraarticular osteophytes,
as well as synovectomy and removal of loose bodies
can be performed under visual control without risk of
penetrating into the mediastinum.
The articular disc of SCJ is superiorly attached to
the medial end of the clavicle, inferiorly to the first rib
at its junction with the manubrium and to the joint
capsule. In older cadavers the disc is incomplete in
[13-16]
[13,15,16]
29%-56%
, with a central hole
or a meniscoid
[14]
appearance . During arthroscopy in younger patients
(age mean 40 years, range: 16-70, 28 F/11 M) we
have often found detachment of the disc from the
anterior capsule and marked disintegration of the disc
at the inferior part with detachment from manubrium
(Figure 3) (unpublished).
These differences in reported changes are confusing
in relation to whether there is an anatomic basis for
arthroscopic treatment of the disc in the painful ageing
SCJ.
Degenerative changes of the articular cartilage
are reported to be more severe on the medial clavicle
[16]
compared to manubrium , which is surprising as the
superior part of the clavicular cartilage only articulates
when the arm is abducted.
Our aims were to study the anatomy of the SCJ,
focusing on the occurrence of conditions that are
potentially accessible for surgical intervention. Also,
to evaluate if the hyaline cartilages on the clavicle
and manubrium are equally affected by age, and if
degenerative conditions and detachment of the disc
has any influence on medial end clavicular stability.

CONCLUSION
Changes in the disc and cartilages can be treated by
resection of disc, cartilage, intraarticular osteophytes or
medial clavicle end. Reattachment of a degenerated disc
is not possible.
Key words: Sternoclavicular; Degenerative; Cartilage;
Disc; Arthroscopy
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Arthroscopic treatment is an option in patients
with symptoms from the ageing sternoclavicular joint
(SCJ). However, knowledge of age-related changes is
essential for planning of such arthroscopic procedures.
In 78 human cadaveric SCJs with a mean age of 79
years (range: 59-96 years) we found that degenerative
changes of the discs were common, in particular inferior
detachment, and only 28% were fully attached. Severe
cartilage degeneration was more common on the
clavicular than the sternal side. When there was inferior
detachment of the disc, we observed increased superomedial gliding of the clavicle. We conclude that a torn
disc or degenerated articular cartilage might be treated
by arthroscopic resection, debridement and clavicle end
resection. Reattachment of a degenerated disc is not
possible.
Rathcke M, Tranum-Jensen J, Krogsgaard MR. Possibilities for
arthroscopic treatment of the ageing sternoclavicular joint. World
J Orthop 2017; 8(7): 536-544 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v8/i7/536.htm DOI: http://dx.doi.
org/10.5312/wjo.v8.i7.536

INTRODUCTION
Arthroscopy has opened for specific procedures on the
sternoclavicular joint (SCJ), e.g., resection of a torn
intraarticular disc. Changes of the joint with age might
be expected just like it is seen in the acromioclavicular
joint, due to the substantial gliding and rotation in
[1-3]
both joints during movement of the arm . Resection
of the lateral clavicle end is a common procedure for
painful osteoarthritis of the acromioclavicular joint. The
prevalence of symptoms from SCJ is unknown, but
[4-6]
surgery on the joint is infrequent , partly by tradition
and perhaps of fear to injure vessels and lungs adja
[7]
cent to its posterior capsule .
Open resection of the articular disc and capsulorr
haphy in patients with degenerative disease of the
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MATERIALS AND METHODS
From 39 formalin embalmed human cadavers (age
mean: 79 years, range: 59-96, 13 F/26 M) we obtained
both SCJs. The sternum was cut at level of the second
rib, and clavicles and first rib were cut lateral to the
costoclavicular ligament. To be able to examine the
capsular attachments of the intraarticular disc, each
specimen was frozen and divided frontally with a
thin band saw, so that both SCJs were opened in the

537

July 18, 2017|Volume 8|Issue 7|

Rathcke M et al . Sternoclavicular joint surgical anatomy

Figure 1 The two standard portals for sternoclavicular arthroscopy.

same section through the center of the disc (Figure
4). Examination of the joints was performed after
the specimens had been thawed and stored in 30%
ethanol. The cut surfaces were cleaned with a dry cloth.
The height of the articular cartilage (cranio-caudal)
on the clavicle and manubrium was measured (Figure
5). The attachments of the intraarticular disc to the
clavicle and first rib-manubrium junction as well as to
the anterior and posterior capsule were probed with a
hooked arthroscopic probe (Figure 6). Any detachment
was recorded. The disc was probed, and holes, fraying
and flap lesions were visually inspected and recorded.
The thickest and thinnest parts of the disc were
measured with a calipergauge designed especially for
this purpose (Figure 7). The cartilage at the medial
clavicular end and at manubrium was classified ac
[17]
cording to Outerbridge
based on visual inspection
and probing, and by agreement of two observers.
Information about the age and sex of the cadavers was
obtained after the measurements had been recorded.
There were no signs of previous surgery to any of the
SCJs.

Figure 2 Sternoclavicular arthroscopy performed with the patient supine,
using a 2.7 mm arthroscope and a 4.0 mm shaver.

Ethical considerations

The study was conducted on deceased who had bequea
thed their bodies to science and education at the
Department of Cellular and Molecular Medicine (ICMM)
at the University of Copenhagen according to Danish
legislation (Health Law #546, § 188). The study was
approved by the head of the body donation program
at ICMM. The study was performed at Department of
Cellular and Molecular Medicine (ICMM), University of
Copenhagen, Denmark.

Figure 3 Arthroscopic view of the left sternoclavicular joint showing
degenerative changes in the partially resected disc (in the middle) and
chondral degeneration of the clavicular cartilage (right side of photo). The
shaver is introduced through the superior portal.

1 joint was ankylotic and 21 discs were present, but
4 of these had a central hole. On the left side 4 discs
were missing, 22 were present and 3 of these had a
central hole.
In the 13 females 3 discs were missing on the right
side, 10 were present and 4 of these had a central
hole. On the left side 2 discs were missing, 11 were
present and 4 of these had a central hole.
Figure 8 visualizes the attachments of the discs,
illustrating that the discs were most often detached
inferiorly. Only 22 discs (28%) were fully attached.
In nearly all cases the disc was thickest superiorly.

Statistical analysis

The data are presented as mean ± SD. For the sta
tistics, Student’s t test was used. P < 0.05 was con
sidered as statistically significant.

RESULTS
In the 26 males 4 discs were missing on the right side,
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Figure 4 The sternoclavicular joints were divided frontally
with a thin band saw so that both sternoclavicular joints were
unfolded in the same section through the center of the discs.

A

B

Figure 5 Measurement of the height of the articular cartilages (cranial-caudal) on the clavicle (A) and manubrium (B).
Figure 6 Probing the attachments of the intraarticular disc to
the clavicle and first rib-manubrium junction as well as to the
anterior and posterior capsule with a hooked arthroscopic
probe.

All but one cadaver - a woman aged 60 years showed degenerative changes of the cartilages. Grade
5 changes (no cartilage) were not seen in any of
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the specimens, but one joint was ankylotic (no joint
cavity). Severe degeneration ≥ grade 3 was seen in
73% on the clavicular side and 54% on the sternal
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Figure 7 Measurement of the thickest and thinnest
parts of the intraarticular discs with a calliper gauge.

side, confirming that degenerative changes are more
common on the clavicular side of the joint. In cadavers
< 70 years 75% had ≤ grade 2 changes, while this
was the case for only 19% aged 90 years or more.
In the age groups 70-79 and 80-89 years 33%-35%
had ≤ grade 2 changes. There was no difference
in cartilage changes when right and left sides were
compared, and no difference between sexes (P > 0.05).
We found a typical pattern: Detachment of the disc
inferiorly with thinning, fraying and fragmentation of
the inferior part of the disc, and detachment from the
anterior and/or posterior capsule. Typical examples of
changes in the discs are shown in Figure 9.
In the cases with inferior detachment we found a
marked increase in supero-medial displacement of the
medial clavicular end compared to cases with intact
inferior attachment, when a light medially directed
push was applied to the lateral clavicle shaft (P < 0.05)
(Figure 9).
The mean cranio-caudal length ± 1 SD of the joint
cartilages was in male cadavers on the right side 26.0
± 3.1 mm on the clavicle and 18.1 ± 2.0 mm on the
sternum, and on the left side 25.4 ± 2.9 mm and 17.9
± 2.3 mm, respectively, while in female cadavers on
the right side it was 23.5 ± 2.9 mm on the clavicle and
17.2 ± 1.7 mm on the sternum, and on the left side
24.1 ± 3.0 mm and 17.5 ± 2.1 mm, respectively. All
data are shown in Table 1.

In our study the changes were much more general; in
particular inferior detachment was a common finding
(20/39 right, 16/39 left). This pattern resembles what
we have seen in arthroscopic examination of the SCJ in
symptomatic patients with degenerative joint disease.
An inferiorly detached disc is more likely to produce
mechanical symptoms than a central hole as it is
unstable and may cause locking during motion of the
joint.
We have no information about symptoms, work
or sports activity for the donors. Based on the increas
ing pathology with increasing age, it is likely, that the
changes in the disc and cartilages are of degenera
tive nature. In the specimens with complete inferior
detachment of the disc there was supero-medial
instability of the medial clavicular end. Motion of the
clavicle relative to manubrium is during most activities
[2]
sliding with no compression . When the shoulder
is depressed the clavicle acts as a lever arm (ratio
about 7:1) with the center of rotation (the fulcrum)
at its crossing of the first rib (i.e., the site of the costo
clavicular ligament), then the sternal end of the clavicle
is lifted forcibly upwards. With increased motion of the
clavicle, symptoms from an unstable, degenerated
disc and degenerated cartilages are likely to increase.
A forceful depression of the shoulder, e.g., during
lifting a heavy load, applies a substantial load on the
[1,15]
interclavicular ligament
. It is not known to which
extent force is absorbed in the disc during lifting, but
the attachment of the disc inferiorly on the manubrium
and superiorly on the upper facet of the clavicular
joint surface indicates that the disc in this respect may
function as a ligament, working in synergy with the
interclavicular ligament. Histological examination of
the disc has shown the most common collagen fibers
[18]
to be type I, III and V
which are all strong fibrillar
collagens, designed to resist force.
Slackness of the interclavicular ligament with age
might result in increased tension on the disc during

DISCUSSION
Our main purpose was to evaluate if changes to the
intraarticular disc in the ageing SCJ could explain
painful mechanical symptoms that are seen in some
patients. In light of previous reports we were surprised
by the marked changes of the discs observed in the
[16]
majority of the SCJs. In a large cadaver study
56% of discs were found to be incomplete, but the
defects were described as a central hole and fraying.
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Male, right

sup

Four discs absent
one joint anchylotic

ant

Male, left

post ant

Four discs absent

inf

Female, right

ant

post

inf

sup

Three discs absent

sup

Female, left

post ant

sup

Two discs absent

inf

post

inf

Figure 8 Graphic visualization of the attachments we found of the discs in left (left) and right (right) sternoclavicular joints of males and females. Black
lines: Full attachment of all four sectors; red lines: Attachment of three sectors; green lines: Attachment of two sectors; blue lines: Attachment of one sector only. inf:
Inferior, sup: Superior; post: Posterior; ant: Anterior.

A

B

Figure 9 With inferior detachment (the sternoclavicular joint to the left) there was a substantial increase in supero-medial displacement of the medial
clavicular end when a light medially directed push was applied to the lateral clavicle shaft (A: Light pull, B: Push). With full attachment of the disc (as seen in
the joint to the right) this displacement was much smaller. Blue dots were marked when no external forces were applied to the joints.

lifting, and, in addition to the compressive forces on
the inferior part of the disc during motion, this may

WJO|www.wjgnet.com

be an explanation for the high rate of thinning and
detachment of the inferior part of the disc.

541

July 18, 2017|Volume 8|Issue 7|

Rathcke M et al . Sternoclavicular joint surgical anatomy
Table 1 Characteristics of the cadavers, the articular cartilage and the disc of the sternoclavicular joint
Age (yr)

59
60
65
65
66
71
71
72
73
73
74
75
75
76
78
78
78
79
79
79
79
81
81
83
84
84
84
85
85
86
89
90
90
90
91
92
93
94
96

Sex

Right
thinnest/thickest
1
part of disc mm

Left
thinnest/thickest
1
part of disc mm

F
F
M
F
M
M
M
F
M
M
M
F
M
M
M
M
M
M
M
M
M
F
F
M
M
M
M
M
F
F
F
F
M
F
F
M
M
M
M

2.1 i/3.1 s
0 i/3.9 s
2.3 i/4.3 s
1.7 i/4.8 s
2.2 i/4.3 s
1.2 i/4.5 s
0.6 i/1.6 s
0 i/1.4 s
Absent
0/3.2 anterior rim
2.9 i/3.8 s
Absent
2.5 i/3.5 s
0/2.2 i (flap)
3.5 i/4.5 s
2.3 i/3.0 s
Absent
0 i/0.8 s
2.0 i/3.7 s
0.5 i/3.9 s
Ankylosis
1.8 i/3.3 s
Absent
1.0 s/2.9 i
2.3 i/5.4 s
1.0 i/1.7 s
Absent
2.4 i/2.7 s
2.3 i/4.0 s
Absent
1.0 i/2.7 s
0.8 i/2.5 s
3.3 i/3.6 s
0/1.9 anterior rim
0 c/3.1 s
Absent
0/0 (absent)
1.7 i/3.3 s
0/2.2 anterior rim

2.2 i/4.4 s
0.5 i/3.9 s
4.4 i/6.4 s
0/2.4
0.9 i/4.2 s
2.2 i/6.3 s
0.9 i/2.2 s
0 c/2.6 s
Absent
0/4.0 anterior rim
2.0 s/3.3 i
2.1 i/2.8 s
1.1 i/4.1 s
2.3 i + s/3.8 c
3.5 i/5.7 s
1.0 i/2.9 s
0.9 i/3.4 s
0/2.7 s
Absent
0.1 i/4.4 s
2.0 i/5.2 s
0/2.9 s
1.2 s/2.7 i
3.0 i/3.6 s
3.0 i/4.9 s
1.6 s/1.4 i
Absent
1.2 i/3.5 s
0/2.2 anterior rim
Absent
Absent
1.1 s/1.2 i
2.5 i/2.9 s
1.5 i/2.5 s
1.5 i/0 s
1.9 s/3.4 i
0/3.2 s
Absent
0/3.8 anterior rim

Right attach- Left attach- Right cartilage Left cartilage Right cartilage Left cartilage
2
2
3
3
ment disc
ment disc
C/S mm
C/S mm
quality C/S
quality C/S
1
5
1
1
5
4+5
3
2+5
Absent
3+4+5
2+4+5
Absent
5
3+4
3
5
Absent
5
5
1
Ankylosis
5
Absent
5
5
1
Absent
3+4+5
5
Absent
2+5
1
4+5
3+4+5
1
2+4+5
Absent
2+5
3+4+5

5
1
1
5
1
1
5
1
Absent
3+4+5
1
5
1
1
1
5
1
5
Absent
1
4+5
4+5
3
5
1
1
Absent
1
3+4+5
Absent
Absent
1
5
5
4
5
4+5
Absent
3+4+5

21/15
23/18
24/17
27/18
30/19
32/20
21/17
25/18
31/20
28/18
29/19
19/15
25/14
27/17
27/19
26/17
25/17
21/17
29/21
24/16
25/20
24/17
26/20
28/21
26/20
24/16
23/20
22/17
25/18
20/16
22/15
29/19
26/18
23/19
21/16
21/14
31/18
26/21
26/18

22/14
25/20
26/17
24/21
26/21
29/21
22/13
26/19
29/21
24/17
28/17
18/14
25/18
25/17
25/22
27/18
29/19
21/17
28/20
21/16
23/16
25/17
28/19
24/13
26/19
24/19
24/19
21/16
24/17
20/16
23/16
29/21
28/18
23/17
26/18
20/16
31/17
27/21
28/17

2/2
0/0
2/1
1/1
1/1
3/2
3/3
3/2
3/3
3/4
3/2
3/2
3/3
4/4
3/3
2/1
4/4
2/3
3/3
3/2
Ankylosis
2/1
4/4
4/3
3/1
3/1
3/4
4/2
4/2
3/4
1/1
3/3
4/3
4/4
4/3
3/4
3/3
3/2
4/4

3/3
0/0
2/1
4/4
3/1
2/3
3/3
3/2
3/3
3/4
3/2
1/1
2/3
2/3
3/3
2/1
3/3
3/2
2/2
4/2
3/3
1/1
3/2
4/2
2/1
3/1
3/3
4/2
3/3
3/4
3/3
2/2
4/3
4/4
4/3
2/2
4/4
4/4
4/4

1

i: Inferior; s: Superior. 21: Full attachment; 2: Detachment anterior; 3: Detachment superior; 4: Detachment posterior; 5: Detachment inferior. 3Outerbridge
classification: 0: Normal cartilage; 5: No cartilage. M: Male; F: Female.

In addition, the fact that the cranio-caudal length
of the articular surface of the clavicle was about 40%
longer than the articular surface on the manubrium,
meaning that the upper third of the disc is not subject
to compressive or frictional forces in most working
situations, may explain why the superior part of the
disc is often intact.
It is described that symptomatic SCJs with degenera
tive changes have an increased size of the clavicular
head and a relative anterior subluxation of the clavicle
[1]
compared to asymptomatic joints , but not a superior
subluxation. Even though the intraarticular disc in
most of these joints must be expected to be severely
changed and unable to prevent the clavicular head
from superior motion during lifting, the enlargement of
the head, related to the degenerative condition, might
pull the interclavicular ligament superiorly, resulting in
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a tightening of the ligament. This could explain why
the clavicular head in this situation is not subluxating
[19]
superiorly during depression of the shoulder .
There was an overweight of thinning and detach
ment of the inferior part of the disc on the right side
compared to left and fewer normal discs on the right
side. Of danes 91% are right dominant and some
activities are performed with more power by the do
minant arm. This increases load on the SCJ, its liga
ments and the disc, and may cause additional wear on
the right SCJ on top of the degenerative wear that is
affecting both sides.
We could confirm earlier findings of more severe
changes of the cartilage on the clavicle compared to
[16]
manubrium . Therefore, it makes sense to resect the
clavicular and not the sternal part of the joint in case
of surgery for osteoarthritis of the SCJ.
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for osteoarthritis.

Arthroscopic surgery of the SCJ is described in a
[4-6,20]
few series
. Resection of the medial clavicular end
is the procedure that has been reported in most of the
[4,5,20]
[10]
[4,5,20]
cases
, and in open
as well as arthroscopic
series it resulted in marked pain reduction. The indica
tion for this operation is degenerative changes that
can be demonstrated by X-rays, MRI or CT-scan. In
some cases of pain in the SCJ no such changes can
be demonstrated. Our study shows that at least in
the elderly population detachment of the articular disc
is common. It is not known to which extent these
changes in the disc are symptomatic, but detachment
can probably lead to pain, locking and swelling, and
technically it can be treated by arthroscopic debride
ment or resection of the disc as well as resection of
the medial clavicular end. Pathology of the disc is
not visible on X-rays or CT-scan, but can often be
demonstrated on T2 weighted MRI-scans (personal
experience). Persistent pain, locking and/or swelling
of a SCJ without degenerative changes on X-rays or
CT-scan might be caused by detachment or fraying
of the disc, and an MRI-scan should be considered in
these cases. The detachment and thinning of the discs
inferiorly as found in our study means that surgical
reattachment of the disc is impossible. Contrary, in case
of traumatic detachment of otherwise normal discs in
younger individuals, reattachment is an option in case of
symptoms.
Detachment or destruction of the articular disc in
the SCJ is a common finding in the aging population
and can result in pain, locking and swelling which might
be treated by resection of the torn disc. Degenerative
changes of the articular cartilages are more common
on the clavicle than on manubrium, and normal carti
lage is rarely seen in this age group. Debridement,
chondrectomy and medial clavicle resection may be
relevant, but reattachment of the disc is not possible
because of the marked tissue changes.

Innovations and breakthroughs

This is the first study to describe the SCJ in cadaver specimens prepared
without interference with the joint capsule and disc attachment sites. The
authors found degenerative changes to disc and joint cartilages to be much
more common than previously thought and showing in a typical pattern.

Applications

Arthroscopic resection of disc, cartilages and clavicular end of the SCJ may
be applied in cases of pain, locking or swelling that is resistant to non-surgical
intervention.

Peer-review

This is very classic study on degenerative SCJ. The study demonstrated the
stage of cartilage in SC comprehensively.
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Abstract

Informed consent statement: The study involved review of
patient case notes and entering of relevant data onto a data set.
The data was anonymised and there was no patient intervention or
involvement required in the research process. As such informed
patient consent was not required for the study, in accordance with
the “Scottish Orthopaedic Research Trust into Trauma” Institutional
Review Board.

AIM
To describe the epidemiology of sport-related open
fractures from one centre’s adult patient population
over a 15-year period.

Data sharing statement: No additional data are available.

METHODS
A retrospective review of a prospectively-collected
database was performed: The database contained
information all sport-related open fractures, sustained
from 1995 to 2009 in the Edinburgh, Mid and East
Lothian Populations.

Open-Access: This article is an open-access article which was
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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 noncommercially, and license their derivative works on different terms,
provided the original work is properly cited and the use is non-

RESULTS
Over the 15-year period, there were 85 fractures
recorded in 84 patients. The annual incidence of open
sport-related fractures was 0.01 per 1000 population.
The mean age at injury was 29.2 years (range 15-67).
There were 70 (83%) males and 14 females (17%).
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The 6 most common sports were soccer (n = 19, 22%),
rugby (n = 9, 11%), cycling (n = 8, 9%), hockey (n
= 8, 9%); horse riding (n = 6, 7%) and skiing (n = 6,
7%). The five most common anatomical locations were
finger phalanges (n = 30, 35%); tibial diaphysis (n =
19, 23%); forearm (n = 12, 14%); ankle (n = 7, 8%)
and metacarpals (n = 5, 6%). The mean injury severity
score was 7.02. According to the Gustilo-Anderson
classification system, 45 (53%) fractures were grade
1; 28 (33%) fractures were grade 2; 8 (9%) fractures
were grade 3a; and 4 (5%) fractures were grade 3b.
Out of the total number of fractures, 7 (8%) required
plastic surgical intervention as part of management. The
types of flaps used were split skin graft (n = 4), fascio
cutaneous flaps (n = 2); and adipofascial flap (n = 1).

sporting population, however they have a high morbi
dity, which makes the patient group significant. This
institution has previously published work looking at the
epidemiology of open fractures and found an incidence
[1]
of 30.7 per 100000 per year .
Sports and exercise is ever increasing in popularity,
[2]
particularly team sports and multi-sport endurance .
This is due to the impact of social and cultural influ
ences, such as easier access to sporting facilities and
social media. The epidemiology of acute sporting
[3]
fractures has been described by Court-Brown et al
2008. The authors describe sports-related fractures
as having a Type C distribution with unimodal peaks
[3]
in both young males and females . They also noted
a clear preponderance towards upper limb fractures
in sports, the majority of which involve the finger
[3]
phalanges, metacarpus or distal radius . Lastly they
recorded an open fracture rate of 1.7% among sportrelated fractures, with an annual incidence for open
sport-related fractures of 0.02 per 1000 population.
[1]
Court-Brown et al 2012 also described the epide
miology of open fractures, they conclude that 3.6% of
all open fractures are a result of sport.
In order to obtain accurate epidemiological data,
when the incidence of open fractures is this low, it
is necessary to perform a long-term study of these
[3]
fractures within a large population group . Thus, while
there has been an increasing cohort of literature of the
epidemiology of sport-related fractures, the literature
describing the epidemiology of open fractures in sport
[1,3]
remains minimal .
We aim to provide the first long-term study descri
bing the epidemiology of sport-related open fractures
from one centre’s adult patient population. This infor
mation will be useful for medical professionals treating
patients participating in sport and sport governing
bodies.

CONCLUSION
We analysed the epidemiology of open fractures
secondary to sport in one centre over a 15-year period.
Soccer and rugby were the most common causative
sports while fractures of the finger phalanx and of the
tibial diaphysis were the most common sites. Open
fractures are uncommon in sport; however, when
they are sustained they usually occur on muddy sport
fields or forest tracks and therefore must be treated
appropriately. It is important that clinicians and sports
therapists have knowledge of these injuries, in order to
ensure they are managed optimally.
Key words: Open; Fracture; Sport; Epidemiology;
Injury; Trauma
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We reviewed all open sport-related fractures
presenting to our trauma centre over a 15-year period
to provide comprehensive epidemiological data on this
injury type. Open sport-related fractures occurred at an
annual incidence of 0.01/1000 population. The mean
age at injury was 29.2 years; the gender ratio was 7.4:1
(male:female). The most common causative sports
were soccer and rugby. The most common fracture
locations were finger phalanx and tibial diaphysis.
Fourteen percent of the fractures were Gustilo-Grade
3; 8% required plastic surgical intervention. Open
fractures in sport are a rare, but significant, injury;
awareness and education is necessary among clinicians
to optimize outcome.

MATERIALS AND METHODS
All acute fractures presenting to the Royal Infirmary of
Edinburgh, Orthopaedic Trauma Unit from the residents
of Edinburgh, Mid and East Lothian, over the period
of 1995 to 2009, were prospectively recorded on a
database. This included all patients from the region,
who were injured elsewhere, but were followed up
under the Edinburgh Orthopaedic Trauma Unit: This was
to provide accurate epidemiological data. Conversely,
all non-resident patients who were injured within the
region were excluded from the database. The mean
population count for the region over the study period
[3]
was 539858 (Population Count in 2000, n = 534715 ;
[4]
Population Count in 2007, n = 545000 ).
The database was retrospectively reviewed in 2016,
and all open fractures, sustained over the 15-year
period (1995 to 2009), were identified. Subsequently,
a subgroup, in which the injury was secondary to a
sporting activity, was identified. Sporting activity was
defined as participation in an athletic game or activity

Wood AM, Robertson GAJ, MacLeod K, Porter A, Court-Brown
CM. Epidemiology of open fractures in sport: One centre’s
15-year retrospective study. World J Orthop 2017; 8(7): 545-552
Available from: URL: http://www.wjgnet.com/2218-5836/full/
v8/i7/545.htm DOI: http://dx.doi.org/10.5312/wjo.v8.i7.545

INTRODUCTION
Open fractures are uncommon in the United Kingdom
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Table 1 Total number of sport-related open fractures, divided by causative sport and the 5 most common fracture locations
Sport

Number

Soccer
Rugby
Cycling
Hockey
Horse riding
Skiing
Mountain bike
Quad bike
Basketball
Shinty
Sledging
Motorcross
Badminton
Bowling
Cricket
Golf
Snowboarding
Squash
Surfboard
Trampolining
White water rafting
Unknown
Totals

Percentage of the whole cohort (%) Finger phalanx

19
9
8
8
6
6
4
4
3
3
3
2
1
1
1
1
1
1
1
1
1
1
85

22
11
9
9
7
7
5
5
4
4
4
2
1
1
1
1
1
1
1
1
1
1
100

Forearm

Ankle

Metacarpal

9
1
1
0
1
1
0
2
0
0
2
0
0
0
0
0
1
0
0
0
1
0
19

1
0
2
0
2
2
2
1
1
0
0
0
0
0
0
0
0
0
0
1
0
0
12

1
3
0
0
1
0
0
1
0
0
1
0
0
0
0
0
0
0
0
0
0
0
7

0
1
0
0
0
0
0
0
0
0
0
2
0
0
0
1
0
0
0
0
0
1
5

however, mountain biking, was considered a separate
sport.

