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FRONTIER

Glucosamine and chondroitin for the treatment of
osteoarthritis
Haris S Vasiliadis, Konstantinos Tsikopoulos
options. However, they act as symptomatic treatments,
not offering a cure of OA and they are accused for an
increased risk of adverse events. Glucosamine (GL)
and chondroitin (CH) are nutritional supplements that
have recently gained widespread use as treatment
options for OA. They potentially or theoretically act as
chondroprotectors or/and as “disease-modifying OA
drugs” offering not only symptomatic relief but also
alteration of the natural history of OA. However, although
many studies have showed a significant treatment
effect, accompanied with remarkable safety, there is
still controversy regarding their relative effectiveness
compared with placebo or other treatments. The scope
of this review is to present and critically evaluate the
current evidence-based information regarding the
administration of GL and CH for the treatment of knee
or hip OA. Our focus is to investigate the clinical efficacy
and safety after the use of these supplements. An effect
of GL and CH on both clinical and radiological findings
has been shown. However, only a few high-quality level I
trials exist in the literature, especially on the assessment
of radiological progression of OA. The effect sizes are
generally small and probably not clinically relevant. Even
the validity of these results is limited by the high risk of
bias introduced in the studies. Both GL and CH seem to
be safe with no serious adverse events reported. There
is currently no convincing information for the efficacy of
GL and CH on OA.
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Abstract

Core tip: In this review we present and critically
evaluate the current information regarding the admini
stration of glucosamine (GL) and chondroitin (CH) for
the treatment of knee or hip osteoarthritis. A clinical
and radiological effect of GL and CH has been shown.
However, only a few high quality trials exist. The effect

The prevalence of primary or idiopathic osteoarthritis
(OA) of knee and hip joints has substantially increased
in general population during the last decades. Anal
gesics and non-steroidal anti-inflammatory drugs are
currently extensively used as non-surgical treatment

WJO|www.wjgnet.com
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sizes are small and probably not clinically relevant.
The validity of these results is limited by high risk of
bias introduced in the studies. Both GL and CH seem
to be safe with no serious adverse events but there is
currently no convincing information for their efficacy as
treatment options in osteoarthritis.

cartilage during the course of OA have been termed
as “chondroprotective agents” or “chondroprotectors”.
When these agents appear to alter the course of the
disease (e.g., by modifying the biochemical cascades
that contribute to the OA), they are termed “diseasemodifying OA drugs” (DMOADs). Such agents aim to
protect the joint cartilage along with the subchondral
bone and synovial membrane, which are the main
[7-9]
structures of the joint .
Glucosamine (GL) and chondroitin (CH) are nutri
tional supplements that have gained widespread use.
They are two main categories of agents potentially or
theoretically acting as chondroprotectors and/or as
DMOADs. Although many studies have been published
showing a significant treatment effect, accompanied with
remarkable safety, there is still controversy regarding
their relative effectiveness compared with placebo or
other treatments, their cost-effectiveness and the need
[10-12]
for insurance coverage of the therapy cost
. Due to
methodological and bias concerns, these studies have
failed to persuade most of the big national insurance
committees (like FDA or NICE) or the biggest scientific
societies (like EULAR, ACG EULAR or OARSI) to include
GL and CH as first line treatment options in their
[13-19]
guidelines
. However despite this, global sales of GL
supplements reached almost $2bn in 2008 in United
States, after an increase of about 60% compared with
2003, with a forecasted continued growth that would
[20]
reach $2.3bn in 2013 .
The scope of this review is to present and critically
evaluate the current evidence-based information
regarding the administration of GL and CH for the
treatment of knee or hip OA. Our focus is to investigate
the clinical efficacy and safety after the use of these
supplements. Initially we will present the theoretical
mechanism of action of these agents, through which
they may affect the progress of OA. Next, we will
present the clinical evidence, mainly based on the
level I information from systematic reviews (SRs) of
randomised control trials (RCTs). Finally, we will discuss
the information along with probable factors that may
contribute to a safe conclusion regarding the efficacy
and safety of the use of GL and CH for the treatment of
osteoarthritis.

Vasiliadis HS, Tsikopoulos K. Glucosamine and chondroitin for
the treatment of osteoarthritis. World J Orthop 2017; 8(1): 1-11
Available from: URL: http://www.wjgnet.com/2218-5836/full/v8/
i1/1.htm DOI: http://dx.doi.org/10.5312/wjo.v8.i1.1

INTRODUCTION
The prevalence of primary or idiopathic osteoarthritis
(OA) of knee and hip joints has substantially increased
in general population during the last decades. The aging
of the population and the increment of life expectance
are contributing factors; however, there is also a high
[1,2]
incidence of OA in younger ages . Approximately 5%
of the population aged between 35 and 54 years has
radiographic signs of knee osteoarthritis, which reaches
[3]
30% for ages between 45 and 65 . Except from posttraumatic OA, a reason for younger patients may be the
wide participation in high competitive sports and the
increment of recreational athletes even in not regularly
and inadequately trained population. This subjects their
joints to distracting repetitive forces that may lead to
progressive cartilage damage and subsequently to
secondary or posttraumatic OA.
Focal cartilage lesions usually occur at a first stage,
often remaining asymptomatic. Untreated or under
treated lesions may lead to OA. The treatment of OA
in elder patients is well clarified and accepted to be
joint reconstruction via an arthroplasty (either hip or
knee). However, arthroplasty may be considered a
salvage procedure requiring a modification of daily life
postoperatively, not participation in contact sports or
high impact sports and is subject to revision surgery
after a certain period of time. Therefore this treat
ment option does not apply to the more active and/or
younger patients, even those with severe OA.
Therefore, there is increasing need for treating OA
with less invasive interventions, with pharmaceutical
agents being the most favourite especially for younger
age groups. Analgesics and non-steroidal anti-inflam
[4-6]
matory drugs are currently extensively used . How
ever, they frequently cause serious adverse events,
including the gastrointestinal or cardiovascular system.
Given also that they rather act as symptomatic treat
ment, not offering a cure of OA, a long-term use is
[4,5]
usually required, increasing the risk of such events .
An ideal treatment would not only reduce the
symptoms but additionally modify the natural history
of OA, slowing or even altering the inflammation and
destructive effect on the articular cartilage and joint
tissues. Such substances that protect the articular

WJO|www.wjgnet.com

BACKGROUND
Molecular structure of articular cartilage and mechanism
of primary OA

Articular cartilage has a vast preponderance of extra
cellular matrix (composed of collagen and proteo
glycans), in which cells (chondrocytes) are distributed
sparsely. Collagen fibrils (mainly of type II collagen) form
[21]
the framework of articular cartilage . The proteoglycan
aggregate is an aggregation of proteoglycan monomers
attaching to the filamentous hyaluronan backbone
[22]
and fills the space of the collagen network . The
proteoglycan molecules (also called aggrecans) consist
of numerous long-chain glycosaminoglycans (GAGs)
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linked to a core protein. Such GAGs (CH sulfate and
keratan sulphate) are linear polymers composed of
[23]
sugar residues . They are composed of repeating
units of N-acetylgalactosamine and glucuronic acid (in
CH sulphate) and N-acetylglucosamine and galactose
(in keratan sulphate). GAGs are negatively charged,
so they attract a large quantity of water molecules.
More than 70% of the net weight of cartilage consists
of water. Synovial fluid produced from synovial cells,
lubricates the joint surfaces and also provides cartilage
with oxygen and nutrition.
In OA, matrix metalloproteinases (MMPs) and
aggrecanases produced by inflamed synovial cells
and the diseased chondrocytes result in a gradual
degradation of collagen and proteoglycan molecules.
Lytic enzymes released as a result of this degradation
also enhance synovial inflammation and induce chon
drocytes’ apoptosis. The inflammation leads to pro
gressive cartilage degradation. The network described
above is gradually destructed. Loss of aggrecans
from the extracellular matrix leads to a change in the
biomechanical properties of the cartilage tissue. This adds
to an increased mechanical wear and would result in an
accelerated damage of articular cartilage and eventually
to OA. This mechanism of OA may be triggered by
traumatic lesions and degradation of focal lesions of
cartilage, chondrocyte apoptosis and consequent release
of lytic enzymes entering the above described cascade of
events.
Prostaglandins released by synoviocytes and
chondrocytes during this inflammatory cyclic reaction of
cartilage degradation are also known to enhance pain
and inflammation.
The above suggested mechanism is primarily
apparent in primary osteoarthritis, which is characterised
by a generalized cellular dysfunction starting with
focal degradation in the most loaded areas of the joint
articular surface. In secondary cases of osteoarthritis,
other factors also contribute to the joint damage. For
example in posttraumatic OA a traumatic focal cartilage
lesion may trigger this cascade of degradation. In this
case the combination of the mechanic break down in
the lesion area and the enzymatic degradation of the
damaged cartilage finally lead to OA.

synthesis of synovial fluid. Additionally it may inhibit the
degenerative and catabolic process of OA with its antiinflammatory and even antioxidant properties.
It is reported that GL may affect the cytokinemediated pathways regulating inflammation, cartilage
[24,25]
degradation, and immune responses
. It appears
to have immune-modulatory activity inhibiting the
expression and/or activity of catabolic enzymes such
[24-27]
as phospholipase A2, MMPs or aggrecanases
.
GL reduces or regulates interleukin-1 (IL-1) levels
in synovial fluid and inhibits the actions of catabolic
[28-30]
enzymes in the joint
. This reduces inflammation
and cartilage degradation potentially altering the
progression of OA. Except from its anti-catabolic action,
it has been suggested that GL sulphate has an anabolic
effect by stimulating cultured human chondrocytes to
synthesize proteoglycans and has been reported to be
[24,31]
a substrate for new CH sulphate synthesis
. It has
also found to inhibit gene expression of OA cartilage in
[31]
vitro . Finally, GL may act by inducing the production
[31]
of hyaluronic acid by the synovial membrane . Along
with its indirect effect on the cartilage metabolism,
being a precursor of GAGs, it is also possible that supple
mentation with GL may help promote GAG synthesis or
reduce its degradation.
Animal studies have also supported the anabolic
and/or anti-catabolic effect of GL on cartilage. A GL
analogue has demonstrated both anti-arthritic and anti[32]
inflammatory properties in rats . Another study reports
a positive effect on cartilage, enhancing the rate of new
[33]
proteoglycan synthesis and others have confirmed the
effectiveness of GL in delaying the cartilage degradation
[34]
and the progression and severity of OA . Long-term
oral administration of GL sulphate also reduced the
destruction of cartilage and upregulation of MMP-3
mRNA in a model of spontaneous osteoarthritis in Harley
[30,35]
guinea pigs
. However, the preparation used in many
of in vitro and in vivo studies was not a GL sulphate ester
but a preparation in which GL and sulphate occurred as
[36]
two single molecules in crystalline form .
CH: CH sulfate is a sulfated GAG being also a major
component of the extracellular matrix of articular
cartilage. It is found attached to proteins as part of
the aggrecan of the cartilage. It plays a major role in
creating considerable osmotic pressure that expands
the matrix and places the collagen network under
[37]
tension . It provides cartilage with resistance and
elasticity allowing it to resist tensile stresses during
[38]
various loading conditions .
Similarly to GS, the exogenous administration of
chondroitin sulphate (CS) has been suggested to act
against OA by three main mechanisms; anabolic effect
by stimulating the production of extracellular matrix of
cartilage, suppression of inflammatory mediators and
[21]
inhibition of cartilage degeneration . Studies have
demonstrated that CS counteracts the action of IL1b (a factor that induces articular inflammation and

In vitro and animal studies

GL: GL is a water-soluble amino monosaccharide
and one of the most abundant monosaccharides in
the human body. It is present in high quantities in
articular cartilage, being a normal constituent of GAGs
in cartilage matrix and also in the synovial fluid. It
is a constituent of keratan sulphate. There are two
forms: Glucosamine sulphate (GS) and glucosamine
hydrochloride (GH).
The way that exogenous administration of GL
may work in OA is not yet fully defined. It is believed
that GL may have an important role in regulating
the anabolic processes of cartilage and also in the
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cartilage degeneration), thus playing a chondroprotective
[39,40]
role
. Additionally an effect on subchondral bone had
been suggested by reducing the resorptive activity in
[41,42]
subchondral bone
.
Proteoglycan content in cartilage was also signi
ficantly higher in animals treated with oral or intra
muscular administration of CS than that in control
[43]
animals . It has been shown that CS significantly
[44]
decreases collagenolytic activity . Other studies
suggested that the benefits of CS on degenerative
osteoarthritic chondrocytes are larger than those on
[39,45]
normal chondrocytes
.

CLINICAL EVIDENCE
Based on laboratory and animal studies, it has been
suggested that GL and CH may be effective on pre
serving cartilage in early OA, and hence might slow
down its progression. This would result in a relief from
symptoms including pain and stiffness. This claim was
also based on clinical studies that reported a clinical
benefit after oral administration. However, recent SRs
have cast doubt on this.
Quite early, in 2000, a large SR of RCTs assessed
[55]
the efficacy and safety of GL (GS or GH) and CH .
Assessing 15 RCTs, the authors found moderate effect
sizes for GL (0.44, 95%CI: 0.24-0.64) and large effects
for CH (0.96, 95%CI: 0.63-1.3). They also extensively
investigated the quality of information provided by
these studies. A high risk of bias was reported, with
poor methodology and poor reporting among the
included trials. In all but two trials there was some level
of manufacturer sponsorship, while none of the studies
reported independent funding from a governmental
or non-for-profit organization. They also found that
pooled effect sizes were substantially higher compared
to those of lower quality or smaller trials, which seem
to exaggerate the efficacy of both GL and CH. A high
risk of publication bias was also shown on funnel plots,
suggesting a high probability of not reporting of small
trials or of those with small or null treatment effect.
[56]
Richy et al
assessed also 15 RCTs, concluding to
a superiority of GL and CH in clinical and radiological
findings. Although the authors assessed the quality of
the included trials, no further analysis was performed to
detect any association with the effect sizes.
[11]
Wandel et al
assessed RCTs that compared CS,
GS, GH, or the combination of any two with placebo
or head to head. Small trials and ones using subtherapeutic doses were excluded. A network metaanalysis of 10 trials was conducted. In 5 trials, GS
was compared with placebo, in 3 CS with placebo,
and one compared GH, CS and their combination
with placebo. In another placebo controlled trial GS
was used; however, after 80% of the patients had
been treated, the investigators were forced to change
into GH because the manufacturer of GS declined to
[57]
supply matching placebos . Seven of the trials were
funded by manufacturers. Joint pain was extracted in
nine time-windows starting from “up to 3 mo”, up to
“22 mo or more”. Effect sizes for joint pain were -0.17
(95%CI: -0.28 to -0.05) for GL, -0.13 (95%CI: -0.27
to 0.00) for CH, and -0.19 (95%CI: -0.37 to 0.00) for
the combination suggesting a close to null effectiveness
of the interventions. Stratified analysis revealed that
the estimated differences between supplements and
placebo were significantly more pronounced in industry
funded trials [by on average, 0.5 cm (0.1 to 0.9 cm) in
a 10-cm VAS scale, P = 0.02]. The analysis of 6 trials
providing outcome on radiological joint space, showed
no clinically relevant effect on joint space narrowing for

Bioavailability

As described above, both GL and CH are components
of the extracellular matrix of articular cartilage. Experi
mental studies have also suggested an additional
action in inflammatory pathways that contribute to OA.
Provided this, their external administration has been
widely considered as a treatment option for OA.
GL and CH have been used for medicinal purposes
[46]
for nearly 40 years . However, their bioavailability after
oral administration in humans is a subject still under
debate. A key issue would be the absorption of these
agents through their passing from the gastrointestinal
system.
In mammals, the major site of their metabolism
and degradation is the liver, but the exact mechanism is
[21]
unclear . Published information is rather controversial.
Early pharmacodynamic studies inferred absorption
only indirectly. Laboratory work has suggested that GL
[47]
is substantially degraded in the gastrointestinal tract .
Other studies show that despite its large molecular
size, ingested CH is partially absorbed in the intestine
[10,48]
and some of it may reach joints
. A pharmacokine
tic study in dogs, showed that GL (hydrochloride) is
absorbed with a bioavailability of about 10%-12%
[49]
from single or multiple doses . In humans, serum GL
levels following an oral dose of 1.5 g GL sulfate do not
appear to exceed 12 mmol/L. Animal studies have also
shown that after oral administration of GL hydrochloride,
synovial GL concentrations are higher in joints with
synovial inflammation compared to levels attained in
[50]
healthy joints .
Regarding CS, different bioavailability and phar
makokinetic variables have been reported, usually
depending on the study methodology or the CS chara
[51]
cteristics . A bioavailability of 10%-20% has been
[52-54]
reported in earlier studies
. Study in humans has
shown a significant increase in plasma levels (more
than 200% compared with pre-dose levels) over a 24-h
[48]
period . Use of labelled CS has shown a high level of
CS, observed in the human synovial fluid and articular
[53]
cartilage after oral administration . A limitation to
the studies provided above is that both GL and CS are
drugs of biological origin. Thus, their measurement in
biological fluids does not discriminate the drug from
endogenous molecules.
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any of the interventions. No differences were found in
adverse events, and withdrawals or drop-outs because
of adverse events. The authors concluded that CH,
GL, and their combination do not have a clinically
relevant effect on perceived joint pain or on joint space
narrowing. They suggested that health authorities
and health insurers should not cover the costs of
these preparations, and new prescriptions to patients
who have not received other treatments should be
discouraged.
[58]
Vlad et al
analysed 15 RCTs comparing GL (12
GS and 3 GH) with placebo. Industry funding was
reported for 11 trials, while 13 studies used an industrysupplied drug. Rottapharm provided GS in 8 trials
and contributed to a ninth trial. The authors reported
a marked heterogeneity among trials. They found
marked differences between subgroups of trials when
grouped by various trial characteristics. Overall, they
found a pooled effect size of 0.35 (95%CI: 0.56 to
0.14) in favour of GL. However, there was substantial
heterogeneity among trials, questioning the reliability
of this finding. This heterogeneity remained high in the
industry-funded trials but not in the independent trials.
The 11 industry-funded trials had a pooled effect size
of 0.47 (95%CI: 0.24-0.70) favouring GL; however a
null effect size was found when only the 4 non-industryfunded trials were analysed 0.05 (95%CI: -0.32 to
0.41). Trials with Rottapharm products (a GS product)
showed an increased effect size compared with trials
with other products (P = 0.01.) In general, hetero
geneity was absent and effect sizes were smaller in high
quality, more recently published and not funded trials,
suggesting a high risk of bias for the overall quality
of provided information in the related literature. Trials
using GS had an effect size favouring the intervention
(0.44, 95%CI: 0.18 to 0.70) although GH did not show
superiority over placebo. High heterogeneity was found
in both cases. The authors concluded that there is
sufficient information to conclude that GH lacks efficacy
for pain in OA. Among GS trials, marked heterogeneity
existed; therefore no definitive conclusion about efficacy
is possible.
[10]
Reichenbach et al assessed 22 RCTs or quasi-RCT
trials that compared CH with placebo or no intervention.
The authors also reported a low quality of evidence
as only a few trials had an adequate generation of
allocation sequence (1 study) or adequate concealment
(2 studies) or followed an intention to treat analysis
(3 studies). The meta-analysis of 20 trials providing
pain outcomes suggested a pooled large effect size
that favours CH sulphate -0.75 (-0.99 to -0.50),
corresponding to a difference of 1.6 cm on a 10 cm
2
VAS. However, the heterogeneity was large (I = 92%)
and the funnel plot was asymmetrical suggesting high
publication bias. More recent trials tended to be larger
and of higher quality and included patients with lowergrade of osteoarthritis than did earlier trials. Stratified
analysis found that when the analysis was restricted to
methodologically sound trials of adequate sample size,
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there was a null effect size with low heterogeneity. From
5 trials assessing the difference of mean joint space
width, the authors found a mean effect size of 0.18 SD
units favouring CH, an effect size that was not clearly
clinically significant. The authors finally discouraged the
use of CH. In this trial only one time point was assessed
per trial, which was criticised.
Another SR assessed the short-term efficacy of
several pharmacotherapeutic interventions in osteoar
[59]
thritic knee pain . Among 63 RCTs assessing different
interventions, 7 assessed GS and 6 CS, with minimal
daily administered doses of 1500 mg and 800 mg,
respectively. Mean pain relief values for GS or CS had
no clinical relevance within 4, 6, 8 or 12 wk. Only for
CH sulphate, there was a slight increase in efficacy
equivalent to a categorical shift from none to perceptible
improvement up to 12 wk.
[60]
A SR conducted by Lee et al
included six trials
evaluating the effects of CH (4 studies) or GL (2 studies)
on narrowing of joint space. They found significant
small to moderate protective effects on minimum joint
space narrowing, after 3 years of treatment with GS
(SMD 0.43, 95%CI: 0.24-0.63, P < 0.001). The same
was observed for CH sulphate, which had a small
but significant protective effect on minimum joint
space narrowing after 2 years (SMD 0.26, 95%CI:
0.13-0.39). This SR concluded that GL and CS may
delay radiological progression of OA of the knee after
daily administration for over 2 or 3 years. However,
the number of RCTs assessed was low and important
[61,62]
big studies were missing from the evaluation
. No
clinical assessment was included in the outcomes and
no methodological assessment of the included trials
was performed. Two of the publications assessing CH
where part of the same study, which was not taken into
[63,64]
account in the meta-analysis
.
A comprehensive Cochrane SR assessed RCTs of
[12]
GL . After the update in 2009, 25 RCTs were included
(with 4963 patients). The analysis of the literature in this
SR showed controversial results. There was evidence
to show that GL is more effective in treating pain
when compared with placebo showing an estimated
relative per cent change from baseline of 22%. There
was also superiority in Lequensne Index score (11%
relative change from baseline), WOMAC total score
and physician global assessment but not in other
outcomes like WOMAC pain, stiffness and function
subscales, minimum joint space width, patient global
assessment. The majority of studies included had some
form of relationship with a specific pharmaceutical
manufacturer (Rottapharm). Interestingly, the authors
found significant differences between the studies related
with this manufacturer and the rest of the studies.
Thus, studies in which this company’s product was com
pared with placebo showed superiority of GL, even in
radiological progression. However, pooled results from
studies not using this product or from higher quality
studies (with adequate allocation concealment) failed to
show any benefit. It was clear though that GL had an
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excellent safety profile, with complication rate equal to
placebo and significantly less than NSAIDS.
[65]
Similarly, a recent SR from Singh et al , in the
Cochrane library, included 42 RCTs that assessed the
effectiveness of CH compared with placebo or control
treatments. The authors concluded that there was a
superiority of CH (alone or in combination with GL)
over placebo, in terms of pain relief, in short-term
studies. Moreover, CH had a lower risk of adverse events
compared with control treatments. A limitation was the
generally poor quality of studies available.
Regarding safety, all the SRs confirmed the safe
profile of both GL and CH. In the total number of ad
verse events, withdrawals, or serious adverse events,
[10,11,56]
no difference was found comparing with placebo
.
Between trial heterogeneity, when reported for adverse
[10,11]
events, was low in all cases
.

a lack of established efficacy, eventually suggesting that
CH or GL should not be used in new patients.
Most of these SRs confirmed that the heterogeneity
among trials could not be expected by chance alone.
Bigger, methodologically sound independent trials
did not show heterogeneity and did also not show
relative efficacy of the intervention (either GL or
[10]
CH) . Cumulative analysis has also shown that newer
publications showed smaller effects than did older
[10,19]
publications
.
According to the outcome of most of the SRs,
there is a substantially increased risk of sponsorship
bias in the available RCTs and this bias contributes to
increased heterogeneity. It seems that the majority of
the studies is financially supported in any form; either
the manufacturer conducted the study, or provided with
the drug or authors were supported. Sponsored trials
showed more favourable results for the interventions
although the rest of the studies did show null efficacy.
It was also shown from some SRs that when a specific
company was involved, the results were more favourable
for the intervention. However, we should not exclude
the possibility that some of this heterogeneity could
be due to the use of different supplement formulations
or to different dosing protocols. Such information was
not regularly provided so to systematically detect this
possibility.

DISCUSSION
There are several publications, from case series to
RCTs, assessing the effectiveness and safety of GL and
CH for the treatment of OA. However, there is criticism
regarding the quality and validity of the majority of
these studies. Even higher quality level I trials have
been criticized for their non-transparent and low quality
design. The vast majority have also been conducted
by the manufacturing companies, increasing the risk of
sponsorship bias. The low number of participants, nondefined source and preparation of the supplements
used, short-term of follow up and outcome retrieval,
non-defined dosing have also been discussed as sources
of bias. Besides, there is increased heterogeneity among
trials, mainly due to different dosing, different duration
of application, different follow-up times, use of various
escape or concomitant treatments (e.g., pain killers,
NSAIDS, physiotherapy).
Meta-analysis is the best tool available to collect and
summarize all this spare and controversial information
and to synthesise it, providing a more secure conclusion
on the efficacy and safety of these interventions. The
stratified analysis and subgroup analysis give the
possibility to detect the effect of factors that are con
sidered to potentially introduce heterogeneity or bias,
like sponsorship of the study, inadequate treatment
concealment, not binding of the outcome assessors, etc.
There are several level I SRs assessing GL and CH.
Each of these has different inclusion or exclusion criteria
resulting in a variety of number of studies included. The
outcomes that are extracted from primary studies and
analysed in the meta-analysis also differ in their nature
and also in the time points assessed.
Despite the different methodology of these SRs, it
seems that almost all conclude to a similar result; CH
and GL have an effect size slight better when compared
with placebo. However, when only the information from
best quality trials are considered, then none of these
supplements seem to demonstrate any superiority.
Therefore, almost all of these level I reviews conclude to
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Assumptions about reasons for failure

Animal studies have shown very good results favour
ing these supplements. However, it seems that
these findings do not correlate with clinical level I
studies. There are two possible explanations for this
inconsistency. One might be the publication bias. It
has been shown that studies with negative results are
[66,67]
more likely not to be published
. This may be even
more exacerbated in experimental animal studies, as
usually protocols are not preregistered and therefore
there is usually no obligation to publish any of the
results. Another important reason is potentially the
concentrations of supplements experimentally used in
animals. The plasma concentrations achieved in animal
studies can be hundreds times higher than the maximal
concentration that can realistically be achieved after oral
administration of 1500 mg of GL sulphate in human
[68]
subjects . Therefore, although a positive effect is
noticed even in histological examination of cartilage, such
[69]
a result cannot realistically be expected for humans .
It has been suggested that the therapeutic doses
used in humans do not even allow the identification of
proteoglycan synthesis as a mechanism of action of
[69-71]
GL
. Therefore, extrapolation of the in vitro data
directly to the in vivo situation should be done with great
[69]
caution .
Pharmakokinetic and bioavailability of these supple
ments in the human joints after oral administration is
[72]
certainly an issue that has to be further investigated .
There is evidence supporting that both GL and CH
reach and retain a certain concentration in plasma
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and also in joint fluid and cartilage, after normal doses
[50,68,73-75]
administered per os
. However, as previously
mentioned, there is no solid evidence to directly prove
cartilage synthesis or regeneration in humans, as a
result of this concentration.
Regarding dosing, little research has been published,
thus no dietary reference intake currently exists for
either GL or CH. There is an accepted daily dosage of
1500 mg for GL and 1200 mg for CH, rather empirically
adopted, although different dosage schemes have been
[61,76]
suggested in the literature
. This lack of consensus
regarding the total daily dose or the dosing scheme
may be an additional reason for the controversial and
heterogeneous outcomes of related studies. However,
the results and conclusions for the effectiveness or
safety of GL and CH remain the same, even in SRs that
excluded the subtherapeutic doses of GL and CH, which
[11,59]
probably rejects this assumption
.
A very important factor in the use of GL or CH
[46]
is the length of therapy . There are preliminary
studies that showed clinical efficacy even at 4-12 wk
[77,78]
of treatment
. However, these studies were of poor
quality and high risk of bias and usually involved a rescue
[46]
treatment with pain killers . In more recent and higher
quality trials, effects are not seen before 3 to 6 mo.
Nevertheless, in most of the recent studies, the duration
has been extended at least to 6 mo.
The selection of the patients and the use of treat
ment algorithms are probably mandatory. Even in
single trials, there is usually not a limitation in specific
age groups or OA grading. In 2 years follow up of GAIT
trial, patients with more primary OA (Kellgren/Lawrence
grade 2), seemed to have the higher potential for
disease modification when compared with grade 3
[62]
cases, after combined GL and CH administration .
However, there is little known for the relative efficacy
of any of these supplements in different age groups or
different OA grades. Summarizing the outcomes of all
these groups includes the assumption of equal action
and effectiveness, which is yet not shown.
[79]
Felson et al highlighted the role of the mechanical
environment of an osteoarthritic joint for the success
of any pharmacological treatment. Mechanical abnor
malities, including joint malalignment, bony remodelling
or instability, contributing to or being caused by the OA,
may need to be addressed and corrected if possible,
before any pharmacological treatment. None of the
currently available drugs or supplements could probably
have a reversible effect on the joint as a whole. Tissuelevel dynamic stresses on cartilage in OA joints may
also exceed thresholds that could be reversed by any
effective pharmacologic agent. The mechanical factor
has not been widely considered in the trials that assess
the treatment role of either GL or CH, and this is
potentially a reason for the lack of efficacy as it is shown
in these trials.
Joint space narrowing has been used as an indicator
for the alteration of the OA progression in the knee
[63,64,80-82]
joint after the use of GL or CH
. Meta-analysis
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of this data has concluded that GL and CH may reduce
the joint space narrowing after 2-3 years of continuous
[60]
[11]
administration . The SR of Wandel et al additionally
analysed 3 more recent RCTs concluding to a null effect
[11,62,83,84]
size
. However, the measurement of joint space
was performed by X-rays, which is criticised as a not
accurate and reliable tool. In none of these studies the
cartilage width was assessed.

Limitations of evidence

The quality and validity of the information provided
above, regarding the efficacy and safety of GL or CH,
is limited by the quality of the studies available. The
low quality of published studies and the high risk of
bias which is introduced by several factors (e.g., poor
methodology, poor reporting) limit the value of any
suggestion or guidelines. The high interest of industry
may have potentially impacted the currently available
information.
There is evidence from funnel plots suggesting an
absence of trials with both small numbers of participants
and small or null treatment effects. This may be
the result of selective publication of “positive” trials
(that favours the new intervention) or of premature
termination of trials with negative or null results. The
high rate of sponsorship among the RCTs of GL or CH
strengthens the possibility of high publication bias.
However, this is just an assumption and in any case
cannot be considered as evidence.
The pooling of different preparations of these
supplements or products with different administration
paths may increase the heterogeneity and decrease
the validity of the outcomes in any meta-analysis. In
many published trials the specific preparation of the
supplements is not reported.
In many published meta-analyses, although the
overall summary suggested a superiority of the inter
vention, the subgrouping of higher quality studies reve
aled a null effect size. In almost all cases only a few
studies were of high quality. Therefore, one should argue
that the limited number of studies decrease the power
of the meta-analysis. This might provide a potential
explanation for the trend for null effect sizes in such
assessments.

