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Abstract

Institutional review board statement: The local accredited
ethics committee (Dutch acronym: METC) reviewed this study
in an expedited manner and determined, based on the Dutch
Medical Research Involving Human Subjects Act (Dutch
acronym: WMO), that the research activities described meet the
requirements for exemption from METC review under the WMO.

AIM
To translate the Victorian Institute of Sports AssessmentAchilles (VISA-A) questionnaire into the Dutch language
(VISA-A-NL), and to assess its reliability, validity, and
applicability to non-athletes.

Informed consent statement: All patients received a patient
information brochure.

METHODS
After translation according to a forward-backward
protocol, 101 patients with complaints of Achilles tendi
nopathy were asked to fill out the VISA-A-NL at two
time points together with visual analogue scale, the
Foot and Ankle Outcome Score, and the Short Form-36
questionnaires. Reliability, internal consistency, construct
validity, and content validity were tested.

Conflict-of-interest statement: The authors do not report a
conflict of interest.
Data sharing statement: None.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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RESULTS
The VISA-A-NL showed high reliability (0.97, 95%CI:
0.95-0.98). Cronbach’s alpha (internal consistency) was
0.80. It increased to 0.88 without activity domain. Correlation
with other questionnaires was moderate or poorer.
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CONCLUSION
The VISA-A-NL proved to be an excellent evaluation
instrument for the Dutch physician. If applied to nonathletes, using a modified score (questions 1-6) should
be considered.

provide information about the effect of the management
of patients with Achilles tendinopathy who speak these
[1,7,8]
languages
. The aim of this study was to translate the
VISA-A questionnaire into the Dutch language (VISA-ANL) and assess its reliability and validity to provide a valid
questionnaire for the Dutch population. Moreover, the
questionnaire seems to be designed only for athletes as
40% of the points account for activity. As approximately
30% of patients with complaints of Achilles tendinopathy
[9]
have a sedentary lifestyle , applicability to non-athletes
was also evaluated in this study.

Key words: Achilles tendon; Victorian Institute of Sports
Assessment-Achilles; Validity; Patient reported outcome
measurement
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This manuscript shows the validity and
reliability of the Dutch version of the Victorian Institute
of Sports Assessment-Achilles (VISA-A) in patients with
Achilles tendinopathy. The most important finding is
that the athletes and non-athletes cannot be compared.
The effect of treatment, when using the VISA-A
score to measure outcome, is underestimated in nonathletes. If applied to non-athletes, using a modified
score (questions 1-6) should be considered.

MATERIALS AND METHODS
Translation procedure

A Dutch translation was made using a forward-back
ward translation protocol according to the guidelines of
[4,5]
Guillemin et al . Three people independently translated
the English version of the VISA-A questionnaire to Dutch.
All three were in the medical field, and spoke English as
a second language. One independent native speaker who
was not active in the medical field translated this Dutch
version back into English. Discrepancies were discussed
and adjusted for the final Dutch questionnaire (VISA-ANL). It was assumed that no major cultural differences
in lifestyle exist between the Dutch and Canadian
populations, and therefore cultural adaptation of the
[4,10]
questionnaire was not required
.

Sierevelt I, van Sterkenburg M, Tol H, van Dalen B, van Dijk N,
Haverkamp D. Dutch version of the Victorian Institute of Sports
Assessment-Achilles questionnaire for Achilles tendinopathy:
Reliability, validity and applicability to non-athletes. World J
Orthop 2018; 9(1): 1-6 Available from: URL: http://www.wjgnet.
com/2218-5836/full/v9/i1/1.htm DOI: http://dx.doi.org/10.5312/
wjo.v9.i1.1

Patients

The local accredited ethics committee (Dutch acronym:
METC) reviewed this study in an expedited manner
and determined, based on the Dutch Medical Research
Involving Human Subjects Act (Dutch acronym: WMO),
that the research activities described meet the require
ments for exemption from METC review under the
WMO. According to the Consensus-Based Standards
for the Selection of Health Measurement Instruments
criteria, we decided to choose a sample size of at
least 100 patients. Actually, 104 consecutive patients
from the outpatient clinic of three participating Dutch
hospitals were included, of whom 47% were female; 79
(76%) were athletes and 25 (24%) were non-athletes.
Their mean age was 48.5 years (SD, 11.6 years).
All patients had complaints of Achilles tendinopathy
(including mid-portion and insertional tendinopathy,
[11]
paratendinopathy, and retrocalcaneal bursitis) .
They were clinically assessed and an American
Orthopaedic Foot and Ankle Society (AOFAS) questionnaire
was taken by the consulting physician. All patients were
asked to fill out two sets of questionnaires; the first [A
= VISA-A-NL, the Visual Analogue Scale (VAS) pain,
VAS function, the Foot and Ankle Outcome Score (FAOS),
and the Short Form-36 (SF-36)] was completed on
the day of consultation, and the second (B = VISA-A[12]
NL) was completed 5 d later . Additionally, they were
asked whether their complaints had changed since the
first assessment.

INTRODUCTION
Achilles tendinopathy is a major cause of chronic pain and
disability, which may lead to suboptimal overall health
as physical inactivity is a risk factor for cardiovascular
[1]
disease . Many studies have been published on a
multitude of treatments for Achilles tendinopathy, but
prospective series on the outcome are lacking. One
of the factors limiting the quality of research may be
the absence of standardised measures to evaluate the
[2]
outcome of treatment . A patient’s subjective assessment
of treatment outcome such as pain, functional ability,
and satisfaction fulfils the criteria of being valid, reliable,
and sensitive to change if gathered by a correctly
[3]
designed and tested patient-centred questionnaire . The
Victorian Institute of Sports Assessment-Achilles (VISA-A)
questionnaire was created in 2001 to assess clinical
severity for patients with Achilles tendinopathy. It is a
self- administered questionnaire evaluating symptoms
and their effect on physical activity, and displayed
reliability and construct validity. Subjective scoring
systems can be used in countries other than the ones in
which they were developed if translated and validated for
[4-6]
a specific language and population . The VISA-A has
been translated into Swedish, Italian, and German and
proved to be able to determine the clinical severity and

WJO|www.wjgnet.com
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Questionnaires

administration when no change in physical functioning
[22]
has occurred . To determine the test-retest reliability,
a second VISA-A-NL (B) questionnaire was given to
all patients; 67 patients responded. In 15 patients,
complaints had changed at re-test measured by an
anchor question (7 item Likert). Test-retest reliability
was therefore assessed in 52 patients, using the intraclass coefficient (ICCagreement, two-way random effects
[23]
model). An ICC > 0.75 was considered good . A
t-test was performed to determine the presence of a
systematic difference between the first and second
assessment. Additionally, standard error of measurement
(SEM) was calculated as the square root of the withinsubject variance. The smallest detectable change (SDC)
was calculated as 1.96 × √2 × SEM. The SDC is the
smallest measurement change that can be interpreted as
[24]
real change .

The original English version of the VISA-A questionnaire
[2]
as designed by Robinson and co-workers contains eight
questions that cover three domains; pain (questions 1-3),
function (questions 4-6), and activity (questions 7-8).
Scores are summed to yield a total of 100 points in an
asymptomatic subject: questions 1-7 score a maximum
of 10 points each; question 8, on sporting activity,
carries a maximum of 30. Pain on undertaking sports will
automatically lead to a loss of 10-20 points.
Since questions 7 and 8 refer to sport activities
(accounting for 40% of points) and the study population
contained both athletes and non-athletes, we modified
the VISA-A score by deleting both questions and
investigated the psychometric properties of both the
VISA and the modified VISA.
FAOS is a 42-item questionnaire divided into five
subscales: pain (9 items), other symptoms (7 items),
activities of daily living (17 items), sport and recreation
function (5 items), and foot and ankle related quality of
life (4 items). Each question can be scored on a 5-point
Likert scale (0-4) and each of the five subscale scores is
calculated as the sum of the items included. Raw scores
[13]
are then transformed to 0-100, worst to best score .
SF-36 is a self-administered, generic HRQL (health
[14-17]
related quality of life) instrument
. It comprises 36
items across eight dimensions (physical functioning,
role limitation due to physical problems, bodily pain,
perception of general health, energy and vitality, social
functioning, role limitation due to emotional problems,
and mental health). The eight dimensions of the SF-36
[18]
score are calculated on a 0-100 worst to best scale .
The VAS is a 100 mm visual analogue scale and is
used to determine the seriousness of pain and functional
[19]
problems .
In 1994, the AOFAS developed a questionnaire to
provide a standard method for reporting clinical status
of the ankle and foot. The AOFAS-ankle and hindfoot
clinical rating system combines both subjective and
objective factors into numerical scales to describe
function, alignment, and pain. Since objective aspects
are incorporated, this questionnaire has to be completed
[20]
by the investigator .

Internal consistency: Internal consistency of the scale
is the extent to which the items are inter-correlated and
cover the same construct (homogeneity of the scale).
To evaluate the internal consistency of the VISA-A,
Cronbach’s alpha was calculated. A Cronbach’s alpha of
0.7 was considered to represent an acceptable degree
of internal consistency, 0.8 was considered as good, and
[25]
0.9 as excellent internal consistency .

Validity

Validity relates to the ability of a questionnaire to
measure outcome parameter of interest.
Construct validity: Construct validity was tested
by determining the association between the VISA-ANL questionnaire and the FAOS, SF-36, VAS scores
for pain and function, and the AOFAS, using Pearson
correlation coefficients. We evaluated construct validity
by hypothesizing that correlation coefficients between
the VISA-A-NL (with and without the activity questions)
and VAS pain, FAOS pain, symptoms, and sport
and recreation, and SF-36 bodily pain and physical
functioning would be higher than correlations with the
other domains.

When a questionnaire is developed or translated, the
most important consideration is that it must be able
to accurately measure that for which it is designed. To
evaluate the psychometric properties of the VISA-A-NL,
both reliability and validity were assessed.

Content validity: Content validity examines the
extent to which all concepts of interest are adequately
[12]
represented by the items in the questionnaire . It was
evaluated by assessing distribution and floor and ceiling
effects of the VISA-A-NL. These are considered to be
present if more than 15% of responders achieve the
[12]
lowest or highest possible score .

Reliability

Statistical analysis

Testing

Statistical analyses were performed using PASW statistics
18.0 software (SPSS Inc., Chicago, IL, United States). A
P-value < 0.05 was considered statistically significant.

Reliability is defined as the extent to which patients can
be distinguished from each other, despite measurement
[21]
errors .
Test-retest reliability: Test-retest reliability refers to
the repeatability of the test and measures the extent
to which the same results are obtained on repeated

WJO|www.wjgnet.com

RESULTS
Of 104 participants, 11 returned questionnaires that
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Table 1 The ICCagreement and Cronbach’s alpha of the questionnaire

ICCVISA total (95%CI)
ICCVISA modified (95%CI)
SEMVISA total
SEMVISA modified
SDCVISA total
SDCVISA modified
Cronbach’s alphaVISA total
Cronbach’s alphaVISA modified

Athletes (n = 39)

Non-athletes (n = 13)

Total (n = 52)

0.95 (0.91-0.97)
0.96 (0.92-0.98)
4.41 (4.4%)
2.64 (4.4%)
12.21 (12.2%)
7.32 (12.2%)
0.72
0.83

0.98 (0.93-0.99)
2.42 (4.0%)
6.70 (11.2%)
0.82
0.86

0.97 (0.95-0.98)
0.97 (0.95-0.98)
4.07 (4.1%)
2.68 (4.5%)
11.28 (11.3%)
7.44 (12.4%)
0.78
0.86

ICC: Intra-class correlation coefficient; SEM: Standard error of measurement; SDC: Smallest detectable change.

Table 2 Pearson correlation coefficients of the Victorian Institute of Sports Assessment-Achilles-NL with the other questionnaires
(with and without activity domain)
VISA-ATotal

VISA-AModified

VISA-AModified

VISA-ATotal

VISA-AModified

Athletes (n = 71) Athletes (n = 71) Non-athletes (n = 22) Entire population (n = 93) Entire population (n = 93)
VAS pain
VAS function
AOFAS
FAOS symptoms
FAOS pain
FAOS ADL
FAOS sport
FAOS QOL
SF-36 physical functioning
SF-36 role physical
SF-36 bodily pain
SF-36 social functioning
SF-36 mental health
SF-36 role emotional
SF-36 vitality
SF-36 general health perception
SF-36 physical component scale
SF-36 mental component scale

-0.54a
0.52a
0.48a
0.45a
0.53a
0.56a
0.56a
0.29a
0.55a
0.13
0.31
0.01
-0.11
-0.06
-0.26
-0.01
0.43a
-0.34a

-0.58a
0.51a
0.46a
0.52a
0.56a
0.55a
0.61a
0.33a
0.63a
0.12
0.40a
-0.04
-0.07
0.02
-0.25
-0.02
0.47a
-0.32a

-0.39
0.44a
0.31
0.53a
0.52a
0.47a
0.43a
0.14
0.66a
0.58a
0.46a
0.29
0.39
0.65a
0.26
0.28
0.36
0.49a

-0.54a
0.50a
0.56a
0.58a
0.58a
0.59a
0.55a
0.38a
0.70a
0.31a
0.49a
0.27a
0.21
0.37a
-0.05
0.25a
0.52a
0.04

-0.57a
0.52a
0.50a
0.60a
0.60a
0.58a
0.59a
0.37a
0.71a
0.32a
0.51a
0.21
0.20
0.39a
-0.09
0.21
0.51a
0.03

a

P < 0.05. VISA-A: Victorian Institute of Sports Assessment-Achilles; VAS: Visual analogue scale; AOFAS: American Orthopaedic Foot and Ankle Society;
FAOS: Foot and ankle outcome score; SF-36: Short form-36.

were filled out incompletely or erroneously and were
therefore excluded from analysis. Thus, 93 patients
were finally included in the analysis.

poor correlation was also observed for the psychological
domains (SF-36 social functioning, mental health, role
emotional, vitality, and general health perception).
The mean scores of the VISA-A-NL questionnaire
were 52.4 (SD 19.7) and 22.0 (SD 15.7) for athletes
and non-athletes, respectively. The mean scores of the
modified VISA-A-NL questionnaire were 36.2 (SD 13.9)
and again 22.0 (SD 15.7) for athletes and non-athletes,
respectively. Floor and ceiling effects were not observed
in both versions of the questionnaire, as only one (1%)
subject scored 0 points, nobody scored 100 points, and
one patient scored the maximum of 60 points in the
modified VISA-A score.

Reliability

Of 93 patients, 52 (56%) returned the second set of
questionnaires. The ICCagreement of the questionnaire
was 0.97 (95%CI: 0.95-0.98) and Cronbach’s alpha
was 0.78 for the entire study population (Table 1).
A statistically significant difference between the two
assessments was not observed for both versions of the
VISA-A-NL in athletes, nor in non-athletes (0.29 < P <
0.67).

Validity

DISCUSSION

Pearson correlation coefficients of the VISA-A-NL
with the other questionnaires are shown in Table 2.
The subscale “SF-36 physical functioning” correlated
well with the VISA-A-NL questionnaire, both with and
without activity domain. Most other physical domains
correlated moderately, but the subscales of FAOS
quality of life showed a poor correlation with VISA-A. A

WJO|www.wjgnet.com

The aim of this study was to translate the original
VISA-A questionnaire on the subjective complaints
of patients with Achilles tendinopathy into the Dutch
language, to validate it, and to assess its applicability to
non-athletes.
The translation procedure did not create any pro
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blems, since the items are universal and there is no
large cultural difference between Dutch and Canadian
patients.
Reliability of the translation was excellent, with
a statistically non-significant difference between
assessments. This outcome may be explained by the
fact that, as the procedure for the Dutch Oxford 12-item
knee questionnaire taught us, we introduced a question
[26]
if complaints had changed between assessments .
Fifteen (22%) of sixty-seven patients answered this
question with “yes”, and therefore they were excluded
from reliability testing.
The SDC in this study indicated that under a stable
condition, the VISA-A score can vary up to 12 points.
For clinical studies, this implies that clinical changes can
only be detected if they exceed the 12 points.
The study questionnaire showed good internal
consistency (Cronbach’s alpha = 0.80), but there
indeed was a negative effect of the activity domain.
Sub-analysis without these questions showed an
increase of Cronbach’s alpha to 0.88. However, when
measuring the effect of a treatment in a mixed group of
athletes and non-athletes, the effect of treatment could
be underestimated. For example, an athlete can score
0 points with questions 7 and 8 before treatment as
complaints withhold him/her from being sports active.
After treatment, the athlete is complaint-free and
scores 100 points. The non-athlete also scores 0 points
for questions 7 and 8 before treatment, and is also
complaint-free after treatment. However, he/she will
never score higher than 60 points as questions 7 and 8
will not be answered differently between assessments.
The effect of treatment, when using the VISA-A score to
measure outcome, is therefore underestimated in nonathletes.
When choosing the VISA-A questionnaire for a mixed
population of athletes and non-athletes, deleting questions
7 and 8 can be considered, since the psychometric
properties of the modified VISA-A were comparable with
those of the original version.
Generally, Pearson correlation coefficients were higher
for physical than psychological components. Convergent
and divergent validity is confirmed as correlation
coefficients were higher for the physical domains of the
questionnaires. However, for non-athletes, correlation
with socio-emotional components was also higher. This
could imply that physical restrictions in this subgroup with
chronic Achilles tendinopathy have greater emotional
and social consequences than in athletes. Noticeable is
the moderate correlation of VISA-A with VAS, which is a
validated subjective outcome measure frequently used
for scientific means.
Low correlations can be explained by the fact that
none of the questionnaires except for the VISA-A were
validated for Achilles tendinopathy. Initially it was
intended to do so, but this study aim was departed to
not further enlarge patient burden as many of these
questionnaires are extensive. Given the laborious inclusion
of 104 patients in 3.5 years and a 56% response rate to

WJO|www.wjgnet.com

both assessments, this was well decided. This was also
why responsiveness was not tested.
In conclusion, the VISA-A-NL questionnaire seems
suitable for use in athletes. However, in a combined
population of athletes and non-athletes, results will
become incomparable as the highest possible score
for non-athletes is 40 points lower than that for nonathletes. Psychometric properties of the VISA-A-NL,
without questions 7 and 8, are satisfactory for both
athletes and non-athletes. It is therefore proposed that
the modified VISA-A-NL questionnaire is considered a
mixed population of patients with Achilles tendinopathy,
meaning a version with only questions 1-6 and the
complete questionnaire (questions 1-8) is reserved for
athletes only.

ARTICLE HIGHLIGHTS
COMMENTS
Background

Achilles tendinopathy is a major cause of chronic pain and disability. Many
studies have been published on a multitude of treatments for Achilles
tendinopathy, but prospective series on the outcome are lacking. The Victorian
Institute of Sports Assessment-Achilles (VISA-A) questionnaire was created
in 2001 to assess clinical severity for patients with Achilles tendinopathy. It
is a self-administered questionnaire evaluating symptoms and their effect on
physical activity, and displayed reliability and construct validity.

Research frontiers

The VISA-A has been translated into Swedish, Italian, and German and proved
to be able to determine the clinical severity and provide information about the
effect of the management of patients with Achilles tendinopathy who speak
these languages.

Innovations and breakthroughs

This work translated the VISA-A questionnaire into the Dutch language (VISAA-NL), assessed its validity and reliability, and provided a valid questionnaire for
the Dutch population. The questionnaire seems to be designed only for athletes
as 40% of the points account for activity. As approximately 30% of patients with
complaints of Achilles tendinopathy have a sedentary lifestyle, applicability to
non-athletes was also evaluated.

Applications

Psychometric properties of the VISA-A-NL, without questions 7 and 8, are
satisfactory for both athletes and non-athletes. It is therefore proposed that
the modified VISA-A-NL questionnaire is considered for a mixed population of
patients with Achilles tendinopathy.
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Abstract
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AIM
To determine which of the common used incision tech
niques has the lowest chance of iatrogenic damage to the
nerves which at risk are the superficial branch of the radial
nerve (SBRN) and the Lateral Antebrachial Cutaneous
Nerve (LABCN).

Author contributions: Poublon AR and Kerver ALA performed
the research, did the experiments and wrote the paper; Kleinrensink
GJ, Coert JH and Walbeehm ET helped with study design and
writing of the paper.
Institutional review board statement: As this is a cadaveric
study, no institutional review board statement is required.

METHODS
Twenty embalmed arms were dissected and the course
of the SBRN and the LABCN in each individual arm was
marked and the distance between the two branches
of the SBRN at the location of the First Extensor
Compartment (FEC) was measured. This data was used
as input in a visualization tool called Computer Assisted
Anatomy Mapping (CASAM) to map the course of the
nerves in each individual arm.
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RESULTS
This image visualizes that in 90% of the arms, one
branch of the SBRN crosses the FEC and one branch runs
volar to the compartment. The distance between the two
branches was 7.8 mm at the beginning of the FEC and
10.2 mm at the end. Finally the angle of incision at which
the chance of damage to the nerves is lowest, is 19.4
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longitudinally and the first extensor compartment is
released.
[18]
The “lazy S” incision has been described . The
skin is incised with a stretched S over a length of 2 cm
over the first extensor compartment. As with the other
techniques, the underlying tissue is bluntly dissected down
to the extensor retinaculum and the extensor retinaculum
is opened longitudinally to release the first extensor
compartment.
Another technique, is an incision under a specific angle
[19]
as described . Firstly a line is drawn down the midshaft of the first metacarpal and secondly a line is drawn
perpendicular to the first line one finger width proximal
to the base of the first metacarpal. From the intersection
of these two lines, a 1-1.5 cm long incision is directed
proximally and directed towards the ulna at a 30 to
45-degree angle.
However until now no consensus has been established
on a “golden standard” for the incision type used for
surgical treatment of the de Quervains Disease. The ideal
incision should provide the best exposure with minimal
scar tissue formation, a low recurrence rate and a minimal
chance of iatrogenic damage to anatomical structures, i.e.
the superficial nerves.
The structures most at risk in case of surgical treat
ment of QD are the SBRN and the Lateral Antebrachial
Cutaneous Nerve (LABCN). The course of these nerves has
been described in many previous studies (ref anatomy).
The course of these nerves makes them very susceptible
to iatrogenic damage. Some form of Superficial nerve
damage has been estimated to occur in 0.5% to 30% of
[15,20-25]
release
.
[26]
As postulated in an earlier study , iatrogenic nerve
damage to these nerves can lead do debilitating neuro
[27]
pathic pain symptoms .
The aim of this study is to identify, out of the four
operative techniques described above, the technique with
the lowest risk of iatrogenic damage to the nerve.
By using a new anatomical tool called Computer
Assisted Anatomy Mapping (CASAM) it was possible to
visualize statistics on the course of the nerves most at risk,
such as the SBRN and LABCN.
CASAM is a tool that made it possible to visually map
the course of the two branches of the SBRN and the
course of the LABCN in each of the twenty arms that
were dissected. By enlarging and/or reducing the size
of all twenty individual visual images to the size of the
average length of all twenty arms and then layering all
individual images over each other, a visual image was
created that represents the jointly course of the nerves in
[28,29]
the average arm
(see the CASAM paragraph below).
This image, created by using CASAM, shows the
complexity of the course and density of the nerves at
risk in the operative area and thus providing a tool to
evaluate the four incision techniques when operating.

degrees volar to the radius.
CONCLUSION
CASAM shows the complexity of the course of the SBRN
over the FEC. None of the four widely used incision
techniques has a significantly lower chance of iatrogenic
nerve damage. Surgical skills are paramount to prevent
iatrogenic nerve damage.
Key words: De Quervain’s tenosynovitis; First dorsal
compartment release; Wrist surgery
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although many incision techniques can be found
in literature no consensus on the best incision technique
has been established. The study shows a large variation
in the course of the superficial branch of the radial nerve
over the first extensor compartment. However no com
plete safe zone can be defined. The choice of incision
remains surgeons’ preference and surgical skills are para
mount to prevent iatrogenic nerve damage.
Poublon AR, Kleinrensink GJ, Kerver ALA, Coert JH,
Walbeehm ET. Optimal surgical approach for the treatment
of Quervains disease: A surgical-anatomical study. World J
Orthop 2018; 9(2): 7-13 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v9/i2/7.htm DOI: http://dx.doi.
org/10.5312/wjo.v9.i2.7

INTRODUCTION
A study regarding de Quervains disease (QD) performed
in the UK showed a prevalence of 0.5% in men and 1.3%
[1]
in women . The study also showed a higher prevalence
in workers and black people. Since its first description
in 1895 by Fritz de Quervain, various treatment options
have been described, varying from non-invasive tech
[2-7]
niques, such as splinting , to more invasive techniques
[3,8-13]
such as injection
or even an operation one very
debilitating complication after surgery for de Quervains
disease, is nerve damage.
In previous studies four incision types have been
suggested when applying surgical treatment: Transverse,
longitudinal, lazy “s” or even specific angle technique.
The transverse incision is designed to follow the lines
[14,15]
of Langer and provide a superior cosmetic result
.
The skin is incised transversely for 0.5 to 1 cm and the
underlying tissue is bluntly dissected down to the extensor
retinaculum overlying the first extensor compartment. The
retinaculum is opened longitudinally and the first extensor
compartment is released.
The longitudinal incision has been emphasized as being
[16,17]
the safest incision
. The skin is incised longitudinally
for 1.5 to 2 cm over the first extensor compartment and
the underlying tissue is bluntly dissected down to the
extensor retinaculum. The extensor retinaculum is opened

WJO|www.wjgnet.com
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Twenty embalmed arms were dissected and the course
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Figure 1 Landmarks used to outline the arm. MCP: Metacarpo phalangeal.

is difficult. By using CASAM it is possible to compare digital
images of all dissected arm directly by warping them to an
average dimension.
CASAM is based on the fact that the bony landmarks,
such as Lister’s tuberculum, are relatively constant in
the same position in every arm. These are called “bony
landmarks” (BL). From “bony landmarks” so called “shape
defining landmarks” (SDL) were calculated, to mark
the outline of each arm, by dividing the space between
two BL’s into equal parts. The BL’s and SDL’s were used
to define the shape of each arm and average locations
for these landmarks were computed, thus creating
an “average” arm. All arms were then warped to the
dimensions of the “average” arm making is possible to
compare all the arms directly. The “scaled” course of the
SBRN and the LABCN of all individual arms could then be
compared directly. In the near future, the data collected
in the anatomical study will be stored in a database which
is made accessible via the internet. Then, a digital picture
of a patient can be uploaded and warped to the “average”
arm of the CASAM database to predict the course of
the SBRN making more precise, individual preoperative
planning possible.
The “bony landmarks” and “shape defining landmarks”
used in this study can be found in Figure 1 (green marks
and blue marks). An image is then created of each arm
with average dimensions of all specimen. This shows the
average course of the SBRN.
The mean distance between a line through the lateral
and medial epicondyle and Lister’s tuberculum, was
239.15 mm (range 209-281 mm), this distance was used
as the reference length of the arm.

of the SBRN and LABCN were identified and marked
using colored pins. All arms [9 male, 11 female; mean
age 79.35 (range 61-90); 15 Right, 5 Left] were
embalmed using the anubifix embalming solution. The
dissections were then performed under a magnifying
loupe with a 2.5 times magnification.

Dissection

A standardized dissection technique was used. An
incision was made from approximately 10 cm above
the elbow down to the Metacarpo phalangeal (MCP)
joint. At the proximal and distal end of the first incision,
two perpendicular incisions were placed, by making
these incisions a skin flap was created which could be
removed laterally and medially. The Musculocutaneous
Nerve was identified under the biceps and the LABCN
was followed down to the MCP. At the distal 1/3 of the
arm, the brachioradialis muscle was identified and
bluntly dissected from the underlying tissue. The SBRN
was found running under to the brachioradialis muscle
(BR). Once the SBRN was found deep to the BR its
course was followed to the muscle tendon transition
from where the SBRN runs a superficial course. The
SBRN was dissected distally to the Metacarpal joint and
the nerve was identified using colored pins. After the
SBRN was dissected down to the MCP the first extensor
compartment was identified and the contour was
marked using colored pins. Each arm was photographed
with a Nikon D 60 with Sigma 50 mm 1:2.8 DG MACRO
[29]
lens using a standardized setup . The camera was
positioned perpendicular to the specimen at a fixed
distance and the arms were placed in specially designed
clamps to ensure standard alignment.

Photoshop procedure

Measurements

The course of the SBRN and LABCN was traced using
Photoshop CS4, furthermore the shape of the first
extensor compartment was also traced in photoshop.
These photoshop layers could then be compiled into one
picture for further analysis.
The four incision types could then be superimposed on
the database of nerves and the proximity to nerve fibers
could be assessed.
The area between the first and second branch of the
SBRN was defined and subsequently ‘filled’ with a color

The width and length of the first extensor compartment
was measured using digital calipers. Also, the distance
between the first two branches of the SBRN was
measured at 5 mm intervals. Finally, the angle was
measured in which an incision would pose a minimal
threat to the SBRN.

CASAM

Since the dissected arms vary in size, making comparisons

WJO|www.wjgnet.com
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Figure 2 Course of the superficial branch of the radial nerve compared to
the first extensor compartment.

Figure 3 “Safe zone” gradient from red (95% nerve density) to green
(0% nerve density).
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Figure 4 Distance between first and second branch of the superficial
branch of the radial nerve for all 20 arms. SBRN: Superficial branch of the
radial nerve.

Figure 5 Course of 20 superficial branch of the radial nerve (Yellow) and
20 lateral antebrachial cutaneous nerve (Green) compared to the first
extensor compartment.

with 5% opacity. By compiling all 20 arms, an area could
be defined in which the nerve was present in 5% of all
cases and subsequently an area can be identified in which
the nerve is present in 10% of cases etc. In this fashion a
colored gradient map could be produced showing the 0 to
100% safe zone.

the SBRN over the first extensor compartment is at an
angle of 19.4 degrees volar to the radius. Also one of the
images created in CASAM shows a very small safe zone in
which none of the nerves in the 20 specimen are present
over the FEC (Figure 3).
The distance between the two branches of the SBRN
crossing the first extensor compartment is 7.8 mm (SD
3.6) at the beginning of the first extensor compartment.
10.2 mm (SD 2.7) halfway down the first extensor
compartment and 12.6mm (SD 2.7) at the end of the
first extensor compartment (Figure 4). The branch
running through the first extensor compartment divides
in two more branches crossing the path of longitudinal
path. The mean distance between the first branching
point and the second is 43.5mm (SD 19.17), e.g., the
maximum length of a longitudinal incision.
During dissection it was not possible to follow the
LABCN over the first extensor compartment because the
nerve runs mostly intradermally. Furthermore, the course
of the LABCN varies tremendously and no correlations
between the courses of the LABCN could be found (Figure
5). No recommendation to prevent damage to the
LABCN during Quervains disease surgery could be made.
Therefore, the LABCN was left out. However as seen in
[26]
earlier studies
the close relation between the LABCN
and SBRN could be a major contributor to the cause of

RESULTS
The first extensor compartment can be found at a distance
of 8 mm proximal to Lister’s tuberculum and has a mean
length of 26.6 mm (SD 5.3) and a mean width of 8.2
mm (SD 1.1). The mean angle between the first extensor
compartment and the radius was 19.4° (SD 4.4). In all
twenty specimens one or two branches of the SBRN ran
across the first extensor compartment. The first branching
of the SBRN was found 43.8 mm (SD 18.6) proximal to
Lister’s tuberculum.
CASAM shows that in 90% of all cases one branch
of the SBRN (SR 2) runs across the first extensor com
partment in a longitudinal direction. Also, a second branch
(SR 1) runs volar to the first extensor compartment (Figure
2). In the present 20 specimen, no complete safe zone
(a zone in which no nerve fibers are present) could be
identified near the first extensor compartment. However,
the CASAM images (Figure 2) show that the direction of

WJO|www.wjgnet.com
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neuropathic pain in the distal wrist.