Open sport-related fracture epidemiology
20
18
16
14
12
10
8
6
4
2
0

Female
Male

RESULTS

d

ov
er

9
-4

an

Age (yr)

There were 85 fractures sustained by 84 people over
the 15-year period. The annual incidence of open
sport-related fractures was 0.01 per 1000 population.
Of the 84 patients, 70 (83%) were male and 14 (17%)
were female (Figure 1). The mean age of the total
cohort was 29.2 (range 15-67; SD 11.75; 95%CI:
2.5). The mean age of the female population was
31.93 years and the mean age of the male population
was 28.62 years. Forty fractures occurred during
competitive sport, nine during training for competitive
sport and thirty-six during recreational sport. Two
fractures were sustained by professional athletes and
eighty-three fractures were sustained by recreational
athletes.

50

4
-4
40

45

9
-3
35

4
-3

9

30

-2
25

-2
20

-1
15

4

Epidemiology

9

No of patients

Tibial diaphysis

3
2
3
8
1
3
0
0
2
3
0
0
1
1
1
0
0
1
1
0
0
0
30

Figure 1 Open sport-related fracture epidemiology.
[5]

at time of injury. The Gustilo-Anderson classification
was used to describe the extent of soft tissue injury
associated with the fracture: For all the fractures, the
grading of this classification was based on the intraoperative findings after surgical debridement.
The database contained information on patient
age and gender, site of the fracture, mode of injury,
sport participated at time of injury, Gustilo grading for
each fracture, and required treatment, including both
Orthopaedic and Plastic Surgical procedures. Review
of each presenting radiograph, as well as confirmation
[4]
of the designated Gustilo grading , was performed by
the senior author, a Professor of Orthopaedic Trauma
Surgery.
For analysis purposes, niche sporting activities,
of a very similar nature, were grouped to allow for
more meaningful interpretation of the data: Grouping
however was only performed if the sports were
considered to be suitably similar. For instance road
cycling and track cycling were combined as cycling;

WJO|www.wjgnet.com

Causative sports

The 6 most common sports were soccer (n = 19,
22%), rugby (n = 9, 11%), cycling (n = 8, 9%),
hockey (n = 8, 9%); horse riding (n = 6, 7%) and
skiing (n = 6, 7%) (Figure 2). Other common sports
were mountain biking (n = 4, 5%), quad biking (n = 4,
5%), basketball (n = 3, 4%), shinty (n = 3, 4%) and
sledging (n = 3, 4%). Table 1 shows the total number
of fractures, divided by sport, and by fracture location.

Fracture location

The top 5 fracture locations were finger phalanges,
35% (n = 30); tibial diaphysis 22% (n = 19); forearm
14% (n = 12); ankle 8% (n = 7) and metacarpals 6%
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Causative sport (n = 85)

Table 2 The six most common causative sports and their
anatomical distribution

Other
12%

Motocross 2%
Sledging 4%

Anatomical
ocation
Soccer
22%

Shinty 4%

Ankle
Clavicle
Distal radius
Distal humerus
Femur
Finger phalanx
Metacarpal
Patella
Distal tibia
Proximal ulna
Radius and ulna
Talus
Tibial diaphysis
Toe phalanx
Ulna
Total

Basketball 3%
Rugby11%

Quad bike 5%

Moutain
bike 5%

Skiing
7%

Horse
riding
7%

Hockey
9%

Soccer

Cycling
9%

1
0
0
1
0
3
0
0
1
0
1
0
9
3
0
19

Rugby Cycling Hockey
3
0
0
0
0
2
1
1
1
0
0
0
1
0
0
9

0
1
0
0
1
3
0
0
0
2
0
0
1
0
0
8

0
0
0
0
0
8
0
0
0
0
0
0
0
0
0
8

Horse
riding

Skiing

1
0
2
0
0
1
0
0
0
0
0
1
1
0
0
6

0
0
0
0
0
3
0
0
0
1
1
0
1
0
0
6

Figure 2 Causative sports for open sport-related fractures.
[5]

system , 45 (53%) fractures were Grade 1; 28 (33%)
fractures were Grade 2; 8 (9%) fractures were Grade
3a; and 4 (5%) fractures were Grade 3b (Figure 4).
The mean Injury Severity Score was 7.02 (SD 4.33;
95%CI: 0.92). There were 2 deaths during the 15-year
period; 1 road-cyclist who had an open proximal ulna
fracture; and 1 soccer player, who sustained a grade
3a open tibia fracture.

Fracture location (n = 85)

Distal tibia 2%
Humerus 3%

Other 6%

Toe phalanx 4%
Metacarpal 6%
Finger phalanx 35%

Primary orthopaedic management

Regarding the primary index procedures: Twentytwo fractures were treated with wound management
and cast/splint application; twenty-six fractures with
wound management and open reduction internal
fixation; eighteen fractures with wound management
and intra-medullary nailing; eleven fractures with
wound management and kirschner-wire fixation;
five fractures with wound management and external
fixator application; and three fractures with wound
management and tension band wire fixation (Table 3).

Ankle 8%

Forearm 14%

Tibial diaphysis 22%

Figure 3 Fracture location for open sport-related fractures.

Plastic surgical intervention

There were 7 fractures (8%) that required plastic
surgical intervention as part of their management.
The types of flaps used were split skin graft (n = 4),
fasciocutaneous flaps (n = 2); and adipofascial flap (n
= 1) (Table 4).

(n = 5) (Figure 3). Of the forearm fractures, four were
of the distal radius, four were of the proximal ulna,
three were of the combined radial and ulna diaphysis
and one was of the ulnar diaphysis. Other fracture
sites included toe phalanges (n = 3); humerus (n =
2); distal tibia (n = 2); pelvis (n = 1); clavicle (n = 1);
femur (n = 1); patella (n = 1) and talus (n = 1). The
fractures involving finger phalanges, included 5 of the
little finger; 6 of the ring finger; 3 of the middle finger;
4 of the index finger; 10 of the thumb and in 2 cases
the finger involved was unknown. Of all the fractures,
59% (50/85) were of the upper limb. Table 2 shows
the fracture locations for the top 6 sports.

DISCUSSION
The aim of this study was to describe the epidemiology
of sport-related open fractures. The main findings
were that sport-related open fractures demonstrated a
uni-modal incidence of injury, with an annual incidence
of 0.01 per 1000 population, a mean age at injury of
29.2 years and a male to female ratio of 7.4:1. Ninetyeight percent of these injuries were sustained by nonprofessional athletes. Over half of all fractures were

Injury severity

According to the Gustilo-Anderson classification

WJO|www.wjgnet.com

548

July 18, 2017|Volume 8|Issue 7|

Wood AM et al . The epidemiology of open fractures in sport
Table 3 Orthopaedic management of the open fractures
Wound management Wound management Wound management
+ intra-medullary nail
+
+
ORIF
splint/cast

Fracture location

Finger phalanx
Tibial diaphysis
Ankle
Metacarpal
Distal radius
Proximal ulna
Radius and ulna
Toe phalanx
Distal humerus
Distal tibia
Ulna diaphysis
Clavicle
Pelvis
Patella
Femur
Talus
Total

20
1
1
22

3
2
7
2
2
1
3
2
1
1
1
1
26

Wound
management +
K-wire fixation

Wound
management +
external fixator

Wound
management +
tension band wire

6
3
2
11

1
2
1
1
5

3
3

17
1
18

ORIF: Open reduction internal fixation; K-wire: Kirschner wire.

Gustilo grading of fractures

Sport

Gustilo grade

Procedure

Injury

2
3a
3a
3b
3b
2
3b

SSG
Adipofascial flap
SSG
Fasciocutaneous flap
SSG
Fasciocutaneous flap
SSG

Tibial diaphysis
Tibial diaphysis
Tibial diaphysis
Distal tibia
Ankle
Tibial diaphysis
Ankle

Soccer
Soccer
Soccer
Soccer
Quad bike
Quad bike
Sledging

No of fractures

Table 4 Sport-related open fractures requiring plastic surgical
intervention

SSG: Split skin graft.

Grade 1

Grade 2
Grade 3a
Grade 3b
Gustilo-Anderson grading

Grade 3c

Figure 4 Gustilo-Anderson grading for open sport-related fractures.

located in the upper limb, with finger phalanx fractures
the most common fracture location. Soccer was the
most common causative sport, accounting for over one
fifth of all injuries. Regarding injury severity, 14% were
Gustilo-Anderson Grade 3 classification, with only 8%
of all fractures requiring plastic surgical intervention.
This is in keeping with existing literature on sport[3,6]
[3,6]
related fractures . Court-Brown et al
previously
reported that 12.8% of all fractures are sustained
during sporting activities. These injuries were noted to
present in a uni-modal distribution, with a mean age
[3]
at injury of 25.6 years and a gender ratio of 7.5:1 .
Upper limb sport-related fractures were also noted
to be more common than lower limb sport-related
fractures, with 77% of all sport-related fractures
[3,6]
occurring within the upper limb fractures . One point
seven percent (1.7%) of these sport-related fractures
were open, providing an annual incidence of open
[3,6]
sport-related fractures of 0.02 per 1000 population .
[7,8]
Robertson et al
also noted that between 96%
to 98% of all sport-related fractures occur in nonprofessional athletes.
In comparison of both studies, regarding the in

WJO|www.wjgnet.com

50
45
40
35
30
25
20
15
10
5
0

creased mean age observed with our cohort, which
specifically relates to open fractures, we feel this
reflects a greater proportion of elderly athletes who
[1]
sustain an open fracture during sport . Age has
previously been identified as a risk factor for sustaining
an open fracture: This is felt to be secondary both to
the weakening effects of aging on the skin, as well as
to the decreased levels of proprioception seen in the
[1,9]
elderly, which predispose to more severe injury .
Regarding the increased proportion of lower limb
fractures in our cohort, we feel this is secondary to
an increased proportion of tibial diaphyseal and ankle
fractures, among the open fracture cohort. Both
fractures have been noted to be at high risk of open
injury with tibial diaphysis the second most common
recorded open fracture and ankle fracture the fifth most
[1]
common recorded open fracture . This provides a
higher proportion of lower limb fractures among sport[1]
related open fractures .
Regarding the severity of injury within our study,
the proportion of Gustilo-Anderson grade 3 fractures
[9]
was slightly lower than that within previous studies .
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[1]

Court-Brown et al reported a series of 2386 open
fractures, within the general population, and 27% were
Grade 3 grading. The difference between proportions
is likely explained by the younger mean age of our
“athletic” cohort at 29.2 years, with the mean age
[1]
from Court-Brown et al being 45.5 years. Age has
been noted to be a risk factor to sustain a more serious
grade of open fracture, due to the deleterious effects
[1,9]
it has on the surrounding soft tissues and skin .
This will also account for our marginally decreased
requirement for plastic surgical intervention at 8%,
[1,10]
compared to 13% from their data
.
In our study, soccer was the most common sport
(22%) and within this category, the most common
fracture was tibia diaphysis (47%). Soccer accounted for
4 of the 7 cases requiring plastic surgery intervention: 3
out of the 9 soccer-related tibial fractures were GustiloAnderson Grade 3. This represents the severity of these
[7]
injuries. Robertson et al have previously reported on
[1]
soccer-related fractures. Similar to Court-Brown et al ,
they found that the majority of soccer-related fractures
were of the upper limb (68%). In contrast, we found
74% of our soccer-related fractures were of the lower
limb. Within our cohort, this reflects a high proportion of
tibial diaphyseal, ankle and toe phalanx fractures, which
have previously been documented as being high risk for
[1]
open fractures . This contrast is likely explained by the
higher energy “mechanism of injury” required to sustain
[1]
an open fracture compared to a closed fracture :
Within soccer, such higher energy “mechanisms of
injury” most often involve high-speed collisions between
players; with soccer being predominantly a lower limb
sport, this then increases the likelihood of soccer-related
[1,3,7]
open fractures being sustained in the lower limb
.
Rugby accounted for 11% of the open fractures
secondary to sport. This is similar to the figures
[8]
reported by Robertson et al in their paper describing
the epidemiology of rugby-related fractures, with
rugby accounting for 17% of all sport-related
fractures. To note in the present study, six of the nine
rugby-related fractures were of the lower limb, with
fractures of the ankle comprising half of the lower
[8]
limb injuries. In contrast, both Robertson et al and
[11]
Garraway et al
reported that the upper limb was
most at risk of fracture (83% and 42% of injuries
respectively); however, as detailed above, there is an
increased proportion of lower limb fractures in open
fracture cohorts, due to higher proportions of tibial
[1]
diaphyseal and ankle fractures . Indeed, Garraway
[11]
and MacLeod
did record that the lower limb was at
greatest risk of dislocations and soft tissue injuries.
Cycling (including road cycling and track cycling)
accounted for 9% of all fractures seen in the 15-year
period. Mountain Biking accounted for only 5% and
this may be a reflection of the protective equipment
used in this sport, as road cyclists appear at a higher
risk of open fracture compared to their mountain biking
counterparts. Both sports showed a preponderance
for upper limb injuries, with cycling recording 3 finger
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phalanx fractures and 3 forearm fractures (out of a
total of 6 fractures) and mountain biking recording 2
forearm fractures. This pattern of injury reflects the
[12]
findings of Aitken et al , who reported that upper
limbs fractures occurred 10 times more commonly
than lower limb fractures during mountain biking.
To note, mountain biking is increasing in popularity,
and with our trauma centre being located close to
Scotland’s largest mountain biking centre (Glentress),
one may expect to detect a significant incidence of
[12]
injuries from this sport. However, Aitken et al , in
their comprehensive study on recreational mountain
biking injuries 2011, noted a trend away from serious
injury in this sport, as a result of the use of personal
protective equipment. This likely accounts for the low
incidence observed in our study period.
Similarly, hockey accounted for 9% of all open
sport-related fractures. This sport also demonstrated
a preponderance for upper limb injuries, with all such
fractures occurring within the finger phalanx. Court[13]
Brown et al have already shown that fractures of the
finger phalanx is common in hockey, comprising half of
[3]
all such fractures in the sport Furthermore, Aitken et
[13]
al
found that while field hockey only accounted for
7% of all sport-related finger phalanx fractures, it was
the cause of 50% of all of the open sport-related finger
phalanx fractures. Comparatively, this study found
that hockey accounted for 40% of all open fractures of
[13]
the finger. Aitken et al
went on to reason that such
injuries are likely due to accidental contact between
the hand and either a hockey stick or a hockey ball
travelling at speed, and this may be further explained
by the pattern of grip around the stick. Players often
hold the stick low to the ground during tackles thus
increasing the chance of contact with the ball or entrap
[13-15]
ment with another player’s stick
. This continues
to be an area where increased protection may benefit
participants and decrease the incidence of these
[13-15]
injuries
.
Horse riding accounted for 7% of the open fractures
sustained. The mechanism by which injuries are
sustained during horse riding are usually high energy a fall from height at high speed - therefore, there is a
clear potential for an open fracture to be sustained as
[16,17]
a result of this mechanism
. It is important to note
that these fractures are often farmyard injuries and
[16,17]
have a high risk of contamination
. Therefore these
fractures should be managed appropriately in line
[18]
with BOAST guidelines . Previous studies on horse
riding injuries, have shown that sprains are the most
prevalent injury type (42%), followed by lacerations
and bruises (40%), and then fractures and dislocations
[16]
(33%) . There was a near equal proportion of upper
and lower limb fractures in the current series (3 upper
limb and 2 lower limb open fractures), and while our
paper was specifically looking at open fractures, this
finding is reflected in other studies. A retrospective
study from the United States looking at horse riding
injuries, showed that the lower extremity was injured
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22.2% of the time and the upper extremity 21.5%,
with the remaining injuries being to the head, chest
[17]
and abdomen .
Skiing accounted for 7% of all sporting-related
open fractures. The majority of these were upper
limb fractures (5 of 6), with 1 recorded ankle fracture.
The low prevalence of open fractures secondary to
skiing may reflect our institution’s urban geographical
location. However, it should be noted that there is an
artificial ski slope on the outskirts of the city.
Within skiing, 50% of fractures were in the hand:
This may be linked to the composition of the dryski slope material, with a high propensity to entrap
fingers.
Anatomically, the most common location of fracture
was the finger phalanx comprising 35% of all fractures.
This again is in keeping with the findings from Court[3]
Brown et al , who found the most common location
for sport-related fractures was the finger phalanx,
followed by distal radius, metacarpals, clavicle and
[3]
ankle . Similar findings have been reported by Aitken
[4]
et al in another comprehensive series of sport-related
fractures. In contrast, the current study found the
next most common fracture locations for sport-related
open fractures to be tibial diaphysis, forearm, ankle
and metacarpal. This is in keeping with the incidence
of open fractures within the general population, with
the five most common fracture locations being finger
phalanx, tibial diaphyseal, distal radius, toe phalanx and
[1]
ankle . It would appear there is a difference between
the common presenting locations for sport-related
[1,3,4,6]
open fractures and sport-related closed fractures
.
The exact reasons behind this are difficult to fully
define, though it appears that certain fracture locations
(tibial diaphysis and ankle) are at an increased risk of
open fractures: This is likely due to a combination of
the common fracture patterns observed at these sites
as well as the volume of surrounding soft tissue cover
[1]
in these regions . As such, these fracture locations
are more likely to be present within observational
[1]
open fracture cohorts . Nevertheless, the number of
fractures described in this series are low, and, while this
reflects a low incidence of this injury type, we would
recommend further large-scale studies on this topic,
to better define the epidemiology of open fractures
[1,3,4,6]
in sport
. Similarly, as with previous papers from
our institution, our study reflects the experience of our
region: It is likely that the incidence of such fractures
will vary in other centres, according to the types of
[1,3,4,6]
sports that predominate in the studied area
.
Regarding further limitations of our study, patient
outcomes were not obtained, and this certainly could
be an area for future work. Obtained information
on the time taken to return to sport or work after
injury would be of significant relevance for sporting
regulators: A high incidence of injuries requiring long
periods of rehabilitation may lead to a review of rules
and personal protective equipment: This can serve

WJO|www.wjgnet.com

to reduce the economic impact of such injuries in
[1,3,4,6,15]
professional and recreational sport
.
In conclusion, the epidemiology of sport-related
open fractures from one orthopaedic trauma centre
over a 15-year period was reviewed. Soccer and rugby
were the most common causative sports, while the
finger phalanx and tibial diaphysis were the most
common fracture locations. Only 14% of fractures
were Gustilo Grade 3 and only 8% required plastic
surgical intervention. While open fractures in sport
are uncommon, they frequently occur on muddy sport
fields or forest tracks and must be treated appro
priately. A robust set of guidelines is in place from the
British Orthopaedic Association and British Association
of Plastic Reconstructive and Aesthetic Surgeons to
enable this to be achieved, and these should followed
accordingly. Furthermore, a good understanding of
the range and variety of sport-related open fractures
is beneficial for clinicians and sports therapists, as this
allows planning for treatment protocols, rehabilitation
and injury prevention.

COMMENTS
COMMENTS
Background

Open fractures are uncommon in the United Kingdom sporting population,
accounting for less than 2% of all sport-related fractures. However they have
a high morbidity, which makes the patient group significant. Currently there is
limited evidence in the literature describing the epidemiology of open fractures in
sport.

Research frontiers

Despite comprising less than 2% of all sport-related fractures, open fractures
in sport represent a very significant injury for the athlete, often resulting from a
high energy mechanism and being sustained in an environment with high risk of
wound contamination. However, due to the limited incidence of this fracture type,
minimal research has been previously performed regarding its epidemiology.
Given the potential significant morbidity associated with such injuries, an
accurate understanding of the range and variety of sport-related open fractures
will allow clinicians and sports therapists to better plan treatment protocols,
rehabilitation and injury prevention methods for these fractures.

Innovations and breakthroughs

In the study, the authors analysed the epidemiology of open fractures in sport
within our population over a 15-year period. Open sport-related fractures
occurred at an annual incidence of 0.01/1000 population. The mean age at injury
was 29.2 years; the gender ratio was 7.4:1 (male:female). Soccer and rugby
were the most common causative sports while fractures of the finger phalanx
and of the tibial diaphysis were the most common sites. 14% of the fractures
were Gustilo-grade 3; 8% required plastic surgical intervention. This is the first
study to provide a comprehensive description of the epidemiology of this injury
type.

Applications

A comprehensive understanding of the predicted patterns of injury and most
common causative sports, with this fracture type, can allow sports teams
and medical personnel to appropriately plan for such injuries, producing
treatment protocols and instigating injury prevention measures. This allows
both optimization of the management and outcome of these injuries, as well as
potential reduction in their future incidence.

Terminology

An open fracture is a fracture with an associated skin wound which allows the
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external environment to communicate with the fracture. The Gustilo-Anderson
Classification is a classification system which grades the severity of open
fractures into three grades, based on the wound size, the underlying damage
to the peri-osteal and neuro-vascular structures, and the ability to achieve
direct wound closure. Please refer to the provided reference for the formal
classification. A Split Skin Graft is a skin graft which comprises the epidermis and
a portion of the dermis: the full thickness of the dermis is not excised in this graft
type. An Adipofascial Flap is a portion of adipose and fascial tissue that is based
on a perforating artery. This is dissected and elevated from its native location,
maintaining the perforator blood supply, and transferred locally to the damage
area requiring soft tissue coverage. A Fasciocutaneous Flap is a portion of skin,
subcutanoues tissue and fascial tissue that is based on a perforating artery. This
is dissected and elevated from its native location, maintaining the perforator
blood supply, and transferred locally to the damage area requiring soft tissue
coverage.
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Abstract
AIM
To evaluate the clinical and X-ray results of acetabular
components and tantalum augments in prosthetic hip
revisions.

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

METHODS
Fifty-eight hip prostheses with primary failure of the
acetabular component were reviewed with tantalum
implants. The clinical records and X-rays of these cases
were retrospectively reviewed. Bone defect evaluations
were based on preoperative CT scans and classified
according to Paprosky criteria of Radiolucent lines and
periprosthetic gaps; implant mobilization and osteolysis
were evaluated by X-ray. An ad hoc database was
created and statistical analyses were performed with
SPSS software (IBM SPSS Statistics for Windows, version
23.0). Statistical analyses were carried out using the
Student’s t test for independent and paired samples. A
P value of < 0.05 was considered statistically significant
and cumulative survival was calculated by the KaplanMeier method.
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RESULTS
The mean follow-up was 87.6 ± 25.6 mo (range
3-120 mo). 25 cases (43.1%) were classified as minor
defects, and 33 cases (56.9%) as major defects. The
preoperative HHS rating improved significantly from
a mean of 40.7 ± 6.1 (range: 29-53) before revision,
to a mean of 85.8 ± 6.1 (range: 70-94) at the end of
the follow-up (Student’s t test for paired samples: P <
0.001). Considering HHS only at the end of follow-up,
no statistically significant difference was observed bet
ween patients with a major or minor defect (Student’s
t test for independent samples: P > 0.05). Radiolucent
lines were found in 4 implants (6.9%). Postoperative
acetabular gaps were observed in 5 hips (8.6%). No
signs of implant mobilization or areas of periprosthetic
osteolysis were found in the x-rays at the final follow-up.
Only 3 implants failed: 1 case of infection and 2 cases of
instability. Defined as the end-point, cumulative survival
at 10 years was 95% (for all reasons) and 100% for
aseptic loosening of the acetabular component.

cages do not fix biologically and are at high risk of
[1-7]
medium-term failure (15%-45% within 10 years) .
The use of morcellised bone grafts (impaction grafting)
with cemented acetabular inserts can cause fractures,
resorption with implant migration, and transmission of
[8,9]
infectious diseases . Implanting bilobed oblong cups
or extra-large uncemented hemispherical so-called
“jumbo cups” can destroy the rear column because
the upper and lower bone defects are larger than the
[10,11]
front and back ones
. High hip centres alter joint
bio-mechanics and are associated with greater risks
[12,13]
of dislocation and mobilization
. Cementless fixing
in primary and revision implants has demonstrated
greater survival in the medium and long-term com
[13-15]
pared to cemented fixing
.
Biological bone integration of the implant requires
intimate contact between the components and bone
and immediate mechanical stability during the opera
tion; often the surgeon is forced to implant the aceta
bular component high up in the revisions leading to
altered abductor muscle function and heterometry of
[16]
the limbs . In the last decade porous tantalum-made
acetabular cups and augments have been introduced to
improve biological fixing in bone defects and allow the
[13,17]
normal centre of rotation to be restored
.
Tantalum is a ductile metal, inert and bio-compatible
in vivo. Porous tantalum, produced through a process
of chemical deposition of the metal in a reticulated
skeleton in glassy carbon, is 80% porous, has an
average pore size of 550 microns, an elastic modulus of
3.1 Gigapascals (Gpa) and a friction coefficient of 0.88
[17]
to form a structure very similar to cancellous bone .
Due to its three-dimensional structure and bioactivity,
porous tantalum has shown complete bone integration
[18]
in animal models in 4-6 wk from implantation . Fur
thermore, compared to titanium implants, it can fill
[17,18]
up periprosthetic gaps of up to 5 mm
. Therefore
the use of tantalum components represents a viable
alternative to traditional surgical techniques, especially
in the presence of large bone defects, because the
implant can achieve immediate stability. There are only
a few studies in the literature with small samples of
tantalum components in hip revisions, the majority of
these studies being short term.
The aim of this study is to evaluate the clinical and
radiographic results of acetabular components and
tantalum augments in prosthetic hip revisions, and
assess whether bone defect types can compromise
outcomes or the medium term survival of the implants.