Implications for research

Despite the large number of the available RCTs, there
are still several questions not yet answered, first being
the efficacy of GL and CH.
There is need for higher quality of information,
either from RCTs or SRs. Therefore, more independent
(not sponsored) high-quality randomized trials should
be conducted. Trials should adhere to methodological
standards that aim to reduce the risk of bias introduced
[85]
(e.g., CONSORT) . SRs play also a mandatory role
in evidence based information and should also follow
[86]
similar standards (e.g., MECIR) .
The best dosage scheme is still not yet defined by
evidence. The duration of treatment that might provide
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(if any) symptoms’ relief or cartilage restoration is
also still unknown. More advanced tools (e.g., MRI)
should be used to assess the joint and to detect for any
restoration or regeneration of cartilage. The quality and
quantity of cartilage should also be more accurately
[87]
defined (e.g., with DGEMRIC) .
It is still unclear which patients groups (if any) may
profit from the use of such supplements. For this reason
research, should be focused on assessing specific age
groups, with specific OA grading. Inclusion criteria
should be carefully and strictly defined. Idiopathic OA
patients should be examined separately from secondary
cases. By adding confounding factors like different
stages of OA or different age groups the heterogeneity
is increased, thus limiting the validity of outcomes. A
more specific determination of supplements’ charac
teristics and preparations is also mandatory to decrease
this heterogeneity.
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Implications for practice

12

There is currently no convincing information on the
efficacy of GL or CH as treatment options in OA.
A positive effect of GL and CH on both clinical and
radiological findings has been shown. However, only
a few high-quality level I trials exist, especially for the
assessment of radiological progression of OA. The effect
sizes are small and probably not clinically relevant.
However, even the validity of these results is limited by
the high risk of bias introduced in the studies. Both GL
and CH seem to be safe with no serious adverse events
reported.
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Abstract
Osteochondral lesions of the talus (OLT) occur in up
to 70% of acute ankle sprains and fractures. OLT have
become increasingly recognized with the advancements
in cartilage-sensitive diagnostic imaging modalities.
Although OLT may be treated nonoperatively, a number
of surgical techniques have been described for patients
whom surgery is indicated. Traditionally, treatment
of symptomatic OLT have included either reparative
procedures, such as bone marrow stimulation (BMS),
or replacement procedures, such as autologous osteo
chondral transplantation (AOT). Reparative procedures
2
are generally indicated for OLT < 150 mm in area.
Replacement strategies are used for large lesions or
after failed primary repair procedures. Although shortand medium-term results have been reported, longterm studies on OLT treatment strategies are lacking.
Biological augmentation including platelet-rich plasma
and concentrated bone marrow aspirate is becoming
increasingly popular for the treatment of OLT to
enhance the biological environment during healing. In
this review, we describe the most up-to-date clinical
evidence of surgical outcomes, as well as both the
mechanical and biological concerns associated with
BMS and AOT. In addition, we will review the recent
evidence for biological adjunct therapies that aim to
improve outcomes and longevity of both BMS and AOT
procedures.
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CLINICAL PRESENTATION AND
DIAGNOSIS

Core tip: Osteochondral lesions of the talus are often
missed after acute ankle sprains and fractures. Magnetic
resonance imaging is most sensitive in diagnosing these
injuries. Bone marrow stimulation (BMS) is effective for
2
lesions < 150 mm in area, but replacement procedures
such as autologous osteochondral transplantation or
allografts may be required for larger lesions or if BMS
fails. Long term studies should attempt to determine the
most effective treatment strategy and the critical defect
strategy beyond which BMS will not work.

Most OLT are a sequelae of ankle injuries. Unfortunately,
there are no specific physical examination findings that
can accurately assess and diagnose OLT, and up to 50%
[7]
of patients have missed OLT on plain radiographs . It is
therefore important to have a high level of suspicion of
OLT in patients who have persistent ankle joint pain and
a history of ankle injuries.
Patients with OLT frequently present with nonspecific chronic ankle pain. Associated symptoms may
also include generalized ankle swelling, stiffness, and
weakness, which is often exacerbated by prolonged
[2]
weight-bearing or high impact activities . In the physical
examination, a patient’s complaint of tenderness or pain
may be poorly localized and may not correspond with
[8]
the location of the OLT . Examiners should perform
both anterior drawer and standard inversion maneuvers
to detect concomitant lateral ankle instability, and they
should also assess hindfoot malalignment, joint flexibility,
and joint laxity.
Anteroposterior, mortise, and lateral ankle weightbearing radiographs are useful when assessing joint
alignment and other coexisting abnormalities such
as osteophytes and loose bodies. However, more
advanced imaging is often recommended, since plain
radiographs have been shown to miss up to 50% of
[9]
OLT . Computed tomography (CT) has excellent ability
to detect OLT, accounting for 0.81 sensitivity and 0.99
[7]
specificity . Although CT is useful in obtaining detail
about bony injury including the condition of SCB,
concomitant osteophytes, and loose bodies, it lacks
the ability to assess the cartilage compartment of OLT.
MRI is the recommended imaging diagnostic modality,
[7]
with 0.96 sensitivity and 0.96 specificity . MRI is
advantageous in that it can show both osseous and
soft tissue pathologies that are frequently associated
in OLT. Although several scoring systems based on the
[10-15]
MRI have been developed for grading of OLT
, it
is unclear whether any classification can direct clinical
[11]
decision making. Research by Ferkel et al showed little
correlation between MRI grading and clinical outcomes.
[12]
In a prospective study of 120 ankles, Choi et al
also
found no correlation between any radiological grading
and clinical outcome.

Gianakos AL, Yasui Y, Hannon CP, Kennedy JG. Current
management of talar osteochondral lesions. World J Orthop
2017; 8(1): 12-20 Available from: URL: http://www.wjgnet.
com/2218-5836/full/v8/i1/12.htm DOI: http://dx.doi.org/
10.5312/wjo.v8.i1.12

INTRODUCTION
Osteochondral lesions of the talus (OLT) can occur in up
[1]
to 70% of acute ankle sprains and fractures . OLT have
become increasingly recognized with the advancements
in cartilage-sensitive diagnostic imaging modalities such
as magnetic resonance imaging (MRI). These lesions
typically involve a component of the articular surface
[2]
and/or subchondral bone (SCB) . Although trauma is
the primary etiology, non-traumatic causes have been
reported including congenital factors, ligamentous
laxity, spontaneous necrosis, steroid treatment, embolic
[2,3]
disease, and endocrine abnormalities .
[4]
A systematic review by Zengerink et al demon
strated that up to 50% of patients failed to resolve their
symptoms by conservative treatment. Traditionally,
treatment of symptomatic OLT have included either
reparative or replacement surgical procedures. Typically,
the decision to repair or replace is based primarily
on lesion size. Reparative procedures, including bone
marrow stimulation (BMS), are generally indicated for
2
[5]
OLT < 15 mm in a diameter or 150 mm in area .
Replacement strategies, such as osteochondral autolo
gous transplantation (AOT), are used for large lesions
[6]
or failed primary repair procedures . Although previous
clinical literature has demonstrated good to excellent
short- and mid-term clinical outcomes, there has been
an increase in the concerns regarding the methodological
quality of previous clinical studies and deterioration of the
ankle joint following surgical interventions.
In this review, we describe the most up-to-date
clinical evidence of surgical outcomes, as well as increas
ing concerns associated with BMS and AOT. In addition,
we will review the recent evidence for biological adjunct
therapies that have been used to improve outcomes and
longevity of both BMS and AOT.
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TREATMENT
Conservative treatment

Non-operative treatment strategies in asymptomatic
patients can include rest and/or restriction of activities
along with the use of a non-steroidal anti-inflammatory
[4]
[4]
drug . A systematic review by Zengerink et al
reported that 45% of patients reported successful
outcomes when treated with conservative treatment
consisting of weight-bearing as tolerated. The authors
also demonstrated that 53% of patients who underwent
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Figure 1 Arthroscopic images of osteochondral lesions of the talus. A: Osteochondral lesion of the talus identified arthroscopically; B: Frayed or fibrillated
cartilage is curretted out; C: Subchondral plate is violated with microfracture pick; D: After the subchondral bone plate is violated, bleeding occurs beginning the
healing response.

cast immobilization for at least 3 wk up to 4 mo reported
successful clinical outcomes. However, success was
determined based on symptomatic complaint rather
than on the physiological healing of the OLT. In addition,
the long-term outcome of these treatment strategies
has yet to be established. Recent clinical studies have
revealed that OLT of the ankle joint have higher levels
of intra-articular inflammatory cytokines than normal
ankle joint which may lead to progressive deterioration
[16]
of global, as well as focal lesions over time .

While lesion size has been identified as the primary
prognostic indicator affecting outcomes after BMS,
several other prognostic factors have also been
[5]
identified. Chuckpaiwong et al reported that almost
all patients in their series with OLT greater than 15
mm in diameter failed BMS (96.7%; 31/32) while the
other patients with lesions less than 15 mm in diameter
[12]
had 100% success. Choi et al
demonstrated a risk
2
of failure with lesions greater than 150 mm on MRI.
Another important prognostic factor is containment
[18]
(shoulder vs non-shoulder type) of OLT. Choi et al
demonstrated that patients with shoulder-type OLT
were more likely to have a worse clinical outcome
than non-shoulder lesions. Because of the nature of
BMS, subchondral bone cyst may affect the outcomes.
[19]
To address this, Lee et al
performed a randomized
control study and found that there were no significant
differences in clinical outcomes between patients in the
subchondral cyst group and those patients treated with
no subchondral cyst component. However, the longevity
of these outcomes is of concern due to the lack of
mechanical and biological function of SCB required for
[20]
robust cartilage repair .
Several clinical studies have demonstrated that
nearly 85% of patients undergoing BMS report good to
[4,21]
excellent clinical short- and mid-term outcomes
. van
[22]
Bergen et al
evaluated long term clinical outcomes
in 50 patients with at a mean follow-up of 141 mo and
reported a mean American Orthopaedic Foot and Ankle
Society (AOFAS) score of 88 out of 100 possible points.

Operative treatment

There are two basic techniques for operative treatment
for OLT: Reparative including BMS and replacement
procedures including AOT. The decision to either proceed
with BMS or AOT is primarily determined by lesion
size. Traditionally, lesions of smaller sizes (< 15 mm in
2
diameter or < 150 mm in area) are treated with BMS,
[6]
while larger lesions are treated with AOT . In addition,
there has been recent evidence recommending AOT for
[17]
patients who previously failed BMS .

BMS

BMS is a reparative procedure that aims to stimulate
the release of mesenchymal stem cells (MSCs) from the
SCB marrow to infill fibrocartilage in the defect. In BMS,
unstable cartilage, the calcified layer, and necrotic bone
are debrided arthroscopically. A microfracture pick or
small diameter drill is then used to penetrate the SCB
plate (Figure 1).
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[23]

Polat et al
demonstrated that out of 82 patients
treated with BMS, 42.6% of patients had no symptoms
and 23.1% of patients had pain after walking more
than 2 h or after competitive sports activities at a mean
follow-up of 121.3 mo.
Despite successful outcomes following BMS for
OLT, there have been numerous studies demonstrating
cause for concerns including the quality of the studies
reporting positive outcomes, mechanical concerns
regarding the fibrocartilage repair tissue, and long-term
[21]
deteriorating clinical outcomes . A systematic review
[24]
by Hannon et al
found gross inconsistencies and an
underreporting of data in the included 24 clinical studies
that report clinical outcomes after BMS for OLT. The
authors found that only 46% of clinical studies reported
the lesion size and only 25% performed postoperative
radiological evaluation. Therefore, the authors concluded
that there is not enough data in the current literature to
[24]
accurately assess the outcome of BMS .
Deterioration of reparative fibrocartilage quality
has been reported in up to 35% of patients within the
first five years of BMS, and only 30% of patients who
received BMS have integration of the repair tissue
with the surrounding native cartilage at second look
[11,14]
[25]
arthroscopy 12 mo postoperatively
. Becher et al
also demonstrated that although tissue regenerated
at the site of microfracture, it was neither intact not
[12]
homogeneous. In a series of 120 ankles, Choi et al
has shown deterioration of clinical success rate over
time following BMS.
There are numerous factors that may play a role
in affecting the durability of the repair tissue following
BMS. There is an increased awareness that impairment
of SCB following BMS may be a cause of deterioration.
Anatomically, the SCB is located under the articular
cartilage offering biomechanical and biological support
[26,27]
for overlying articular cartilage
. During BMS, there
is gross destruction of cross-talk between the SCB plate
and the articular cartilage. This destruction is a result
of the surgical trauma and compaction of the SCB plate
that occurs with penetration of either a microfracture
[27]
pic or drilling . In the sheep osteochondral lesion
[28]
model, Orth et al revealed that the SCB plate was not
restored at 6 mo after BMS. This finding was supported
[29]
in the human ankle by Reilingh et al
which revealed
that the SCB were not filled completely in 78.6% (44
of 58) OLT at 1 year after BMS. This inevitable trauma
to the SCB may be limited by using a small diameter
microfracture pic rather than drilling or using larger
[27]
diameter conventional microfracture pics .
Mechanical and biological insufficiency may be part
of the reasons for deterioration of fibrocartilage. Marrow
stimulating techniques attempt to fill talar lesions with
precursor cells and cytokines, resulting in a fibrin clot
that will ultimately lead to fibrocartilaginous type-1
[10,24]
collagen formation
. This cartilage consists of colla
gen that has different biomechanical properties than the
native hyaline cartilage containing type-II collagen. It
has been demonstrated that fibrocartilage has inferior
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stiffness, resilience, and wear properties and therefore is
[30,31]
at risk of degeneration
.

AOT

AOT replaces cartilage by transplanting a cylindrical
osteochondral graft from a non weightbearing portion
of the knee into a defect site on the talus (Figure 2).
AOT is indicated in patients with lesion sizes greater
2
than 15 mm in diameter or 150 mm , or in cases of
[4,6]
[32]
failed previous BMS . Kim et al reported prognostic
factors affecting outcomes of AOT and found that patient
age, sex, body mass index, duration of symptoms,
location of OLT, and the existence of a subchondral cyst
did not significantly influence clinical outcomes of AOT.
[33]
By Haleem et al
reported that the size of the OLT is
also not a significant predictor of outcomes and multiple
grafts may be used without adversely affecting the
outcome.
Several studies have reported good clinical outcomes
following AOT at both short- and mid-term follow-up. A
case series on 85 patients who underwent AOT found
improved Foot and Ankle Outcome Score (FAOS) at
47.2 mo follow-up and improved Magnetic Resonance
Observation of Cartilage Repair Tissue (MOCART) scores
[34]
post-operatively at 24.8 mo follow-up . One study
[33]
by Haleem et al
compared clinical and radiological
MRI outcomes of OLT treated by single-plug vs doubleplug AOT at 5-year follow-up. They found treatment
with double-plug AOT did not show inferior clinical or
radiological outcomes when compared to single-plug
AOT in the intermediate term. Good outcomes are not
limited to the general population only, and excellent
outcomes have been reported in the athletic population
[35]
at midterm follow-up. Fraser et al reported improved
AOFAS scores and found at final follow up of 24 mo,
90% of professional athletes and 87% of recreational
athletes were able to return to pre-injury activity levels.
Despite its apparent success and favorable short- and
medium-term outcome profile, there has been no study
to our knowledge that has described long-term (10+
years) outcomes after AOT.
AOT outcome studies however should be evaluated
[24]
carefully. Hannon et al
showed that outcomes and
clinical variables were reported in less than 73%
and 67% of studies respectively. Therefore, the data
between studies reported have been incongruent and
limit cross sectional comparison
AOT has good clinical outcomes, but there are
some mechanical concerns with the procedure such as
formation of post-operative cysts, morbidity associated
with accessing the ankle joint through osteotomies, and
pressures on the graft due to malalignment. It has been
suggested that biomechanical success may be limited by
[36]
the alignment of the graft. Fansa et al demonstrated
increased contact pressure on the graft surface by 7-fold
with a 1.0 mm of graft protrusion above the level of
the native cartilage. Other mechanical considerations
have also been an area of concern with AOT. The use of
a medial malleolar osteotomy has raised concerns for
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Figure 2 Autologous osteochondral transplantation procedure. A: Medial exposure of the talus; B: Preparation of the defect site; C: Insertion of cylindrical
osteochondral plug into the prepared osteochondral lesions of the talus defect site; D: Exposure of the medial talus via the chevron-type medial malleolar osteotomy.

increasing the risk of mal/non-union. However, current
evidence suggests adequate osteotomy, both medially
and laterally, as well as cartilaginous healing in the short[37]
to mid-term follow-up. Lamb et al
demonstrated
that a Chevron-type medial malleolar osteotomy had
overall improved healing and fixation, with evidence
of fibrocartilaginous tissue present at the superficial
osteotomy interface. In addition, at a mean follow-up of
[38]
64 mo, a retrospective case series by Gianakos et al
demonstrated that an anterolateral tibial osteotomy
resulted in T2 mapping relaxation times similar to both
superficial and deep interfaces of the native cartilage and
had overall improved FAOS and MOCART scores and.
However, it is known that ankle fractures may cause
activation of intra-articular inflammatory cytokines,
which may lead to progressive deterioration of OLT over
time, and this may theoretically occur with malleolar
[16]
osteotomy . There have been reports demonstrating
the potential of poor integration of the AOT surface
with the native tissue, cyst formation around the graft
site, and deterioration of the graft cartilage as potential
consequences following AOT procedure. However, a
[39]
case series by Savage-Elliott et al demonstrated that
although increasing age was related to increased cyst
prevalence, the clinical impact of cyst formation was not
found to be significant at a mean short-term follow up of
15 mo after surgery.
Lastly, concerns over donor site morbidity have
[40]
gained increasing attention. Valderrabano et al
reported on the outcomes of 12 patients undergoing
AOT, of whom 50% experienced donor site morbidity
with all patients showing MRI signs of cartilage change,
joint space narrowing, or cystic changes in untreated
donor sites. These results have been challenged by
[17]
similar reports. Yoon et al found in 22 patients a 9%
early donor site morbidity with 100% resolution at 48
[41]
mo follow-up. Fraser et al
performed a retrospective
analysis on 39 patients who underwent AOT and
reported that at 24 mo follow-up, donor site morbidity
was present in only 5% of patients and that Lysholm
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scores were at 99.4 for the entire cohort. Therefore,
OLT treated with AOT can have a low incidence of donor
site morbidity with good functional outcomes.
Although the overall success of AOT for OLT may
be limited by a combination of factors, evidence in the
literature suggests that AOT is effective short- and midterm follow-up, particularly for large lesions that may
not be managed by other forms of treatment.

Osteochondral allograft transplantation

Osteochondral allograft transplantation is a technique
that has been employed for the treatment of OLT and
involves replacing defects in bone and articular cartilage
[42]
with cadaveric donor specimens . Some surgeons
prefer this procedure over AOT because it avoids donor
[24]
site morbidity . Although frozen grafts may be used,
the decline in the viability of chondrocytes within the
graft tissue has led to an increase in the use of fresh
allografts.
Reported success rates are highly variable within
[43]
the literature. El-Rashidy et al
performed one of the
largest studies published on patients who received small
cylindrical allografts and reported positive outcomes
in 28 of 38 patients at a mean follow-up of 37.7 mo.
[44]
Raikin evaluated patients who received bulk allografts
and demonstrated improved AOFAS scores in 15
patients at a mean follow-up of 44 mo. Lastly, Haene et
[45]
al reported in a case series that only ten of 17 cases
who underwent allograft transplantation had good or
excellent results at an average follow-up of 4.1 years.
Although clinical evidence suggests osteochondral
allograft transplantation to be effective in the treatment
of larger OLT, this evidence is limited as it consists
primarily of case series with reported variable success
rates.

Autologous chondrocyte implantation

Autologous chondrocyte implantation (ACI) is a cellbased, two-stage procedure that can be used as an
alternative to osteochondral grafting techniques.
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[55]

This technique involves harvesting healthy articular
cartilage for chondrocyte cultures, which are grown for
[46]
approximately 30 d . These cultures are implanted
into the defect site. The aim of ACI is to promote the
development of hyaline-like repair tissue. ACI is typically
indicated for full-thickness cartilage defects with an
intact SCB plate with stable edges of the surrounding
[47]
cartilage .
[48]
A systematic review by Harris et al
analyzed 82
studies (5276 subjects; 6080 defects) and reported a
low failure rate of 1.5%-7.7% following ACI in the knee.
Similar outcomes have been shown in the ankle. A meta[49]
analysis by Niemeyer et al reported a clinical success
rate of 89.9% in 213 patients following ACI. Gobbi et
[50]
al
reported no difference in AOFAS scores following
chondroplasty, microfracture, and AOT. Disadvantages of
ACI include the cost of culturing hyaline cells, the need
for two surgical procedures, hypertrophy of the graft and
[2]
the durability of the graft .
Although many studies have published promising
results, the available evidence to date is of poor quality
due to the level of evidence, low patient number, and
[47]
use of variable outcome parameters . Therefore,
randomized clinical trials are necessary to determine
the superiority of ACI over other more established
techniques.

human-MSC proliferation and promote tissue healing .
There has been evidence in the literature that demons
trates positive effects of PRP on cartilage repair. Smyth
[56]
et al
showed in a systematic review that 18 of 21
(85.7%) basic science papers reported positive effects
[57]
of PRP on cartilage repair. Additionally, Smyth et al
found in a rabbit model, that application of PRP at time
of AOT improved the integration of the osteochondral
graft at the cartilage interface and decreased graft
[58]
degeneration. In clinical studies, Guney et al
performed a randomized control trial in 19 OLT patients
and reported that BMS with PRP had better functional
outcomes when compared with BMS alone. Görmeli
[59]
et al
compared the effect of PRP and HA following
BMS for OLT and found at 15.3-mo follow-up, clinical
improvement after PRP with HA when compared to HA
or saline injection alone.
Despite successful reported outcome following PRP
adjuvants, the effect of PRP on OLT is still controversial
because of several concerns. Currently there has been
no proposed standard method for PRP harvesting. There
are a variety of commercially-available centrifugation
systems with various timing protocols and activation
[60]
methods . In addition, plasma contains differing
concentrations of platelets, cells, growth factors, and
cytokine, which are variable even within a single indivi
[60]
dual . Several studies have evaluated the anti-inflam
matory effects of different leukocyte concentrated PRP
[61,62]
on cartilage repair
. However, to our knowledge,
there has be no study that has investigated the effect of
leukocyte concentration in PRP in the treatment of ankle
OLT. In conclusion, the published literature suggests
that utilizing PRP in the operative treatment for OLT can
improve clinical and functional outcomes. The evidence
for PRP is promising; however, well-designed clinical
trials are necessary to determine its efficacy in the
clinical setting.

Matrix-induced autologous chondrocyte implantation

Matrix-induced autologous chondrocyte implantation
(MACI) is a second generation of ACI whereby cells
[24]
are embedded into a bioabsorbable matrix . This
membrane is placed over the talar cartilage defect. This
procedure avoids periosteal graft harvesting and allows
[51]
for a more even cell distribution . In addition, a fibrin
sealant can be utilized to secure the defect, reducing
the need for suture fixation.
Evidence in the literature has demonstrated arthro
scopic MACI as a safe alternative for the treatment of
OLT with good overall clinical and radiologic results.
[52]
Aurich et al
reported in a case series of 19 patients,
significant improvement in AOFAS clinical scores follow
[53]
ing MACI at a mean follow-up of 24 mo. Giannini et al
also reported positive clinical and histologic outcome
scores at 36 mo post-operatively.
Evidence has demonstrated MACI to be a promising
new treatment method for large OLT. Future research
should attempt to compare radiological, clinical, and
histological MACI to conventional treatment.

Concentrated bone marrow aspirate

Concentrated Bone Marrow Aspirate (cBMA) is a blood
product produced by centrifuging bone marrow typically
[63]
aspirated from the iliac crest . cBMA contains a variety
of bioactive cytokines, as well as MSCs, which have
the ability to undergo chondrocyte differentiation. In
addition, most recent studies have shown that cBMA
includes an abundant concentration of interleukin-1
receptor antagonist proteins (IL-1Ra), which are the
[63]
primary anti-inflammatory cytokines .
A few studies have demonstrated the ability of cBMA
to promote the chondrogenic cascade which can be
beneficial in the treatment of osteochondral lesions.
Improved cartilage healing has been demonstrated in
the equine model, with improvements histologically and
radiographically in groups receiving cBMA at the time
[64]
of BMS . In addition, similar results were reported
in a goat model when using BMS combination with
[65]
[66]
cBMA and HA . Clinically, Hannon et al
reported
that mean FAOS improved significantly pre- to post-

BIOLOGIC AUGUMENTATION FOR
CARTILAGE REPAIR
Platelet-rich plasma

Platelet-rich plasma (PRP) is an autologous blood
product that contains at least twice the concentration
of platelets compared to baseline values, or > 1.1 ×
6
[54]
10 platelets/μL . Platelets contain numerous growth
factors and cytokines which have been shown to induce
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operatively at 48.3 mo in groups receiving cBMA with
BMS. They also demonstrated that groups with cBMA
had improved integration of the repair tissue with MRI
demonstrating less fissuring and fibrillation. Kennedy
[6]
et al demonstrated improved restoration of radius
curvature and color stratification similar to that of native
cartilage on MRI using T2 mapping in patients treated
with cBMA and AOT. Overall, current evidence suggests
that cBMA can improve cartilage repair in OLT, but
future clinical research and clinical trials are necessary
for better comparison of outcomes with other biological
adjuncts.

10

CONCLUSION

14

11

12

13

OLT present a challenge and optimal treatment remains
controversial. Although future randomized clinical trials
are needed to establish evidence of the most effective
treatment, both reparative and replacement procedures
remain feasible options. The literature supports treatment
with BMS for lesions of smaller sizes, whereas treatment
with AOT may be utilized for larger or cystic lesions. Cellbased techniques and allograft transplantation may be
utilized in failed primary procedures. Although biologic
augmentation offers promising results, well-designed
clinical trials are necessary to determine efficacy in the
clinical setting.
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Foot and ankle history and clinical examination: A guide to
everyday practice
Sulaiman Alazzawi, Mohamed Sukeik, Daniel King, Krishna Vemulapalli

Abstract

Sulaiman Alazzawi, Trauma and Orthopaedic Department,
Royal London Hospital, London E1 1BB, United Kingdom

This review summarises the key points in taking a
history and performing a comprehensive clinical examina
tion for patients with foot and/or ankle problems. It is
a useful guide for residents who are preparing for their
specialty exams, as well as family doctors and any other
doctor who has to deal with foot and ankle problems in
adults.
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Core tip: Patients present with foot and ankle problems
can have either single or multiple pathologies. Obtaining
adequate history and performing good clinical examina
tion is a key in reaching the accurate diagnosis. Adjuvant
tools like radiological images can be used to confirm what
has been clinically suspected.
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INTRODUCTION
Patients commonly present with foot and ankle
problems, either in primary or secondary care clinics.
However, many physicians find it challenging to
[1]
assess these patients . This is probably related to the
complexity and multiplicity of joints in this part of the
body.
There are 26 bones, 33 Joints and more than 100
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ligaments, tendons and muscles in each foot . On
average, we walk 10000 steps per day, 1000000 steps
per year and 115000 miles in our lifetime. The foot
stands 3-4 times body weight during running.
This review summarises the keys points in taking
a full history and performing a systematic clinical
examination for patients with foot and ankle problem.
It is a useful guide for residents who are preparing for
their specialty exams, but also for any doctor who may
have to deal with these problems in practice.

Table 1 Correlations between the anatomical site of the pain
[6]
and the possible underlying causes
Location of
pain
Anterior ankle
pain

Impingement
Ankle joint capsule injury
ex. Sport injury with
maximum ankle joint
plantar flexion
Medial
Sinus tarsi syndrome
Spring ligament or deltoid
pain below
Subtalar degenerative
ligament pathology
the medial
changes
Tibialis posterior pathology
malleolus
Tarsal coalition of mid facet or medial impingement
Postero-medial Tibialis posterior tendonitis
Flexor hallucis longus
pain
Tarsal tunnel syndrome
Posterior pain
Achilles tendinopathy
Os trigonum pathology
Posterior impingement
Postero-lateral
Peroneal tendon
pain
Lateral pain
Stress fracture of distal
Sinus tarsi syndrome
fibula
Subtalar pathology
ATFL injury
Calcaneal fracture
Lateral impingement
malunion
Heel pain
Plantar fasciitis
Fat pad atrophy/contusion
Calcaneal stress fracture
Tarsal tunnel syndrome
Entrapment of first branch
Foreign body reaction
of lateral plantar nerve
Plantar fascia rupture
Mid foot
Degenerative disease
Tarsal bones stress fracture
pain
Post traumatic arthritis
Ligament injury ex Lisfranc
injury
Insertional tendinopathy of
peroneal brevis
Forefoot pain
Metatarsalgia
Metatarsophalangeal joint
Morton neuropathy
synovitis
Stress fracture
Nail pathology
Freiberg disease
Forefoot pain
Hallux valgus/rigidus
Sesamoiditis
- big toe
Inflamed bunion
Sesamoid fracture
Forefoot pain
Claw toe
Mallet toe
- 2nd, 3rd and
Hammer toe
4th toe
Forefoot pain
Inflamed bunionette
- little toe

HISTORY
The common reasons for patient’s presenting to the
foot and ankle clinic are: Pain, swelling, deformity,
[2]
stiffness, instability and/or abnormal gait . For new
patients or when the diagnosis has not been confirmed
before, we recommend that the examiner should not
read the previous notes prior seeing the patient. This
good practice allows the examiner to have more lateral
thinking, with fresh eyes looking into the problem.

Pain
Ask the patient to finger point to the exact site of
the maximum pain. If the pain was diffuse and not
localized to one spot, try to identify the area/side
of maximum discomfort. Correlate the site with the
anatomical location as described in Table 1. Ask about
the radiation of pain and quality or nature of it (sharp,
dull or burning), whether it is related to weight bearing
(degenerative changes, stress fracture or Inflammatory
conditions like plantar fasciitis), the radiation (towards
the toes or up the leg), severity of the pain (0-10),
prevents activity, waking up during the night, time
(early morning or night pain which disturbs the sleep),
duration, pattern (constant/intermittent), aggravating
factors (like walking distance, walking on flat or uneven
floor; Going up and down the stairs; relation with
shoes), and any alleviating factors (rest, analgesia,
[3]
preferred type of foot wear) .
The chronicity and the severity of the pain can help
to establish whether there is an element of central
sensitization where by the patient becomes more
sensitive and experiences more pain with less pro
vocation. Factors like sleep deprivation and depression
[4]
can drive central sensitization . Finally, it is important
to clarify what is the patients’ belief about their foot
pain.

Degenerative disease

ATFL: Anterior inferior tibiofibular ligament.

Swelling

It is important to establish whether the swelling is
localized to one area or the whole leg or ankle, whether
it is uni- or bilateral, associated with activities, as well as
the frequency and the duration of swelling. Generalized
bilateral swelling that involves the whole foot and ankle
is usually related to more systematic pathology, such
as cardiac or renal problems. Swelling which includes
the area only around the ankle joint may be related to
the tibio-talar joint (for example, degenerative changes
or inflammatory arthropathy). On other hand, localized
swelling is more likely result from a specific local
pathology. As an example, swelling anterior to the distal
fibula may indicate chronic injury of the anterior inferior
tibio fibular ligament (ATFL) and swelling posterior
to the distal fibula may indicate peroneal tendon
[5]
pathology . Acute painful or painless swelling with or

Deformity
Enquire about the duration and when the patient
or their family member first noticed the deformity,
which area it involves, is it progressing, and whether
it associated with other symptoms (for example, skin
ulcer, pain, recurrent infection, rapid wear of shoes, or
cosmetic).
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Table 2 Important points not to miss during the history
[6]
taking

Table 3 Correlations between the different gait patterns and
the functional assessment

Important key points not to be missed in general medical history

Examination of gait

Assessing the following aspects

Age
Occupation
Participation in sports
History of lower back pain
History of problems with other joints (for example, hip and knee)
Diabetes
Peripheral neuropathy
Peripheral vascular disease
Inflammatory arthropathy
Rheumatoid arthritis
Vasculitis

Tiptoe walking

Ankle flexibility
Posterior impingement
Achilles/tibialis post function
Midfoot function
MTPJ problems
Fractures (Stress)
S1/2 function
Ankle mobility
Anterior impingement
Tibialis anterior function
L4/5
EHL/EDL function
Plantar fasciitis/heel problems
Sub talar mobility
Tibialis posterior function
Peroneal tendons function
5th ray problems
Medial and lateral gutter
impingement
1st ray problem

Heel walking

Inner borders (inversion)/
outer borders (eversion) foot
walking

without the deformity of the mid foot deformity could
result from Charcot neuropathy.