SBRN is 43.5 mm (SD 18.2). The nerve remains at risk
due to its location over the first extensor compartment.

DISCUSSION

“Lazy S” incision technique

Since the description of the first surgical treatment of
Quervains disease, many surgeons have tried to perfect
the operating technique and hence tried to minimize
the complications. This study focusses on aspects of the
incision. However, this treatment modality too has its
complications. Recurrent tendovaginosis is a complication
[30,31]
which occurs and often requires a second operation
.
Also (iatrogenic) nerve damage is frequently seen, varying
from neurapraxia to total transection of the nerve, are
[20,22-25]
reported in literature
.
The surgical treatment of Quervains disease is the
treatment of choice after conservative measures have
failed. To operate safely in the area of the dorso-radial part
of the distal radius and the first metacarpus immediately
introduces the problem of crossing and intertwining
superficial branches of the radial nerve and the lateral
cutaneous nerves (branches of the musculocutaneous
nerve).
Three types of incisions are used to operate in this
region; the transverse, the longitudinal and the “lazy
S” type incision. Each of which has its advantages and
disadvantages and no best practice (‘golden standard’)
could be found in literature. In the present study an
attempt is made to make an inventory of the course of the
surgically relevant nerves related to the four incision types.
Data was visualized using CASAM to give the surgeon
concise information that allows him to make a choice
between the four incisions.

The “lazy S” technique has both advantages and
disadvantages. The incision offers a good exposure and
less chance of iatrogenic damage than the transverse
[17,18]
incision
. However the scar as a result of this incision
is not as cosmetic as the transverse incision and the
incision has a greater chance of iatrogenic damage to the
nerves than the longitudinal incision.

Specific angle technique

This technique offers a good exposure and minimizes
the chance of iatrogenic damage to the nerve. It also
offers a relatively cosmetically acceptable scar. However
the determination of the angle of the incision takes time
and is labor-intensive.
[19]
The technique described by
suggests a relatively
acute angle to the radius which introduces a relatively
high risk of damage to the SBRN. The present study
shows that this risk can be significantly reduced by using
a less acute angle.
The present study was performed using embalmed
specimen which always means that the measurements
cannot be extrapolated directly to the normal situation.
However, since this concerns only relative measurements,
the conclusions can be seen as representative. Further
more by using Anubifix™ the shrinkage of tissue due to
embalming is minimized and comparable to the fresh
frozen specimen, the next best situation when compared
with the in vivo situation.
Two- dimensional pictures are used in CASAM to
warp the arms, but when operating the arm is a threedimensional object. However, by taking the pictures in
the same plane as the surgeon would use to make the
incision, the third dimension is less relevant.
By using CASAM it was possible to virtually compare
the incision techniques on the same arms. All techniques
described above for the treatment of Quervains disease
have their own advantages and disadvantages. The
choice of which technique to use, depends on the
priorities set by the surgeon. The main goal of this study
was to identify the technique where iatrogenic damage
to the SBRN is minimal. The conclusion that can be taken
from the data is that despite the technique used, is that
the retinaculum of the first dorsal compartment needs
to be exposed by careful blunt dissection and divided
under direct vision, so that the surgeon can see that
the superficial nerves are not damaged. For beginning
surgeons the longitudinal offers good exposure and less
chance of iatrogenic nerve damage.

Transverse incision technique

The transverse technique offers a good exposure while
keeping the scar small and provides the best esthetic
[14,15]
result
. Also because the skin incision is perpendicular
to the first extensor compartment, contraction of scar
tissue is less likely to cause compression of the first
extensor compartment and thus is less likely to cause
a recurrence of the symptoms of Quervains disease.
However, the transverse direction of the skin incision
implicates a high risk of iatrogenic nerve damage
demonstrated by the images provided by CASAM (Figure
5). Furthermore, the distance between the two branches
of the SBRN is 11.4 mm (0-26.3), therefore a transverse
incision not only increases risk of injury to one branch but
to the second branch as well.

Longitudinal incision technique

The longitudinal techniques offers more exposure than
[16,17,32]
a transverse incision
with a lower chance of
[33]
iatrogenic nerve damage . However this technique
offers a suboptimal cosmetic result and because the
scar is directly over the first extensor compartment the
retraction of scar tissue could cause compression of
the first extensor compartment and recurrence of the
symptoms of Quervains disease. The average length for
the incision placed between the first two branches of the
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Research background

Surgery is a widely applied as a treatment for the de Quervains Disease
(QD). However, in 0.5 to 30% of cases, damage to the neurological structures
have been reported this study was performed to try and provide a better
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understanding of the anatomy of the forearm to be able to decrease iatrogenic
damage to the nerves of the forearm.
3

Research motivation

In this study the goal was to fins the optimal incision technique for the first
dorsal compartment release for the Quervains disease. Up till now 4 main
incision techniques have been described and no golden standard has been
established. By using a new visualization technique the goal was to identify
the best technique in order to prevent iatrogenic nerve damage during the first
extensor compartment release procedure.

4

5

Research objectives

The goal of this study is to determine which of the common used incision
techniques has the lowest chance of iatrogenic damage to the nerves. The
nerves at risk are the superficial branch of the Radial Nerve (SBRN) and the
Lateral Antebrachial Cutaneous Nerve (LABCN).

6

Research methods

20 anubifix embalmed arms were dissected in a standardized way. Then
the outline of the arm was marked and the arm was photographed in order
to process it in the CASAM system. By using this system all arms could be
rescaled to the dimensions of the average of the 20 embalmed arms. This
ensures that the 20 nerve courses could be compared directly. Besides using
CASAM the distance between the two branches of the SBRN running over de
First Extensor Compartment (FEC) was measured.

7
8
9

Research results

The image created in CASAM showed that in 90% of the arms, one branch of
the SBRN crosses the FEC and one branch runs volar to the compartment. The
distance between the two branches was 7.8 mm at the beginning of the FEC
and 10.2 mm at the end. Finally the angle of incision at which the chance of
damage to the nerves is lowest, is 19.4 degrees volar to the radius.

10

Research conclusions

11

The study shows a large variation in the course of the superficial branch of the
radial nerve over the first extensor compartment. However no complete safe
zone can be defined. The choice of incision remains surgeons’ preference and
surgical skills are paramount to prevent iatrogenic nerve damage. The prestudy hypothesis was that there was a safe zone in which an incision for the
Quervains disease could be made without chance of iatrogenic damage to the
superficial branch of the radial nerve. This however was found not to be the
case.

12

Research perspectives

13

Although many incision techniques can be found in literature no consensus
on the best incision technique has been established. The study shows a large
variation in the course of the superficial branch of the radial nerve over the
first extensor compartment. However no complete safe zone can be defined.
The choice of incision remains surgeons’ preference and surgical skills are
paramount to prevent iatrogenic nerve damage. A randomized control trail
comparing the incision techniques and their outcome could provide more
evidence for the best possible incision technique in the future.

14
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Abstract
AIM
To analyze how various implants placement variables
affect sacroiliac (SI) joint range of motion.

Author contributions: Lindsey DP, Yerby SA and Goel VK
designed the research; Kiapour A performed the finite element
analysis; Lindsey DP analyzed the results; Lindsey DP, Kiapour A,
Yerby SA and Goel VK wrote the paper.

METHODS
An experimentally validated finite element model of the
lumbar spine and pelvis was used to simulate a fusion
of the SI joint using various placement configurations of
®
triangular implants (iFuse Implant System ). Placement
configurations were varied by changing implant
orientation, superior implant length, and number of
implants. The range of motion of the SI joint was
calculated using a constant moment of 10 N-m with a
follower load of 400 N. The changes in motion were
compared between the treatment groups to assess how
the different variables affected the overall motion of the
SI joint.
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RESULTS
Transarticular placement of 3 implants with superior
implants that end in the middle of the sacrum resulted
in the greatest reduction in range of motion (flexion/
extension = 73%, lateral bending = 42%, axial rotation
= 72%). The range of motions of the SI joints were
reduced with use of transarticular orientation (9%-18%)
when compared with an inline orientation. The use of
a superior implant that ended mid-sacrum resulted in
median reductions of (8%-14%) when compared with
a superior implant that ended in the middle of the ala.
Reducing the number of implants, resulted in increased
SI joint range of motions for the 1 and 2 implant
models of 29%-133% and 2%-39%, respectively,
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Lindsey DP et al . FEA model of SI joint stability
[7-9]

stability . Additional studies have demonstrated that
placement of iliosacral screws within regions of higher
[10,11]
bone density result in higher extraction forces
.
Previous ex vivo experimental studies have
investigated the biomechanical effects of placing SI
[12,13]
joint fusion devices
. These studies have shown
that placement of 3 triangular titanium plasma spray
(TPS) coated titanium implants significantly reduced
motion of the treated SI joint. A comparison of two
lateral placement variations, inline (posterior) and
transarticular, showed that both variations significantly
reduced motion, and suggested that the transarticular
orientation may provide more initial stability.
Finite element modeling is another technique
used to investigate the biomechanics of the SI joint
[14-17]
[14,15]
and pelvis
. Ivanov et al
validated an SI joint
FE model by comparing the FEA model ROM with
experimental data for the intact and sequential ligament
[18]
sectioning conditions from Simonian et al . This SI
[17]
joint model was later confirmed to demonstrate that
SI joint treatment using implants resulted in comparable
reductions in motion to those reported in cadavers by
[13]
Soriano-Baron et al .
Although, clinical and experimental evidence shows
that placing 3 triangular TPS coated implants has
successful clinical and biomechanical results, questions
remain concerning the optimal parameters for implant
placement. The objective of this study was to investigate
and quantify the effect of implant orientation, superior
implant length, and implant number on SI joint range of
motion.

when compared with the 3 implant model.
CONCLUSION
Using a validated finite element model we demon
strated that placement of 3 implants across the SI joint
using a transarticular orientation with superior implant
reaching the sacral midline resulted in the most stable
construct. Additional clinical studies may be required to
confirm these results.
Key words: Fusion; Biomechanics; Minimally invasive
surgery; Sacroiliac joint dysfunction; Finite element
analysis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Minimally invasive fusion of the sacroiliac (SI)
joint is a potential treatment for patients suffering with
symptoms related to the SI joint. This study used finite
element analysis to investigate how implant orientation,
superior implant length, and implant number affect
SI joint range of motion. The results of this study
demonstrate that placement of 3 implants across the
SI joint using a transarticular orientation with superior
implant reaching the sacral midline resulted in the most
stable construct.
Lindsey DP, Kiapour A, Yerby SA, Goel VK. Sacroiliac joint
stability: Finite element analysis of implant number, orientation
and superior implant length. World J Orthop 2018; 9(3): 14-23
Available from: URL: http://www.wjgnet.com/2218-5836/full/
v9/i3/14.htm DOI: http://dx.doi.org/10.5312/wjo.v9.i3.14

MATERIALS AND METHODS
A finite element model of the lumbar spine, pelvis,
and both femurs was used to simulate SI joint motion;
this model has previously been used to evaluate the
effects of leg length discrepancy, effects of lumbar spine
fusion on the SI joint, and effects of SI joint fusion on
[14-17]
the lumbar spine
. The femoral head was fixed
into the acetabular cup to ensure loading, but that
no motion occurred at the hip joint. Briefly, a pelvis
was scanned using computed tomography (CT) and
material properties for bones, ligaments, and joints
[14,15]
were assigned
. The material properties of the
sacral cancellous bone were assumed to be isotropic
and varied in accordance to the apparent bone mineral
[19]
density from a normal sacrum (t-score > -1) using a
[20]
power law distribution (α = 2) . For treated models,
the core of the titanium plasma spray (TPS) coated
implants (iFuse Implant 7.0 mm; SI-BONE, Inc., San
Jose, CA, United States) was assigned the material
properties of Ti6Al4V ELI (E = 115 GPa), the interface
between the implant core and adjacent bone can be
[17]
found in Lindsey et al .

INTRODUCTION
Minimally invasive fusion of the sacroiliac (SI) joint is a
potential treatment for patients suffering with symptoms
related to the SI joint. Although diagnosis of the primary
[1]
pain generator in low back pain is challenging , proper
diagnosis allows for the most effective treatment. Of
patients dealing with low back pain, between 15% and
[2-4]
30% have the SI joint as a pain generator .
Recently, minimally invasive fusion of the SI joint has
been shown to be an effective method for reducing SI
[5]
joint pain . In addition, minimally invasive procedures
have been shown to reduce blood loss, length of stay,
and surgical time, while resulting in more positive
outcomes for the patient compared with traditional open
[5]
fusion procedures .
There are many factors that influence the choice
and placement of implants placed across the SI joint.
The sacral anatomy allows for placement of iliosacral
hardware within sacral safe zones, although differences
in anatomy have a significant effect on the location
[6]
and size of the safe zones . There is evidence that
placement of multiple implants in unstable pelvic
fracture models results in the greatest biomechanical

WJO|www.wjgnet.com

Loading conditions/outcomes

The intact and instrumented model loads were
simulated using a compressive follower load of 400 N,
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Mid-sacrum

Transarticular

Inline

Mid-ala

Figure 1 Finite element models tested in this study used either an inline or transarticular orientation. For models that included a superior implant, the length
was varied such that the implant ended above the S1 foramen (mid-ala) or the midline of the sacrum (mid-sacrum).

and a 10 N-m bending moment applied at the superior
[21,22]
surface of the L1 vertebra
. The compressive
follower load was extended to the sacrum level and
the angle of the connector elements defined such that
the entire lumbo-pelvic segment did not go into any
rotational motion following contraction of the connector
elements. Loading was simulated in flexion-extension,
lateral bending (left and right), and axial rotation (left
and right) during double-leg stance. The range of
motion of the SI joint was determined for each loading
[14]
direction .

implant was either 55 mm long (mid-ala) or 75 mm
long (mid-sacrum) for both the inline and transarticular
orientation (placement of the superior implant is
identical for the two orientations). The middle implants
were 45 mm long for both the inline and transarticular
orientations, while the inferior implant was 45 mm
long for the inline orientation and 50 mm long for the
transarticular orientation.

Statistical analysis

The effect of treatment was assessed by calculating
the difference in ROM between the intact and treated
configurations for each combination of implant
orientation, superior implant length, and number of
implants in flexion-extension, lateral bending, and
axial rotation. The percent change was calculated in
comparison with the intact ROM. The median and
range for the difference in ROM and percent change
were determined for each motion. Effects of individual
treatment variables are described below.

Treatment groups

Three treatment variables were investigated: Implant
orientation, superior implant length, and implant
number. Two potential implant orientations, inline
(posterior) and transarticular, have been previously
[13]
investigated and both were further investigated here
(Figure 1). Clinically, the superior implant length is often
chosen to end within the middle of the ala (i.e., directly
above the S1 foramen); based upon previous trauma
[11]
literature , we also investigated a longer superior
implant that extended to the midline of the sacrum
[23]
(Figure 1). Typically, three implants are placed , for
this investigation either 1, 2, or 3 implants were placed.
All potential instrumented combinations were simulated,
resulting in 22 unique models (Table 1). The superior
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Implant orientation: The effect of implant orientation
was assessed by calculating the difference between the
inline and transarticular (TA) configurations. Differences
in ROM were calculated as a function of superior
implant length (SIL) (mid-ala, mid-sacrum, or none)
and number of implants (3-superior/middle/inferior, 2-
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Table 1 Sacroiliac joint range of motion for an intact model and 22 configurations of implant orientation, superior implant length,
and number of implants
Implant placed
Treatment/orientation
Intact
Inline orientation

Transarticular orientation

Superior

Middle

Inferior

X

X

X

X

-

X

X

X

-

X

X
-

X
-

X

X
X

X
X

X

-

X

X

X

-

X

X
-

X
-

-

X
-

X

Superior implant
ending point
-1
Mid-ala
Mid-sacrum
Mid-ala
Mid-sacrum
Mid-ala
Mid-sacrum
-1
Mid-ala
Mid-sacrum
-1
-1
Mid-ala
Mid-sacrum
Mid-ala
Mid-sacrum
Mid-ala
Mid-sacrum
-1
Mid-ala
Mid-sacrum
-1
-1

SI joint ROM (°) [Reduction in ROM (%)]
Flexion-extension
1.94° (-)
0.7° (64%)
0.63° (68%)
0.82° (58%)
0.69° (64%)
0.97° (50%)
0.76° (61%)
0.91° (53%)
1.36° (30%)
1.21° (38%)
1.32° (32%)
1.25° (36%)
0.59° (70%)
0.52° (73%)
0.69° (64%)
0.58° (70%)
0.81° (58%)
0.64° (67%)
0.76° (61%)
1.36° (30%)
1.21° (38%)
1.11° (43%)
1.05° (46%)

Lateral bending

Axial rotation

0.66° (-)
0.45° (32%)
0.41° (38%)
0.47° (29%)
0.43° (35%)
0.5° (24%)
0.45° (32%)
0.53° (20%)
0.58° (12%)
0.58° (12%)
0.65° (2%)
0.69° (-5%)
0.41° (38%)
0.38° (42%)
0.42° (36%)
0.39° (41%)
0.45° (32%)
0.41° (38%)
0.47° (29%)
0.58° (12%)
0.58° (12%)
0.6° (9%)
0.62° (6%)

1.11° (-)
0.41° (63%)
0.38° (66%)
0.44° (60%)
0.4° (64%)
0.49° (56%)
0.43° (61%)
0.55° (50%)
0.67° (40%)
0.61° (45%)
0.73° (34%)
0.79° (29%)
0.34° (69%)
0.31° (72%)
0.36° (68%)
0.32° (71%)
0.4° (64%)
0.35° (68%)
0.46° (59%)
0.67° (40%)
0.61° (45%)
0.7° (37%)
0.73° (34%)

1

Configuration does not include a superior implant. SI: Sacroiliac; ROM: Range of motion.

superior/inferior, 2-superior/middle, 2-middle/inferior,
1-middle, and 1-inferior), for a total of 9 combinations.
The percent change was calculated in comparison
with the inline ROM. The treatment of one implant
in the superior position was not compared between
orientations since the configurations are identical for the
inline and transarticular orientations. The median and
range for the difference in ROM and percent change
were determined.

percent change were determined for each single or dual
implant configuration.

Superior implant length: The effect of the superior
implant length was assessed by calculating the
difference between the mid-sacrum (MS) and mid-ala
(MA) configurations. Differences in ROM were calculated
as a function of orientation (Inline, Transarticular)
and number of implants (3-superior/middle/inferior,
2-superior/inferior, 2-superior/middle, and 1-superior),
for a total of 8 combinations. The percent change was
calculated in comparison with the ROM of mid-ala
superior implant length. The median and range for the
difference in ROM and percent change were determined.

Placement of 3 implants using the inline and trans
articular orientations resulted in reductions in motion
of 64%, 32%, 63%, and 70%, 38%, 69%, in
flexion-extension, lateral bending, and axial rotation,
respectively (Table 1). These reductions are consistent
with the range of reductions reported by Soriano-Baron
[13]
et al
and provided confidence that this FE model is
sufficient to make comparisons between treatment
variables that have not previously been investigated
in cadaver studies (i.e., implant number, placement
technique, and superior implant length).
Transarticular placement of 3 implants with a midsacrum length superior implant resulted in the greatest
reduction in range of motion (Table 1). One superior
implant (mid-ala length) has the least reduction in
range of motion in flexion-extension; one inferior
implant placed using the inline orientation has the least
reduction in range of motion in lateral bending and
axial rotation. Transarticular placement of a superior
(mid-sacrum length) and inferior implant has the
most reduction in range of motion for a 2 implant
configuration.

Animal care and use statement

The article does not contain any studies with human
participants or animals performed by any of the
authors.

RESULTS

Implant number: The effect of implant number was
assessed by calculating the difference in ROM between
all single or dual implant configurations and the
corresponding 3 implant configuration as a function of
orientation (Inline, Transarticular) and superior implant
length (SIL) (mid-ala, mid-sacrum) for a total of 18
combinations, and normalizing by the corresponding
3 implant configuration (implants without a superior
implant were normalized to the mid-ala configuration).
The median and range for the difference in ROM and
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Table 2 Reduction in sacroiliac joint range of motion (°) between transarticular and inline orientation groups
Implants (positions)
Orientation
Transarticular vs inline

Superior implant
ending point

Reduction in SI joint ROM (°) (%)
Flexion-extension

3 (S, M, I)

Mid-ala
Mid-sacrum
2 (S, -, I)
Mid-ala
Mid-sacrum
2 (S, M, -)
Mid-ala
Mid-sacrum
2 (-, M, I)
-1
1 (-, M, -)
-1
1 (-, -, I)
-1
Median (°) (Range)
Median (%) (Range)

0.11° (16%)
0.11° (17%)
0.13° (16%)
0.11° (16%)
0.16° (16%)
0.12° (16%)
0.15° (16%)
0.21° (16%)
0.20° (16%)
0.13° (0.11-0.21)
16% (16-17)

Lateral bending
0.04° (9%)
0.03° (7%)
0.05° (11%)
0.04° (9%)
0.05° (10%)
0.04° (9%)
0.06° (11%)
0.05° (8%)
0.07° (10%)
0.05° (0.03-0.07)
9% (7-11)

Axial rotation
0.07° (17%)
0.07° (18%)
0.08° (18%)
0.08° (20%)
0.09° (18%)
0.08° (19%)
0.09° (16%)
0.03° (4%)
0.06° (8%)
0.08° (0.03-0.09)
18% (4-20)

1

Configuration does not include a superior implant. S: Superior; M: Middle; I: Inferior.

Altering the implant orientation from the inline
to the transarticular placement technique resulted in
median reductions in motion of 16%, 9% and 18%, in
flexion-extension, lateral bending, and axial rotation,
respectively (Table 2).
Extending the superior implant to the midline of
the sacrum resulted in median reductions in motion of
14%, 8% and 9%, in flexion-extension, lateral bending,
and axial rotation, respectively (Table 3).
The two implant models with superior and inferior
implants resulted in increased motions of 10%-17%,
2%-5% and 3%-7% compared with the 3 implant
model, in flexion-extension, lateral bending, and
axial rotation, respectively (Figure 2). Two implant
models configurations with the implants placed close
together (superior/middle, and middle/inferior) resulted
in increased motions when compared with the 3
implant configuration of 21%-39%, 8%-18%, and
13%-35% in flexion-extension, lateral bending, and
axial rotation, respectively (Figure 2; Tables 4-6). For
single implant models, the motion increases ranged
from 78% to 133%, 29% to 53% and 61% to 115%,
in flexion-extension, lateral bending, and axial rotation,
respectively (Figure 2).

transarticular orientation had larger average reduction
in SI joint ROM, although this was not determined to be
significant.
The current study also demonstrated that placement
of a longer superior implant resulted in reduced SI
[11]
joint range of motion. Kraemer et al
demonstrated
that iliosacral screws had a higher pullout force when
the threads were positioned in the sacral midbody
compared with those positioned in the ala. The
[11]
results from Kraemer et al
are consistent with later
anatomical studies that have reported reduced bone
[24]
mineral density within the ala . The current study
demonstrated that increasing the length of the superior
implant to the higher density bone of the sacral midline
reduces the range of motion of the SI joint in flexionextension, lateral bending, and axial rotation. Clinically,
anatomic constraints must be considered prior to
placement of a longer first implant.
The current study also demonstrated that placement
of 3 implants resulted in greater motion reduction than
any combination of two implants. Multiple studies have
demonstrated that the use of a single SI screw results
[7-9]
in less stability when compared with 2 SI screws .
The current study investigated treatment with 1, 2,
or 3 implants to evaluate the treated SI joint range of
motion as a function of implant number. Clinically, a
prospective randomized trial documented 3 implants
being placed in 91% of cases; with the rest of the cases
using either 2 implants (5% cases) or 4 implants (4%
[23]
cases) . Although a small portion of clinical cases
used 4 implants, this condition was not investigated
in this study as placement is highly dependent on
the size of the sacrum. The results from the current
study demonstrate that reducing the number of placed
implants results in increased initial SI joint range
of motion. Two implants with increased separation,
however, are more stable than 2 implants placed close
together.
The current study is not without limitations. As with
all finite element models, certain assumptions must be
made to model the system. As previously noted, the
current model is based on a single patient and did not

DISCUSSION
The finite element model used in this study resulted in
intact and treated SI joint motions that are consistent
[13]
with previous experimental studies . The combination
of the current results and the previous validations
confirm that both the intact and treated models in this
study are functioning in a physiologic manner.
The current study demonstrated that the implant
orientations across the SI joint can alter the range of
motion. The SI joint contains both cartilaginous and
fibrocartilaginous portions, with the cartilaginous portion
[19]
exhibiting greater subchondral sacral bone density .
The transarticular orientation positions the middle
and inferior implants more ventrally (approximately
15°-20°) and across the cartilaginous portion of the SI
[13]
joint (Figure 1). Soriano-Baron et al reported that the
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Table 3 Reduction in sacroiliac joint range of motion (°) between mid-sacrum and mid-ala placement groups
Reduction in SI joint ROM (°) (%)
Superior implant ending point
Mid-sacrum vs mid-ala

Orientation

Implants (position)

Flexion-extension

Inline

3 (S, M, I)
2 (S, -, I)
2 (S, M, -)
1 (S, -, -)
Trans-articular
3 (S, M, I)
2 (S, -, I)
2 (S, M, -)
1 (S, -, -)
Median (°) (Range)
Median (%) (Range)

0.07° (10%)
0.13° (16%)
0.21° (22%)
0.15° (11%)
0.07° (12%)
0.11° (16%)
0.17° (21%)
0.15° (11%)
0.14° (0.07-0.21)
14% (10-22)

Lateral bending
0.04° (9%)
0.04° (9%)
0.05° (10%)
0.00° (0%)
0.03° (7%)
0.03° (7%)
0.04° (9%)
0.00° (0%)
0.035° (0.00-0.05)
8% (0-10)

Axial rotation
0.03° (7%)
0.04° (9%)
0.06° (12%)
0.06° (9%)
0.03° (9%)
0.04° (11%)
0.05° (13%)
0.06° (9%)
0.045° (0.03-0.06)
9% (7-13)

The reduction in range of motion (%) was calculated in comparison to the to the mid-ala superior implant length. S: Superior; M: Middle; I: Inferior.

Table 4 Change in sacroiliac joint flexion-extension range of motion (°) as a result of reducing the number of implants
Treatment

Implants (positions)

Intact
Inline
Inline
Inline
Inline
Inline
Inline
Inline
Inline
Inline
Inline
Inline
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Treatment

3 (S, M, I)
2 (S, M, -)
2 (S, -, I)
2 (-, M, I)
1 (S, -, -)
1 (-, M, -)
1 (-, -, I)
3 (S, M, I)
2 (S, M, -)
2 (S, -, I)
1 (S, -, -)
3 (S, M, I)
2 (S, M, -)
2 (S, -, I)
2 (-, M, I)
1 (S, -, -)
1 (-, M, -)
1 (-, -, I)
3 (S, M, I)
2 (S, M, -)
2 (S, -, I)
1 (S, -, -)
Implants (positions)

Inline
Inline
Transarticular
Transarticular
Inline
Inline
Transarticular
Transarticular
Inline
Transarticular
Inline
Inline
Transarticular
Transarticular
Inline
Transarticular
Inline
Transarticular

2 (S, -, I)
2 (S, -, I)
2 (S, -, I)
2 (S, -, I)
2 (S, M, -)
2 (S, M, -)
2 (S, M, -)
2 (S, M, -)
2 (-, M, I)
2 (-, M, I)
1 (S, -, -)
1 (S, -, -)
1 (S, -, -)
1 (S, -, -)
1 (-, M, -)
1 (-, M, -)
1 (-, -, I)
1 (-, -, I)

Superior implant ending point

Range of motion (°)

-1
Mid-ala
Mid-ala
Mid-ala
-1
Mid-ala
-1
-1
Mid-sacrum
Mid-sacrum
Mid-sacrum
Mid-sacrum
Mid-ala
Mid-ala
Mid-ala
-1
Mid-ala
-1
-1
Mid-sacrum
Mid-sacrum
Mid-sacrum
Mid-sacrum

1.94
0.7
0.97
0.82
0.91
1.36
1.32
1.25
0.63
0.76
0.69
1.21
0.59
0.81
0.69
0.76
1.36
1.11
1.05
0.52
0.64
0.58
1.21

Motion increase (°)

% 3 Implant motion

Reference configuration
0.27
39
0.12
17
0.21
30
0.66
94
0.62
89
0.55
79
Reference configuration
0.13
21
0.06
10
0.58
92
Reference configuration
0.22
37
0.1
17
0.17
29
0.77
131
0.52
88
0.46
78
Reference configuration
0.12
23
0.06
12
0.69
133

Superior implant ending point

% 3 Implant motion

Implants (positions)

Median (%) [range]

Mid-ala
Mid-sacrum
Mid-ala
Mid-sacrum
Mid-ala
Mid-sacrum
Mid-ala
Mid-sacrum
-1
-1
Mid-ala
Mid-sacrum
Mid-ala
Mid-sacrum
-1
-1
-1
-1

17
10
17
12
39
21
37
23
30
29
94
92
131
133
89
88
79
78

2 (S, -, I)

14.5% (10-17)

2 (S, M, -)

30% (21-39)

2 (-, M, I)

29.5% (29-30)

1 (S, -, -)

112.5% (92-133)

1 (-, M, -)

88.5% (88-89)

1 (-, -, I)

78.5% (78-79)

1

Configuration does not include a superior implant. S: Superior; M: Middle; I: Inferior.

simulate SI joint dysfunction, therefore generalizing
the results to the general patient population should
[17]
be made with care . The current study assumed
WJO|www.wjgnet.com

sacral cancellous bone material properties based on
those found in normal cancellous bone (t-score >
-1). Although the reported bone mineral densities are
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Table 5 Change in sacroiliac joint lateral bending range of motion (°) as a result of reducing the number of implants
Treatment

Implants (positions)

Intact
Inline
Inline
Inline
Inline
Inline
Inline
Inline
Inline
Inline
Inline
Inline
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Treatment

Superior implant ending point
-1
Mid-ala
Mid-ala
Mid-ala
-1
Mid-ala
-1
-1
Mid-sacrum
Mid-sacrum
Mid-sacrum
Mid-sacrum
Mid-ala
Mid-ala
Mid-ala
-1
Mid-ala
-1
-1
Mid-sacrum
Mid-sacrum
Mid-sacrum
Mid-sacrum

3 (S, M, I)
2 (S, M, -)
2 (S, -, I)
2 (-, M, I)
1 (S, -, -)
1 (-, M, -)
1 (-, -, I)
3 (S, M, I)
2 (S, M, -)
2 (S, -, I)
1 (S, -, -)
3 (S, M, I)
2 (S, M, -)
2 (S, -, I)
2 (-, M, I)
1 (S, -, -)
1 (-, M, -)
1 (-, -, I)
3 (S, M, I)
2 (S, M, -)
2 (S, -, I)
1 (S, -, -)
Implants (positions)

Inline
Inline
Transarticular
Transarticular
Inline
Inline
Transarticular
Transarticular
Inline
Transarticular
Inline
Inline
Transarticular
Transarticular
Inline
Transarticular
Inline
Transarticular

Range of motion (°)
0.66
0.45
0.5
0.47
0.53
0.58
0.65
0.69
0.41
0.45
0.43
0.58
0.41
0.45
0.42
0.47
0.58
0.6
0.62
0.38
0.41
0.39
0.58

Motion increase (°)

% 3 implant motion

Reference configuration
0.05
11
0.02
4
0.08
18
0.13
29
0.2
44
0.24
53
Reference configuration
0.04
10
0.02
5
0.17
41
Reference configuration
0.04
10
0.01
2
0.06
15
0.17
41
0.19
46
0.21
51
Reference configuration
0.03
8
0.01
3
0.2
53

Superior implant ending point

% 3 Implant motion

Implants (positions)

Median (%) [range]

Mid-ala
Mid-sacrum
Mid-ala
Mid-sacrum
Mid-ala
Mid-sacrum
Mid-ala
Mid-sacrum
-1
-1
Mid-ala
Mid-sacrum
Mid-ala
Mid-sacrum
-1
-1
-1
-1

4
5
2
3
11
10
10
8
18
15
29
41
41
53
44
46
53
51

2 (S, -, I)

3.5% (2-5)

2 (S, M, -)

10% (8-11)

2 (-, M, I)

16.5% (15-18)

2 (S, -, I)
2 (S, -, I)
2 (S, -, I)
2 (S, -, I)
2 (S, M, -)
2 (S, M, -)
2 (S, M, -)
2 (S, M, -)
2 (-, M, I)
2 (-, M, I)
1 (S, -, -)
1 (S, -, -)
1 (S, -, -)
1 (S, -, -)
1 (-, M, -)
1 (-, M, -)
1 (-, -, I)
1 (-, -, I)

1 (S, -, -)

41% (29-53)

1 (-, M, -)

45% (44-46)

1 (-, -, I)

52% (51-53)

1

Configuration does not include a superior implant. S: Superior; M: Middle; I: Inferior.