CONCLUSION
The medium-term use of prosthetic tantalum com
ponents in prosthetic hip revisions is safe and effective
in a wide variety of acetabular bone defects.
Key words: Porous tantalum; Bone defect; Acetabular
revision; Osseointegration; Biological fixation; Augment;
Retrospective study
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Revisions of acetabular implant components
are frequently associated with bone defects. Porous
tantalum acetabular cups and augments were intro
duced to improve biological fixing and restore the
normal centre of rotation. The greatest advantage
is for major bone defects, where the tantalum cup
and augments provide stable primary fixing with the
biological potential for bone ingrowth. Nowadays,
porous tantalum represents the ideal bone substitute in
prosthetic revisions.
Evola FR, Costarella L, Evola G, Barchitta M, Agodi A, Sessa
G. Acetabular revisions using porous tantalum components:
A retrospective study with 5-10 years follow-up. World J
Orthop 2017; 8(7): 553-560 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v8/i7/553.htm DOI: http://dx.doi.
org/10.5312/wjo.v8.i7.553

MATERIALS AND METHODS

INTRODUCTION

From December 2006 to December 2011, 58 hip
prostheses with primary failure of the acetabular
component were reviewed with implants in tantalum.
A retrospective review of the clinical records and X-rays
of these cases was performed. Patients underwent
clinical and radiographic evaluation before and after
the review procedure at regular intervals. Clinical

The revision of the acetabular component of a
prosthetic implant is frequently associated with a
bone defect. Different types of treatment and its
complications are described in the literature: The use
of structural allograft from cadaver or synthetic bone
substitutes with anti-protrusio rings or reconstruction
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Figure 1 Radio-lucent line in the prosthesis.

Figure 2 Gaps in the prosthesis.

evaluation was performed pre-operatively and at the
end of the follow-up, using the Harris Hip Score (HHS):
A score of 91 to 100 was considered as “excellent”, 81
to 90 as “good”, 71 to 80 as “fair”, and below 70 as
“poor”.
Radiographic evaluation was performed with
axial and front-rear views of the pelvis; X-rays were
evaluated by two independent orthopedists (GL and
SB) who did not take part in this project. Radio-lucent
lines, periprosthetic gaps, implant mobilization and
osteolysis were evaluated radiographically. Radio-lucent
lines of the acetabular components and augments
[19]
were described according to the DeLee et al
criteria
and measured through a transparent ruler; radiolucent lines are considered significant if > 2 mm or
progressive (Figure 1). Acetabular gaps were defined
as areas in which the prosthesis surface did not
achieve direct initial contact with the bone in early
postoperative X-rays. The gaps differentiate from radiolucent lines appearing on subsequent X-rays and are
measured through a transparent ruler; acetabular gaps
were considered positive when > 1 mm on the initial
postoperative X-ray (Figure 2). Implant mobilization is
defined by angle inclinations over 8° compared to postoperative X-ray checks or the presence of radiolucent
[20,21]
lines in all three DeLee and Charnley zones
.
X-ray evidence of stable implant fixing was shown by
prosthesis contact with the bone and no radiolucent
lines in 2 of the 3 zones. Osteolysis is the presence of a
[22]
> 4 mm lucent area (by X-ray) near the prosthesis .
The evaluation of bone defects was based on
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preoperative CT scans and classified by Paprosky
[23]
criteria . Type 1: Limited bone defect, with unaltered
rhyme, wall and columns; type 2 (A, B, C): Unaltered
columns, but with deformed rhyme and walls; type 3 (A
and B): Destroyed posterior column.
According to Watson-Jones, an anterolateral ap
proach has been used in all procedures, regardless
of the type of surgery previously performed. Twentyeight (48.3%) uncemented press-fit Trabecular Metal
®
Monoblock Acetabular Cups (Zimmer ) and thirty
®
(51.7%) Trabecular Metal Revision Shells (Zimmer )
were implanted. The decision to use adjunctive screw
fixes in uncemented Monoblock cups was taken intra
operatively. For complex acetabular revisions, Revision
Shells offer the most versatile option, because the
polyethylene liner is cemented inside the cup with
adjustable inclination and anteversion; furthermore,
the non-modular component offers advantages over
the modular component having a lower modulus of
elasticity and better screw fixing and positioning directly
through the tantalum shell.
The tantalum augments, of different shapes and
sizes, with rim screw holes, are used to restore the
center of rotation and the normal bio-mechanics of the
hip, fill large bone defects (> 50%) and restore the
acetabular support margins, to allow greater prosthesis[16,18,22]
bone contact and better mechanical stability
.
The decision to use augments was based on bone
defect and intraoperative prosthetic stability. Augments
are screw-fixed into the acetabulum and separated
from the prosthesis with a thin layer of polymethyl
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Table 1 Main characteristics of patients and procedures n (%)
Characteristic
Age, mean ± SD, yr
Gender
Male
Female
Revision motive
Aseptic loosening
Polyethylene wear
Infection
Paprosky’s classification
Type 2A
Type 2B
Type 2C
Type 3A
Type 3B
Augment usage among 2C, 3A and 3B
Average follow-up, mo, (± SD; range)

Figure 3 Acetabular revisions with minor bone defects.

methacrylate; they also reduce the use of morcellised
bone or structural cadaver bone and are resistant to
fractures, mobilization, and resorption, which, however,
can affect massive grafts as a result of vascular
[24]
integration and periprosthetic bone remodelling .
Augments were used in 16 cases: 3 type 2C, 8
type 3A, 5 in type 3B. Autologous morcellised bone
from acetabular reamers, or homologous from the
frozen head of the femur, was inserted between the
implant and the remaining bone defect and has been
used in 38 revision procedures of (29 major and 3
minor). Structural bone grafts, synthetic bones nor
demineralized bone matrices were not used.
Experienced prosthetic hip surgeons performed
the revisions. After surgery, an abduction brace was
applied for two days after surgery and partial load with
crutches for at least thirty days was recommended.
A specific rehabilitation program was used to prevent
mobilization or early dislocation of the implant. Data
was ere analyzed anonymously and results were
reported in an aggregate manner.

27 (46.6)
31 (53.4)
49 (84.5)
7 (12.1)
2 (3.4)
11 (19.0)
14 (24.1)
13 (22.4)
15 (25.9)
5 (8.6)
16 (48.5)
87.6 (± 25.6; range 3-120)

revisions were performed and reviewed. The main
patient and procedure characteristics are reported in
Table 1. There were 31 women (53.4%) and 27 men
(46.6%) with a mean age of 71.9 years (range: 42-82
years) at the time of revision. The most frequent
indicator for revision was aseptic loosening of the
implant (84.5%).
According to Paprosky’s classification, 11 hips
(19.0%) were type 2A, 14 (24.1%) were type 2B,
13 (22.4%) were type 2C, 15 (25.9%) were type 3A
and 5 (8.6%) were type 3B. Thus, a total of 25 cases
(43.1%) were classified as minor defects (types 2A
and 2B) (Figure 3) and 33 cases (56.9%) as major
defects (types 2C, 3A and 3B) (Figure 4).
The mean follow-up was 87.6 ± 25.6 mo (range
3-120 mo).The preoperative HHS rating improved
significantly from a mean of 40.7 ± 6.1 (range: 29-53)
before revision, to a mean of 85.8 ± 6.1 (range:
70-94) at the end of the follow-up (Student’s t-test for
paired samples: P < 0.001), with 75.6% of patients in
the “excellent” or “good” categories.
Considering only the HHS at the end of the followup, no statistically significant difference was observed
between patients with a major defect (types 2C, 3A
and 3B, mean HHS 86.3 ± 4.9) and patients with a
minor defect (types 2A and 2B, mean HHS 85.3 ± 7.5)
(Student’s t test for independent samples: P > 0.05).
HHS ratings of patients with implant failure were not
included in these analyses.
Radiolucent lines were found in 4 implants (6.9%):
In 3 implants the lines were not more than 2 mm or
progressive and involved only one of the three DeLee
and Charnley areas, while in 1 implant, which was
revised because of infection, they were progressive.
Therefore all implants, except the one revised for an
infection, were X-ray defined as stable. The excellent
osteoconductive properties of tantalum enabled rapid
strong biological fixing, even where there was limited
vital bone, especially in major defects.
Postoperative acetabular gaps were observed in 5
hips (8.6%) all of which disappeared during the initial

Statistical analysis

All the data was made into an ad hoc database and
statistical analyses were performed using the SPSS
software (IBM SPSS Statistics for Windows, version
23.0). Descriptive statistics were used to characterize
the population using frequencies and means ± SD.
Statistical analyses of HHS were carried out using the
Student’s t test for independent and paired samples.
A P value of < 0.05 was considered statistically
significant. A standard life table was constructed, and
cumulative survival was calculated by means of the
Kaplan-Meier method, using all causes and infections
of the acetabular component as end-points.
Statistical analyses were performed by two Authors
(Antonella Agodi and Martina Barchitta) using the
SPSS software (IBM SPSS Statistics for Windows, ver
sion 23.0).

RESULTS
During the study period, a total of 58 acetabular
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Figure 4 Acetabular revisions with major bone defects.

Figure 5 Failure of acetabular revision.

12 mo after surgery and thus were not found at the
final follow-up.
No signs of implant mobilization or areas of peripro
sthetic osteolysis were found in the X-rays at the final
follow-up. Morcellised bone grafts with augments
to fill bone defects showed no signs of resorption in
regular X-ray controls. Only 3 implants failed: 1 case
of infection (6 mo after surgery) (Figure 5) and 2
cases of instability (3 and to 4 mo after surgery). The
first patient with instability was treated with dislocation
reduction and a tutor for 30 d; the second patient
with instability required revision surgery implant a
constrained liner for chronic instability. In the patient
with infection, because of poor general condition
and limited functional requirements, the implant
was removed and treated with Girdlestone resection
arthroplasty. Minor complications were: 2 cases of
deep vein thrombosis treated with heparin, 1 case
of superficial infection treated with surgical revision
of the wound, 1 case of neuro apraxia of the sciatic
nerve resolved spontaneously after 2 mo from surgery.
None of the patients underwent revision for aseptic
loosening until the final follow-up.
Defined as the end-point, cumulative survival at 10
years was 95% (for all reasons) and 100% for aseptic

WJO|www.wjgnet.com

loosening of the acetabular component (Figure 6).

DISCUSSION
Treatment of a failed acetabular component in total
hip prosthesis is technically demanding because
immediate and long term stability of the implant is
required, as well as maintaining or increasing bone
stock, restoring the centre of rotation, and preventing
limb discrepancy.
Traditional hemispherical cups (titanium alloy
and cobalt chromium alloy) are an effective solution
in revisions where adequate bone stock (> 50%) is
available to support the acetabular component and
[16,17,22,25,26]
allow for bone ingrowth
. In cases where
the biological potential and mechanical stability of the
prosthetic implant are compromised by bone deficit
(< 50% acetabular bone available to support the
acetabular component), alternative treatments should
[7,27]
be used
.
Porous tantalum implants have been used since
1997 and provide excellent initial stability and bone
ingrowth. The higher porosity (80%) promotes better
growth of vascularized bone inside the prosthesis
(microfixing) in comparison to common porous sur
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[1,16]

cause of failure of tantalum implants
. In this study
the survival of the implants for 10 years was 95%,
considering the revision for any reason as end-point.
Of the three reported failures, two were for implant
dislocation. Only one failure showed incorrect positioning
of the socket.
High numbers of dislocations in the literature
suggest that special attention should be addressed
to correcting the centre of rotation and implant posi
tioning, and to using constrained implants in cases of
deficient abductor mechanisms.

Cumulative survival

1.0

0.9

Limitations

0.8
0

20

40

60
Time (mo)

80

100

This study has several limitations: (1) it is a retrospec
tive study with a limited sample size, heterogeneous
patient ages and a variety of bone defects; (2) restor
ing the normal rotation centre of the implant was
not monitored by X-ray (calculating the vertical and
horizontal distance from the inter-teardrop line); (3)
the study did not consider the size of the acetabular
component and femoral head diameter according to
preoperative bone defect; and (4) this study has not
control group for comparison. A future multi-centre
study including homogeneous samples by age and
bone defect would be useful in assessing the medium
and long-term clinical and X-ray results of tantalum
implants in prosthetic hip revisions.
In conclusion, the medium-term use of prosthetic
tantalum components in prosthetic hip revisions is
safe and effective in a wide variety of acetabular bone
defects. The greatest advantage is found in major bone
defects, where the tantalum cup and augments provide
stable primary fixation with the biological potential for
bone ingrowth. Despite these advantages, the metallic
debris effects of this material are still unknown. Longterm studies are needed to evaluate the longevity
of these implants and demonstrate their advantages
over conventional methods such as massive grafting
and reconstruction cages. Nowadays, porous tantalum
represents the ideal bone substitute in prosthetic
revisions.

120

Figure 6 Survival analysis of the study’s 58 patients.

faces; the high coefficient of friction to the cancellous
(0.88) and cortical (0.74) bone ensures greater primary
stability (macrofixing); the low modulus of elasticity (3.1
GPa) brings the material closer to the trabecular bone
(1.5 GPa) compared to titanium (110 GPa) and cobaltchromium (220 GPa), allowing greater load-induced
bone remodelling and minimized stress shielding near
[17]
the cup . The three-dimensional structure and excel
lent osteoconductive properties of porous tantalum
provide faster and stronger biological fixing when
there is limited vital bone availability, and facilitate the
[28]
restoration of the bone stock .
The ingrowth properties of porous tantalum are
superior to bone graft in revision surgery; allograft
reabsorption can lead to component instability, while
porous tantalum maintains its structure and stabi
[26]
lity . A stable bone-implant interface and favourable
osteoconductive properties of the material are impor
tant for bone ingrowth of prostheses. Furthermore, the
availability of augments in tantalum has reduced the
need for structural bone grafts in revisions and safer
recovery of the hip rotation centre.
Clinical evaluation at the final follow-up showed a
statistically significant increase in preoperative HHS
from 40.7 to 85.8. In this study we did not find a
statistically significant association between bone defect
size and increased clinical results at final follow-up,
demonstrating that the clinical results of acetabular
revisions with tantalum components do not seem to be
influenced by the degree of preoperative bone defect.
However, other authors have shown that clinical
outcomes are influenced by bone defects when using
traditional techniques, such as structural bone grafting
[18,29]
and reconstruction cages
.
X-rays revealed no prosthetic implant migration.
Some non-progressive radiolucent lines in three
implants were probably due to some fibrous fixing in
part of the implant, and requires X-ray monitoring in
the future.
Several authors report instability as the main
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This study evaluates the results of acetabular components and tantalum
augments in prosthetic hip revisions, assessing whether the type of bone defect
can compromise the outcome or the medium-term survival of the implants. In this
study the authors did not find a statistically significant association between the
size of the bone defect and increased clinical results. Defined as the end-point,
cumulative survival at 10 years was 95% (for all reasons) and 100% for aseptic
loosening of the acetabular component.

Research frontiers

Treating the failure of the acetabular component in total hip prosthesis is
technically demanding because of significant bone defect. Nowadays, studies
are being directed towards searching for a material which possesses bone-like
biomechanical characteristics. Porous tantalum implants provide excellent initial
stability, bone ingrowth and allow for greater load-induced bone remodelling near
the cup.
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Innovations and breakthroughs

12

There are few studies on hip reviews with tantalum components in the literature
where the samples are small, have non-homogeneous bone defect severity and
short term follow-ups. This study evaluates the medium-term clinical and X-ray
results of tantalum components in acetabular revisions with major bone defects.

13

Applications

The use of prosthetic tantalum components in prosthetic hip revisions is safe
and effective for large acetabular bone defects. Nowadays, porous tantalum
represents the ideal bone substitute in prosthetic revisions and provides excellent
mechanical stability of the implants.

14

Terminology

Tantalum is a ductile metal, inert and bio-compatible in vivo. Due to its threedimensional structure and bioactivity, porous tantalum has a structure very similar
to cancellous bone.

15

Peer-review

This is an interesting manuscript dealing with a popular field of revision hip
arthroplasty.
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Abstract
AIM
To investigate non-ossifying fibromas (NOFs) common
fibrous bone lesions in children that occur in bones of
the lower extremities.

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient had
been notified at the home page of National Hospital Organization,
Kokura Medical Center that the data could be used for a clinical
study.

METHODS
We analyzed 44 cases of NOF including 47 lesions,
which were referred with a working diagnosis of
neoplastic lesions. Lesions were located in the upper
extremities (1 proximal humerus, 1 distal radius) and
the lower extremities (25 distal femurs, 12 proximal and
4 distal tibias, and 4 proximal fibulas).
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RESULTS
Three cases had NOFs in multiple anatomical locations
(femur and fibula in 1 case, femur and tibia in 2 cases).
Overall, larger lesions > 4 cm and lesion expansion
at the cortex were seen in 21% and 32% of cases,
respectively. Multiple lesions with bilateral symmetry
in the lower extremities suggest that these NOFs were
developmental bone defects. Two patients suffered
from fracture and were treated without surgery, one in
the radius and one in the femur. Lesions in the upper
extremities (i.e. , humerus of a 4-year-old female and
radius of a 9-year-old male) expanded at the cortex and
lesion size increased with slow ossification.
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CONCLUSION
NOFs in the lower extremity had fewer clinical problems,
regardless of their size and expansiveness. In these
two upper extremity cases, the NOFs had aggressive
biological features. It seems that there is a site specific
difference, especially between the upper extremity and
the lower extremity. Furthermore, NOFs in the radius
are predisposed to fracture because of the slender
structure of the radius and the susceptibility to stress.

fibula. Herein we discuss upper and lower extremity
NOFs and emphasize the anatomical differences
between them.

MATERIALS AND METHODS
A clinical summary of the 44 cases of NOF is shown
in Table 1. A total of 47 lesions were referred to our
institution with a working diagnosis of neoplastic
lesions. A diagnosis of NOF was made based on plain
radiographic findings. NOF appears as a cortically
based osteolytic lesion with an osteosclerotic rim.
In cases with atypically large lesions, a magnetic
resonance image (MRI) examination was added in
order to exclude aggressive bone tumors, such as
osteosarcomas. The NOF cases we analyzed were in
26 males and 18 females. The average age at the
first visit was 10.5 (range, 4 to 16) years. The NOFs
were located in a humerus (n = 1), radius (n = 1),
femurs (n = 25), tibias (n = 16), and fibulas (n =
4). Among these cases, lesions occurred in multiple
locations in 3 cases with femur involvement, in 2 cases
with tibia involvement and in 1 case with femur and
fibula involvement. Bilateral lesions, in which the size
and the location were almost symmetrical such that
we counted them as a single lesion, were seen in 3
cases with femur involvement. The location of each
lesion was also classified as anterior, medial, lateral,
posterior, or inter-medullary. Findings of expansion at
the cortices adjacent to lesions were assessed. A lesion
> 4 cm in size was defined as large.

Key words: Non-ossifying fibroma; Humerus; Radius;
Fibula; Upper extremity
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-ossifying fibromas (NOFs) are common
lesions in the lower extremities of children. We analyzed
44 cases of NOF including 47 lesions comprising 2 upper
extremity cases and 45 lower extremity cases. Larger
lesions > 4 cm and lesion expansion at the cortex were
seen in 21% and 32% of cases, respectively. Lesions
in the upper extremities in the humerus and the radius
expanded at the cortical bone, and lesion size increased
with slow ossification, suggestive of aggressive
biological features. Furthermore, NOFs in the radius are
predisposed to fracture because of the slender structure
of the radius and the susceptibility to stress.
Sakamoto A, Arai R, Okamoto T, Matsuda S. Non-ossifying
fibromas: Case series, including in uncommon upper extremity
sites. World J Orthop 2017; 8(7): 561-566 Available from: URL:
http://www.wjgnet.com/2218-5836/full/v8/i7/561.htm DOI:
http://dx.doi.org/10.5312/wjo.v8.i7.561

RESULTS
Among the NOF cases, a lesion size > 4 cm was seen
in 10 out of 47 (21%) cases. Cortical expansions were
seen in 15 out of 47 (32%) cases. The cases of upper
extremity NOFs involved 1 humerus and 1 radius. A
4-year-old female had a NOF on the proximal side of
her humerus. Plain radiographs revealed a multinodular
osteolytic lesion in the cortex on the anterior aspect of
the humerus. Thinning and expansion of the adjacent
cortex was observed. During a 7-mo follow-up, it
was noted that the size of the lesion had increased.
Ossification was seen, but the earlier osteolytic finding
was still prominent on a follow-up radiograph taken
31 mo later (Figure 1). A 9-year-old male had a NOF
on the distal diaphysis of his radius. The lesion was
discovered when he sustained a pathological fracture at
the site of the lesion. Upon initial assessment, the plain
radiographs revealed an irregularity of the adjacent
cortex, suggesting a fracture. An osteolytic lesion with
marginal sclerosis was seen. The size of the lesion was
observed to increase at a 2 years and 5 mo follow-up
because the patient had refractured his radius at the
lesion site. Although ossification was evident on the
proximal aspect of the lesion, an osteolytic lesion was
also prominent at the 3-year follow-up (Figure 2).
The cases of lower extremity NOFs involved femurs,

INTRODUCTION
Non-ossifying fibromas (NOFs) are a common type of
benign fibrous lesion that tend to occur in the meta
[1,2]
physis of the long bones in the lower extremities .
NOF can be diagnosed based on its presentation on
[3,4]
plain radiographs
where it typically appears as a
small, cortical osteolytic lesion. Approximately 30% of
young patients in their first or second decade of life can
[2]
have a NOF . Typically, NOFs are asymptomatic and
lesions are found incidentally. A lesion is usually selflimiting and disappears by the age of 20 to 25 years
[3]
in most cases . Therefore, lesions are considered to
be a developmental bone defect rather than a true
[1,2]
neoplasm . Histologically, NOFs are composed of
spindle-shaped fibroblasts, multinucleated giant cells,
and foamy histiocytes, which are identical to a benign
fibrous histiocytoma (BFH), which is a neoplastic
[2]
lesion . BFHs occur predominantly in adults, and a
BFH is considered to have more aggressive biological
features compared with a NOF. Interestingly, the
current case series includes some patients with NOFs
in less common sites such as the humerus, radius, and
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Table 1 Clinical summary of 44 cases with non-ossifying fibromas
Bone
site

NOFs,

M:F

n

Humerus
Proximal
Radius
Distal
Femur
Distal
Tibia
Proximal
Distal
Fibula
Proximal
Total lesions1

1
1
1
1
25
25
16
12
4
4
4
47

Mean age, yr R/L/B extremities, Lesion > 4 cm,
n
n (%)

Ant/med/lat/post/
intramed location, n

Expansion, n (%)

Fracture, n
(%)

0:1

4.0

1/0/0

1 (100)

1/0/0/0/0

1 (100)

0

1:0

7.0

0/1/0

0

0/0/0/0/1

1 (100)

1 (100)

15:10

9.2

9/9/7

5 (20)

0/5/0/20/0

5 (20)

1 (4)

8:4
2:2

14.5
13.5

6/6/0
3/1/0

2 (17)
2 (50)

0/4/1/7/0
0/0/4/0/0

3 (25)
2 (50)

0
0

2:2
26:18

12.5
10.5

2/2/0
21/19/7

0
10 (21)

0/0/1/3/0
1/9/6/30/1

3 (75)
15 (32)

0
2 (4)

1

Total cases n = 44. Ant: Anterior; B: Bilateral; F: Female; intramed: Intramedullary; L: Left; lat: Lateral; M: Male; med: Medial; NOFs: Non-ossifying
fibromas; post: Posterior; R: Right.

A

B

C

D

out of 12 (17%) cases in the proximal tibia and in 2
out of 4 (50%) cases in the distal tibia. Extension at
the cortex was seen in 3 out of 12 (25%) cases in
the proximal tibia and in 2 out of 4 (50%) cases in
the distal tibia. These femoral and tibial lesions were
in either the medial, lateral, or posterior locations, in
contrast to the anterior location in the case of humerus
involvement. All 4 cases of NOFs in fibulas presented
with lesions in proximal locations. NOF cases with
cortical expansion were seen in 3 out of 4 (75%) cases
with fibula involvement. One fibular case had multiple
lesions that included the femur (Figure 4).

E

DISCUSSION
NOF predominantly occurs in the lower extremities,
[1,2]
especially around the knee . In the current series, the
frequency of a distal location in the femur was rather
low, because all the referred cases were considered
as potential neoplastic lesions, and when small more
typical NOFs in the distal femur were identified, the
patients were not referred. NOFs are not considered to
be true neoplasms, but rather a developmental bone
[1-3]
defect . Cases with multiple affected locations, such
as the femur and fibula or the femur and tibia, support
the notion of a natural developmental defect.
Findings of lesion size increases with expansion
at the cortex suggest NOFs can be more aggressive
in nature. Cytological abnormalities of translocation
(1;4)(p31;q34) and del(4)(p14) supplied evidence
[5,6]
for some NOFs with neoplastic characteristics . It
is possible that NOFs could have a neoplastic nature
because histologically they are indistinguishable
from the neoplastic lesions of BFH, which are more
[7]
aggressive in nature than those of NOFs . Using image
analysis techniques to differentiate between BFHs and
NOFs, BFHs appear more likely to have less distinct
[7,8]
borders that are central rather than eccentric . BFHs
tend to occur in adults, while the vast majority of
cases of NOF occur in children. However, it has been

Figure 1 Plain radiographs of a non-ossifying fibroma in the humerus of
a 4-year-old female. An osteolytic lesion is shown at the cortex in the proximal
humerus (A). Radiographs taken after 7 mo (B), 1 year (C), 1 year and 7 mo
(D), and 2 years and 7 mo (E) together reveal the location of the lesion became
more distal with growth of the child. The size of the lesion increased as it slowly
ossified (plain radiographs: Anteroposterior view, top; lateral view, bottom).

tibias, and fibulas. All femoral lesions were at distal
locations. Both large-sized lesions with expansion at
the cortex were seen in 20% of cases with femoral
involvement. One case of NOF in the femur was
diagnosed with a concurrent fracture based on an MRI
finding of a high signal intensity at the cortex adjacent
to the lesion (Figure 3). Of the 16 cases with tibia
involvement, 12 lesions were in a proximal location
and 4 were distal. Large-sized lesions occurred in 2
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A

A

B

C

D

Figure 2 Plain radiographs of a non-ossifying fibroma in the
radius of a 9-year-old male. At the initial assessment an osteolytic
lesion in the distal radius is shown with an osteosclerotic rim. Fracture
of the irregular adjacent cortex is revealed (A). Radiographs taken after
11 mo (B), 2 years and 1 mo (C), 2 years and 5 mo (D), and 3 years (E).
The size of the lesion increased and ossification at the distal end was
observed (plain radiographs: Anteroposterior view, top; lateral view,
bottom).