Instability

Enquire as to when the first episode of instability or
sprain occurred, how often it happens and what can
[6]
precipitate it .

wear, it may simply reflect new or unused pair of foot
wears. Look for any orthosis or walking aides. Inspect
any insole and ask the patient which type of insole is
comfortable and which type is painful.

History of trauma

History of trauma with details of immediate symptoms
and treatment, surgery, injections or infection with date
and details of any identified.

Examination in a standing position

Associated symptoms

In most clinical setting the patient is sitting on the chair
at the start of the examination. First ask the patient to
stand up, and assess the alignment of the lower limbs
as a whole. In particular look for any excessive varus
or valgus knee deformity. Inspect the alignment of the
spine in case of scoliosis, and look for any pelvic tilt.
[7]
Inspect for any thigh or calf muscles wasting .
Look from the side for the feet arches (is there any
pes cavus or pes planus), any swelling or scars. Inspect
for any big toe deformity (hallus valgus, hallux valgus
interphalangeus or hallus varus), lesser toes deformity
[1]
(mallet toe, hammer toes, claw toes) . In normal
ankle, you should not be able to see the heel pad on the
medial side when you inspect from the front. If this was
visible then it is called “peek a boo” sign which exists
[2]
with pes cavus . It is important to compare both sides
as a false-positive sign may be caused by a very large
[8]
heel pad or significant metatarsus adductus .
Inspect the ankle from the back for any bony bumps
[1]
like calcaneal boss . The normal ankle alignment is
neutral. Also notice if there is a “too many toes” sign.
In a normal foot you should not be able to see more
th
th
than 5 and 4 toes when you look at it from behind.
rd
rd
nd
If there were more toes visible (3 or 3 and 2 ), then
it is called “too many toes” sign which can indicate an
increased heel valgus angle.
Ask the patient to stand onto tiptoes. Both ankles
should turn into varus. This indicates normal subtalar
movement and, in case of flat feet, if a medial arch

It is important to look out for red flags symptoms such
as night sweating, temperature or weight loss, which
may be related to an infection or neoplasm. Neurological
symptoms like numbness, limb weaknesses or burning
sensation are usually related either to spinal problem or
peripheral neuropathy.

General medical history

It is important to cover all the key points that are
summarised in Table 2.

CLINCIAL EXAMINATION
The examination begins from the first moment of
meeting the patient by observing the gait and whether
he/she uses any walking aids. The patient should be
adequately exposed and ideally patients should wear
shorts with bare feet. Ask for chaperone if appropriate.

Inspection of the patients footwear, insole, and walking
aides

Start by examining the patient shoes and whether they
are commercial or surgical shoes. Look at the pattern
of the wear, which usually involves the outside of the
shoe heel. Different patterns of wear indicate abnormal
contact of the foot with the ground. Early lateral,
proximal, and mid shoe wear, indicates a supination
deformity; wear on the medial border indicates a
[2]
pronation deformity . In case of absence of any
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Table 4 Different types of abnormal gaits
Type of the gait
Antalgic gait

Physical findings and observations

Possible cause

Short stance phase of the affected side
Decrease of the swing phase of the normal side

Pain on weight bearing could be any
reason from Back pathology to toe
problem, e.g., degenerative hip joint
Cerebral cause
Tabes dorsalis
Weak dorsiflexion and/or plantar
contractures
CETV
Spastic muscle
Weak or hypotonic gluteus maximum

Ataxic (stamping) gait

Unsteady and uncoordinated walk with a wide base

Equinus (tiptoes) gait

Walking on tiptoes

Equinovarous gait
Walking on the out border of the foot
Hemiplegic (circumductory) gait
Moving the whole leg in a half circle path
Rocking horse (gluteus
The body shift backward at heel strike then move forward
maximum) gait
Quadriceps gait
The body leans forward with hyperextension of the knee in the affected side Radiculopathy or spinal cord pathology
Scissoring gait
One leg crosses over the other
Bilateral spastic adductors
Short leg (Equinus) gait (more
Minimum: Dropping the pelvis on the affected side
Leg length discrepancy
than 3 cm)
Moderate: Walks on forefoot of the short limb
Severe: Combination of both
Steppage gait (high stepping No heel strike
Foot drop
slapping - foot drop)
The foot lands on the floor with a sound like a slap
Polio
Tibialis anterior dysfunction
Trendelenburg (lurching) gait
Trunk deviation towards the normal side
Weak gluteus medius
When the foot of the affected side leaves the floor, the pelvis on this side
drops
Waddling gait
Lateral deviation of the trunk with an exaggerated elevation of the hip
Muscular dystrophy

Table 5 Movements of the ankle joint and possible causes of
[3,9]
restrictions

causes as described in Tables 3 and 4. Beware not to
miss a foot drop.

Movement

Normal range
of motion

Examination in a sitting position

Dorsiflexion

0-20 degrees

Possible causes of restriction

By this stage, a fair idea of the possible diagnosis may
have been established. Hence, you should be able
to direct the rest of the examination accordingly. We
recommend at this stage to ask the patient to sit on the
examining couch, with the legs hanging loosely from
the side. Raise the bed so the patient’s foot is at the
level of the examiner’s hand, and sit on a chair opposite
the patient.

Tight Achilles tendon
Tightness of the posterior ligaments
Loss of flexibility in the ankle
syndesmosis
Impingement of anterior soft tissue or
osteophytes
Plantar flexion 0-50 degrees Anterior capsule/ligaments contractures
Posterior impingement
Inversion
0-35 degrees
Tension in the joint capsules and the
lateral ligaments1
Eversion
0-15 degrees
Tension in the joint capsules and the
medial ligaments1

Look: Start with meticulous inspection of the sole then
the rest of the foot. Look for skin discoloration, scar,
ulcer, lack of hair (circulatory changes), nails, any skin
thickening (callosity), hard/soft corns and any signs of
[7]
infection .

1

Inversion and eversion is mostly the motion of subtalar joint, the most
common causes of restriction including subtalar arthritis, tarsal coalitions
or calcaneal fracture malunion.

Feel: First ask the patient if there are any areas which
are painful to touch, so you can try to avoid causing
pain during the examination. Then you start with gentle
feel of the skin temperature, always comparing to the
other side.
The second part of the palpation is to establish
area of tenderness. Always follow a systematic
method of palpation so you will not miss any part.
We recommend to start the palpation for tenderness
from proximal fibula, Achilles tendon, distal fibula,
peroneal tendons, PTFL, CFL, ATFL, AITFL, Sinus tarsi,
Calcaneum, Calcaneocuboid (CC) joint, Cuboid, lesser
st
st
Metatarsals, Phalanges, 1 IP and MTP joint, 1 ray,
TMT joints, Cuneiforms, Navicular, TN joint, Talus, Ankle

forms on standing on tip toes then this is a flexible pes
[1]
planus .
Gait: Enquire if the patient can walk without a support
and be prepared to provide support for elderly patients
and those who may unsteady on their feet. Ask the
patient to walk as per their normal gait. Observing
the gait from the front and the back help to assess
the shoulder and pelvic tilt. Looking from at the hip
movements, knee movements, initial contact, three
rockers, stride length, cadence and antalgesia.
The patient should then be asked to walk on his/her
tiptoes, then heels, inner borders and finally the outer
borders of the feet. Correlate your finding with possible
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[3]

Table 6 Examination techniques of muscles functions
Muscle
Tibialis Anterior
Tibialis posterior

Ankle position

Manoeuvre of the test

Maximum Dorsiflexion
and inversion
Plantar flexion and
inversion

Try to plantar flex the ankle with your hand and ask the patient to resist, use your
second hand on the tendon to feel the contraction (Figure 1)
Patient inverts the foot in full plantar flexion whilst the examiner pushes laterally
against the medial border of the patient’s foot (in an attempt to evert the foot). The
examiner needs to use second hand on the tendon to feel the contraction (Figure 2)
Patient everts the foot in full plantar flexion and the examiner pushes medially against
the lateral border of the patient’s foot (in an attempt to invert the foot) (Figure 3)
Patient extends the great toe and the examiner try to
planter flex it (Figure 4)
Patient extends the lesser toes toe and the examiner try to planter flex it1 (Figure 5)
Patient curls the toes downward and the examiner tries to dorsiflex them1

Peroneal longus and peroneal brevis
Extensor hallucis longus

Plantar flexion and
eversion
Neutral

Extensor digitorum longus
Flexor hallucis longus and flexor
digitorum longus

Neutral
Neutral

1

It can be difficult to neutralize the intrinsic muscles completely.

[2,3,9,10]

Table 7 Examination techniques of performing the foot and ankle special tests
Name of the test
Anterior drawer test

Purpose of the test

Maneuver

Lateral ligament complex

The leg hangs loosely off the table
The examiner hold the patient’s leg just above the ankle joint with one hand
The examiner uses the other hand to hold the ankle in plantar flexion and try to gently to pull
the ankle forward - anterior translation (Figure 6)
Look at the skin over the anterolateral dome of the talus to watch for anterior motion of the
talus with this maneuver - sulcus sign
Inversion stress test
Stability of the lateral ankle
The knee is flexed 90 degree
ligaments (ATFL)
With one hand perform inversion stress by pushing the calcaneus and talus into inversion
while holding the leg form the medial side with the other hand (Figure 7)
The test is positive when there is excessive inversion and/or pain
Calf compression or
Syndesmotic injury
The leg hangs loosely off the table - knee flexed
“squeeze” test
The examiner uses both hand to squeeze at midpoint of the tibia and fibula
Pain caused by this maneuver indicates Syndesmotic injury
External rotation
Syndesmotic injury
The leg hangs loosely off the table - knee flexed and foot fully dorsiflexed
stress
The examiner uses one hand to stabilize the lower leg
With the other hand they externally rotate the foot
Pain caused by this maneuver indicates Syndesmotic injury
Coleman block test
To assess the flexibility of the
A block is placed under the lateral border of the patients foot
hindfoot, i.e., whether the cavus
The medial forefoot is allowed to hang over the side
foot is caused by the forefoot or the
The first metatarsal will be able to drop below the level of the block, i.e., eliminate the
hindfoot
contribution by the first ray (Figure 8)
With a flexible hindfoot, the heel will fall into valgus or neutral termed forefoot-driven hindfoot
varus
In case of rigid hindfoot or hindfoot-driven hindfoot varus the heel will remain in varus, and
no correction will be happen
Semmes-weinstein
To assess the degree of sensory
Pressure testing using a 10 g Semmes-Weinstein mono- filament. Especially useful in diabetic
monofilament test
deficit
charcot feet (Figure 9)

Figure 1 Test for tibialis anterior muscle.
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Figure 2 Test for tibialis posterior muscle.
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Table 8 Examination techniques of performing the foot and
[2,3,9,10]
ankle special tests

Table 9 Three common pathologies and the related necessary
[7]
clinical tests

Name of the
test

Special pathology

Purpose of the
test

Manoeuvre

Pes cavus

Silfverskiold
test

Differentiate
The leg hangs loosely off the table between a tight
knee flexed
gastrocnemius
Dorsiflex the ankle to the maximum
and a tight soleus Patient should then extend their knee
muscle
Repeat the ankle dorsiflexion (Figure
10)
If there was more ankle dorsiflexion
with the knee flexed then there is
gastrocnemius tightness
Thompson’s Achilles’ tendon
Patient lies is prone on the bed or
test
rupture
kneel on a chair
The examiner gently squeeze the
gastrocsoleus muscle (calf)
If the tendon is intact, then the foot
passively plantar flexes when the calf
is squeezed
Test for
Compressions
Tap inferior to the inferior to the
tarsal tunnel
of the posterior
medial malleolus to produce Tinel’s
syndrome
tibial nerve
sign
underneath
the flexor
retinaculum at
the tarsal tunnel
Test for flat
Differentiate
Ask patient to stand on tiptoes
foot
between flexible
If the medial arch forms and heel
vs rigid
going into varus then it is flexible flat
foot
Beware of rupture tibialis posterior
tendon or tarsal coalition
Test for stress Stress fractures
Place a tuning fork onto the painful
fractures
area
If it increases the pain, then it is
positive
Other test: One spot tenderness on
palpation with finger
Babinski’s
Upper motor Scratch the lateral border of the sole of
response
neuron disease
the foot
A positive response is dorsiflexion of
the great toe
Oppenheim’s
Upper motor
Run a knuckle or fingernail up the
test
neuron disease
anterior tibial surface
A positive response is dorsiflexion of
the great toe
Mulder's test
Morton’s
A mass felt or audible Click is elicited
neuroma
by palpating (grasping) the forefoot
(web space) with the index finger and
thumb of the examiner

Pes planus

Hallux valgus/
rigidus

Claw toes
Examine peroneal tendons
Tibialis anterior and posterior
Coleman block test
Examine the Achilles tendon
Full lower and upper limb neurological examination
Hand - inspect for muscle wasting
Spine
Single leg sustained tip toe test
Testing tibialis posterior power
Too many toes sign
Examine the Achilles tendon
Dorsal osteophyte
Passive ROM
Grind tests
Correct the deformity
Examine the Achilles tendon

Table 10 Medical Research Council scale to assess the
[8]
strength of muscle
Grade

Description

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

No contraction
Flicker or trace of contraction
Active movement with gravity eliminated
Active movement against gravity
Active movement against gravity and resistance
Normal power

Now move the palm of the hand to the dorsum of the
examined foot to produce the passive plantar flexion.
Supination and pronation are triplanar movements.
Supination is the combination of Inversion, Plantar
flexion and adduction. Pronation is the combination of
Eversion, Dorsiflexion and Abduction.
Inversion: Place one hand over the back of the leg and
use your other hand to grasp the calcaneus between
your index finger and thumb and use your forearm to
fully dorsiflex and lock the talus in the ankle. Rotate
the calcaneus in a medial direction to test for inversion
and move your hand in a lateral direction to test for
[9]
Eversion .

joint, Medial malleolus, Tibialis post, Tibialis anterior,
extensors and other flexors and finally plantar fascia.

Midfoot movements: Stabilize the calcaneus and
talus with one hand and use the other hand to move
the foot medially to test for Adduction). Move the foot
[9]
laterally to test for the abduction . It is also important
to examine the motion of midfoot (transverse tarsal
joint) on sagittal plane (specially for patients with end
st
stage ankle arthritis). The motion of 1 TMT joint should
be examined as well (for patients with hallux valgus or
flexible flatfoot).

Move: Start with active movement by asking the patient
to perform dorsiflexion, plantar flexion, inversion, and
eversion. Always compare both sides (Table 5).
This will be followed by passive movement of dor
siflexion: As the patient is already sitting, the knee is
flexed to 90 degrees then repeat the test with knee
straight (Silfverskiold test). Keep the foot in a neutral
position (0 degree of inversion and eversion), hold the
back of the leg with one hand and use the palm of the
[9]
other hand to push the sole of the examined foot .
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Figure 3 Test for the peroneal tendons.

Figure 4 Test for extensor hallucis longus.

Figure 6 Anterior drawer test.

Figure 5 Test for extensor digitorum longus.

Figure 7 Inversion stress test.

movement in each joint separately. If there is any
deformity, try to find whether it is correctable or not (for
example, a fixed flexion deformity).
The examination of muscular function and the
special tests should be the next step of the assessment.
Both of these aspects are summarised in Tables 6, 7, 8
and 9. The strength of each muscle is assessed using
the medical research council (MRC) scale Table 10.
The examination of the foot and ankle is not com
plete until you perform neurovascular examination, an
examination of the spine (deformity like scoliosis, hair

tuft on the lower back), leg length, hip joint examination
and knee joint examination.
Finally, it is important to consider Functional testing
which is important and needs to be appropriate to the
level and background of the patient for instance, a
single leg squat or squat jump for higher level athletes
may indicate issues not obvious with more static tests.
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Figure 8 Coleman block test.

Figure 9 Semmes - weinstein monofilament test.

Figure 10 Silfverskiold test.

be challenging, hence the importance of following
a systematic method for its clinical assessment. We
have described here one way of performing the clinical
examination. It has been built using the best available
evidence, and has been tested and evolved through
the experience of the senior author. We recommend
this approach for residents who are preparing for
their specialty exams, for clinicians in family or sports
medicine, and for any physician who has to deal with
foot and ankle patients.
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Abstract
AIM
To analyze planning total hip arthroplasty (THA) with an
additional anteroposterior hip view may increases the
accuracy of preoperative planning in THA.

Institutional review board statement: Institutional review
board approval.
Informed consent statement: An informed consent statement
was given.

METHODS
We conducted prospective digital planning in 100
consecutive patients: 50 of these procedures were
planned using pelvic overview only (first group), and
the other 50 procedures were planned using pelvic
overview plus antero-posterior (a.p.) hip view (second
group). The planning and the procedure of each patient
were performed exclusively by the senior surgeon.
Fifty procedures with retrospective analogues planning
were used as the control group (group zero). After
the procedure, the planning was compared with the
eventually implanted components (cup and stem).
2
For statistic analysis the c test was used for nominal
variables and the t test was used for a comparison of
continuous variables.
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RESULTS
Preoperative planning with an additional a.p. hip
view (second group) significantly increased the exact
component correlation when compared to pelvic
overview only (first group) for both the acetabular cup
and the femoral stem (76% cup and 66% stem vs 54%
cup and 32% stem). When considering planning ± 1
size, the accuracy in the second group was 96% (48 of
50 patients) for the cup and 94% for the stem (47 of 50
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patients). In the analogue control group (group zero),
an exact correlation was observed in only 1/3 of the
cases.

to the proximal femur) reduces parallax shifts and
[7]
rotational deviations .

CONCLUSION
Digital THA planning performed by the operating surgeon
and based on additional a.p. hip view significantly
increases the correlation between preoperative planning
and eventual implant sizes.

MATERIALS AND METHODS
Since 2014, we have exclusively performed preoperative
THA planning in our hospital using digital software
(MediCAD, HECTEC GmbH, Landshut, Germany). The
digital planning has been performed using a 17-inch
LCD screen with a resolution of at least 1.024 × 768
pixels.
We used three groups for this comparative study:
The first group included digital planning in 50 consecutive
patients (who underwent surgery in 2015) using digital
pelvic overview only (Figure 1). The second group also
included digital planning in 50 consecutive patients
(within the same year), but with an additional a.p. hip
view for planning (Figure 2). All X-ray examinations
(pelvic overview) were performed using a standardised
technique with the patients in the supine position with
a film-focus distance of 115 cm, a 10- to 15-degree
internal rotation of the hip joint, and the central X-ray
beam directed to the pubic symphysis.
A 25-mm external calibration marker (scaling sphere)
was used for planning in both groups, and it was placed
laterally from the hip joint requiring surgery or centred
between the legs at the joint level at the height of the
trochanter major. Moreover, surgeries in both groups
were exclusively performed by the senior consultant
surgeon who operated on the patients on the following
day. Access to the hip was achieved exclusively in the
lateral position using the minimally invasive technique
[8]
according to Bertin and Röttinger . The planning steps
were performed according to the procedure described
[3]
[9]
[10]
by Bono , Dastane et al , and Unnanuntana et al
(Figures 1 and 2).
Fifty consecutive patients with analogue planning
(who underwent surgery the year before the digital
software had become available) served as the control
group (group zero). Here, the individual planning steps
[11]
had been performed according to Eggli et al .
The indications for the 150 patients who received
a cementless THA for both acetabular cup and femoral
stem were primary osteoarthritis (n = 133), avascular
femoral head necrosis (n = 11), and dysplasia (n =
6). The exclusion criteria were as follows: History of
cemented or hybrid arthroplasty, additional osteotomies,
and revision surgery for any reason.
Preoperative planning, surgical reports, and post
operative X-ray (within 6 wk) for the first and second
group were performed prospectively, and group zero
was evaluated retrospectively. The cup component was
a Fitmore or an Allofit press-fit cup (Zimmer, Freiburg,
Germany), and the stem was a CLS Spotorno (Zimmer),
exclusively in all three of the groups. The study was
approved by the local ethics committee.

Key words: Digital; Templating; Preoperative planning;
Hip view; Total hip arthroplasty
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Preoperative planning is an essential practice
carried out prior to total hip arthroplasty (THA). How
ever, the accuracy of digital preoperative planning in
THA is variable and often lacks sufficient precision.
Our prospective study analysed that preoperative
planning with an additional antero-posterior hip view
significantly increased the exact component correlation
when compared to pelvic overview only for both the
acetabular cup and the femoral.
Stigler SK, Müller FJ, Pfaud S, Zellner M, Füchtmeier B. Digital
templating in total hip arthroplasty: Additional anteroposterior
hip view increases the accuracy. World J Orthop 2017; 8(1):
30-35 Available from: URL: http://www.wjgnet.com/2218-5836/
full/v8/i1/30.htm DOI: http://dx.doi.org/10.5312/wjo.v8.i1.30

INTRODUCTION
Preoperative planning for elective total hip arthroplasty
(THA) is of paramount importance, irrespective of the
level of difficulty. Not only does it prevent complications,
but it also helps to optimise important geometric
parameters such as leg length, centre of rotation, and
femoro-acetabular offset adjustment by determining
[1-4]
such components .
Previously, conventional X-ray images and measur
ing templates were used for this purpose. However,
according to the literature, these practices resulted in
low levels of correlation with the sizes of the eventually
[2]
implanted devices in most cases . With the increasing
use of digital radiography, more and more digital
planning software programmes are being offered, which,
in theory, should deliver higher precision. However, it
has been reported that there were only a few cases for
which digital planning has resulted in more than low
[4-6]
correlation between planning and implanted sizes .
Therefore, we conducted a comparative casecontrol study based on the null hypothesis that planning
precision regarding the eventually implanted com
ponents can be increased with an additional anteroposterior (a.p.) hip view. This was based on the fact
that the a.p. hip view with a central X-ray beam (directed
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Statistical analysis

SPSS version 23 (SPSS, Chicago, IL, United States) was
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Figure 1 Digital planning of cup and stem for total hip arthroplasty of the right side (group 1). A1: Hip offset: Perpendicular line from the teardrops through the
centre of rotation to the femoral shaft axis, i.e., line B1 + C; A2: Contralateral hip offset; B1: Femoral offset: Perpendicular line from the centre of rotation to the axis
of the femur; B2: Contralateral femoral offset; C: Horizontal position of the centre of rotation: Distance determined by the centre of rotation and one line perpendicular
to the teardrops drawn through the centre of the teardrop; D: Vertical position of the centre of rotation: Line determined by the inter-teardrop line and the centre of
rotation; E: Inclination angle: Angle determined by the inter-teardrop line and one axis extending through the cup opening; F: Stem orientation: Angle between femoral
shaft axis and implant shaft axis; G: Implantation depth: Line between the upper edge of the prosthesis and the tip of the greater trochanter; H: Leg length difference:
Quantified by subtracting the perpendicular distance from the biischial line to the proximal corner of the minor trochanters of both sides (measurements according to
Bono, Dastane, Unnanuntana, Eggli[3,9-11]).

used for statistical analysis. Descriptive analysis was
performed by determination of values, averages, and
standard deviations. Differences were compared using
2
the c test for nominal variables. The t-test was used for
a comparison of continuous variables. A P value of < 0.05
was set as the significance threshold.

= 0.02).

Femoral stem size

The exact femoral stem sizes within the three groups
are shown in Table 2. The increments of the femoral
stems are between 1 and 1.25 mm. Within the second
group that included an additional a.p. hip view, a total
of 47 out of 50 (94%) were predicted within a one size
deviation. The results for exact size accuracy between
the first and the second group were significantly
different (P < 0.001).

RESULTS
Among the 150 patients who underwent cementless
THA, 63 were female, 87 were male, and the mean age
was 63 years (30 to 83). No patient received bilateral
THA. The descriptive data (sex, age, BMI, indications,
and duration of surgery) within the three groups were
not significantly different (P > 0.05).
For all 150 patients, no major postoperative com
plications, e.g., periprosthetic fracture, fracture of the
trochanter tip, or hip dislocation - were documented.

Centre of rotation

A distance of ≤ 5 mm between the vertical and
horizontal centre of rotation after implantation when
compared to the scheduled position was found in a total
of 48% (n = 24) of patients in group zero and in a total
of 72% (n = 36) of patients in the digital group. The
planning accuracy difference between both groups was
significantly different (P = 0.014).

Acetabular cup size

The exact acetabular cup sizes within the three groups
are shown in Table 1. The size increments within the
two cups are 2 mm. Within the second group, including
additional a.p. hip view, a total of 48 out of 50 (96%)
were predicted within ± one size without a significant
difference between both of the utilised components
(Allofit or Fitmore). The results for exact size accuracy
between the three groups were significantly different (P

WJO|www.wjgnet.com

Femoral and hip offset

A femoral offset of ≤ 5 mm when compared to the
scheduled position was found in a total of 68% (n = 34)
in the analogue planning group and in a total of 70% (n
= 35) in the digital group. The hip offset was scheduled
≤ 5 mm in 50% of patients (n = 25) of both groups
(both with analogue and digital planning).
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A

B

Figure 2 Pelvic overview plus antero-posterior hip view (group 2). A: Digital planning of cup and stem for total hip arthroplasty of the right side; B: Additional
antero-posterior hip view for planning. With this true antero-posterior view of the hip, planning is more accurate.

Table 1 Accuracy of acetabular cup n (%)
Preoperative planning
vs implant used

Table 2 Accuracy of femoral stem n (%)

Group zero
n = 50

First group
n = 50

Second group
n = 50

6 (12)
17 (34)
15 (30)
9 (18)
2 (4)
1 (2)

8 (16)
27 (54)
12 (24)
2 (4)
1 (2)
-

5 (10)
38 (76)
5 (10)
2 (4)
-

- 2 sizes smaller
- 1 size smaller
Exact size
+ 1 size larger
+ 2 sizes larger
+ 3 sizes larger
+ 4 sizes larger

Preoperative planning

Group zero
n = 50

First group
n = 50

Second group
n = 50

- 2 sizes smaller
- 1 size smaller
Exact size
+ 1 size larger
+ 2 sizes larger

1 (2)
11 (22)
16 (32)
17 (34)
5 (10)

3 (6)
20 (40)
16 (32)
10 (20)
1 (2)

3 (6)
9 (18)
33 (66)
5 (10)
-

studies have compared analogue and digital planning
procedures. Surprisingly, their results varied: González
[13]
Della Valle et al demonstrated that analogue planning
resulted in a higher planning accuracy for both cup
[1]
and femoral stem. However, The et al concluded that
digital planning was superior to analogue planning in
regard to both components. In contrast, Gamble et
[6]
al found a significantly higher accuracy only for the
acetabular cup when digital planning was used, whereas
identical results were achieved with femoral stems.
The results of the latter study are similar to ours: We
also found an equally low exact precision (32%) for the
femoral stem with both analogue and digital planning
(when only a pelvic overview was used). However, in
total, our data clearly showed that analogue planning
offered the lowest levels of results for both exact
precision and deviation by one size.
However, digital planning of the acetabular cup
resulted in a clearly higher exact size determination
(54%) in our study when compared to the results of
other recent studies that reported an accuracy of only
[4,6,10]
34% to 42%
. Nevertheless, this result is still not
satisfactory for several reasons: First, whether the
scaling sphere was actually placed in the correct plane
[14]
cannot be retrospectively evaluated . Accordingly,

Acetabular cup inclination

The mean inclination angle of the acetabular cup was
44.5° (SD ± 4.2°) in group zero and 45° (SD ± 5.8°) in
the digital planning group, and there was no significant
difference between the two groups.
A total of 88% of the prostheses (n = 44) in
the analogue planning group and 92% (n = 46) in
the digital planning group were implanted at angles
between 30° und 50°.

Leg length difference

The mean postoperative leg length difference (LLD)
was 4.6 mm in the analogue planning group (SD ± 5.0
mm) and 2.7 mm in the digital planning group (SD ±
3.4 mm). A total of 80% of patients in group zero and
90% in the digital planning group had postoperative leg
length differences of < 10 mm.

DISCUSSION
This study covers multiple aspects of preoperative
planning: Although several studies of analogue planning
[11,12]
have been previously reported
, our study offers an
additional direct comparison with digital planning. Few
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vs implant used
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inaccurate positioning and an inappropriately rotated
femur have detrimental effects on X-ray imaging quality
and, thus, on planning precision. The femoral stem
component is more prone to such effects than the
[15]
cup . This may explain the lower planning accuracy
with regard to the stem component. In our study, it
was more common that a smaller-than-needed size
of the femoral stem component was selected (though
the difference was only one size) when compared to
a larger-than-needed size (40% vs 20%). Kniesel et
[16]
al
reported similar results. In their evaluation of
[17]
different calibration methods, Franken et al also found
that there was a tendency to underestimate the real
dimensions when the reference sphere was placed in
the centre between the patient’s legs. Furthermore bone
density is a crucial criterion when selecting the stem
component: It is common that larger components are
[4]
selected for patients with lower bone density .
Second, we were able to demonstrate for the first
time that the exact correlation between planning and
eventually implanted components (cup and stem) can
be significantly increased to more than 2/3 of the cases
with an additional a.p. hip view. When a size deviation of
± one size is also taken into account, an accuracy level
of above 90% can be achieved for both the cup and the
stem. Hip view with central X-ray beam targeting the
proximal femur results in the minimisation of parallax
[7]
shifts with reduction of rotational deviations , which
may explain the higher planning precision. However,
there are no data currently available with regard to an
additional centred hip view for component planning.
In additional to component selection, it is clear
that leg length difference is another very important
preoperative planning parameter, even though a
maximum clinical difference of 10 mm is generally
[18]
considered to be acceptable . The validation of different
measurement methods for leg length differences has
been the subject of multiple studies, with various
[19]
results. Meermans et al
found that the horizontal
line through the teardrops offers a more accurate
reference marker when compared to the line between
the two ischial tuberosities. However, Tripuraneni et
[20]
al concluded that the teardrop line is most commonly
prone to measurement errors and that the obturator
line would be the most accurate reference. In our study,
the biischial line was used as an anatomical landmark
for LLD assessment. We found a significant difference
in planning accuracy in favour of the digital method:
90% of the patients showed a postoperative leg length
difference of less than 10 mm, which is in line with
the results reported in the studies of Unnanuntana et
[10]
[21]
al
or González Della Valle et al . However, it must
be emphasised that complete compensation of leg
length differences is not always practical and necessary,
particularly in elderly patients with scoliotic deformities.
With regard to offset, analogue and digital procedures
were found to be equivalent in terms of planning and
correlation with implant positions. The digital method
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was significantly superior to the analogue method in
terms of planning vertical and horizontal positions of
the rotation centre. Good results were achieved for both
cup planning and implantation when the inclination
angle was within the “safe zone” (30°-50°) according
[22]
to Lewinnek et al . This was observed in both groups.
Implantation outside of this range is known to promote
abrasion and prosthesis loosening in the mid and long
[23]
term .
Finally, it is necessary to address the weaknesses of
the present study: Digital planning was performed by
the senior surgeon who then also operated the patients.
Hence, it is possible that the use of the initially scheduled
component size was “enforced” during surgery. However,
severe post-surgery complications, e.g., hip dislocation,
periprosthetic fractures or stem loosening were reported
in none of the 100 patients with digital planning and
implantation. Conversely, a common sentiment in the
literature is that planning should be performed by the
[1,18]
operating surgeon
, and this procedure has been
propagated by the authors in those studies.
Moreover, an advancement of the digital two-dimen
sional planning is already underway using a threedimensional CT. However, this method can expose
patients to high levels of radiation and is probably not
[24]
necessary for most THA patients with osteoarthritis .
In contrast, the addition of the a.p hip view confers a
negligible radiation exposure of only 0.05 mSv. Because
our study exclusively investigated cementless total
hip arthroplasties, the results cannot be completely
transferred to cemented THA or to other components. To
date, it also remains unclear if the commonly occurring
minor differences between planning and surgery cause
long-term clinical consequences. Studies on this aspect
are not available yet and are needed.
In conclusion, the digital planning of cementless THA
performed by the surgeon based on additional anteroposterior hip view significantly increases the correlation
between preoperative planning and eventual implant
sizes. Therefore, we recommend that it should be
implemented as a standard in preoperative planning.
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Abstract

Informed consent statement: Patients provided informed
consent to receive the specific treatment. In the present study the
analysis used anonymous clinical data that were obtained after
each patient agreed to treatment by written consent.