140

Motion increase (%)

120

Flexion-extension
Lateral bending
Axial rotation

100
80
60
40
20
0

2 (S, -, I)

2 (S, M, -)

2 (-, M, I)

1 (S, -, -)

1 (-, M, -)

1 (-, -, I)

No. of implants (positions)

Figure 2 Motion increase (%) for configurations with a reduced number of implants. The increase for each condition was normalized by the corresponding
model that contained 3 implants. Note that a smaller increase in motion represents more reduction in range of motion. S: Superior; M: Middle; I: Inferior. Data is shown
as median ± range.
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Table 6 Change in sacroiliac joint axial rotation range of motion (°) as a result of reducing the number of implants
Treatment

Implants (positions)

Superior implant ending point

Range of motion

Motion increase (°)

Intact
Inline
Inline
Inline
Inline
Inline
Inline
Inline
Inline
Inline
Inline
Inline
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Transarticular
Treatment
Inline
Inline
Transarticular
Transarticular
Inline
Inline
Transarticular
Transarticular
Inline
Transarticular
Inline
Inline
Transarticular
Transarticular
Inline
Transarticular
Inline
Transarticular

3 (S, M, I)
2 (S, M, -)
2 (S, -, I)
2 (-, M, I)
1 (S, -, -)
1 (-, M, -)
1 (-, -, I)
3 (S, M, I)
2 (S, M, -)
2 (S, -, I)
1 (S, -, -)
3 (S, M, I)
2 (S, M, -)
2 (S, -, I)
2 (-, M, I)
1 (S, -, -)
1 (-, M, -)
1 (-, -, I)
3 (S, M, I)
2 (S, M, -)
2 (S, -, I)
1 (S, -, -)
Implants (positions)
2 (S, -, I)
2 (S, -, I)
2 (S, -, I)
2 (S, -, I)
2 (S, M, -)
2 (S, M, -)
2 (S, M, -)
2 (S, M, -)
2 (-, M, I)
2 (-, M, I)
1 (S, -, -)
1 (S, -, -)
1 (S, -, -)
1 (S, -, -)
1 (-, M, -)
1 (-, M, -)
1 (-, -, I)
1 (-, -, I)

1

1.11
0.41
0.49
0.44
0.55
0.67
0.73
0.79
0.38
0.43
0.4
0.61
0.34
0.4
0.36
0.46
0.67
0.7
0.73
0.31
0.35
0.32
0.61
% 3 Implant motion
7
5
6
3
20
13
18
13
34
35
63
61
97
97
78
106
93
115

-

Mid-ala
Mid-ala
Mid-ala
1

Mid-ala
1
1

Mid-sacrum
Mid-sacrum
Mid-sacrum
Mid-sacrum
Mid-ala
Mid-ala
Mid-ala
1

Mid-ala
1
1

Mid-sacrum
Mid-sacrum
Mid-sacrum
Mid-sacrum
Superior implant ending point
Mid-ala
Mid-sacrum
Mid-ala
Mid-sacrum
Mid-ala
Mid-sacrum
Mid-ala
Mid-sacrum
1
1

Mid-ala
Mid-sacrum
Mid-ala
Mid-sacrum
1
1
1
1

% 3 implant motion

Reference configuration
0.08
20
0.03
7
0.14
34
0.26
63
0.32
78
0.38
93
Reference configuration
0.05
13
0.02
5
0.23
61
Reference configuration
0.06
18
0.02
6
0.12
35
0.33
97
0.36
106
0.39
115
Reference configuration
0.04
13
0.01
3
0.3
97
Implants (positions)
Median (%) [range]
2 (S, -, I)
5.5% (3-7)

2 (S, M, -)

15.5% (13-20)

2 (-, M, I)

34.5% (34-35)

1 (S, -, -)

80% (61-97)

1 (-, M, -)

92% (78-106)

1 (-, -, I)

104% (93-115)

1

Configuration does not include a superior implant. S: Superior; M: Middle; I: Inferior.

clinical studies may be required to confirm these results.
While the minimum biomechanical requirements
for clinically successful fixation of the SI joint are
currently unknown, the current study investigated 3
clinical implant placement parameters and compared
the resulting SI joint reduction in range of motion with
a baseline model. The baseline model investigated
here (inline orientation, mid-ala superior implant
length, 3 implants) is a common technique that has
[23]
positive clinical outcomes . The range of motion of
the SI joint in the current study was assessed in 3
anatomical loading directions, of which flexion-extension
demonstrated both the largest intact range of motion
(1.94°) and, after treatment, overall reductions in
motion (0.58°-1.42°). Lateral bending and axial rotation
resulted in small median reductions in motion (< 0.1°)
when the variables were investigated, which may not be
clinically significant by themselves. In contrast, flexion-

different in the normal, osteopenic, and osteoporotic
sacra, the distribution of low and high density locations
[19,24]
are consistent in all three cases
; as such, we expect
that the findings in the different bone quality groups
will be consistent. The current model and previous
experimental study had consistent intact ROM and
motion reductions after treatment, but there are some
differences for the loading conditions simulated in this
study (double-leg stance, follower load, and larger
applied moment). Although the loading conditions were
different, the consistency in intact ROM suggested that
these disparities were counteracting each (e.g., follower
load and double-leg stance increase stability; higher
[17]
applied moment increase ROM) , and demonstrated
that the SI joint and treatment were being effectively
modeled. Lastly, the theoretical model used in this study
did not model all in vivo characteristics (e.g., biological
healing response after surgery); as such, additional
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Research conclusions

extension was more sensitive to altering the variables
with median reductions in motion > 0.1°. Although the
3 motions investigated had varying sensitivity, they
consistently (i.e., positively/negatively) altered the
reductions in motion. These results demonstrate that
in flexion-extension, when compared with the baseline
model, placement of the implants in areas of thicker
cortical bone (transarticular orientation) and higher
bone density (longer superior implant) leads to similar
median increased reductions in motion of 16% and
14%, respectively. This study suggests that a surgeon
can optimize implant placement in 3 ways: (1) Longer
superior implants; (2) transarticular placement; and (3)
using 3 implants (and/or increasing implant separation).
Although the long-term clinical outcomes from these
placement variations is unknown, the current study
provides clinicians with insight and rationale into deter
mining optimal implant placement.

This study demonstrates that the treated SI joint range of motion is affected by
implant orientation, superior implant length, and implant number. These results
show that the optimal placement investigated was 3 implants placed using a
transarticular placement with a superior implant that reaches the sacral midline.
This study suggests that a surgeon can optimize implant placement in 3 ways:
(1) Longer superior implants; (2) transarticular placement; and (3) using 3
implants (and/or increasing implant separation).

Research perspectives

The use of a finite element model to simulate the SI joint and treatment
effects allows for investigation of many variables and provides valuable insight
regarding how each variable effects SI joint stability. These results allow for
more detailed investigation using either in vitro or in vivo studies.
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Abstract
AIM
To present the long-term results of complex knee
injuries, treated early using the Ligament Augmentation
and Reconstruction System (LARS) artificial ligament to
reconstruct posterior cruciate ligament (PCL).

Informed consent statement: All study participants, provided
informed written consent prior to study enrollment.
Conflict-of-interest statement: There are no conflicts of
interest to report.

METHODS
From September 1997 to June 2010, thirty-eight
complex knee injuries were treated, where early
arthroscopic PCL reconstructions were undergone, using
the LARS (Surgical Implants and Devices, Arc-sur-Tille,
France) artificial ligament. Exclusion criteria were: Late
(> 4 wk) reconstruction, open technique, isolated PCL
reconstruction, knee degenerative disease, combined

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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fracture or vascular injury and use of allograft or auto
graft for PCL reconstruction. Clinical and functional
outcomes were assessed with IKDC Subjective Knee
Form, KOS-ADLS questionnaire, Lysholm scale and
SF-12 Health Survey. Posterior displacement (PD) was
measured with the Telos Stress Device.

INTRODUCTION
Although most complex knee injuries are thought
to occur due to a knee dislocation, in real practice
a complete knee dislocation is very rare. Almost all
complex knee injuries involve either the anterior
cruciate ligament (ACL) and/or posterior cruciate
ligament (PCL). This may be combined with injury to
the medial knee structures and/or posterolateral corner
structures of the knee. “Benign knee dislocation”,
[1]
described by Wascher et al features isolated knee
injury with mild or no neurovascular compromise and
intact bony structure. Controversies also exist regarding
various parameters, including early vs delayed surgery,
type of reconstruction technique being chosen and
[2,3]
postoperative rehabilitation program
. Very few
studies exist with long term follow-up, whilst most
of them include cases with complex injuries and true
dislocations being classified within the same category.
Amongst the controversies regarding reconstruction
of the multiple-injured knee is the choice of PCL graft
[4]
tissue and the timing of the operation . Posterior
cruciate ligament is considered the primary restraint
to posterior translation of the knee and the central
[5-8]
stabilizer of the knee . The incidence of PCL injuries is
lower than that of ACL, occurring in approximately 3.4%
[9]
to 20% of all knee ligament injuries . PCL injuries are
presented either as isolated tears or combined with
other knee ligament injuries. Multiple knee ligament
[10,11]
injuries usually need surgical treatment
. Despite the
variety of operative techniques, PCL reconstruction still
[10,12,13]
remains a challenge
. Autografts like Patella tendon
(Bone-Tendon-Bone), Hamstrings and Quadriceps
tendon or allografts like Achilles tendon, Anterior and
Posterior Tibialis tendon are the most commonly used
[4]
grafts . Artificial grafts are rarely indicated because of
[14-16]
their previous failure in ACL reconstruction
. The
new generation artificial ligaments offer the advantages
of less surgical time, absence of donor site morbidity,
avoidance of possible spread of diseases (like Hepatitis
C, HIV or knee infection), and faster postoperative
[4,17-21]
rehabilitation
.
As far as the timing of the operation is concerned,
previous studies have stress out the risk of arthofibrosis
[22,23]
after early treatment
. However in other reports,
there is evidence that early reconstruction, in the first
4-6 wk usually provides better results compared to
[2,24]
delayed reconstruction
, which could be explained
by the good healing capacity of the early ruptured
[25-29]
PCL
. The limit of early treatment though arbitrary is
[3]
considered 3 wk. Recently Fanelli et al set the limit of
early reconstruction in six weeks long.
In our retrospective study we have included patients
with complex knee injuries being treated acutely
and followed-up long-term, utilizing a standardized
treatment protocol. Early (during 4 wk post injury)
PCL reconstruction using an artificial ligament as a
temporary restraint to posterior translation of tibia,

RESULTS
Seven patients were excluded; two because of coexisting knee osteoarthritis and the remaining five
because of failure to attend the final follow-up. The
sample consisted of 31 patients with mean age at
the time of reconstruction 33.2 ± 12.5 years (range
17-61). The postoperative follow-up was on average
9.27 ± 4.27 years (range 5-18). The mean average
IKDC and KOS scores were 79.32 ± 17.1 and 88.1 ±
12.47% respectively. Average PD was 3.61 ± 2.15
mm compared to 0.91 ± 1.17 mm in the uninjured
knees (one with grade 1 + and two with grade 2 +).
Dial test was found positive in one patient, whereas
the quadriceps active drawer test was positive in three
patients. None was tested positive on the reverse-pivot
shift test. The range of motion (ROM) was normal in
thirty knees, in comparison with the contralateral one.
There was no extension deficit. Osteoarthritic changes
were found in three knees (9.6%).
CONCLUSION
Early treatment of complex knee injuries, using LARS
artificial ligament for PCL reconstruction sufficiently
reduces posterior tibia displacement and provides
satisfactory long-term functional outcomes.
Key words: Complex knee injuries; Posterior cruciate
ligament; Acute reconstruction; Ligament Augmentation
and Reconstruction System
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Complex knee injuries pose a difficult problem
while the treatment remains controversial. There are
only few studies with long-term follow-up and with
homogenous sample, regarding the timing of operation,
the type of the graft and the type of reconstruction. In
our study with a long-term follow-up, we have operated
all the patients in the acute phase, using a standardized
protocol regarding the technique, the type of the graft
and the postoperative rehabilitation. Furthermore we
have excluded the knee dislocations with vascular
injuries, since these injuries have a different prognosis
and they consist a separate category.
Gliatis J, Anagnostou K, Tsoumpos P, Billis E, Papandreou M,
Plessas S. Complex knee injuries treated in acute phase: Longterm results using Ligament Augmentation and Reconstruction
System artificial ligament. World J Orthop 2018; 9(3): 24-34
Available from: URL: http://www.wjgnet.com/2218-5836/full/
v9/i3/24.htm DOI: http://dx.doi.org/10.5312/wjo.v9.i3.24
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Table 1 Patients data
Patient

Gender

Age

Cause and time of Injury

Injury

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
Average ± SD

Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Fem.
Male
Male
Male
Female
Female
Male
Male
Male
Male
Male
Female
Male
Male
Male
Male
Male
Male
Male
Male
Male

35
46
52
19
41
36
25
20
61
60
54
37
25
51
17
28
20
23
38
37
27
36
33
30
27
21
22
35
26
26
21
33.2 ± 12.5

MVA (2007)
MVA (2007)
MVA (2003)
MVA (2004)
MVA (1997)
MVA (2003)
MVA (2007)
MVA (2001)
FALL (2006)
FALL (2007)
FALL (2000)
MVA (2002)
MVA (2004)
MVA (2007)
FALL (1999)
FALL (2005)
MVA (2000)
MVA (2003)
MVA (2004)
MVA (2007)
FALL (2009)
MVA (2009)
MVA (2009)
MVA (2010)
MVA (2010)
MVA (2010)
MVA (2011)
FALL (2010)
MVA (2010)
MVA (2010)
MVA (2011)

(R) PCL/MCL/MM
(R)PCL/ACL/MCL part
(L) PCL/ACL/LM
(R) PCL/PLC/LM
(L) PCL/ACL/LM
(L) PCL/ACL
(R) PCL/ACL/PLC
(L) PCL/MCL/MM
(R) PCL/ACL/MCL
(R) PCL/ACL/PLC
(R) PCL/ACL/
(R) PCL/ACL
(R)PCL/PLC/ACL/LM
(L) PCL/MCL
(L)PCL/ACL/LM
(R)PCL/ACL/MCL part
(L) PCL/MCL
(R) PCL/PLC/LM
(L) PCL/MCL
(R) PCL/PLC
(L) PCL/ACL
(R) PCL/ACL/PLC
(R) PCL/ACL/MCL/MM
(L) PCL/ACL
(L) PCL/ACL/PLC
(R) PCL/ACL/MCL
(R) PCL/ACL
(R) PCL/ACL
(R) PCL/ACL/MCL
(R) PCL/ACL/MCL
(R) PCL/ACL

[26,30-35]

allows the PCL remnants to heal
and can give
satisfactory early and long-term results concerning
posterior stability. In addition the augmentation of the
posterolateral corner reconstruction allows the repaired
soft tissues to heal in the correct position. We thus,
retrospectively present the results of complex knee
injuries treated in the early post-injury period using
the artificial ligament LARS (Ligament Augmentation
[36-38]
Reconstruction System)
to reconstruct PCL. The
purpose of this study was to post-operatively assess the
stability and clinical outcomes of the knee in mid-term
to long-term follow-up, and to identify the progress of
any degenerative changes in acutely operated knees.

2
4
1
4
2
1
4
4
1
3
3
3
1
4
1
1
4
2
3
2
4
4
4
1
3
2
1
4
2
4
4
2.67 ± 1.24

8
8
12
11
18
12
8
14
9
8
15
13
11
8
16
10
15
12
11
8
6
6
6
5
5
5
6
5
5
5
7
9.2 ± 4.27

the isolated PCL reconstruction, the presence of
degenerative knee disease and the concomitant fracture
or vascular injury that could influence the postoperative
rehabilitation program. All patients were operated in the
first four weeks after injury, which is the elapsed time to
consider an injury as an acute one (Table 1).

Graft selection

The graft used for PCL reconstruction was the LARS
(Ligament Augmentation and Reconstruction System,
Surgical Implants and Devices, Arc-sur-Tille, France)
artificial ligament, made of polyethylene terephthalate.
LARS is a system of artificial ligament devices used for
ACL, PCL, PLC (posterolateral corner) reconstructions
and also Achilles tendon ruptures and acromioclavicular
[18,19,36,37,39]
joint injuries
. We have used PC 80 in our
cases.

MATERIALS AND METHODS
Sample

Multiple ligament knee injuries where PCL was
reconstructed with LARS artificial ligament were
retrospectively studied. The study period was from 1997
to 2010. Thirty-eight operations were undergone in this
period. Inclusion criteria were the early arthroscopicallyassisted, multiple ligament reconstruction, always
including single bundle PCL reconstruction with LARS
artificial ligament. Exclusion criteria were the open
technique, the use of allografts or autografts such
Hamstrings or Patella tendon for PCL reconstruction,
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Operation time after injury (wk) Follow-up (yr)

Operative technique

All the operations were performed by the two senior
authors, which were experienced in multiple ligament
reconstructions. Under general anesthesia in supine
position, a tourniquet was applied to the affected limb
without being inflated. The foot of the operated leg was
seated on a post over the operative table with a lateral
support to maintain the knee in 90° of flexion. Leg
position adjustments were possible. We used fluids with
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Figure 1 Tibial tunnel opening under image intensifier.

Figure 2 Proper position of tibia and femur for Telos Stress Device.

gravity flow and not a pump. An image intensifier was
necessary in the theatre. In all cases, we performed
a routine arthroscopic examination of the knee joint
through the standard anterolateral and anteromedial
portals. These portals were made immediately adjacent
to the lateral and medial borders of the patellar tendon
and 1 cm above the joint line to allow an easy passage
of an arthroscope through the intercondylar notch
to provide access to PCL tibial attachment. In PCL
injuries, it is easier for the arthroscope to pass from the
anterolateral portal to the posteromedial compartment
through the intercondylar notch. In cases of meniscal or
cartilage injury, if debridement was needed, the medial
portal was used as well. Posteromedial portal was not
used. Initial intra-articular bleeding was controlled
with the aid of intermittent tourniquet inflation. A
thorough evaluation of the intra-articular injuries was
performed. The meniscal and cartilage injuries were
treated first, either with fragments removal or meniscal
repair. In all cases PCL was reconstructed, first of all
injured ligaments, with LARS artificial ligament. The
PCL remnants were always left intact and the tibial
tunnel was created first, under image intensifier control
(Figure 1). With the LARS instrument there was no
need to debride the tibial PCL attachment. Then the
femoral tunnel was created aiming just inferior to the
native anterolateral bundle attachment of the PCL. The
graft was passed afterwards through the tunnels with
the aid of flexible wires, leaving the functional part of
the graft inside the knee joint. The femoral side was
fixed first and the normal step off was restored under
image intensifier before the fixation of the tibial side
with one screw and one staple. In cases of coexisting
ACL rupture, we reconstructed the ligament in the
early cases with LARS artificial ligament in the first 12
cases, while in the other 13 cases we used Hamstrings
tendons. Posterolateral instability (PLI) was detected
clinically with increased external rotation (Dial test) and
arthroscopically with the “drive through sign” in 9 cases.
We reconstructed posterolateral corner (PLC) addressing
the popliteal and popliteo-fibular ligament (Warren
[35,40]
procedure)
. In all cases we used Hamstrings
tendons from the contralateral knee to augment the

repaired PLC structures. In none of the cases MCL
[41]
reconstruction was necessary . Postoperatively we
used continuous passive motion (CPM) from day one.
The patients were allowed to partial weight-bear for 6
wk and gradually to full weight-bear up to two months.
Postoperatively conventional functional braces were
[20,21]
utilized
.
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Evaluation

All patients were assessed clinically and functionally in
an outpatient office by an independent observer who
was an appropriately trained senior resident. Clinical
evaluation included Lachman and reverse-Lachman
test, Anterior and Posterior Drawer tests (grading: 1
+: 0-5 mm, 2 +: 5-10 mm, 3 +: > 10 mm anterior or
posterior translation respectively), Quadriceps Active
Drawer test, Dial test for PLI and Varus-Valgus stress
tests (gradingⅠ: 0-5 mm, Ⅱ: 5-10 mm, Ⅲ: > 10 mm
[42]
opening) for collateral ligaments’ assessment . The
functional outcome was assessed with ROM evaluation,
KOS-ADLS score and IKDC Subjective Knee Form,
while Lysholm knee scoring, and SF-12 Health Survey
[43-47]
completed the clinical outcomes
. The examiner
used the Telos Stress Device to evaluate the posterior
displacement of the injured knee in comparison to the
[48,49]
contralateral healthy one
. A lateral x-ray imaging
was performed in 90° of knee flexion under a standard
anteroposterior force of 150N from Telos Stress Device
(Figure 2). The standard force is widely accepted since
80N are adequate to induce posterior displacement of
the tibia, while a greater than 180N force will cause
pain and muscle contraction, influencing the reliability of
[50]
measurements . The total posterior tibial translation
was measured and the side to side difference between
normal and affected knee was compared during the
[50-53]
force applied and not
(Figure 3). Arthritis was
assessed by AP radiographs. Arthritis was rated as
either present or absent based on joint space narrowing
and/or the presence of osteophytes. This methodology
is similar to that used in the Kellgren and Lawrence
[54]
(KL) grading system . Patients without evidence
of osteoarthritis would be considered (KL) Grade 0
to 1, whereas patients with radiographic evidence of
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Table 2 Functional scores
KOS-ADSL/70 × 100%

Patient code
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
Average ± SD

94.2%
98.5%
88.5%
95.7%
92.8%
74.2%
98.5%
100%
88,5%
100%
77.1%
78.5%
88.5%
41.4%
90.0%
100%
80.0%
75.7%
85.7%
97.1%
90.0%
97.1%
58.5%
92.8%
98.5%
92.8%
95.7%
77.1%
98.5%
92.8%
92.8%
88.1 ± 12.47

IKDC/87 × 100

Lysholm/100

88.5
79.3
83.9
98.8
77.0
65.5
98.8
94.2
62.0
98.5
72.0
80.4
83.9
24.1
93.1
95.4
52.8
60.9
81.6
95.4
81.6
95.4
49.4
81.6
100
86.2
90.8
55.1
89.6
85.0
81.6
79.32 ± 17.1

91
100
85
91
88
83
100
100
94
100
88
90
69
48
85
100
90
58
95
99
99
99
67
94
100
85
94
81
94
94
86
88 ± 12.4

osteoarthritis would be considered (KL) Grade 2 to 4.

Mental subscale (%)

51.1
54.8
49.3
56.6
56.6
48.7
56.6
57.2
48.0
56.6
56.6
53.1
53.0
30.8
56.6
56.6
38.8
47.6
54.1
56.6
55.3
55.3
42.8
55.3
56.6
53.2
56.6
36.0
56.6
56.6
55.3

62.4
59.8
61.4
60.8
60.8
61.5
60.8
33.8
62.5
60.8
60.8
59.9
57.0
40.5
60.8
60.8
61.5
48.6
53.8
60.8
60.7
60.7
57.0
60.7
60.8
49.8
60.8
60.4
60.8
60.8
60.7

week (< 1/52); specifically two patients were operated
three days post-injury and one patient on the accident
day. Also five patients (17.6%) were operated 1 wk
(1/52) after the trauma and six patients (17.6%) 2 wk
(2/52) after their accident, respectively. Five patients
(17.6%) underwent operation three weeks (3/52) post
injury, while twelve patients (38.2%) were treated four
weeks (4/52) after injury.

RESULTS
Thirty-eight patients in total over the 17 years’ period
sustained a complex knee injury including PCL rupture
and underwent a reconstruction of PCL with LARS
artificial ligament. From these, two patients were
excluded because of co-existing knee osteoarthritis,
while five more did not manage to attend the final
follow-up. So, the final sample consisted of 31 patients.
From the 31 patients, 27 were males and 4 females.
From the reconstructed knees 20 were right side and
11 left. The mean age at the time of reconstruction was
34.5 (± 12.5) years (range 17-61). The average time
from injury to surgery was 2.67 (± 1.24) wk (range
1-4) and the mean time of postoperative follow-up was
9.2 (± 4.27) years (range 5-18), (Table 1). From the
31 cases, 24 were motor vehicle accidents (MVA) and 7
were sport injuries and falls (Table 1). All patients were
examined clinically (clinical examination) functionally
(with functional outcome questionnaires) (Table 2), and
radiologically with the Telos stress device (Table 3).

Functional scores and clinical findings

The mean KOS-ADLS score (Knee Outcome Survey Activities of Daily Living Score) was 88.1% (± 12.47).
Twenty-two patients (70.9%) had score greater than
60/70 and two of them (6.4%) reached the absolute
70/70, indicating excellent functionality. Only one
patient (3.2%) had score of less than 35/70. The mean
IKDC (International Knee Documentation Committee)
Subjective Knee Form was 79.32 (± 17.1). Twenty
patients (64.5%) reached 70/87 score and above but
four patients (12.9%) pointed a score lower than 50/87.
The evaluation according to the Lysholm knee scoring
revealed excellent (95-100) results for ten (32.2%)
patients, good (84-94) for sixteen (51.6%), fair (65-83)
for three (9.6%) and poor (< 64) for only two (6.4%)
patients (Table 2). Regarding the SF-12 Health Survey,
all patients except three declared very satisfied from

Time interval between injury and operation

Three patients (8.8%) were operated during the first
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SF-12
Physical subscale (%)
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Table 3 Radiological results with Telos device
Patient code

Telos posterior displacement (mm) X-ray measured

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
Average (SD)

Operated knee

Healthy knee (contralateral)

8
6
5
1
4
2
0
0
6
3
2
4
6
7
5
3
3
3
4
3
4
2
8
4
0
5
1
3
0
3
4
3.61 (± 2.15)

0
3
2
0
0
5
0
2
0
1
1
0
1
2
0
3
0
0
1
1
0
1
0
1
2
0
1
0
0
0
0
0.91 (± 1.17)

Figure 3 Anteroposterior force on tibia through Telos Device leading to
posterior translation.

Figure 4 Anteroposterior knee x-rays for evaluation of arthritis
progression (Kellgren and Lawrence grade 3).

follow-up, 15 years postoperatively with (KL) grade 3
(Figure 4), and in two men 64 and 54 years old, 8 and
15 years after operation, respectively both with (KL)
grade 2. The remaining twenty-eight (n = 31) patients
had no radiographic findings of joint space narrowing (KL
grade 0 or 1). The mean tibial posterior displacement
of the operated knees as measured with the Telos
Stress Device was 3.61 (± 2.15) mm. The value for
the normal contralateral knees was 0.91 (± 1.17) mm
respectively. Twenty-five patients (80.6%) were found
with posterior translation of less than 5 mm (GradeⅠ)
and six patients (19.3%) with posterior displacement
in the range 6-10 mm (Grade Ⅱ). No one patient was
classified in the group of 11-15 mm or greater than 15
mm (Grades Ⅲ and Ⅳ, respectively) (Table 3).

the postoperative outcome in both physical and mental
health fields (ranging from 30.8-56.6 and 33.8-62.5
respectively), and further indicated that if again needed,
they would undergo the same procedure under the
same circumstances (Table 3).
The posterior drawer test was positive (grade 2 +)
in six (n = 6) patients, the anterior drawer test was
positive in three (n = 3) (one with grade 1 + and two
with grade 2 +), the varus stress test in five (n = 5)
(three with gradeⅠand two with grade Ⅱ ) and the
valgus stress test in three (n = 3) patients (all with
grade Ⅱ). The dial test was found positive (> 15° side
to side difference) in one (n = 1) patient, whereas the
quadriceps active drawer test was positive in three (n
= 3) patients. None was tested positive on the reversepivot shift test. The range of motion (ROM) was normal
in thirty knees, in comparison with the contralateral
one, with a 0°-121.2° (± 10.14) average flexion arc
and had no extension deficit. Only in one knee there
was a limitation of ROM: 0°-90°.