E

B

C

D

E

Figure 3 Plain radiograph and MRI of a NOF in the femur of a 13-year-old male who sustained a fracture. The plain radiographs reveal a multinodular lesion located
at the medial posterior part of the distal femur. The lesion is osteolytic at the distal end and ossified at the proximal end. The lesion has expanded at the medial cortex (A). T2weighted fat-suppression MRIs show high signal intensity and suggest the presence of a fracture (B) (coronal, top; axial, bottom). Radiographs taken after 1 year (C), 1 year
and 8 mo (D), and 2 years and 8 mo (E); these radiographs reveal the lesion had enlarged as well as ossified (plain radiographs: anteroposterior view, top; lateral view, bottom).

proposed that BFHs may be underestimated among
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patients less than 20 years of age, and the diagnosis
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A

B

C

Figure 4 Plain radiographs of non-ossifying fibromas in the femur and the fibula of a 13-year-old female. The radiographs reveal an osteolytic lesion in the
proximal fibula, as well as a NOF in the distal femur (A). Radiographs taken after 9 mo (B) and 1 year and 9 mo (C); the femoral and fibular lesions ossified (plain
radiographs: Anteroposterior view, top; lateral view, bottom).

of BFH should be considered when NOF-like pathology
[7]
is accompanied by pain or rapid lesion growth . In the
current series, NOFs in the lower extremities ossified,
even in cases with large lesions that increased in size,
but none was diagnosed as BFH.
NOFs located in the humerus and radius were
included in this study although the upper extremities
are an uncommon site for these lesions. Both lesions
had extended at the cortex and lesion size increased
over time; however, ossification was observed despite
osteolytic findings still being prominent at 3 years of
follow up. Although the number of upper extremity
NOF cases was small, they can have an aggressive
nature with BFH-like features when compared with
the NOFs in the lower extremities. The NOF located in
the radius resulted in a complication when the patient
sustained repeated fractures. NOF lesions that occupy
more than 50% of the transverse diameter of the
[2,9]
involved bone are more likely to lead to a fracture .
The slender anatomical structure of the radius would
also have contributed to the risk of a pathological
fracture at the location of the NOF in this case.
In conclusion, NOFs in lower extremities have the
non-neoplastic characteristics of a developmental
bone defect. In contrast, NOFs in the humerus and
the radius tended to have more aggressive biological
characteristics similar in nature to those of BFHs with
expansion at the cortex, an increase in size, and
slow ossification. It seems that there is a site specific
difference between the upper and lower extremities.

WJO|www.wjgnet.com

In addition, NOFs in the radius are potentially prone
to fracture because of the slender structure of the
affected bone.
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Background

Non-ossifying fibromas (NOFs) are a common type of benign fibrous lesion
that tend to occur in the metaphysis of the long bones in the lower extremities.
The upper extremity is less common for NOFs. NOFs are considered to be a
developmental bone defect rather than a true neoplasm. However, the histology
of NOFs is identical to that of benign fibrous histiocytoma, which is a neoplastic
lesion.

Research frontiers

Small NOFs have no clinical significance. The neoplastic characterization
of NOFs was difficult. Therefore, the authors collected NOF cases that were
referred with a working diagnosis of neoplastic lesions. Consequently, large
NOFs with possible aggressive characteristics, as well as NOFs in rare
locations, were collected.

Innovations and breakthroughs

The authors analyzed 44 cases of NOFs including 47 lesions comprising
two upper extremity cases and 45 lower extremity cases. Clinical information
and plain radiographs were collected. The findings associated with possible
aggressiveness were further analyzed, such as incidence of fracture and
radiographic observations of size and expansiveness. It seems that there is a
site specific difference between the upper and lower extremities. NOFs in the
lower extremity are considered to be a developmental bone defect rather than
a true neoplasm, even though NOFs can be large and have expansion at the
cortex. Lesions in the humerus and the radius were expanded at the cortex and
lesion size increased with slow ossification. Furthermore, NOFs in the radius
are predisposed to fracture because of the slender structure of the radius and
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its susceptibility to stress.

Applications

The results are useful for clinicians in the making a diagnosis of NOF and
following up the patients.

5

Terminology

NOF: Non-ossifying fibroma; BFH: Benign fibrous histiocytoma; MRI: Magnetic
resonance image.
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Abstract
AIM
To determine technical considerations and radiographic
outcomes of the Synthes volar rim distal radius plate to
treat complex intra-articular fractures.

Institutional review board statement: Data was collected
during routine clinic review appointments according to the
institution’s policy.

METHODS
This review highlights technical considerations learnt
using this implant since it was introduced in a major
trauma unit in November 2011, including anatomical
reduction and whether this was maintained radio
graphically.

Informed consent statement: Data was collected during
participants’ routine follow up appointments, with verbal consent.
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RESULTS
Twenty-six of the 382 internally fixed distal radial
fractures at our unit (6.8%) were deemed to require
this plate in order to achieve optimal fracture fixation
between November 2011 and May 2014. A further
dorsal and/or radial plate was necessary in 35% and
variable angle screws were used in 54% of cases. Postoperatively, mean radial height, inclination, volar tilt and
ulnar variance restored were 11.7 mm, 21º, 4.3º and
-1.2 mm respectively. There were no cases of non-union
or flexor/extensor tendon rupture; one case of loss of
fracture reduction. Overall incidence of plate removal
was 15% with one plate removed for flexor and one for
extensor tendon irritation
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CONCLUSION
The use of a rim plate enables control of challenging far
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distal fracture patterns. However, additional plates were
required to improve and maintain reduction. Variable
angle screws were necessary in half the cases to avoid
intra-articular screw penetration. If used judiciously,
this implant can achieve stable fixation despite the
complexity of the fracture pattern.

comminution are two fracture subtypes where a
standard volar plate positioned proximal to the water
[2]
shed line will not provide a sufficient buttress for
the distal fragments and there is a risk of secondary
volar displacement of the fragment along with the
carpus distal to the plate. An early plate design for
these fracture subtypes was the Synthes juxta-articular
plate but due to the distal plate positioning and angu
lar design tendon irritation was problematic, often
necessitating implant removal after fracture union.
The distal screws were originally inserted in a fixed
angle configuration that is proximally directed to avoid
screw penetration of the radio-carpal joint, which was
a significant risk if the distal fragment was small or the
volar tilt incompletely corrected. In addition, there was
no second row angled buttress for dorsal joint surface
support.
The Synthes variable angle two column plate design
was developed from the extra-articular and juxtaarticular designs and offers an anatomically contoured
plate, which is positioned close to the watershed line
and can be used for fixation of the majority of distal
radius fractures. However, reliable fixation of the far
distal fracture subtype remains problematic. The
variable angle distal radius rim plate was introduced
in our unit in autumn 2011 and is designed for these
complex fractures. It is inserted via a volar approach
and is placed over the watershed line as it is precontoured to fit the volar rim of the distal radius. The
edges of the plate are designed to provide a smooth
surface against which the flexor digitorum profundus
and flexor pollicis longus tendons may glide with
minimal irritation. Due to the distal placement of the
plate, there is a theoretical risk of intra-articular screw
placement. To reduce this risk, the screw options
include fixed or variable angle subtypes to allow proxi
mal direction of screws away from the joint. These
also allow purchase of small fracture fragments where
a fixed angle screw would enter a fracture line. There
are a number of important technical considerations
for plate positioning, anatomical fracture reduction,
avoiding screw penetration to the joint and minimising
the risk of secondary displacement. This is especially
pertinent with the AO-23C3 fracture configuration
when successful volar buttress of small distal fragments
may unmask distal and dorsal instability necessitating
supplementary dorsal plating.

Key words: Distal radius fractures; Volar rim plate; Volar
plating distal radius
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Far distal intra-articular fractures of the distal
radius are not easily treated with standard volar plates.
The rim plate is designed to sit distal to the watershed
line, allowing purchase of bone fragments and sub
chondral support of the articular surface, enabling early
mobilization. In view of the implant’s design, variable
angle screws are necessary to avoid intra-articular screw
penetration. Intra-operatively, reduction and stable
fixation should be assessed fluoroscopically during
wrist movement, and if necessary, an additional dorsal
plate applied to allow mobilization. Judicious use of this
implant can restore anatomical reduction and stable
fixation in this complex subset of fractures.
Spiteri M, Roberts D, Ng W, Matthews J, Power D. Distal radius
volar rim plate: Technical and radiographic considerations. World
J Orthop 2017; 8(7): 567-573 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v8/i7/567.htm DOI: http://dx.doi.
org/10.5312/wjo.v8.i7.567

INTRODUCTION
The application of locking plate technology to distal
radius fracture fixation enables dorsally unstable
fracture configurations to be reliably reduced and
internally fixed using a volar approach and volar implant
placement. The volar approach has gained widespread
popularity due to the perceived benefits of greater soft
tissue cover over the implant and less tendon irritation
than with the dorsal approach. This technique may
be used for the majority of distal radius fractures,
however an understanding of fracture anatomy and
biomechanics as well as correct implant choice and
placement are critical to a successful outcome. Indeed
one implant cannot provide a stable fixation for all
[1]
configurations through the volar approach . The nonspecialist trauma surgeon will be familiar with the
volar approach but should recognize those fracture
configurations that may need dorsal or combined
volar and dorsal approaches. In these complex intraarticular cases the use of pre-operative computerised
tomography (CT) aids planning the surgical approach
and choice of implant.
The AO-23B3 fracture with a small distal and volar
fragment and the AO-23C3 fracture with articular
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MATERIALS AND METHODS
This paper reports on a series of twenty-six consecu
tive cases of Synthes variable angle 2.4 distal radius
rim plates used for distal radius fracture fixation at a
major trauma and tertiary referral hand centre between
November 2011 and May 2014. All patients treated with
this implant were identified from a database of distal
radius fracture fixations compiled from theatre logbooks
and cross-referenced with implant logbooks. The preoperative radiographs and CT scans were used to assess
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operative CT scans.
Analysis of the CT coronal and axial sections demon
strated no significant difference in the size of the dorsal
fragments between the groups treated with a single
volar rim plate and those treated with a combined
approach using a second dorso-ulnar buttress plate.
In all twenty-six cases there was a significant
level of comminution, which also involved the distal
radio-ulnar joint in twenty-two cases (five of these
cases having a simple coronal split through this joint
and the others having multi-fragmentary fracture
configurations) (Figure 2). The main sites of articular
comminution were in the dorso-ulnar and volar-ulnar
regions of the distal radius rather than the radial styloid,
where most of the fragmentation was metaphyseal.
In six cases (23%) there was a volar instability
pattern at presentation with volar translation of the
carpus together with the distal volar ulnar fragments.
Involvement of the lunate fossa had a die punch
fracture configuration in all cases (Figure 3). The
dorso-ulnar fragments sustained a higher degree of
comminution when compared to their volar counter
part in sixteen of the twenty six cases (Figure 4).
Standard volar variable angle plates are sited
too proximal to secure and buttress these volar lip
marginal fragments (Figure 4), therefore allowing
carpal translation to occur despite apparent adequate
fixation intra-operatively. By stabilizing these volar
marginal lip fragments, the rim plate avoids this
[1,2]
potential for secondary displacement .
Fracture reduction was assessed by measuring volar
tilt, radial inclination, radial height and ulnar variance
on the post-operative radiographs. Alignment was
restored to 4.3 ± 5.5 degrees volar tilt, mean radial
inclination of 21.2 degrees (range: 15-30 degrees),
11.7 mm (range: 7-16 mm) radial height and -1.2 mm
(range: -4.5-2.5) ulnar variance.
Six patients did not complete follow-up in our unit.
Two patients were not from our region and attended
follow-up at their local units, and four patients declined
the offer of follow-up beyond six weeks. The patients
who discontinued follow up have not been referred
back to our unit with complications of tendon irritation
or rupture.
The 20 patients completing follow-up all demon
strated radiographic fracture union by 12 wk from
surgery. There are no cases of either flexor or extensor
tendon rupture and two cases of tendon irritation. Postoperative loss of reduction occurred in one polytrauma
case, with loss of volar tilt and height. No intervention
was required and the patient was asymptomatic at
eighteen months after surgery.
Four patients required removal of metalwork. One
patient clinically had first extensor compartment tendon
irritation due to a prominent screw following an isolated
volar operative approach; one patient had pain on grip
strength testing, which may have represented flexor
tendon irritation. This resolved after removal of the
volar plate and a dorsal lunate fossa fragment buttress

Figure 1 Posteroanterior and lateral radiographs of fracture fixation using
a Synthes variable angle 2.4 distal radius rim plate to highlight the distal
placement of the implant.

fracture configuration. All post-operative radiographs
were reviewed to measure volar tilt, inclination and
radial height in order to assess restoration of anatomy.
All radiographs were reviewed taken in the same
radiology unit using the same machine calibration.
Operative records and imaging, medical and therapy
records were used to monitor progression of the frac
ture to union and retention of post-operative fracture
reduction.
The primary outcome measures were initial and
final radiographic alignment parameters to assess
maintenance of fracture reduction, and implant remo
val. Secondary outcome measures were the use of
variable angle screws, the need for accessory plate
support and tendon irritation/rupture.

RESULTS
During the study period, 382 distal radius fractures
were treated operatively with internal fixation, the
majority using a volar approach (83.5%). Twenty-six
distal radius fixations utilised rim plates accounting
for 6.8% of all operations. The rim plate was used in
isolation in seventeen cases (Figure 1), however an
additional dorsal or dorso-radial approach to reduce
and maintain reduction of fracture fragments was
required in 35% of cases. This equates to half the total
number of distal radial fractures requiring combination
plating, highlighting the complexity of the fractures for
which rim plates were used.
The use of variable angle screws was higher in
this subset of patients, with 54% of cases requiring a
median of four such screws. Variable angle screws were
required to reduce the risk of joint penetration and to
optimise screw configurations in comminuted fractures
when a fixed angle screw would sit within a fracture
line and not provide sufficient subchondral support.
All fractures were classified as either AO-23B3 or
AO-23C3 with a significant degree of articular and
metaphyseal comminution. To evaluate the degree of
fracture comminution, the size of the dorso-ulnar and
radial styloid fracture fragments were assessed on pre-
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Figure 2 Axial computerised tomograms showing far distal involvement and comminution of the distal radio-ulnar joint.

plate. One case had radiographic signs of avascular
necrosis of the lunate fossa fragment. This was
asymptomatic until a second fall after which the patient
developed new onset dorso-radial pain symptoms. A
diagnostic arthroscopy identified screw penetrance
into the joint; one case had the volar plate removed
at the same time as a triangular fibrocartilagenous
complex repair for symptoms of distal radio-ulnar joint
instability.

fractures that are more likely to need additional plating
via a dorsal or dorso-radial approach. We attempted
to correlate the size of the fracture fragments with
the need for additional plates, but no correlation was
evident. This decision was made intra-operatively on
assessment of fracture stability after volar plating.
In this series of rim plate fixations of distal radius
fractures a combined dorsal and volar plating approach
was required in 35% of procedures (Figure 5). If the
distal fracture configuration with potential for volar and
dorsal instability is identified from the pre-operative
CT scan it is important that the treating surgeon is
familiar with the dorsal approach in case an adjuvant
dorsal plate is required. The alternative is to refer the
case on to a specialist wrist surgeon who is familiar
with both approaches. Whilst the rim plate increases
the numbers of fractures and configurations that may
be managed with internal fixation through the volar
approach it does not obviate the need for the dorsal
approach.
The rim plate has a low profile to allow its place
ment distal to the watershed line without increasing
the risk of flexor tendon irritation. Despite its distal
placement, in this series, there were no cases of
flexor tendon rupture and only two of the four cases
of implant removal were for flexor or extensor tendon
irritation. This is consistent with the literature which
suggests that attrition flexor tendon rupture is infre
quent yet may occur with prominent higher profile
plates placed at the watershed line, but is unlikely in
cases were plates are designed to be placed more
distal to this line, probably due to their contoured
[5]
design and low profile .
Signs of tendon irritation were noted at clinic review
between three and six months post-operatively when
range of motion had been restored and the patients
had regained grip strength and pre-injury activity
levels. None of the other cases were symptomatic
or had signs of tendon irritation up to one year after
surgery. Hence we suggest a minimum follow up until
six months post-operatively and removal of implants if
there are clinical signs of tendon irritation, rather than
awaiting patients to be symptomatic thus decreasing

DISCUSSION
The indications for a variable angle volar rim plate are
for the infrequent AO-23B3 and AO-23C3 distal radius
fractures where the distal and volar fragments cannot
be adequately buttressed with standard extra-articular
and variable angle two column volar plates.
Prior to the launch of the volar rim plate these
distal fractures were managed in our unit with a volar
juxta-articular plate or with an extra-articular plate
and supplementary distal lag screws. However, this
plate has a higher profile and angular design and
therefore is more likely to cause flexor tendon irritation
necessitating implant removal.
Alternatively they were treated by a dorsal only
approach if the primary instability was thought to be
dorsal, however an unmasked volar instability could
result in volar displacement of the carpus with the volar
distal fracture fragment at the lunate facet buttress.
Rarely they were treated with a external fixator or
a temporary 3.3 mm 16 hole distraction bridge plate
[3]
spanning the fracture site and carpus . Both of these
techniques offer reliable fracture union, but unlike
the volar rim plate, it is not possible to restore most
aspects of distal radius anatomy as well as radio-carpal
and distal radio-ulnar congruity. They also have other
specific complications, including stiffness, pin tract
infection and metacarpal fracture at the site of distal
[4]
pin or screw insertion .
Due to the complexity of these fractures, a pre
operative CT scan is required for in depth assessment
of the fracture configuration. Unfortunately, there were
no predictors on the scans which can be used to identify
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Figure 3 Axial computerised tomograms showing far distal involvement
and comminution of the distal radio-ulnar joint.

Figure 5 PA and lateral radiograph showing combined dorsal and volar
plating using a volar rim plate.

did not adequately engage the bone fragments due
to their fixed trajectory, and in most cases the angle
of these screws was changed as necessary to ensure
stable fixation.
Unfortunately, this was not always enough to achi
eve adequate fracture stabilization. After volar plate
fixation, all fractures were assessed for stability to
ensure that the fracture and carpus are stable through
a full range of motion. In 35% of cases this was not the
case. Therefore an additional plate was placed either
along the radial styloid to bridge and secure this styloid
fracture; or over the lunate fossa fragment via a dorsal
approach. In the latter cases, which all had a higher
degree of dorso-ulnar than volar-ulnar comminution,
rim plates were used to engage the distal volar lip
fragments and act as a subchondral raft supporting
the radio-carpal joint, aiding adequate restoration
of radial height, tilt and angulation. The additional
dorsal plates were then applied to buttress the dorsoulnar fragments, preventing their displacement and
translation whilst enhancing radio-carpal and distal
radio-ulnar joint stability.
The distal radio-ulnar joint was involved in 85% of
cases, with varying degrees of central comminution;
a simple split in the coronal plane occurred in only
5 cases. Congruity was restored through the volar
approach by using the variable angle screw option
and changing the angle of screw insertion to capture
the dorso-ulnar fragments. However this was not
possible in all cases and an additional buttress plate
was applied to the dorso-ulnar fragments in cases of
significant comminution.
Besides allowing bone purchase of the distal radial
[7]
fragments, which is important for fracture stability ,
variable angle screws decrease the risk of intra-articular
screw penetration into the radio-carpal and distal radioulnar joints by allowing multidirectional angulation
of screws, if necessary. This risk is heightened due
to the degree of intra-articular comminution in these
fractures and small size of the fragments that are often
only large enough to allow fixation with a single screw,
sometimes only by using this variable angle option.
Some studies have highlighted increased incidence of

Figure 4 Sagittal computerized tomogram showing the pattern of
significant intra-articular comminution of the far distal dorso-ulnar and
volar-ulnar regions of the distal radius and the volar lip marginal fragment.

the risk of attrition tendon ruptures. The published
recommendations for removal of previous volar plate
designs include only symptomatic patients who had
plate prominence more than 2 mm volarly at the water
shed line or plate position within 3 mm of the volar
[6]
rim .
The volar rim of the lunate fossa is anatomically
designed to resist volar carpal translation and the short
radiolunate ligament, which attaches to the volar lip
fragment, stabilizes the carpus on the distal radius. The
carpus can therefore translate volarly with the distal
volar and ulnar fracture fragment of the distal radius.
This fragment must be anatomically reduced and
buttressed to prevent this volar instability. Standard
volar variable angle plates are sited too proximal to
secure and buttress these volar lip marginal fragments,
therefore allowing carpal translation to occur despite
apparent adequate fixation intra-operatively. The rim
plate contour is designed to overhang and engage the
distal volar lip fragments avoiding this potential for
secondary displacement. Due to the variable angle
screw option, this plate also allows purchase on these
small fragments without joint penetration.
Even though the radial styloid had more meta
physeal than distal comminution in this series, variable
angle screws were required, as fixed angle screws
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removal of metalwork due to intra-articular placement
of fixed angle screws probably as a result of incomplete
restoration of volar tilt, distal plate positioning or
angulation of the plate.
In this series there was only one case of radio-carpal
screw penetration which was noted arthroscopically in
a patient who was asymptomatic until sustaining a fall
six months following fracture fixation and subsequently
developed dorso-radial wrist pain. The implant was
removed at the same sitting. In this case, it is hard to
determine whether the screw was placed in an intraarticular position at surgery, whether this occurred
after the second fall, or whether it was due to avascular
necrosis of the lunate fossa fragments secondary to the
original injury and plate fixation.
This low incidence of intra-articular screw pene
tration was perhaps due to careful pre- and intraoperative planning of screw positioning, the liberal
use of variable angle screws and the use of additional
dorsal plates to aid stability if volar screw placement to
capture the dorsal fragments was deemed to be at risk
of breaching the articular surface.
Post-operative radiographs showed correction of
radial height, inclination and ulnar variance similar to
that quoted in the literature for standard volar locking
[9]
plates used for AO-23A2, A3, C1-3 , with only one
case of loss of volar tilt correction after fracture fixation
using a solitary volar approach, This required no fur
ther surgical intervention as the patient remained
asymptomatic.
The main difference with this implant is the inability
to restore volar tilt to the same extent as with standard
volar plates, where a mean correction of 6 degrees
[10-13]
(0-18 degrees) is described in the literature
and 4.3 degrees in our series. Our results using the
rim plate are therefore within the lower limits of this
range for standard volar locking plates. This is partly
due to the complexity of the fracture pattern and
metaphyseal comminution, but also due to the far
distal plate position requiring wrist hyperextension
for adequate plate and distal screw placement, hence
placing limitations on the degree of correction of
volar tilt that can be achieved. The joint comminution
precludes distal first fixation and then reduction to the
shaft of radius.

should be assessed with a pre-operative CT scan. If
trauma surgeons are not confident with dorsal plating
techniques, it would be appropriate to consider referral
to a specialised wrist surgeon who can base decisions
on a combination of factors including pre-operative
imaging, intra-operative findings and their experience
with the various techniques and implants available.
When used appropriately, good results can be achieved
using this plate with correction and maintenance of
distal radial anatomy. There were few cases of tendon
irritation and no cases of flexor or extensor tendon
rupture but we recommend prompt removal of implants
if there are signs of tendon irritation.

Key considerations

Pre-operative CT scan provides information of fracture
configuration and consideration of referral to specialist
wrist surgeon if necessary; Radial styloid fixation
often requires variable angle screws as the fixed angle
trajectory does not always provide adequate hold;
Variable angle screws in the lunate facet buttress may
prevent penetration of the radio-carpal or DRUJ but
may not adequately capture dorsal fragments; Volar
tilt restoration is less reliable than the other alignment
parameters due to the technique of plate insertion;
Intra-operative assessment of stability of fracture fixa
tion necessary after volar plating for assessment of
dorsal fracture stability; additional dorsal and/or radial
plates are necessary to stabilize these fractures in
35% of cases; plate positioning distal to the watershed
line can lead to tendon irritation and risk of attrition
rupture requiring removal of implant.

COMMENTS
COMMENTS
Background

Far distal intra-articular fractures of the distal radius involving the volar rim are a
specific subset of fractures which are difficult to treat in view of the small size of
the fracture fragments, location and instability. If stable fixation is not achieved,
volar carpal subluxation can occur due to the attachment of the marginal bone
fragments to the short radiolunate ligament. Standard volar plate placement
proximal to the watershed line poses problems when treating these fractures.

Research frontiers

In recent years, various plates have been designed with various contours and
lower profiles to facilitate fracture fixation and decrease the risk of tendon
irritation yet still achieve anatomical reduction, stable fixation and allow early
mobilization.

Limitations

Ideally, the study should include a larger cohort of
patients, and a longer duration of follow up in clinic can
be considered. Unfortunately, as these fractures are
not common this is not possible unless a multicentre
approach is used.
In conclusion, this case series of variable angle
distal radius rim plates highlights the fact that these
implants are indicated for the far distal and complex
intra-articular fractures of the distal radius, but cannot
achieve enough stability in isolation for all fractures.
Some fractures require additional plating techniques,
therefore we recommend that all AO-23C3 fractures
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Innovations and breakthroughs

The rim plate is a pre-contoured low profile implant, having standard locking
and variable angle locking screw options, to allow plate placement distal to the
watershed line whilst decreasing the risk of screw penetration into the joint. The
aim of this design is to allow fixation of the intra-articular fractures of the distal
radius which involve the marginal volar rim. Besides the risk of screw penetration
into the radio-carpal and distal radio-ulnar joints when using such a distally sited
plate, the other main risk is tendon irritation and rupture. Recent literature has
shown that low profile plates can be safely applied at and beyond the watershed
line if used appropriately.

Applications

This study shows that this implant allows subchondral support of the articular
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surface achieving anatomical reduction. Judicious use of a combination of distal
standard locking and variable angle locking screws allows purchase of bone
fragments, especially of the dorso-ulnar fragment and avoids intra-articular
screw penetration. The manuscript also provides information about the need for
additional fixation in certain cases and the risk of tendon irritation.

7

8

Peer-review

The manuscript aimed to retrospectively report the clinical outcomes of fixation
of far distal intra-articular distal radial fractures using variable angle distal radius
rim plate. This topic is interesting and the language is excellent.
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Abstract
AIM
To systemically review all studies reporting return to
sport following tibial plateau fracture, in order to provide
information on return rates and times to sport, and to
assess variations in sporting outcome for different treat
ment methods.

Data sharing statement: Technical appendix, statistical
code, and dataset available from the corresponding author at
greg_robertson@live.co.uk. The dataset consisted of anonymised
synthesis evidence from published studies. Thus no informed
consent for data sharing was required.

METHODS
A systematic search of CINAHAL, Cochrane, EMBASE,
Google Scholar, MEDLINE, PEDro, Scopus, SPORTDiscus
and Web of Science was performed in January 2017
using the keywords “tibial”, “plateau”, “fractures”, “knee”,
“athletes”, “sports”, “non-operative”, “conservative”,
“operative”, “return to sport”. All studies which recorded
return rates and times to sport following tibial plateau
fractures were included.