AIM
To present the incidence of heterotopic ossification after
the use of recombinant human bone morphogenetic
protein-7 (rhBMP-7) for the treatment of nonunions.
METHODS
Bone morphogenetic proteins (BMPs) promote bone
formation by auto-induction. Recombinant human
BMP-7 in combination with bone grafts was used in
84 patients for the treatment of long bone nonunions.
All patients were evaluated radiographicaly for the
development of heterotopic ossification during the
standard assessment for the nonunion healing. In all
patients (80.9%) with radiographic signs of heterotopic
ossification, a CT scan was performed. Nonunion site
palpation and ROM evaluation of the adjacent joints
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which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
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were also carried out. Factors related to the patient
(age, gender), the nonunion (location, size, chronicity,
number of previous procedures, infection, surrounding
tissues condition) and the surgical procedure (graft
and fixation type, amount of rhBMP-7) were correlated
with the development of heterotopic ossification and
2
statistical analysis with Pearsons χ test was performed.

dx.doi.org/10.5312/wjo.v8.i1.36

INTRODUCTION
Heterotopic ossification is commonly complicating
orthopaedic procedures and trauma but its highest
incidence occurs after brain injuries. The hip, the elbow,
and the knee are the most commonly affected joints
after muscle damage, intramuscular hematoma and
[1-7]
brain trauma . Depending on the site and the location
of the heterotopic bone, it may interfere with muscle and
[3,4]
tendon function and limit the range of joint motion .
In experimental models, heterotopic bone is induced
after implantation of bone marrow cells in muscle or
[7]
in the peritoneal cavity and allo-transplatation of
[8]
demineralized bone matrix . The later is linked to the
activity of Bone Morphogenetic Proteins (BMPs) as
factors promoting osteogenesis by auto-induction in
[8]
extra-skeletal sites, as described by Urist et al .
Since their identification BMPs have been isolated
and experimentally applied in several preclinical models.
Recombinant (rh) forms are available for two of the
BMPs (rhBMP-2 and rhBMP-7), and have been licensed
by the american food and drug administration for
[9-11]
clinical use in tibia nonunions (rhBMP-7)
, and acute
[12,13]
tibia fractures (rhBMP-2)
. Although the formation
of heterotopic bone after the rhBMPs application in
[14]
experimental animal models is well known , only a few
reports confirm these findings in the clinical practice.
The aim of our study is to describe the development
of heterotopic ossification in a series of 84 patients
with long bone nonunions treated with bone graft and
rhBMP-7, and to identify risk factors related to the
patient, the nonunion and the surgical procedure.

RESULTS
Eighty point nine percent of the nonunions treated with
rhBMP-7, healed with no need for further procedures.
Heterotopic bone formation occurred in 15 of 84 patients
(17.8%) and it was apparent in the routine radiologi
cal evaluation of the nonunion site, in a mean time of
5.5 mo after the rhBMP-7 application (range 3-12).
The heterotopic ossification was located at the femur
in 8 cases, at the tibia in 6, and at the humerus in οne
patient. In 4 patients a palpable mass was present and
only in one patient, with a para-articular knee nonunion
treated with rhBMP-7, the size of heterotopic ossification
affected the knee range of motion. All the patients with
heterotopic ossification were male. Statistical analysis
proved that patient’s gender was the only important
factor for the development of heterotopic ossification (P
= 0.007).
CONCLUSION
Heterotopic ossification after the use of rhBMP-7 in
nonunions was common but it did not compromise the
final clinical outcome in most cases, and affected only
male patients.
Key words: Nonunion; Bone morphogenetic protein;
Recombinant human bone morphogenetic protein-7;
Heterotopic ossification; Long bone; Bone graft;
Osteoinduction
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Bone morphogenetic proteins are identified as
factors promoting osteogenesis. In this study an attempt
was made to estimate the rate of heterotopic bone
formation in patients with long bone nonunions treated
with recombinant human bone morphogenetic protein-7
(rhBMP-7), and to identify predisposing factors, related
to the patient, the nonunion characteristics, and the
surgical procedure. Eighteen percent of the patients
developed heterotopic ossification on the radiographs,
without functional limitations. All patients that deve
loped heterotopic ossification were male. This rate
of heterotopic ossification after rhBMP-7 use for the
treatment of long bone nonunions is higher than the
rates reported in literature.

Eighty-four patients (60 men and 24 women), with long
bone nonunions treated with the combination of bone
grafts and rhBMP-7 (Osigraft, Stryker Pharmaceutical)
[15]
between 2004 and 2008
were evaluated for the
development of heterotopic ossification. Nonunions
were located in the upper (13) and lower (71) extremity
and all patients had undergone at least one previous
failed procedure for the treatment of the nonunion. The
product used consisted of 3.3 mg of lyophilized rhBMP-7
combined with 6.7 mg of type I bovine collagen. The
standard surgical procedure consisted of debridement
of the nonunion site till normal viable bone margins.
[15]
RhBMP-7 was applied mixed with bone grafts . After
rhBMP-7 implantation, irrigation was avoided, so as to
prevent product leakage at the surrounding tissues.
Ηeterotopic ossification was diagnosed as a delayed
postoperative complication, during the standard post
operative radiographic evaluation for the assessment
of healing of the nonunion. The efficacy of rhBMP-7 on
the treatment of long bone nonunions, in this series

Papanagiotou M, Dailiana ZH, Karachalios T, Varitimidis S,
Hantes M, Dimakopoulos G, Vlychou M, Malizos KN. Heterotopic
ossification after the use of recombinant human bone morphogenetic
protein-7. World J Orthop 2017; 8(1): 36-41 Available from: URL:
http://www.wjgnet.com/2218-5836/full/v8/i1/36.htm DOI: http://
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Figure 1 Heterotopic ossification in a 28-year-old male patient treated for
femoral nonunion (3D CT reconstruction).

Figure 2 Heterotopic ossification in a 51-year-old male patient treated for
femoral nonunion (3D CT reconstruction).

of patients, has already been published in a previous
[15]
study . In all patients with apparent signs of heterotopic
bone formation on the radiographs, a quantitative
computed tomography (Q-CT) and 3D-CT reconstruction
(employing Osirix software) were obtained to confirm
the diagnosis. The patients with heterotopic ossification
were additionally evaluated clinically by palpation and
examination of the range of motion of the adjacent
joints.
Factors related to the patient (age, gender), the
nonunion (location, size, chronicity, number of previous
failed procedures, presence of infection, and condition
of the surrounding soft tissues) and the type of the
index surgical procedure (type of graft and amount of
rhBMP-7 used), were also analyzed and correlated with
the presence of heterotopic ossification.
Statistical analysis was performed with the Pearson
χ 2 test and with a logistic regression model under Firth’s
correction (Stata version 10).

the main outcome was examined with the use of the χ
test, while the effect of scale variables with the use of
the t test for independent samples or the Mann-Whitney
test where normality did not hold, after implementation
of the Shapiro Wilk test. The variables were then used
in a logistic regression model under Firth’s correction.
Significance was in all cases set at 0.05. The analysis
was carried out with the use of the software Stata v.10.0.
2
Statistical analysis with the use of χ test, proved
that patient’s gender was the only factor significantly
correlating with the development of heterotopic
ossification with statistical significance (P = 0.007)
(Table 1 and Figure 4), while no other parameter had
any effect on the development of this complication. The
logistic regression model which was used, under Fir
th’s correction, did not show any parameter significantly
affecting heterotopic bone formation, probably due to
the small number of patients who developed this com
plication (Table 1).

RESULTS

DISCUSSION

Heterotopic bone formation was diagnosed as a delayed
complication within the first postoperative year in 15
patients (17.8%) (Figures 1-3). All patients were male
(Figure 4) and the mean time to heterotopic ossification
radiographic appearance was 5.5 mo (3 to 12 mo) after
the index procedure. The heterotopic ossification was
located at the lower extremity in 14 cases, 6 of them at
the tibia and in 8 at the femur. In one case heterotopic
ossification developed in a patient with a humeral
nonunion. The ectopic bone was palpable in 4 patients,
but only one had a limitation of the range of motion
after the treatment of a para-articular distal femoral
nonunion. This patient developed a significant restriction
of flexion and extension of the knee joint (Figure 3).
The results were presented with the use of means
and standard deviations or counts and percentages,
where appropriate. The effect of categorical variables on

The incidence of heterotopic bone formation in this series
is relatively high (17.8%), but in the majority of cases
(14 of 15) it did not compromise the functional outcome
of the limb. This high incidence may be attributed to
the preexisting muscle trauma and extensive excision
of the scar at the site of rhBMP-7 application, as these
patients had undergone several operations prior to
the index procedure. It has been demonstrated that
repeated blunt trauma in the extremities, may induce
degenerative changes in the muscle predisposing to
[3,7,16]
ectopic bone formation
.
The development of heterotopic ossification has
been studied in several experimental models, however
the exact pathophysiology of this process has not
been completely elucidated. According to the rhBMP-7
commercial product’s safety database, the rate of
undesirable effects (erythema, tenderness swelling and
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Table 1 Analysis of the parameters affecting the development of heterotopic ossification
Parameter

Gender

Age
Extremity
Defect size
Chronicity
Infection
Soft tissue defects
Previous procedures
Graft type

Amount of rhBMP-7

No. of
patients

HO

60
24
20
39
25
13
71
42
42
33
51
30
54
9
75
56
28
67
9
8
75
9

15
0
6
8
1
1
14
8
7
4
11
4
11
3
12
8
7
13
0
2
14
1

Male
Female
≤ 30
31-55
≥ 56
Upper
Lower
Critical
Non critical
> 1 yr
< 1 yr
Yes
No
Yes
No
1
2-3
Autograft
Allograft
No graft
1 vial
2 vials

HO rate (%)

25
0.0
30.0
20.5
4.0
7.7
19.7
19.0
16.0
12.1
20.3
13.3
20.3
33.3
16.0
14.3
25.0
19.4
0
25.0
18.6
11.1

P value
2
(c )

P value
(logistic regression firth’s
correction)

0.007

0.081

0.067

0.205

0.298

0.733

0.776

0.997

0.229

0.731

0.420

0.451

0.200

0.287

0.227

0.315

0.463

0.663

0.576

0.629

P values with the use of χ 2 test and with the use of logistic regression model under Firth’s correction. HO: Heterotopic ossification; rhBMP-7: Recombinant
human bone morphogenetic protein-7.

HO

50

No
Yes

Number of patients

40

30

20

10

0

Figure 3 Heterotopic ossification in a para-articular femoral nonunion in
a 44-year-old male patient, affecting knee joint range of motion (3D CT
reconstruction).

Gender

Male

Figure 4 Gender effect on the development of heterotopic ossification
after the use of recombinant human bone morphogenetic protein-7.

retrovirus encoding BMP-4, male mice demonstrated
more rapid bone formation and larger volumes of
[19]
ectopic bone than female . These findings suggest
a specific effect of the gender in the heterotopic
ossification development.
The potential of mesenchymal progenitor cells to
differentiate into osteoprogenitor cells in muscles,
[20-22]
has been shown in animal models
. In a resent in
vitro study human skeletal muscle-derived progenitor
cells have been isolated and characterized for their
osteogenic properties indicating a potential effect
[23]
on heterotopic bone formatio . These cells were
+
identified as PDGFRα cells, able to differentiate into

[17]

ectopic ossification) ranges from 1% to 10% .
Male gender significantly influenced the appearance
of heterotopic bone. In a study evaluating the osteo
genic capacity of mice skeletal muscle-derived stem
cells (MDSCs), the male MDSCs revealed significantly
greater ALP activity and expression of osteogenic genes
when stimulated with rhBMP-4 in vitro. In addition, the
implantation of these cells into intramuscular pockets in
the mice led to more bone formation in the male mice
compared to the female regardless of the implanted
[18]
cells gender . In a recent study in mice with cranial
defect treated with MDSCs after transduction with a
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osteoprogenitor cells under the stimulation of bone
[21]
morphogenetic proteins in mice . The role of BMPs in
the heterotopic bone formation has also been elucidated
in the fibrodysplasia ossificans progressiva, where BMPs
were found to promote muscle mesenchymal stem cells
[24]
differentiation in preosteoblasts and osteoblasts .
Since 2001, when the use of rhBMP-7 was approved
by the American Food and Drug Administration and
the European Medicines Agency (European Marketing
Authorization Number: EU/1/01/179/001) for the
treatment of tibia nonunions, its use was extended to
skeletal nonunions and spinal fusions with successful
[25-27]
outcomes presented in several series
. Although
rhBMP-7 has been widely used in the clinical practice,
only few cases of heterotopic bone formation were
reported in the literature after 2006. A case of myositis
ossificans in a 49-year old woman, who underwent
L4-L5 decompression and fusion with the use of
[28]
rhBMP-7 was presented by Bennet et al . The first
case of heterotopic ossification in a long bone (distal
humerus nonunion) after the use of rhBMP-7 was
[29]
reported by Wysocki et al . The patient gradually
developed elbow stiffness from an extensive heterotopic
ossification in the triceps muscle. Another small series
of four patients that developed heterotopic ossification
after the use of rhBMP-7 (3 patients) and rhBMP-2
(one patient) for the treatment of acute fractures or
nonunions of the humerus was presented by Axelrad et
[30]
al . All patients had painful restriction of motion and
underwent surgical excision of the heterotopic bone with
good postoperative outcome. Heterotopic ossification
after the use of rhBMP-7 for the treatment of femoral
head osteonecrosis was also reported. In this case, it
series the majority of patients developed heterotopic
ossification at the lateral surface of the femur around
the entry point of core decompression and fibula
insertion, which, however, did not affect the range of
[31]
motion .
The main limitation of this study is the lack of a
control group of patients who did not received rhBMP-7.
As all patients had several previous unsuccessful
surgical procedures, the treating physicians decided
to use all available means to treat the nonunions and
considered unethical the deprivation of rhBMP-7 in the
patients of a control group.
In conclusion, heterotopic ossification following the
use of rhBMP-7 for the treatment of long bone non
unions was a relatively common complication. Also,
a positive correlation between the male gender and
the development of this side effect was found. Careful
observation of postoperative radiographs may increase
the reported heterotopic ossification rates in the
literature as the majority of cases lack clinical relevance.

COMMENTS
COMMENTS
Background

Bone morphogenetic proteins (BMPs) have been identified as factors promoting
osteogenesis by auto-induction in extra-skeletal sites. In the recent years they
have been used in the treatment of long bone nonunions in combination with
bone grafts. In this study, the rate of heterotopic ossification occurring after the
use of commercially available recombinant human bone morphogenetic protein-7
(rhBMP-7) for the treatment of long bone nonunions was estimated. In addition,
the correlation between the development of heterotopic ossification and factors
related to the patient (age, gender), the nonunion (location, size, chronicity,
previous procedures, infection, surrounding tissues condition), and the surgical
procedure (graft type, amount of rhBMP-7) was evaluated.

Research frontiers

BMPs and especially rhBMP-2 and rhBMP-7 have been used in several clinical
studies but there are only few reported data related to the complications related
to their use.

Innovations and breakthroughs

In this study, heterotopic ossification was a relatively common complication of
the use of rhBMP-7, with higher rates than the ones reported in literature. In
addition, a significant correlation between patient’s gender and the development
of this complication was found.

Applications

This study suggests that heterotopic ossification is a relatively common
complication after the use of rhBMP-7 for the treatment on nonunions, related
significantly with patient’s gender. Although not clinically significant in the majority
of cases, this complication should be acknowledged to the patients, especially
the male, before rhBMP-7 use.

Terminology

rhBMP-7: Recombinant human bone morphogenetic protein-7; HO: Heterotopic
ossification.

Peer-review

The rate of heterotopic ossification after the use of rhBMP-7 was higher in
the present series than the rates reported in the literature and a significant
correlation between male gender and the development of this complication was
found. The lack of any clinical relevance of this complication in the vast majority
of cases may be the reason of the low reported rates up to now. Thus, careful
evaluation of postoperative radiographs may increase the reported rates.

REFERENCES
1

2

3

4
5
6

ACKNOWLEDGMENTS
Dr. Konstantinos Kokkinis: Chairman at the Department
of Computed Tomography KAT Hospital Athens, Greece.

WJO|www.wjgnet.com

7

40

Rath E, Sherman H, Sampson TG, Ben Tov T, Maman E, Amar
E. The incidence of heterotopic ossification in hip arthroscopy.
Arthroscopy 2013; 29: 427-433 [PMID: 23351728 DOI: 10.1016/
j.arthro.2012.10.015]
Neal B, Gray H, MacMahon S, Dunn L. Incidence of heterotopic
bone formation after major hip surgery. ANZ J Surg 2002; 72:
808-821 [PMID: 12437693 DOI: 10.1046/j.1445-2197.2002.02549.
x]
Dailiana ZH, Gunneson EE, Urbaniak JR. Heterotopic ossification
after treatment of femoral head osteonecrosis with free vascularized
fibular graft. J Arthroplasty 2003;18: 83-88 [PMID: 12555188 DOI:
10.1054/arth.2003.50000]
Solomon L, Warwick DJ, Nayagam S. Apley’ system of orthopaedic
and fractures, 8th edition
Keschner MT, Paksima N. The stiff elbow. Bull NYU Hosp Jt Dis
2007; 65: 24-28 [PMID: 17539758]
Ilahi OA, Strausser DW, Gabel GT. Post-traumatic heterotopic
ossification about the elbow. Orthopedics 1998; 21: 265-268 [PMID:
9547811]
Ekelund A, Brosjö O, Nilsson OS. Experimental induction of
heterotopic bone. Clin Orthop Relat Res 1991; 2: 102-112 [PMID:

January 18, 2017|Volume 8|Issue 1|

Papanagiotou M et al . Heterotopic ossification following rhBMP-7 use

8
9

10

11

12

13

14

15

16
17
18
19

1899633 DOI: 10.1097/00003086-199102000-00011]
Urist MR. Bone: formation by autoinduction. Science 1965; 150:
893-899 [PMID: 5319761 DOI: 10.1126/science.150.3698.893]
Friedlaender GE, Perry CR, Cole JD, Cook SD, Cierny G,
Muschler GF, Zych GA, Calhoun JH, LaForte AJ, Yin S. Osteogenic
protein-1 (bone morphogenetic protein-7) in the treatment of tibial
nonunions. J Bone Joint Surg Am 2001; 83-A Suppl 1: S151-S158
[PMID: 11314793]
Ristiniemi J, Flinkkilä T, Hyvönen P, Lakovaara M, Pakarinen
H, Jalovaara P. RhBMP-7 accelerates the healing in distal tibial
fractures treated by external fixation. J Bone Joint Surg Br 2007; 89:
265-272 [PMID: 17322450 DOI: 10.1302/0301-620X.89B2.18230]
Kanakaris NK, Calori GM, Verdonk R, Burssens P, De Biase
P, Capanna R, Vangosa LB, Cherubino P, Baldo F, Ristiniemi J,
Kontakis G, Giannoudis PV. Application of BMP-7 to tibial nonunions: a 3-year multicenter experience. Injury 2008; 39 Suppl 2:
S83-S90 [PMID: 18804578 DOI: 10.1016/S0020-1383(08)70019-6]
Govender S, Csimma C, Genant HK, Valentin-Opran A, Amit Y,
Arbel R, Aro H, Atar D, Bishay M, Börner MG, Chiron P, Choong
P, Cinats J, Courtenay B, Feibel R, Geulette B, Gravel C, Haas N,
Raschke M, Hammacher E, van der Velde D, Hardy P, Holt M,
Josten C, Ketterl RL, Lindeque B, Lob G, Mathevon H, McCoy G,
Marsh D, Miller R, Munting E, Oevre S, Nordsletten L, Patel A,
Pohl A, Rennie W, Reynders P, Rommens PM, Rondia J, Rossouw
WC, Daneel PJ, Ruff S, Rüter A, Santavirta S, Schildhauer TA,
Gekle C, Schnettler R, Segal D, Seiler H, Snowdowne RB, Stapert
J, Taglang G, Verdonk R, Vogels L, Weckbach A, Wentzensen A,
Wisniewski T. Recombinant human bone morphogenetic protein-2
for treatment of open tibial fractures: a prospective, controlled,
randomized study of four hundred and fifty patients. J Bone Joint
Surg Am 2002; 84-A: 2123-2134 [PMID: 12473698]
Aro HT, Govender S, Patel AD, Hernigou P, Perera de Gregorio A,
Popescu GI, Golden JD, Christensen J, Valentin A. Recombinant
human bone morphogenetic protein-2: a randomized trial in open
tibial fractures treated with reamed nail fixation. J Bone Joint Surg
Am 2011; 93: 801-808 [PMID: 21454742 DOI: 10.2106/JBJS.
I.01763]
Love DA, Lietman SA. The effect of osteogenic protein-1
dosing regimen on ectopic bone formation. Clin Orthop Relat
Res 2004; (423): 264-267 [PMID: 15232460 DOI: 10.1097/01.
blo.0000129161.54751.8c]
Papanagiotou M, Dailiana ZH, Karachalios T, Varitimidis S,
Vlychou M, Hantes M, Malizos KN. RhBMP-7 for the treatment
of nonunion of fractures of long bones. Bone Joint J 2015; 97-B:
997-1003 [PMID: 26130359 DOI: 10.1302/0301-620X.97B7.35089]
Mavrogenis AF, Soucacos PN, Papagelopoulos PJ. Heterotopic
ossification revisited. Orthopedics 2011; 34: 177 [PMID: 21410128
DOI: 10.3928/01477447-20110124-08]
European Medicines Agency. Osigraft summary of product
Characteristics. Available from: URL: http//www.ema.europa.eu
last updated 15/05/2014
Zaccalini PS, Urist MR. Traumatic periosteal proliferations in
rabbits. the enigma of experimental myositis ossificans traumatica.
J Trauma1964; 4: 344-357 [PMID: 14170156]
Corsi KA, Pollett JB, Phillippi JA, Usas A, Li G, Huard J.
Osteogenic potential of postnatal skeletal muscle-derived stem cells
is influenced by donor sex. J Bone Miner Res 2007; 22: 1592-1602

20

21

22

23

24

25

26

27
28

29

30

31

[PMID: 17605633 DOI: 10.1359/jbmr.070702]
Meszaros LB, Usas A, Cooper GM, Huard J. Effect of host sex and
sex hormones on muscle-derived stem cell-mediated bone formation
and defect healing. Tissue Eng Part A 2012; 18: 1751-1759 [PMID:
22712541 DOI: 10.1089/ten.TEA.2011.0448]
Uezumi A, Fukada S, Yamamoto N, Takeda S, Tsuchida K.
Mesenchymal progenitors distinct from satellite cells contribute to
ectopic fat cell formation in skeletal muscle. Nat Cell Biol 2010; 12:
143-152 [PMID: 20081842 DOI: 10.1038/ncb2014]
Uezumi A, Ito T, Morikawa D, Shimizu N, Yoneda T, Segawa M,
Yamaguchi M, Ogawa R, Matev MM, Miyagoe-Suzuki Y, Takeda
S, Tsujikawa K, Tsuchida K, Yamamoto H, Fukada S. Fibrosis and
adipogenesis originate from a common mesenchymal progenitor in
skeletal muscle. J Cell Sci 2011; 124: 3654-3664 [PMID: 22045730
DOI: 10.1242/jcs.086629]
Oishi T, Uezumi A, Kanaji A, Yamamoto N, Yamaguchi A, Yamada
H, Tsuchida K. Osteogenic differentiation capacity of human
skeletal muscle-derived progenitor cells. PLoS One 2013; 8: e56641
[PMID: 23457598 DOI: 10.1371/journal.pone.0056641]
Billings PC, Fiori JL, Bentwood JL, O’Connell MP, Jiao X,
Nussbaum B, Caron RJ, Shore EM, Kaplan FS. Dysregulated BMP
signaling and enhanced osteogenic differentiation of connective
tissue progenitor cells from patients with fibrodysplasia ossificans
progressiva (FOP). J Bone Miner Res 2008; 23: 305-313 [PMID:
17967130 DOI: 10.1359/jbmr.071030]
Dimitriou R, Dahabreh Z, Katsoulis E, Matthews SJ, Branfoot T,
Giannoudis PV. Application of recombinant BMP-7 on persistent
upper and lower limb non-unions. Injury 2005; 36 Suppl 4: S51-S59
[PMID: 16291324 DOI: 10.1016/j.injury.2005.10.010]
Bong MR, Capla EL, Egol KA, Sorkin AT, Distefano M, Buckle R,
Chandler RW, Koval KJ. Osteogenic protein-1 (bone morphogenic
protein-7) combined with various adjuncts in the treatment of
humeral diaphyseal nonunions. Bull Hosp Jt Dis 2005; 63: 20-23
[PMID: 16536213]
Leach J, Bittar RG. BMP-7 (OP-1) safety in anterior cervical fusion
surgery. J Clin Neurosci 2009; 16: 1417-1420 [PMID: 19665382
DOI: 10.1016/j.jocn.2009.02.012]
Bennett M, Reynolds AS, Dickerman RD. Recent article by Shields
et al titled “adverse effects associated with high-dose recombinant
human bone morphogenetic protein-2 use in anterior cervical
spine fusion”. Spine (Phila Pa 1976) 2006; 31: 2029-2030 [PMID:
16924224 DOI: 10.1097/01.brs.0000229387.20297.b1]
Wysocki RW, Cohen MS. Ectopic ossification of the triceps
muscle after application of bone morphogenetic protein-7 to the
distal humerus for recalcitrant nonunion: a case report. J Hand
Surg Am 2007; 32: 647-650 [PMID: 17482003 DOI: 10.1016/
j.jhsa.2007.03.001]
Axelrad TW, Steen B, Lowenberg DW, Creevy WR, Einhorn TA.
Heterotopic ossification after the use of commercially available
recombinant human bone morphogenetic proteins in four patients.
J Bone Joint Surg Br 2008; 90: 1617-1622 [PMID: 19043134 DOI:
10.1302/0301-620X.90B12.20975]
Papanagiotou M, Malizos KN, Vlychou M, Dailiana ZH.
Autologous (non-vascularised) fibular grafting with recombinant
bone morphogenetic protein-7 for the treatment of femoral head
osteonecrosis: preliminary report. Bone Joint J 2014; 96-B: 31-35
[PMID: 24395307 DOI: 10.1302/0301-620X.96B1.32773]
P- Reviewer: Emara KM, Frenkel B, Zhao JW S- Editor: Qiu S
L- Editor: A E- Editor: Wu HL

WJO|www.wjgnet.com

41

January 18, 2017|Volume 8|Issue 1|

World J Orthop 2017 January 18; 8(1): 42-48
ISSN 2218-5836 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5312/wjo.v8.i1.42

© 2017 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Study

Unhappy triad in limb reconstruction: Management by
Ilizarov method
Barakat Sayed El-Alfy

Abstract

Barakat Sayed El-Alfy, Orthopedic Department, Mansoura
University Hospital, Mansoura City 35516, Egypt

AIM
To evaluate the results of the Ilizarov method in
management of cases with bone loss, soft tissue loss
and infection.

Author contributions: El-Alfy BS performed the surgery in all
cases, designed the study and wrote the paper.
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METHODS
Twenty eight patients with severe leg trauma com
plicated by bone loss, soft tissue loss and infection were
managed by distraction osteogenesis in our institution.
After radical debridement of all the infected and dead
tissues the Ilizarov frame was applied, corticotomy was
done and bone transport started. The wounds were left
open to drain. Partial limb shortening was done in seven
cases to reduce the size of both the skeletal and soft
tissue defects. The average follow up period was 39 mo
(range 27-56 mo).
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RESULTS
The infection was eradicated in all cases. All the soft
tissue defects healed during bone transport and plastic
surgery was only required in 2 cases. Skeletal defects
were treated in all cases. All patients required another
surgery at the docking site to fashion the soft tissue
and to cover the bone ends. The external fixation time
ranged from 9 to 17 mo with an average of 13 mo. The
complications included pin tract infection in 16 cases,
wire breakage in 2 cases, unstable scar in 4 cases and
chronic edema in 3 cases. According to the association
for study and application of methods of Ilizarov score
the bone results were excellent in 10, good in 16 and
fair in 2 cases while the functional results were excellent
in 8, good in 17 and fair in 3 cases.
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CONCLUSION
Distraction osteogenesis is a good method that can treat
the three problems of this triad simultaneously.
Key words: Ilizarov methods; Bone defect; Soft tissue
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reconstruction; Open bone transport

debridement, the average size of the skeletal defects
was 8 cm (range: 6 to 14 cm) and the soft tissue
defects ranged from 3 cm × 4 cm to 6 cm × 11 cm,
with an average of 5 cm × 7 cm. The defects were
located in the proximal third of the leg in 6 patients,
middle third in 13 patients and distal third in 9 patients.
All cases were infected with an active discharge. The
ethical committee in our institution approved this study.
Informed consent was taken from the patients before
being included in the study. Under general or spinal
anesthesia, the infected and dense fibrous tissues were
excised. The infected and necrotic bone ends were
debrided down to a healthy bleeding surface. Further
debridement of the exposed bone ends was done until
they became well covered by the skin and soft tissue.
The Ilizarov frame was applied and corticotomy was
performed in a healthy bone segment. The wounds
were left open to drain (Figure 1). Physiotherapy was
started early in the postoperative period to avoid
joint contracture. It involved isometric contraction of
the quadriceps muscles, active and passive range of
movement and stretching exercises for the hamstring
and gastrocsoleous complex. Bone transport was
started after a latent period of about one week. Patients
were discharged after an average of 8 d and followed up
regularly in the outpatient clinic. During bone transport
the bone segment carries its surrounding soft tissues
with it and the soft tissue defects gradually close. As
transport is done without sufficient soft tissue coverage
it is called open bone transport. At the time of docking
the skin becomes incarcerated between the bone
ends (Figure 1D). At this stage the patient is taken to
theater again where the soft tissue is removed from the
docking site and the skin is fashioned to cover the bone
ends. Transverse skin incision is preferred in this step to
facilitate skin closure. It was made along the bone ends
of the proximal and distal fragments. The incision was
deepened down to the bone and the soft tissues were
removed from the docking site. The bone ends were
freshened and compressed against each other by the
frame. This compression approximates the skin edges
together and facilitates their closure over the bone ends
(Figure 2). Bone graft was done at this time to stimulate
bone healing in 15 cases. Partial limb shortening was
done in 7 cases to reduce the size of both the soft tissue
and bone gaps. After docking, bone lengthening was
continued to equalize the limb lengths in those cases.
The frame was removed after healing of the docking
site and full maturation of the regenerated bone. The
average follow up period was 39 mo (range: 27 to
56 mo). The results were evaluated according to the
association for study and application of methods of
[10]
Ilizarov (ASAMI) scoring system . In this system the
results are divided into bone results and functional
results. The bone results are evaluated according to
union, infection, deformity and limb length discrepancy
while the functional results are evaluated according to
daily activities, joint stiffness, limp, pain and presence of

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

Core tip: Bone and soft tissue loss represent a true
challenge for both the orthopedic and plastic surgeons.
The presence of bone and soft tissue infection further
complicates limb reconstruction. In this study a series
of 28 patients with severe lower limb trauma were
managed by the Ilizarov method without the need for
major plastic surgery. The results were encouraging.
El-Alfy BS. Unhappy triad in limb reconstruction: Management
by Ilizarov method. World J Orthop 2017; 8(1): 42-48 Available
from: URL: http://www.wjgnet.com/2218-5836/full/v8/i1/42.htm
DOI: http://dx.doi.org/10.5312/wjo.v8.i1.42

INTRODUCTION
Bone loss represents a true challenge for orthopedic
surgeons. Soft tissue loss may complicate the condition
and makes reconstruction more difficult. Bone infection
may further complicate the condition and makes recon
[1-4]
struction extremely difficult . So, the triad of bone
loss, soft tissue loss and infection is considered to be
an unhappy triad in the field of limb reconstruction. In
the presence of this triad the scope for reconstruction
becomes very narrow and amputation may be the end
result.
It is important to restore a healthy soft tissue
envelope for proper treatment of this complex problem.
This could be done by major plastic surgery in the
form of local myocutaneous flaps, or free flaps. But,
in the presence of infection the chance for success of
[5,6]
these plastic surgeries becomes very limited . During
distraction osteogenesis all the tissues are lengthened
including the bone, vessels, nerves, muscles and skin.
This gradual lengthening may lead to spontaneous
closure of the soft tissue defects without the need for
[7-9]
plastic surgery .
The aim of this study is to evaluate the results of
distraction osteogenesis in management of cases with
severe leg trauma complicated by bone loss, soft tissue
loss and infection.