DISCUSSION
In our study we treated complex knee injuries in the
acute phase, at four weeks’ time, reconstructing PCL
with LARS artificial ligament in all our cases. The clinical
outcome was satisfactory in most of the cases longterm. The rate of posttraumatic arthritis was very low,
too. Most of our patients in this study maintained a
good clinical outcome in the long-term follow-up. We
assessed the stability with the Telos Stress Device

Radiographic evaluation

The evaluation of knee X-rays (AP weight-bearingstanding) revealed a medial joint space narrowing (>
2 mm in comparison with lateral joint space) in three
(n = 3) patients; in a 66 year old woman at the last
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[48-53]

[58]

postoperatively
. The posterior translation was
more than 5 mm in only six patients, but none of
them had an over 10 mm posterior displacement. The
mean side-to-side difference was 2.7 mm, which is
comparable with other series with long-term follow[55]
ups. Hermans et al found a 4.7 mm mean difference
in their patients. Similar results have been reported
[56]
in other studies using autografts or allografts . The
functional and clinical outcome was assessed through
three knee-specific questionnaires: The IKDC Subjective
Knee Form, the KOS-ADLS, the Lysholm scale, as well
as a general health questionnaire, the SF-12 Health
[43-45]
Survey
. More than 70% of our patients scored
good to excellent results in all measures used. Only
one patient yielded disappointing results even though
the objective assessment was normal. In our study the
rate of post-traumatic arthritis was low (three out of 34
patients) compared to other studies with similar follow[3,57,58]
up time
.
Very few studies underwent long-term follow[2,3,57-61]
up
and only two studies exceeded the ten[3,59]
year follow-up limit
. However most of these
previous studies included both true dislocations
and complex knee injuries together. Thus, making
the sample heterogeneous, because the soft tissue
injury is usually worse after a complete dislocation.
[58]
In one of those, Engebretsen et al
also included
patients with different type of injuries, where they
concluded that high-energy injuries had significantly
lower functional scores. Furthermore in some of these
studies with long term follow-up the type of treatment
was not consistent, either treating the patients in two
[57]
[61]
stages
or conservatively . Another issue, which
was not consistent in these studies, was the timing of
operative treatment. In some of those the operation
[57]
was performed in a later stage , in others in an
[58,59]
early stage
and some of these studies included
patients, who had treatment both in early and late
[58]
[2]
stage . Recently, a study presented good results
after long-term follow-up in patients with traumatic
knee dislocations. However they included patients with
vascular injury requiring repair, as well as some patients
with high-energy injuries. In these cases, soft tissues
very rarely heal in the first three weeks after the injury
making impossible reconstruction in early stage, thus
influencing negatively the final outcome. Treatment
regime was not the same for all the patients since
they used various grafts for ligament reconstruction,
especially for the PCL. The incidence of posttraumatic
[3]
arthritis also, was not reported. Fanelli et al , presented
the study with the longest follow-up (over 10 years)
and the patients had a standardized treatment protocol,
utilizing allografts in a delayed fashion in the majority
of the cases. They reported that the knee stability was
restored but one fourth of the patients had developed
post-traumatic arthritis. Interestingly, the same authors
[62]
in a previously reported study
with 10 years followup did not provide any information about post-traumatic
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arthritis. Engebretsen et al
on the other hand
reported high incidence of arthritis in his patients but
they included all high-energy traumatic complete knee
dislocations.
Our treatment regime included several standardized
procedures. Firstly, the requirement for operating
was to have a “quiet” knee with no blisters or edema,
and with smooth range of knee motion. In all of our
cases we achieved this goal using early CPM and
active quadriceps exercises, at the limits of the pain.
Therefore, we excluded the cases of knee dislocations
requiring revascularization, as in these cases the repair
had to be protected with knee immobilization, using an
external fixator. This is the reason we used the term
“complex” knee injuries and not knee dislocations. In
our experience, the latter is a different entity because
of the severity of the soft tissue injury and the possible
fasciotomies, associated with vascular reconstruction,
which usually preclude early treatment of the knee
ligaments. Secondly, our aim was to operate in an early
stage, trying to preserve the remnants of both, the
ruptured PCL and the ruptured collateral ligaments.
There is debate in the literature regarding the timing
for treating complex knee injuries. Two systematic
[63,64]
reviews, published both in 2009
reported different
conclusions regarding the timing of the operation.
[63]
Levy et al
suggested that early operative treatment
of the multi-ligament injured knee yields improved
functional and clinical outcomes compared to nonoperative management or delayed surgery. On the
[24]
other hand, Mook et al
reported that delayed
reconstructions of severe multiple-ligament knee
injuries could potentially yield equivalent outcomes in
terms of stability when compared with acute surgery.
This is justified by the fact that acute surgery is highly
associated with range-of-motion deficits. Hirschmann
[59]
et al
reported in 12 years follow-up (average) study
with early reconstruction very good results regarding
knee stability, but one fifth of the patients had extension
deficits and one third of the patients had not satisfactory
clinical outcome. The authors did not include patients
with vascular repair but the ligament reconstruction
was performed with open surgery. Recently Khakha
[2]
et al reported a high level of overall knee function
following acute surgical reconstruction with a 10-year
average follow-up. However, the treatment protocol was
not consistent, since they used different grafts for PCL
and PLRI reconstruction. They also included patients
requiring vascular repair, who needed postoperative
immobilization; they however, have reported immediate
knee motion postoperatively.
We have used also the artificial LARS ligament to
reconstruct PCL. The artificial graft acts as a scaffold for
the PCL remnants. The stable joint environment and
the scaffold function of the LARS ligament promotes
[25,27,29,31,32,39,51]
the healing procedure
. Its use in ACL
reconstruction as an isolated graft is contraindicated
because it has failed in the majority of the cases
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even though it seemed successful in the short[14-17,26,37,41,64]
term
. The difference in PCL reconstruction
is that the function of the graft in the acute phase is to
acts as the central support system, allowing the PCL
remnants to heal in the correct position with minimal
[30,31,34,65]
posterior laxity in the knee
. Another advantage
of the artificial graft is that there is no need for intensive
postoperative rehabilitation using sophisticated devices.
In all the cases we did not restrict the range of motion
postoperatively. The surgical technique also is simpler
than the conventional PCL reconstruction techniques,
because the posterior portals are not needed, since
the posterior exit of the tibial tunnel is assessed
fluoroscopically, using the special guide of the LARS
system. The risk of synovitis was reduced as we did not
notice any case of synovitis in our sample and we are
[14,15]
aware of only one case in the literature
. Another
benefit of this reconstructive procedure is that it permits
fast return to daily activities and sooner to sports.
In contrast to this fast return, hamstrings or other
autografts require a period of graft revascularization,
where activities are limited and rehabilitation program
is extended. In addition, allografts always pose the
[18,20,21]
risk of disease transmission
. The advantage of
preserving the PCL remnants was stressed out in two
[32]
[66]
studies. Both Ahn et al
and Zhao et al
reported a
preserving reconstruction method for chronic, however
PCL injuries. The only study available to describe the
results of remnant-preserving PCL reconstruction in
the acute and sub-acute stage was presented by Jung
[31]
et al
but the authors have included patients in the
sub-acute phase (3 mo post-injury). They also used
hamstrings grafts, which require protection in the early
postoperative period. Recently various reports have
published good results after PCL reconstruction using
[19,37]
LARS artificial ligaments
. However only in one study
[19]
the operation was performed in an early stage and the
follow-up was relatively short (less than 5 years), which
is considered a limitation when artificial grafts are used,
[15,16]
because of their tendency to fail in a later phase
.
Despite our efforts, there are limitations in our
study. It is a retrospective study, but the majority
of similar studies are also retrospective, since the
incidence of these injuries is very rare. A second
limitation is the sample size, which seems rather small,
however it is considered a homogenous sample, since
we used a standardized protocol regarding the timing
of surgery and the treatment method. We have also
excluded patients with vascular injuries, which require
different treatment protocol and they also have different
prognosis. The follow-up was long enough, compared
to other similar studies, reported in the literature.
Therefore, we believe that our proposed treatment
protocol to treat complex knee injuries, operating in
an early fashion and reconstructing PCL with LARS
artificial ligament may restore knee stability and provide
satisfactory long term clinical outcome.
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ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Complex knee injuries pose a difficult problem across the literature in terms of
diagnostic classification while the treatment remains controversial. In particular,
there is conflict regarding: (1) Their classification (as benign knee dislocations
with intact neurovascular status and knee dislocations with arterial injury are
not well classified); (2) their postoperative rehabilitation (as knee dislocations
with arterial injury require a period of knee immobilization, whereas “benign”
knee dislocations can be treated with aggressive postoperative rehabilitation);
(3) the timing of the operation; (4) the graft type; and (5) the lack of long term
follow-up. In our study we have tried to address all these issues, because we
present a homogenous sample, with a long-term follow-up, using LARS artificial
ligament to reconstruct PCL and all patients had the operations in the acute
phase. Therefore, we feel that the results presented here are reliable since our
study, although retrospective has a clear and robust methodology.

Research motivation

In medicine and in any other research processes, the researcher first he
observes a phenomenon, secondly he tries to explain it with a theory, and lastly,
he has to reproduce it, to confirm the theory. Taking this into account, we have
observed that early reconstruction of these injuries provide better outcomes,
because the injured soft tissues, have a better healing potential in the acute
phase. There is also always a fear for knee arthrofibrosis, when operating early
these injuries; we have therefore, allowed (in all our cases) the inflammation to
settle down with the help of intensive physiotherapy after the injury. The artificial
ligament also provides the scaffold, necessary for the tissue healing in the
appropriate position. Furthermore, it allows early rehabilitation because primary
stability is achieved during the operation and no need for further protection is
needed during the early postoperative period. The satisfactory outcome after
this study’s long-term follow-up is supporting the theory of early intervention
following our treatment protocol.

Research objectives

The main objective of our study was to present a standard treatment protocol
to manage complex knee injuries, taking into account parameters which
have not been clearly elaborated in previous studies, such as postoperative
rehabilitation, timing of the operation, follow-up etc. The various parameters
of the protocol have been well defined and we suggest this protocol, since we
have found very promising outcomes for our patient sample.

Research methods

In this retrospective study, we have used a range of clinical outcome measures
and radiological parameters. Clinical measures included three knee-specific
measures; the Knee Outcome Survey for Activities of Daily Living (KOS-ADLS),
the Lysholm scale, the Knee Osteoarthritis Outcome Survey (KOOS) as well
as a generic health measure, the SF-12 Health Survey, all of which present
as the most commonly used self-reported outcomes in similar type of studies.
In addition, for detecting any anteroposterior (AP) instability we have used
the Telos devise. We have also used plain radiographs to detect any possible
remaining instability and post-traumatic arthritis. However, we believe that the
main advantages of our methodology is (1) Our homogenous sample selection
(not including patients with vascular injury or major fracture around the knee); (2)
the fact that the sample were all treated with the same standardized protocol;
and (3) that postoperative rehabilitation was also intensive with no serious
precautions regarding sophisticated and expensive braces.

Research results

Authors study we have found satisfactory clinical outcomes after a long period
of time. The functional scores, which have been used in our study yielded very
good results. The remaining instability was minimal in most cases and the rate
of posttraumatic arthritis was not detectable in most of our cases, given the
long follow-up. In future, we may have to include an MRI to detect any occult
meniscal or cartilage injuries.

Research conclusions

The new findings of this study support the theory of early intervention following
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complex knee injuries (without concomitant serious vascular or bony injuries)
as clinical, functional and radiological outcomes have all been satisfactory
during our long follow-up. We propose to treat early these injuries, providing
that the patient has achieved a good range of motion preoperatively. We also
suggest augmenting PCL remnants with LARS artificial ligament, which has
been proven adequate in the long-term follow-up. In summary, the proposed
treatment protocol is efficient in complex knee injuries, providing there is no
concomitant serious vascular or bony injuries. The new hypothesis proposed by
this study is the reconstruction of complex knee injuries in the acute phase. The
cornerstone of our approach is to start early intensive physiotherapy, to operate
as soon as the inflammation settles down and to repair all tissues in one stage.
We augment the PCL with LARS artificial ligament and we also augment the
repair of collateral ligaments. Based on these findings, we feel that all these
injuries should be treated in the acute phase. The new methods are the use of
LARS artificial ligament, only for PCL reconstruction and the repair of all the
injuries in one stage. With this approach the patients may return earlier to their
previous functional level. We feel that this is a major achievement because
these injuries may be disabling when they are not treated appropriately.

12
13

14

15
16

Research perspectives

The experience learnt from this study was to proceed for proper classification of
complex knee injuries. We cannot classify them all in the same category since
the prognosis and the treatment protocol is different in injuries complicated with
vascular or serious bony injuries. The direction of the future research should be
oriented towards the better classification of these injuries and to determine the
use of the various available grafts. The methods for future research, is either
biomechanical or clinical. The problem with clinical studies, is the rarity of the
injury, therefore multicenter studies are required.
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Abstract
AIM
To investigate that the increased intracapsular pressure,
during the delay period, can interrupt the blood flow to
the femoral head.

Institutional review board statement: This study was
reviewed and approved by the Local Ethics Committee of the
Sohag Teaching Hospital.
Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient or
his relatives agreed to treatment by written consent.

METHODS
An observational retrospective study included a group of
17 patients with traumatic hip dislocation, their ages at
time of injury averaged 26 (range from 3 to 70) years.
Outcomes were assessed clinically and radiographically
at a period averaged 11.5 (range from 4 to 20) years.
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RESULTS
Minor trauma caused dislocation in seven and severe
trauma in ten patients. All dislocations were posterior,
six isolated dislocation and 11 were associated with
other injuries. The negligence period averaged 2.5
(ranged from 1 to 4) d. At the latest visit, the radio
graphy revealed normal hip in 11 and avascular necrosis
(AVN) in six patients. Clinically, eight patients were
rated as excellent, three good, three fair and three
poor.
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CONCLUSION
We believe the factors that contribute to increased
intracapsular pressure also increase the influence of
delayed reduction toward the development of AVN.
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contributes to the development of AVN. However, the
factors that increase intracapsular pressure may play an
important role in the development of AVN.
In order to investigate our hypothesis, we present
this study using the patients’ records as a source of the
outcomes.

Core tip: Factors influencing outcomes of traumatic hip
dislocation include reduction time, the severity of trauma,
patients’ ages and direction of dislocation. Although these
factors have been thoroughly investigated, any of them
was not assigned as the causative for the development
of the avascular necrosis (AVN). Does the increased
intracapsular pressure is the foremost factor? We believe
that the factors as hemarthrosis, the position of the limb
during the pre-reduction period particularly in posterior
dislocation and traction in post-reduction period can
increase the intracapsular pressure to a level sufficient
for occlusion of intracapsular blood vessels. Delayed
reduction accentuates influence of increased intracapsular
pressure in favour of the development of AVN.

MATERIALS AND METHODS
Between February 1993 and March 2013, we have
observed and followed a group of 17 patients with
a neglected traumatic hip dislocation. Local Ethics
Committee approved this retrospective study. Patients
were not required to give informed consent to the study
because the analysis used anonymous clinical data.
The included patients are seven females and ten males
their ages at time of injury averaged 26 (range from 3
to 70) years. Baseline details are listed in Table 1. The
causative trauma was graded into minor trauma as
running, tripping or falling and severe trauma as highenergy impact, crushing, excessive speed (cycling) or
[7]
excessive force (football) . Dislocation was classified
according to the direction into anterior, posterior and
central. Then the posterior dislocation was classified
according to the Thompson-Epstein classification
[16]
system . Additionally, dislocation was classified as an
isolated or associated with other injuries, which were
then classified into polytrauma, or injuries related to the
dislocated side as sciatic nerve injury, femoral fractures
or knee injuries. Negligence period was estimated from
time of the trauma to the time of the certain reduction.
All dislocations were reduced closed and received
the same post reduction management, which consists
of aspiration of the hip joint, skin or skeletal traction for
three weeks followed by another three weeks of nonweight bearing. In case of the dislocations associated
with fractures, full weight bearing was allowed when the
fractures healed.
Follow-up reviews were undertaken at every other
week for 6 wk, and then at three, six and twelve
months. After first year, patients were re-evaluated
twice per year for 3 years, and then they invited once
per year. The follow-up period averaged 11.5 (range
from 4 to 20) years.

Massoud EIE. Neglected traumatic hip dislocation: Influence of
the increased intracapsular pressure. World J Orthop 2018; 9(3):
35-40 Available from: URL: http://www.wjgnet.com/2218-5836/
full/v9/i3/35.htm DOI: http://dx.doi.org/10.5312/wjo.v9.i3.35

INTRODUCTION
As the hip is an inherently stable joint, a substantial
force is required for its dislocation. Therefore, associated
[1,2]
injuries must be sought . However, some biological
factors can predispose to dislocation even with minor
trauma, for instance, increased the head-shaft angle
[3-5]
and diminished or increased femoral torsion
. In
children, hip dislocates mostly after relatively trivial
[2,6]
accidents such as slipping or tripping . Consequently,
the associated injuries are uncommon. The prominence
of the associated injury or insignificance of the causative
[6,7]
trauma leads to the negligence of hip dislocation .
There is almost a consensus regarding the prompt
reduction of the dislocated hip in order to minimize the
[6-9]
incidence of avascular necrosis (AVN) . However, an
experimental study reported that the reduction time
did not consider a critical factor in the appearance of
[10]
AVN .
Effusion of the hip joint was detected with traumatic
[11]
dislocation at about 35 d post injury . The effusion
increases the intracapsular pressure to a level sufficient
[2,11,12]
for tamponade of the retinacular blood vessels
.
Likewise, placement of the injured limb in the particular
positions during the pre and/or post-reduction
periods can tighten the capsule, which increases the
[13-15]
intracapsular pressure
. These reasons explain why
[6,9]
some authors noted AVN despite early reduction .
Over a period of twenty-year, we observed a group
of patients with missed traumatic hip dislocations.
Although all hips were reduced late and received the
same post reduction management, however, only about
35% developed AVN. Therefore, we hypothesized that
the delayed reduction is not only the direct factor that

WJO|www.wjgnet.com

Outcome measures

Radiological assessment: In order to assess the
stability of reduction, plain radiography was repeated
every other week for 6 wk. Development of AVN
was assessed every 6 mo for 3 years and then once
per year. AVN was defined as the appearance of
subchondral sclerosis or the presence of segmental
collapse. Associated fractures were considered during
the follow-up visits.
Clinical assessment: Clinical outcome was evaluated
[17]
according to Matta clinical evaluation system
that
evaluates with points the pain, walking and range of hip
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Table 1 Baseline data and outcome for a group of patients, they were treated late for traumatic hip dislocation
No.
Age Sex NP in days
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

3
33
5
27
55
26
19
6
4
70
36
4
36
24
6
29
57

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

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

Trauma
Minor
Severe
Minor
Severe
Severe
Severe
Severe
Minor
Minor
Minor
Severe
Minor
Severe
Severe
Severe
Severe
Minor

Baseline data
Dislocation type
T-E type 1
T-E type 1
T-E type 1
T-E type 1
T-E type 4
T-E type 2
T-E type 3
T-E type 1
T-E type 1
T-E type 1
T-E type 4
T-E type 1
T-E type 2
T-E type 2
T-E type 1
T-E type 1
T-E type 1

Associated injury

Follow-up period, yr

Isolated
Polytrauma
Isolated
Polytrauma
Polytrauma
Acetabular fracture
Acetabular fracture
Isolated
Sciatic
Isolated
Polytrauma
Isolated
Acetabular fracture
Acetabular fracture
Femoral fracture
Polytrauma
Isolated

20
18
18
16
15
15
13
12
12
9
8
8
8
7
7
6
4

Outcomes
Clinical
Score
Rating
18 point
Excellent
14 point
Fair
18 point
Excellent
12 point
Poor
14 point
Fair
16 point
Good
14 point
Fair
18 point
Excellent
18 point
Excellent
18 point
Excellent
12 point
Poor
18 point
Excellent
17 point
Good
16 point
Good
18 point
Excellent
12 point
Poor
18 point
Excellent

Radiologic
Normal
AVN
Normal
AVN
AVN
Normal
AVN
Normal
Normal
Normal
AVN
Normal
Normal
Normal
Normal
AVN
Normal

NP: Negligence period; M: Male; F: Female; T-E: Thompson-Epstein; AVN: Avascular necrosis.

outcomes as well signs of AVN were not detected
during the follow-up period. Similarly, a female patient
6-years old, although had dislocation due to severe
trauma, however, has an excellent result with no AVN.
Conversely, the patients who developed AVN their
ages averaged 33 years (range: 19 to 55 years), had
exposed to severe trauma and the post-reduction
aspiration of the hip joints revealed hemarthrosis.

motion. The clinical scores were classified as excellent =
18 points, good = 15-17 points, fair = 13-14 points and
[17]
poor ≤ 13 points .

RESULTS
The causative trauma was classified as minor in seven
cases and severe trauma in ten cases. The direction of
the hip dislocations was posterior in all cases. According
[16]
to the Thompson-Epstein classification system , 11
cases were classified as a type 1, three cases type 2,
one case type 3, and two cases type 4. Six cases were
classified as isolated dislocation and 11 cases were
associated with other injuries (Table 1). The negligence
period averaged 2.5 (ranged from 1 to 4) d.
Post-reduction aspiration of the hip joints revealed
hemarthrosis in six, synovial fluid in four, and negative
aspiration in seven hip joints.

DISCUSSION
Factors influencing outcomes of traumatic hip dislocation
include reduction time, severity of trauma, patients’
ages and direction of dislocation. Although these factors
have been thoroughly investigated, any of them was
not assigned as the causative for the development of
the AVN. Does the increased intracapsular pressure is
the foremost factor?
Diagnosis of traumatic hip dislocation is easy, many
authors and we likewise have noticed missed cases.
Prominence of the associated injuries or insignificance
[6,7]
of the trauma really leads to delay of the diagnosis .
Although delayed reduction has been regularly linked
to incidence of AVN, definition of negligence period is
[1,9]
not clear in the literature . Experimentally, AVN was
produced in the capital femoral epiphysis of immature
dogs after increasing the intracapsular pressure for six
hours and in the adult dogs for 12 h[18,19]. Consequently,
dislocation is considered neglected when the reduction
was not achieved before 12 h of injury. In the present
study, all cases were reduced at an average 2.5 d, only
35% of the cases developed AVN (Table 1). Sapkas et
[10]
al have considered the reduction time is not a critical
factor in the appearance of AVN.
Minor trauma can dislocate the hip in children
(Figure 1), likewise at any age in the presence of the
[2-5]
biological predisposing factors . Thus, it is not mostly

Radiographic outcome

The normal appearance of the femoral head compared
to the contralateral side was observed in 11 patients
and AVN signs were observed in six patients.

Clinical outcome

[17]

According to Matta
eight patients were rated as
excellent, three good, three fair and three poor (Table
1). The overall rating was good and the overall score
averaged 16 (ranged from 12 to 18) points. No general
complication was reported, the associated fractures
healed in the accepted position and the injured sciatic
nerve cured.
We have noticed a relationship between the patients’
ages and severity of the trauma on one hand and the
outcomes on the other hand. Five patients with an
average age of 4.4 years (range from 3-6 years) had
hip dislocation due to minor trauma achieved excellent
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A

B

C

Figure 1 Plain radiographs of the pelvis both hip joints for a 4-year-old boy; the right hip joint was dislocated after minor trauma. A: Notice the neck-shaft
angle; B: A radiograph was taken one week after closed reduction shows the stable reduction; C: A radiograph was taken after three years of reduction shows no signs
of avascular necrosis.

B

A

C

Figure 2 Plain radiographs of the pelvis both hip joints for a 27-year-old male, was admitted to hospital as a polytraumatized patient, the right hip
dislocation was reduced two days after injury. A: The right hip dislocated posteriorly; B: Stable reduction by the second month; C: A radiograph was taken 16 years
after reduction shows avascular necrosis of the femoral head and degenerative changes of the right hip joint.
[6-8]

associated with other injuries
. However, severe
trauma at least associated with a hemarthrosis. Laorr
[11]
et al , investigated 18 patients with traumatic hip
dislocation and found hemarthrosis in all cases. This
explains why many authors have linked severity of
[7,10,20]
trauma to the incidence of AVN
. In the present
study, we detected hemarthrosis in six, synovial fluid
in four, and negative aspiration in seven hip joints.
Additionally, the hips that were dislocated due to minor
trauma have normal femoral heads, while most of those
had dislocations due to severe trauma developed AVN
during the follow-up period (Figures 1 and 2). However,
the dislocations that associated with acetabular (Figure
3) or femoral shaft fractures have not developed AVN
(cases No. 6, 13, 14 and 15 in Table 1). The associated
femoral fractures, likely resulted from a substantial force
[1]
sufficient for laceration of the hip capsule additionally .
Any of acetabular fracture or capsular laceration allowed
for leakage of the hemarthrosis, and therefore, the
intracapsular pressure has not increased.
The patient’s age can predict the outcomes through
the severity of trauma on the one hand and the agerelated changes of the femoral head circulation on the
other hand. At age under 5 years, the acetabulum
is primarily soft pliable cartilage as well as there is a
generalized ligamentous laxity, therefore the minor
[2,6]
trauma can dislocate the hip joint . Additionally, it
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has been reported that the variations in the age-related
sequelae of the traumatic hip dislocation have been in
part attributed to the age-related changes in the hip
[
circulation 2,8,12,21].
At the fourth year of age, the femoral head is
supplied through a retinacular arterial system, which
consists of multiple arteries. With age, the multiple
small vessels of the young coalesce to a limited number
of larger vessels. Thus, damage to a single blood vessel
[2]
can have serious consequences . Most authors suggest
that the posterosuperior branch of the medial circumflex
[10,21,22]
artery is the most likely site of vascular damage
.
Nevertheless, such vessels have a more ability to
accommodate the extreme posterior displacement of
[23]
the femoral head . This explains why many authors
have reported the continuation of femoral head circula
[8,22]
tion after reduction of pure hip dislocation
.
Direction of hip dislocation plays an important role
[8]
in the development of AVN . Generally, pure anterior
dislocations have a better long-term prognosis than
[1,20]
posterior dislocations
. In anterior dislocations,
the capsule is disrupted anteriorly and inferiorly
while in posterior dislocations the capsular tear either
inferoposterior or directly posterior, depending on the
[1]
amount of flexion present . As the posterosuperior
[10,21,22]
vessels is the most likely site of vascular damage
,
the posteriorly dislocated femoral head compress
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A

B

C

Figure 3 Plain radiographs of right hip joint for a 42-year-old female, was diagnosed two days after a motor car accident. A: A posterior dislocation of the
right hip with acetabular fractures; B: A radiograph was taken two weeks after closed reduction shows stable reduction; C: A radiograph was taken seven years after
reduction shows no signs of avascular necrosis in the head of right femur.

these vessels against the posterior acetabular rim
[22]
and interrupt the femoral head circulation . Position
of the limb prior to reduction also plays a role in the
[13]
development of AVN . In posterior dislocations, the
leg is flexed, adducted, and internally rotated while in
anterior dislocations, the leg is externally rotated with
[1]
varying amounts of flexion and abduction . So, the
deformity in anterior dislocation increases capacity of
the hip capsule to accommodate pressure more than
[13-15]
that in posterior dislocation
. Moreover, recognizable
limb deformity in anterior dislocation renders negligence
is less likely.
[2]
Hip joint is enclosed by a thick fibrous capsule .
Therefore, the trauma that has sufficient severity to
dislocate the inherently stable joint, constantly results in
hemarthrosis, which increases the intracapsular pressure
to a level sufficient to tamponade of the retinacular
[2,11,12]
blood vessels
. This was proved experimentally in
two separate studies, as they produced AVN when the
intracapsular pressure of the hip was increased for six
[18,19]
or twelve hours
. Likewise, the tight repair of the
hip capsule after surgical dislocation led to a drop in
[20,22]
the perfusion of the femoral head
. Given that, the
development of AVN must depend essentially upon the
[21]
steadiness of interruption of blood flow . Hence, the
hemarthrosis that was detected at an average 13.2
d after injury will offer the circumstance sufficient for
the development of avascular AVN even after prompt
[11,12]
reduction
.

heterogeneous group of patients and in another part,
lacked the use of the diagnostic tools as measuring of
intracapsular pressure and MRI. However, heterogeneity
provided an opportunity for studying of different
age groups and different types of trauma, albeit in a
small number of patients. Availability of patients for a
considerable period of follow-up offered the data that
warranted the building of the logical opinion.
We believe that the factors as hemarthrosis, the
position of the limb during the pre-reduction period
particularly in posterior dislocation and traction in postreduction period can increase the intracapsular pressure
to a level sufficient for occlusion of intracapsular blood
vessels. Delayed reduction accentuates influence
of increased intracapsular pressure in favour of the
development of AVN.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

In February 1993, a 3-years old boy present with the secondary inability to
walk after fall during running since four days. Hip dislocation was detected
and reduced immediately. In June 1995, a male 33-years-old had present with
multiple traumas due to a motor car accident and a hip dislocation that was
missed for three days. By the sixth-month post reduction, the second patient
developed avascular necrosis (AVN). In the same week, I called the first
patient for follow-up and radiological examination that revealed normal hips. At
this moment I wondered, why the second patient developed AVN despite the
delayed reduction was the common denominator? In subsequent years I started
a study titled “Fixation of intracapsular femoral neck fractures: Effect of transosseous capsular decompression” (published). Therefore, the importance of the
intracapsular pressure has resurfaced. Again I wondered, what the relationship
between the age and the severity of the trauma regarding the hip dislocation?
As well, what the influence of hemarthrosis on the development of AVN?

Post reduction management plays a role in the develop
ment of AVN. Most surgeons recommend a period of

traction until the patient’s initial pain has subsided.
However, this position increases the intracapsular
[13-15,20,21]
pressure
. Therefore, the best recommendations
for post-reduction treatment are avoidance of strict
immobilization and allow full weight bearing once the
[1,11-13]
patient can control his leg in space
. Aspiration of
the hip, if it has hemarthrosis, should be repeated during
the first day and in the next days as long as the joint
effusion persists.
The present study has many limitations: In part,
the included data were retrospectively collected from a
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Research motivation

This study was conducted for answering of the inquiries that can be summarized
in, “when we expect the development of the AVN after hip dislocation and how
to avoid the predisposing factors”.

Research objectives

The objective of this study was the detection of the factor(s) that can accentuate
hazardous of delayed reduction. We assumed increased intracapsular
pressure is the concerned factor. Realizing this hypothesis will open the way
for avoidance the complications resulted from hip joint effusion either due to
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trauma or disease.

8

Research methods

9

This is an observational retrospective study depend on the analysis of patients
records and reviewing of the literature in realizing of its objectives.

Research results

10

Research conclusions

11

We have noticed a relationship between the patients’ ages and severity of the
trauma regarding the incidence of the hip dislocation, as well the severity of
trauma and development of AVN.

Increased intracapsular pressure can be a result of the combined effect of hip
dislocation and traction of the limb in the post-reduction period. Complications of
hip diseases that associated with hip effusion as infections or Perthes disease
can be diminished through reduction of intracapsular pressure. The prompt
reduction is not enough to avoid the development of the AVN. The interferences
as traction of the limb for immobilization can increase the intracapsular
pressure of hip joint. Influence of the intracapsular pressure varies according to
the patient’s age. I suggest a prospective study using the advanced instruments
for prediction of the development of AVN. The associated acetabular fractures
allowed leakage of the hemarthrosis as well fracture of femoral shaft possibly
lacerated the hip capsule and in both cases, we could not detect fluid through
aspiration. The recommendations for post-reduction treatment are the aspiration
of the hemarthrosis, avoidance of strict immobilization and allow full weight
bearing once the patient can control his leg in space.

12
13
14

15

Research perspectives

16

Despite the heterogeneity of the patients, however, it provided an opportunity
for studying of different age groups and different types of trauma, albeit in a
small number of patients. The future research should be directed toward the
reduction of the complications of the diseases that associated with increased
of the intracapsular pressure. The best method for the future research is a
prospective randomized controlled study.

17

18
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and median values as a more conservative cut-off for
evaluating longitudinal change.