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/

RESULTS
Twenty-seven studies were included: 1 was a rando
mised controlled trial, 7 were prospective cohort studies,
16 were retrospective cohort studies, 3 were case series.
One study reported on the outcome of conservative
management (n = 3); 27 reported on the outcome of
surgical management (n = 917). Nine studies reported
on Open Reduction Internal Fixation (ORIF) (n = 193),
11 on Arthroscopic-Assisted Reduction Internal Fixation
(ARIF) (n = 253) and 7 on Frame-Assisted Fixation
(FRAME) (n = 262). All studies recorded “return to sport”
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rates. Only one study recorded a “return to sport” time.
The return rate to sport for the total cohort was 70%.
For the conservatively-managed fractures, the return rate
was 100%. For the surgically-managed fractures, the
return rate was 70%. For fractures managed with ORIF,
the return rate was 60%. For fractures managed with
ARIF, the return rate was 83%. For fractures managed
with FRAME was 52%. The return rate for ARIF was
found to be significantly greater than that for ORIF (OR
3.22, 95%CI: 2.09-4.97, P < 0.001) and for FRAME (OR
4.33, 95%CI: 2.89-6.50, P < 0.001). No difference was
found between the return rates for ORIF and FRAME
(OR 1.35, 95%CI: 0.92-1.96, P = 0.122). The recorded
return time was 6.9 mo (median), from a study reporting
on ORIF.

the lateral tibial plateau, the medial tibial plateau,
or both; injury patterns are commonly classified by
[2-5]
the Schatzker or the AO/OTA classification . Such
injuries normally arise from high energy trauma: The
common reported mechanisms include road traffic
accidents, falls from a height, pedestrian struck by
[1-5]
motor vehicle or high-impact sporting collision
.
Despite sport being a well-documented cause for
this injury, there is limited evidence on the predicted
return rates and return times to sport following tibial
[2,4,5]
plateau fractures
. This arises for the fact that most
outcome studies on this injury type provide validated
functional outcomes scores, failing to differentiate
[2,4,5]
specific details on recovery of sporting function
.
The treatment of tibial plateau fracture is based
[2-5]
on the location and displacement of the fracture .
All undisplaced fractures are routinely managed nonoperatively, with a period of knee immobilisation for
4 to 8 wk in a cast or a brace: This is combined with
sequential range of motion exercises and a graduated
[3]
weightbearing protocol . For displaced fractures, the
standard treatment is surgical reduction and fixation
[2-5]
of the fracture . A number of surgical techniques
have been reported in the literature, and the choice
[2-5]
of technique is directed by the fracture pattern .
Techniques can be classified into three categories:
Those which involve open reduction and internal fixation
of the fracture (ORIF), those which involve arthroscopicassisted reduction and fixation of the fracture (ARIF),
and those which involve frame (external fixation) as
[2-5]
sisted fixation of the fracture (FRAME) . The choice
of internal fixation can vary from cannulated screws to
multiple locking plates, depending on the nature of the
[2-5]
fracture . Associated intra-articular injuries, when
present, are also commonly treated in conjunction with
[2-5]
fracture fixation . While there is growing evidence
on the clinical and radiological outcomes of such
techniques, there remains limited evidence on return to
[2-5]
sport following such injuries .
The aim of this systematic review was to assess
all studies reporting return rates and times to sport
following treatment for tibial plateau fractures, in
order to provide clarification on the optimal treatment
methods for this injury, as well as to provide prognostic
information on return to sport following these fractures.

CONCLUSION
Return rates to sport for tibial plateau fractures remain
limited compared to other fractures. ARIF provides the
best return rates. There is limited data regarding return
times to sport. Further research is required to determine
return times to sport, and to improve return rates to
sport, through treatment and rehabilitation optimisation.
Key words: Tibial; Plateau; Fracture; Knee; Return;
Sport; Rate; Time
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We performed a systematic review assessing
all studies which reported return rates and times to
sport following tibial plateau fractures. Twenty-seven
studies were included: All recorded return rates; only
one study recorded return times. One study reported
on conservative treatment; all 27 studies reported on
surgical treatment. The surgical techniques comprised
Open Reduction Internal Fixation (ORIF), ArthroscopicAssisted Reduction Internal Fixation (ARIF) and FrameAssisted Fixation (FRAME). The return rates were: Total
Cohort-70%; conservatively-managed cohort-100%;
surgically-managed cohort-70%; ORIF-60%, ARIF-83%,
FRAME-52%. ARIF provided the best return rates to
sport. Data however is limited, particularly for return
times to sport. Further research in this area is required.
Robertson GAJ, Wong SJ, Wood AM. Return to sport following
tibial plateau fractures: A systematic review. World J Orthop
2017; 8(7): 574-587 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v8/i7/574.htm DOI: http://dx.doi.
org/10.5312/wjo.v8.i7.574

MATERIALS AND METHODS
Literature search

A systematic literature search was carried out in
January 2017 from the following databases: MEDLINE
(PubMed), Cochrane Collaboration Database, EMBASE,
SPORTDiscus, CINAHAL, Google Scholar, Physiotherapy
Evidence Database (PEDro), Scopus and Web of
Science. This was to locate all articles, published in
English language, in peer-reviewed journals, reporting
on return rates and return times to sports following
treatment for tibial plateau fractures. No distinction

INTRODUCTION
[1,2]

Tibial plateau fractures comprise 1% of all fractures ;
despite their limited frequency, due to their intraarticular nature, they commonly result in significant
[2-5]
functional morbidity . These fractures involve either
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Results of search by database (n = 6157):
PubMed/OVID: 1462
Cochrane: 45
Sports discus: 197
EMBASE: 617
CINHAL: 407
Web of Science: 1459
Scopus: 1970
PEDro: 0

Results of search through
Other sources (n = 37100):
Google scholar: 37100

Excluded based on title (n = 42933)

Abstracts assessed for eligibility (n = 324)

Excluded based on abstract (n = 129)

Full text articles assessed for
eligibility (n = 195)
Excluded based on text (n = 171)

Studies retained (n = 24)

Studies retrieved from references (n = 3)
Studies included in systematic review
(n = 27)

Figure 1 Selection of articles for inclusion in the review in accordance with the PRISMA protocol[6].

was made regarding the location or nature of fracture,
nor level and type of sports activity performed. The
keywords used for the search were “tibial”, “plateau”,
“fractures”, “knee”, “athletes”, “sports”, “non-operative”,
“conservative”, “operative”, “return to sport”. There
was no limit regarding the year of publication.
The authors followed the PRISMA (Preferred Report
ing Items for Systematic Reviews and Meta-analyses)
[6]
guidelines to design the review . The abstract of each
publication was independently reviewed by all three
authors (Greg AJ Robertson, Seng J Wong and Alexander
M Wood) to establish its suitability for inclusion within
the review. As per the PRISMA guidelines, the inclusion
[6]
and exclusion criteria for review are listed in Table 1 .
The quality of reporting of meta-analyses flow diagram
in Figure 1 presents the search results and selection
[6]
process for the review . Article categories excluded
from the review included case reports, expert opinions,
literature reviews, instructional courses, biomechanical
reports, and technical notes. If exclusion could not
be confirmed from the abstract alone, the full-text
version of the study was accessed to confirm eligibility.
Review of the reference lists of relevant articles were
also performed to identify additional studies that could
be suitable for inclusion. Discrepancies between the
reviewers’ choice of articles for inclusion were resolved
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by consensus discussion.
The review database contained data on patient
demographics, mode of injury, pre-operative radiolo
gical investigations, fracture location, fracture classifi
cation, operative and non-operative management tech
niques, rehabilitation protocols, return rates to sport,
return times to sports, rate of fracture union, time to
fracture union, complications, required re-interventions
and predictive factors for return to sports.
The primary outcome measures were return rates
to sport and return times to sport. The secondary out
come measures were return rates to pre-injury level of
sport, rate of fracture union, time to fracture union and
associated complications. Return to sport was defined
as resumption of sporting activities following completion
of treatment; return to pre-injury level of sport was
defined as the return to specified pre-injury level of
sporting activities following completion of treatment.
Return time to sport was defined as: The time period
from commencement of non-operative modalities to
sporting return for conservatively-managed patients;
and the time period from primary surgical treatment to
sporting return for surgically-managed patients. Where
return to sport or fracture union was not possible from
the primary treatment method alone, with requirement
for conversion to a secondary treatment, this was
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[19,31,33]

3 were case series
.
Of the 1134 fractures, 613 (54%) occurred in
male patients, 428 (38%) in female patients, and
93 (8%) failed to specify gender. Ninety-nine of the
[11,12,17,20-23]
fractures were open injuries
. Two patients
[22]
had bilateral tibial plateau fractures . Of the 1134
fractures recorded, sport-related follow-up data was
available for 920 (81.1%). The mean age at the time
[31]
[37]
of injury ranged from 34.8 years
to 52.2 years .
The commonly reported modes of injury were road
traffic accidents, falls from height, pedestrian struck by
motor vehicle and collisions during sports: The most
commonly reported sport was skiing (Tables 2-6).

Table 1 Inclusion and exclusion criteria
Inclusion criteria
Acute tibial plateau fractures
Elite or recreational athletes
Return rate to sporting
activity reported
Return time to sporting
activity reported
Two or more fractures reported
Peer-reviewed journals
English language

Exclusion criteria
Extra-articular proximal tibial
fractures
Stress fractures of the proximal tibial
No sporting outcome data reported
Paediatric fractures (age under 15)
Reviews, case reports, abstracts or
anecdotal articles
Animal, cadaver or in vitro studies

Fracture classification and location

recorded as a failure for the primary treatment method.

Twenty-six of the twenty-seven studies used formal
fracture classifications to describe the fracture ty
[11-17,19-37]
pes
. Six studies used the Schzakter Classifi
[17,20,27-29,32]
cation alone to define fracture pattern
. Five
[13,22,30,35,37]
studies used the AO/OTA classification alone
.
Three studies used the Hohl and Moore Classification
[14,19,24]
alone
. Twelve used both the AO/OTA and the
[11,12,15,16,21,23,25,26,31,33,34,36]
Schzakter Classification
. One
study reported on postero-lateral tibial plateau fractures
[18]
with no classification used .
The reported fracture configurations from each
study are recorded in Tables 2-6. Four studies in
the ARIF cohort, restricted patient inclusion to lowenergy fracture patterns (Schatzker I-III, AO/OTA
[27,30,31,33]
A-B)
. There were no restriction of fracture
[11-19]
[11,12,20-24]
types in the ORIF
and FRAME
cohorts.
[18]
One study reported on undisplaced fractures ; all 27
[11-37]
studies reported on displaced fractures
. Seven
studies included open fractures: All used the GustilloAnderson Classification to classify the soft tissue
[11,12,17,20-23]
damage
.
Twenty-one studies recorded associated injuri
[11-14,16-22,24-30,32,34-36]
es
. For twelve studies, the reported
injuries comprised solely of intra-articular knee
[12,14,16,18,19,28-30,32,34-36]
injuries
. For six studies, the reported
injuries comprised both intra-articular knee injuries and
[11,17,21,22,24,25]
non-knee-related trauma injuries
. For three
studies, the reported injuries comprised solely of non[13,20,27]
knee-related trauma injuries
. The commonest
intra-articular knee injuries were meniscal tears, tibial
spine avulsions fractures, anterior cruciate ligament (ACL)
ruptures, posterior cruciate ligament ruptures and medial
[11,12,14,16-19,21,22,24,25,28-30,32,34-36]
.
collateral ligament rutpures
The non-knee-related trauma injuries comprised
head, chest and abdominal traumatic injuries, as well
as associated spinal, upper limb and lower limb fra
[11,13,17,20-22,24,25,27]
ctures
.
Of the 920 tibial plateau fractures with follow[11-37]
up data, 917 were surgically managed
and 3
[18]
were conservatively managed . Of the surgically
[11-19]
managed fractures, 193 were treated with ORIF
,
[24-34]
253 were treated ARIF
and 262 were treated with
[11,12,20-24]
FRAME
. For 209 fractures, the outcome data

Quality assessment

The modified Coleman Methodology Score (CMS) was
[7]
used to assess the quality of the included papers . This
is a 10-point-criteria validated scoring system, which
has been previously used in multiple similar systematic
[7-10]
reviews
. The scoring methodology utilised is that
[7]
presented by Del Buono et al . This provides a final
score ranging from 0 to 100, indicating the quality of
[7]
study included . Two of the authors (Greg AJ Robertson
and Alexander M Wood) performed scoring of each of
the included studies. Using the intra-class correlation
co-efficient statistic, the inter-observer reliability of the
scores was noted as 0.91 (95%CI: 0.89-0.93).

Statistical analysis

Meta-analysis comparisons were performed for return
rates to sport between cohorts of the synthesis
data of sufficient size. There was insufficient data to
perform meta-analysis comparisons on return times to
sport. The meta-analysis was performed on RevMan
Version 5.3 (The Cochrane Group). Odds ratios (ORs),
with a random effects model, were used to assess
comparisons between the dichotomous data. The
heterogeneity of included studies was analysed with
2
2
the I statistic and was judged to be significant if I
was > 50%. The significance level was P < 0.05.

RESULTS
Search

The details of the selection process for the included
articles are listed in Figure 1. In total, 324 unique
abstracts and 195 unique articles were assessed.

Patient demographics

[11-37]

We identified 27 relevant publications
, published
[18]
[14]
from 1988
to 2016 , focusing on clinical and
functional outcomes of patients who returned to sports
activity after tibial plateau fractures (Tables 2-6). One
[11]
was a randomised controlled trial (RCT) , 7 were
[14,16,25,26,28,30,32]
prospective cohort studies
, 16 were
[12,13,15,17,18,20-24,27,29,34-37]
retrospective cohort studies
and
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Table 2 Conservatively managed fractures - only patients with follow-up data included
Ref.

N Study
Mean
Treatment Mode of
design follow-up
injury

Waldrop et al[18]
(1988)

3

RCS

59 mo

Knee
immobili
sation

Falls
RTA
skiing

Report IA Coleman Return Return Return Return Rate Time to
union
of
time
rate
rate by rate to
of IA injury score
treatment same (range) union (range)
injuries repair
modality level of
sport

Fracture
types

Posterolateral
(undisplaced)

Yes

Yes

69

3/3 Cons: 3/3
3/3
(100%) (100%) (100%)

N/A

N/A

N/A

Mean values unless otherwise stated. RCS: Retrospective cohort study; RTA: Road traffic accident; Cons: Conservative; N/A: No data available; IA: Intraarticular.

Table 3 Fractures treated by Open Reduction Internal Fixation - only patients with follow-up data included
Ref.

n Study Mean

Treat
ment

Mode of
injury

Fracture
types

Ahearn et al[12]
(2014)

21 RCS

40.5
mo

PF (21)

39 mo

PF (5)

Falls
RTA
pedestrian
Skiing (4)
Falls (1)
Falls
RTA
Pedestrian
Sports
Work
Cycling
N/A

Schatzker
VI
Bicondylar
Moore
type II
Schatzker
V and VI

RTA (5)
Falls (5)
Work (2)
Sport (1)
Skiing (15)

design followup

Brunner et al[19]
(2009)
Canadian
Orthopaedic
Trauma
Society[11]
(2006)

5

CS

33 RCT

24 mo PF (33)

Chang et al[16]
(2014)

16 PCS

28.7
mo

PF (16)

Keogh et al[13]
(1992)

13 RCS

17 mo

PSF
(13)

Morin et al[14]
(2016)

15 PCS

18.2
mo

SF (15)

Stevens et al[17]
(2001)

46 RCS 100 mo PF (46)

van Dreumel et al[15] 26 RCS
(2015)

Waldrop et al[18]
(1988)

3 RCS

Report IA injury Coleman Return Return
repair
score
rate
rate by
of IA
treatment
injuries
modality

Return
rate to
same
level
of
sport

Return
time
(range)

Rate
of
union

Time
to
union
(range)

No

Not
reported

62

14/21 PF: 14/21 4/21
(67%)
(67%)
(19%)

N/A

Yes

Yes

61

N/A

N/A

N/A

Yes

Yes

74

5/5
PF: 5/5 N/A
(100%) (100%)
4/33 PF: 4/33 4/33
(12%)
(12%)
(12%)

N/A

N/A

N/A

Schatzker
VI
AO/OTA
C2-3

Yes

Yes

66

14/16 PF: 14/16 14/16
(88%)
(88%)
(88%)

N/A

16/16
(100%)

20.2
wk

Schatzker
I-VI

No

Not
reported

45

11/13
(85%)

N/A

N/A

N/A

N/A

PosteroMedial
Moore
Type I
Schatzker
I-VI

Yes

Yes

73

13/15 SF: 13/15 0/15
(87%)
(87%)
(0%)

N/A

N/A

N/A

Yes

Yes

70

21/46 PF: 21/46 6/46
(46%)
(46%)
(13%)

N/A

No

Not
reported

79

15/26 SF: N/A 15/26 6.9 (2-18)
(58%) PF: N/A (58%)
mo
(median)

N/A

N/A

Yes

Yes

69

18/18 PF: 6/6 17/18
(100%) (100%) (100%)
ORBG:
12/12
(100%)

N/A

N/A

RTA (13)
Pedestrian
(13) Falls (9)
Sports (6)
Work (2)
74 mo SF PF Falls (57%) Schatzker
RTA (25%)
I-VI
Other (14%) AO/OTA
B1-C3
59 mo PF (6)
Falls
PosteroORBG
RTA
Lateral
(12)
Skiing
(displaced)

PSF:
11/13
(85%)

N/A

21/21 N/A
(100%)

46/46 N/A
(100%)

Mean values unless otherwise stated. RCS: Retrospective cohort study; PCS: Prospective cohort study; RCT: Randomised controlled trial; CS: Case series;
ORIF: Open reduction internal fixation; PF: Plate fixation; SF: Screw fixation; PSF: Percutaneous screw fixation; ORBG: Open reduction and bone grafting;
RTA: Road traffic accident; Pedestrian - Pedestrian struck by Motor Vehicle; AO/OTA: Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic Trauma
Association; N/A: No data available; IA: Intra-articular.

Choice of radiological imaging

was reported within combined surgical cohorts, with
[35-37]
no differentiation for treatment method used
.
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Table 4 Fractures treated by Arthroscopic-Assisted Reduction and Internal Fixation - Only patients with follow-up data included
Ref.

n

Chan et al[26]
(2003)

18

PCS

48 mo

APF
(18)

Chan et al[25]
(2008)

54

PCS

87 mo

APF
(54)

Chiu et al[34]
(2013)

25

RCS

86 mo

APF
(25)

Duan et al[29]
(2008)

39

RCS

34 mo APSF
(37)

Gill et al[28]
(2001)

25

PCS

Guanche et al[31] 5
(1993)
Holzach et al[30] 15
(1994)

Study Mean Treat Mode
of
design follow- ment
injury
up

RTA Schatzker
(17) V and VI
Falls
(1)
RTA Schatzker
(50)
I-VI
Falls
(4)
N/A Schatzker
IV-VI

RTA Schatzker
(19)
I-V
Falls
(11)
Sports
(9)
24 mo APSF Skiing Schatzker
(25)
(25)
I-IV

CS

N/A

PCS

35.3
mo

31

PCS

36 mo

Itokazu et al[24] 16
(1996)

RCS

30 mo

Kampa et al[27]
(2016)

20

RCS

30 mo

Pizanis et al[33]
(2012)

5

CS

24 mo

Hung et al[32]
(2003)

Return
Return
Return
Report IA injury Coleman Return
time
rate to
repair
score
rate
rate by
of IA
treatment same level (range)
injuries
of sport
modality

Fracture
types

APSF N/A Schatzker
(5)
I-III
APSF Skiing AO/OTA
(10)
(15) B2.2 and
B3.1
APF RTA Schatzker
(31)
(30)
I-VI
Falls
(1)
APSF N/A
Hohl II
(5)
and III
ACF
(7)
APF
(4)
APSF Falls Schatzker
(20) (52%)
I-III
Sport
(48%)
APF N/A AO/OTA
(5)
B2 and B3

Rate of Time to
union
union
(range)

Yes

Yes

68

13/18
(72%)

APF:
13/18
(72%)

13/18
(72%)

N/A

N/A

N/A

Yes

Yes

80

48/54
(89%)

APF:
48/54
(89%)

48/54
(89%)

N/A

54/54
(100%)

N/A

Yes

Yes

73

22/25
(88%)

22/25
(88%)

N/A

25/25
(100%)

N/A

Yes

Yes

57

30/39
(77%)

APF:
22/25
(88%)
APSF:
30/39
(77%)

30/39
(77%)

N/A

39/39
(100%)

12
(11-14)
wk

Yes

Yes

79

21/25
(84%)

N/A

N/A

N/A

No

55

N/A

76

5/5
(100%)
N/A

N/A

Yes

Not
reported
Yes

Yes

Yes

76

Yes

Yes

49

Yes

Yes

71

No

Not
reported

61

APSF:
21/25
21/25
(84%)
(84%)
5/5 APSF: 5/5 5/5 (100%)
(100%)
(100%)
13/15
APSF:
13/15
(87%)
13/15
(87%)
(87%)
26/31
APF:
26/31
(84%)
26/31
(84%)
(84%)
16/16 APSF: 5/5
(100%)
(100%)
ACF: 7/7
(100%)
APF: 4/4
(100%)
10/20
APSF:
(50%)
10/20
(50%)
5/5
(100%)

N/A

N/A

N/A

31/31
(100%)

12
(11-14)
wk

16/16
(100%)

N/A

16/16
(100%)

N/A

10/20
(50%)

N/A

20/20
(100%)

N/A

N/A

N/A

N/A

APF: 5/5 5/5 (100%)
(100%)

Mean values unless otherwise stated. RCS: Retrospective cohort study; PCS: Prospective Cohort Study; CS: Case series; APSF: Arthroscopic-assisted
reduction and percutaneous screw fixation; ACF: Arthroscopic-assisted reduction and cement filling; APF: Arthroscopic-assisted plate fixation; RTA: Road
traffic accident; AO/OTA: Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic Trauma Association; NA: No data available; IA: Intra-articular.

Table 5 Fractures treated by frame application - only patients with follow-up data included
Ref.

n

Ahearn et al[12]
(2014)

15

Study Mean
design followup

RCS

41 mo

Treat
ment

Frame
and IF
(15)

Mode of
injury

Fracture
types

Falls
Schatzker VI
RTA
(Bicondylar)
Pedestrian

Report IA injury Cole Return Return
Return
of IA
repair man rate
rate by
rate to
injuries
score
treatment
same
modality level of
sport
No

Not
reported

62

11/15
(73%)

Frame
and IF:
11/15
(73%)

3/15
(20%)

Return Rate of Time to
time
union
union
(range)
(range)

N/A

15/15
(100%)

N/A

NonBridging
Frames
(15)
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Chin et al[20]
(2005)

18

RCS

Canadian
Orthopaedic
Trauma
Society[11]
(2006)

33

RCT

Itokazu et al[24]
(1996)

1

RCS

Katsenis et al[21]
(2005)

46

RCS

28 mo

RTA
Schatzker V
Pedestrian
and VI
Falls
Skiing
Cycling

Bridging
Frames
(3)
NonBridging
Frames
(15)
24 mo Frame
Falls
Schatzker V
and IF
RTA
and VI
(33)
Pedestrian
Sports
Bridging
Work
Frames
Cycling
(4)
NonBridging
Frames
(29)
30 mo Arthro
N/A
Hohl II and
Frame
III
(1)
NonBridging
Frame
(1)
38 mo Frame
and IF
(46)

Katsenis et al[22] 127
(2009)

RCS

60 mo
(mini
mum)

Weigel et al[23]
(2002)

RCS

98 mo

22

Frame
and IF
(16)
Arthro
Frame
(2)

Bridging
Frames
(30)
NonBridging
Frames
(16)
Frame
and IF
(127)
Bridging
and
NonBridging
Frames
(127)
Frame
and IF
(22)

No

Not
reported

61

15/18
(83%)

Frame
and IF:
N/A
Arthro
Frame:
N/A

7/18
(39%)

N/A

15/18
(83%)

14
(11-22)
wk

Yes

Yes

74

10/33
(30%)

Frame
and IF:
10/33
(30%)

10/33
(30%)

N/A

N/A

N/A

Yes

Yes

49

1/1
(100%)

Arthro
Frame:
1/1
(100%)

1/1
(100%)

N/A

1/1
(100%)

N/A

45/46
(98%)

13.5
(11-18)
wk

RTA
Falls

Schatzker
V and VI
AO/OTA
C1-3

Yes

Not
reported

72

25/46
(54%)

Frame
and IF:
25/46
(54%)

N/A

N/A

RTA (96)
Falls (29)
Sports (2)

AO/OTA
C1-3

Yes

Not
reported

68

68/127
(54%)

Frame
and IF:
68/127
(54%)

N/A

N/A

No

Not
reported

54

7/22
(32%)

Frame
and IF:
7/22
(32%)

N/A

N/A

RTA (16)
Schatzker
Fall (3)
II, IV, V and
Pedestrian
VI
(2)
AO/OTA
Non- Assault (1)
C1-3
Bridging Sport (1)
Frames Crush (1)
(22)

126/127 13.7
(99%) (10-20)
wk

N/A

N/A

Mean values unless otherwise stated. RCS: Retrospective cohort study; PF: Plate fixation, PSF: Percutaneous screw fixation; APSF: Arthroscopic
Percutaneous screw fixation; Arthro Frame: Arthroscopic-assisted frame application; Arthro Frame and IF: Arthroscopic-assisted frame application with
internal fixation; RTA: Road traffic accident; AO/OTA: Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic Trauma Association; N/A: Data not
available; IA: Intra-articular.
[11-37]

[14,16,19,20,22,24,25,29,30,32,34]

assessment of the fractures
. Eleven studies reported
using a combination of plain radiographs and CT Scans
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Table 6 Surgical cohorts with combined outcome data - only patients with follow-up data included
Ref.

n

Kraus et al[36]
(2012)

79

RCS

53 mo

Loibl et al[37]
(2013)

92

RCS

94 mo

Scheerlinck et al[35] 38
(1998)

RCS

Study Mean Treatment Mode of Fracture Report IA injury Coleman Return Return rate Return Return Rate Time
to
of
rate to time
repair
score
rate
by
injury
types
of IA
design followsame (range) union union
treatment
injuries
up
(range)
level
modality
of
sport
PF
PSF
APSF

PF
PSF
ARSF
62 mo APSF (30)
Arthro
Frame (2)
Arthro
Frame and
IF (6)

Sports Schatzker
(54%)
I-VI
RTA
AO/
(20%)
OTA
Falls
A2-C3
(18%)
Skiing
AO/
(92)
OTA
B1-C3
N/A
AO/
OTA
B1-C3

Yes

Yes

47

65/79
(82%)

ORIF: N/A
PSF: N/A
APSF: N/A

N/A

N/A

N/A

N/A

No

Not
reported

55

81/92
(88%)

ORIF: N/A
PSF: N/A
APSF: N/A
32/38 APSF: N/A
(84%)
Arthro
Frame: N/A
Arthro
Frame and
IF: N/A

57/92
(62%)

N/A

N/A

N/A

Yes

Yes

68

24/38
(63%)

N/A

N/A

N/A

Mean values unless otherwise stated. RCS: Retrospective cohort study; PF: Plate fixation; PSF: Percutaneous screw fixation; APSF: Arthroscopic
percutaneous screw fixation; Arthro frame: Arthroscopic-assisted frame application; Arthro frame and IF: Arthroscopic-assisted frame application with
internal fixation; RTA: Road traffic accident; AO/OTA: Arbeitsgemeinschaft für osteosynthesefragen/orthopaedic trauma association; N/A: Data not
available; IA: Intra-articular.
[21,26-28]

and MRI Scans for fracture imaging

.

graft substitute was used in one study to augment
[16]
fixation .
For the ARIF cohort, surgical techniques comprised
reduction of the fracture under arthroscopic guidance
[24-34]
followed by internal fixation
. Depending on the
severity of the fracture, the internal fixation ranged
from cannulated screws to locked plate fixation (Table
4). Concomitant management of intra-articular injuries
[24-30,32,34]
was performed in nine studies
. Bone graft
[25-27,29,30,32]
was used in six studies to augment fixation
;
synthetic bone graft substitute was used in four studies
[27,28,33,34]
to augment fixation
.
For the FRAME cohort, surgical techniques com
prised fracture reduction by traction and open inter
[11,12,20-24]
vention, followed by Frame Application
. In six
studies, limited internal fixation was performed as part
[11,12,20-23]
of the procedure
. In two studies, reduction of
the fracture was assisted by arthroscopic visualisation
[20,24]
of the fracture
. Four studies used either bridging or
non-bridging frames, with bridging frames reserved for
[11, 20-22]
cases with significant knee joint instability
; three
[12,23,24]
studies used non-bridging frame exclusively
(Table 5). Concomitant management of intra-articular
[11,24]
injuries was performed in two studies
. Bone graft
[11,12,20]
was used in three studies to augment fixation
;
synthetic bone graft substitute was used in two studies
[21,22]
to augment fixation
.
Post-operative rehabilitation regimes were reported
[11-22,24-37]
by all but one study
. These comprised limited
[11-22, 24-37]
weightbearing for 6 to 12 wk
. There was a
variety of range of motion (ROM) protocols based on
the severity of fracture, the surgical technique used
and associated injuries: Some studies advocated full

Study design

The mean CMS for all the studies was 65.5 (range
[11-37]
45-80) (Tables 2-6)
. For the study reporting
on conservative management, the CMS was 69
[18]
(Table 2) . For the studies reporting on surgical
management, the mean CMS was 65.5 (range 45-80)
[11-37]
(Tables 3-6)
. For the ORIF cohort, the mean CMS
[11-19]
was 66.6 (range 45-79) (Table 3)
. For the ARIF
cohort, the mean CMS was 67.7 (range 49-80) (Table
[24-34]
4)
. For the FRAME cohort, the mean CMS was 62.9
[11,12,20-24]
(range 49-74) (Table 5)
.