MATERIALS AND METHODS
Between April 2007 and Jun 2014, twenty eight patients
with bone loss, soft tissue loss and infection were
treated by distraction osteogenesis in our institution.
The average age of the patients was 37 years (range:
16-58 years). There were 23 males and 5 females. The
etiology of this complex problem was trauma sequelae
in all of the cases. Plastic surgery was performed in
12 cases but it failed because of infection. After radical
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A

B

C

D

Figure 1 Surgical technique. The infected and necrotic bones are excised (A) and further debridement of the bone ends is done until they recessed under the skin
and soft tissues (B); C: The Ilizarov frame is applied and bone transport started; D: At the time of docking the skin is invaginated between the bone ends.

A

B

C

D

Figure 2 Management of the docking site. A: Transverse skin incision is made along the bone ends at the docking site; B: The incision is deepened down to the
bone and the soft tissues are removed from the docking site; C: The bone ends are freshened and compressed against each other by the frame; D: This compression
approximates the skin edges together and facilitates their closure over the bone ends.

reflex sympathetic dystrophy.

docking to fashion the soft tissue and to cover the bone
ends. The docking sites united without the need for
bone graft in 13 cases and with bone graft in 15 cases.
The average time of external fixation was 13 mo (range:
9 to 17 mo). The complications in this study were pin
tract infection in 16 cases (treated by local care and
oral antibiotics), wire breakage in 2 cases (treated by
reinsertion of new wires), unstable scar in 4 cases and
chronic edema in 3 cases. The limb length discrepancy

RESULTS
The infection was eradicated in all of the cases. All the
soft tissue defects healed during the process of bone
transport and plastic surgery was only required in two
cases. Bone defects were bridged in all cases (Figure
3). All patients required another surgery at the time of
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A

B

C

D

E

Figure 3 Middle third bone and soft tissue defects. A: Fortyseven year old male patient with combined bone loss, soft tissue
loss and infection of his left leg as a complication of an open
fracture of the tibia and fibula; B: Debridement of the bone ends
was done, Ilizarov frame applied and bone transport started; C:
During bone transport the soft tissue defect gradually closes; D: At
the time of docking the skin was fashioned over the bone ends; E:
After removal of the frame with good bone healing; F: The patient
with good alignment and complete healing of the soft tissue.

F

did not exceed 2.5 cm except in one case. No cases
were complicated by amputation or reflex sympathetic
dystrophy. Using the ASAMI scoring system, the bone
results were excellent in 10, good in 16 and fair in 2
cases while the functional results were excellent in 8,
good in 17 and fair in 3 cases.

include severe infection and local vascular problems.
In the presence of infection the chance for success of
plastic surgery is limited and additional surgery may
be required to control infection prior to the major
[5,14,15]
plastic surgery
. After severe trauma some limbs
may be left with only one blood vessel and if it is used
as a feeding artery for the graft this may threaten
the limb life. In case of failure of these surgeries the
choice between amputation and another modality of
reconstruction should be made.
In this study, 28 patients with the complex problem
of bone loss, soft tissue loss and infection were treated
by the Ilizarov method with satisfactory results in most
of them. All the wounds healed during bone transport
and plastic surgery was only required in two cases. We
found that it was not necessary to restore the soft tissue
coverage before skeletal reconstruction. After thorough
debridement the combined bone and soft tissue gaps
could be treated simultaneously by the process of

DISCUSSION
The tibia is the most common site for open fracture
of the long bones due to its anatomic location and
scanty soft tissue coverage. Also it is more liable for
complications due to its poor blood supply. These
complications include soft tissue necrosis, bone loss and
[11-13]
infection
. Successful treatment of the soft tissue
loss is vital for bone healing. This could be done by free
or local myocutaneous flaps. But, in certain situations
these major plastic surgeries may be not feasible or
they may endanger the limb survival. These conditions
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A

Figure 4 Lower third bone and soft tissue defects. A: Thirty-nine year
old male patient with skin loss, infection and exposed plate in the lower
third of his right leg; B: After radical debridement and application of the
Ilizarov external fixator; At the time of docking the skin was fashioned to
cover the bone ends (C) and it healed completely (D); After removal of the
frame with good bone healing (E) and the patient with good alignment and
complete healing of the soft tissue (F).

B

C

D

E

F

distraction osteogenesis. In the two cases that required
plastic surgery, the soft tissue defects were big - 4
cm × 7 cm and 5 cm × 9 cm, respectively. During
bone transport the defects decreased but did not close
completely. The infection was eradicated in both of them
and they were easily treated by local muscle flaps.
To avoid protrusion of the bone fragment from
the wound during distraction the bone ends must be
debrided until they become well covered by the skin. So,
when distraction is started the bone fragment carries its
surrounding soft tissue with it and the soft tissue creeps
[9]
gradually until the defect heals spontaneously .
The soft tissue defects in the lower third of the leg

WJO|www.wjgnet.com

are difficult to treat. Free-flaps is the best method
for coverage of soft tissue defects in this area but the
procedure is technically difficult, requires skilled surgeons
and the recipient site should have suitable vessels which
[16-18]
is a big problem in major tibial fractures
. Perforatorbased flaps or a distally-based soleus flap may be
suitable for the lower third of the leg but the results are
[19-21]
[21]
controversial
. Karbalaeikhani et al
used a soleus
flap to treat soft tissue defects in the middle and lower
third of the leg and reported a high failure rate in the
distal third. They recommend preoperative assessment
by angiography before surgery.
In this study, the defects were present in the distal
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osteotomy is made in a healthy bone segment and the circular external fixator is
usually used to apply the distraction force. It is also known as Ilizarov method;
Bone transport: A condition in which a healthy bone segment is transported
locally and gradually through the soft tissue to bridge a bone defect; The
docking site is the site where the bone ends come to meet each other after bone
transport.

third of the leg in 9 patients. All of them were treated by
the Ilizarov method and none of them required plastic
surgery (Figure 4). Partial shortening of the limb helps
to reduce the size of the bone and soft tissue defects
and decreases the time required for soft tissue healing.
After docking the frame must be adjusted to allow for
further lengthening to restore the limb length.
Bone graft was required in 15 cases to stimulate
bone healing at the docking site. In such cases small
amounts of cancellous bone graft were sufficient for this
purpose. The unstable scar is an important problem
with this technique. It happened in four of our patients
early in the course of this study. It usually occurs at
the docking site because the skin is thin and adherent
in this area. This skin is liable to injury and chronic
ulceration due to minor trauma. Prolonged protection of
the skin is required to prevent it from injury. We could
avoid this complication by resection of more bone at
the time of docking until thick healthy skin meets each
other over the bone at the docking site.
The method of Ilizarov is good for reconstruction of
patients with bone loss, soft tissue loss and infection.
The three problems could be treated simultaneously
without the need for major plastic surgery. Infection is
treated by radical debridement while the bone and soft
tissue defects are managed by bone and soft tissue
transport. Good experience with the Ilizarov frame,
better understanding of the distraction process and
proper handling of the soft tissues are required to get
the best results.
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Abstract
AIM
To investigate the microvascular (skeletal muscle tissue
oxygenation; SmO2) response to transfusion in patients
undergoing elective complex spine surgery.

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board at the Hospital
for Special Surgery, NY.
Informed consent statement: All study participants provided
informed written consent prior to study enrollment.

METHODS
After IRB approval and written informed consent, 20
patients aged 18 to 85 years of age undergoing > 3

Conflict-of-interest statement: None of the authors has any
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level anterior and posterior spine fusion surgery were
enrolled in the study. Patients were followed throughout
the operative procedure, and for 12 h postoperatively.
In addition to standard American Society of Anesthes
iologists monitors, invasive measurements including
central venous pressure, continual analysis of stroke
volume (SV), cardiac output (CO), cardiac index (CI),
and stroke volume variability (SVV) was performed.
To measure skeletal muscle oxygen saturation (SmO2)
during the study period, a non-invasive adhesive
skin sensor based on Near Infrared Spectroscopy
was placed over the deltoid muscle for continuous
recording of optical spectra. All administration of fluids
and blood products followed standard procedures at
the Hospital for Special Surgery, without deviation
from usual standards of care at the discretion of the
Attending Anesthesiologist based on individual patient
comorbidities, hemodynamic status, and laboratory
data. Time stamps were collected for administration
of colloids and blood products, to allow for analysis
of SmO2 immediately before, during, and after admini
stration of these fluids, and to allow for analysis of
hemodynamic data around the same time points.
Hemodynamic and oxygenation variables were collected
continuously throughout the surgery, including heart
rate, blood pressure, mean arterial pressure, SV, CO,
CI, SVV, and SmO2. Bivariate analyses were conducted
to examine the potential associations between the
outcome of interest, SmO2, and each hemodynamic
parameter measured using Pearson’s correlation coeffi
cient, both for the overall cohort and within-patients
individually. The association between receipt of packed
red blood cells and SmO2 was performed by running
an interrupted time series model, with SmO2 as our
outcome, controlling for the amount of time spent in
surgery before and after receipt of PRBC and for the
inherent correlation between observations. Our model
was fit using PROC AUTOREG in SAS version 9.2. All
other analyses were also conducted in SAS version 9.2
(SAS Institute Inc., Cary, NC, United States).

hemodynamic, or laboratory parameters in patients
undergoing elective complex spine surgery.
Key words: Transfusion; Complex spine surgery;
Near infrared spectroscopy; Microvascular blood flow;
Hemodynamic monitoring
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Tissue oxygenation determined by Near
Infrared Spectroscopy has been used to assess the
adequacy of end-organ perfusion in models of trauma
and sepsis and has been shown to correlate with
stroke volume in models of hemorrhagic shock. We
sought to investigate muscle tissue oxygenation (SmO2)
during transfusion in patients undergoing complex
spine surgery, and to study the association of SmO2
with invasive hemodynamic parameters in the clinical
setting. In our study, we were unable to demonstrate
a statistically significant correlation between SmO2 and
either invasive hemodynamic, or laboratory parameters
in patients undergoing elective complex spine surgery.
Walz JM, Stundner O, Girardi FP, Barton BA, Koll-Desrosiers
AR, Heard SO, Memtsoudis SG. Microvascular response
to transfusion in elective spine surgery. World J Orthop
2017; 8(1): 49-56 Available from: URL: http://www.wjgnet.
com/2218-5836/full/v8/i1/49.htm DOI: http://dx.doi.org/
10.5312/wjo.v8.i1.49

INTRODUCTION
Over 400000 elective spine fusion surgeries are
[1]
performed annually in the United States . Blood loss
during complex spine surgery can be significant, and
these patients frequently undergo either homologous
or autologous blood transfusion, with the aim of pre
serving patient hemodynamics and adequate endorgan perfusion. While the transfusion of blood products
is clearly indicated in situations of severe anemia
associated with hemodynamic instability, the indivi
dual threshold at which a patient should undergo
transfusion is less clear. Due to the properties of stored
[2-4]
blood, unloading of oxygen may be impaired , and
transfusion may thus not achieve the desired effect of
optimizing oxygen supply to the tissues. Furthermore,
liberal blood transfusions in patients undergoing elective
orthopedic surgery are not associated with improved
outcomes even in patients at high risk for cardiac
complications, and may cause adverse side effects such
as an increase in surgical side infections, pulmonary
complications, and increased length of hospital stay in
general patient populations undergoing non-cardiac
[5,6]
surgery . In addition, blood transfusions can cause a
significant economic burden on the healthcare system if
[7]
not clearly indicated .

RESULTS
Pearson correlation coefficients varied widely between
SmO2 and each hemodynamic parameter examined. The
strongest positive correlations existed between ScvO2
(P = 0.41) and SV (P = 0.31) and SmO2; the strongest
negative correlations were seen between albumin (P =
-0.43) and cell saver (P = -0.37) and SmO2. Correlations
for other laboratory parameters studied were weak and
only based on a few observations. In the final model
we found a small, but significant increase in SmO2 at
the time of PRBC administration by 1.29 units (P =
0.0002). SmO2 values did not change over time prior to
PRBC administration (P = 0.6658) but following PRBC
administration, SmO2 values declined significantly by
0.015 units (P < 0.0001).
CONCLUSION
Intra-operative measurement of SmO2 during large
volume, yet controlled hemorrhage, does not show a
statistically significant correlation with either invasive
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Tissue oxygenation determined non-invasively by
Near Infrared Spectroscopy (NIRS) has been suggested
as one possible modality to determine the adequacy of
[8,9]
end-organ perfusion in models of trauma and sepsis ,
and has been shown to correlate well with stroke
volume in states of acute, untreated hypovolemia in
models of hemorrhagic shock outside of the clinical
[10]
arena . We sought to investigate the microvascular
(skeletal muscle tissue oxygenation; SmO2) response to
transfusion in patients undergoing elective complex spine
surgery, and to study the association of muscle tissue
oxygenation with invasive hemodynamic parameters
obtained by pulse contour analysis in the clinical setting,
thereby providing guidance as to when to transfuse a
patient.

transport.
Central venous and mean arterial pressures were
recorded with every routine lab draw during the pro
cedure, and no less than every two hours intra-opera
tively. Lactate, hematocrit, base excess, arterial blood
gases and central venous oxygen saturation were
determined from blood samples that were drawn as part
of routine care, and no less than every two hours intraoperatively.

Fluid administration and blood transfusion

No standardized protocol for administration of cry
stalloids, colloids, and blood products was used for
the purpose of this study. Administration of fluids and
blood products was performed at the discretion of the
Attending Anesthesiologist based on individual patient
comorbidities, hemodynamic status, and laboratory
data. Crystalloid solutions were administered in the
form of Lactated Ringer’s. The colloid administered
during the study period was human albumin 5% in
250 mL aliquots. Blood products transfused were
either autologous blood from cell saver (Hemonetics,
Braintree, MA) in 125 mL aliquots, or allogenic packed
red blood cells (PRBC) from the blood bank. No specific
transfusion triggers were used, and the healthcare
team was blinded to the collection of NIRS spectra. All
administration of fluids and blood products followed
standard procedures at the Hospital for Special Surgery,
without deviation from usual standards of care. Time
stamps were collected for administration of colloids and
blood products, to allow for analysis of SmO2 imme
diately before, during, and after administration of these
fluids, and to allow for analysis of hemodynamic data
around the same time points. In general, PRBC were
infused using pressure infusion bags (Vital Signs Inc,
Totowa, NJ), whilst blood processed with the cell saver
system was infused as a free flowing infusion.

MATERIALS AND METHODS
Study design

After obtaining approval from the Institutional Review
Board (Hospital for Special Surgery, New York, NY),
potential participants were identified by review of
the surgical schedule and approached on the day
of surgery in the preoperative holding area. Twenty
patients aged 18 to 85 years of age undergoing > 3
level anterior and posterior spine fusion surgery were
enrolled. Exclusion criteria included minors, mentally
disabled patients, pregnant women, employees, and
prisoners. In addition, patients with skin lesions at the
sensor placement site, and a history of allergies to
skin adhesives were excluded from the study. Patients
enrolled in the study were followed throughout the
operative procedure, and for 12 h postoperatively.

Procedures and data collection

After informed consent was obtained, patients were
taken to the operating room where general anesthesia
was induced in standard fashion. In addition to standard
American Society of Anesthesiologists (ASA) monitors,
patients received an invasive arterial blood pressure
catheter (Edwards Lifesciences, Irvine, CA) in the
radial artery position, as well as a multi-lumen central
venous catheter (Arrow International, Reading, PA) for
administration of fluids, blood products, blood sampling,
and measurement of central venous pressure. The
arterial pressure transducer was connected to a pulse
®
contour analysis module (FloTrac, Edwards Vigileo ,
Edwards Lifesiences, Irvine, CA) for continual analysis
of stroke volume (SV), cardiac output (CO), cardiac
index (CI), and stroke volume variability (SVV). To
measure skeletal muscle oxygen saturation (SmO2)
during the study period, a non-invasive adhesive skin
sensor based on NIRS (CareGuide, Reflectance Medical,
Westborough, MA) was placed over the deltoid muscle.
After a 5-min period to obtain a stable baseline signal,
continuous recording of optical spectra was performed
throughout the operative procedure. Measurements
were interrupted during prone positioning of the patient
(anterior-posterior procedures), and during patient
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Statistical analysis

Data on stroke volume, SmO2, transfusion, and blood
gas were collected on a total of 20 patients. Several
variables were collected on a continuously throughout
the surgery and included heart rate, blood pressure,
mean arterial pressure, SV, CO, CI, SVV and SmO2.
These variables were identified at each time point with a
time recording out to seconds. Patient data from the four
sources was merged by a unique patient ID and timed
at which the measurement occurred rounded to the
nearest minute. Bivariate analyses were conducted to
examine the potential associations between the outcome
of interest, SmO2, and each hemodynamic parameter
measured using Pearson’s correlation coefficient, both
for the overall cohort and within-patients individually.
To examine the association between receipt of
packed red blood cells and SmO2, we created a dataset
that included 11 patients who had received PRBC with
documented administration times. After conducting
an exploratory data analysis on SmO2 using graphical
techniques and percentile ranges, we excluded SmO2
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Table 1 Patient demographics
Age (yr)

Table 3 SmO2 statistics for individual patients and overall

Height (cm) Weight (kg)

BMI

Mean (SD) 59.80 (10.96) 165.99 (9.83) 75.84 (15.75) 27.58 (5.45)

Sex (m/f)

Patient

5/15
1
2
3
4
5
6
7
8
9
10
11
Total

Table 2 Correlations with SmO2
1

Variable

r (correlation)

No. of observations

ScvO2
SV
PvO2
HCT
CO
Lactate
CI
pH A
SVV
RBC
Cell saver
Albumin

0.40704
0.30967
0.20475
0.19402
0.06498
0.0609
0.05839
0.0578
-0.10652
-0.25085
-0.37471
-0.42714

92
8490
92
89
8490
61
8490
92
8490
18
37
29

Mean

Std Dev

Minimum

Maximum

1609
261
110
1061
333
284
486
1440
420
1470
203
7677

47.30205
54.48111
58.08155
59.45269
59.86487
60.44015
60.78656
60.95438
61.17271
61.18899
61.95770
57.63074

4.231185
4.559080
3.474810
5.814339
6.765487
2.490064
13.90398
4.090378
2.276567
2.880967
3.067270
7.677996

39.24457
41.36314
49.92571
42.39521
43.87553
53.33939
30.77515
48.86891
54.89989
52.65419
47.69575
30.77515

59.81775
60.91571
63.56974
67.48903
70.40168
68.04648
75.79442
73.39652
65.64407
69.78379
71.06789
75.79442

Sorted by mean SmO2.

where each unit of time served as an observation, the
maximum number of observations was 8490 among
the 20 participants. Several parameters, including
central venous oxygen saturation ScvO2, lactate,
venous blood oxygen tension (PvO2), arterial pH (pH-A),
hematocrit, PRBC, cell saver, and albumin had less than
100 observations among all participants. The strongest
positive correlations existed between ScvO2 (P = 0.41)
and SV (P = 0.31) and SmO2; the strongest negative
correlations were seen between albumin (P = -0.43)
and cell saver (P = -0.37) and SmO2. Correlations for
other laboratory parameters studied were weak and
only based on a few observations (Table 2). When
correlations were examined within individual patients,
values varied widely; for example, correlations for SV
varied from 0.40590 to -0.66903 for 18 patients with
recorded SV values (data not shown).
Average SmO2 for the 11 patients included in the
final modeling was 57.63 (± SD 7.68), with a range of
mean values from 47.30-61.92. The total number of
observations analyzed was 7677, representing 7677
time counts, or minutes, of surgery over all patients
included. Individual patient time counts ranged from
110 to 1609 (Table 3).
The final model showed a small, but significant
increase in SmO2 at the time of PRBC administration by
1.29 units (P = 0.0002). SmO2 values did not change
over time prior to PRBC administration (P = 0.6658) but
following PRBC administration, SmO2 values declined
significantly by 0.015 units (P < 0.0001).

1

Eight thousand four hundred and ninety total observations within
20 patients (not all hemodynamic parameters were examined at each
observation).

values ≤ 30 as well as values that jumped by > 10%
from one time point to the next, unless the jump in
values was typical for that specific patient. Due to the
few occurrences of multiple PRBC administration during
surgery in our data, we only focused on the first PRBC
event.
A variable, “timecount”, was created to standardize
the time units, where the first minute of each patient
surgery in our data was equal to one and subsequently
increased by one unit for every minute until the end
of the surgery. A second variable was created to flag
the time at which PRBC was administered, where the
variable was equal to 0 until the time at which PRBC
were administered and 1 at every time point thereafter.
Finally, an additional time variable, “postcount”, was
created to count the time after PRBC was administered,
where postcount = 1 referred to the minute at which
PRBC was given and increased by one unit per minute
of time remaining in surgery for each subsequent
measurement. These flagging variables allowed us to
run an interrupted time series model, with SmO2 as
our outcome, controlling for the amount of time spent
in surgery before and after receipt of PRBC and for the
inherent correlation between observations. Our model
was fit using PROC AUTOREG in SAS version 9.2. All
other analyses were also conducted in SAS version 9.2
(SAS Institute Inc., Cary, NC, United States).

DISCUSSION
The key finding of our study is that when compared to
[11]
experimental , and clinical settings of uncontrolled
[8]
hemorrhagic shock , intra-operative measurement of
SmO2 during large volume, yet controlled hemorrhage
does not show a statistically significant correlation with
either invasive hemodynamic, or laboratory parameters
in patients undergoing elective complex spine surgery.
The non-invasive assessment of tissue perfusion

RESULTS
Summative patient demographics are presented in
Table 1. Pearson correlation coefficients varied widely
between SmO2 and each hemodynamic parameter
examined. When examined for the overall cohort,
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SmO2 statistics

No. of
observations
(time counts)
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Spine surgery 110810
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Blood Hct (%)

SmO2 (%)

65
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55
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10:30
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14:30
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15:30
Hct

Figure 1 Representative SmO2 response to infusion of colloid, cell saver, and homologous blood in one of the study patients. Notice the apparent lack of
correlation between SmO2 and HCT.

has garnered increasing interest in acute care medicine,
based on the fact that traditional hemodynamic and
oxygenation parameters such as blood pressure, central
venous pressure, pulse oximetry, and central venous
oxygen saturation are not necessarily reflective of the
actual amount of blood loss, or the degree of shock a
patient is experiencing. Furthermore, monitoring the
macrocirculation with standard blood pressure, and
heart rate monitors may not provide the clinician with
relevant information about the adequacy of end-organ
perfusion in certain disease states.
The ability of SmO2 values derived by NIRS to
track the adequacy of fluid resuscitation has been
[12]
demonstrated in a model of swine hemorrhagic shock ,
and a NIRS-derived variable of tissue oxygenation (StO2)
has been used to guide closed-loop fluid resuscitation in
[13]
animal models . SmO2 has also been shown to have a
strong correlation with stroke volume in a human model
[14]
of acute central hypovolemia . Recently, Bohula May
and coworkers were able to demonstrate correlation
of SmO2 with invasively-measured SvO2, and cardiac
index (CI) in patients hospitalized with heart failure and
[15]
cardiogenic shock .
In disease states such as septic shock and traumatic
hemorrhage, low tissue oxygen saturation determined
by modalities such as NIRS, and persistent alterations
in microcirculatory blood flow determined with OPSimaging have been shown to correlate with severity
of illness, and to be associated with organ failure, and
[9,16-18]
death
.
While we were able to demonstrate a positive
correlation between SmO2 and SV, no statistical signi
ficance was found in our study, despite significant blood
loss experienced by some of the patients. It is important
to note however that data generated in models of
acute, un-resuscitated shock may not be comparable
to the situation found during elective surgery, where
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patients undergo continuous administration of crystalloid,
colloids, and blood products. The same is likely true for
patients in cardiogenic shock on vasopressor therapy,
where accumulation of significant oxygen debt is not
uncommon, and is more likely to negatively affect tissue
oxygenation.
No definitive transfusion triggers exist to guide
clinicians during the intraoperative period, particularly
during surgical procedures associated with substantial
blood loss such as complex spine surgery. There is
compelling retrospective data suggesting that intra
operative transfusion of blood in patients with anemia
undergoing non-cardiac surgery, including orthopedic
surgery is associated with an increase in morbidity and
[19]
mortality . The situation is different for post-operative
patients, including those admitted to an intensive care
unit with severe sepsis, as well as patients with active
gastrointestinal hemorrhage outside the operating room.
Several prospective, randomized controlled trials have
shown that restrictive transfusion strategies are either
superior, or non-inferior to liberal transfusion strategies
with respect to outcomes such as in-hospital and 90-d
mortality, infection, cardiac ischemia, and in-hospital
[5,6,20,21]
acute myocardial infarction
.
The most recent clinical practice guideline for
perioperative blood management by ASA recommends
that monitoring perfusion and oxygenation of vital
organs should be continuous, and may include cerebral
oximetry, and NIRS, in addition to standard hemodynamic
[22]
monitors . While conceptually attractive due to its noninvasive nature, and the ability to reliably monitor the
microcirculation in a variety of tissue beds, data on the
ability of NIRS to provide clinically relevant information
in the intraoperative period during elective surgery is
sparse, and is mostly restricted to the monitoring of
cerebral oxygenation.
The microvascular response to red blood cell trans
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fusion has been studied in patients with severe sepsis
and trauma, however to our knowledge, no such data
has been collected in patients undergoing elective
orthopedic surgery associated with significant blood loss
to date. Sakr and coworkers analyzed the microvascular
response to transfusion in patients with severe sepsis.
The authors were unable to demonstrate an overall
effect of transfusion on sublingual microvascular per
fusion as assessed with OPS-imaging. However, baseline
microvascular blood flow predicted the microvascular
response to transfusion. Those patients who were shown
to have reduced microvascular blood flow at baseline
demonstrated improved perfusion with transfusion
whereas those with normal perfusion suffered a decre
[23]
ase in microvascular blood flow after transfusion .
The same pattern has been demonstrated in trauma
patients using Sidestream Dark Field imaging, with
some decline in microvascular blood flow in response to
transfusion of stored RBC in patients who had normal
[24]
sublingual perfusion patterns at baseline . More recent
investigations using NIRS-based technology to analyze
the microvascular response to transfusion in trauma
patients suggest that increasing age of transfused
RBC results in decreased StO2 levels. This effect was
demonstrated both in critically injured, as well as
[25,26]
stable, but anemic patients
. These effects are likely
attributable to “storage defects” of red blood cells, which
decrease post-transfusion RBC survival. Changes that
have been reported in the literature include depletion
of adenosine triphosphate, and 2,3 diphosphoglycerate
(2,3 DPG), a decrease in pH, release of potassium,
reduced nitric oxide, increased cell volume, and reduced
[27]
RBC deformability . Further experimental evidence in
support of a negative impact on physiologic properties
of stored RBC comes from a recent analysis of the
impact of exchange transfusion in a rat model using
intravital microscopy among other techniques. Yalcin
and coworkers were able to demonstrate that exchange
transfusion with stored RBC’s produced microcirculatory
vasoconstriction resulting in decreased blood flow and
oxygen delivery that was not found in anemia alone,
or transfusion with fresh red blood cells. In addition,
the authors showed that stored RBC’s have a shorter
circulating lifetime, and appear to be removed from
circulating blood due to their impaired elastic, and
[28]
hydrodynamic behavior .
In conclusion, while we detected a short-lived
increase in SmO2 in response to transfusion of PRBC,
we were unable to detect a sustained, and relevant
change in SmO2 signal in a patient population subjected
to significant intra-operative blood loss. The reasons for
the short-lived increase (Figure 1) remain speculative,
but might be explained by the aforementioned changes
found in stored RBC’s.

studied in this proof-of-concept design. In addition,
the age of transfused PRBC was not documented in
our study protocol, which may limit the interpretability
of our results. We were able however to evaluate a
promising, non-invasive technology based on nearinfrared spectroscopy in a “real-world” clinical setting,
combined with a complex statistical analysis of continual
oxygenation data. The results of this prospective,
observational pilot study may provide a framework
for future studies looking at specific patient outcomes
associated with a hemodynamic management strategy
incorporating real-time, microvascular blood flow data
based on NIRS.

COMMENTS
COMMENTS
Background

The assessment of the adequacy of end-organ perfusion in states of shock
from sepsis or hemorrhage remain a challenge, as global hemodynamic
measurements such as blood pressure, and cardiac filling pressures may
not be reflective of perturbations of microcirculatory blood flow, and hence
inadequate oxygen supply to critical end organs. Furthermore, standard
physiologic parameters may not be sensitive to the early changes associated
with hypovolemia from hemorrhage or anemia resulting in undetected tissue
hypoxemia. Various technologies have been tested in both, exercise physiology
laboratories as well as the clinical arena in an attempt to provide clinicians with
more complete information regarding the state of the (micro) circulation, and
oxygen supply to critical end organs. At the same time, individualized transfusion
triggers based on objective data remain elusive, and there is ongoing research
to determine rational, and safe transfusion patterns for hemodynamic impairment
in states of shock from both, hemorrhagic, and non-hemorrhagic causes.

Research frontiers

One of the non-invasive technologies, which have shown promise in experi
mental settings both in the laboratory, as well as the clinical arena, is based
on Near Infrared Spectroscopy (NIRS). The technology allows for accurate
assessment of skeletal muscle oxygen saturation (SmO 2), which has been
demonstrated to be a very early indicator of central hypovolemia in humans in
a model of lower body negative pressure. It also shows excellent correlation
with non-invasively measured stroke volume in the same model. A decrease in
peripheral muscle NIR spectra is reflective of a decrease in tissue blood volume,
and increased oxygen extraction by the peripheral tissues. NIRS has shown
promise as an adjunct monitoring system for patients undergoing emergency
surgery for trauma, or during treatment of patients in septic shock in addition to
standard physiologic monitors for hemodynamic evaluation.

Innovations and breakthroughs

This study is the first to investigate tissue oxygenation based on NIRS in
orthopedic patients undergoing elective complex spine surgery with anticipated
high volumes of blood loss. While restrictive transfusion strategies appear safe
in high-risk patients undergoing hip surgery, intra-operative blood loss during
these procedures is usually much lower compared to estimated blood loss
incurred during complex spine surgery. Optimal transfusion strategies during
the latter type of surgery remain elusive, and largely based on experience and
local practice patterns. The authors sought to determine in this observational
pilot study if NIRS derived data on microcirculatory blood flow may provide
useful objective information on the microcirculatory response to transfusion,
which could guide subsequent prospective randomized controlled clinical trials
on rational transfusion strategies in patients undergoing complex spine surgery.
They also developed a complex statistical model for the analysis of continuous
NIR spectra and their correlation with invasive hemodynamic and laboratory
parameters, which can serve as a template for future trials in this area.

Study limitations

The limitations of our study are significant, and include
the small number of subjects enrolled, and the fact that
there were no specific treatment algorithms or outcomes
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Application

As they were unable to detect a sustained, and relevant change in SmO2 signal
in a patient population subjected to significant intra-operative blood loss, the
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role of NIRS during elective surgery associated with large volume blood loss will
require further investigation.