Abstract

Hung M, Bounsanga J, Voss MW, Saltzman CL. Establishing
minimum clinically important difference values for the PatientReported Outcomes Measurement Information System Physical
Function, hip disability and osteoarthritis outcome score
for joint reconstruction, and knee injury and osteoarthritis
outcome score for joint reconstruction in orthopaedics. World
J Orthop 2018; 9(3): 41-49 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v9/i3/41.htm DOI: http://dx.doi.
org/10.5312/wjo.v9.i3.41

AIM
To establish minimum clinically important difference
(MCID) for measurements in an orthopaedic patient
population with joint disorders.
METHODS
Adult patients aged 18 years and older seeking care
for joint conditions at an orthopaedic clinic took the
Patient-Reported Outcomes Measurement Information
®
System Physical Function (PROMIS PF) computerized
adaptive test (CAT), hip disability and osteoarthritis
outcome score for joint reconstruction (HOOS JR), and
the knee injury and osteoarthritis outcome score for
joint reconstruction (KOOS JR) from February 2014
to April 2017. MCIDs were calculated using anchorbased and distribution-based methods. Patient reports
of meaningful change in function since their first clinic
encounter were used as an anchor.

INTRODUCTION
The National Institutes of Health sponsored an initiative
to develop a Patient-Reported Outcomes Measurement
® [1]
Information System (PROMIS ) using item response
theory (IRT) methods. These methods have been
recommended for use in the evaluation of arthroplasty
outcomes because of their unique measurement
[2]
properties . Computerized adaptive testing (CAT) using
IRT minimizes respondent burden without sacrificing
[3,4]
®
instrument precision . The PROMIS Physical Function
(PF) CAT assesses physical function in five domains
but is not directly targeted at joint function. Yet the
useful measurement and administration qualities of
®
the PROMIS PF CAT make it a valuable addition to
patient-reported outcomes (PRO) assessments in joint
[5,6]
reconstruction . Aside from minimizing burden, top
quality PRO instruments also offer reliable and valid
[7]
scores that are easy to interpret .
Recent attention in PRO development has focused in
on the interpretability of scores, particularly in terms of
[8]
how meaningful the outcomes are to patients . Change
in function is an important clinical outcome, thus PROs
should be able to detect change in patient function. In
interpreting change, the minimum clinically important
difference (MCID) reflects the smallest amount of
[9]
meaningful change . “MCIDs are patient derived scores
that reflect changes in a clinical intervention that are
[10]
meaningful for the patient” . Meaningful change is
important, as it can serve as a benchmark of treatment
effect, and it is critical in decision making. Whether
or not a treatment produces a statistically significant
outcome is less informative than whether it produces
meaningful change, as an inflated sample size can yield
[11,12]
statistical significance without clinical relevance
.
Multiple methods have been developed for
determining MCID values and there is little agreement
[10]
on the best standard to apply . Distribution-based
approaches rely on statistical methods and probability
sampling. They describe how much change falls beyond
random levels of variation. They rely on distributions of
scores and how much the scores vary between patients
in reaching a magnitude of change that is beyond
[13]
chance fluctuation . But distribution methods cannot

RESULTS
There were 2226 patients who participated with a mean
age of 61.16 (SD = 12.84) years, 41.6% male, and
89.7% Caucasian. Mean change ranged from 7.29 to
®
8.41 for the PROMIS PF CAT, from 14.81 to 19.68 for
the HOOS JR, and from 14.51 to 18.85 for the KOOS
JR. ROC cut-offs ranged from 1.97-8.18 for the PF CAT,
6.33-43.36 for the HOOS JR, and 2.21-8.16 for the
KOOS JR. Distribution-based methods estimated MCID
®
values ranging from 2.45 to 21.55 for the PROMIS PF
CAT; from 3.90 to 43.61 for the HOOS JR, and from
3.98 to 40.67 for the KOOS JR. The median MCID value
in the range was similar to the mean change score for
each measure and was 7.9 for the PF CAT, 18.0 for the
HOOS JR, and 15.1 for the KOOS JR.
CONCLUSION
This is the first comprehensive study providing a wide
®
range of MCIDs for the PROMIS PF, HOOS JR, and
KOOS JR in orthopaedic patients with joint ailments.
Key words: Hhip disability and osteoarthritis outcome
score for joint reconstruction; Patient-Reported
Outcomes Measurement Information System Physical
Function; Knee injury and osteoarthritis outcome score
for joint reconstruction; Minimum clinically important
difference; Joint; Physical function; Minimum detectable
change; Arthroplasty; Orthopaedics; Clinical outcomes
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Personal value judgments should be used to
apply these minimum clinically important difference
(MCID) values to treatment planning and in guiding
patient expectations of change. We recommend
applying low values of MCIDs for screening purposes
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tell us whether the amount of change is meaningful
[8]
from the clinician’s or the patient’s perspective . An
alternative approach is to use anchor-based methods
which relates the change in patient scores to some
[13]
other measure of health outcomes .
®
Determining the MCID of the PROMIS PF is an
important step to understand the meaning of the
scores. Collecting the longitudinal data necessary to
analyze meaningful change takes time. Because the
®
[1]
PROMIS development began quite recently in 2004 ,
there have been very few studies estimating MCIDs
®
for PROMIS measures and little is known about
MCID values in the orthopaedic adult reconstruction
[14]
®
population . Initial MCID development for PROMIS
instruments has begun in specific patient populations
[15]
[16]
such as pediatrics
or cancer patients
but studies
are lacking in orthopaedic patients.
Other PROs have been developed that are specific to
the domain of joint function and it is helpful to consider
the measurement properties of these newer instruments
side by side. The knee injury and osteoarthritis
outcome score for joint reconstruction (KOOS JR) and
the hip disability and osteoarthritis outcome score for
joint reconstruction (HOOS JR) are two joint specific
instruments recently introduced in the arthroplasty
[17-20]
arena
. Both instruments have been approved by
the Centers for Medicaid and Medicare Services for
[21-24]
use in joint replacement registries
. The HOOS and
KOOS were selected given their use in joint replacement
registries in the United States, though other valid
measures such as the Oxford hip or knee score are
more common in European registries and the Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) has a longer-term use for more general
[21]
assessments of osteoarthritis . Prior research has
demonstrated that the HOOS and KOOS measures are
[25]
sensitive to change ; however, we are unaware of any
[26]
studies that develop MCIDs for these instruments .
The purpose of this study was to determine the MCIDs
®
of the PROMIS PF CAT, the HOOS JR, and the KOOS JR
in an orthopaedic population with lower-extremity joint
conditions.

measurement was conducted as a part of customary
standard of care. For this study, these visits were
organized into four follow-up periods based upon the
first recorded score within the database (baseline initial
assessment): (1) 3-mo follow-up (80 to 100 d after
initial assessment); (2) > 3-mo follow-up (90 d or more
after initial assessment); 6-mo follow-up (170 to 190
d after initial assessment); and (3) > 6-mo follow-up
(180 d or more after initial assessment). These followup periods were selected based upon recommendations
[27-37]
within the literature
. It should be noted that the
baseline score may not necessarily correlate with a
specific intervention. Nonetheless, this method still
allows for the monitoring of change over time.
A major goal of MCID determination is to allow
for meaningful interpretation of scores for clinical
decision-making, in addition to sample size calculation
for investigating treatment effectiveness. As there is
essentially no evidence that MCID values are dependent
on the severity of disease conditions, length of follow[38-40]
ups, or specific patient groups
, it is appropriate
for this study to establish MCIDs among orthopaedic
patients with a full range of joint impairments and
varying follow-up time points. The present evaluation
of MCID values was conducted in a general joint clinic
population, among surgical and non-surgical patient
samples regardless of specific treatment or intervention.
Since MCID development were not meant to be
[40]
treatment specific , MCID values derived from this
study can be applied to adult reconstruction patients
with all types of surgical and non-surgical interventions.

Patient-reported outcomes
®

The PROMIS PF CAT, v1.2, draws from a 121-item
test bank that contains both upper extremity and
®
lower extremity functional items. The PROMIS PF CAT
®
[41]
algorithms were established by PROMIS developers ,
and the instrument was scored using T-scores, a
standardized metric that has a mean of 50 and a standard
[5]
®
deviation of 10 . Higher scores on the PROMIS PF CAT
indicate higher physical function.
HOOS JR: The HOOS JR is a 6-item measure assessing
[22]
function and pain
with psychometric properties
[42]
similar to the full HOOS . The HOOS JR was scored on
a 0 - 100 scale with larger numbers indicating higher
hip function.

MATERIALS AND METHODS
Patient sample

After receiving approval from the University of Utah
Institutional Review Board, we analyzed data from an
adult reconstruction population at a single academic
medical center. All patients, aged 18 and older with
pathology of the hip and knee were eligible for inclusion.
As part of the standard of care, patients were provided
with internet enabled hand-held tablets to answer
demographic and PRO instruments which are linked
to the electronic health record system via mEval.
Questionnaires were either completed at clinic checkin or within 7-d prior to their visit via email. Follow-up
data were obtained in the same manner at future clinic
visits. No informed consent was obtained as all PRO
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KOOS JR: The KOOS JR is a 7-item measure assessing
[24]
function and pain . The KOOS JR is scored on a 0-100
scale with larger numbers indicating higher levels of
knee function.

Statistical analysis

Descriptive statistics regarding patient characteristics
and demographics were calculated. Mean change
scores for the patients were evaluated for each timeperiod. Change scores were calculated as the follow-up
score minus the baseline score on each measure, and
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927
1299

41.6
58.4

1997

89.7

1.2
20
32

0.9
1.4

11

0.5

the standard deviation of the follow-up scores.
We fitted the receiver operating curve (ROC) to
measure the best cut-off points to maximize sensitivity
and specificity of the instruments. The cut-off was
calculated as (sensitivity + specificity) -1, based on
[46]
Youden’s J value . Sensitivity is the proportion of
correct identification of patients who showed changes,
and specificity is the proportion of correct identification
of patients showing no meaningful change. All statistical
analyses were performed using SPSS 24.0 (IBM SPSS
[47]
Statistics for Windows, Armonk, NY: IBM Corp.) ,
and R 3.30 (R Development Core Team, Vienna, AT: R
[48]
Foundation for Statistical Computing) .

113
26

5.1
1.2

RESULTS

114
2075
37

5.1
93.2
1.7

Table 1 Demographics of patients (n = 2226)
Patient characteristics
Age (yr)
Gender
Male
Female
Race
White or Caucasian
Black or African
American 27
Asian
American Indian and
Alaska Native
Native Hawaiian or Pacific
Islander
Other
Unknown/missing
Ethnicity
Hispanic
Non-Hispanic
Missing

n

Percent

Mean (SD)

Range

61.16 (12.84)

18-93

Demographics

A total of 2226 patients were included in the study.
Mean age of participants was 61.16 years (SD =
12.84), with a range of 18-93 years. Most participants
in the study were White or Caucasian (89.7%) and
Non-Hispanic (93.2%). Detailed demographics can be
found in Table 1.

recorded as the absolute value difference between the
scores. They were calculated for each of the follow-up
periods described above including 3-mo, > 3 mo, 6-mo,
and > 6 mo time-points.
The anchor-based methods applied patients’
perspective to the question: “Compared to your FIRST
EVALUATION at the University Orthopaedic Center:
how would you describe your physical function now?”
(much worse, worse, slightly worse, no change, slightly
improved, improved, much improved) as a determinant
of meaningful change. No change equates to a 0 value;
the negative ratings are from -3 to -1 and positive
ratings are from 1 to 3. When change is anchored to
the patient perception or report of deterioration or
improvement, it can be interpreted as a meaningful (or
[9]
noticeable) level of change . Patients with a ± 2 or ±
3 point change (much worse, worse, improved, much
improved) were included in each analysis of change, a
method used to distinguish noticeable change from no[43,44]
change
. Patients reporting no change or only slight
change were considered together as the no-change
group. We combined the improved and deteriorated
conditions using absolute values of the change scores to
[45]
distinguish change from stable symptomology .
The distribution-based methods included calculations
based on the standard deviation (SD) and on the
minimum detectable change (MDC). The SD approach
used the 1/2 SD and 1/3 SD as variation-based
estimates of MCID. The MDC is based on the standard
error of measurement (SEM) of the follow-up scores
and is the smallest score change that likely reflects a
true change in condition. We calculated MDC at three
confidence levels: 90%, 95% and 99%. The formulas
1/2
for calculating the MDC are: MDC@90% = 1.65 *2 *
1/2
SEM; MDC@95% = 1.96 *2 * SEM; MDC@99% = 2.56
1/2
1/2
*2 * SEM. The SEM equals to SD*(1-r) , where r is
the reliability represented by Cronbach alpha and SD is
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Anchor-based methods

Mean change: Mean change scores varied at each
follow-up period. In terms of patients experiencing
change, the highest mean change scores were
observed at the 6-mo follow-up for the PF CAT (8.41),
HOOS JR (19.68), and KOOS JR (18.85). The lowest
mean change scores for patients experiencing change
was at the 3-mo follow-up for all three measures. For
the PF CAT mean change at 3-mo was 7.60 points, for
the HOOS JR it was 14.81 points, and for the KOOS
JR. It was 14.51 points. The median MCID value from
the complete range of all two anchor-based methods
and five distribution-based methods analyzed at all four
time-points was similar to the mean change score for
each measure and was 7.9 for the PF CAT, 18.0 for the
HOOS JR, and 15.1 for the KOOS JR (Figure 1).
ROC curve: The ROC area under the curve was used
to identify the optimal cut-off point between meaningful
and non-meaningful change, by calculating the point
at which the sum of false positive and false negative
[49]
identifications are the fewest . The highest ROC MCID
value for the PF CAT was 8.18 at > 6-mo follow-up. For
the HOOS JR the highest value was 43.36 observed at
the 3-mo follow-up with a small sample size (n = 24).
For the KOOS JR, the highest MCID value was 8.16 at >
3-mo follow-up. Detailed mean change and ROC cut-off
values for the PF CAT, HOOS JR. and KOOS JR. can be
found in Table 2.

Distribution-based methods

1/2 standard deviation of each of the function
and pain scores: The PF CAT (4.35) had the highest
½ SD value at the > 6-mo follow-up whereas the HOOS

44

March 18, 2018|Volume 9|Issue 3|

Hung M et al . Establishing MCID values
Table 2 Anchor-based methods for minimum clinically important difference determination of the PROMIS PF CAT, HOOS JR and
KOOS JR
n

Instrument

88
24
37

7.60 (4.98)
14.81 (12.45)
14.51 (9.76)

1.97
43.36
7.24

366
48
96

6.02 (5.40)
14.34 (15.23)
12.71 (12.62)

577
110
151

7.29 (7.31)
18.49 (12.53)
14.82 (12.56)

3.44
8.07
8.16

21
6
12

4.36 (4.32)
6.62 (5.87)
13.49 (11.07)

34
5
14

8.41 (6.12)
19.68 (18.65)
18.85 (12.82)

3.52
7.45
6.12

192
76
81

6.44 (5.83)
12.58 (11.61)
12.45 (10.77)

421
57
64

7.69 (6.75)
17.57 (13.92)
15.47 (13.38)

8.18
6.33
2.21

Methods

40

40

35

35

32

32

28

28
24

Methods

99

95

DC
M

M

DC

90

ge

DC
M

an

3
1/

DC

95
M

90

DC
M

DC
M

an
Ch

RO

2

RO

0

Ch

0

SD

4

99

8

4

ge

8

C

12

SD

16

12

SD

16

C

20

SD

20

2

24

1/

MCID values

48 KOOS JR
44

1/

99

95

DC
M

M

DC

90

ge

DC
M

C

an

RO

Ch

SD
2
1/

1/

3

SD

0

48 HOOS JR
44

3

MCID values

MCID values

16

4

ROC cut-off

6.95 (6.70)
22.81 (10.10)
10.49 (10.00)

20

8

Mean change (SD)

54
6
14

PF CAT

12

n

No change (SD)

1/

3-mo from baseline follow-up
PF CAT
HOOS JR
KOOS JR
> 3-mo from baseline follow-up
PF CAT
HOOS JR
KOOS JR
6-mo from baseline follow-up
PF CAT
HOOS JR
KOOS JR
> 6-mo from baseline follow-up
PF CAT
HOOS JR
KOOS JR

Methods

Figure 1 Multi-method minimum clinically important difference score ranges for PROMIS PF CAT, HOOS JR, and KOOS JR.

(MDC90% = 13.89, MDC95% = 16.50, MDC99% = 21.55) at
the 6-mo follow-up. At the > 6-mo follow-up, the MDC
was highest for the HOOS JR (MDC90% = 28.86, MDC99%
= 41.67) and highest at > 3-mo HOOS JR (MDC95% =
31.90). The highest MDC for the KOOS JR (MDC90% =
26.21, MDC95% = 31.14, MDC99% = 40.67) was observed
at the > 3-mo follow-up (Table 3).

JR (10.96) had the highest ½ SD value at the 6-mo
follow-up. The highest ½ SD value for the KOOS JR was
8.02 at the > 3-mo follow-up. At the 3-mo follow-up, PF
CAT and HOOS JR had the lowest ½ SD values of 3.68
and 5.86. The KOOS JR had the lowest ½ SD value of
5.96 at the 6-mo follow-up.
1/3 standard deviation of each of the function
and pain scores: The highest 1/3 SD value for the
PF CAT (2.90) was observed at the > 6-mo follow-up
whereas the HOOS JR (7.30) showed the highest 1/3
SD value at the 6-mo follow-up. The KOOS JR had the
highest 1/3 SD value of 5.34 at the > 3-mo follow-up
but the lowest 1/3 SD value of 3.98 at the 6-mo followup. The lowest 1/3 SD values for both the PF CAT (2.45)
and HOOS JR (3.90) were observed at the 3-mo follow-up.

DISCUSSION
Determining the values of MCID for PRO measures
enhances the interpretability and utility of the instru
ments. Determining score changes which reflect
meaningful change requires understanding the patient
perception of improvement or worsening. Anchor-based
methods of determining an MCID tie the change scores
to the patient reports of change and supplement the
distribution-based methods which focus on precision
in scores from a statistical standpoint. The current

Minimum detectable change (MDC) @90%,
@95%, @99%: The MDC was highest for the PF CAT
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Table 3 Distribution-based methods for minimum clinically important difference determination of the PROMIS PF CAT, HOOS JR
and KOOS JRKOOS JR
n

Instrument
3-mo from baseline follow-up
PF CAT
HOOS JR
KOOS JR
> 3-mo from baseline follow-up
PF CAT
HOOS JR
KOOS JR
6-mo from baseline follow-up
PF CAT
HOOS JR
KOOS JR
> 6-mo from baseline follow-up
PF CAT
HOOS JR
KOOS JR

SD

MDC

1/2

1/3

90%

95%

99%

663
99
129

3.68
5.86
6.52

2.45
3.9
4.35

11.64
17.54
24.49

14.14
20.84
29.09

18.47
27.22
37.99

2133
245
365

4.02
9.33
8.02

2.68
6.22
5.34

12.47
28.11
26.21

14.82
33.39
31.14

19.35
43.61
40.67

264
31
55

3.93
10.96
5.96

2.62
7.3
3.98

13.89
26.36
20.84

16.5
31.31
24.75

21.55
40.89
32.33

1520
112
154

4.35
10.73
7.12

2.9
7.15
4.75

13.46
28.86
22.91

15.98
31.9
27.22

20.88
41.67
35.55

MDC: Minimum detectable change.

cut-off standards, ranging from lenient to extremely
strict. Since MDC95% and MDC99% are extremely strict
cut-off standards, it is not surprising that these MCID
values are high. None of the research reviewed as
background for this study calculated MCIDs using such
[15,16]
strict criteria
. The lowest MCID values derived from
this study may be appropriate for screening purposes,
but the median value (Figure 1) may be a better
estimate of true and meaningful change when applying
a conservative standard for evaluating treatment effects
[50]
or for respondent analyses . The more stringent cutoff standard derived MCID values reported in this study
provide more definite assurance that important change
has occurred.
The mean change for the HOOS JR ranged from
14.81 to 19.68. The ROC area under the curve ranged
from 6.33 to 43.36. The 43.36 value appeared to be
an outlier and is not considered a reliable estimate. The
SD values ranged from 3.90 (1/3 SD) to 10.96 (½ SD).
The MDC method of detecting change yielded a range of
MCIDs of 17.54 (MDC90%) to 43.61 (MDC99%). These SD
values are consistent with previous research identifying
an MCID of 9.1 (1/2 SD method) for the HOOS in
[51]
an arthroplasty population . The median of the
HOOS JR MCIDs was 18.0 and may be an appropriate
conservative estimate for evaluating treatment effects.
For the KOOS JR, the mean change ranged from
14.51 to 18.85. The ROC maximized MCID values
ranged from 2.21 to 8.16. The SD values ranged from
3.98 (1/3 SD) to 8.02 (½ SD). The MDC method
of detecting change yielded a range of MCIDs from
20.84 (MDC90%) to 40.67 (MDC99%). The MDC90% values
reported here are actually lower than previous research
on the KOOS JR which produced a range for improved
[52]
individuals from 28.3 to 35.5 . The median KOOS JR
MCID was 15.1 in this patient population.
The findings demonstrate that the method used

comprehensive assessment of MCID values utilized
multiple methods of anchor-based and distributionbased estimation.
®
The PROMIS PF CAT mean change scores in this
population of orthopaedic joint patients ranged from 7.29
to 8.41 depending on follow-up points. The ROC area
under the curve ranged from 1.97 to 8.18. Distributionbased methods ranged using the SD method from
a low of 2.45 (1/3 SD) to 4.35 (½ SD). The values
using the MDC approach produced much larger values
from 11.64 (MDC90%) to 21.55 (MDC99%). MCID values
vary depending on the type of patient population
(e.g., orthopaedic, cancer, pediatric) being evaluated,
but overall the MCID values identified with the MDC
approach in this study are much higher than the 2-3
®
point MCID of the PROMIS mobility subscale identified
[15]
®
in a pediatric population or the 4-6 point PROMIS PF
[16]
CAT MCID values identified in a cancer population .
The larger MCID values in this study could have
been obtained for a number of reasons. The values
could be population specific, reflecting an underlying
difference in functional gain between the orthopaedic
adult patient population and the pediatric and cancer
patient populations previously studied. However, the
most likely explanation is that the MCID value obtained
is a reflection of the method used for calculation. Unlike
other studies that commonly use just one approach to
estimate MCID values, the current study used multiple
approaches and multiple time points to arrive at twentyeight MCID values per instrument, allowing better
triangulation of results. This study found a great deal
of consistency across the follow-up time-points for any
one particular method of calculating MCIDs (Tables 2
and 3), suggesting that the methods were responsible
for the variation of the MCID values and that the length
of follow-ups was mostly irrelevant. It is important to
recognize that this study incorporated a wide array of
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to estimate MCIDs has a large impact on MCID value
determination. The KOOS JR, for example, had a 2
point to 40 point difference in MCID depending on
the method used. There is not yet consensus on a
[10]
standardized approach for establishing MCID . The
lack of agreement between MCID values reported in
this study, depending on the method used, is consistent
[53]
with findings in the literature . There have been
recommendations that MCID determination should
be standardized, but the best methods have not been
[38]
agreed upon . Until a more standardized method
is established, the comprehensive range of MCIDs
presented in this study provided much deeper insights
than many existing studies. This comprehensive
presentation enables patients, clinicians, care-givers
and decision makers to be well-positioned in making
their judgment call as to which MCID value(s) they
should select based on how lenient or strict a standard
they would like to set for their patients. It is tempting
for clinicians to oversimplify and search for a single fixed
[8]
MCID value, yet a single MCID value is often unstable .
A range of MCID values such as those presented in this
study should indeed be considered by clinicians and
health care practitioners.
The study may be limited by the type of patients
who self-selected to return for follow-up visits, which
is a common phenomenon across all orthopaedic and
other clinics. Patients returning for longer-term followup were generally those experiencing more severe
conditions and thus may not reflect the full range of
improvement in condition. However, this should not be
of much concern, as these patients returning for followups were representative of the ones treated regularly
in clinics, rendering the results of this study even more
practical for standard orthopaedic practice. MCID
value determination is generally not dependent on the
severity of condition, thus the shorter-term or longerterm follow-up periods would not have impacted the
MCID values, as evidenced from the empirical results
of this study. In addition, not every patient in this study
completed the outcome measures pre-treatment, thus
some change scores may reflect a baseline time-point
that was post-intervention. Yet these evaluations still
produced meaningful change since longitudinal change
over time was the main focus, not necessarily change
from a specific time point to another specific time point.
One additional limitation comes from the use of
anchor-based questions to determine clinically relevant
change. An anchor-based question with a global rating
of change measure is subject to recall bias, with some
research indicating that reports of change may be more
related to the current health status than real change
[10]
from baseline . Different anchor questions may
produce different results as well. Distribution methods
also have limitations as they derive MCIDs based on the
variance of the data, which might be difficult to interpret.
Since all methods have strengths and limitations, it was
thus our intention for this study to be comprehensive
in nature to cover a variety of approaches, allowing
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readers to make informed decisions in selecting MCID
values based on their personal value judgments as to
which target MCID is worthwhile to pursue. Lastly, the
demographic characteristics of this sample may not be
representative of those in the United States and may
affect MCID scores. Future research should investigate
MCIDs in a more diverse demographic sample. It should
also establish MCIDs linking baseline scores using Rasch
methodology to provide deeper insights.
Overall, this study utilized rigorous methodologies to
®
develop a wide range of MCID values for the PROMIS
PF, HOOS JR, and KOOS JR in an orthopaedic sample
of patients with joint disorders. As there is no such
concept as a correct or incorrect MCID, individual value
judgments are necessary to apply MCIDs to treat
ment planning and in guiding patient expectations of
treatment change.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Newly developed patient-reported outcomes have many advantages, but
require further studies, including establishing minimum clinically important
difference (MCID) values. Determining the MCID for the Patient-Reported
Outcomes Measurement Information System Physical Function (PROMIS® PF) will
be useful for orthopaedic clinical practice and it is helpful to understand the MCID
in the context of previously used measures like the hip disability and osteoarthritis
outcome score for joint reconstruction (HOOS JR), and the knee injury and
osteoarthritis outcome score for joint reconstruction (KOOS JR), Anchor-based and
distribution-based methods can both be used to determine MCID.

Research motivation

New instruments require studies to inform their score interpretation. Because
of the lack of consensus on MCID methods, a comprehensive approach was
taken, using both anchor- and distribution-based methods at multiple levels
of precision and multiple follow-up time points. Cross verification of MCID
values using powerful triangulation methods allow researchers and clinicians to
understand the complexity of MCID evaluation and conscientiously select the
most appropriate one for themselves.

Research objectives

To determine MCIDs for the PROMIS PF, HOOS JR and KOOS JR in a general
joint orthopaedic patient population applying comprehensive methods.

Research methods

Consecutively enrolled patients aged 18 and older from a large academic
orthopaedic joint clinic completed PROs at their first clinic visit and at followup points from 3-mo to 6-mo and beyond. These patients also completed an
anchor question that queried how much their physical function had improved
since their first clinic visit. They were grouped into change and no-change
categories. Anchor-based analyses looked at mean change scores and the
receiver operating curve to maximize the best cut-off based on sensitivity and
specificity. Distribution-based analyses looked at the standard deviation, and
minimum detectable change.

Research results

There were 2226 patients who participated with a mean age of 61.16 (SD =
12.84) years, 41.6% male, and 89.7% Caucasian. Mean change ranged from
7.29 to 8.41 for the PROMIS® PF CAT; from 14.81 to 19.68 for the HOOS JR;
and from 14.51 to 18.85 for the KOOS JR. ROC cut-offs ranged from 1.97-8.18
for the PF CAT, 6.33-43.36 for the HOOS JR, and 2.21-8.16 for the KOOS JR.
Distribution-based methods estimated MCID values ranging from 2.45 to 21.55
for the PROMIS® PF CAT; from 3.90 to 43.61 for the HOOS JR; and from 3.98
to 40.67 for the KOOS JR. The median MCID value in the range was similar to
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the mean change score for each measure and was 7.9 for the PF CAT, 18.0 for
the HOOS JR, and 15.1 for the KOOS JR.

11

Research conclusions

Overall this study identified a large range of MCIDs for the PROMIS® PF, HOOS
JR, and KOOS JR in an orthopaedic sample of patients with joint ailments. This
range reflects the comprehensive strategies applied to determine MCIDs at
varying levels of precision and cut off standards. The range of MCIDs presented
in this study can be incorporated into decision making to guide treatment
recommendations, compute sample size for research studies and clinical trials,
and conduct respondent analyses.

12
13
14

Research perspectives

Decisions on which MCID value to select or which MCID value is useful should
be based on an individual’s personal value and belief. Future research direction
should focus on investigation of MCIDs with a more diverse demographic
sample and to link MCIDs with baseline scores using Rasch-based methods.

15
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Abstract
AIM
To determine if ketamine sedation is a safe and cost
effective way of treating displaced paediatric radial and
ulna fractures in the emergency department.

Informed consent statement: Informed consent was obtained
prior to any treatment from the parent or guardian.