Management

Conservative management: This comprised of knee
immobilisation for 4 to 8 wk, during which the patient
[18]
performed quadriceps strengthening exercises .
Following this, the patients commenced range of
motion exercises, with progressive weightbearing and
[18]
physiotherapy .
Surgical management: The surgical technique could
be categorised into three main categories: ORIF, ARIF,
FRAME.
For the ORIF cohort, surgical techniques comprised
open reduction of the fracture followed by internal
[11-19]
fixation
. Depending on the severity of the frac
ture, the internal fixation ranged from cannulated
screws to locked plate fixation (Table 3). Concomitant
management of intra-articular injuries was performed
[11,14,16-19]
in six studies
. Bone graft was used in three
[11,12,19]
studies to augment fixation
; synthetic bone
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Return rates to sport for tibial plateau fractures
1000
900

No of patient

800
700
600

No return

500

Return

400
300
200
100
0
Conservative

Surgical

ARIF

ORIF

FRAME

Treatment method

Figure 2 Return rates to sport for tibial plateau fractures. ARIF: Arthroscopic-Assisted Reduction Internal Fixation; ORIF: Open Reduction Internal Fixation;
FRAME: Frame-Assisted Fixation.
Return rates to pre-injury level of sport for tibial plateau fractures
700
No return
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Figure 3 Return rates to pre-injury level of sport for tibial plateau fractures. ARIF: Arthroscopic-Assisted Reduction Internal Fixation; ORIF: Open Reduction
Internal Fixation; FRAME: Frame-Assisted Fixation.
[11,16,32,35]

ROM exercises immediately post-operative, while
other advised knee immobilisation for 4 to 6 wk post[11-22,24-37]
operative
.

Surgery Knee Score (4 studies)

Return rates to sports

Conservative management: The return rates for the
conservatively-managed tibial plateau fractures are
provided in Table 7 and Figure 2.
The return rates to pre-injury level sport for the
conservatively-managed tibial plateau fractures are
provided in Table 7 and Figure 3.

Associated surgical procedures

Seventeen of the studies reported concomitant manage
ment of intra-articular knee injuries at the time of
[11,14,16-19,24-30,32,34-36]
surgical procedures
. These included
meniscal repair, partial and total (medial or lateral)
meniscectomy, tibial spine avulsions fixation and ACL
[11,14,16-19,24-30,32,34-36]
re-attachment/repair
.

Surgical management: The return rates for the
various methods of surgical management are provided
in Table 7 and Figure 2.
On meta-analysis of the synthesis data, the return
rates for the ARIF cohort were found to be significant
higher than both: The return rates for the ORIF cohort
2
(OR = 3.22, 95%CI: 2.09-4.97, P < 0.001; I = N/A);
and the return rates for the FRAME cohort (OR 4.33,
2
95%CI: 2.89-6.50, P < 0.001; I = N/A). There was no
significant difference between the return rates of the
ORIF cohort and the FRAME cohort (OR 1.35, 95%CI:
2
0.92-1.96, P = 0.122; I = 0%, P = 0.40). The return
rates to pre-injury level sport for the various methods

Functional assessment

Twenty-six of the studies used validated scoring systems
[11-30,32-37]
to assess post-intervention functional status
.
[18]
These included both the conservatively managed
[11-30,32-37]
and surgically-managed patients
. The only
study not to use a validated scoring systems was in
[31]
the ARIF cohort . The most commonly used scores
[13,25,26,28,29,33,34]
were the Rasmussen Score (7 studies)
,
[14,19,27,33,36]
the Lysholm Knee Score (6 studies)
, the
Short-Form 36 (SF-36) health status questionnaire
[11,12,17,19,20,23]
(6 studies)
and the Hospital for Special
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Table 7 Summary of the return times to sport, return rates to sport, times to union and rates of union by treatment modality
n

Return rates to sport

Return times to
sport

Return rate to pre-injury level

All[11-37]

920

642/920 (70%)[11-37]

6.9 mo (median)[15]

374/628 (60%)[11,12,14-18,20,24-35,37]

Non-surgical[18]
Surgical[11-37]

3
917

3/3 (100%)[18]
639/917 (70%)[11-37]

N/A
6.9 mo (median)[15]

3/3 (100%)[18]
371/625 (59%)[11,12,14-18,20,24-35,37]

Mode of treatment

(total)

Rates of union

Mean times to
union

475/480 (99%)[12,16,17,20-22,24- 13.6 wk[16,20-22,29,32]
27,29,31,34]

N/A
N/A
475/480 (99%)[12,16,17,20-22,24- 13.6 wk[16,20-22,29,32]
27,29,31,34]

Surgical
ORIF[11-19]
ARIF[24-34]
FRAME[11,12,20-24]
Non-specific
surgical cohort[35-37]

193
253
262
209

115/193 (60%)[11-19]
209/253 (83%)[24-34]
137/262
(52%)[11,12,20-24]
178/209 (85%)[35-37]

6.9 mo (median)[15]
N/A
N/A

60/175 (34%)[11,12,14-18]
209/253 (83%)[24-34]
21/67
(31%)[11,12,20,24]
81/130 (62%)[35,37]

N/A

83/83 (100%)[12,16,17]
190/190 (100%)[24-27,29,31,34]
202/207
(98%)[12,20-22,24]
N/A

20.2 wk[16]
12.0 wk[29,32]
13.7 wk[20-22]
N/A

ORIF: Open Reduction Internal Fixation; ARIF: Arthroscopic-Assisted Reduction Internal Fixation; FRAME: Frame-Assisted Fixation; NA: No data
available.
[12,20-22,24]

of surgical management are provided in Table 7 and
Figure 3.
On meta-analysis of the synthesis data, the return
rates to pre-injury level sport for the ARIF cohort were
found to be significant higher than both: The return
rates to pre-injury level sport for the ORIF cohort (OR
2
9.10, 95%CI: 5.80-14.29, P < 0.001; I = N/A); and
the return rates to pre-injury level sport for the FRAME
cohort (OR = 10.40, 95%CI: 5.65-19.15, P < 0.001;
2
I = N/A). There was no significant difference between
the return rates to pre-injury sport of the ORIF cohort
and the FRAME cohort (OR 1.14, 95%CI: 0.63-2.09, P
2
= 0.664; I = 3%, P = 0.31).

was 98%
[20-22]
13.7 wk
.

Complications

Conservative management: For the conservativelymanaged tibial plateau fractures, there were no
[18]
complications reported .
Surgical management: For the ORIF cohort, 8
[11-13,15-19]
of the studies reported complications
: One
[14]
study reported no complications . The reported
complications included wound infection (0%-40%),
prominent metalwork (0%-56%), post-operative
knee stiffness requiring intervention (0%-8%), nerverelated symptoms (0%-6%), and loss of fixation
[11-19]
requiring revision (0%-10%)
. Removal of
metalwork ranged from 0%-56% (mean 27%); re[11-19]
intervention rate ranged 0%-93% (mean 39%)
.
For the ARIF cohort, nine of the studies reported
[24-30,32,34]
complications
; two studies reported no
[31,33]
complications
. The reported complications included
wound infection (0%-7%), prominent metalwork
(0%-20%), post-operative knee stiffness requiring
intervention (0%-8%), DVT (0%-10%), nerve-related
symptoms (0%-20%), loss of fixation requiring
[24-34]
revision (0%-3%)
. Removal of metalwork ranged
from 0%-20% (mean 2%) and re-intervention rate
[24-34]
ranged 0%-20% (mean 4%)
.
For the FRAME cohort, all studies reported com
[11,12,20-24]
plications
. These included pin site infection
(0%-57%), nerve-related symptoms (0%-10%), DVT
(0%-13%) delayed union (0%-14%) post-treatment
knee stiffness requiring intervention (0-5%), and
post-treatment mal-alignment requiring intervention
[11,12,20-24]
(0%-18%)
. All cases required frame removal;
beyond this, re-intervention rate ranged 0%-35%
[11,12,20-24]
(mean 14%)
.

Return times to sports

Conservative management: There were no reported
return times for the conservatively-managed tibial
plateau fractures (Table 7).
Surgical management: Only one study on the
surgically managed fractures reported return times to
sport. This was from the ORIF cohort. The reported
return time was 6.9 mo (median) with a range of 2 to
[15]
18 mo . This represented a return time to full level
[15]
sport .

Fracture union

Conservative management: The study reporting on
conservatively-managed fractures, did not record post[18]
treatment fracture union .
Surgical management: Fracture union was recorded
[12,16,17,20-22,24-27,29,31,34]
in 13 studies
, with all 13 studies
[12,16,17,20-22,24-27,29,31,34]
recording rates of union
and only
[16,20-22,29,32]
6 studies recording times to union
(Table
7). For those managed by ORIF, the union rate was
[12,16,17]
100%
and the mean time to union was 20.2
[16]
wk . For those managed by ARIF, the union rate was
[24-27,29,31,34]
100%
and the mean time to union was 12.0
[29,32]
wk
. For those managed by FRAME, the union rate
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[11]

opaedic Trauma Society , comparing ORIF to FRAME
for Schatzker VI fractures, found that there was a
trend towards earlier return to pre-injury sporting
activity levels at 6 mo (P = 0.031) and 12 mo (P =
0.024) post-injury for FRAME compared to ORIF. This
difference, however, disappeared at 24 mo post-injury
[11]
(P = 0.128) .
These results are in keeping with those from
[12]
Ahearn et al , who found there was no significant
long-term difference between FRAME and ORIF, in
terms of return to sporting activities, at a mean followup of 41 mo.
[37]
Loibl et al
noted poorer outcomes regarding
return to sport for the more severe fracture types
(AO/OTA B3 and C3) They also found that participation
in downhill skiing post-injury decreased more for
patients 61 years and older (56% decline) compared
to patients younger than 60 years (45% decline):
Post-injury frequency of sports (r = 0.22, P < 0.05)
and duration of sports (r = 0.25, P < 0.05) was weakly
[37]
correlated with the patient’s age at injury .
[36]
Kraus et al
found that, while patients with highenergy fracture patterns (AO/OTA Type C) could
continue to participate in sports post-injury, at a fre
quency and duration similar to those of low-energy
fracture patterns (AO/OTA Type A and B) (P = 0.357),
the variety of sports they could return to was signifi
cantly reduced (P < 0.004). Conversely, however, they
found that the presence of a concomitant ligamentous
injuries was not associated with a poorer return to
[36]
sporting activity (P = 0.365) .

ment offered a good return rates to sport at 100%.
Similarly, return rates to previous level of sport were
very satisfactory at 100%. However, this was from
a cohort of three fractures, on which there were no
[18]
return times reported : This reflects a significant
limitation of data in this area. Despite this, the rate
of persisting symptoms and complications following
[18]
this treatment was 0% . Thus, with the restricted
evidence available, conservative management appears
to be a very acceptable treatment for undisplaced
fractures. Clinicians should, however, remain vigilant
for fracture displacement during follow-up: If this is
[3]
occurs, surgical management should be offered .
From our data we found that surgical management
offered limited return rates to sport at 70%. Again,
the evidence in this area was restricted, with only
one study in this cohort reporting return times to
[15]
sport . Despite such limitations, with the reported
median return time of 6.9 mo, it appears that sporting
rehabilitation following such injuries is notably
[15]
prolonged . Despite the restricted reporting on return
times to sport, there was sufficient data on return
rates to sport to allow comparison between the three
main treatment methods: ORIF, ARIF and FRAME.
ARIF offered the best return rates at 83%, with a
similar value for return to pre-injury level of sport. In
comparison, the return rates for ORIF and FRAME were
60% and 52% respectively, and the return rate to preinjury level of sport were 34% and 31%. The positive
findings for ARIF are in keeping with the current
literature: A recent systematic review found ARIF to
provide encouraging clinical and radiological outcomes
[2]
from an assessment of 12 studies . It has been
suggested that this technique provides the surgeon
with a superior assessment of fracture reduction intraoperatively, as well as allowing direct intra-operative
assessment and management of concomitant intra[2]
articular knee injuries . Indeed, within our review,
9 of the 11 studies using ARIF, reported associated
[24-30,32,34]
arthroscopic procedures at time of surgery
.
However, to note, six of the nine studies in the ORIF
cohort also reported associated management of intraarticular injuries, with a number of these studies
avoiding arthroscopic-assisted reduction due to the
[11,14,16-19]
complexity of fractures encountered
. It has
been noted that the use of arthroscopic-assisted
reduction techniques for Schatzker V and VI fractures
can significantly prolong operating time, and increase
the risk of post-operative infection and compartment
[38]
syndrome . Certainly, on assessment of the fracture
types recorded in the studies of the ARIF cohort, at
least four studies restricted the technique to lowenergy fracture patterns (Schatzker I-III, AO/OTA
[27,30,31,33]
Type A and B)
. In comparison, there were no
[11-19]
such restrictions of fracture types in the ORIF
and
[11,12,20-24]
FRAME
. cohorts. Thus, it is likely that selection
of fracture type had a confounding influence on the
[36,37]
results from our review
. Nevertheless, it appears
that, particularly for the lower-energy fracture patterns,

DISCUSSION
The main findings of this review are that seventy
percent of patients with a tibial plateau fracture
returned to sport following injury, with only sixty
percent able to return to their pre-injury level of sport.
Conservative management offered very acceptable
results for undisplaced fractures, with a return to
sport rate of 100%. Regarding surgical techniques for
displaced fractures, ARIF offered the best return rates
at 83%; however, such results were likely influenced
by less severe fracture patterns being more amendable
to this technique. There was no difference seen in
return rates between ORIF and FRAME. There was a
significant limitation in the reporting of data with only
one studies reporting return times to sport for this
fracture type.
In comparison to previous similar systematic
reviews, the methodological quality of the studies in
this review was improved, with a mean modified CMS
[7-10]
of 66
. In keeping with this, there was one recorded
[11]
RCT . However, all other included studies comprised
[11-37]
Level 2 to 4 evidence
, demonstrating a need for
further high quality research in this field to better
define the optimal treatment modalities for these
injuries.
From our data we found that conservative manage
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ARIF offers athletes the best possibility to return to
sport post-treatment.
Other notable findings were that FRAME offered
a quicker return to pre-injury sporting levels than
[11]
ORIF for Schatzker V and VI fractures . This may
reflect a lesser insult to the surrounding soft tissue
with FRAME compared to ORIF, so enabling a quicker
[11]
return of function . However, return rates to sport
for the two techniques, beyond 2 years follow-up,
[11,12]
from two studies, showed no difference
: Thus
it remains debatable if FRAME is truly better than
ORIF in allowing return to sport following high energy
bicondylar tibial plateau fractures. Further notable
findings were that two other studies found that return
to sport following tibial plateau fractures was adversely
affected by increasing severity of fracture pattern and
[36,37]
by advancing age of the patient
. It would appear
that for increasing severity of fracture pattern, with
the associated damage to cartilage and surrounding
structures, recovery of sporting function in the knee
[36,37]
becomes more challenging
. Such effects are then
confounded by increasing age of the patient, through
the reduced physiological reserve and reduced healing
[36,37]
potential that is often associated with this
.
In comparison to previous studies, there was an
improvement in the reporting of both rehabilitation
[7-10]
methods and functional outcome scores
. All but one
of the studies reported comprehensive rehabilitation
protocols, with the majority providing detailed descri
ptions of weight-bearing status, immobilisation method
[11-22,24-37]
and range of motion protocols
. Similarly, twentysix of the twenty-seven studies used formal validated
scoring methods to allow assessment of post-treatment
[11-30,32-37]
function
.
Assessment of the rehabilitation methods revealed
there was notable variation between the techniques.
These were largely centred on range of motion protocols
[11-22,24-37]
and methods of post-operative immobilisation
.
With the numbers available, it was not possible to
assess the effect of variation in rehabilitation methods
on return to sport. Appreciably, such variations are
guided by the severity of the injury and associated dam
[11-22,24-37]
age to the surrounding ligaments
. However,
with the considerable variations observed, it appears
there is definite ability, within future studies, to assess,
refine and optimise rehabilitation techniques.
The most notable finding, in comparison to pre
[7-10]
vious similar reviews
, was the significant lack
of reporting on return times to sport. This, in part,
reflects the limited description of return to sport in the
included studies, with this often being briefly reported
[11-37]
a secondary outcome measure
. However, this also
reflects the prolonged rehabilitation associated with
such fractures, with return to sport often outdating
[3,15]
the standard follow-up duration for these injuries
.
Nevertheless, the restricted reporting on return to
sport for these fractures was a significant shortcoming,
limiting both inter-study comparisons and collection
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of certain relevant details such as return to pre-injury
[7-10]
level of sport
. Future studies should aim to provide
more comprehensive descriptions of return rates and
times to sport, detailing the level of sport to which the
athlete returned, as well as the time taken to return to
both training and full-level sport.

There are several limitations to this review

Firstly, due to the limited reporting in most studies, it
was not possible to develop synthesis data for return
times to sport for this injury. Given the usefulness
of such information for athletes and clinicians alike,
future studies should be encouraged to record such
information as able.
Similar to this, due to the paucity of reporting in
the included studies, it was not possible to analyse
the synthesis data for the effect of certain factors
such as fracture severity, concomitant injuries, and
required re-intervention on sporting return. Given the
importance of such data on treatment decisions and
final outcome, the generalised data provided can be of
limited value for the individual athlete. However, the
authors have tried to illustrate such information, where
possible, including details on fracture severity, the
presence of associated intra-articular injuries and rates
of complications and further surgery accordingly.
Thirdly, the reporting of return rates to sport
throughout the studies was limited. Few provided
comprehensive descriptions, with the majority only
providing a brief summary of sporting outcomes.
This limits our ability to compare sporting outcome
both between studies as well as between treatment
modalities. In order to limit this effect, sporting out
come was divided in two distinct categories (return to
sport, return to same level of sport), enabling a clear
outcome from each study.
Lastly, due to the limited size of certain subcohorts within the synthesis data, it was only possible
to perform six meta-analysis comparisons: further
comparisons between sub-sets of the surgical techni
ques would have been preferable but unfortunately this
was not possible due to sub-cohort size.
In conclusion, thirty percent of all athletes who
suffer a tibial plateau fracture may not be able to
return to sport post-injury. Conservative management
forms the first-line treatment for all undisplaced
fractures, and provides good results regarding return
to sport. Surgical fixation is reserved for displaced
fractures. The choice of surgical technique is guided
by the severity and pattern of the fracture. With lowenergy fracture patterns, ARIF appears to offers the
best possibility of return to previous level of sport. With
high-energy fracture patterns, there appears no clear
difference between ORIF and FRAME for return rates
to sport. There was a significant limitation on reporting
of return times to sport following these injuries. Thus,
despite the available data, further well-designed
research is required to better define return rates and
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Plateau Fracture with an External Fixation Device along with Internal Fixation;
AO/OTA Classification: The Arbeitsgemeinschaft für Osteosynthesefragen/
Orthopaedic Trauma Association Tibial Plateau Fracture Classification. This
comprises three main categories: Type A: Extra-Articular; Type B: Partial Articular;
Type C: Articular; Schatzker Classification: The Schatzker Tibial Plateau Fracture
Classification. This comprises six groups: I - Lateral Plateau Split Fracture; II
- Lateral Plateau Split-Depression Fracture; III - Lateral Plateau Depression
Fracture; IV Medial Plateau Fracture; V - Bicondylar Fracture; VI - Bicondylar
Fracture with Metaphyseal-Diaphyseal Disassociation.

times to sport following tibial plateau fractures.
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RESULTS
The study designs, surgical techniques and outcome
measures varied between the studies. Although all
studies reported improvements in patient outcome
measures, this was not necessarily correlated with
magnetic resonance imaging findings. Although there
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AMIC was performed in isolation, the results tended to
peak at 24 mo before declining.
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CONCLUSION
Although short-term studies suggest improved patient
reported outcomes with a variety of scaffolds, surgical
techniques and rehabilitation regimes, the literature
remains equivocal on whether the defect size and
location, and patient factors affect the outcome. Patient
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benefit appears to be maintained in the short-tomedium term but more high level studies with extensive
and robust validated outcome measures should be
conducted to evaluate the medium- and long-term
effect of the AMIC procedure.

step procedures such as ACI and MACI partly in view
of associated costs, a new one-step procedure was
introduced for the repair of cartilage defects called
autologous matrix-induced chondrogenesis (AMIC)
that brings together microfracture with a collagen
[11]
matrix scaffold . There is increasing interest in AMIC
as it provides a cost-effective alternative to cell-based
therapies for articular cartilage repair, and it is highly
[1]
autologous in nature. Benthien and Behrens first
described the AMIC procedure using an awl to perform
perforations in the subchondral bone, and “partial
autologous fibrin glue” (PAF) using commercially avail
®
able fibrin glue to adhere Chondro-Gide (Geistlich
Biomaterials, Wolhausen, Switzerland) collagen mem
brane to the lesion. The TGFβ component of fibrin
may contribute to the chondrogenic differentiation of
[10]
mesenchymal stem cells (MSCs) . Since then the
procedure has been described with variations in the
drilling technique, scaffold and fixation.
The results with AMIC in the literature have been
variable. As there are limited studies on AMIC, vari
[12-15]
ability in the type of scaffold used
, the surgical
[1,13,15-17]
procedure
, defect size and location, and
patient variability may all contribute to variable results.
In addition, we are not aware of the longevity of
these results. We performed a systematic review of
the literature identifying studies looking at AMIC to
determine their clinical outcome, and address these
three questions: (1) does the type of scaffold, surgical
technique or rehabilitation regime affect outcome? (2)
does the defect size and location, and patient factors
affect outcome? and (3) does the outcome change with
time?

Key words: Autologous matrix-induced chondrogenesis;
Cartilage defects; Humans, PRISMA
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Studies looking at autologous matrix-induced
chondrogenesis (AMIC) in humans suggest improved
patient reported outcomes in the short-to-medium
term but there is significant variation in the scaffolds,
surgical techniques and rehabilitation regimes used. The
literature remains equivocal on whether the defect size
and location, and patient factors affect the outcome.
More high level studies with extensive and robust
validated outcome measures should be conducted to
evaluate the medium- and long-term effect of the AMIC
procedure.
Shaikh N, Seah MKT, Khan WS. Systematic review on the
use of autologous matrix-induced chondrogenesis for the
repair of articular cartilage defects in patients. World J Orthop
2017; 8(7): 588-601 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v8/i7/588.htm DOI: http://dx.doi.
org/10.5312/wjo.v8.i7.588

INTRODUCTION
[1,2]

Cartilage defects have a limited capacity for repair .
Untreated focal defects have the potential to progress
to more generalised lesions and can cause significant
morbidity. The frequent outcome for arthritis in large
joints such as the knee is surgical intervention for joint
replacement. This procedure is generally successful in
older sedentary patients, but the limited lifetimes of
prostheses make it much less desirable for younger
and develop new strategies for the treatment of focal
cartilage defects to prevent secondary osteoarthritis.
Various surgical procedures have been implemented
to reduce pain, and postpone or prevent the need for
joint replacement, while simultaneously withstanding
[3]
the daily activities of the patient . These include the
use of bone marrow stimulation techniques pioneered
by Pridie by introducing the concept of subchondral
[4,5]
drillingPridie . This was further developed by Stead
[6]
man who introduced the notion of microfracture . A
range of chondrocyte implantation techniques have
also developed including autologous chondrocyte
implantation (ACI), matrix-induced autologous chondro
cyte implantation (MACI), mosaicplasty and osteo
[7-10]
chondral autologous transplantation (OATS)
.
In 2003 after funding issues were raised for two-
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MATERIALS AND METHODS
A systematic review of the published literature was
conducted following Preferred Reporting Items for
[18]
Systematic Reviews and Meta-Analysis Guidelines .
This search was completed on November 30, 2016
using search databases MEDLINE, Google Scholar,
Cumulative Index to Nursing and Allied Health Litera
ture, AMED and EMBASE. No restrictions regarding
publication date were applied during the literature
search, due to the relatively new nature of AMIC
and the limited number of related articles that have
been published. Keywords used in the search include
“autologous matrix-induced chondrogenesis” and
“AMIC”. The Cochrane library was also searched using
the terms “autologous matrix-induced chondrogenesis”
and “AMIC”. Abstracts of the selected articles were
reviewed to ensure they met the selection criteria, after
which the full article was obtained. The bibliographies
and in-text references of the retrieved articles were
searched for any articles that may have been missed
during the initial search. Unpublished or grey literature
was identified using databases including System for
Information on Grey Literature in Europe, the National
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Technical Information Service, the National Research
Register (United Kingdom), UKCRN Portfolio Database,
the National Technical Information Service, the British
Library’s Integrated Catalogue, and Current Controlled
Trials database. Published and unpublished material
including university theses and dissertations, and
conference proceedings in the English literature were
also reviewed.
The inclusion criteria were clinical studies in English
language looking at outcomes after AMIC in partial- and
full-thickness focal chondral or osteochondral defects
(ICRS grade III or IV) of any joint. Studies with a level
of evidence I-IV as described by the Oxford Centre for
[19]
Evidence-based Medicine
were included. Studies
not meeting these criteria, single-patient case studies,
techniques, comments, letters, editorials, protocols and
guidelines were excluded. Animal and cadaveric studies
were also excluded.
The titles and abstracts of all citations were
reviewed by the three authors (Shaikh N, Seah MKT
and Khan WS). Full manuscripts of citations adhering
to the inclusion criteria and those that were uncertain
were downloaded. Reference lists of all full manuscripts
and applicable review articles were reviewed to
identify any further articles omitted from the initial
search. The same investigators then reviewed all full
manuscripts against the inclusion criteria and any
disagreement on eligibility was resolved by discussion.
The corresponding author of the paper was contacted
if any queries arose. They were also consulted as to
any additional citations that may address the research
question.
Data was extracted from papers that satisfied the
eligibility criteria. The variables that were determined
for each study were study type, treatment period,
study size, gender, mean age, patients lost to followup, mean and range of follow-up, joint involved, size,
grade and location of lesion, inclusion and exclusion
criteria, source of funding, surgical technique, previous
and associated surgeries, rehabilitation and outcome
scores. The extracted data was entered onto Microsoft
Excel (Microsoft Corporation, Washington, DC) by one
investigator (Shaikh N), and re-evaluated and verified
by the other authors (Seah MKT and Khan WS). The
investigators were blinded to the source or authors of
the identified papers. Although the systematic review
protocol was approved by the host institution, the
systematic review protocol was not formally registered
in a registry. A systematic review was performed rather
than a meta-analysis in view of the lack of randomised
controlled trials and consistent outcome measures,
where the results could be combined to allow statistical
analyses.