13

Terminology

14

Light emitted in the near infrared spectrum from 700 to 100 nm near infrared
spectroscopy can penetrate deep in to the muscle, and be reflected back to a
sensor bundle providing information on the absorption spectra of hemoglobin,
and de-oxyhemoglobin. This spectral information allows for the calculation of
skeletal muscle tissue oxygenation with great accuracy. The sensor used in this
clinical study also allows for correction of fat thickness and skin pigmentation,
thus further increasing the accuracy of the spectral information derived from the
tissues.
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Abstract
AIM
To determine whether tissue identified at the joint line
was actually remnant “meniscal” scar tissue or not.

Institutional review board statement: The study was reviewed
and approved by the Cardiff and Vale Orthopaedic Centre.

METHODS
Nine patients undergoing revision knee surgery following
informed consent had meniscal scar tissue sent to the
histology department for analyses. All revisions were
performed where joint line had been raised or lowered
at earlier surgery. Although preoperative radiographic
evaluations suggested that the joint line had been
altered, intraoperatively there was scar tissue at the
level of the recreated joint line. This scar tissue has
traditionally been described as meniscal scar, and to
identify the origins of this tissue, samples were sent
for histological analyses. The tissue samples were
stored in formalin, and embedded and sectioned before
undergoing histochemical staining. All samples under
went macroscopic and microscopic examination by
a histopathologist who was blind to the study aims.
The specific features that were examined included
tissue organisation, surface and central composition,
cellular distribution including histiocytes, nuclear ratio
and vasculature. Atypical and malignant features,
inflammation and degeneration were specifically looked
for. A statistical review of the study was performed by a
biomedical statistician.
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RESULTS
The histological findings for the nine patients showing
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the macroscopic and microscopic findings, and the
conclusion are outlined in a Table. The histological
analyses were reviewed to determine whether the tissue
samples were likely to be meniscal scar tissue. The
response was yes (2, 22%), no (6, 67%) and maybe (1,
11%) based on the conclusions. The results were “yes”
when on macroscopy, firm cream tissue was identified.
In these two “yes” samples, microscopic analyses
showed organised fibrous tissue with focal degenerative
areas with laminated pattern associated with histiocytes
peripherally but no inflammation. The “no” samples
were assessed macroscopically and microscopically
and were deemed to have appearances representing
fibrous synovial tissue and features in keeping with
degenerate scar tissue or connective tissue. One sample
was indeterminate and microscopically contained fibrocollagenous tissue with synovial hyperplasia. It also
contained some degenerate hyalinised tissue that may
represent cartilage, but the appearances were not
specific.

landmarks, excessive distal femoral bone resection and
using an excessively thicker a tibial insert. Excessive
distal femoral bone loss may be due to excessive bone
resection at the primary joint replacement or as a result
of deficient bone stock from infection, osteolysis, periprosthetic fracture, component migration or iatrogenic
damage when attempting to remove implants and
[1,3]
cement in revision surgery . It is therefore proposed
that distal femoral augments should be used rather than
thicker polyethylene to avoid elevation of the joint line.
A number of landmarks have been described in
the literature to facilitate the accurate reproduction of
the joint line in revision TKA and include the (1) the
“meniscal” scar; (2) 1.5-2 cm proximal to the fibular
head; (3) 2 cm proximal to the tibial tubercle; (4) 2-2.5
cm distal to the lateral femoral epicondyle; and (5)
[5,6]
2.5-3 cm distal to the medial femoral epicondyle .
Other measurements used include two finger breadths
above the tibial tubercle or 2 cm below the inferior
[7]
patella pole in extension . Less commonly used
[7,8]
reference points include the adductor tubercle . Some
surgeons obtain historical radiographs of the ipsilateral,
or up-to-date radiographs of the contralateral knee
to help identify the location of the joint line relative to
[4,7]
fixed bony landmarks . Variations in technique exist
when measuring from radiographs and other potential
drawbacks include malrotation and magnification that
[5]
can cause inaccurate measurements .
The bony and radiological methods described to
identify the joint line can be unreliable and are not
standardised or reproducible. The bony landmarks may
not be easily accessible or identifiable intraoperatively
and hence the greater reliance on the “meniscal”
scar. We performed a histological study to determine
whether tissue identified at the joint line was actually
remnant “meniscal” scar tissue or fibrous tissue formed
at the level of the recreated joint line from the previous
surgery.

CONCLUSION
Based on our pilot study, we recommend reliance on a
number of markers to identify the joint line as outlined
above, and to exercise caution in using the “meniscal”
scar.
Key words: Menical scar; Joint line; Revision surgery;
Knee; Histology
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our findings suggests that the structure
identified as the “meniscal” scar may actually represent
scar tissue that forms in the available space of the
recreated joint line rather than actually represent the
level of the native joint line where the meniscus once
attached.
Khan WS, Bhamra J, Williams R, Morgan-Jones R. “Meniscal”
scar as a landmark for the joint line in revision total knee
replacement. World J Orthop 2017; 8(1): 57-61 Available from:
URL: http://www.wjgnet.com/2218-5836/full/v8/i1/57.htm DOI:
http://dx.doi.org/10.5312/wjo.v8.i1.57

MATERIALS AND METHODS
Nine patients undergoing revision knee surgery following
informed consent had “meniscal” scar tissue sent to the
histology department for analyses. All revisions were
performed where joint line had been raised or lowered
at earlier surgery. Although preoperative radiographic
evaluations suggested that the joint line had been
altered, intraoperatively there was scar tissue at the
level of the recreated joint line. This scar tissue has
traditionally been described as meniscal scar but to
identify the origins of this tissue, samples were sent for
histological analyses.
The tissue samples were stored in formalin, embed
ded and sectioned before undergoing histochemical
staining. All samples underwent macroscopic and
microscopic examination by a histopathologist who
was blind to the study aims. The specific features that
were examined included tissue organisation, surface

INTRODUCTION
Revision total knee arthroplasty (TKA) is a complex
procedure that generally does not achieve the same
good results as primary knee replacement. There are a
number of reasons for this and include the complexity
of the revision procedure making it difficult to restore
[1-3]
the joint line . Restoring the joint line is associated
with improved clinical outcomes, functional knee scores
and range of motion as well as decreased anterior
[4]
knee pain . In revision surgery the joint line can more
commonly become elevated due to distorted anatomical
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Table 1 Histological reports for nine patients showing the macroscopic and microscopic findings, and the conclusion
Patient

Macroscopy

Microscopy

Conclusion

Is the tissue
likely to be
meniscal scar
tissue?

1

Cream tissue

Organised fibrous tissue and synovial surface. No atypical features

No

2

Yellow and white
tissue

Appearances likely represent
fibrous synovial tissue
Features in keeping with
degenerate scar tissue

3
4

Firm cream tissue
Firm cream tissue

5

Firm cream tissue

6

Cream tissue

7

Firm cream tissue

8

Cream tissue

9

Yellow and white
tissue

Fragments of fibrous tissue partly lined by synovium show focal areas
of denuded surface with acellular fibrinoid exudate. No significant
inflammation
Fibrous tissue with focal degenerate area. No inflammation seen
Meniscal tissue
Sections showing organised fibrous tissue and laminated pattern
Appearances likely represent
associated with foamy histiocytes at the periphery under the synovial
meniscal remnants with
surface. In areas the fibrous tissue lack nuclei
degenerate features
Fragments of connective tissue. No features of atypia, malignancy, or
Connective tissue
significant inflammation
Fragments of fibrous tissue with overlying synovium. There is a mild Features in keeping with fibrous
inflammatory infiltrate
scar tissue
Sections show fragments of connective tissue. No evidence of atypia or
Connective/scar tissue
malignancy. No significant inflammation is identified. There is a small
collection of blood vessels seen in one edge
Fibro-collagenous tissue with synovial hyperplasia. Some degenerate
Features in keeping with nonhyalinised tissue that may represent cartilage, but the appearances are
specific articular tissue
not specific
Fibrous tissue with no significant inflammation
Degenerate scar tissue

No

Yes
Yes

No
No
No

Maybe

No

The histological analyses were reviewed to determine whether the tissue reported was likely to be meniscal scar tissue.

and central composition, cellular distribution including
histiocytes, nuclear ratio and vasculature. Atypical and
malignant features, inflammation and degeneration was
specifically looked for. A statistical review of the study
was performed by a biomedical statistician.

8 mm resulted in a decreased range of motion and
lower modified Mayo Clinic knee scores. In another
study, elevation greater than 8 mm was associated
with reduced mean Knee Society scores of 141 vs
[3]
125 . Several studies have shown that elevation more
than 5 mm significantly affects the functional outcome
[1]
[5]
in revision TKA . Mason et al showed a significant
difference in total Bristol knee scores and the functional
component of the score when there was more than
5 mm elevation of the joint line. Proximal joint line
displacement of more than 5 mm caused decreased
knee flexion, increased patellofemoral forces that
can cause pain, subluxation, dislocation, fracture and
increased varus-valgus instability particularly in mid[12]
flexion in cadaveric knees . A less common occurrence
of distal placement of the joint line, patella alta, can
alter tracking of the extensor mechanism that can
[11]
cause increased patellar strain . Although Scuderi and
Insall suggest that elevation of the joint line by 10 mm
[13]
[3]
has no significant clinical effect , and Partington et al
demonstrated only a marginal statistical significance
in clinical scores in a series of 99 revision TKA cases
with more than 8 mm elevation of the joint line the
overwhelming evidence points to the restoration of the
joint line being important for a good clinical result.
The ”meniscal” scar is increasingly being used to
identify the level of the native joint line in revision
knee surgery. The menisci are two fibrocartilagenous,
semilunar concave shaped tissues that rest on the
medial and lateral tibial plateau. Functions of the
menisci include assistance in joint stability, to bear and
transmit loads within the knee and to act as “shock

Results
The histological findings for nine patients showing the
macroscopic and microscopic findings as well as the
conclusion are outlined in Table 1. The histological
analyses were reviewed to determine whether the
tissue samples were likely to be meniscal scar tissue.
The response was yes (2, 22%), no (6, 67%) and
maybe (1, 11%).

Discussion
Restoring the joint line is important in knee surgery.
Joint line elevation can cause patella baja, patella
button impingement, accelerated wear and loosening,
quadriceps weakness, anterior knee pain, laxity in knee
mid-flexion, varus-valgus instability and hyperextension
[1]
instability . It also results in decreased knee range of
motion caused by impingement of the patellar implant
[9,10]
on the tibial component
. Mid-flexion instability
is caused by tight posterior structures that provide
[6]
stability in extension and at 90 degrees of flexion .
A recent review of studies demonstrated elevation of
[2,5,7]
the joint line in 79% of revision TKAs by 3-13 mm
.
[11]
Singerman et al
demonstrated that raising or
lowering the joint line in revision TKA by more than
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Innovations and breakthroughs

[14]

absorbers” . The normal meniscus contains two cell
populations, fibroblasts on the meniscal surface and
fibrochondrocytes in the inner surface. Meniscus tissue
has a complicated shape and anchoring network, but
displays great regional variation in its extracellular
matrix components. The menisci consist of water (75%),
water (20%), type I collagen and other substances
(5%); including proteoglycans, elastin and type II
collagen. The majority of collagen fibres are arranged
circumferentially with some running radially. The
meniscal periphery is highly fibrous and abundant in
cells and collagen type I, with the inner portion of the
tissue resembles hyaline cartilage with fewer cells, type
II collagen and higher proteoglycan content. The outer
portion of the meniscal tissue is highly vascularized, in
comparison to the inner menisci that is devoid of blood
[14]
vessels . There are several morphological variations
in meniscal tissue with cells being classified as fibro
blasts, fibrocytes, chondrocytes, fibro-chondrocytes
and meniscus cells by researchers. However these
morphologies have various cell profiles. Cells in the
superficial meniscal layer are oval or fusiform in shape
and represent fibroblast morphology. Cells in the deeper
meniscal layer have a more spherical appearance
similar to chondrocytes. The outer proportion of menis
cus contains type I collagen predominantly with fibrocar
tilaginous matrix. The inner meniscus is more hyalinelike consisting of predominantly type II collagen and
[14]
contains chondrocyte-like cells . Meniscal tissue may
[15]
contain few or no intrinsic viable cells .
These features suggest that it is reliable histolo
gically to identify meniscal tissue. Our pilot study
only identified 33% of samples as potentially being of
meniscal origin. The remaining 67% were not likely to
be of meniscal origin. This suggests that the structure
identified as the ”meniscal” scar may actually represent
scar tissue that forms in the available space of the joint
line rather than actually represent the level of the native
joint line where the meniscus once attached. This has
significant implications on restoring the joint line. We
recommend reliance on a number of markers to identify
the joint line as outlined above and to exercise caution
in using the “meniscal” scar.

The authors’ findings suggest that the structure identified as the “meniscal”
scar may actually represent scar tissue that forms in the available space of the
recreated joint line rather than actually represent the level of the native joint line
where the meniscus once attached.

Applications

The research has significant implications on restoring the joint line. The authors
recommend reliance on a number of markers to identify the joint line as outlined
in this paper, and to exercise caution in using the “meniscal” scar.

Terminology

The “meniscal” scar is the remnant soft tissue on the peripheries of the knee joint
after excision of the menisci during earlier knee arthroplasty surgery.

Peer-review

The present study described the “meniscal” scar as one of many landmarks
used to identify the native joint line. It’s a very well written paper.

REFERENCES
1
2

3

4

5

6

7

8

COMMENTS
COMMENTS

9

Background

During primary and revision knee surgery, it is important to restore the joint
line but this can be difficult especially where there has been previous trauma,
surgery or infection. A number of landmarks have been described in the literature
to facilitate the accurate reproduction of the joint line in revision total knee
arthroplasty (TKA) and include the “meniscal” scar amongst others.

10

11

Research frontiers

A number of landmarks have been described in the literature to facilitate the
accurate reproduction of the joint line in revision TKA but none of them are
absolutely accurate. The bony and radiological methods to identify the joint line
can be unreliable, and are not standardised or reproducible. The bony landmarks
may not be easily accessible or identifiable intraoperatively and hence the
greater reliance on the “meniscal” scar.

WJO|www.wjgnet.com

12

13

60

Porteous AJ, Hassaballa MA, Newman JH. Does the joint line matter
in revision total knee replacement? J Bone Joint Surg Br 2008; 90:
879-884 [PMID: 18591596 DOI: 10.1302/0301-620X.90B7.20566]
Romero J, Seifert B, Reinhardt O, Ziegler O, Kessler O. A useful
radiologic method for preoperative joint-line determination in
revision total knee arthroplasty. Clin Orthop Relat Res 2010; 468:
1279-1283 [PMID: 19890683 DOI: 10.1007/s11999-009-1114-1]
Partington PF, Sawhney J, Rorabeck CH, Barrack RL, Moore
J. Joint line restoration after revision total knee arthroplasty. Clin
Orthop Relat Res 1999; (367): 165-171 [PMID: 10546611 DOI:
10.1097/00003086-199910000-00020]
Figgie HE, Goldberg VM, Heiple KG, Moller HS, Gordon NH. The
influence of tibial-patellofemoral location on function of the knee
in patients with the posterior stabilized condylar knee prosthesis. J
Bone Joint Surg Am 1986; 68: 1035-1040 [PMID: 3745240]
Mason M, Belisle A, Bonutti P, Kolisek FR, Malkani A, Masini
M. An accurate and reproducible method for locating the joint line
during a revision total knee arthroplasty. J Arthroplasty 2006; 21:
1147-1153 [PMID: 17162174 DOI: 10.1016/j.arth.2005.08.028]
Hoeffel DP, Rubash HE. Revision total knee arthroplasty: current
rationale and techniques for femoral component revision. Clin
Orthop Relat Res 2000; (380): 116-132 [PMID: 11064981 DOI:
10.1097/00003086-200011000-00016]
Hofmann AA, Kurtin SM, Lyons S, Tanner AM, Bolognesi MP.
Clinical and radiographic analysis of accurate restoration of the
joint line in revision total knee arthroplasty. J Arthroplasty 2006;
21: 1154-1162 [PMID: 17162175 DOI: 10.1016/j.arth.2005.10.026]
Stiehl JB, Abbott BD. Morphology of the transepicondylar axis
and its application in primary and revision total knee arthroplasty.
J Arthroplasty 1995; 10: 785-789 [PMID: 8749761 DOI: 10.1016/
S0883-5403(05)80075-0]
Selvarajah E, Hooper G. Restoration of the joint line in total knee
arthroplasty. J Arthroplasty 2009; 24: 1099-1102 [PMID: 18757171
DOI: 10.1016/j.arth.2008.06.030]
Yoshii I, Whiteside LA, White SE, Milliano MT. Influence of
prosthetic joint line position on knee kinematics and patellar
position. J Arthroplasty 1991; 6: 169-177 [PMID: 1875209 DOI:
10.1016/S0883-5403(11)80013-6]
Singerman R, Heiple KG, Davy DT, Goldberg VM. Effect of
tibial component position on patellar strain following total knee
arthroplasty. J Arthroplasty 1995; 10: 651-656 [PMID: 9273377
DOI: 10.1016/S0883-5403(05)80210-4]
Martin JW, Whiteside LA. The influence of joint line position on
knee stability after condylar knee arthroplasty. Clin Orthop Relat
Res 1990; (259): 146-156 [PMID: 2208849 DOI: 10.1097/0000308
6-199010000-00021]
Scuderi GR, Insall JN. The posterior stabilized knee prosthesis.

January 18, 2017|Volume 8|Issue 1|

Khan WS et al . “Meniscal” scar in revision knee surgery

14

Orthop Clin North Am 1989; 20: 71-78 [PMID: 2919081]
Sanchez-Adams J, Athanasiou KA. The knee meniscus: A complex
tissue of diverse cells. Cell Mol Bioeng 2009; 2: 332-340 [DOI:
10.1007/s12195-009-0066-6]

15

Mesiha M, Zurakowski D, Soriano J, Nielson JH, Zarins B, Murray
MM. Pathologic characteristics of the torn human meniscus. Am J
Sports Med 2007; 35: 103-112 [PMID: 17092929 DOI: 10.1177/03
63546506293700]
P- Reviewer: Hasegawa M, Malik H, Pastides PS, Robertson GA
S- Editor: Gong XM L- Editor: A E- Editor: Wu HL

WJO|www.wjgnet.com

61

January 18, 2017|Volume 8|Issue 1|

World J Orthop 2017 January 18; 8(1): 62-67
ISSN 2218-5836 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5312/wjo.v8.i1.62

© 2017 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Observational Study

Tourniquets do not increase the total blood loss or reamputation risk in transtibial amputations
Christian Wied, Peter T Tengberg, Gitte Holm, Thomas Kallemose, Nicolai B Foss, Anders Troelsen, Morten T
Kristensen
Christian Wied, Peter T Tengberg, Gitte Holm, Thomas
Kallemose, Anders Troelsen, Morten T Kristensen, Depart
ment of Orthopedic Surgery, Copenhagen University Hospital
Hvidovre, 2650 Hvidovre, Denmark

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/

Thomas Kallemose, Clinical Research Centre, Copenhagen
University Hospital Hvidovre, 2650 Hvidovre, Denmark

Manuscript source: Unsolicited manuscript
Correspondence to: Christian Wied, MD, Department of
Orthopedic Surgery, Copenhagen University Hospital Hvidovre,
Kettegaard Alle 30, 2650 Hvidovre,
Denmark. chr.wied@gmail.com
Telephone: +45-20-616831
Fax: +45-38-623782

Nicolai B Foss, Department of Anesthesiology and Intensive
Care, Copenhagen University Hospital Hvidovre, 2650 Hvidovre,
Denmark
Morten T Kristensen, Physical Medicine and Rehabilita
tion Research-Copenhagen, Department of Physical Therapy,
Copenhagen University Hospital Hvidovre, 2650 Hvidovre, Den
mark

Received: August 11, 2016
Peer-review started: August 11, 2016
First decision: September 28, 2016
Revised: October 28, 2016
Accepted: December 7, 2016
Article in press: December 9, 2016
Published online: January 18, 2017

Author contributions: All the authors contributed to the manu
script.
Institutional review board statement: This retrospective study
was undertaken using data from medical records only. The local
ethics committee approved the protocol. Protocol: H-6-2014FSP-026.

Abstract

Informed consent statement: Our retrospective study
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AIM
To investigate the total blood loss (TBL) and the safety
with respect to the re-amputation rate after transtibial
amputation (TTA) conducted with and without a
tourniquet.

Conflict-of-interest statement: The authors declare that they
have no conflicts of interest. No benefits in any form have been
received or will be received from any commercial party related
directly or indirectly to the subject of this article.

METHODS
The study was a single-centre retrospective cohort
study of patients with a primary TTA admitted between
January 2013 and April 2015. All patients with a primary
TTA were assessed for inclusion if the amputation
was performed because of arteriosclerosis or diabetic
complications. All patients underwent a standardized
TTA procedure that was performed approximately 10
cm below the knee joint and performed with sagittal

Data sharing statement: The data from this study will be
available on request.
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
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flaps. The pneumatic tourniquet, when used, was
inflated around the femur to a pressure of 100 mmHg
above the systolic blood pressure. The number of blood
transfusions within the first four postoperative days was
recorded. The intraoperative blood loss (OBL), which is
defined as the volume of blood lost during surgery, was
determined from the suction volume and by the weight
difference of the surgical dressings. The trigger for a
blood transfusion was set at a decrease in the Hgb level
< 9.67 g/dL (6 mmol/L). Transfusions were performed
with pooled red blood cells containing 245 mL per
portion, which equals 55 g/L of haemoglobin. The TBL
during the first four postoperative days was calculated
based on the haemoglobin level and the estimated
blood volume. The re-amputation rate was evaluated
within 30 d.

the groups with or without a tourniquet. The basis
for investigating this subject is the theoretical risk of
increased bleeding due to vascular damage in the
tourniquet group, which may, in turn, lead to increased
risk of re-amputation due to local oedema, among other
factors. We found no significant difference in the total
blood loss when calculated on day four after surgery or
in the 30-d re-amputation rate between the tourniquet
and the non-tourniquet group.
Wied C, Tengberg PT, Holm G, Kallemose T, Foss NB, Troelsen
A, Kristensen MT. Tourniquets do not increase the total blood
loss or re-amputation risk in transtibial amputations. World J
Orthop 2017; 8(1): 62-67 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v8/i1/62.htm DOI: http://dx.doi.
org/10.5312/wjo.v8.i1.62

RESULTS
Seventy-four out of 86 consecutive patients who
underwent TTA within the two-year study period were
included in the analysis. Of these, 38 were operated
on using a tourniquet and 36 were operated on with
out using a tourniquet. There were no significant
preoperative differences between the groups. The
patients in both groups had a postoperative decrease
in their Hgb level compared with preoperative baseline
values. The patients operated on using a tourniquet
received approximately three millilitres less blood
transfusion per kilogram body weight compared with
patients operated on without a tourniquet. The duration
of surgery was shorter and the OBL was less for the
tourniquet group than the non-tourniquet group,
whereas no significant difference was observed for the
TBL. The TBL median was 859 mL (IQR: 383-1315) in
the non-tourniquet group vs 737 mL (IQR: 331-1218)
in the tourniquet group (P = 0.754). Within the 30-d
follow-up period, 9 patients in the tourniquet group
and 11 in the non-tourniquet group underwent a reamputation at the trans-femoral level. The use of a
tourniquet showed no statistically significant association
with the 30-d re-amputation at the femur level in the
multiple logistic regression model (P = 0.78). The only
variable with a significant association with re-amputation
was age (OR = 1.07; P = 0.02).

INTRODUCTION
Recent studies have illuminated the challenges in lower
extremity amputation surgery where a high short-term
[1,2]
amputation failure rate is especially notable . No clear
explanation for this result has yet been established.
With this retrospective cohort study, we aimed to investi
gate if the possible cause is related to the use of a
pneumatic tourniquet during amputation. Studies have
shown that the use of a tourniquet reduces the intraoperative blood loss (OBL) and facilitates the procedure
(decreases the duration of surgery) during transtibial
[3]
amputations (TTA) . However, despite this advantage,
the use of tourniquets remains a controversial topic in
[4,5]
amputation surgery due to potential complications .
There is a theoretical risk that the tourniquet could
aggravate the blood loss during the first postoperative
days. When the tourniquet pressure is applied to
arteriosclerotic vessels, there is a risk of causing minor
lesions and, as a result, seepage of blood. This seepage
could be unrecognized by the operating surgeons due to
the late onset re-perfusion of the limb after the release
[6]
of the tourniquet and cause severe postoperative
bleeding. Such “hidden blood loss” could potentially lead
to oedema of the stump and maybe associated with an
increased risk of early re-amputation.
The aims of this study were (1) to compare the total
blood loss (TBL) evaluated on the fourth postoperative
day in patients operated with or without the use of a
tourniquet and (2) to evaluate if the use of tourniquet
increases the risk of re-amputation within the first 30
d after TTA performed with sagittal flaps (ad modum
Persson).

CONCLUSION
The results indicate that tourniquets do not cause
severe vascular damage with an increased postoperative
bleeding or failure rate as the result.
Key words: Total blood loss; Intraoperative blood loss;
Transtibial amputation; Lower extremity amputation;
Pneumatic tourniquet; Re-amputation
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS
The study was a single-centre retrospective cohort
study of patients with a primary TTA admitted between
January 2013 and April 2015. All patients with primary
TTA were assessed for inclusion if amputated because

Core tip: The authors performed a retrospective cohort
study on the use of tourniquets during transtibial
amputation with the primary aim of comparing various
estimates of blood loss and re-operation between
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of arteriosclerosis or diabetic complications. Exclusion
criteria were a bilateral amputation procedure, on-going
gastrointestinal bleeding, amputation due to trauma or
incomplete data or death before the final measurement
of haemoglobin (Hgb).
All patients underwent a standardized TTA pro
[7]
cedure performed approximately 10 cm below the knee
joint and performed with sagittal flaps. The pneumatic
tourniquet, when used, was inflated around the femur
to a pressure of 100 mmHg greater than the systolic
[8]
blood pressure . It was released again at the end of the
procedure but before final closure to secure haemostasis.
The decision to use a tourniquet relied on the surgeons.
Standardized care was provided for all patients regarding
bandages, pain management, rehabilitation, fluid
replacement, pausation of antiplatelet drugs, treatment
[9]
with blood transfusions and thromboprophylaxis . Tran
examic acid was not administered.

included in the re-amputation model.

Statistical analysis

Continuous data are presented as median values
with interquartile ranges (IQRs) or mean values with
standard deviations. Differences between the groups
were tested using a t test or a Mann-Whitney U test
based on the normal distribution assumption. Categorical
data are presented as numbers and were compared
2
using the χ test or Fisher’s exact test in cases with cell
counts of five or less. The associations of TBL and OBL
with tourniquets were analysed using univariable and
multivariable linear regression. The models use either
TBL or OBL as the dependent variable and all previously
mentioned predictor variables along with tourniquets as
independent variables. The residuals in the models were
tested and found to be normally distributed. A logistic
regression model with tourniquet as the dependent
variable was performed to identify potential inherent
selection bias. The association between the 30-d reamputation and the use of tourniquet was analysed
using a multiple logistic regression model. The fit of
the model was evaluated using a Hosmer-Lemeshow
goodness of fit test. A P value of 0.05 was considered
statistically significant. All analyses were performed by
a biostatistician working in R 3.2.0 (R Foundation for
Statistical Computing, Vienna, Austria).

Blood loss

The number of blood transfusions within the first four
postoperative days was recorded where day 0 is the day
of surgery (after the start of the surgical procedure).
The OBL, which is defined as the volume of blood lost
during surgery, was determined from the suction volume
and by the weight difference of the surgical dressings.
The trigger for a blood transfusion was set at a decrease
in the Hgb level < 9.67 g/dL (6 mmol/L). Transfusions
were performed with pooled red blood cells containing
245 mL/portion, which equals 55 g/L of haemoglobin.
The TBL during the first four postoperative days was
calculated based on the haemoglobin level and the
estimated blood volume. The blood volume and loss was
determined according to gender, weight, height and the
Hgb of the patient using formulae described in previous
[10,11]
studies
:
3
Blood volume (l) = height (m) × 0.356 + weight
(kg) × 0.033 + 0.183 for women, and Blood volume
3
(l) = height (m) × 0.367 + weight (kg) × 0.032 +
0.604 for men. Hgbloss = blood volume × (Hgbadm Hgbfin ) + Hgbtrans, where Hgb loss is the calculated total
haemoglobin loss (g), Hgbadm is the haemoglobin value
on admission, Hgbfin is the final recorded haemoglobin
value on day four and Hgbtrans is the total amount of
haemoglobin (in grams) in the transfused red blood
cells before the measurement of Hgbfin. The calculated
blood loss was estimated using the following formula:
Blood loss in millilitre = (Hgbloss/Hgbadm) × 1000.

RESULTS
A total of 74 out of 86 consecutive patients who
underwent TTA within the two-year study period were
included in the analysis. Of these, 38 were operated
on using tourniquets and 36 without. Six patients died
before the 30-d follow-up (n = 3 in the tourniquet
group and n = 3 in the non-tourniquet group). Trained
residents or senior consultants performed the surgical
procedures. Reasons for exclusion were bilateral
amputation (n = 8), trauma (n = 2), and death before
the fourth postoperative day (n = 2). There were
no significant preoperative differences between the
groups (Table 1). The patients in both groups had a
postoperative decrease in their Hgb level compared with
the preoperative baseline values, as illustrated in Figure
1A. The patients operated on using tourniquets received
approximately three millilitres less transfusion blood
per kilogram body weight than the patients operated
on without using a tourniquet (Figure 1B, P ≤ 0.03
for all days). The duration of surgery was shorter, and
the OBL was less for the tourniquet group compared
with the non-tourniquet group, whereas no significant
difference was observed for the TBL. When the median
OBL was subtracted from the median TBL for all the
patients in the two groups, no significant difference was
found (Table 2, P = 0.241). Within the 30-d follow-up,
9 patients in the tourniquet group and 11 in the nontourniquet group had a re-amputation at the transfemoral level.
The logistic regression analysis with tourniquet as

Other variables

Eight predictor variables (age, gender, body mass index,
ASA score, duration of surgery, the rank of surgeon,
intraoperative blood loss, and anti-fibrinolytic medication)
were included in the TBL analysis due to their previously
[10,12]
established influence on patient outcome
. Reamputations were included if performed within 30 d
following the index amputation. Six patients died within
the 30-d follow-up period, and of these six patients,
all underwent re-amputation; these patients were still

WJO|www.wjgnet.com

64

January 18, 2017|Volume 8|Issue 1|

Wied C et al . Retrospective study of 74 transtibial amputations
Table 1 Demographic of the included patients
Variables

All patients n = 74

Tourniquet group n = 38

Non-tourniquet n = 36

P value

25/49
72.3 ± 11.0
172 ± 9
74.2 ± 18.8
25.0 ± 5.4
39/35
13/60
49/25
10.9 ± 1.6
368 ± 150

11/27
71.3 ± 9.8
173 ± 9
78.2 ± 18.6
25.9 ± 5.5
19/19
5/32
24/14
11.2 ± 1.6
352 ± 121

14/22
73.4 ± 12.1
171 ± 9
70.1 ± 18.4
23.9 ± 5.2
20/16
8/28
25/11
10.8 ± 1.4
380 ± 169

0.511
0.415
0.178
0.065
0.112
0.806
0.374
0.745
0.246
0.481

40/34
14/60

20/18
8/30

20/16
6/30

0.985
0.854

Sex (female/male)
Age (yr)
Height (cm)
Weight (kg)
Body mass index
Cause of amputation (diabetes/arteriosclerosis)
ASA group 1-2/3-4
Rank of surgeon, (resident/consultant)
Preoperative hemoglobin (g/dL)
Preoperative
Thrombocyte (× 109/L)
NSAID or acetylsalicylic acid (yes/no)
Clopidogrel (yes/no)

Data are presented as numbers or mean values with standard deviations. ASA: American Society of anesthesiologists; NSAID: Nonsteroidal antiinflammatory drug.