METHODS
Following an agreed interdepartmental protocol,
fractures of the radius and ulna (moderately to
severely displaced) in children between the age of 2
and 16 years old, presenting within a specified 4 mo
period, were manipulated in our paediatric emergency
department. Verbal and written consent was obtained
prior to procedural sedation to ensure parents were
informed and satisfied to have ketamine. A single
attempt at manipulation was performed. Pre and post
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emergency department (ED), with population studies
suggesting that the incidence is on the rise throughout
[3,4]
the world . The majority are treated in the ED with
closed reduction and immobilisation in a cast or a
[5,6]
splint . An arc of rotation of 100 degrees, split evenly
between pronation and supination is accepted as
[7]
normal . The goal of treatment is to restore appropriate
length and alignment so normal forearm rotation can
[8]
return after healing . Simple closed reduction and
temporary stable immobilisation is the standard of care
sought for these fractures as they generally heal well
[9]
and surgical fixation doesn’t come without risk . The
provision of closed reduction can be problematic as there
are variations in treatment practice as result of hospital
[10,11]
resources, local policy and experience
. Despite this,
a safe and optimal level of analgesia should be achieved
before manipulation to avoid unnecessary distress to
[12]
the child and to ensure a favourable outcome . Simple
analgesia such as paracetamol and non-steroidal antiinflammatory drugs, along with intra-nasal opiates and
nitrous oxide may be sufficient and have been shown to
[13]
be an effective treatment in the ED . However formal
ED procedural sedation is an attractive alternative as
it offers a greater opportunity to deliver the optimal
[11]
fracture reduction and cast application . Sedation in
the ED is particularly helpful if the fracture pattern is
unstable and requires complex traction manoeuvres
[14]
to achieve adequate correction . Providing complete
treatment in the ED and avoiding theatres would negate
the economic and psychosocial impact on the child and
[15,16]
family if they were admitted into hospital
. It also has
been shown to be more cost-effective to society, which
[17]
is important in times of economic austerity .
There are a variety of classes of procedural sedation
[18]
drugs used in the United Kingdom . The most
popular include opiods, benzodiazapines, propofol and
[18]
ketamine . Ketamine is the only drug that does not
routinely interfere with protective airway reflexes and
[18]
spontaneous respiration . Ketamine is also the most
complete agent as it produces amnesia, anxiolysis
[19]
and profound analgesia . This drug was first used in
[20]
humans in the 1960 . It was used extensively in the
Vietnam war in the 1970s for surgical anaesthesia due
[21]
to its good safety profile . Its widespread application
in paediatric procedural sedation was developed in
[22,23]
the 1990s following the work of Green et al
. Over
the last three decades it has become one of the most
[24,25]
widely used sedative agents in the ED
. It acts as a
dissociative agent that non-competitively blocks NDMA
[20]
receptors . Traditionally the dose required is 1-2 mg/kg,
administered via slow intravenous infusion and can be
[24]
combined with opiods and benzodiazepines .
The aim of this clinical practice study was to
determine if ketamine is a safe and cost effective way
of treating displaced fractures of the radius and ulna in
children.

manipulation radiographs were requested and assessed
to ensure adequacy of reduction. Parental satisfaction
surveys were collected after the procedure to assess the
perceived quality of treatment. After closed reduction
and cast immobilisation, patients were then followed-up
in the paediatric outpatient fracture clinic and functional
outcomes measured prospectively. A cost analysis
compared to more formal manipulation under a general
anaesthetic was also undertaken.
RESULTS
During the 4 mo period of study, 10 closed, moderate
to severely displaced fractures were identified and
treated in the paediatric emergency department
using our ketamine sedation protocol. These included
fractures of the growth plate (3), fractures of both
radius and ulna (6) and a single isolated proximal
radius fracture. The mean time from administration of
ketamine until completion of the moulded plaster was
20 min. The mean time interval from sedation to full
recovery was 74 min. We had no cases of unacceptable
fracture reduction and no patients required any further
manipulation, either in fracture clinic or under a more
formal general anaesthetic. There were no serious
adverse events in relation to the use of ketamine.
Parents, patients and clinicians reported extremely
favourable outcomes using this technique. Furthermore,
compared to using a manipulation under general
anaesthesia, each case performed under ketamine
sedation was associated with a saving of £1470, the
overall study saving being £14700.
CONCLUSION
Ketamine procedural sedation in the paediatric
population is a safe and cost effective method for the
treatment of displaced fractures of the radius and ulna,
with high parent satisfaction rates.
Key words: Paediatrics; Forearm fractures; Displaced
fractures; Ketamine; Salter Harris; Procedural sedation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Displaced paediatric forearm fractures can
be safely and effectively treated in the emergency
department with ketamine procedural sedation.
Wiik AV, Patel P, Bovis J, Cowper A, Pastides PS, Hulme
A, Evans S, Stewart C. Use of ketamine sedation for the
management of displaced paediatric forearm fractures. World
J Orthop 2018; 9(3): 50-57 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v9/i3/50.htm DOI: http://dx.doi.
org/10.5312/wjo.v9.i3.50

INTRODUCTION
Fractures of the radius and ulna account for 18% to
[1,2]
40% of all fractures in children . They are the most
common childhood fracture presenting to the paediatric
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From May to September 2017, we prospectively evaluated
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Patient label

Paediatric Procedural Sedation using Ketamine
Date __________		

Time_________		

Procedure planned ___________________

Exclusion criteria (risk evaluation) (1)*

ASA greater than 2 (excludes all
Previous adverse reaction to an anaesthetic
unstable systemic illness)
Age under 18 m
Psychosis, ADHD
Any airway abnormality
Bowel obstruction
Acute systemic illness, i.e. , sepsis
Abnormal conscious state/risk of raised intracranial pressure
PPS information sheet(2)* discussed with patient/parents
Fasting
2 h (all intake) yes no (in emergency situations the duty consultant can elect to give ketamine without
prior fasting)
Informed consent obtained yes no
Medication(s) prescribed drawn up
Staffing identified proceduralist Sedationist Nurse Anaestetist informed (bleep 0400)
Time out
Verification of patient, family members, staff and PPS equipment (3)*
During Procedure PPS to be performed in a quiet environment. Baseline observations taken immediately prior to procedure (BP, RR, HR, SpO2) and
every 5 min (except BP) until the patient has returned to baseline (4)*
Post procedure
Patient returned to baseline activity and verbalisation
Observations within normal limits
Tolerating oral liquids
Post procedural care discussed with family (using the information leaflet)
Clinical staff
Print name___________Signature____________Role in PPS________________
Print name___________Signature____________Role in PPS________________
Print name___________Signature____________Role in PPS________________

Figure 1 Paediatric Procedural Sedation using Ketamine.

a new ketamine protocol (Figure 1) for paediatric ED
procedural sedation at Chelsea and Westminster Hospital
(CWH). All eligible children with significantly displaced or
unstable fractures of the radius and ulna who presented
to CWH ED during daylight weekday hours that needed
closed reduction and moulded casting were included.
The service improvement project was registered locally
(QIP# LA353) to follow good clinical governance practice
guidelines.

as examples of the nature of these fractures. Exclusion
criteria included open fractures, ASA greater than 2,
under 18 mo of age, any airway abnormality, acute
systemic illness, previous adverse anaesthetic reactions,
raised intracranial pressure, and/or bowel obstruction.
Informed written consent is taken and final neuro
vascular assessment is documented. The weight of the
child is measured before he or she is taken to a quiet
room for ketamine sedation and closed reduction. The
parent/legal guardian is given the option to stay with
the child for support and comfort. The team consists
of a paediatrician, a specialist ED trainee/consultant
with ketamine sedation experience, and an orthopaedic
registrar. Blood pressure, pulse, respiratory rate and
oxygen saturation are monitored and recorded. An alert
is sent to an anaesthetic consultant that the procedure
is about to start in case of serious adverse event (SAE)
occurs. A sedation checklist is completed.
To start 1 mg/kg of ketamine is given through a
peripheral intravenous cannula normally in the antecubital
fossa or dorsum of the hand of the contralateral upper
limb. After a period of 3 min the child’s vitals are
rechecked. If the child appears to be sedated a gentle
manipulation is attempted. If they are not adequately
sedated, a top-up of 0.5 mg/kg is administered. Manipula
tion is performed; when the position is deemed to be
satisfactory a stockinette is placed over the arm followed

Treatment protocol

Following triage all children presenting to CWH ED with
a suspected fracture of the radius and ulna undergo
orthogonal anterior-posterior and lateral radiography.
The radiographs are then screened by an ED doctor or
triage nurse; if significant malalignment is identified the
on-call orthopaedic registrar is notified. If the fracture
is deemed suitable for manipulation using sedation
the orthopaedic registrar and paediatric ED specialist
explain the procedure to the child and parent/legal
guardian. Counselling is given prior to obtaining written
consent to ensure that the family is happy with the
proposed sedation plan. They are advised that other
treatment options are available if they wish. The
inclusion criteria is any child below the age of 16 years
with a significantly displaced or unstable fracture of the
radius and/or ulna. Plain radiographs are demonstrated
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by a thin layer of wool and a complete well moulded
cast utilizing three point fixation. The level of the fracture
determines the decision whether or not to extend the cast
above the elbow.
Generally the child begins to wake after 20 min
and is monitored until fully verbalising with normal
observations. Radiographs are performed to ensure a
satisfactory reduction and compared to the pre-injury
images; these are presented at trauma meeting the
following morning.

the most common adverse event, seen in 3 children. All
were treated definitively at time of injury and required no
further manipulation. No patients were lost to follow-up
and all patients reported excellent functional outcomes at
[28]
discharge as guided by Price et al . Figures 2-4 (A-D)
demonstrate the variety of fracture types and fracture
reduction result.

Radiographic results

There were three Salter Harris Ⅱ fractures of the distal
radius, four fractures of the distal third of the radius and/
or ulna, two fractures of the mid-shaft of the radius and/
or ulna and one fracture of proximal third of the radius.
The mean dorsal angulation prior to reduction was 45
degrees (range 17-80). The mean angulation after
reduction was 6 degrees (0-15) an improvement that
reached statistical significance (P < 0.001). Following
reduction all fractures were within the parameters
[7]
recommended by Noonan and Price as acceptable . One
patient had an over correction going from a 45 degrees
dorsal angulation to 15 degrees of volar angulation,
however there was no functional deficit at discharge.

Follow-up

Patients are seen in a paediatric fracture clinic 1 and
2 wk after manipulation when further radiographs
are performed. If alignment is maintained the child is
reviewed 3-6 wk later for removal of cast and repeat
radiographs. A comprehensive examination is performed
at this stage particularly looking for any obvious
deformity, range of motion and for clinical evidence of
fracture union. If union is felt to be insufficient a cast may
be re-applied or splint provided. The child is reviewed 4-6
wk later for a final check. At the point of cast removal
advice is given to avoid contact sport for a period
deemed appropriate to allow for the bone to strengthen
[26]
in accordance to Wolff’s law .

Length of stay

The mean time from fracture diagnosis to sedation
administration was 181 min (range 129-234). The mean
time to completion of cast application was 20 min (range
7-35). The mean time from sedation to full recovery was
74 min (range 45-120). The mean interval between prereduction and post-reduction radiographs was 198 min
(range 91-370 min). The mean length of stay in the ED
department from arrival to discharge was 311 min (range
213-446).

Statistical analysis

All patient data was anonymised. All hospital medical
record numbers were retained in the paediatric ED
database. Patient demographics, site and nature of
injury, time of procedure, sedation or reduction out
comes were documented. Consent forms were kept
in the patient files. Pre and post reduction radiographs
were taken from our departmental picture archiving and
communication systems (PACS). Absolute angulation
measurements were taken from the lateral radiographs
using angle measuring tool (SECTRA) and measured
by AW and PP. A repeated measure t-test was utilised
to detect if a difference was made. A significance level
was set to α = 0.005 due to small numbers. The results
were then compared to the best available evidence
regarding acceptable reduction parameters for different
[7]
fracture levels of the forearm . Parental satisfaction
[27]
was assessed using a validated satisfaction score .

Cost analysis of ketamine vs general anaesthesia in
theatres

In our trust the health resource group (HRG) code for
general anaesthesia in paediatric theatres is £1620 per
child. The cost for procedural sedation with ketamine
in the paediatric ED was £150 per child. The cost of
hospital inpatient admission was not calculated to give
a fair comparison. The cost saving is £1470 per child
without the addition of cost for admission and loss of
earning to the parent/legal guardian if they had to stay
with the child. The minimum total financial savings for
these 10 children was £14700.

RESULTS
Demographics

Parental satisfaction questionnaire

A total of 10 closed unilateral forearm fractures were
included in the 4 mo time period. All ten were due to
indirect trauma, the majority being due to a fall on an
outstretched hand. There were 8 boys and 2 girls. The
mean age was 8 years (range 2.2-14.5). There were
6 fractures on the left side and 4 fractures on the right
side. There were no cases of compartment syndrome or
neurovascular compromise. All children had successful
procedural sedation. Two children required topping up to
1.5 mg/kg to achieve appropriate analgesia and sedation.
There were no serious adverse events. Vomiting was
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The validated sedation satisfaction score was out of 10,
[27]
with 0 being not at all and 10 being very satisfied .
The mean satisfaction score for all questions was 9.6.
The individual scores for each item is seen in Table 1.
A score of 10 was the most common result for each
questionnaire item.

DISCUSSION
The use of ketamine for procedural sedation in the ED
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Figures 2 Lateral and anteroposterior radiographs of a Salter Harris II distal radius fracture before (A, B) and after reduction (C, D).
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Figures 3 Lateral and anteroposterior radiographs of a midshaft radius and ulna fracture before (A, B) and after reduction (C, D).
[19,24]

in the developed world is gaining popularity
. In
the past few years there is a growing body of evidence
supporting its use for successful procedural sedation
[29,30]
with a good safety and efficacy profile
. Serious
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adverse events are low with the largest prospective
cohort study to date reporting a 1.1% risk with no
deaths in 6295 children. Vomiting (5.2%) and oxygen
desaturation (5.6%) were the most common adverse
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Figures 4 Lateral and anteroposterior radiographs of a distal radius and ulna fracture before (A, B) and after reduction (C, D).

Table 1 Parental satisfaction scores
Questionnaire item
Preparation and instruction given
The care given by nurse pre-procedure
The care given by doctor pre-procedure
The suitability of environment
The experience of the child
The care given by the nurse post-procedure
The care given by doctor post-procedure
Overall parent satisfaction

Mean

Range

Percent answering “10”

9.86
9.43
9.86
9.57
8.57
10
9.86
9.71

9-10
8-10
9-10
8-10
3-10
10
9-10
9-10

85.7
71.4
85.7
71.4
71.4
100
85.7
71.4

[24]

event found in this multi-centre study . With that risk
being further reduced if no other sedatives, such as
propofol or fentanyl, were used in conjunction. Earlier
[31]
works by Green et al , support these findings as they
found 3.9% of children having respiratory adverse
events and 8.4% having vomiting. Furthermore they
found that co-administering drugs (anticholinergics and
benzodiazepines), which were to reduce the risk, in fact
[31]
made them worse .
In our small study, we found no serious adverse
events but three children had vomiting. High parental
satisfaction scores in this pilot study demonstrate its
acceptance amongst the families whose children had
procedural sedation. All children had definitive reduction
and stabilisation which resulted in an excellent functional
outcome. This is contrary to a recent study comparing
ketamine vs propofol for closed reduction of paediatric
both bone forearm fractures which found 35% and 48%
[32]
unacceptable alignment respectively at 4 wk . However
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their institution used a splint unlike ours which used
a completed moulded cast to maintain reduction. An
[32]
explanation which they admittedly acknowledge . This
finding is supported by another recent study that found
only 8.8% children had displaced to an unacceptable
[13]
standard if a moulded cast was used . An outcome
which is impressive considering only Entonox and intra[13]
nasal diamorphine was used for reduction analgesia .
Nevertheless our result reinforces the finding that
ketamine can give effective pain relief and sedation to
allow thorough manipulation that resulted in fractures
that were reduced and immobilised appropriately. The
only major disadvantage we found with ketamine in our
paediatric ED was the length of stay which was longer
than normal. It was 5 h and 11 min which is beyond our
National Health Service 4-h target. A target which was
met using Entonox and intranasal diamorphine with a
[13]
mean time of 3 h and 51 min . Still it is a parameter
which can be improved as the greatest cause of lost
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time is administrative. Our mean result of 181 min to
sedation from diagnosis of fracture could improve once
this protocol becomes established as routine.
Like many studies, this study has limitations. Due
to the range of forearm fracture types along with
small numbers, we are unable to give clear fracture
displacement cut-off guidelines to which should be safely
managed in the ED. However a recent international
multi-centre study survey sought to evaluate and
establish the clinical practice of reducing paediatric
[11]
forearm fractures . The results of 111 paediatric ED
physicians at 12 tertiary children hospitals found that
ketamine was the most commonly (88%) and most
frequently (55%) used procedural sedation agent
followed by intranasal fentanyl and Entonox. The survey
found that most ED physicians would tolerate a “no
reduction required policy” for distal forearm fractures
up to 20 degrees and 10 degrees for children less
than 5 and 10 years old, respectively. It also indicated
that majority of ED physicians would prefer fractures
with obvious clinical deformity to be managed by the
orthopaedic team in theatre due to lack of experience.
The survey study also did not define a cut-off which
was deemed unacceptable to be treated in the ED.
However closely interpreting their survey results, the
authors inferred from a clinical vignette with a 25
degree angulated fracture that 74% of physicians would
treat that injury in the ED with procedural sedation.
In our study we successfully treated fractures with a
mean angulation of 45°. Another larger (100 children)
study definitively treated 90% of forearm fractures
with a mean of 28° of dorsal angulation in the ED with
[13]
Entonox and intranasal diamorphine . Our and the
latter study, both utilised an interdepartmental protocol
by which the ED physician gave the sedation and an
orthopaedic doctor with fracture reduction experience
managed the forearm. This may account for the success
in both practical studies and the hesitancy found in the
survey study of ED physicians to manipulate deformed
fractures. Nonetheless the authors of this paper feel
that most paediatric forearm fractures, irrespective of
deformity angulation, can be treated in the ED as long
as they feel that the fracture pattern is reducible and can
be maintained for the duration of its healing.
Other weaknesses acknowledged include, the
small number of patients and a lack of comparative
procedural sedation agents, but as it was an audit of
quality of improvement, the study had to be completed
in a reasonable time for a single agent. However our
prospective study design meant that we had good data
uptake, capturing a variety of outcomes which validates
its use in clinical practice. It also ensured a clear
protocol, which meant that all children got the same
method and delivery of care which makes analysis more
robust in terms of reproducibility in everyday practice.
Lastly our study demonstrated the success that can be
achieved with a team effort using a variety of specialties
and skillsets to deliver a service which at heart is at the
benefit of the child and the family.
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In conclusion, ketamine sedation for children is safe
and cost-effective for treating displaced fractures of
the radius and ulna, it is associated with a high level of
satisfaction.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Children forearm fractures account for up to 40% of fractures that present to the
emergency department (ED), majority which could be managed there.

Research motivation

This study improved the quality of care given to children with deformed forearm
fractures in the ED.

Research objectives

The main aim of this quality improvement project was to determine if ketamine
sedation is a safe and cost-effective way of treating deformed paediatric
forearm fractures in the ED.

Research methods

Over a set 4 mo period we prospectively evaluated a new ketamine protocol
for paediatric ED procedural sedation. All eligible children with significantly
displaced or unstable fractures of the radius and ulna that presented during
daylight weekday hours that needed closed reduction and moulded casting
were included.

Research results

A total of 10 forearm fractures with a mean 45° angulation deformity were
definitively treated in the ED with ketamine procedural sedation. The cost
saving was £1470 for each child compared if the patient was taken to theatre.
Overall mean parental satisfaction was 9.6 out of 10.

Research conclusions

Ketamine procedural sedation in the paediatric population is a safe and cost
effective method for the treatment of displaced forearm fractures.

Research perspectives

Majority of paediatric forearm fracture, irrespective of displacement, can
be treated in the ED as long as the fracture pattern is reducible and can be
maintained safely in a moulded cast for the duration of its healing.
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improved, modes of failure from polyethylene wear and
subsequent osteolysis became less prevalent. Newer
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Core tip: With increasing number of revision total
knee arthroplasty (TKAs) being performed, tighter
control on healthcare costs and value based care may
occur. Surgeons are tasked with the responsibility to
avoid risk factors for revision TKA. Newer longitudinal
studies report that infection has become the primary
acute cause of failure with loosening and instability
remaining as the overall greatest reasons for revision.
The surgeon must be aware of the risk factors and
preventative measures for these failure modes,
including preoperative management, surgical techniques
and enhanced materials.
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Abstract

INTRODUCTION

Historically, the most common mechanism of total knee

With more total knee arthroplasty (TKA) operations
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being performed and patients’ lifespan increasing, there
is an ever-growing number with this operation in the
United States. Based upon 2010 data, an estimated
4.7 million individuals (3.0 million females, 1.7 million
males) are living in the United States with a total knee.
Additionally as the average age for TKA is becoming
younger and living longer, the total number of revisions
performed increases. By 2020, it is estimated 1.3
million TKAs will be performed along with 127000
[1]
revisions . Also, with focus on value-based healthcare,
and government bundled payment initiatives, it is
[2]
imperative to understand why total knees fail .

reducing traffic in the operating room (OR), appropriate
sterile technique and managing the operating room air
environment. Their emphasis was that early failures
could be controlled to improve implant longevity.
[6]
Sharkey et al won the 2002 Knee Society award
paper for their review of TKA failures. They categorized
their 212 TKA failures into early (< 2 years) and late (>
2 years). Early failures most commonly were infection
in 25% of knees, instability (21%), arthrofibrosis (17%)
and loosening (16%). Late failure groups were similar in
numerical order to the overall cohort, reporting polye
thylene wear (44%), loosening (34%) and instability
(22%) as the major 3 causes. Overall, the most common
failure mechanisms in decreasing order were estimated
at 27% polyethylene wear, 25% component loosening,
21% instability and 17% infection. These authors also
concluded that attention to surgical technique and
postoperative care by the surgeon was very important
but because multiple failure mechanisms were often
seen in one case, some of the failure mechanisms could
be addressed by design and material improvement.
[7]
In 2006, Mulhall et al reported on overall, early (<
2 years) and late (> 2 years) TKA failure mechanisms
in 318 patients. Overall the majority of revisions
were after 2 years and thus mechanical issues were
primarily the cause. Early revisions (31% of patients)
were primarily due to infection (25%), with ultimate
outcomes worse than the outcomes of knees with
revision for aseptic loosening. Revisions after 2 years
(69% of their patients), were mechanical with instability
(29%), polyethylene wear (25%) and component
loosening (41%). They also concluded that patient
factors such as diabetic control, and technical factors
such implant design could be modifiable between early
and late failures to improve patient outcomes.
The summary of these longitudinal studies is that
infection has become the primary acute cause of failure
with loosening and instability remaining as the overall
greatest reasons for revision (Table 1). The researchers’
conclusions are that most failures can be avoided by
improvements in technique and design.

HISTORICAL PERSPECTIVE
[3]

In 1982, Rand et al reported 227 knees undergoing
revision in the Mayo Clinic registry data from 1970 to
1980. Within those revisions, average time from initial
arthroplasty to failure was 2.7 years with loosening
(34.9%) being the major cause for TKA failure. Instability
and malalignment were second and third at 16.7%
and 14.8%, respectively. Component malposition,
periprosthetic fracture and patellofemoral complications
were all around 5%. Periprosthetic joint infections were
reported to be exceedingly rare at 0.2% (but this will
become the leading cause of revision). The dominance
of loosening was likely because of high use of the older
hinge prosthesis designs such as the Guepar that
resulted in increased interface stresses and loosening.
In 1988, Moreland described the etiology of total knee
failures, and loosening and instability were still the leading
causes with secondary reasons being infection, extensor
mechanism disruption, arthrofibrosis, periprosthetic
[4]
fracture and complex regional pain syndrome . Loose
implants were caused by inappropriate bony resection,
poor ligamentous balancing, cement technique, patient
factors such as high activity level, implant constraint
level, and osteolysis. Instability had the characteristics
of varus/valgus malalignment, imbalance of the flexionextension gap, anteroposterior laxity and patellofemoral
subluxation/dislocation. Moreland concluded a majority
of failure mechanisms is under the surgeon’s technical
control.
[5]
In 2001, Fehring et al reported early (< 5 year)
failure mechanisms between 1986 and 1999. Their most
common identified etiology for failure in 279 knees was
now infection at 38%. Aseptic loosening of cemented
implants had plummeted to 3% with lack of cementless
TKA ingrowth at 13%, and polyethylene wear/osteolysis
which causes loosening at 7%. Instability was still high
at 26% with patellofemoral failures (usually instability)
being 8%. Five percent had miscellaneous problems
such as arthrofibrosis, malalignment, or periprosthetic
fracture. They also concluded some of these causes could
be improved by surgical technique and perioperative
care. They proposed that infection prevention could be
reduced by addressing wound healing problems (such as
albumin > 3.5 g/L, preoperative total lymphocyte count
3
(TLC) > 1500 cells/mm , and transferrin level > 200),
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SHIFT TO NEWER POLYETHYLENE
MANUFACTURING PROCESSES
Design improvement has impacted failure mechanisms.
As polyethylene production improved, modes of failure
from polyethylene wear and subsequent osteolysis
[8]
became less prevalent. Hossain et al studied revisions
of 349 knees between 1999 and 2008. Infection had
become the most common reason for revision overall,
both in early (< 2 years) and in late (> 2 years) failures.
Aseptic loosening was second most common, followed
by polyethylene wear.
[8]
[9]
Hossain et al and Schroer et al performed multi
center analysis of etiology for 844 revision TKAs between
2010 and 2011. They found aseptic loosening (31.2%),
instability (18.7%) and infection (16.2%) as the 3
major overall causes with early failures continuing to
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Table 1 Clinical studies by failure mechanism (%)
Ref.

Knees

Rand et al[3]
Moreland et al[4]
Fehring et al[5]
Sharkey et al[6]
Mulhall et al[7]
Hossain et al[8]
Schroer et al[9] and Lombardi et al[10]
Sharkey et al[11]
Delanois et al[13]
Kasahara et al[18]
Koh et al[19]

227
279
212
318
349
844
781
337597
147
634

Loosening
34.9
MC
3%
17/34
41
3/12
19/31
22/40
20.3
40
33

Infection
0.2
38
25/7.8
25/7
12/21
23/16
38/28
20.4
24
38

Instability

Malalignment

Poly/Lysis

Other

16.7
2nd MC
26
21/22
29
4/3
25/19
12/8
7.5
9
7

14.8

-

5

5
12/12
9
4/3
8/7
3/2

7
12/44
6/25
1/12
1/10
2/4
2.6
9
15

5

1

2/1
12
18
8

Overall percentages listed above may be approximates. Percentages may not be mutually exclusive[6,8-10]. Sharkey et al[6] table: First number is early (< 2 year)
failures, second number is late failures; Hossain et al[8]: First number is early (< 2 year) failures, second is late failures; Schroer and Lombardi et al[9-10]: First
number is early (< 2 year) failures, second is overall failures.

[13]

Delanois et al
provided an updated look at the
revision rate in the United States using the same NIS
database from 2009 through 2013 and reaffirmed that
the two leading causes of revision TKA were infection
and aseptic loosening at 20.4% and 20.3%, respectively.
Both NIS-based papers reported on higher revision rates
in the South with upwards of one-third of all revision
performed in southern states. Although demographic
data was provided, with well over 70% of all revision
occurring in Caucasians, no analysis was performed to
identify regional differences in failure mechanisms. Allcomponent revision was the most common operation
with a total healthcare cost averaging more than $75000.

be infection (23%) and instability (25%). Secondary
causes included polyethylene wear (10%), arthrofibrosis
(6.9%) and malalignment (6.6%) with stiff knees being
predominantly an early cause for revision among these.
Polyethylene wear represented less than 1% of revisions
performed under 5 years, but remained common in
revision failures greater than 15 years in knees with
older polyethylene which confirmed benefit of newer
polyethylene improvements. Aseptic loosening was the
[10]
only failure mechanism consistent in all time intervals .
[11]
Sharkey et al
provided a 10-year update on
their experience of performing 781 revisions of 10,003
total procedures (7.8% revision rate). They too saw
a dramatic decrease from 25% to 3.5% in the rate
of polyethylene wear as the cause of revision. Early
(< 2 years) failures were 37.6% of all failures with
infection most common, and more than half (51.4%)
of the 62.4% late (> 2 years) revisions were aseptic
loosening.

WORLD EXPERIENCES
The use of nationwide registries began in 1975 with the
Swedish Knee Arthroplasty Register (SKAR) through the
[14]
efforts of Goran Bauer . Since then, other countries
have followed their example, including Finland (1980),
Norway (1987), Denmark (1995), South Korea (1989),
New Zealand (1998), England and Wales (2003), and
Japan (2010) (Table 2).
The initial success of the registries prompted the
creation of the Nordic Arthroplasty Register Association,
a compilation of arthroplasty databases from Sweden,
Denmark, and Norway who shared similar demographics,
healthcare and socioeconomic systems, and were in
close proximity to each other. Subsequently Niimaki in
2015 combined five worldwide registries: Australia, New
[15]
Zealand, Norway, Sweden, and England and Wales .
The leading indication for revision in each country was
aseptic loosening (range 22.8%-29.7%). Pain was the
second leading indication for revision in Norway and
New Zealand (27.4% and 22.0% respectively), while
infection was the second most common cause in the
three remaining countries (20.6%-21.7%). However,
Niimaki identifies inconsistencies in the categorization of
failure mechanisms amongst the registries that clouds
the ability to interpret the results. For example, pain
and malalignment are not categories in the Swedish

CLINICAL DATA VS LARGE DATA
While most published results of total knee revisions
came from single-center or regional multi-center data,
larger and more diverse cohorts have become possible
with the advent of nationwide databases. In the United
States, the Nationwide Inpatient Sample (NIS) database,
developed in 1988 and revamped in 2012, provides a
random sampling of approximately 20% of all United
States hospital discharges and encompasses smaller
community hospitals as well as larger urban academic
[12]
centers. Using this registry, Bozic et al
reported on
60355 TKA revision procedures performed between
2005 and 2006 across the United States. They found the
most common cause of revision knee arthroplasty was
infection at 25.2%, implant loosening at 16.1%, and
implant failure or breakage at 9.7%. While noting the
limitations of large administrative data, they reported
their findings were similar to other studies that found
infection to be the greatest contributing factor to at least
early failure mechanisms.
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Table 2 Large data and registry data by total knee arthroplasty failure mechanism
Ref.

Knees

Bozic et al[12]
Delanois et al[13]
Sadoghi et al[23]
Australia 2003-2012[24]
England/Wales 2011-2012[25]
New Zealand 1999-2011[26]
Norway 1994-2009[27]
Sweden 2001-2010[28]

60435
337597
36307
31698
5135
4603
3445
3375

Loosening, %

Infection, %

16
20.3
30
30
35
37
24
26

25
20.4
15
22
23
24
13
23

Instability, %
7
7.5
6
6
14
7
10
13

Poly/Lysis, %
8
2.6
8
2
20
n/a
5
5

Other, %
12

Overall percentages are listed above.

registry whereas polyethylene wear is not an option in
the United Kingdom registry. He therefore suggests that
standardizing the registries can help in compiling data
to draw more compelling conclusions. Nevertheless,
the data consistently supports aseptic loosening as the
most common indication for revision TKA at similar rates
[16]
to those found in the United States. Siqueira et al
reviewed TKA failure modes outside the United States by
combining both large clinical studies and national joint
registry results. They concluded 1994-2012 national
databases and reported aseptic loosening as the most
common reason for failure, with infection being second..
Clinical studies reported by large tertiary referral centers
also reported aseptic loosening as being the most
common overall reason for revision, while early failures
were due to infection. The data from Europe, although
not consistently reported, confirms that the emphasis on
failure needs to be focused on infection early and overall
on aseptic loosening.
The performance of TKA is quickly rising in Asia,
where over half the world’s population resides, and it
is especially prevalent in women, who have an 8-fold
[17]
increased rate of primary TKAs compared to men .
[18]
Kasahara et al
recently reported on a multicenter
experience of five arthroplasty referral centers in
Japan with 140 TKA revision from 2006-2011. Overall
revision rate was 3.3% with aseptic loosening as the
leading cause at 40% followed by infection at 24%. Koh
[19]
et al
from South Korea, published a retrospective
review of 634 revisions at 19 centers from 2008-2012,
representing an estimated 10% of all procedures
performed in the country. Overall revision rate was
3.0% with infection (38%) as the leading cause followed
by aseptic loosening (33%) and wear (13%). Similar
to other reports, they separated failures as early (< 2
years) versus late (> 2 years); infection dominated as
the leading cause of early failure (77%) but it was only
23% of all late failures with aseptic loosening (44%) the
most common as it is throughout the world. Wear was
only an indication for revision in the late failure group
and comprised 18%. With limited long-term registry
data, it remains unclear whether the failure patterns
of knee replacement differ between the Western and
Eastern Hemispheres, but it seems that Asia is more
similar to the United States with infection the early
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cause while Aseptic loosening dominates all time periods
in Europe.