Study quality assessment

should be given more weighting than others. The
ratings were also used as a guide to assess the level of
confidence from which conclusions could be drawn from
a particular study. CMS consists of two parts; Part A
that focuses on the design of the study and Part B that
relates to the study outcomes. This instrument uses a
scaling system, in which the studies are assessed using
10 criteria. Part A has a maximum total score of 65,
while Part B has a maximum total score of 35, giving
a total score of 100. The total score can be graded as
being excellent (85-100 points), good (70-84 points),
fair (55-69 points) and poor (< 55 points). A higher
total score suggests that the study has an efficient
design and is better at avoiding the effects of chance,
various biases and confounding factors. The categories
used in the CMS were formed on the basis of the
Consolidated Standards of Reporting Trials statement
[21]
for randomized controlled trials .

RESULTS
The results of the search using the databases retrieved
297 articles. Twenty-six articles were reviewed after
excluding animal and pre-clinical studies, singlepatient case reports, literature reviews and articles
where the original text was in a language other than
English. Of the 26 articles obtained, 10 were excluded
as they represented level V evidence, review studies
or technical notes, resulting in a total of 16 articles
that were included in this systematic review (Figure
[3,13,15-17,22-33]
1)
. Of the 16 included articles, 13 studies
were prospectively conducted, 2 were retrospective,
and only 1 was a randomized control trial.
There were more males than females included in
the studies, with a ratio of approximately 2:1. The
mean age was 36.2 years (range 15-50 years) and the
mean follow-up period was 30 mo (range 6-62 mo).
Ten of the 16 studies focussed on the knee, 3 on the
ankle, and 3 on the hip (Table 1). Some of the studies
mentioned sources of funding, but none that would
trigger any concerns about conflict of interests or bias.
A variety of treatment algorithms were used including
different drilling techniques, scaffold used, method
of fixation, associated surgery and the rehabilitation
protocol (Table 2).
All of the studies adopted at least one form of esta
blished patient-reported outcome measure and 9 of
the 16 studies obtained patient Magnetic resonance
Observation of CArtilage Repair Tissue (MOCART)
scores (Tables 3 and 4). For the 10 studies looking at
the knee, all reported more than one clinical outcome
measure. Five used the Visual Analogue Scale (VAS),
4 used the Lysholm score and the Knee injury and
Osteoarthritis Outcome Score (KOOS), 3 used the
International Knee Documentation Committee (IKDC)
score, 2 used the International Cartilage Repair
Society (ICRS) and the Cincinnati score, and 1 used
the Tegner score and Kujala patellofemoral score.

[20]

The Coleman Methodology Score (CMS)
was used
to evaluate the quality of the studies and to determine
if the outcomes and claims made in particular studies
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Studies identified as potentially relevant
and screened for retrieval = 298
Animal studies, in vitro research, single-patient
case reports, literature reviews and original text in
language other than English excluded = 272

Studies retrieved for further in depth
evaluation = 26
Studies excluded as level V evidence,
review studies, technical notes = 10

Relevant studies retrieved and included in this
systematic review = 16

Figure 1 Illustration of the selection process for articles in this systematic review.

The three studies looking at the ankle joint used the
American Orthopaedic Foot and Ankle Society (AOFAS)
score and the VAS. One study also reported the Foot
Function Index (FFI). Two of the hip studies reported
the modified Harris Hip Score (mHHS). Four knee, four
ankle and one hip studies also reported on MOCART
scores. Although positive patient-reported outcomes
were observed in all studies, MOCART scores did not
always correlate with the patient-reported outcomes.
[22]
Kusano et al
found significant improvements in
the IKDC and Lysholm scores, but the MOCART scores
did not correlate with the positive clinical outcomes.
The majority of patients displayed incomplete defect
repair, damaged repair tissue, and inhomogeneous
repair tissue structure, as well as subchondral lamina
and subchondral bone that were not intact. The
[3]
randomized control trial by Anders et al assessed dif
ferences between a microfracture technique, a sutured
AMIC technique, and a glued AMIC technique. In all
three groups, positive patient outcomes and pain
levels were observed at follow-up, with no significant
differences between the groups. In assessing the
magnetic resonance imaging (MRI) outcomes of pati
ents in this study, results showed good defect filling
in most patients, however homogenous repair tissue
was only seen in 50% of the patients treated using the
AMIC techniques, compared to 100% of the patients
treated using traditional microfracture. Additionally,
surface regeneration and integration of the lesion
with the cartilage proved to be marginally inferior in
patients that were treated using AMIC. The finding
that MRI scores do not always correspond with patientassessed outcomes is consistent with those observed
[29]
in other studies. Dhollander et al
found favourable
clinical outcome scores in patients undergoing AMIC
at the patellofemoral joint but the radiological findings
did not support these outcomes. All 10 patients
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had subchondral lamina changes on MRI and 3 had
osteophytes within 24 mo.

Does the type of scaffold, surgical technique or
rehabilitation regime affect outcome?

There are three commercially available biodegradable
membrane scaffolds that fill in the lesions until they are
absorbed and replaced by repair tissue (Table 2). The
®
®
three scaffolds are Chondro-Gide , Chondrotissue
(BioTissue, Zurich, Switzerland) and Hyalofast™ (Fidia
®
Advanced Biopolymers, Padua, Italy). Chondro-Gide is
a porcine-based membrane that is the original and most
popular scaffold used in AMIC. This protein-based matrix
has a bi-layer structure composed primarily of type I/III
[16]
collagen. In cases where the AMIC Plus technique
was implemented, a Platelet-rich plasma (PRP) gel
®
(GPS III System Advantages, Biomet) was applied
to the surface of the lesion prior to the application
®
of the membrane. Chondrotissue is “sponge-like”
matrix composed of polyglycolic acid treated with
[12,13]
®
hyaluronan
. In cases where Chondrotissue was
[13]
used, PAF was substituted with biodegradable pins .
TM
The Hyalofast membrane is a partially-synthetic byproduct of hyaluronic acid composed of an unstructured
amalgamation of fibres. On degradation it releases
hyaluronic acid into the defect site that may encourage
chondrogenic differentiation of bone marrow-derived
[14]
MSCs . Prior to commencing the AMIC procedure,
bone marrow is aspirated from the iliac crest, and
processed to obtain bone-marrow derived MSCs. This
is used with autologous PRP obtained from the blood
TM
sample, and together the Hyalofast membrane is
immersed in this solution prior to being applied onto
[15]
[15]
defect . Buda et al
performed the AMIC procedure
TM
on 20 patients using Hyalofast membrane, and the
improvements in the IKDC scores were greater than
®
those seen with Chondro-Gide membrane. The mean
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Table 1 Study demographics, lesion location and grade, inclusion and exclusion criteria, and funding sources
Ref.

Mean Mean
age followup in
(yr)
months
(range)

Joint

Treatment
period

Patient
numbers

Shetty et al[34]

4 yr

30

Buda et al[15]

Apr
2006-May
2007

20 (12M,
8F)

15-50

29

Knees

Gille et al[26]

2003-2005

27 (16M,
11F)

39

37
(24-62)

Knees

Dhollander et al[16]

Dhollander et al[13]

Kusano et al[22]

Defect
location and
type

MFC, LFC,
trochlea,
patella

Jan 2008-Apr 5 (3M, 2F) 18-50
24
2008
(12-24)

Grade of
Lesion
lesion dimensions
2
(cm )

Grade
III/IV

2-8

Grade
III/IV

Not
specified

Medial
Grade IV
femoral
condyle 7,
lateral femoral
condyle 3,
patella 9,
trochlea
2, femoral
condyle and
patella 6
Knees
Patella
Grade
III/IV

2008-2009

5 (4M, 1F)

29.8

24

Knees Right 2 (40%),
left 3 (60%)
medial
femoral
condyle (2),
lateral femoral
condyle (2),
trochlea (1)

Grade
III/IV

Aug 2003-Jul
2006

40 (23M,
17F)

35.6

28.8
(13-51)

Knees Full thickness
chondral
defect in
patella (20),
femoral
condyle (9),
osteochondral
defect in
femoral
condyle (11)

Grade
III/IV
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Inclusions

>1

Clinical
symptomatic
chondral
lesions at
femoral
condyle,
patella or
trochlea

2 (range
1-3)

Symptomatic
focal patella
cartilage
defects

Median 16-40 yr, single
2.3, range symptomatic
1.5-5
focal cartilage
defect on
femoral
condyles or
patellofemoral
joint

3.87

Exclusions

Malalignment
of the knee
exceeding 5° of
valgus or varus.
Generalized
osteoarthritic
changes in the
knee
Diffuse
arthritis,
general medical
conditions
(e.g., diabetes,
rheumatoid
arthritis etc.),
haematological
disorders and
infections
Advanced
osteoarthritis,
rheumatic
disease, total
menisectomy,
BMI > 35,
deviation of
mechanical axis
to the affected
compartment
Untreatable
tibiofemoral or
patellofemoral
malalignment,
diffuse
osteoarthritis,
major meniscal
deficiency or
other general
medical
conditions
Untreated
tibiofemoral or
patellofemoral
malalsignment
or instability,
diffuse
osteoarthritis,
bipolar
“kissing”
lesions, major
meniscal
deficiency
and other
general medical
conditions
Defects in other
locations, age >
50 yr, skeletally
immature

Source of
funding

None

Not
specified

Not
specified

Not
specified

Not
specified
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Leunig et al[23]

Pascarella et al[24]

Mar 2009-Dec 6 (5M, 1F)
2010

2006-2008

19 (12M,
7F)

Anders et al[3]

Jan 2004-Mar 38 (Not
2010
specified)

Gille et al[28]

Not specified

Valderrabano et al[17]

Wiewiorski et al[25]

2008-2010

22.7

37

Not
specified
(12-30)

Hips

Femoral head
5, acetabular 1
chondral 1,
osteochondral
5

Grade
III/IV

12-36

Knees

Right knee:
Femoral
condyle
(medial 34%,
lateral 14%),
patella (9%)
Left knee:
Femoral
condyle
(medial 29%,
lateral 14%)

Grade
III/IV

19 (6-24) Knees

57 (38M,
19F)

37.3

24

Knees

26 (18M,
8F)

33

31
(25-54)

Ankles

23 (16M,
7F)

34

23
(11-49)

Ankles
(talus)
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Grade
III/IV

Medial
Grade
condyle
III (35),
(32), lateral Grade IV
condyle (6),
(37)
trochlea (4),
patella (15)
Grouping
based on
lesion size:
Group A 0-3
cm2, Group
B 3-6 cm2,
Group C 6-9
cm2
Osteo
chondral
lesions of
talus
Osteo
chondral
lesions of
talus

593

Osteo
chondral

>2

Full thickness
Patients
Not
chondral
unwilling
specified
lesions >
or unable to
2 cm2 or
comply with
osteochondral post-operative
lesions > 1 cm2 rehabilitation
with defects in
protocols.
weight-bearing
Systematic
areas of
inflammatory
acetabulum or
arthritis,
femoral head,
advanced
irreparable by
arthritis
osteotomy in involving both
age < 35 yr
femur and
acetabulum, or
age > 35 yr
3.6
Age 18-50 yr Osteoarthritis,
Not
with single
axial
specified
lesion
deviations,
ligamentous
injuries,
complete
meniscal
resection,
allergy to
collagen
membrane
components
3.4
Age 18-50 yr,
> 2 defects,
None
1-2 lesions
corresponding
defects,
bilateral
defects, signs of
osetoarthritis,
other general
diseases,
history of
complete
menisectomy,
mosaicplasty,
treatment
with cartilage
specific
medication,
chondropathia
patallae
or patellar
dysplasia
3.4 (1-12)
Age 17-61 yr
Rheumatic
Not
disease, total
specified
meniscectomy,
and revision
surgery

1.68

1.49

First time
osteochondral
lesion or failure
of previous
lesion
Single lesion
with history of
ankle trauma

Age > 55 yr,
open ankle
physis

Not
specified

Not
specified
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Dhollander et al[29]

April
2009-May
2011

Mancini et al[30]

November
2004-June
2007

31

Fontana et al[31]

November
2004-March
2011

Kubosch et al[32]

Not specified

10 (8M, 2F) 37.2 ±
7.1

24

Knee

Patella (8),
trochlea (2)

Grade
III/IV

4.2 ± 1.9

36.4 ±
10.3

60

Hip

Acetabular
chondral
defects

Grade
III/IV

2-4

55

39.1
(18 to
55)

36-60

Hip

Acetabular ±
femoral head
chondral
defects

Grade
III/IV

2-8

17

38.8 ±
15.7

39.5 ±
18.4

Ankle

Osteo
chondral
lesions of
talus

Grade
III/IV

2.4 ± 1.6

Patients aged
Untreatable
18-50 yr
tibio-femoral or
with a focal
patellofemoral
patellofemoral
mal defect and
alignment or
clinical
instability,
symptoms
diffuse
(pain, swelling, osteoarthritis
locking, giving
or bipolar
way)
“kissing”
lesions, major
meniscal
deficiency
and other
general medical
conditions
(diabetes,
rheumatoid
arthritis)
Patients 18-50 Concomitant
yr of age with
chondral
acetabular
femoral head
chondral
kissing lesion,
lesions with
systemic
radiological
rheumatoid
Tönnis degree
diseases,
<2
dysplasia,
followed up to
femoral
5 yr
neck axial
deviations,
coxa profunda,
protrusio
acetabuli
Patients 18-55
Rheumatoid
years of age
arthritis,
with acetabular dysplasia, axial
± femoral head deviation of the
chondral
femoral neck,
lesions
coxa profunda,
with
protrusio
radiological
acetabuli
Tönnis degree
<2
followed up for
3-5 yr
First-time
Arthritis of
diagnosis
the ankle
or failure of
joint, kissing
a previous
lesions and
operative
rheumatoid
treatment
arthritis

Not
specified

Not
specified

Not
specified
but
Girolamo
is a paid
consultant
for
Geistlich

Not
specified

BMI: Body mass index.

KOOS score at follow-up in this study were significantly
[16,29]
greater than those reported by Dhollander et al
®
[13]
using Chondro-Gide and in Dhollander et al
using
Chondrotissue. The clinical outcomes achieved in Buda
[15]
et al ’s study were partly supported by the MOCART
scores, with a majority of patients displaying complete
defect repair, complete integration to surrounding carti
lage, intact repair tissue surface, and isointense signal
intensity, while other MRI measures showed poor
results despite positive patient-assessed outcomes. The
remainder of the studies in this review used Chondro®
Gide and resulted in patient outcomes that were posi
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tive and comparable.
Several drilling techniques were adopted in the
studies. In 6 of the 16 studies, an awl was used to
perforate the subchondral surface of the bone as
[1]
originally described . Seven studies substituted an awl
[23,24]
with a microdrill, with or without Kirchner wires
.
[24]
Pascarella
carried out a slightly modified AMIC
procedure with the intention of increasing the number
of MSCs to produce healthy regenerative cartilage.
Perforations were performed rather than microfractures,
and the covering of the focus of the lesion with a
biological collagen patch enriched with bone marrow
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Table 2 Treatment algorithms
Drilling technique

Scaffold/fixation

Associated surgery

Joint

Rehab

Buda et al[15]

Ref.

No drilling

Hyalofast + PRP

3 osteotomy

Knees

Gille et al[26]

Awl/sharp cannula

ChondroGide
Fibrin glue

2 realignments, 1 capsular
shift

Knees

Dhollander et al[16]

Microdrill

ChondroGide + PRP
Sutures

Knees

Dhollander et al[13]

Microdrill

Chondrotissue
Pin
ChondroGide
Suture/fibrin glue
ChondroGide, fibrin glue

3 osteotomy + 1 medial
patello-femoral ligament
reconstruction
1 osteotomy
28 osteotomy

Knees

NWB 4 wk, run 6 mo, RTS
12 mo
Immobilization 1 wk,
passive motion 6 wk, NWB
6 wk
NWB 2 wk, brace 0-90 for 4
wk, full ROM at 8 wk, Low
impact sports 12 mo
NWB 2 wk, 0-90o 4 wk, full
range 8 wk, RTS 12 mo
PWB 6 wk, 0-60 4wk

3 osteoplasty, 2 femoral
neck lengthening, drilling
of acetabular defects

Hips

Kusano et al[22]

Awl

Leunig et al[23]

Kirchner wire

Pascarella et al[24]

Kirchner wire

ChondroGide
Fibrin glue
ChondroGide
Suture/fibrin glue

PWB 6-8 wk, passive motion
6-8 h for 6-8 wk

Knees

Anders et al[3]

Awl

Gille et al[28]

Awl

ChondroGide
Fibrin glue

Valderrabano et al[17]

Microdrill

ChondroGide
Fibrin glue

Wiewiorski et al[25]

Microdrill

ChondroGide
Fibrin glue

Dhollander et al[29]

Slow speed
1.2 mm diameter

ChondroGide
Vicryl 6/0

No

Mancini et al[30]

Awl/sharp cannula

ChondroGide
Fibrin glue

Fontana et al[31]

Awl/sharp cannula

ChondroGide
Fibrin glue

Kubosch et al[32]

Not specified

ChondroGide
Fibrin glue

Microdrill

Tiseel
Coltrix (atelocollagen)

All patients had camtype and/or pincertype impingement, and
underwent arthroscopic
femoral head-neck
resection arthroplasty
and/or arthroscopic
acetabular rim trimming
and labral reattachment
to the acetabular rim with
suture anchors
All patients had camtype and/or pincertype impingement, and
underwent arthroscopic
femoral head-neck
resection arthroplasty
and/or arthroscopic
acetabular rim trimming
and labral reattachment
to the acetabular rim with
suture anchors
All patients also underwent
autologous cancellous bone
grafting to the site
-

Shetty et al[34]

Knees

Knees

2 patella realignments, 3
corrective osteotomies, 6
partial menisectomies, 1
ACL reconstruction
16 osteotomy

PWB and lymphatic
draining massage 3-6 wk,
FWB at 4-6 mo, RTS 3-18 mo

Knees

Ankles

PWB, ROM of < 200 passive
motion machine, lymphatic
drainage massage 6wks,
FWB 6-12 wk, Light sports
12 wk, RTS 5-6 mo
Ankles (talus)
PWB and lymphatic
draining massage 6 wk,
FWB 12 wk
Knees
NWB for 2 wk, FWB at 10
(Patellofemoral wk, full range of motion at 8
joint)
wk, low impact sports 12 mo
Hips
PWB (30% of body weight)
for 4 wk, impact sports 3
mo, complete RTS 6 mo

Hips

PWB for 7 wk, light sporting
activities 4 wk, low impact
sports 6 mo, complete RTS
12 mo

Ankles (talus)

Ankle immobilisation for 2
wk, PWB for 6 wk

Knees

PWB for 6 wk, gradual
increase to FWB by next 6
wk

PRP: Platelet-rich plasma; ACL: Anterior cruciate ligament; PWB: Partial weight bearing; NWB: Non-weight bearing; FWB: Full weight bearing; ROM:
Range of motion; RTS: Return to sport.
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48

39.5 ± 18.4

64.7

88.2

44.5 ± 17.5 65.0 ± 23.3

39

30

44 ± 25
51 ± 25
45 ± 26

78.6

83

88 ± 9
74 ± 17
68 ± 14

7.8 ± 2.1

73.9 ±
20.8

4.8 ± 1.6

7 ± 1.8
5±2

5.2
6.1 ± 2.4
6±3
6±2
6±3

3.2 ± 2.4

39.4 ±
28.8

1.3 ± 2

2 ± 2.1
2±2

1.4
1.9 ± 3.4
1±1
2±2
3±3

54 ± 21
46 ± 19
48 ± 20

31 ± 15

19 ± 17
14 ± 13
16 ± 13

37 ± 4

40 ± 9
43 ± 16
48 ± 15

46 ± 18

83 ± 8
88 ± 9
85 ± 18

37 ± 9

98

94 ± 8
85 ± 13
76 ± 18

47 ± 22

50.8

80.4

50.1 ± 19.6 85.2 ± 18.4

54

50 ± 25
58 ± 17
56 ± 25

36 ± 21

Outcomes
VAS
ICRS
Cincinnati
Lysholm
PreAt mean Pre-surgery At mean Pre-surgery At mean Pre-surgery At mean
surgery follow-up
follow-up
follow-up
follow-up

44.9 ± 5.9 (mHHS)
44.7 (34-60) (mHHS)
44.7 (34-60) (mHHS)

1.5 ± 1.4 (Tegner)
41.9 ± 15.1 (Kujala)

60.6 ± 15.5 (AOFAS)

At mean
follow-up

89.2 ± 12.3
(AOFAS)
90.9 ± 11.4
(AOFAS)
2.5 ± 1.5 (Tegner)
59.8 ± 21.2
(Kujala)
84 ± 5.9 (mHHS)
Improvements
demonstrated
on graoh but not
quantified
82.6 ± 3.4
(AOFAS)
33.7% ± 23.8 (FFI)
52.7 ± 15.9
(MOCART)

Other

62.2 ± 15.8 (AOFAS)

Pre-surgery

blood drawn through the knee itself. The aim of the study was simply to show that the modified AMIC procedure was a viable alternative to current surgical practices.
[22]
The IKDC and Lysholm scores showed a similar trend to that observed by Kusano et al , with the mean IKDC score increasing from 30 to 83 in 24 mo, and the mean
Lysholm score increasing from 54 to 98. MRI scores showed a significant reduction of the defect area, although detailed MRI evaluations were not available. Similarly
[17]
Valderrabano introduced a modified AMIC procedure that involved the addition of spongiosa bone harvested from the iliac crest to increase the number of MSCs being
recruited. This graft is inserted into the lesion and the membrane placed on top. They reported significant improvement in the mean AOFAS scores from 62 to 89 for 26

KOOS: Knee injury and Osteoarthritis Outcome Score; IKDC: International Knee Documentation Committee; VAS: Visual Analogue Scale; AOFAS: American Orthopaedic Foot and Ankle Society; ICRS: International Cartilage
Repair Society; mHHS: Modified Harris Hip Score; FFI: Foot Function Index; MOCART: Magnetic resonance Observation of Cartilage Repair Tissue.

Shetty et al[34]

Kubosch et al[32]

60
60
60

Mancini et al[30]
Fontana et al[31]

Defect < 4 cm2
Defect > 4 cm2

24

Dhollander et al[29]

24
24
24
24
24
31

71.4
73.1 ± 25

KOOS
IKDC
Pre-surgery At follow- Pre-surgery At mean
up
follow-up
47.1 ± 14.9 93.3 ± 6.8 32.9 ± 14.2 90.4 ± 9.2

29 ± 4.1
48
24
41.6
24
37.6 ± 16.7
28.8 ± 1.5
28.8 ± 1.5
28.8 ± 1.5
Not specified

Follow-up
(mo)

23

MFx
Sutured AMIC
Glued AMIC

ocF
cP
cF

Sub-groupings
(Where
Applicable)

Wiewiorski et al[25]

Gille et al[28]
Valderrabano et al[17]

Pascarella et al[24]
Anders et al[3]

Leunig et al[23]

Buda et al[15]
Gille et al[26]
Dhollander et al[16]
Dhollander et al[13]
Kusano et al[22]

Ref.

Table 3 Summary of patient outcome scores of the 16 reviewed studies
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Wiewiorski et al

[25]

Dhollander et al

[29]

14
4
2
16
2
2
14
6
6
14
13
7
0
6
14
6
14
20
0
17
3

70%
20%
10%
80%
10%
10%
70%
30%
30%
70%
65%
35%
0%
30%
70%
30%
70%
100%
0%
85%
15%

0
2
3
4
0
1
0
5
0
5
0
5
0
0
5
0
5
5
0
5
0

0%
40%
60%
80%
0%
20%
0%
100%
0%
100%
0%
100%
0%
0%
100%
0%
100%
100%
0%
100%
0%

1
2
2
1
4
0
1
4
0
5
2
2
1
0
5
1
4
5
0
3
2

20%
40%
40%
20%
80%
0%
20%
80%
0%
100%
40%
40%
20%
0%
100%
20%
80%
100%
0%
60%
40%

3
3
10
8
4
4
2
14
0
16
1
15
0
3
13
4
12
15
1
6
10

19%
19%
63%
50%
25%
25%
13%
88%
0%
100%
6%
94%
0%
19%
81%
25%
75%
94%
6%
38%
63%

4
0
0
4
0
0
3
1
1
3
2
1
1
1
3
2
2
3
1
4
0

100%
0%
0%
100%
0%
0%
75%
25%
25%
75%
50%
25%
25%
25%
75%
50%
50%
75%
25%
100%
0%

9
13
4
9
9
8
17
9
7
19
4
18
4
9
17
3
23
26
0
25
1

35%
50%
15%
35%
35%
31%
65%
35%
27%
73%
15%
69%
15%
35%
65%
12%
88%
100%
0%
96%
4%

8
12
3
8
0
15
15
8
6
17
3
17
3
8
15
3
20
23
0
22
1

35%
52%
13%
35%
0%
65%
65%
35%
26%
74%
13%
74%
13%
35%
65%
13%
87%
100%
0%
96%
4%

2
2
6
4
2
4
3
7
4
6
1
6
3
0
10
6
4
10
0
7
3

20%
20%
60%
40%
20%
40%
30%
70%
40%
60%
10%
60%
30%
0%
100%
60%
40%
100%
0%
70%
30%

No. of Pts. % of Pts. No. of Pts. % of Pts. No. of Pts. % of Pts. No. of Pts. No. of Pts. No. of Pts. % of Pts. No. of Pts. % of Pts. No. of Pts. % of Pts. No. of Pts. % of Pts.