Table 2 Perioperative data from included patients
All patients

n = 711

Duration of surgery (min)
Duration of Tourniquet (min)
Intraoperative blood loss (mL)
Total blood loss from day 0-4 (mL)
Delta TBL-OBL (mL)

82 (66-106)

Tourniquet n = 35

Non-tourniquet n = 36

78 (60-97)
30 (18-42)
200 (100-300)
737 (331-1218)
495 (115-900)

250 (150-500)
773 (336-1218)
479 (66-855)

P value

88 (72-112)

0.041

300 (225-600)
859 (383-1315)
296 (-30-803)

< 0.001
0.754
0.241

Data are presented as median values with interquartile range. 1Three patients missing due to no registration of the intraoperative blood loss. TBL: Total
blood loss; OBL: Intraoperative blood loss.
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Figure 1 The patients in both groups had a postoperative decrease in their Hgb level compared with the preoperative baseline values. A: Development in
Haemoglobin, Day 0 = day of surgery; B: Transfusion requirements.

the dependent variable identified no potential selection
bias. However, there was a tendency that patients with
a greater body mass index more often had a tourniquet
installed during surgery (P = 0.059). The univariable
linear regression analysis revealed no significant effect
on the TBL from any of the selected variables. Still,
the average TBL was lower for women and when
consultants performed the procedures (Table 3). The
multiple linear regression model of factors influencing
the OBL showed that the non-tourniquet group, on
average, experienced a greater OBL (mean of 243 mL,
P = 0.004) compared with the tourniquet group. No
other variables showed a significant association with
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OBL. There was no significant difference between the
two groups regarding the TBL (Table 3). The use of a
tourniquet showed no statistically significant association
with a 30-d re-amputation at the femur level in the
multiple logistic regression model (P = 0.78). The
only variable with a significant association with reamputation was age (OR = 1.07; P = 0.02). The
Hosmer-Lemeshow goodness of fit test had a P-value of
0.06 in the re-amputation model.

DISCUSSION
We found that the use of a pneumatic tourniquet in
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Table 3 Univariable and multivariate analysis with linear regression of association between risk factors for the total blood loss in the
74 patients

Tourniquet (used)
Age (per year older)
Women/men (men)
Specialist registrar/consultant (consultant)
Clopidogrel (in treatment)
NSAID/acetylsalicylic acid (in treatment)
Duration of surgery (per minute)
ASA-1-2/ASA 3-4 (ASA 3-4)
Body mass index (per one unit)

Univariable
estimate (95%CI)

P value

Multivariable
estimate (95%CI)

P value

-39 (-370-293)
-10 (-25-5)
320 (-22-662)
-335 (-676-6)
33 (-390-456)
205 (-124-534)
1 (-5-7)
-1 (424-422)
21 (-9-52)

0.810
0.210
0.066
0.054
0.876
0.218
0.752
0.995
0.162

-78 (-431-275)
-7 (-23-9)
221 (-149-590)
-324 (-689-41)
-86 (-520-349)
223 (-126-572)
-3 (-10-5)
-66 (-506-373)
17 (-17-50)

0.659
0.384
0.237
0.081
0.696
0.206
0.482
0.764
0.322

Variables in parenthesis = reference; NSAID: Nonsteroidal anti-inflammatory drug; ASA: American society of anesthesiologists.

dysvascular TTA surgery ad modum Persson does reduce
the duration of surgery, the blood transfusion rate
(millilitres of blood transfusion per kilogram bodyweight)
and the OBL, but there was no significant difference in
the TBL when evaluated on the fourth postoperative
day. We found no evidence that the tourniquet causes
severe damage to vessels and, therefore, an increased
postoperative blood loss. However, although not
significant, we did find that patients who were operated
by a consultant experienced a lower blood loss than
those operated by surgeons with less experience. We
found no difference between the groups regarding
re-amputation at the femur level within 30-d followup. This finding is similar to studies on (ad modum
Burgess) amputations with long posterior flaps and
[13,14]
tourniquets
.
Patients who require a TTA due to diabetes-related
complications or severe arteriosclerosis are often old
[15]
and have several co-morbidities . Recent studies
suggest that a more restrictive strategy towards blood
transfusions in patients undergoing major amputations
would be appropriate since blood transfusions appear to
be associated with post-operative complications, such
[16,17]
as acute renal failure and pneumonia
. The use of
a pneumatic tourniquet around the femur can reduce
the OBL and, therefore, the transfusion rate and risk
[13]
of transfusion-related complications . However, the
effect of the tourniquet in TTA surgery is not thoroughly
described, and the focus has primarily been towards the
ability to reduce the OBL.
Our findings of a reduction in the OBL using a tourni
quet are similar to the findings from a 2006 randomized
[13]
controlled trial . These findings are of no surprise since
the major vessels are strangulated by the tourniquet and
under-tied with sutures by the surgeons. It is reasonable
to assume that the reduction in the OBL will reduce the
[14]
transfusion rate . Our concern was that the tourniquet
could aggravate the seepage of blood from the wounds
due to damage to the vessels during the time when the
tourniquet is inflated. However, we found no statistically
significant difference between the groups when the TBL
was calculated on the fourth postoperative day indicating
no radical change in blood loss.
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The fact that the non-tourniquet group had a greater
OBL and received more blood transfusions but had a
similar TBL as the tourniquet group is a dilemma. This
result could illustrate a late onset drop in Hgb level in
the patients operated on using tourniquets, pointing
at increased postoperative bleeding. Thus, it has been
shown that an exsanguinated human limb will swell
by approximately 10% of its original volume after the
release of a pneumatic tourniquet and mainly due
[6]
to the return of the exsanguinated blood volume .
This delayed reperfusion, which is associated with the
duration of use of the tourniquet, creates a potential
source of continuous minor bleeding if the surgeons
overlook minor vessels not recognized during the time
[18]
when the tourniquet is inflated . Even if the surgical
field is inspected for minutes after the release of the
tourniquet, the possible delayed re-perfusion might
still cause the non-under tied vessels to begin leaking
when the patients are moved from the operating
room. However, if serious seepage due to damaged
vessels was the case, we would have expected a more
dramatic drop in Hgb and a steeper development in the
transfusion curve.
This study has some limitations. Although the
formula used to calculate the TBL has been used
[10,19]
widely in other orthopaedic sub-specialties
, it has
limitations in amputation surgery due to the changes in
the body surface area after amputation. The patients
will, because of this, have a different blood volume after
surgery, which is difficult to correct in the equations.
However, since we compared two groups with similar
baseline values and our interests are the change in
the values between the groups, we believe that the
calculations are acceptable to illuminate the objectives
of our study. Potential biases include the operating
surgeons and the selection of patients for surgery with
a tourniquet. However, the logistic regression model
with respect to this matter showed no evidence that a
specific patient’s characteristics triggers the surgeons to
use a tourniquet.
In conclusion, the use of a tourniquet reduces the
duration of surgery, the OBL, and the transfusion rate in
dysvascular TTA amputations. We found no significant
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difference in the TBL when it is calculated on day
four after surgery or in the 30-d re-amputation rate
between the tourniquet and the non-tourniquet group.
From a haemodynamics point of view, it appears to be
advantageous and safe to use a tourniquet during ad
modum Persson TTA amputations.
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Abstract
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AIM
To investigate the reliability and concurrent validity of
®
the Baseline Body Level/Scoliosis meter for adolescent
idiopathic scoliosis postural assessment in three anato
mical planes.

Conflict-of-interest statement: The authors have no conflict
of interests. The authors have no financial or other interest in the
product.

METHODS
This is an observational reliability and concurrent
validity study of adolescent referrals to the Orthopaedic
department for scoliosis screening at Karolinska

Data sharing statement: Technical appendix, statistical code,
and dataset available from the corresponding author at allan.
abbott@liu.se. Participants gave informed consent for data
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University Hospital, Stockholm, Sweden between MarchMay 2012. A total of 31 adolescents with idiopathic
scoliosis (13.6 ± 0.6 years old) of mild-moderate
curvatures (25° ± 12°) were consecutively recruited.
Measurement of cervical, thoracic and lumbar curvatures,
pelvic and shoulder tilt, and axial thoracic rotation (ATR)
were performed by two trained physiotherapists in one
day. The intraclass correlation coefficient (ICC) was used
to determine the inter-examiner reliability (ICC2,1) and
®
the intra-rater reliability (ICC3,3) of the Baseline Body
Level/Scoliosis meter. Spearman’s correlation analyses
were used to estimate concurrent validity between the
®
Baseline Body Level/Scoliosis meter and Gold Standard
Cobb angles from radiographs and the Orthopaedic
Systems Inc. Scoliometer.

is characterized as: (1) a lateral spinal curvature in the
frontal plane (Cobb angle > 10°); (2) a disturbance of
spinal curvatures in the sagittal plane; and (3) an axial
rotation of vertebrae in the transverse plane. In the
majority of cases, spinal asymmetry is noted during
[2]
primary health care screening , and the patients are
referred to specialist orthopaedic clinics for assessment,
[3]
longitudinal observation and treatment .
Methods for the clinical evaluation of trunk deformity
that are reliable, valid, feasible and acceptable is of
great importance for patients and clinicians to evaluate
[4]
and monitor aspects of AIS . Methods that are easy
to administer and inexpensive could provide essential
information replacing the need for repeated radiation
from radiographs and also expensive surface topography
equipment. An easy to administer and inexpensive test
for scoliosis is measuring the axial thoracic rotation (ATR)
[5]
using a Scoliometer . The inter-observer and intraobserver reliability of Scoliometer assessments have
in several studies ranged from very good to excellent,
[6]
and the tool is reportedly useful as a screening device .
Further, the validity of the Scoliometer when correlated
to the Gold Standard Cobb angle from radiographs has
[6,7]
been found to be fair to very good . A limitation with
the Scoliometer ATR measurement and Cobb angle
from radiographs is however that it only measures
deformity in a single anatomical plane when scoliosis is
a 3D deformity.
To obtain a better description of scoliosis related
morphologic deformity in several anatomical planes and
reduce the need of radiographic exposure, techniques
such as 3D postural analysis systems have been deve
[8]
loped . However, these measurement systems are not
accessible for most clinicians and require specialized
training and complex data processing. Thus, a simpler,
inexpensive 3D tool is needed to measure scoliosis
morphology in a clinical setting. A thorough literature
[9]
search revealed no published research investigating
the reliability and/or validity of simpler, inexpensive 3D
®
tools. The Baseline Body Level/Scoliosis meter is an
inexpensive and easy to administer clinical tool that
can be used to obtain quick measurements of scoliosis
morphology in three anatomical planes.
The primary objective of this study was to investigate
®
the inter-examiner reliability for the Baseline Body
Level/Scoliosis meter for the following parameters:
Cervical, thoracic and lumbar curve in the sagittal plane;
pelvic and shoulder tilt in the frontal plane as well as
the inter-examiner and intra-examiner reliability for ATR
in the transverse plane. A secondary objective was to
®
investigate the concurrent validity of the Baseline Body
Level/Scoliosis meter compared to Orthopaedic Systems
Inc. Scoliometer and Cobb angle from radiographs and
discuss its clinical utility.

RESULTS
There was excellent reliability between examiners for
thoracic kyphosis (ICC2,1 = 0.94), ATR (ICC2,1 =
0.92) and lumbar lordosis (ICC2,1 = 0.79). There was
adequate reliability between examiners for cervical
lordosis (ICC2,1 = 0.51), however poor reliability for
pelvic and shoulder tilt. Both devices were reproducible
in the measurement of ATR when repeated by one
examiner (ICC3,3 0.98-1.00). The device had a good
correlation with the Scoliometer (rho = 0.78). When
compared with Cobb angle from radiographs, there was
a moderate correlation for ATR (rho = 0.627).
CONCLUSION
®
The Baseline Body Level/Scoliosis meter provides
reliable transverse and sagittal cervical, thoracic and
lumbar measurements and valid transverse plan
measurements of mild-moderate scoliosis deformity.
Key words: Reliability; Validity; Scoliosis; Posture;
Assessment
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The Baseline® Body Level/Scoliosis meter
is inexpensive, easily administered and provides
reliable transverse and sagittal cervical, thoracic and
lumbar measurements as well as valid transverse plan
measurements of mild-moderate scoliosis deformity.
Prowse A, Aslaksen B, Kierkegaard M, Furness J, Gerdhem P,
Abbott A. Reliability and concurrent validity of postural asym
metry measurement in adolescent idiopathic scoliosis. World J
Orthop 2017; 8(1): 68-76 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v8/i1/68.htm DOI: http://dx.doi.
org/10.5312/wjo.v8.i1.68

INTRODUCTION

MATERIALS AND METHODS

Adolescent idiopathic scoliosis (AIS) is a threedimensional (3D) structural deformation of the spine
[1]
in otherwise normal adolescents during puberty . AIS
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This is an observational reliability and concurrent validity
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Table 1 Patient demographic and descriptive data
Mean (± SD)
Age (yr)
Sex
Males
Females
Primary curve Cobbs angle (degrees)
Scoliosis type (Lenke classification)
Main thoracic (1AN)
Thoracolumbar/lumbar (5CN)

n (%)

13.6 (0.6)
4 (13)
27 (87)
25 (12)
22 (71)
9 (29)

study. All study participants, or their legal guardian,
provided informed written consent prior to study enrol
ment. The study received ethical approval from the
Swedish Research Council Regional Ethics Committee
in Stockholm, Sweden (Dnr: 2012/172-31/4) and from
Bond University Health Research Ethics Committee
in 2014 (RO 1896). The study followed Guidelines for
Reporting Reliability and Agreement Studies, which
contains issues to be addressed when reliability and
[10]
agreement studies are reported .

Figure 1 Baseline® Body Level/Scoliosis meter.

sponding to the highest value entirely crossed by the
enclosed ball. Measurements of cervical, thoracic,
lumbar curvatures and pelvic and shoulder tilt, as
®
well as ATR were performed with the Baseline Body
Level/Scoliosis meter. Measurements of ATR were also
performed using the original Orthopaedics Systems
Incorporation “Scoliometer”. In order to reduce the error
associated with the measurement, both examiners used
the same devices.
During the measurement, all subjects were barefoot
and their back was exposed, which allowed palpation
of the entire back. Trousers were lowered to the hip if
there was difficulty in palpating the apex of the sacrum
or L5. Measurements conducted by both raters were
performed within 30 min and were executed in the
same order. Examiners had no access to the results
of the other measures to avoid recall of the previous
values. A protocol that allowed as few manual changes
®
as possible of the Baseline Body Level/Scoliosis meter
was chosen to obtain an efficient examination. The
ATR measurements were repeated 3 times, as these
measurements were associated with more sources of
error. Other measurements were only executed once.
Between each evaluation, the subject was instructed to
leave the evaluation position to rest. The order of the
therapist first taking measurements was randomized.
Specific procedures regarding test positions, and device
placement were performed according to the following
protocol.

Participants

Recruitment was achieved through consecutive adoles
cent referrals to the Orthopaedic department for sco
liosis screening at Karolinska University Hospital, Stock
holm, Sweden between March-May 2012. Informed
consent was obtained from individuals that fulfilled the
inclusion criteria to participate in the study. Inclusion
criteria included: (1) diagnosis of idiopathic scoliosis;
and (2) males and females aged 9-17 years. Exclusion
criteria included: (1) scoliosis with a possible nonidiopathic aetiology (patients were excluded from the
study if the pathogenesis of the scoliosis was due to a
neuromuscular, neurological, congenital malformation
or trauma related comorbidity); or (2) inability to under
stand Swedish. Thirty-one patients participated in the
study, 27 females and 4 males with a mean age of
13.6 years and mean Cobb angle of 25°. The number
of participants was deemed adequate to establish a
[11]
practically useful clinically important change . Patient
characteristics and demographics are presented in Table
1.

Measures using the Baseline® Body Level/Scoliosis
meter

Procedures and instrumentation

Two physiotherapists (10 and 15 years’ experience)
performed examination of all participants with AIS,
using two devices. To standardize their method of
assessment the examiners trained in the use of the
devices for 5 h before the outset of the study and had
clinical experience in the application of the devices.
®
The Baseline Body Level/Scoliosis meter (Figure 1),
®
developed by Orthopaedics Systems Incorporation ,
is a fluid filled inclinometer in which an enclosed ball
shows the ATR on a scale of 1 degree increments that
range from 0-30 degrees. To improve the conformity
of measurements, the recorded value is the one corre
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Cervical curve in centimetres: The subject was
placed in standing position with feet together and asked
to “stand straight”. The spinous process of C4 was
palpated by palpating the process of C2, and then C3 to
C4. Then the spinous process of C7 was palpated, the
most prominent process in the cervical area, and was
distinguished from C6 by bending the head backwards,
causing C6 to move anteriorly. After localizing C4 and
C7 the rods of the Scoliometer was placed over these
spinous processes. The lower rod was unlocked until
the gauge indicated 0. Then the rod was locked and the

70

January 18, 2017|Volume 8|Issue 1|

Prowse A et al . Postural asymmetry measurement in AIS
measurements were recorded in centimetres.

the tilt, anything equal to or greater than 2.5 degrees
was listed.

Thoracic curve in centimetres: The patient was
placed in a standing position with feet together and
asked to “stand straight”. The spinous process of C7 was
palpated to place the upper rod. The bottom rod was
placed at the spinous process of the vertebrae at the
apex of the thoracic kyphosis. If there was a deviation of
curvature in the frontal plane, the position of the gauge
had to be held vertically and therefore the rod could
be placed lateral to the spinous process. The lower rod
was unlocked until the gauge indicated 0. Then the rod
was locked and the measurements were recorded in
centimetres.

Measures using the Orthopaedics Systems
Incorporation Scoliometer

ATR in degrees: The patient was placed in standing
position with feet together and asked to “stand straight”,
with trunk anteriorly flexed and parallel to the ground,
with relaxed arms, hanging perpendicular to the trunk
and hands folded. The value indicated by the metal
sphere after placing the Scoliometer over the spinous
process is used to indicate the value of axial trunk
rotation. Examiners drew the Scoliometer along the
spinous processes to discover the level with the highest
reading and measured the axial trunk rotation with 1
degree or more listed.

Anteroposterior angulation L5 and Sacrum in
centimetres: The patient was placed in standing
position with feet together and asked to “stand straight”.
The spinous process of L5 was palpated by placing
the index fingers over the crest of the ilium and then
palpating the spinous process at the same level, that
usually is L4, and then the lower process should be
L5. The next rod was placed over the most prominent
tubercle of the sacral curvature. The lower rod was
unlocked until the gauge indicated 0. Then the rod
was locked and the measurements were recorded in
centimetres.

Measures of radiology Cobb angle in degrees

Standing scoliosis posteroanterior radiographs were
performed and measured by a radiologist, and doublechecked by the physiotherapist. For the lateral image
the feet are together and parallel to the screen. The
right side of the body faces the radiation source. The
patient was to hold his/her hands on a bar in front of
the body and above the shoulders, so that the shoulders
and elbows were at 90 degrees flexion. In this position
the arms did not obscure the vertebral column. The
hands were placed adjacent to one another. If the
patient was wearing a brace, it was not to be worn the
night prior to the scoliosis radiographs being taken. The
Cobb angle was formed by the inclination of the upper
end plate of the upper end vertebra and the inclination
of the lower end plate of the lower end vertebra mea
[12]
sured on posteroanterior view X-ray radiographs .

ATR in degrees: The patient was placed in standing
position with feet together and asked to “stand straight”,
the trunk was anteriorly flexed and almost parallel to
the ground, with relaxed arms, hanging perpendicular to
the trunk and hands folded. The distance between the
rods was set individually for each patient, and placed in
the middle of both right and left thorax sides in relation
to the spinal column posteriorly level with the apex of
the curvature. Both of the rods were locked in the same
length and placed over the most prominent point of the
curvature. In this position the gauge reading showed
the degree of the curvature. Two point five degrees or
more was listed.

Statistical analysis

Two independent researchers completed statistical
analysis of the data utilizing SPSS software Version 22.
The statistics were additionally reviewed by three of
the authors who have specific biostatistical competency
for reliability and validity studies. Descriptive statistics
including means, standard deviations and ranges (mini
mum and maximum) were calculated for both raters
and tabulated as a summary of measurements and
patient demographic data. The intraclass correlation
coefficient (ICC) is nowadays the preferred retest
correlation coefficient and was the method used to
[11]
determine reliability . A two-way random analysis
of variance and ICC2,1 was used to determine interobserver reliability in small groups with two test
occasions. The intra-observer reliability was determined
for ATR with a two way mixed analysis of variance and
ICC3,3 using the average of three measurements.
The ICC was interpreted with values of < 0.39 as
poor, 0.40-0.74 as adequate, and > 0.75 as excellent,
as these are considered the minimum standards for
[13]
reliability coefficients sufficient for research purposes .
A 95%CI for the mean difference between the two

Pelvic tilt in degrees: The patient was placed in
standing position with feet together and asked to “stand
straight”. Both rods were loosened and placed firmly
over each iliac crest and locked with the gauge in the
middle. In this position the gauge reading showed the
degree of the tilt with 2.5 degrees or more listed.
Shoulder tilt in degrees: The patient was sitting at
a 43.5 cm high chair and asked to “sit straight”. The
sitting position was chosen to avoid the influence of
leg length difference. Both rods were loosened and
placed firmly over each acromioclavicular articulation
and locked with the gauge in the middle. To palpate the
acromioclavicular joint (AC joint), find the “soft spot” at
the back of the clavicle, anterior to that is the AC joint.
In this position the gauge reading showed the degree of
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Table 2 Summary of trunk measurements in 3 anatomical planes
Examiner A
Cervical lordosis (cm)
Thoracic kyphosis (cm)
Lumbar lordosis (cm)
Pelvic tilt (degrees)
Shoulder tilt (degrees)
ATR Scoliometer
(degrees)
ATR Baseline Level/Scoliosis
meter (degrees)

Examiner B

Mean

n

SD

Range

Min

Max

Mean

n

Range

Min

Max

2.5
3.7
3.0
1.8
1.2
10.2

31
31
31
29
30
31

0.8
1.7
1.0
1.9
1.4
6.1

3
7
4.2
7.5
5
27.5

1
1.2
0.6
0
0
0

4
8.2
4.8
7.5
5
27.5

3.0
3.7
3.5
3.3
1.3
10.5

31
31
31
29
30
31

0.8
1.7
1.0
2.5
1.7
6.1

4
7.4
3.8
10
7.5
27.5

2
0.6
1.4
0
-2.5
0

6
8
5.2
10
5
27.5

10.9

31

5.8

24.5

3

27.5

10.3

31

5.6

23.8

0

23.8

SD

ATR: Axial thoracic rotation.

Table 3 Inter-examiner reliability of the Baseline® Body Level/Scoliosis meter measurements
Measures

ICC2,1 95%CI for ICC Mean difference

Cervical Lordosis (cm)
Thoracic Kyphosis (cm)
Lumbar Lordosis (cm)
ATR Scoliometer (degrees)
ATR Baseline Level/Scoliosis meter (degrees)
Shoulder tilt (degrees)
Pelvic tilt (degrees)

0.51
0.94
0.79
0.94
0.92
-0.30
-0.41

0.02-0.76
0.87-0.97
0.47-0.91
0.88-0.97
0.84-0.96
-1.86-0.39
-0.89-0.47

-0.53
0.013
-0.44
-0.35
0.60
-0.17
-1.47

95%CI for mean
difference

SEM

SRD

95%
SRD

-0.84-0.21
-0.29-0.31
-0.71-0.17
-1.39-0.70
-0.51-1.72
-1.05-0.71
-0.267-0.26

0.82
1.66
0.99
6.07
5.67
1.56
2.32

2.28
4.60
2.74
16.81
15.72
4.33
6.42

-2.81-1.76
-4.47-4.47
-3.18-2.3
-17.16-16.47
-15.12-16.33
-4.49-4.49
-7.89-4.96

ICC: Intraclass correlation coefficient; ATR: Axial thoracic rotation; SEM: Standard error of measurement; SRD: Smallest real difference.

test occasions was formed with the formula 95%CI
= mean diff - 2.05 × standard deviation (SD) to
determine if a true systematic difference existed be
[11]
tween the two raters . The mean difference between
raters was calculated to evaluate changes in the mean
[11]
between two test occasions . To interpret absolute
reliability the standard error of measurement (SEM)
[11,14]
was calculated using the formula SEM = √WMS
,
where WMS is the mean square error term from the
[11]
analysis of variance . The smallest real difference (SRD
and 95% SRD) was also calculated to determine the
magnitude of change that would exceed the threshold
[11]
of measurement error at the 95% confidence level .
The formula used was SRD = 1.96 × SEM × √2. To
calculate the 95% levels of agreement the formula
mean difference - 2.05 × SD was applied, where n
= 2.05 is a good approximation when the number
[11]
of subjects is > 30 . The Spearman’s correlation
coefficient was used to analyse the concurrent validity
between measurements from the Scoliometer devices
and Cobb angles from radiographs, as Spearman’s are
not dependent on normality of test data. Correlation
values smaller than 0.25 were considered poor, between
0.25 and 0.49 were low, between 0.50 and 0.69 were
moderate, between 0.70 and 0.89 were good, and
[15]
between 0.90 and 1.0 were excellent .

taken by each of the raters.

Inter-examiner reliability of the Baseline® Body Level/
Scoliosis meter and Scoliometer

Table 3 presents the inter-examiner reliability for the
®
Baseline Body Level/Scoliosis meter. In the measure
ment of thoracic kyphosis and ATR, there was excellent
reliability between examiners with an ICC2,1 of 0.94
(95%CI: 0.87-0.97) and 0.92 (95%CI: 0.84-0.96)
respectively. When taking into consideration excursions
in the 95%CI, the method was adequate-to-excellent
in the measurement of lumbar lordosis, with an ICC2,1
of 0.79 (95%CI: 0.47-0.91). Furthermore varying
adequacy could be seen in the inter-observer reliability
in the measurement of cervical lordosis (ICC2,1 = 0.51,
95%CI: 0.02-0.76), and poor inter-examiner reliability
when used to measure secondary curves in the frontal
plane; pelvic tilt (ICC2.1 = -0.41, 95%CI: -0.89-0.47)
and shoulder tilt (ICC2,1 = -0.30, 95%CI: -1.86-0.39).
®
When measurements from the Baseline Body Level/
Scoliosis meter were compared to measurements from
the Scoliometer, which is the current Gold Standard to
measure ATR, the reliability was similar, with an ICC2,1
of 0.92 (0.84-0.96), compared to the Scoliometer with
an ICC2,1 of 0.94 (95%CI: 0.88-0.97).
Systematic error exists between raters in the mean
measurements of lumbar lordosis and pelvic tilt when
®
using the Baseline Body Level/Scoliosis meter, as
shown by the 95%CI for mean difference, suggesting
non-random error exists. A large measurement error
between examiners’ measurements exists for pelvic

RESULTS
Descriptive results

Table 2 reports a descriptive summary of measurements

WJO|www.wjgnet.com

72

January 18, 2017|Volume 8|Issue 1|

Prowse A et al . Postural asymmetry measurement in AIS
Table 4 Intra-examiner reliability of the Baseline® Body Level/Scoliosis meter and Orthopaedic Systems Inc. Scoliometer measurements
Measures

Examiner ICC3,3

ATR Scoliometer
(degrees)

ATR baseline level
scoliosis meter
(degrees)

95%CI for
ICC

A

0.99

0.99-1.00

B

0.98

0.97-1.00

A

1.00

1.00-1.00

B

0.98

0.96-0.99

Mean
difference
A1
A2
A3
B1
B2
B3
A1
A2
A3
B1
B2
B3

0
-0.24
-0.32
0
-0.23
0.34
0
-0.32
-0.05
0
0.52
0.53

95%CI for mean
difference

SEM

SRD

95%
SRD

0
-3.00-3.05
2.52-2.40
0
-3.08-2.66
2.63-3.34
0
-3.03-3.07
2.97
0
-2.24-2.54
3.28-3.60

1.35
1.35
1.33
1.39
1.4
1.47
1.37
1.47
1.48
1.23
1.35
1.50

3.74
3.75
3.70
3.90
3.87
4.07
3.79
4.07
4.09
3.40
3.75
4.17

-3.74-3.74
-4.00-3.51
-3.37-3.37
-3.87-3.87
-3.65-3.65
-3.73-4.41
-3.38-0.38
-4.04-4.04
-4.14-4.14
-3.40-3.40
-2.88-3.91
-3.63-4.70

ICC: Intraclass correlation coefficient; ATR: Axial thoracic rotation; SEM: Standard error of measurement; SRD: Smallest real difference.

tilt (SEM = 2.3°) and shoulder tilt (SEM = 1.6°). The
small 95% SRD between measurements taken by two
separate examiners for thoracic kyphosis (-4.5-4.5)
®
and ATR with Baseline Body Level/Scoliosis meter
(-15.1-16.3), and ATR measured with Scoliometer
(-17.2-16.5), suggests these measurements are more
sensitive and can be considered highly reliable.

planes were studied. Results showed that the Base
®
line Body Level/Scoliosis meter was as accurate as
the Scoliometer when used repeatedly by the same
examiner or by different examiners for the measurement
of ATR in the transverse plane on patients with mild®
moderate scoliosis. The Baseline Body Level/Scoliosis
meter had similar reliability in the measurement of
ATR when compared to other high quality reliability
[6,16,17]
studies assessing the Scoliometer
and smartphone
applications such as the Scolioscreen with an acrylic
[18]
sleeve .
Based on our results for assessment of the sagittal
®
plane, the Baseline Body Level/Scoliosis meter can be
recommended based on excellent reliability for use by
trained examiners for measuring thoracic kyphosis and
lumbar lordosis on patients with mild-moderate scoliosis.
Furthermore, in the measurement of cervical lordosis
on patients with mild-moderate scoliosis, the instrument
showed adequate reliability but larger variability in
measurements between examiners. Previous research
suggests that increased cervical kyphosis is often a
secondary coupling effect of increased thoracic kyphosis
and coronal plan deformation and that despite this,
[19]
global spine-pelvis alignment remains well-balanced .
This suggests that for the purpose of screening mildmoderate scoliosis, measurement of thoracic and lumbar
sagittal curvature may be suffice, leaving cervical
curvature measures redundant in many cases. However
the utility of cervical curvature measurement suggests
that in may be relevant for some mild-moderate cases
and may be of more importance when screening
moderate-severe scoliosis.
When compared to the reliability of 3D computerized
®
systems, the Baseline Body Level/Scoliosis meter had
similar reliability for thoracic measures but was less
[20]
reliable for measuring lordotic sagittal curvatures .
Potential challenges in the accuracy of palpation of
anatomical landmarks have been noted in reliability
studies to cause observer variations especially in the
[7,21,22]
sagittal and frontal planes
.
A low inter-examiner reliability was found between
trained examiners when measuring frontal plane

Intra-examiner reliability of the Baseline® Body Level/
Scoliosis meter and Scoliometer in measuring ATR

Table 4 presents the intra-examiner reliability for the
ATR measures. Excellent intra-examiner reliability was
®
seen in ATR measured by the Baseline Body Level/
Scoliosis meter (Examiner A ICC3,3 = 1.00, Examiner B
= 0.98) and by the Scoliometer (Examiner A ICC3,3 =
0.99, Examiner B = 0.98).

Concurrent validity of the Baseline® Body Level/
Scoliosis meter compared to Scoliometer and Cobb
angle from radiographs

Table 5 presents the concurrent validity for the
®
Baseline Body Level/Scoliosis meter compared to the
Scoliometer as well as Cobb angle as measured by
radiographs. The correlation between measurements
®
using the Baseline Body Level/Scoliosis meter and
measurements from the Scoliometer for ATR (degrees)
was indicated by a Spearman’s rho of 0.78 indicating a
good, statistically significant correlation between these
measures. When ATR measured with the Scoliometer
®
and Baseline Body Level/Scoliosis meter were each
compared to Cobb angle measured from radiographs,
there was a moderately significant correlation of rho =
0.58 and rho = 0.63, respectively. When Cobb angles
measured from radiographs were compared with
thoracic kyphosis in the sagittal plane, there was a low
correlation (rho = 0.32).