CURRENT CHALLENGES
As total knee arthroplasty increases in demand and
prevalence, the number of revision total knee operations
[2]
increase as well. Kurtz et al predicted the number of
revision TKAs performed in the United States by 2030
would be greater than 250000 operations. Hamilton
[20]
et al
reviewed risk factors for revision TKA which
includes obesity, young age and comorbid conditions as
the most common in both the United States as well as
other countries.
Altogether, patients across the world with total knee
arthroplasties face similar challenges today. Aseptic
loosening/instability and infection are the primary causes
of failure. Countries with higher rates of unicompartmental
or bicompartmental arthroplasties increasingly cite pain
as an indication for revision, though that remains highly
dependent on the patient, the surgeon, and the reporting
mechanism. As surgical implants continue to evolve,
surgical techniques to achieve long-term fixation and
careful attention to infection prevention remain the most
challenging obstacles to achieve excellent long-term
outcomes.
As the understanding of how total knees fail,
orthopedic research has focused on improving the
technology and surgical technique as well as in depth
study of infection. There is a large volume of research
dedicated towards lowering infection risk factors such as
patient optimization, efficient surgery, maintaining ideal
intraoperative conditions, and decreasing postoperative
[21]
complications . Surgical technique has focused on
understanding patient anatomy, and personalizing
leg alignment and component position. Bellemans et
[22]
al
evaluated anatomic and mechanical axis in 250
asymptomatic adults. They reported that 32% of males
and 17% of females had a natural mechanical axis of 3
degrees varus or greater. A common etiology of instability
is malrotation of the femoral component relative to the
tibia. Meticulous attention to surgical technique is critical
as instrumentation is unable to adjust for this rotation.
Personalization of a patient’s normal anatomy and
ligament balancing may be helpful to lower revision rates
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13

and patient satisfaction.

CONCLUSION

14

With increasing number of revision TKAs being per
formed, tighter control on healthcare costs and value
based care may occur. Surgeons are tasked with the
responsibility to avoid risk factors for revision TKA. Newer
longitudinal studies report that infection has become
the primary acute cause of failure with loosening and
instability remaining as the overall greatest reasons for
revision. Knowledge of total knee arthroplasty failure
mechanisms allows the arthroplasty surgeon to be aware
of individual risk factors, and to strategize management
for each patient to optimize their care.
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Abstract
AIM
To develop practical guidelines for diagnosis and
treatment of the painful snapping elbow syndrome (SE).
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METHODS
Clinical studies were searched in the databases
PubMed and Scopus for the phrases “SE”, “snapping
triceps”, “snapping ulnar nerve” and “snapping annular
ligament”. A total of 36 relevant studies were identified.
From these we extracted information about number of
patients, diagnostic methods, patho-anatomical findings,
treatments and outcomes. Practical guidelines for
diagnosis and treatment of SE were developed based on
analysis of the data. We present two illustrative patient
cases-one with intra-articular pathology and one with
extra-articular pathology.
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RESULTS
Snapping is audible, palpable and often visible. It has
a lateral (intra-articular) or medial (extra-articular)
pathology. Snapping over the medial humeral epicondyle
is caused by dislocation of the ulnar nerve or a part of
the triceps tendon, and is demonstrated by dynamic
ultrasonography. Treatment is by open surgery. Lateral
snapping over the radial head has an intra-articular
pathology: A synovial plica, a torn annular ligament or a
meniscus-like remnant from the foetal elbow. Pathology
can be visualized by conventional arthrography,
magnetic resonance (MR) arthrography, high resolution
magnetic resonance imaging (MRI) and arthroscopy,
while conventional MRI and radiographs often turn out
normal. Treatment is by arthroscopic or eventual open
resection. Early surgical intervention is recommended as
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the snapping can damage the ulnar nerve (medial) or
the intra-articular cartilage (lateral). If medial snapping
only occurs during repeated or loaded extension/flexion
of the elbow (in sports or work) it may be treated by
reduction of these activities. Differential diagnoses are
loose bodies (which can be visualized by radiographs)
and postero-lateral instability (demonstrates by clinical
examination). An algorithm for diagnosis and treatment
is suggested.

MATERIALS AND METHODS
Literature was searched in Pubmed with four phrases:
“SE” (resulting in 85 hits), “snapping triceps” (39 hits),
“snapping ulnar nerve” (31 hits) and “snapping annular
ligament” (9 hits). A similar search was performed
in Scopus, and two additional, relevant articles were
identified. We excluded papers that had no information
about diagnostic strategy or treatment as well as articles
in other languages than English or Scandinavian.
One article was not available online or from the
author.
From the 36 remaining articles (Figure 1) information
about number of patients, diagnostic method, pathoanatomical findings, treatments and outcomes was
extracted.
We treated two cases with principally different
reasons for snapping.

CONCLUSION
The primary step is establishment of laterality. From
this follows relevant diagnostic measures and treatment
as defined in this guideline.
Key words: Elbow; Arthroscopy; Surgery; Diagnosis;
Ultrasonography; Snapping
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Case reports 1

A 16-year-old boy with painful locking of the right elbow
during 2-3 years. No trauma in history. Standard MR
scanning and radiographs were normal. A sore clicking
was found at the lateral epicondyle with 80°-90° of
elbow flexion, and it was most painful with simultaneous
pronation. He had similar but milder symptoms on
the left side. Both elbows were stable and with normal
range of motion.
Dynamic ultrasound raised suspicion of a tight,
lateral part of the triceps tendon as the cause of
snapping. However, extraarticular injection of 1 cc
Carbocain plus 1 cc of Depomedrol® in this area did not
relieve the symptoms.
At arthroscopy an inter-positioned lunar plica anterolaterally (video 1) was resected, and a tight chord of
capsule in relation to the plica was loosened.
Pain and snapping disappeared after the operation.
A similar condition was treated by artroscopy in the left
elbow 6 wk later. At 3-years follow-up he felt a slight
tenderness in the right elbow from time to time, but it
was different from his preoperative pain and he had no
snapping. The left elbow was symptom free.

Core tip: Elbow snapping is medial or lateral. Medial
snapping is caused by dislocation of the ulnar nerve or
a part of the triceps tendon, demonstrated clinically and
by dynamic ultrasonography. Treatment is transposition
of the nerve and/or resection of the snapping tendon.
Lateral snapping is intra-articular by a synovial plica,
a torn annular ligament or a meniscus-like remnant
from the foetal elbow, demonstrated by arthrography,
magnetic resonance arthrography, high resolution
magnetic resonance imaging or arthroscopy. Treatment
is arthroscopic resection. Early surgical intervention
is recommended to reduce tissue damage. Medial
snapping promoted by repeated, loaded activities might
be treated by activity reduction.
Bjerre JJ, Finn Johannsen E, Rathcke M, Krogsgaard MR.
Snapping elbow-A guide to diagnosis and treatment. World J
Orthop 2018; 9(4): 65-71 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v9/i4/65.htm DOI: http://dx.doi.
org/10.5312/wjo.v9.i4.65

Case reports 2

INTRODUCTION

A 16-year-old boy with painful medial elbow clicking
bilaterally for over a year, in particular during heavy
resistance training of the triceps muscle. The snapping
was mildly painful, but he had post-exercise pain that
forced him to reduce the training load. Popping of the
triceps muscle over the medial epicondyle at 110° of
flexion was suspected by clinical examination (video 2).
There were no neurological symptoms and a negative
Tinel’s test in relation to the ulnar nerve. Dynamic
sonography visualized the popping tissue (video 3), but
it was not possible to distinguish if this originated from
the ulnar nerve or a part of the triceps tendon. The
elbow appeared otherwise normal.
Open surgery showed that snapping was caused by

Snapping elbow (SE) is a rare condition, which can
be confused with more common pathologies like an
intra-articular free body, lateral epicondylitis or medial
epicondylitis. Symptoms from SE occur during dynamic
activities. Therefore, standard radiographs and magnetic
resonance imaging (MRI) are often normal, leaving risk
that the condition remains undiagnosed.
It is useful to distinguish between lateral and
medial snapping, as pathology, diagnostic strategy and
treatment are different in the two situations.
We suggest a practical guideline for diagnosis and
treatment of SE, based on our own experience with three
elbows in two patients and a review of the literature.
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and extremely rare pathologies: snapping medial
antebrachial cutaneous nerve, intraarticular meniscus
and laterally snapping triceps.

Records identified in Pubmed
(n = 164)
+
Additional records identified in Scopus
(n = 2) → (n = 166)

Intra-articular, lateral snapping

Intra-articular snapping is caused by annular
ligament pathology, lateral meniscal remnants or
[1-12]
hypertrophic synovial plicas
. Clicking due to
dynamic impingement of these soft tissues is difficult to
demonstrate with static MRI.
Three reports describe snapping caused by ano
[5,7]
malous meniscal remnants . Standard MRI did not
reveal the pathology, but it was demonstrated by MRIand radiographic arthrography, respectively.
In one report a plica was demonstrated by
radiographic arthrography and MRI as a protruding
[11]
shadow . Contrast MRI was used to diagnose three
[10]
cases of a snapping plica . In one case conventional
MRI raised suspicion of a small, pathological structure,
which was diagnosed as a plica by high-resolution
[13]
MRI .
By conventional MRI it was in most cases not
possible to visualize lateral SE pathology, and diagnoses
were established with MR-arthrography, high resolution
MRI or radiographic arthrography. With arthroscopy
the intra-articular snapping pathology can be visualized
and treated in the same procedure by resection of the
snapping tissue.
Arthroscopic resection of plicas or meniscus-like
tissues was standard treatment, except in three cases
of open resection. Reported results were good with
either method (Table 1), as elbow function normalized
in the majority of cases.
One patient who had postero-lateral rotatory elbow
instability did not improve, but the snapping might have
been caused by instability and not by intra-articular
[2]
pathology .

Records excluded (n = 106):
Duplicated articles (n = 97),
articles in other language than
English and Scandinavian (n = 8),
article not available
(n = 1)
Full-text articles for further
assessment (n = 60)
Full-text articles excluded
because diagnostic strategy
and/or treatment is not
described (n = 24)
Studies included in the
analysis
(n = 36)

Figure 1 From the 36 remaining articles information about number of
patients, diagnostic method, patho-anatomical findings, treatments and
outcomes was extracted.

dislocation of the ulnar nerve (video 4). The sulcus was
therefore deepened 3 mm, the nerve was repositioned,
and a part of the medial triceps tendon was transpositioned to form a cover over the sulcus. This
resolved the snapping condition, and the patient was
able to exercise normally between two and five months
postoperatively. Then a feeling of instability of the nerve
during heavy resistance training occurred, but it was
pain free. One year after the operation he stopped
regular training and had no symptoms. This was still the
case at 3-years follow-up. Both patients declared, that
they were satisfied with the treatment, and with their
present experience they would agree to be operated for
SE again, if necessary.

Extra-articular, medial snapping

Subluxation of either the ulnar nerve or a medial part
of the triceps tendon, or of both can cause extra[15-26]
articular snapping of the elbow
. In many cases it
can be recognized by thorough physical examination.
The ulnar nerve snaps in the interval 70-90 degrees
of flexion, and the triceps around 115 degrees. These
[27]
snaps are usually visible and audible . By dynamic
[28]
ultrasound and dynamic MRI
the snapping tissue
can be visualized, but interpretation of the anatomical
structures is not always conclusive, as described in our
[20,27,28]
case 2
. Dislocation of the snapping structure is
not visible on standard MRI with the elbow extended,
but with the elbow flexed dislocation can often be
[29]
demonstrated .
A snapping triceps can be treated by either
[19,22-23,25,30-34]
resection
or by suture of the snapping part
[18,25]
to the main tendon
. Medial epicondylectomy was
[19]
used in one case . Ulnar nerve dislocation was treated
[16,26,35]
by anterior transposition
or fixation of the nerve
[35]
in the deepened cubital tunnel .

RESULTS
The identified clinical reports of SE are summarized in
the tables. They are divided into lateral, intra-articular
cases (Table 1) and medial, extra-articular cases (Table
2) of SE. There are 105 cases of lateral snapping with a
mean age of 39.7 years (range 11-66) and 42 cases of
medial snapping with a mean age of 28.7 years (range
9-65). In some patients SE was presumably triggered
by athletic performance (throwing and tennis typical
for lateral snapping, and weightlifting, decathlon and
dumbbell exercises for medial snapping). However, the
majority of cases could not be connected to sports.
This review does not allow to make an estimate
of the incidence of SE, but based on the reported
cases, the different pathologies can be ranked with
intraarticular plica as the most common, followed
by medially snapping triceps (rare), snapping ulnar
nerve (rare), snapping annular ligament (very rare)
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Table 1 Literature reports on intra-articular snapping elbow
Report and year

No. of patients

Snapping Pathology

Diagnostic procedure

Treatment

Results

One
Fourteen

Snapping plica
Snapping plica

Open arthrotomy
Arthroscopic resection

Aoki et al[3], 2003

Two

Chai et al[4], 2004

One

One had arthroscopic
resection
Arthroscopic resection

Complete recovery
Ten complete recoveries, two
partial recoveries, two failures
One complete recovery after
resection
Relief of snapping

Fukase et al[13], 2005
Huang et al[5], 2005
Huang et al[6], 2005

One
One
One

Open resection
Arthroscopic resection
Arthroscopic resection

Complete recovery
Complete recovery
Relief of snapping, less pain

Kang et al[7], 2010
Maruyama et al[8], 2010

Two
One
Sixtyfour

Arthroscopic resection
Arthroscopic release of
the ligament
Arthroscopic resection

Complete recovery
Complete recovery

Brahe Pedersen et al[9],
2017

Snapping annular
ligament
Snapping annular
ligament
Snapping plica
Snapping meniscus
Snapping annular
ligament
Snapping meniscus
Snapping annular
ligament
Hypertrophic
synovial plica

Arthrogram, arthroscopy
MRI, arthroscopic
examination
Arthroscopic examination

Shinohara et al[14], 2010

One

Akagi et al[1], 1998
Antuna et al[2], 2001

Steinert et al[10], 2008

Three

Tateishi et al[11], 2005

One

Tight fibrous
structure
Hypertrophic
synovial plica
Snapping plica

Ultrasonography
Special MRI1
MR-arthrography
MRI, arthroscopic
examination
MRI, arthrography
Arthroscopy
Clinical examination and
ultrasound
MRI, arthroscopy

Arthroscopic resection

Significant improvement in
Oxford Elbow score after 3 and
22 mo
Complete recovery

Contrast MRI (in two),
arthroscopy
MRI, arthrogram

Arthroscopic resection

Complete recovery

Open resection

Complete recovery

1

Special MRI was high-resolution magnetic resonance imaging of the elbow using microscopy coils. MRI: Magnetic resonance imaging; MR: Magnetic
resonance.

One case series reported snapping of the medial
[35]
antebrachial cutaneous nerve
that is medial to the
medial humeral condyle (and not posterior as the
ulnar nerve). There were no neurological symptoms
reported from this nerve, and snapping was observed
intra-operatively. In three of the four patients there
was also snapping of triceps and the ulnar nerve. In
retrospective review of the preoperative ultrasonography
investigations, snapping of the medial antebrachial
cutaneous nerve could be identified. In three patients
the medial antebrachial cutaneous nerve was
transpositioned and in one it was decompressed, while
triceps- and ulnar nerve dislocation was also treated in
three.
The most common symptoms were pain and painful
snapping, and neurological symptoms from the ulnar
nerve were rarely reported.

experienced recurrence of symptoms. In one patient
treatment failed, but he was subsequently diagnosed
with postero-lateral instability as the possible cause
of the snapping phenomenon. In the largest series
[9]
reported with 64 patients, there was a significant and
clinically relevant increase in Oxford Elbow Score three
and 22 mo after operation. Therefore, surgical treatment
of the lateral SE is successful in the majority of cases,
and it should preferably be performed arthroscopically,
as this permits optimal visualization of the joint and
minimize morbidity. Non-surgical treatment has not
been described for lateral SE.
Dynamic ultrasonography is the best to visualize
medial snapping, but it can be difficult to identify which
anatomic structure that is snapping (as described in
[20,25,27]
[36]
case 2)
. Fabrizio et al
reported a variation of
the triceps brachii with a thin fourth muscular head
inserting on the medial part of the olecranon as a cause
of medial snapping. An accessory snapping triceps
tendon can clinically be confused with snapping of the
ulnar nerve, as the two structures are closely located at
the medial epicondyle. Watts described this diagnostic
[34]
pitfall in a report of three cases , of which two primary
had transposition of the ulnar nerve and one a fixation
of the nerve in the ulnar sulcus. In all three cases
snapping persisted, and the cause was identified as a
discrete accessory tendon originating from the triceps.
The authors concluded from their series that a subluxing
ulnar nerve does not snap, and that medial snapping is
always caused by anterior sliding of a strip of the triceps
tendon during elbow flexion.
Snapping of a medial part of the triceps muscle is
recognized as a reason for continuous snapping after

DISCUSSION
It is useful to divide snapping of the elbow joint into
lateral and medial snapping, as these are caused by
different pathological conditions and can easily be
distinguished clinically (Figure 2).
Generally, intra-articular snapping pathology cannot
be demonstrated by conventional MRI, and MR-arthro
graphy, high resolution MRI or radiographic arthrography
[1,6,9,13]
is necessary
.
In a series with 14 patients treated for lateral,
intra-articular plicas snapping over the radial head by
[2]
arthroscopic resection , ten patients were completely
relieved of their symptoms, two still experienced mild
pain and one was asymptomatic for 4 years, but then
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Table 2 Reports of extra-articular snapping elbow
Report and year

No. of cases

Snapping pathology

Diagnostic procedure

Treatment

Results

Anand et al[16], 2012

One

Snapping ulnar nerve

Open surgery

Transposition of nerve

Cesmebasi et al[35], 2015

Four

Open surgery/
sonography

Open decompression,
stabilization or transposition of
nerves, resection of tendon

Chuang et al[17], 2016

One

Snapping medial
antebrachial cutaneous
nerve (4), triceps (3) and
ulnar nerve (3)
Snapping triceps and
subluxing ulnar nerve

Complete recovery,
returned to elite sport
Improvement (mild
persistent symptoms to
complete recovery)

Dynamic sonography

Dreyfuss et al[18], 1978

Two

Snapping triceps

NSAIDs and reduction in
repetitive elbow flexion activities
at work
Reinsertion of the snapping
tendon

Haws et al[30], 1995
Hayashi et al[19], 1984

One
One

Snapping triceps
Snapping triceps

Jacobson et al [20], 2001

Three

Snapping ulnar nerve,
snapping triceps
Snapping triceps and
ulnar nerve
Snapping triceps
Snapping triceps
Snapping triceps
Snapping triceps
Snapping triceps

Lasecki et al[21], 2014

One

Minami et al[31], 1999
Reis et al[22], 1980
Rolfsen[23], 1970
Spinner et al[32], 2001
Spinner et al[24], 1999

One
One
One
One
Two

Spinner et al[33], 1999
Spinner et al[25], 2000

One
Fifteen

Snapping triceps lateral
Snapping triceps after
operation for snapping
ulnar nerve

Watts et al[34], 2009

Three

Snapping triceps

Xarchas et al[26], 2007

Three

Snapping ulnar nerve

Partial improvement

Open reinsertion of
1 complete recovery, 1
the snapping part of
partial
the triceps
Open exploration
Open resection of tendon
Complete recovery
Physical examination,
Medial epicondylectomy and
Complete recovery
radiographs, open
division of tendon
surgery
Dynamic sonography Open “surgical treatment for each
Not reported
abnormality”
MRI and dynamic
Not reported
Not reported
sonography
Not reported
Open tendon resection
Complete recovery
Open surgery
Open tendon resection
Complete recovery
Open surgery
Open tendon resection
Complete recovery
Physical examination
Open tendon Excision
Complete recovery
Physical examination,
Reduction in weight lifting
Symptoms only appeared
MRI
during weight lifting
Palpation and MRI
Open tendon resection
Complete recovery
Physical examination, Lateral transposition or excision Complete relief of snapping
MRI
of tendon (nine patients), six
in surgically treated
refused surgery
patients. No relief in nonoperated
Open exploration
Excision (two), tendon division
Complete recovery
(one)
Palpation
Anterior nerve transposition
Complete recovery after
(two), NSAIDS and change of job surgery. Not reported for
as waitress (one)
non-surgery

NSAIDs: Non-steroidal anti-inflammatory drugs; MRI: Magnetic resonance imaging.

Painful snapping elbow

Medial

Lateral
Arthrography
High resolution MRI
Arthroscopy

Clinical evaluation
Ultrasonography

Pathology:
Ulnar nerve
Triceps tendon

Treatment:
Reduction of activity
Transposition/stabilization of nerve
Resection/suture of tendon

Pathology:
Lateral plica
Annular ligament
Meniscus

Treatment:
Arhroscopic resection

Figure 2 Snapping of the elbow joint into lateral and medial snapping caused by different pathological conditions and can easily be distinguished
clinically.
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[22-23,25,30-32,34]

SE, its general binary categorization and the best treatment of each pathology.

ulnar nerve transposition
. It is unclear in
these cases if the snapping triceps was unrecognised
during ulnar nerve surgery or if it was a complication
to dissection of the tendon during release of the ulnar
nerve. However, we and others present cases of
medial snapping, treated successfully by ulnar nerve
[20,26]
surgery
. Therefore, the triceps should always be
inspected in flexion and extension of the elbow during
surgery for ulnar nerve snapping.
It is unknown to which extend the medial ante
brachial cutaneous nerve is involved in medial snapping,
as there is only one case report of this nerve as
[35]
snapping structure . It is challenging to decide by
ultrasonography which anatomical structure that causes
[35]
medial snapping and the final diagnosis is established
during operation. All snapping pathologies should be
addressed.
Medial snapping in persons with repeated or
loaded activities involving elbow flexion and extension
during work (e.g., a waitress, a postman) or sports
(weightlifting, body building) can be treated by reduction
[17,24,26]
of these activities
. In other cases, surgical
intervention should preferably be early, as intra-articular
pathologies can lead to damage of the cartilage, and
[12,25]
snapping of the ulnar nerve can lead to neuropathy
.
Intra-articular loose bodies and postero-lateral elbow
instability can cause locking, which may be interpreted
[2,12]
as lateral snapping
. Radiographs and CT are useful
to identify intra-articular loose bodies, while posterolateral instability is a clinical diagnosis. Also, lateral
snapping is sometimes treated as epicondylitis, which is
not a snapping condition.
In conclusion, SE is clinically divided into intraarticular (lateral) and extra-articular (medial) cases,
based on the location of snapping. Intra-articular
pathology is best visualized with high-resolution MRI, MR
arthrography or radiographic arthrography. Arthroscopic
or open resection of the pathological tissue is successful
in most cases. Extra-articular pathology is best diagnosed
by dynamic ultrasonography and during surgery. Solitary
snapping of the ulnar nerve is extremely rare, and a
triceps associated snapping tendon should always be
suspected. Treatment is by open surgery.

Research methods

Literature was searched in PubMed and Scopus and key points in diagnosis
and treatment were identified. Two typical cases are described.

Research results

Our review indicates that SE should be clinically divided into lateral and medial,
and that diagnosis and treatment is a logic consequence of this. Lateral, intraarticular pathology is best diagnosed with high-resolution MRI, MR-arthrography
or radiographic arthrography. Surgical intervention is the treatment of choice
and successful in the majority of the cases. Medial, extra-articular pathology
is best diagnosed by dynamic ultrasonography and during surgery. It is most
commonly caused by subluxation of a medial part of the triceps tendon or the
ulnar nerve. Treatment is by open surgery, except in patients with repeated,
loaded activities during flexion and extension (at work or during sports), in
which case symptoms may resolve by reduction of this activity.

Research conclusions

This guideline suggests a standardized approach to diagnosis and treatment of
patients with SE. As early surgical intervention is recommended because the
snapping can damage nerve (medial) or cartilage (lateral), this guideline is a
tool for better patient care.

Research perspectives

There are no randomized studies on treatment of SE, but the largest series of
64 cases is on lateral SE, meaning that randomized controlled studies could be
performed regarding treatment of this pathology. The other pathologies are too
rare. There are probably many undiagnosed cases, and studies on incidence
would describe the magnitude of this health problem.
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Abstract

Author contributions: All authors contributed equally to this
paper in regards to conception and structure of this case report,
data collection, literature review, drafting, critical revisions, and
final approval of the final version.

This case report describes in detail an erosive distal
diaphyseal pseudotumor that occurred 6 years after a
complex endoprosthetic hinge total knee arthroplasty
(TKA). A female patient had conversion of a knee
fusion to an endoprosthetic hinge TKA at the age of
62. At her scheduled 6-year follow-up, she presented
with mild distal thigh pain and radiographs showing a
6-7 cm erosive lytic diaphyseal lesion that looked very
suspicious for a neoplastic process. An en bloc resection
of the distal femur and femoral endoprosthesis was
performed. Histologic review showed the mass to be
a pseudotumor with the wear debris emanating from
within the femoral canal due to distal stem loosening.
We deduce that mechanized stem abrasion created
microscopic titanium alloy particles that escaped via a
small diaphyseal crack and stimulated an inflammatory
response resulting in a periosteal erosive pseudotumor.
The main lesson of this report is that, in the face of a
joint replacement surgery of the knee, pseudotumor
formation is a more likely diagnosis than a neoplastic
process when encountering an expanding bony mass.
Thus, a biopsy prior to en bloc resection, would be our
recommended course of action any time a suspicious
mass is encountered close to a TKA.
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Core tip: Pseudotumor formation is a biologic response
to microscopic metal particulate debris observed in
metal-to-metal total hip bearings. It is considered non-
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existent in total knee arthroplasty (TKA), where the
bearing surface articulates metal-to-ultrahigh molecular
weight polyethylene. This report describes a rare case
of pseudotumor formation in an endoprosthetic hinge
TKA, as a result of femoral stem loosening with metallic
debris exiting through a small crack in the distal
femoral diaphysis. This case reveals that pseudotumor
formation should always be considered when evaluating
an expanding mass around a TKA.
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Figure 1 AP radiograph of right knee reviewing life-cycle of right knee
reconstruction. A: Pre-operative radiograph showing successful knee fusion.
The area over the medial staple has a split thickness skin graft (STSG) of
5 cm x 7 cm. Patient ambulates with full weight bearing on the right leg.
Localized osteopenia is present in the knee region; B: Four months postoperative radiograph of cemented endoprosthetic hinge total knee arthroplasty
using a modified Zimmer Biomet RS (Reduced Size) OSS Knee system. Note
particularly the placement of the joint line in the cephalad direction. This was
purposefully done to avoid dissecting near the area of the tibia with the STSG.
Also, note the relatively short cemented femoral stem; C: Radiograph at 6
years. Patient complains of mild pain for the past 5 months. Note the erosive
lesion in the distal femoral diaphysis. White arrows outline the soft tissue
mass surrounding the erosive lesion. Also note the radiolucent line in the distal
femoral diaphysis. This suggests cement-bone separation, likely from repetitive
cantilever bend.

INTRODUCTION
All orthopaedic devices when implanted into the human
body have the potential to cause immunologic reaction.
Most reactions occur as a result of particulate debris
formation stemming from mechanical implant loosening,
breakage, interface corrosion/fretting or articular be
aring wear. In total joint arthroplasty, the dominant
inflammatory reaction encountered is osteolysis/syn
[1,2]
ovitis reaction . This inflammatory response is a re
sult of high molecular weight polyethylene (HMWPE)
and/or poly-methyl-meth-acrylate (PMMA) particles that
activate a macrophage-predominant reaction that, in
the end, causes bone resorption and elicits a significant
[3]
articular and, on occasion, periarticular synovitis .
Another inflammatory reaction observed more recently
[4,5]
in the last 2 decades is the pseudotumor phenomenon .
Its prevalence is almost exclusively associated with metal[6]
to-metal articular total hip bearings . The pseudotumor
reaction is distinctly different than the classic HMWPE/
PMMA induced osteolysis/synovitis reaction, as it is
primarily a lymphocytic response to reactive metal debris.
It is a non-neoplastic, sterile, solid and/or cystic lesion
that frequently extends beyond the articular joint
[7]
capsule . Although macrophages are seen in the pseu
dotumor response, the primary cellular response is
[8]
lymphocytic .
As one would expect, pseudotumor formation in
TKA is very rare as there are no knee systems that
articulate metal-to-metal. In this report we describe a
large pseudotumor that presented as a distal femoraldiaphyseal periosteal soft tissue tumor 6 years after
insertion of an endoprosthetic hinge TKA. We present
histologic review of the pseudotumor and forensically
deduce the origin of the metal debris that resulted in
this inflammatory soft tissue response.

dragged along for a distance. She was 35-year-old at
the time of injury which resulted in an open right tibial
fracture with severe soft tissue loss over the proximal
one-third of the tibia. She had a total of 5 surgeries over
3 years to treat her fracture and overlying infection.
A medial gastrocnemius flap was rotated to cover the
medial knee and tibia. Her ultimate reconstruction
was a knee fusion at age 38, which was stabilized with
a cast rather than internal fixation. Her knee fusion
surgery was successful. Since her fusion she has had no
problems with infection.
Twenty-four years later, at the age of 62, she pres
ented to our clinic with severe pain in her back and
ipsilateral hip. She wanted her knee fusion taken down
and converted to a TKA. A careful pre-operative review
indicated intact muscular firing of her quadriceps mu
sculature. Clinically, she had an intact patellar tendon
into the tibial tubercle. Studies evaluating for residual
infection at the knee and tibia were negative. Her preoperative radiograph of the knee fusion is shown in
Figure 1A.
A salvage TKA was performed with segmental
resection of her distal femur. She was reconstructed
with a custom reduced-size endoprosthetic hinge device
based upon the Orthopaedic Salvage System (OSS™)
knee design (Zimmer-Biomet, Warsaw, IN, United
States). Due to her soft tissue loss over the medial knee
and tibia, the prosthetic joint line was placed cephalad.
Her post-operative recovery was unremarkable. Her
ultimate knee range of motion within the first year was
0-80 degrees. In addition, she had no knee extensor
lag. Her reconstruction is shown in Figure 1B.
Six years post-operatively, at her scheduled follow-

CASE REPORT
This unique case involves a 68-year-old female who was
hit by a car as a pedestrian crossing the street and was

WJO|www.wjgnet.com

B

73

May 18, 2018|Volume 9|Issue 5|

Chowdhry M et al . Pseudotumor formation in TKA

A

B

Figure 2 Transverse computed tomography scan images of distal femoral diaphysis centered over lytic lesion. A: Image shows a surrounding soft tissue
mass of 2.8 cm. Erosive lytic lesion extends down to the inner cortex. Also note the radiolucent lines between the prosthetic implant and cement mantle, as well as
the radiolucent line between the cement mantle and bone; B: Demonstrates septation of the soft tissue mass with peripheral calcification (arrows). This is typically a
worrisome sign for a neoplastic process.