Number and percentage of patients that achieved a particular result for each category of the MOCART scoring system
[15]
[16]
[13]
[22]
[23]
[17]
Buda et al
Dhollander et al
Dhollander et al
Kusano et al
Leunig et al
Valderrabano et al

For all of the studies investigated, the AMIC procedure was carried out on subjects that had either grade III or grade IV type lesions, although the three ankle-based

Does the defect size and location, and patient factors affect outcome?

patients. MRI findings however showed that only 35% of participants displayed complete filling of the defect, and less than half of the participants returned to their previous
[3]
level of activity. There were also slight variations depending on the region that needed to be operated upon. The study by Anders et al assessed differences in efficacy and
safety between a microfracture technique, a sutured AMIC technique, and a glued AMIC technique. Although the sutured AMIC group showed the greatest improvement in
mean Cincinnati scores, there were no significant differences between the groups.
In more than half of the studies, additional surgery was required on at least one subject in the study. The most common additional procedure required was
osteotomy and bony realignment. All patients who underwent AMIC at the hip joint underwent additional surgery, mostly for impingement. In the study carried out by
[22]
Kusano et al
looking at the knee joint, patients treated with AMIC alone were compared with patients who had an associated procedure such as an osteotomy. No
significant differences in outcomes were noted.
[3,17,25]
Post-operative rehabilitation regimes varied for the various studies, and were influenced by the location and extent of the lesion. Three studies
included
lymphatic drainage massage as part of their rehabilitation process. The post-operative regime generally involved a period of reduced weight-bearing that may include
immobilisation of the joint, followed by a periodic increase in weight-bearing and range of motion. Full-weight bearing commenced from 6 wk to 6 mo. Return to sports
[17]
[3]
periods also lacked consistency, with subjects being able to return to sports after as little as 12 wk , and as much as 18 mo .

Complete
Hypertrophy
Incomplete
Integration to the
Complete
Incomplete
Surrounding
Defect visible
Cartilage
Surface of the
Intact
Damaged
Repaired tissue
Structure of the
Homogeneous
Inhomogeneous
Repaired tissue
Signal Intensity
Isointense
Hyperintense
DPFSE
Hypointense
Subchondral lamina
Intact
Not intact
Subchondral bone
Intact
Not intact
Adhesions
No
Yes
Effusion
No
Yes

Degree of defect
repair

Scoring measure

Table 4 Summary of detailed magnetic resonance imaging evaluation results if provided from studies that reported Magnetic resonance Observation of Cartilage Repair Tissue scores
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Table 5 Coleman methodology scores for the 15 reviewed studies reporting on autologous matrix-induced chondrogenesis
Ref.

Coleman methodology score
Part B, maximum = 35

Part A, maximum = 65

Buda et al[15]
Gille et al[26]
Dhollander et al[16]
Dhollander et al[13]
Kusano et al[22]
Leunig et al[23]
Pascarella et al[24]
Anders et al[3]
Gille et al[28]
Valderrabano et al[17]
Wiewiorski et al[25]
Dhollander et al[29]
Mancini et al[30]
Fontana et al[31]
Kubosch et al[32]
Shetty et al[34]

1
0
4
0
0
4
0
0
4
7
0
0
0
4
7
0
4

2
4
4
4
4
4
4
4
0
4
4
4
4
7
7
7
7

3
0
7
10
10
10
10
10
0
10
10
10
10
0
0
10
10

4
10
10
10
10
0
0
10
10
0
10
10
0
10
10
0
0

5
10
10
10
10
10
10
0
10
0
10
10
10
5
5
0
0

6
5
5
5
5
5
5
5
5
0
5
0
5
5
5
5
5

[17,25]

did not specify the grade of lesions. The
studies
studies focussed on both osteochondral and chondral
defects of the joints. Although the lesions varied from
2
1-8 cm , the mean lesion size for all studies ranged
2
from 1.5-3.6 cm . In the ankle based studies all
AMIC procedures were conducted on the talus, and a
majority of the knee based studies involved the AMIC
procedure being carried out on the femoral condyle.
[22]
Kusano et al
compared 40 defects; 11 were
Osteochondral Femoral Condyle lesions (ocF), 20 were
Chondral Patella lesions (cP), and nine were Chondral
Femoral Condyle lesions (cF). The ocF group had the
lowest mean age at 25.9, while the mean age for the
other groups was just below 40. Only 36% of patients
in the ocF group had an osteotomy compared with
90% in the cP group and 67% in the cF group. The
cF group had a significantly smaller mean lesion size
2
2
(2.3 cm ), compared with 4.2 and 4.4 cm in the other
groups. The patient outcome scores were consistent
across the groups. Although the cP group reported
the highest mean pre-operative scores, the ocF group
showed the greatest improvement at follow-up, and
the cF group showed the least improvement. As
there were inconsistencies between the three groups
relating to age and size of lesion, it is difficult to draw
[26]
a definitive conclusion from these results. Gille et al
followed up patients for 48 mo and failed to identify
any significant effect of lesion size on Patient outcome
scores. They did however find that outcomes were
better for femoral condyle defects than patella defects,
and the two patients who had cartilage defects greater
2
than 8 cm did not benefit from the procedure. Fontana
[31]
et al
compared AMIC with microfracture at the hip
joint in patients undergoing impingement surgery, and
only found a better five-year clinical outcome for the
2
AMIC group for lesions greater than 4 cm .
[31]
Interestingly Fontana et al
only found the five-
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1
2
2
2
2
2
2
0
2
2
2
2
2
2
2
2
2

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

Total, max
= 100

2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

3
3
3
3
3
3
0
3
3
3
0
3
0
0
3
3

5
5
5
5
5
5
5
5
5
5
0
5
5
5
5
5

4
4
0
4
0
4
0
0
0
0
0
0
0
0
0
0

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

3
3
0
3
3
0
0
0
0
0
3
3
3
3
3
3

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

5
5
5
5
5
0
5
0
5
5
5
5
5
5
5
0

64
75
67
74
64
56
52
52
49
67
57
60
59
62
53
52

year results to be better for the AMIC group in males,
and not females. Looking at the remaining studies,
males generally reported higher outcome scores but
showed similar levels of improvement to females after
[22]
treatment. In the study carried out by Kusano et al ,
the results suggested that younger patients generally
experience greater improvements than older patients.
[26]
Gille et al
reported on patient outcome scores at 48
months, and failed to identify any significant effect of
age, weight, gender, and previous surgery on patient
outcome, but younger patients did generally display
better recovery rates than older patients.

Does the outcome change with time?
[30]

[31]

Mancini et al and Fontana et al reported five-year
follow-up in patients undergoing AMIC at the hip joint
but all patients underwent additional impingement
surgery. The authors report improved outcome scores
that were achieved at six months and generally
[26]
maintained till final follow-up at five-years. Gille et al
reported on ICRS, Cincinnati, and Lysholm patientassessed scores at 24, 36, and 48 mo for patients
undergoing AMIC at the knee joint with less than 10%
of patients undergoing additional procedures. Patient
recovery tended to peak at 24 mo before declining.
The mean Cincinnati score peaked at 74 at 24 mo,
and steadily declined to 62 (36 mo) and 37 (48
mo). For all scoring systems, the patient outcomes
deteriorated more rapidly once they passed the 36
mo follow-up. The randomized control trial by Anders
[3]
et al compared a microfracture technique, a sutured
AMIC technique, and a glued AMIC technique. None
of the patients underwent any additional procedures.
In all three groups, improvements in pain scores and
patient outcomes, including Cincinnati scores, were
observed at both 12 and 24 mo follow-up. Between
12 and 24 mo follow-up, 12 patients showed further
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Table 6 Coleman methodology scores - mean, range and standard deviation for each section
Section score (maximum)
Part A (65)
Study size
Minimum follow-up
Number of different surgical treatment included
Study design
Description of surgical technique
Post-Op management described
Total part A
Part B (35)
Outcome measures clearly defined
Timing of outcome clearly stated
Use of reliable outcome criteria
General health measure inc.
Subjects recruited
Inv. independent of surgeon
Written assessment
Completion of assessment by patients with minimal investigator assistance
Selection criteria reported and unbiased
Recruitment rate reported
Total part B
Total, maximum = 100

improvement in Cincinnati scores, 12 showed little or
no change, and 3 showed a decline.

Range

SD

2.1
4.5
7.3
6.3
6.9
4.4
31.4

0-7
0-7
0-10
0-10
0-10
0-5
21-40

2.6
1.7
4.3
4.8
4.3
1.7
5.7

1.9
2
3
2.2
4.7
1
3
1.9
5
4.1
28.9
60.2

0-2
2
3
0-3
0-5
0-4
3
0-3
5
0-5
23-35
49-75

0.5
0
0
1.3
1.2
1.7
0
1.5
0
2
3.9
7.7

gator, it is recommended that the investigation be
carried out by an independent investigator to ensure
accurate responses from the patient avoiding risk of
bias through patient-investigator relationships. Several
authors contributed to multiple studies included in this
review introducing a risk of bias in both study design
and reporting of outcomes across the studies.
The studies included in this review were not directly
comparable due to differences in study design, lesions,
surgical technique, follow-up and outcome measures.
Although the AOFAS score was used in all three ankle
studies and the mHHS in two of the three hip studies,
there were no consistent scoring systems used for
the knee studies. Nevertheless, a pattern of positive
patient outcomes can be seen across all of the studies.
Future studies should incorporate a universal method of
rating patient outcomes for each joint location, allowing
direct comparison of results. There also is a need to
determine whether MRI assessment is a reliable tool
as the studies in our review suggest that it does not
necessarily correspond with patient outcome measures.
Nevertheless, we recommend that all studies should
continue to carry out an MRI assessment while further
evidence on its relevance is sought.
Many of the studies included patients that required
additional surgical procedures including osteotomies.
For a patient undergoing more than one surgical
procedure it would be difficult to determine the effect
of each procedure in relieving pain and improving joint
function. There is a distinct lack of consensus regarding
post-operative management and the structure of
rehabilitation programmes. Rehabilitation programs
can have a significant influence on patient outcomes
and recovery rates. Although it is difficult to develop
a universal rehabilitation program due to the large
number of variables such as patient demographics, and

Methodological quality assessment

CMS was used to assess the methodological quality
of the studies carried out using the AMIC procedure
(Tables 5 and 6). The mean CMS and standard
deviation (SD) achieved was 60.7 ± 7.9 (range 49-75)
out of 100. The mean CMS and standard deviation (SD)
achieved in Part A was 31.8 ± 5.9, and in Part B was
28.9 ± 4.1.

DISCUSSION
AMIC enables the transplantation of a scaffold with
MSCs in one step, avoiding the need for laboratory
[26]
cell number expansion and a second procedure . In
our review, 15 studies between 2003 and 2015 that
used AMIC for the repair of articular cartilage defects
in patients were systematically reviewed. AMIC is still
a relatively new procedure and more mid-term and
long-term outcomes are awaited. The mean CMS
suggesting that the overall quality of the studies was
fair. Studies scored poorly for number of patients,
length of follow-up, study design and independence
of the investigator and the surgeon. For Part A, the
overall mean CMS was 31.8 out of 65 points (49%),
whereas for Part B the overall mean CMS was 28.9 out
of 35 (72%). This indicates that overall, the studies
were more competent in defining their outcome criteria
and procedures, and that greater improvements
need to be made regarding study design and pro
cedures. Although blinding of participants has ethical
implications, blinding of clinicians recording the out
come measures was not practised commonly. In
scoring systems that require completion by an investi
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lesion size and location, this needs to be considered
when comparing outcomes between different studies.
Due to the variation in studies it is not possible to
determine if the type of scaffold, surgical technique or
rehabilitation regime affect the outcome.
Limited studies suggest that femoral condyle
lesions do better than patellar lesions, and osteo
chondral defects do better than chondral lesions.
Defect sizes did not generally have an effect on the
2
patient’s outcome unless the defect was > 8 cm , in
which case it had a detrimental effect on outcomes.
There is limited evidence that younger patients
experience greater improvements than older patients
and display better recovery rates. It has been shown in
vitro that bone marrow stem cells from older patients
have reduced chondrogenic potential compared
with younger patients, potentially decreasing the
effectiveness of AMIC in older patient groups.
Follow-up period is an important factor in assessing
the real effectiveness and reliability of the AMIC
procedure. Since the treatment method is relatively
new, there is a lack of long-term patient outcome
data available. A longer follow-up period allows the
proper assessment of long term outcomes for a
procedure. Although five-year follow-up was available
[30,31]
for two studies
, the patients had all undergone
additional procedures making any improvements
difficult to attribute to the AMIC procedure alone. It
was demonstrated in the study conducted by Gille et
[26]
[27]
al
and Gudas, Gudas et al
that declines in clinical
outcomes can be observed as early as 18 to 24 mo
after undergoing surgical treatment without additional
procedures. Patient assessed outcomes by Gille et
[26]
al
declined significantly between the 24 mo and
48 mo post-operative period, indicating that there
may be concerns regarding durability of the repaired
cartilage after undergoing the AMIC procedure. In
[3]
the randomized control trial by Anders et al improve
ments in pain scores and patient outcomes, including
Cincinnati scores, were observed at 12 mo follow-up.
Between 12 and 24 mo follow-up, although 12 patients
showed further improvement in Cincinnati scores, 12
showed little or no change, and 3 showed a decline.
This supports the observation by other studies, and
their 5-year follow-up results are awaited.
The published literature reviewed suggests that
AMIC in cartilage repair is a safe and effective treat
ment option that improves patient outcome measures
and reduces pain. MRI findings however do not
necessarily correspond with patient outcome measures.
Most studies reported promising results, with no
mention of further surgical corrections being needed in
the follow-up period. Medium- and long-term results
for AMIC procedures without additional surgeries are
awaited. Earlier studies suggest that AMIC results may
peak at around 24 mo.
The CMS results suggest that the clinical trials
evaluated in this systematic review were of fair to
reasonable quality; with 8 of the 15 studies achieving

WJO|www.wjgnet.com

total CMS scores ranging from 60 to 80. The main
weaknesses across the studies were the total number
of participants and the patient follow-up periods.
Improvements in these areas will significantly increase
the reliability of the patient outcome measures,
while allowing investigators to draw more definitive
conclusions. More high level studies with larger sample
sizes, and extensive and robust validated outcome
measures should be conducted to evaluate the me
dium- and long-term effect of the AMIC procedure.
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Background

The results with autologous matrix-induced chondrogenesis (AMIC) in the
literature have been variable. As there are limited studies on AMIC, variability in
the type of scaffold used, the surgical procedure, defect size and location, and
patient variability may all contribute to variable results. In addition, we are not
aware of the longevity of these results.

Research frontiers

AMIC is a one-step procedure that brings together microfracture with a collagen
matrix scaffold. There is increasing interest in AMIC as it provides a costeffective alternative to cell-based therapies for articular cartilage repair, and it is
highly autologous in nature.

Innovations and breakthroughs

The published literature reviewed suggests that AMIC in cartilage repair is a safe
and effective treatment option that improves patient outcome measures and
reduces pain. MRI findings however do not necessarily correspond with patient
outcome measures. Most studies reported promising results, with no mention of
further surgical corrections being needed in the follow-up period. Medium- and
long-term results for AMIC procedures without additional surgeries are awaited.

Applications

More high level studies with larger sample sizes, and extensive and robust
validated outcome measures should be conducted to evaluate the medium- and
long-term effect of the AMIC procedure.

Terminology

Mesenchymal stem cells (MSCs): These cells reside in bone marrow and many
adult tissues. MSCs are multipotent stromal cells capable of self-renewal and
differentiation in vitro into a variety of cell lineages, including chondrocytes,
osteoblasts, and adipocytes. They are therefore seen as an optimal regenerative
cellular therapeutic for musculoskeletal regeneration.
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This is a well-designed and written systematic review.
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CASE REPORT

Painless swollen calf muscles of a 75-year-old patient
caused by bilateral venous malformations
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Abstract
A 75-year-old man presented with knee pain due to
medial osteoarthritis of the knee in the orthopedic
outpatient clinic. Conservative treatment was started
with steroid infiltration. Besides his knee complaint
reported a bilateral painless swollen calf muscle without
traumatic cause, and also without any pain at night,
fever or medical illness. On physical examination the
soleus muscle had a swollen aspect in both calfs.
The skin appeared normal without deformities and
the arterial pulsations were intact. An X-ray did not
show abnormalities in the tibia. Magnetic resonance
imaging of the legs revealed bilateral multiple saccular
intramuscular venous malformations involving the soleus
muscle. Intramuscular venous malformations in skeletal
muscles are rare, especially when the occurrence is
bilateral. Bilateral venous malformations have the
potential to be missed because of the intramuscular
localization. Symptoms of intramuscular venous
malformation can be often mild and overlap with nonexercise related compartment syndrome, claudication,
lymphedema and post thrombotic syndrome or muscle
strains.
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Core tip: Intramuscular venous malformations involving
in the skeletal muscles are rare, especially when
occurrence of these lesions is bilateral. These lesions
are easily missed due to intramuscular localization. We
report a rare presentation of these lesions arising from
the soleus muscle on both sides in a 75-year-old man,
diagnosed with magnetic resonance imaging of the
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legs. When the lesions are asymptomatic conservative
treatment is preferred. When the appearance is symp
tomatic surgical resection or sclerotherapy can be an
option.
Piekaar RSM, Zwitser EW, Hedeman Joosten PPA, Jansen
JA. Painless swollen calf muscles of a 75-year-old patient
caused by bilateral venous malformations. World J Orthop
2017; 8(7): 602-605 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v8/i7/602.htm DOI: http://dx.doi.
org/10.5312/wjo.v8.i7.602
Figure 1 Frontal view of the lower legs. On physical examination the soleus
muscle was a bit swollen on both sides, with a dimpling in both legs (right more
than left).

INTRODUCTION
A vascular malformation is an aberrant morphogenetic
type of blood or lymphatic vessel. The origin of
vascular malformations is an abnormal embryonic
development of the vascular build-up after the
endothelial stage. The malformation consists of an
arteriovenous, capillary, venous or lymphatic type.
[1]
Also combined structures are described . This sub
division is based on the type of vessel involvement.
When a lymphatic vessel is involved the anomaly
is called a lymphangioma. Abnormal connections
between arteries and veins will lead arteriovenous
shunting with a cluster of vessels, the nidus. The most
common shown type of vascular malformation is the
venous malformation. These are mostly situated in
the skin and subcutaneous tissues and are present
at birth, although clinical manifestation will usually
[2,3]
become apparent later in life . Intramuscular venous
malformations on the other hand are rare especially
when the occurrence is bilateral, and these have the
potential to be missed because of the intramuscular
[1,2]
localization . In this report we have described a
patient with bilateral extensive intramuscular venous
malformations involving the soleus muscles with an
asymptomatic presentation.

On the left lower leg the swelling was about 3 by 3 cm
over the medial part of the soleus muscle. A dimpling
in both legs (right more than left) at the medial calf
area was seen while standing (Figure 1). There was full
strength in all lower leg muscles and the reflexes were
normal on examination. The rest of the examination
was unremarkable, the overlying skin appeared normal
without deformities, erythema or warmth and the
arterial pulsations were intact. Laboratory test results
did not show any abnormalities. An X-ray did not show
any bony irregularities in the tibia.
Magnetic resonance imaging (MRI) of the legs re
vealed bilateral multiple saccular intramuscular venous
malformations involving the soleus muscle (Figure 2).
There was no nidus seen on MRI so an arteriovenous
form of the malformation was not plausible. Due to
its asymptomatic presentation no angiogram or ultra
sonography was performed to further specify the
lesion. After consultation of the vascular surgeon we
did not perform surgical resection or focal sclerotherapy
because of the asymptomatic nature of the lesions.
After explanation of the possible muscle damage from
resection and because of the fact that our patient had no
disabilities in daily living, we agreed upon conservative
management. At three mo follow up the swollen calf
muscles were still asymptomatic and examination did
not show any change of the venous malformations. We
continued the conservative treatment focused on the
osteoarthritis of the knee with good result.

CASE REPORT
A 75-year-old man was seen in our orthopedic
outpatient clinic with osteoarthritis of the right knee.
He experienced morning stiffness, pain on the medial
side of his right knee after walking and he had dif
ficulties with full flexion of his knee. Conservative
treatment was started with steroid infiltration, 4 cc
lidocaine mixed with 1 cc depomedrol. Besides these
complaints the patient reported a bilateral painless
swollen calf muscle. The patient had noticed these
swellings of the calf muscle a few years ago without
any traumatic history. He had no pain at night and no
fever or medical illness. The past medical history of the
patient was uneventful.
On physical examination the soleus muscle was
swollen on both sides. The swelling was localized on
the right leg over the whole soleus muscle, 10 by 3 cm.
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DISCUSSION
Vascular anomalies are common in the general
population, and the major of vascular malformations
occur in the upper and lower extremities. The origin
of the development of vascular malformations lies in
an abnormal embryonic root thus they are present
[1]
at birth, although not always evident . The precise
pathogenesis is still though. These anomalies exist
of an arteriovenous, capillary, venous and lymphatic
[1]
type. Also combined structures are described . Venous
malformations are a type of vascular malformations
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A

B

Figure 2 Magnetic resonance imaging of both legs. A: Sagittal plane magnetic resonance imaging (MRI) of both legs reveals bilateral multiple saccular
intramuscular venous malformations involving the musculus soleus; B: Transverse plane MRI of both legs reveals bilateral multiple saccular intramuscular venous
malformations involving the musculus soleus.

that is seen more often by changes in skin color and
[3]
focal edema . These are mostly the malformations
[2]
situated in the skin and subcutaneous tissues . As an
uncommon cause of tumor the venous malformation
can also occur in skeletal muscles of the lower extre
mities. Asymptomatic intramuscular venous malfor
mations are rare, especially when the occurrence is
[1,2]
bilateral . The venous malformations we presented
in our patient had a bilateral appearance in both calf
muscles, the soleus muscle, although the left lower
extremity was less severe in comparison with the right
side.
Intramuscular venous malformations can provoke
[4,5]
contractures of the involved muscles . A study by Hein
[3]
et al shows that most of the intramuscular venous
malformations are noted in youth and remain manifest
during lifetime. Symptoms of intramuscular venous
malformation can be often mild and overlap with nonexercise related compartment syndrome, claudication,
post thrombotic syndrome or muscle strain. Other
possible diagnosis of swollen lower extremities can
be lymphedema with or without hyperkeratosis and
[6]
papillomatosis . Besides this other vascular anomalies
such as arteriovenous or lymphatic malformations can
fit in the differential diagnosis of these swellings.
To determine the nature of the vascular malfor
mation MRI is the most accurate tool and it is superior
to the other modalities such as ultrasound. On MRI,
venous malformations have a T1-hypointense or T1[3]
isointense signal with a T2-hypernintese signal . In
this case there were no nidi or connections between
arteries and veins visible on the MRI so arteriovenous
malformations were not plausible. The lymphatic
system was shown without any abnormalities.
Surgical treatment for venous malformations is
mostly not necessary and conservative therapy is
preferred. Pain, bleeding due to lesions of the skin or
cosmetic issues can make treatment indicated though
after failure of nonoperative management. When the
appearance is intramuscular, venous malformations
can result in painful contractures of the involved
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muscles. In these cases operative treatment can be
necessary. The main operative treatment is surgical
resection or sclerotherapy (percutaneous embolization).
Percutaneous approach is the recommended treatment
due to the minor connections to the normal venous
[7]
system . This kind of treatment often required for
larger extensive intramuscular lesions was not indicated
in this instance. If sclerotherapy is impossible due to
the extent or location more invasive therapy by per
forming excision of the lesion is possible. If surgical
resection is planned it is important to visualize hidden
deep truncular anomalies previously to the operation.
Otherwise surgery can result in large defects with
venous insufficiency and cosmetic deformities as un
desirable results. The patient in our case had neither
symptoms nor disabilities in daily living as a result of the
intramuscular venous malformations whereby conser
vative treatment, focused on the osteoarthritis of the
knee was chosen.
Previously some case indicated focal lesions in the
muscle were presented by toe walking and a case
reported the presence of extensive intramuscular venous
[4,5,8]
malformation in the lower extremity as well
. But, to
our knowledge, a bilateral form of these intramuscular
venous malformations in the soleus muscles was never
reported before.
Venous malformations are the most common type of
vascular anomalies. Although an asymptomatic tumor of
the lower extremity can have many causes, a painless
swollen calf muscle can be caused by the presence
of intramuscular venous malformations. Bilateral
asymptomatic appearances of these intramuscular
venous malformations are rare and have the potential
to be missed because of the intramuscular localization.
The intramuscular localization is easily found by using
MRI. Treatment is only necessary when the swelling is
symptomatic.
Learning points: (1) intramuscular venous malfor
mations in the skeletal muscles are rare, especially
when the occurrence is bilateral; (2) bilateral venous
malformations have the potential to be missed because
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in the skin or in the subcutaneous tissues. Uncommon localizations of these
entities are those in the skeletal muscles. Bilateral appearances of venous
intramuscular malformations in the lower extremities are commonly confused
with other causes of tumor in the legs.

of the intramuscular localization; (3) symptoms of
intramuscular venous malformation can be often mild
and overlap with non-exercise related compartment
syndrome, claudication, post thrombotic syndrome or
muscle strain; and (4) in this case we have reported
a bilateral venous malformation manifestation in calf
muscles.

Term explanation

Asymptomatic bilateral intramuscular venous malformation is a rare type
of vascular anomalies of which the origin lies in an abnormal embryonic
development.
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Experiences and lessons

Case characteristics

Bilateral intramuscular venous malformations in the skeletal muscles are
rare, with mild symptoms, and have the potential to be missed because of the
intramuscular localization.

A 75-year-old man with osteoarthritis of the knee presented with asymptomatic
bilateral painless swollen calf muscles, which were firstly noticed a few years
ago without any previous traumatic cause.
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Clinical diagnosis

A straightforward, simple case report with a reasonable review of the literature.
The interest is from the differential diagnosis and the concomitant other
pathology of knee arthritis.

Bilateral painless swollen soleus muscles, with a dimpling (right more than left)
while standing.

Differential diagnosis
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