DISCUSSION
In line with the study’s objectives, the reliability and
®
validity of the Baseline Body Level/Scoliosis meter for
measuring scoliosis morphology in three anatomical
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adolescents have an ATR of the spine, despite changes
in the sagittal and frontal planes. When the apex of the
Cobb angle is higher up the thoracic region, less rotation
[25]
is seen in the spine due to coupled movement .
Additional frontal and sagittal plane measurements
®
provided by the Baseline Body Level/Scoliosis meter
may add important information regarding clinical signs
of progression to inform treatment and diagnostic
decisions. Cervical and thoracic sagittal curves and
frontal plane measures in our study had however low
correlation with Cobb angle, perhaps because a Cobb
angle of 25° may not have been severe enough and
considering we had a larger group of patients with
thoracic curves who often have less disturbed lordosis in
[25]
the cervical and lumbar spine .
This study has its strengths and weaknesses one
must consider when interpreting results. A method
ological strength of the study was that two physio
therapists performed measurements in 3 anatomical
®
planes for all subjects using the same Baseline Body
Level/Scoliosis meter with no knowledge of results
between examiners. The therapists received 5 h training,
and were considered proficient with application of
the tool. Although there is no recommendation in the
literature regarding the training time necessary, previous
studies have trained up to 10 h of which the authors
suggested contributed to the good to excellent reliability
[26]
within the study . The study method aimed to control
potential variance in measures caused by fatigue from
repeated measures by providing rest periods between
measurements. Similarly the study method aimed to
control variance due to patient flexibility, body mass
index (BMI) or previous activity by re-testing within the
same session. The methods lacked however intra-rater
reliability measures for sagittal and frontal plan measures
which could have provided more thorough information
®
on reliability of the Baseline Body Level/Scoliosis meter
With regards to sample representativeness it can
be considered a strength that our patient sample is
consecutively recruited, has a female to male 6.8:1
ratio and main thoracic (1AN) to thoracolumbar/lumbar
(5CN) 2:1 curve type ratio representative of the current
prevalence of AIS in the population for a mean curvature
[27]
of 20°-30° . A possible limitation however is our
sample size was not powered for gender or curve type
[27]
subgroup analysis . The size of our recruited sample
was however adequate to establish group level clinically
important change values and the sample was well above
the minimum suggested sample size of 15-20 patients
[11]
for reliability studies with continuous data .
Despite the discussed strengths and weaknesses
®
of the study, the benefits of the Baseline Body Level/
Scoliosis meter outweigh the use of the Scoliometer
and Cobb angle for initial screening of mild-moderate
scoliosis. This mainly due to it providing reliable, valid,
feasible and acceptable measures in several anatomical
planes aiding decision making regarding the need for
radiographic exposure and potential interventions to
prevent AIS progression and dysfunction.

Table 5 Spearman's bivariate correlations (n = 31) of
Baseline® Body Level/Scoliosis meter compared to gold
standard Cobb angles from radiographs, and compared to
Orthopaedic Systems Inc. Scoliometer
Baseline Level/Scoliosis meter

Cobb angle (degrees)

Cervical lordosis (cm)
Thoracic kyphosis (cm)
Lumbar lordosis (cm)
ATR (degrees)
Pelvic tilt (degrees)
Shoulder tilt (degrees)
ATR Scoliometer (degrees)
Baseline Level/Scoliosis meter
ATR (degrees)

-0.22
-0.32
-0.03
0.63
0.13
-0.00
0.58
0.77

ATR: Axial thoracic rotation.

morphology in patients with mild-moderate scoliosis.
®
The Baseline Body Level/Scoliosis meter had similar
reliability for shoulder and pelvic tilt measurements when
compared to previous literature on aesthetic clinical
tools, such as the Trunk Aesthetic Clinical Evaluation
[21]
tool . A potential source of the low reliability could be
a low sensitivity for smaller measures in these frontal
plane secondary measures of spinal curvature. For
example, examiners in our study reported that when
®
using the Baseline Body Level/Scoliosis meter the fluid
filled ball required 2.5 degrees of deformity in order for
the ball to move. Therefore, the device was not sensitive
for assessment of smaller secondary measures in the
frontal plane for pelvic and shoulder tilt, and a digital
recorder may be more precise. Based on our results, one
®
can hypothesis that the Baseline Body Level/Scoliosis
meter may be reliable for larger secondary measures
in the frontal plane for pelvic and shoulder tilt that are
more common in moderate to severe cases of AIS.
Future research should therefore assess the reliability
®
and validity of the Baseline Body Level/Scoliosis meter
for patients with moderate to severe cases of AIS, with
curvatures > 30-40 degrees to confirm this hypothesis.
In accordance with the secondary objectives of the
®
study, measurements of ATR with the Baseline Body
Level/Scoliosis showed good correlation with measure
ments from the Scoliometer as well as the Gold
Standard Cobb angles from radiographs. When exa
mined in light of previous literature, the device had a
similar correlation with Gold Standard Cobb angle from
[6,20]
radiographs as the Scoliometer did
, and better
[23]
validity than 2D photography
and trunk surface
[24]
examination but lower validity than 3D computerized
[20]
®
systems . Therefore, the Baseline Body Level/
Scoliosis meter could be used for screening, and to
monitor curve progression through measurement of
ATR. However, ATR measures alone cannot replace
Cobb angle measured from radiographs in the diagnosis
of the condition, as it has been discussed in statistical
literature that greater accuracy is required, with
Spearman’s correlation of > 0.9, for a measure to
[15]
be considered accurate for diagnosis . Furthermore,
it is important to note that when screened, not all
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Within the study the authors were able to investi
gate the manual anthropometric measurement of 3D
curvatures in AIS with a device that is inexpensive,
easily administered and applicable in a clinical setting.
®
The Baseline Body Level/Scoliosis meter has the ability
to provide reliable and valid measurements of mildmoderate scoliosis deformity in transverse and sagittal
planes for the cervical, thoracic and lumbar spine, useful
for screening scoliosis morphology.

3
4
5
6

COMMENTS
COMMENTS
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Background

Adolescent idiopathic scoliosis (AIS) is a structural deformation of the spine in
the frontal, sagittal and transverse plans. Methods for the clinical evaluation of
trunk deformity in all 3 planes that are reliable, valid, feasible and acceptable are
of great importance for the prospecive measurement of severity and assessing
the need of interventions to prevent deformity progression and dysfunction.
Currently repeated radiological exposure or non-radiological methods requiring
expensive equipment, specialized training and complex data processing are
available.

8

9

Research frontiers

Current no published research has investigated the reliability and/or validity and
discussed the feasibility and acceptability of simple, inexpensive clinical tools
that assess trunk deformity in all 3 anatomical planes.

10

Innovations and breakthroughs

The Baseline® Body Level/Scoliosis meter is an inexpensive and easy to
administer clinical tool that can be used to obtain quick measurements of
scoliosis morphology in three anatomical planes. It provides reliable transverse
and sagittal cervical, thoracic and lumbar measurements as well as valid
transverse plane measurements of mild-moderate scoliosis deformity. Poor
reliability in frontal plane measures is likely due to the Baseline® Body Level/
Scoliosis meter not being sensitive in the first 0-2.5 degrees of pelvic and
shoulder tilt which was common in mild-moderate AIS.

11
12
13
14

Applications

15

The Baseline® Body Level/Scoliosis meter is recommended for transverse and
sagittal cervical, thoracic and lumbar measurements of mild-moderate scoliosis.
It should be combined with a thorough history and physical assessment to aid
decision making regarding the need for radiographs and interventions to prevent
AIS progression and dysfunction. It is potentially reliable in measuring larger
frontal plane deformity of pelvic and shoulder tilt which is more common in
moderate-severe scoliosis but research is needed to confirm this.

16
17

Terminology

AIS is a three-dimensional structural deformation of the spine in otherwise
normal adolescents during puberty. Axial thoracic rotation and Cobbs angle
are common single pain measures of scoliosis morphology. Reliability refers
to the reproducibility of measurements. Validity describes the extent to which a
measure accurately represents the concept it claims to measure.
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19

Peer-review

This is a well performed study with sound statistics and clear reliability tests. This
is a non-invasive method for the evaluation of frontal and sagittal curvatures in
mild AIS individuals.
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Abstract
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Dysplasia epiphysealis hemimelica (DEH), or Trevor’s
disease, is an osteocartilaginous epiphyseal overgrowth
typically occurring in children. The literature reports
6 adult cases and none describe recurrence requiring
additional procedures. We present a new-onset proximal
tibial DEH in an adult recurring approximately 3 years
after open excision. A 39-year-old female presented with
a history of right knee pain, swelling, and instability.
Physical examination revealed a firm proximal tibial
mass. Computed tomography (CT) imaging showed
an exophytic, lobulated, sclerotic mass involving
the anterolateral margin of the lateral tibial plateau.
Magnetic resonance imaging was suggestive of an
osteochondroma. The patient underwent curettage of the
lesion due to its periarticular location. Histology revealed
benign and reactive bone and cartilage consistent with
periosteal chondroma. Two and a half years later, the
patient presented with a firm, palpable mass larger
than the initial lesion. CT revealed a lateral tibial
plateau sclerotic mass consistent with recurrent intraarticular DEH. A complete excision was performed and
histology showed sclerotic bone with overlying cartilage
consistent with exostosis. DEH is a rare epiphyseal
osteocartilaginous outgrowth frequently occurring in
the long bones of children less than 8 years old. DEH
resembles an osteochondroma due to its pediatric
presentation and similar histologic appearance. Adultonset cases comprise less than 1% of reported cases.
Recurrence rate after surgical intervention is unknown.
Only 1 such case, occurring in a child, has been
described. Clinicians contemplating operative treatment
for DEH should note the potential for recurrence and
consider complete excision. A follow-up period of several
years may be warranted to identify recurrent lesions.
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Core tip: Dysplasia epiphysealis hemimelica (DEH), or
Trevor’s disease, is an osteocartilaginous epiphyseal
overgrowth typically occurring in children. The literature
reports 6 adult cases and none describe recurrence
requiring additional procedures. We present a new-onset
proximal tibial DEH in an adult recurring approximately
3 years after open curettage.
Figure 1 Initial radiographs of the right knee in the anteroposterior (A)
and lateral (B) views.

Khalsa AS, Kumar NS, Chin MA, Lackman RD. Novel case
of Trevor’s disease: Adult onset and later recurrence. World J
Orthop 2017; 8(1): 77-81 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v8/i1/77.htm DOI: http://dx.doi.
org/10.5312/wjo.v8.i1.77

office with a several month history of right knee pain,
swelling, and instability, particularly with walking down
stairs. Non-steroidal anti-inflammatory medications only
mildly relieved her discomfort. She denied night pain,
constitutional symptoms, or a recent history of trauma
or injury. Medical history was significant for a history of
congenital hip dysplasia and family history was negative
for any inflammatory diseases, bone disorders, or
dysplasia.
On physical exam, a mild antalgic gait was noted. A
right knee effusion was present as well as lateral joint
line tenderness. A firm, palpable mass protruding from
the anterolateral proximal tibia was easily appreciated.
No erythema or skin ulceration was presented at the
site of the mass. Her remaining physical exam was
otherwise grossly normal.
Radiographs (Figure 1) of the right knee revealed
an unusual calcific density measuring 2.0 cm × 1.0
cm above the anterolateral tibial plateau. Computed
tomography (CT) (Figure 2) of the right knee revealed
an exophytic, lobulated, sclerotic mass measuring
2.4 cm × 0.9 cm × 0.8 cm involving the anterolateral
margin of the anterior lip of the lateral tibial plateau. An
MRI showed a 1.2 cm well-marginated lesion abutting
the anterolateral cortical surface of the lateral tibial
plateau following bone marrow on all sequences, most
likely due to an osteochondroma or loose body. Whole
body bone scan also revealed mild to moderate uptake
at the site of the lesion.
The patient underwent an open curettage and
debulking of the right lateral proximal tibial lesion given
its periarticular location, which prevented it from being
amenable to marginal excision. Pathology revealed
fragments of benign and reactive bone and cartilage
consistent with a diagnosis of periosteal chondroma.
The patient’s symptoms fully resolved post-operatively
with no signs of recurrence at 1-year and 2-year followup.
Two and a half years later, the patient presented with
a two and a half month history of recurrent pain and
swelling of her right knee. Furthermore, under her wellhealed scar was a firm, palpable mass that was larger

INTRODUCTION
Dysplasia Epiphysealis Hemimelica (DEH), otherwise
known as Trevor’s Disease, is an exceedingly rare
[1,2]
disorder of childhood . Characterized by excessive
cartilaginous growth from the epiphyseal region, DEH
is grossly and histologically similar to osteochondromas
[1]
found in the metadiaphyseal region . Patients generally
present with localized joint pain, tenderness, and
dysfunction, most commonly affecting the foot and
ankle but also reported in the knee, hip, and scapula.
DEH has an incidence of approximately one in 1000000
with males affected up to three times more frequently
[3]
than females . Three types of clinical presentation have
been described: Localized to one epiphysis; affecting
more than one epiphysis in the same limb; and diffuse
[2]
disease affecting the entire lower limb .
Though exceedingly rare, DEH usually presents in
children before 8 years of age. Only six cases of DEH
have ever been reported in individuals over 18 years of
age; one in the proximal femur, one in the distal radius,
one in the carpus, one in the distal tibia, one in the
[4-8]
talus, and one in the proximal tibia . Recurrence in an
adult has never been reported nor has recurrence in any
population requiring an additional open procedure. This
often intra-articular lesion can lead to early degenera
tive changes if left undiagnosed or untreated and can
[9]
cause functional debilitation .
We describe the novel case of a 39-year-old female
with DEH of the proximal tibia in whom recurrence
occurred three years after an initial open curettage and
resection. The patient was eventually treated definitively
with surgical excision.

CASE REPORT
A 39-year-old female initially presented to our outpatient

WJO|www.wjgnet.com

78

January 18, 2017|Volume 8|Issue 1|

Khalsa AS et al . Recurrence of adult Trevor’s disease

A

B

C

Figure 2 Initial computed tomography images of the right knee in the axial (A), coronal (B), and sagittal (C) planes.

A

B

C

Figure 3 Computed tomography images of the right knee after lesion recurrence in the axial (A), coronal (B), and sagittal (C) planes.

than her original mass. CT (Figure 3) scan revealed a
recurrent, sclerotic mass measuring 0.8 cm × 2.3 cm ×
1.6 cm arising from the lateral tibial plateau consistent
with recurrent intra-articular dysplasia epiphysealis
hemimelica. A complete excision was performed and
pathology showed sclerotic bone with overlying cartilage
consistent with exostosis. At her one-year and two-year
follow-up, the patient remains symptom-free with no
appreciable mass recurrence.

Most lesions are discovered before 8 years of
[14]
age . The most common location for DEH is the talus,
where it was originally described, followed by the distal
[14,15]
femur and the distal tibia
. To our knowledge, only
six reported adult-onset cases have been previously
described in the literature, comprising less than 1%
of known cases. As of a recent systematic review by
[7]
Gökkuş et al , six adult cases have been described in
the proximal femur, distal radius, carpus, distal tibia,
[4-8,11]
proximal tibia, and talus
. The re-appearance of an
adult lesion in the proximal tibia is a novel finding.
The recurrence rate of this osteocartilaginous over
growth is unknown after surgical intervention. It is
agreed upon that the gold standard for treatment of
extra-articular lesions is surgical excision in the setting
of pain or decreased range of motion, yielding more
[13,16]
favorable outcomes
. The treatment for intra-articular
lesions is less clear and determined on a case-by-case
basis, with excision only indicated in the presence of
symptomatic loose bodies, because of the detrimental
effects of excision to the articular cartilage. Currently,
only 1 recurrent case has been described in the
literature; this patient was a child and had 3 operations
all before the age of 5 years. In this case, a newonset proximal tibial DEH in an adult patient recurred
approximately 3 years after initial open excision. There
were no known factors affecting recurrence in this one
case. However, the presence of pain two a half months
prior to the patient’s subsequent presentation may be
explained by inadequate initial management, despite

DISCUSSION
Dysplasia Epiphysealis Hemimelica is a rare, oftentimes
aggressive outgrowth of bone and cartilage occurring
most frequently in the epiphyseal region of long bones.
Mouchet first described the lesion in 1926, referring to
the entity as tarsomegalie to describe the pathology as
[10]
a lesion about the ankle . In 1950, Trevor described
8 cases involving epiphyseal lesions about the knee
[11]
and ankle, terming them tarso-epiphysial aclasis .
He postulated that a congenital error in lower limb bud
formation ultimately resulted in cartilaginous hyperplasia.
Fairbank eventually coined the term dysplasia epiphy
sialis hemimelica in 1956 after publishing a case series
[12]
on 14 children with the lesion . DEH can resemble an
osteochondroma due to its predilection towards children
and developing bones and similar histologic appearance.
However, osteochondromas are generally found in the
meta-diaphyseal region, unlike DEH, which is typically
[13]
an epiphyseal lesion .
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Term explanation

debulking and curettage that was deemed sufficient
at the first attempt. We recommend that clinicians
considering operative treatment for these lesions should
note the potential for recurrence and should contemplate
a more aggressive excision as a preventative measure.
We also recommend that a post-operative follow-up
period of several years may be warranted to identify
lesions in the initial stages of recurrence.
In conclusion, DEH, although rare, does often require
surgical resection once diagnosed based on symptoms
and relevant imaging. Although more commonly occurr
ing in children, it should remain in the differential diagno
sis for adults with bony lesions in the epiphyseal region.
Surgical resection is a viable option in the setting of pain
and decreasing range of motion and must be balanced
with the sequelae of destroying articular cartilage,
however adequate follow-up is advised for potential
recurrent lesions.

DEH is a rare, frequently aggressive outgrowth of bone and cartilage occurring
most frequently in the epiphyseal region of long bones. The most common
location for DEH is the talus, where it was originally described, followed by the
distal femur and the distal tibia.

Experiences and lessons

This entity is commonly mistaken for a neoplastic process due to its location and
behavior. Clinicians considering operative treatment for these lesions should
note the potential for recurrence and should contemplate a more aggressive
excision as a preventative measure.

Peer-review

This paper is well written.
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Abstract
Odontoid fractures account for 5% to 15% of all cervical
spine injuries and 1% to 2% of all spine fractures.
Type II fractures are the most common fracture pattern
in elderly patients. Treatment (rigid and non-rigid
immobilization, anterior screw fixation of the odontoid
and posterior C1-C2 fusion) remains controversial and
represents a unique challenge for the treating surgeon.
The aims of treatment in the elderly is to quickly restore
pre-injury function while decreasing morbidity and
mortality associated with inactivity, immobilization with
rigid collar and prolonged hospitalization. Conservative
treatment of type II odontoid fractures is associated with
relatively high rates of non-union and in a few cases
delayed instability. Options for treatment of symptomatic
non-unions include surgical fixation or prolonged rigid
immobilization. In this report we present the case of a
73-year-old woman with post-traumatic odontoid nonunion successfully treated with Teriparatide systemic
anabolic therapy. Complete fusion and resolution of
the symptoms was achieved 12 wk after the onset of
the treatment. Several animal and clinical studies have
confirmed the potential role of Teriparatide in enhancing
fracture healing. Our case suggests that Teriparatide
may have a role in improving fusion rates of C2
fractures in elderly patients.
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Core tip: Odontoid fractures are common in elderly
patients and treatment of these injuries remains
challenging. Conservative management consists of rigid
immobilization with collar or Halo vest. Delayed union
or non-union is a common outcome in patients treated
conservatively. For a symptomatic non-union, surgery
may be the only option. In this case report we discuss
the case of a patient with an odontoid fracture non-union
successfully treated with systemic anabolic Teriparatide
therapy. A complete fusion was achieved after 12 wk
of treatment. Teriparatide therapy may have a role in
fostering fusion of C2 fractures in elderly patients.

Figure 1 Computed tomography-scan at admission to the hospital
showing a transverse fracture line above C2 vertebral body and below
transverse ligament of the odontoid process (type II fracture).
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2017; 8(1): 82-86 Available from: URL: http://www.wjgnet.
com/2218-5836/full/v8/i1/82.htm DOI: http://dx.doi.
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Known factors associated with higher risk of nonunion
include age > 50, displacement greater than 6 mm,
posterior displacement, angulation of the fragments,
[6,7]
and smoking . The role of segmental osteoporosis and
poor osteoblastic response is less clearly defined but is
commonly perceived as a potentially important factor in
determining facture healing potential. Teriparatide (i.e.,
rhPTH1-34) is the recombinant form of the biologically
active component of the human parathyroid hormone.
It is a novel anabolic drug therapy for osteoporosis
which has also been shown to stimulate osteoblasts and
enhance fracture healing in vivo. The aim of this study
is to report our experience with the use of rhPTH1-34 in
the treatment of a non-union type II dens fracture in an
elderly patient.

INTRODUCTION
Odontoid fractures comprise 5% to 15% of all cervical
spine fractures and represent the most common cervical
[1,2]
spine injury in elderly patients (> 65-year-old) .
Type II fractures (i.e., a fracture through the base of
the dens, below the transverse ligament) account
for the majority of cases (67%). Odontoid fractures
in the elderly are a potentially life threatening injury.
Acute respiratory arrest and spinal cord injury have
been described following fracture displacement. More
commonly, patients present with acute neck pain and
occasional occipital neuropathic pain. Reduced mobility,
chronic pain, and the presence of multiple medical
comorbidities often lead to a progressive decline of the
health status and excess mortality in elderly patients. In
a retrospective review, mortality risk at 1 year following
a cervical fracture in patients > 65 years of age was
[3]
28% .
There is a lack of agreement regarding the opti
mal treatment of odontoid fractures in the elderly.
The aim of treatment is to stabilize the fracture to
prevent neurological damage and allow early and safe
mobilization. Treatment options include conservative
management (i.e., hard collar and Halo vest immobili
zation) or surgical fixation. Surgery provides the
advantage of early mobilization and higher fusion rates.
However, it is also associated with high complication
[4]
rates and perioperative morbidity . Conservative
management is a safer option but is associated with
higher risk of delayed union or non-union (77%) and
[5]
increased morbidity due to prolonged immobilization .
Factors determining the poor healing potential of
odontoid fractures in the elderly are poorly understood.
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CASE REPORT
A 73-year-old woman was transferred to our emergency
department following a road traffic accident. The patient
was a restrained passenger of a car, the driver lost the
control of the vehicle and the car fell into a ditch at the
side of the road. The patient lost consciousness at the
impact but was found alert and oriented at the time of
the arrival of the ambulance. Patient observations were
stable and there were no signs of other bone injuries.
Patient had no neurological deficits and cranial nerves
were intact. Past medical history of the patient included
acute glaucoma and visual impairment.
A routine trauma series CT-scan was performed
and showed a type II odontoid fracture with anterior
displacement (Figure 1). Patient was referred to our
spinal unit and, after appropriate counselling, elected a
non-operative treatment. Cervical spine was stabilized
with a Philadelphia collar and patient was discharged
home 3 d after the injury. The first outpatient clinic
appointment was booked at 2 wk after discharge
and patient was seen at regular intervals thereafter.
Six months following the injury the patient was still
complaining of significant axial neck pain requiring
regular pain killer. An interval computed tomography
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Figure 2 Interval computed tomography-scan 6 mo after the index injury.
No healing is demonstrated, sclerotic bone margins are demonstrated at the
fracture fragments.

Figure 3 Computed tomography-scan performed at the end of 3 mo of
anabolic therapy with Teriparatide confirming a complete fusion of the
fracture with acceptable alignment.

(CT) scan at 6 mo after the injury revealed a non-union
at the fracture site, distance between fracture fragments
was 4 mm and there was evidence of sclerotic bone
margins at the level of the fracture (Figure 2). Surgical
options were discussed with the patient at this stage,
but she again refused any surgical intervention.
Patient was maintained in rigid collar and was
offered off-label therapy with daily subcutaneous injec
tions of Teriparatide (rhPTH1-34) 20 μg/d which she
accepted. This is the same regime used for treatment of
osteoporosis in post-menopausal women. The anabolic
treatment with Teraparatide was monitored through
periodic examinations and regular measurements of
serum levels of calcium, phosphorus, vitamin D, para
thyroid hormone and alkaline phosphatase.
Forty-five days after starting Teriparatide treatment,
an interval CT scan showed an initial phase of callus
formation at the fracture site with partial closure of the
fracture gap. Anabolic therapy was continued for 3 mo,
at the end of the treatment a final CT scan confirmed
a complete consolidation of the fracture (Figure 3).
Flexion/extension X-rays of the cervical spine showed
no residual instability, and axial neck pain had resolved
as well. Mean Visual Analogic Scale score at the end
of the treatment was 3 (from a baseline value of 8),
whilst SF-12P score was 45.1 and the SF-12M score
was 58 (from baseline values of 29.4 for SF-12P and
28.7 for SF-12M). The Neck Disability Index decreased
from 70% to 15% at the time of last follow-up. No side
effects related to the use of Teriparatide were noted in
our patient.

screw fixation) allow significantly higher fusion rates
(83%-100%) than traditional techniques, they remain
technically demanding and are associated with a
[8-10]
sizable perioperative complication rate
. Reported
fusion rate for conservative management varies from
[7,11]
23% to 46%
. It is safer than surgery in the short
term, but associated with prolonged immobilization
and reduced mobility. Cranial, pulmonary and cardiac
complications have all been reported in patients treated
with rigid immobilization. Furthermore, the development
of a fibrous non-union is a common finding in patients
treated conservatively. Although achievement of a stable
fibrous non-union is regarded as an acceptable outcome
in elderly patients by some authors, there are cases
described of late onset cervical myelopathy in patients
[12]
with non-union of the odontoid process .
Teriparatide (rhPTH1-34) is a novel Food and Drug
Administration (FDA) approved drug for treatment
of post-menopausal osteoporosis. Teriparatide is a
recombinant form of the N-terminal 1-34 fragment of
the human parathyroid hormone (PTH). In humans,
PTH regulates blood calcium levels by controlling renal
calcium reabsorption and release of calcium from
the skeleton. As such, continuous high levels of PTH
determine progressive bone demineralization and
systemic osteoporosis. Interestingly, the intermittent
administration of PTH has opposite effects on bone
metabolism and stimulates new bone formation (i.e.,
[13]
anabolic action) . Teriparatide is the only currently
available drug with anabolic effect on bone metabolisms.
It is FDA approved for use in patients with severe postmenopausal osteoporosis (i.e., in women with a history
of osteoporotic fractures or who are not responsive to
other osteoporosis therapies) and can be administered
for a maximum of 24 mo.
Several studies have investigated the role of
Teriparatide in accelerating fracture healing and non[14,15]
unions. In 1999 and 2001, Andreassen et al
reported the effects of systemic intermitted PTH treat
ment in a rat model of fracture healing. Treated animals
showed increased fracture strength and callus volume
at 8 wk after treatment. In 2010, similar findings were

DISCUSSION
The number of elderly patients is growing rapidly in
western countries and worldwide. By 2025, one fifth
of the world population will be over the age of 65 and
the number of osteoporotic and fragility fractures are
expected to rise accordingly. Odontoid fractures are
common in elderly patients, and treatment remains
controversial. Although modern surgical techniques
(i.e., C1-C2 transarticular and C1-C2 polyaxial
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[16]

published by Mognetti et al
in a mouse model of
tibial fracture. The authors noted a stimulation of callus
formation with Teriparatide dosage of 40 μg/kg per
day; 15 d after treatment callus mechanical strength
approximated normal bone. The anabolic effect of
Teriparatide administration is not limited to the period of
[17]
treatment as shown by Alkhiary et al in a rat model.
The authors showed that 49 d after discontinuing
anabolic treatment, treated animals were still showing
a continuous increase of bone mineral density and
[17]
torsional strength . The anabolic effect of Teraparatide
administration has also been confirmed in animal
[18]
models of delayed bone healing .
The effects of Teriparatide on human fracture
healing have been investigated by several authors with
contrasting results. In the only Level I study on this
[19]
topic, Aspenberg et al
have studied a cohort of 102
post-menopausal patients with distal radius fractures
treated conservatively. Median time to radiographic
healing was 9.1 wk in the control group, and 7.4 and
8.8 wk in the groups treated with 20 μg and 40 μg of
Teriparatide, respectively. The differences between the
[19]
groups were not statistically significant . Opposite
[20]
results have been reported by Peichl et al in a series
of 65 post-menopausal women with pubic bone fracture
treated with the 1-84 form of PTH. The median healing
time was 7.8 wk for the treatment group vs 12.6 wk
[20]
for the control group . The only available data on the
effects of anabolic treatment on spinal fractures healing
[21]
have been reported by Bukata et al
in 2010. The
authors studied a cohort of 145 patients with spinal or
appendicular skeleton fractures. Fracture healing rate
was 93% at 12 wk after treatment with Teriparatide.
To the best of our knowledge, no study has syste
matically investigated the role of Teriparatide in cervical
spine fractures. The only available study on this topic
[22]
is a case report by Rubery et al
published in 2010.
The authors reported on 3 patients with painful delayed
unions of type III odontoid fractures. All 3 patients
were started on therapeutic doses of Teriparatide and
experienced complete resolution of their symptoms and
[22]
complete union . In this study, we report the case of
a painful delayed union of a type II odontoid fracture.
Our patient presented with persistent pain and failed
conservative treatment of the fracture. Teriparatide
treatment was started 6 mo after the index injury and
a complete fusion with resolution of the symptoms was
observed 12 wk after the onset of the therapy.
The nature of our study does not allow a generali
zation of our results. It is impossible to know whether
our patient would have developed a non-painful fibrous
non-union at a later follow-up. Also, complete bone
union can be observed as long as 9-12 mo after the
index injury. Nevertheless, we think our case report
raises an important point in the management of this
very common injury in elderly patients. Teriparatide
may represent a useful adjunct to the armamentarium
of the clinician for treatment of painful cervical nonunions in frail elderly patients. We believe that a
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prospective study on the effects of anabolic therapy in
type II odontoid fractures could have a profound impact
on the management and outcomes of frail elderly
patients.
We described a case of a painful non-union of type
II odontoid fracture in an elderly patient treated con
servatively. Due to no improvement in her symptoms
and no progress of radiological union we offered our
patient systemic treatment with rhPTH1-34 (Teriparatide)
for 3 mo. At the end of the treatment a stable union of
the fracture was achieved with complete resolution of
the pain. Our report suggests that Teriparatide may have
a role in enhancement of fracture healing in elderly
patients with odontoid fractures.
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COMMENTS
COMMENTS
Case characteristics

A 73-year-old woman with type II odontoid fracture. Treated conservatively with
Philadelphia collar. Patient presented at 6 mo with ongoing mechanical neck
pain with no neurological deficits.

Clinical diagnosis

Painful non-union of type II odontoid fracture.

Differential diagnosis

Delayed union of type II odontoid fracture can present with similar symptoms.
Displacement of the fragments can also determine delayed compression on the
spinal cord with myelopathy symptoms.

Imaging diagnosis

Cervical CT-scan showing a transverse fracture line of the odontoid process
below the transverse ligament. There was minimal fracture displacement with
fragments osteoporosis and sclerotic bony margins (non-union).

Treatment

Rigid external immobilization with cervical collar (Philadelphia) and systemic
anabolic therapy with Teriparatide (20 µg/die) for 12 wk.

Related reports

Painful non-union is common after conservative treatment of type II odontoid
fractures in elderly patients. Treatment options involve delayed surgical
stabilization and fusion or conservative treatment with analgesia and external
rigid immobilization. Stability must be assessed with flexion/extension X-rays to
prevent delayed cervical myelopathy.

Experiences and lessons

Systemic Teriparatide therapy can be a valuable alternative approach to
surgical fixation and fusion in symptomatic non-unions of the odontoid process.
Teriparatide use for fracture healing enhancement is non Food and Drug
Administration approved and must be considered “off label”.

Peer-review

Authors report the treatment of a relatively common disease (a type II odontoid
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fracture) with a widely used therapeutic approach in enhancing fracture healing
(teriparatide), that has not been specifically reported as a therapeutic agent in
this precise condition.
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