A

articular white blood cell count was 259 with 71% neu
trophils. Alpha-defensin and Synovasure® (ZimmerBiomet, Warsaw, IN, United States) tests were both
negative. Her serum CRP and ESR levels were normal.
Evaluation for metastatic disease was negative.
Our surgical plan was for en bloc removal of the
femoral diaphysis, including the femoral stem. We chose
not to biopsy the mass in order to avoid neoplastic
contamination of the extended endoprosthetic joint
space.
Post-operative radiographs of the revision surgery
are shown in Figure 3. Nine centimeters of the femoral
diaphysis was resected en bloc with the femoral stem,
femoral diaphysis, and tumor mass. The femur was
reconstructed with additional intercalary segments
using the OSS Knee system. Fixation to the native
femur was achieved with a femoral compress device
(Zimmer-Biomet, Warsaw, IN, United States). Upon
submission of the en bloc specimen to pathology, the
tumor was cut open. We saw a multi-cystic, dark grey
colored pseudotumor. The base of the pseudotumor
emanated from the femoral diaphysis. We did not see
any metallosis within the articular joint space (Figure 4).
The microscopic examination (Figure 5) of the res
ected en bloc section revealed a partially solid and cystic
lesion encased in a fibrous pseudo-capsule. There were
numerous foreign body histiocytes containing waxy
amorphous material. Perivascular lymphocytes and
histiocytes were prominent. The specimen was formally
diagnosed as a metallic debris pseudotumor. There was
no evidence of any neoplastic process.
The patient's post-operative recovery was again
uneventful. She had complete wound healing. Her range
of motion at one-year follow-up was 0-88 degrees of
flexion and there was no extensor lag.

B

Figure 3 Postoperative radiographs showing the additional bone
resection, resection of the soft tissue pseudotumor, and the definitive
reconstruction with an extended femoral endoprosthesis. A: Four week
post-operative radiograph showing resection of the distal 9 cm of femoral
diaphysis and reconstruction with a 9 cm intercalary segment. The intercalary
segment is secured to the femoral diaphysis with a femoral compress device
(Zimmer Biomet, Warsaw, IN, United States); B: One-year postoperative
radiograph showing distal femoral bone remodeling and bone integration into
the porous end of the femoral compress device. The patient’s thigh pain was
completely resolved and her gait returned to a reciprocating smooth gait that
appeared symmetrical to the contralateral leg.

up, the patient described mild distal thigh and knee
pain while walking. Her knee was cool on examination.
Knee range of motion was 0-80 degrees of flexion with
no extension lag and her knee felt stable. Radiographs
showed concerning findings in the distal diaphysis
(Figure 1C). There was a radiolucent line in the distal
diaphyseal cement mantle, but more concerning was a
periosteal erosion and surrounding soft tissue mass that
resembled a possible neoplastic process. A CT scan of
the distal femur revealed an eccentric lesion of the distal
diaphysis of the femur that appeared to be emanating
from the outer cortex of the medial diaphysis. The soft
tissue mass was approximately 7 cm in length and 2-3
cm in breadth and was partly surrounded by a calcific
border (Figure 2).
Her knee joint aspiration was negative for culture
growth, including fungus and acid fast bacillus. The
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DISCUSSION
Pseudotumor formation occurs as a result of metallic
particulate debris eliciting a cell-mediated immune
reaction that attempts to “encapsulate” the debris.
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Proximal

A

Distal

B

Figure 4 Resected specimen that contains the distal 9 cm of the femoral
diaphysis along with the soft tissue tumor. Specimen is rotated to view the
soft tissue mass (arrows). Note the absence of metal debris within the extended
joint space.

Unfortunately, the pseudotumor sac does not limit its
spread to the articular joint, which is unlike the HM
WPE/PMMA osteolytic reaction. Pseudotumors gene
[9]
rally spread along intermuscular planes . In THA,
pseudotumors are frequently found along the iliopsoas
extending into the pelvis, in between the muscular
planes of the thigh, and in between the muscular planes
of the outer pelvis. Furthermore, pseudotumor masses
can also protrude into the subcutaneous tissues when
they herniate out from muscular planes.
We have searched the entire Medline database and
to the best of our knowledge, have found only 5 case
[10-14]
reports describing pseudotumors after a TKA
.
We have reviewed all 5 articles carefully. Three of the
articles describe an enlarged synovial sac around the
total knee due to polyethylene wear debris and are not,
in our opinion, “true” pseudotumors from metal wear
[11,12,14]
debris
. One case does report a pseudotumor
mass into the popliteal fossa. In this case, there was a
broken polyethylene bearing and metal to metal contact
of the femur onto the tibia creating metal debris.
However, localized masses are known to frequently
protrude posteriorly, especially with polyethylene deb
ris. We feel this is not a classic metal-induced pseu
[13]
dotumor . The fifth case, in our opinion, is most re–
presentative of an encapsulated pseudotumor, but the
wear debris originated from both polyethylene and
[10]
metal debris .
Our case is unique for several reasons. First, this is
the only report of a pseudotumor arising from a loose
femoral stem despite a well-functioning TKA implant.
Upon sectioning of the pseudotumor to its base, we
observed a small black hole emanating from the outer
diaphyseal cortex. This hole was actually an anterolateral
crack in the distal femoral cortex which communicated
into the medullary canal. The debris originated from
mechanical abrasion of the femoral stem with adjacent
cement and bone. Upon further inspection, we found the
distal one-half of the femoral stem to be mechanically
debonded from the cement mantle. We also noted
broken/cracked cement in the distal one-fourth of the
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Figure 5 Histologic examination of the pseudotumor with specimen
taken in the middle of the cystic mass. A: Low power (100 ×) view of
mass demonstrating its cystic nature with blood and fibrin products within the
centre of cystic structure. The wall of the lesion is very thick, studded with
islands of metallic particles; B: Intermediate power (200 ×) view of the wall of
pseudotumor mass. In the lower left corner, the cellular reaction is primarily
lymphocytic and histiocytic with perivascular lymphocytes. The eosinophilic
(red-color) area shows the pseudotumor cyst wall with adherent fibrin debris
(top right corner) and microscopic metal particles within the wall; C: High power
(400 ×) view of the cellular reaction surrounding pseudotumor mass. This
shows the "classic" histologic finding of a reactive pseudotumor due to small
metallic particles. The micrograph shows perivascular infiltration of histiocytes,
containing particles of metallic debris, along with lymphocytes.

stem region. From microscopic review of the en bloc
resection, we deduce that the pseudotumor emanated
from within the femoral diaphysis and tracked outward
to create an encapsulated mass outside of the femoral
diaphysis. With a short, cemented femoral stem,
repetitive cantilever bending forces caused the distal
stem cement to fatigue, resulting in stem debonding.
Subsequently, mechanized stem abrasion created
microscopic titanium alloy particles. These particles
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then escaped via a small diaphyseal crack created by
cantilever bend forces. The particles, seeking the path
of least resistance, exited through the crack rather
than the distal femur. The escaping particles then
stimulated the inflammatory response that resulted in
the localized pseudotumor. Since the process of titanium
debris pumping outward was slow, we assume the
encapsulated process was able to contain the exiting
debris within the pseudotumor region. The reactive
rind responded with an inflammatory response that, in
radiographic review, looked like a neoplastic process.
Second, an erosive eccentric periosteal mass in the
distal femoral diaphysis in a sexagenarian is rare. The
radiographs show a soft tissue mass with peripheral
calcification that mimics a periosteal osteosarcoma. The
maximum incidence of osteosarcoma occurs in the age
[15]
group 15-29 . In our case, although the patient did
not fit the typical distributive curve of this tumor, we
were still compelled by the radiographic findings to treat
this as a neoplastic process. Osteosarcoma in the elderly
patient can present as a primary, as well as a secondary,
lesion. Secondary lesions occur from sarcomatous
transformation in Paget’s disease or as a complication
of irradiation. Since the patient did not have any of the
above mentioned risk factors, our differential diagnosis
involved a primary osteosarcoma. Osteosarcoma in the
[16]
elderly has a poor prognosis if metastatic . Our fear
was that, with an existing endoprosthetic replacement
within an extended joint space, a direct biopsy would
have potentially contaminated the entire joint and
caused the tumor to spread. We therefore chose not
to biopsy the lesion and instead planned for a wide
marginal excision. Fortunately, and much to our relief,
the tumor was not neoplastic.
Our surgical approach took into consideration several
factors. First, assuming the lesion was neoplastic, we
wanted a wide marginal excision of the lesion to provide
the least amount of local and systemic contamination
of tumor cells. Second, this patient was highly satisfied
with her endoprosthetic hinge TKA, so we strived to
retain her knee function as best as possible. Therefore,
our technique of resection was an extended arthrotomy
from the knee joint line cephalad to a level just above
the stem tip (measured from the end of the native
femur). The procedure was performed with a pneumatic
tourniquet for precise visualization.
The native femur was transected with a small
sagittal saw above the stem tip. From this level and
working distally to the knee joint, the intermuscular
septum medially and laterally as well as the femur were
elevated anteriorly from the posterior compartment
along with the tumor mass via electrocautery. The
hinge knee device was disconnected from the tibia and
the entire segment of femur, femoral endoprosthetic
construct, and tumor mass (lying upon the medial
intermuscular septum) was delivered off the table for
pathological examination. We were careful to avoid
disrupting the tumor mass, so as not to contaminate
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the local joint area. To our surprise, upon cutting into
the tumor, a gray pseudotumor mass was observed.
This was also confirmed by microscopic frozen section
review.
Our decision for a wide marginal excision, in retr
ospect, was overly aggressive, but we believed this
decision to be the safest choice for the patient. Had we
instead performed a standard arthrotomy, cut into the
tumor, and found a neoplastic mass, we would have
contaminated the entire knee region possibly resulting
in an eventual high marginal above knee amputation
or limb disarticulaton. Had we instead performed a
radiographic-guided needle biopsy of the lesion, the
diagnosis still may have been in doubt as a “negative”
tissue biopsy could be considered a false negative
result. We thought through the diagnostic process
carefully and the option of a wide marginal excision
was selected to provide the best definitive choice for
diagnosis and treatment.
We find this case to be of further interest because
almost all pseudotumors, whether in the hip, knee, or
shoulder, usually present with a mass that extends into
the soft tissues rather than confining itself to within the
joint space. Pseudotumors of the hip tend to extend in
[9]
between intermuscular planes , frequently following
along the iliopsoas, gluteus muscles, and thigh muscles.
In this case, the pseudotumor stayed within the joint
space, which once again pointed in favour of a localised
neoplastic lesion. We did not anticipate a pseudotumor
presentation in this fashion.
Based on our experience, titanium debris differs
from cobalt chrome alloy debris in that the former is
dark grey whereas cobalt chrome debris is a light grey.
Gross review of the opened pseudotumor showed it to
be dark grey in nature. Furthermore, since the cobalt
chrome femoral endoprosthesis was articulating with a
high molecular weight polyethylene bearing, the chance
of cobalt chrome debris formation was low. The knee
joint was wearing well and the polyethylene bearing
showed no significant wear damage to our gross
observation. In our review of OSS endoprosthetic (7
cm) femurs cemented with 90 mm titanium alloy stems
(n = 93), we have retrospectively found a loosening
rate of 9.7%. We feel that a relatively short stem length
(90 mm as opposed to 150 mm) paired with the 7 cm
endoprosthetic femur is not long enough to resist the
continued bending forces placed upon the femur with a
hinge mechanism. We now routinely utilize the 150 mm
cemented, bowed stem.
In summary, the lesson here is that pseudotumor
reactions, unlike osteolytic reactions, form from
reactive metallic debris. In the knee, the source of the
metallic debris will always be mechanical loosening or
catastrophic polyethylene wear-through with abnormal
metal-on-metal contact. In the face of a recent joint
replacement surgery of the knee, pseudotumor form
ation is a more likely diagnosis than a neoplastic proce
ss when an expanding mass is encountered. Thus,
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our experience with this case leads us to believe that
an intra-operative biopsy of the lesion at the time of
reconstruction, prior to en bloc resection of the femur,
would be the recommended course of action.
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Abstract
The medial ulnar collateral ligament complex of the
elbow, which is comprised of the anterior bundle [AB,
more formally referred to as the medial ulnar collateral
ligament (MUCL)], posterior (PB), and transverse lig
ament, is commonly injured in overhead throwing ath
letes. Attenuation or rupture of the ligament results in
valgus instability with variable clinical presentations.
The AB or MUCL is the strongest component of the
ligamentous complex and the primary restraint to va
lgus stress. It is also composed of two separate bands
(anterior and posterior) that provide reciprocal function
with the anterior band tight in extension, and the po
sterior band tight in flexion. In individuals who fail co
mprehensive non-operative treatment, surgical repair
or reconstruction of the MUCL is commonly required to
restore elbow function and stability. A comprehensive
understanding of the anatomy and biomechanical pro
perties of the MUCL is imperative to optimize recon
structive efforts, and to enhance clinical and radiographic
outcomes. Our understanding of the native anatomy
and biomechanics of the MUCL has evolved over time.
The precise locations of the origin and insertion footprint
centers guide surgeons in proper graft placement with
relation to bony anatomic landmarks. In recent studies,
the ulnar insertion of the MUCL is described as larger
than previously thought, with the center of the footprint
at varying distances relative to the ulnar ridge, joint
line, or sublime tubercle. The purpose of this review
is to consolidate and summarize the existing literature
regarding the native anatomy, biomechanical, and cli
nical significance of the entire medial ulnar collateral
ligament complex, including the MUCL (AB), PB, and
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transverse ligament.

complex. Based on 10 fresh frozen cadavers, they
described the dimensions of the AB and PB at various
degrees of elbow flexion. Since that time, multiple st
udies have assessed the anatomy and biomechanics
[2,3,6,16,17]
of the AB
. Historically, general consensus held
that the AB inserts solely and directly onto the sublime
tubercle. However, recent studies have shown that the
AB insertion is in fact broader, tapered, and significantly
larger in terms of surface area than previously thought.
The purpose of this review is to consolidate and su
mmarize the existing literature regarding the anatomy,
biomechanical function, and clinical significance of the
native (non-reconstruction) MUCL. It is our hope that this
work may serve as a framework for better understanding
valgus instability in the elbow and refining surgical tec
hniques in order to optimize post-operative outcomes.

Key words: Elbow; Anterior bundle; Medial ulnar collateral
ligament; Native anatomy; Biomechanics; Valgus stability
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The anterior bundle of the medial ulnar collateral
ligament complex plays a crucial role in elbow stability,
specifically as a valgus and rotational constraint. Based
on recent studies and our own cadaveric dissections,
the ulnar footprint has a broader insertion that is more
tapered and elongated than previous considered. A co
mprehensive understanding of the anatomy and biome
chanical properties of the medial ulnar collateral ligament
is imperative to optimize reconstructive efforts, and to
enhance clinical and radiographic outcomes.

ANATOMY
As mentioned, the MUCL (AB) is the primary restraint to
[1-5]
valgus instability of the elbow . The PB is a soft tissue
stabilizer of the elbow with contributions greatest during
[17]
flexion . It is generally thought that the TL does not
[10]
provide a significant contribution to elbow stability ;
however, recent study has revealed a direct insertion of
the TL onto the AB that may potentially play a role in
[18]
elbow stability . The AB, in particular, has been shown
to be the primary stabilizer of the elbow in valgus str
ess, with the radial head and dynamic stabilizers of the
[6-10]
medial elbow also contributing
. It originates on the
anterioinferior surface of the medial epicondyle and in
serts onto the sublime tubercle of the ulna (Figure 1).

Labott JR, Aibinder WR, Dines JS, Camp CL. Understanding the
medial ulnar collateral ligament of the elbow: Review of native
ligament anatomy and function. World J Orthop 2018; 9(6):
78-84 Available from: URL: http://www.wjgnet.com/2218-5836/
full/v9/i6/78.htm DOI: http://dx.doi.org/10.5312/wjo.v9.i6.78

INTRODUCTION
The medial ulnar collateral ligament [MUCL, also ref
erred to as the ulnar collateral ligament (UCL), medial
collateral ligament (MCL), and anterior bundle (AB)] is
[1-5]
the primary restraint to valgus instability of the elbow .
The MUCL is one of three ligaments that comprise the
“medial ulnar collateral ligament complex” of the elbow
with the posterior bundle (PB) and transverse ligament
(TL) being the other two (Figure 1). The MUCL, in
particular, has been shown to be the primary stabilizer
of the elbow during valgus stress, followed by the radial
head and dynamic stabilizers of the elbow such as the
[6-10]
flexor-pronator muscle mass
. The MUCL is composed
of two separate bands (anterior and posterior) that
provide reciprocal function with the anterior band tight in
extension, and the posterior band tight in flexion.
The MUCL is commonly injured in overhead throwing
athletes when a valgus moment is placed on the elb
ow during the late cocking and early acceleration ph
[11-15]
ases
. Incompetence or rupture of the ligament
leads to valgus instability which has varying clinical pre
sentations. Patients may complain of instability, however,
most will report pain, reduced accuracy, and decreased
velocity. Clinically significant pathology often requires
surgical intervention. Ligament reconstruction relies on
appropriate graft positioning at both the humeral origin
and the ulnar insertion. A thorough understanding the
native anatomy of the MUCL facilitates the surgeon’s
ability to effectively restore stability and function.
[10]
In 1985, Morrey and An
published the first qua
ntitative analysis of the medial ulnar collateral ligament

WJO|www.wjgnet.com

Origin

Surface area and footprint center: The origin of
the AB is posterior to the elbow’s axis of rotation, on
the anterior, inferior, and lateral aspect of the medial
[10]
epicondyle . The surface area of the humeral origin has
been widely variable in the literature (Table 1). Dugas et
[19]
al showed that the AB origin was round with a mean
2
2
surface area of 45.5 mm (range of 25.9-59.4 mm ) in
13 fresh frozen cadavers utilizing a three-dimensional
(3-D) electromagnetic tracking and digitalizing device.
[19]
Similar to the findings of Dugas et al , a recent study
[18]
by Camp et al
found a mean origin surface area of
2
32.3 mm . In contrast to these two studies, Frangiamore
[20]
et al
found this measurement to be notably smaller
2
2
at 17.0 mm (range of 14.9-19.1 mm ) through analysis
of 10 fresh frozen cadaver specimens. Potentially due to
differences in measurement techniques, these studies
demonstrated variable results. Additionally, Frangiamore
[20]
[19]
et al
and Dugas et al
described the center of the
ligament origin in different terms, which is of clinical
importance when determining the location of humeral
tunnel placement during MUCL reconstruction surgery.
[19]
Dugas et al
described the center of the origin as an
area of tissue on a flat surface anterior and inferior to
the medial epicondyle. The mean distance they mea
sured was 13.4 mm from the center of the medial ep
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Table 1 Summary of anatomic studies describing the length, width, and surface area of the anterior bundle
Ref.

Specimen

Alcid et al[2] 2004
Beckett et al[23] 2000
Camp et al[35] 2017
Dugas et al[19] 2007
Eygendaal et al[9] 2002
Farrow et al[22] 2014
Farrow et al[21] 2011
Floris et al[25] 1998
Morrey et al[10] 1985
Regan et al[17]
Safran et al[5] 2005
Timmerman et al[26] 1994
Frangiamore et al[20] 2018

39
10
13
5
10
12
18
10
8
12
10
10

AB length (mm)

AB width (mm)

27
26.7
26
53.9
51.7
27.1
21.1
21.5

4.5
6.8
5
5.8
4.7
7.6
7.2
6
-

Origin surface area
2
(mm )

Insertion surface
2
area (mm )

AB surface area
2
(mm )

187.6
127.8
66.4

121.5
324.2
-

32.3
45.5
17

AB: Anterior bundle.

as a longer, distally tapered area that follows the ulnar
ridge. The surface area of this broader insertion has was
[19]
reported by Dugas et al to have a mean surface area
2
of 127.8 mm . In this study, length of the ulnar footprint
measured an average of 29.2 mm. Others have found
similar lengths when appreciating a tapered insertion
[21,22]
with means of 30.2 mm and 29.2 mm
. Further
[18]
study by Camp et al
identified a tapered insertion
2
with a mean surface area of 187.6 mm and an ulnar
footprint length averaging 29.7 mm.
Because the footprint center of a broader tapered
insertion may not occur in the location previously as
sumed (apex of the sublime tubercle), the optimal po
sition of the ulnar tunnel in reconstructive efforts may
still need to be elucidated. Clinical relevance of the br
oader tapered ulnar insertion described in recent studies
[19]
[18]
by Dugas et al and Camp et al is in need of further
investigation.
One recent study of 10 cadaveric specimens has
shown the mean proximal insertional width to be 9.4
[18]
mm which is greater than previously noted . This dis
crepancy in widths leaves room for further investigation
to ensure that the native anatomy of the AB is fully
documented and understood (Figure 2).

MUCL
(anterior bundle)

Posterior
bundle
Transverse ligament

Figure 1 Medial ulnar collateral ligament complex of the elbow with outlined
ligaments generated by co-registering the three dimensional digitized
anatomy and computed tomography scan of a cadaveric elbow. Note the
tapered and distally elongated insertion of the medial ulnar collateral ligament
on the sublime tubercle and ulnar ridge. MUCL: Medial ulnar collateral ligament.
[18]

icondyle to the center of the origin, with Camp et al
finding a similar mean distance of 11.7 mm. Rather
than describing this as a linear distance with no specific
[20]
angle, Frangiamore et al described this measurement
in terms of two separate measurements, reporting the
center of the origin to be located, on average, 8.5 mm
distal (inferior) and 7.8 mm lateral (anterior) to the
medial epicondyle. The use of two measurements rel
ative to a single point in the latter study may assist with
better reproducibility.

Overall ligament dimensions

Length: The AB is the longest ligament of the medial
elbow, spanning the inferior aspect of the medial epi
condyle to the sublime tubercle and extending distally
along the ulnar ridge. The average length of AB has been
reported between 21.1 mm and 31.4 mm in several older
[2,9,10,17,20,23]
studies
. These lengths were measured from
the center of the origin to center of sublime tubercle,
based on a direct insertion onto the sublime tubercle
without a distal extension. In contrast, more recent rep
orts measured from the center of the humeral origin to
the most distal point of tapered insertion reported mean
[21]
[22]
lengths of 53.9 mm
and 51.7 mm . The difference
in length measured between a non-tapered sublime
insertion and a tapered insertion calls for further study

Insertion

Surface area and footprint center: Historically, the
ulnar footprint of the AB has generally been described
as inserting solely onto the sublime tubercle, serving
as the anatomical landmark for surgical repairs and
reconstructions. In one such early report, the mean AB
2[20]
insertional surface area was 66.4 mm .
Recently, authors have described the AB insertion
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Table 2 Maximum physiologic valgus demonstrated in various studies with noted elbow position and load applied during testing
Authors

Specimens

Maximum valgus (degrees)

Elbow flexion (degrees)

Load (nm)

28
18
6
12

3.6
6
5
11.1

30, 60, 90, 120
20
20
70

2
0.75
Gravity
2

Callaway et al[3] 1997
Floris et al[25] 1998
Morrey et al[4] 1991
Safran et al[5] 2005

Brachialis

[18]

et al identified the mean surface area of the entire AB
2
to be 324.2 mm (Figure 3).

Sublime
tubercle

BIOMECHANICS
Valgus instability

MUCL (anterior
bundle) w/elongated
insertion

The MUCL provides a vital contribution to the stability
of the elbow when a valgus stress is applied. With
an intact radial head, a fresh frozen cadaveric model
demonstrated that the MUCL contributes 31% and
54% to valgus restraint at 0° and 90° of flexion, res
[1]
pectively . In this study, 4 fresh frozen cadavers had
a varying valgus load from 0 to 3 nm applied at 0° and
90° of flexion. With the maximum force applied, there
was 3° of valgus laxity in full extension and 2° of laxity
in flexion. Several studies have performed similar bi
omechanical testing at various degrees of flexion and
[2,3,5,6,10,25,27]
various amount of force
. The amount of
valgus laxity varies from 2° to 8° with an intact MUCL
(Table 2).
[3]
At 30° and 90° of flexion, Callaway et al showed
valgus laxity of 3.6° under a 2nm load compared to an
[5]
unloaded elbow. Safran et al analyzed 12 cadaveric
specimens with a 2Nm load applied at 30 degrees of
elbow flexion, and showed a mean alignment of 10.7°
of valgus with a neutral forearm rotation position. This
study did not determine the inherent valgus alignment
in an unloaded elbow, which affects the ability to co
mpare these studies. Thus, with an intact MUCL and a 2
nm load applied, the amount of valgus laxity is generally
[5]
greatest at 30° of flexion .
Other authors have evaluated the effect of tra
nsecting the AB on elbow stability (Table 3). When
the AB is disrupted in cadaveric models, the amount
of valgus instability increases until the point at which
secondary osseous stabilizers such as the radial head
impart stability. In the setting of AB deficiency, Callaway
[3]
et al demonstrated the greatest instability at 90° of
flexion. The study reported a gain of 1.6, 2.8, 3.2, and
3.0 degrees of valgus motion at 30, 60, 90, and 120
degrees of flexion, respectively when compared to the
[28]
intact state. Additionally, Mullen et al
showed that
at 90 degrees of flexion, the transected AB increases
[25]
valgus instability by 150%. Floris et al
and Søjbjerg
[29]
et al
showed the greatest instability occurred at 70
degrees of flexion, with recorded valgus angles of 14.2
[5]
˚and 11.8˚. Safran et al produced a maximal gain
of 6.3˚of laxity under 2 nm of valgus load with a tran
sected AB at 50˚ of elbow flexion. Finally, Morrey et
[4]
al showed a gain of laxity over baseline ranging from

Posterior
bundle
Transverse
ligament

Figure 2 Cadaveric specimen outlining all ligaments of the medial ulnar
collateral ligament complex including the medial ulnar collateral ligament/
anterior bundle, posterior bundle, and transverse ligament. MUCL: Medial
ulnar collateral ligament.

to evaluate native AB anatomy and the clinical relevance
of different measurements. In particular, appropriate
length of the ligament component has important im
plications for ligament reconstruction.
It is important to note that the AB is not an isometric
soft tissue stabilizer but instead changes in length
throughout flexion. Studies have shown the length of
the AB changes by 18%, between 2.8 mm and 4.8 mm
[6,10,24]
as the elbow moves from extension to flexion
.
The dynamic length of the AB is an aspect of native
biomechanics that must also be considered during rec
onstruction procedures.
Width: The width of the AB varies, increasing distally
to its greatest width at the sublime tubercle before
tapering to a point as it inserts distally along the ulnar
ridge. Generally, there has been limited variability in
the reported widths of the AB, ranging from 4.0 to 7.6
[2,5,10,17,25,26]
mm
.
Surface area: The mean surface area of the AB has
2
2[2,10]
been reported between 108 mm to 135 mm
in
studies that did not take the full distal footprint into
[19]
consideration. Given that Dugas et al has shown the
tapered ulnar footprint alone to have a mean surface
2
area of 127.8 mm , the overall surface area of the lig
ament will undoubtedly be significantly greater than
previously assumed in historical reports. In contrast to
these historical reports, and in support of the Dugas et
[19]
al
findings, a more recent study published by Camp
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Table 3 Maximum valgus reported when the anterior bundle is transected in various studies with noted elbow position and load
applied during testing
Ref.

Specimens

Maximum valgus gain (degrees)

Maximum absolute valgus

Elbow flexion (degrees)

Load (nm)

7
28
18
6
12
12

7.37
3.2
5.7
3.9
6.3
-

11.8

30
90
30
20
50
70

2
2
0.75
gravity
2
1.5

Ahmad et al[8] 2004
Callaway et al[3] 1997
Floris et al[25] 1998
Morrey et al[4] 1991
Safran et al[5] 2005
Sojbjerg et al[29] 1987

Some studies reported gain in valgus from physiologic state, while others noted absolute valgus.

Table 4 Summary of the studies evaluating the effect of the anterior bundle on relative internal rotation of the forearm in the
native and pathologic state
Ref.

Specimen

Bryce et al[6] 2008
Floris et al[25] 1998
Morrey et al[4] 1991

Intact AB internal rotation (degrees) Cut AB internal rotation (degrees)

18
6

4
6
2.8

18.5
7.8

Gain of internal rotation with cut AB
12.5
5

AB: Anterior bundle.

Tissue strength

Despite being the most frequently injured ligament in
the overhead throwing athlete, the AB or MUCL has
been shown to have the most inherent strength and
[6,17]
stiffness
. This fact emphasizes the significant loads
placed on the medial side of the elbow during the late
[30,31]
cocking and early acceleration phase
. In a cadaveric
model with each soft tissue stabilizer evaluated under
stress, the AB was the strongest with an average load
[17]
to failure of 260.9 N . During overhead throwing,
the elbow experiences 64 nm of mean valgus torque
and 290 N of tensile force on the medial side (which is
[30,31]
greater than the threshold for failure of 260.9 N)
.
Furthermore, a maximal mean valgus load of 90Nm has
[32-34]
been reported
. A recent study of 81 professional
baseball pitchers (MLB and MiLB) over 82000 throws
showed a mean valgus torque of 60 nm with individual
[35]
participant means ranging from 41 nm to 94 nm .
Thus, it is clearly evident why the AB fails in this subset
of athletes based on the load to failure being below the
force imparted on the elbow.

MUCL (AB)
Origin

Elongated MUCL (AB)
Insertion

PB
Origin

PB
Insertion

TL Insertion

TL Origin

Figure 3 Cadaveric specimen showing origins and insertions of all
ligaments of the medial ulnar collateral ligament complex including:
Anterior bundle, posterior bundle and transverse ligament. AB: Anterior
bundle; PB: Posterior bundle; TL: Transverse ligament.

3.3˚ to 4.8˚ in cadaver specimens at 20 degrees of fl
exion under gravity. In summary, an intact AB is vital in
maintaining valgus stability of the elbow throughout the
entire range of flexion.

CONCLUSION

Rotational instability

The AB of the medial ulnar collateral ligament complex
plays a crucial role in elbow stability, specifically as a
valgus and rotational constraint. The AB originates on
the humerus and inserts onto the sublime tubercle of
the ulna. Based on recent studies and our own cad
averic dissections, the ulnar footprint has a broader
insertion that is more tapered and elongated than pr
evious considered. The data regarding the centers of
the ulnar and humeral footprints provides guidance for
proper tunnel placement during reconstructive efforts.
The width and stiffness of the AB is described and can

Internal rotation of the forearm relative to the humerus
is constrained by the soft tissues stabilizer of the
medial elbow. While there is inherent internal rotation
during flexion, the degree of rotation is limited between
[4,6,25]
2.8˚-6˚ in an uninjured elbow
. Transection of the
AB permits internal rotation of the forearm to increase
[25]
to 18.5˚ at 60˚ of joint flexion (Table 4) . Correct und
erstanding of these biomechanics is important in repair
and reconstruction, as a rotatory moment is part of the
mechanism of injury.
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15

be used to guide graft selection during recons ruction.
Lastly, although the ligament is quite strong, the am
ount of force placed across the elbow in elite overhead
throwing athletes is routinely exceeds the ligaments av
erage load to failure. Accordingly, it is not surprising why
MUCL injuries are so common amongst baseball players
and pitchers.
Understanding native anatomy and biomechanics of
the AB/MUCL is clinically important to help understand
the pathoanatomy and guide surgical techniques when
treating MUCL injuries.
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Abstract
AIM
To compare the measurements of knee rotation laxity
by non-invasive skin pointer with a knee rotation jig in
cadaveric knees against a skeletally mounted marker.
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METHODS
Six pairs of cadaveric legs were mounted on a knee
rotation jig. One Kirscher wire was driven into the ti
bial tubercle as a bone marker and a skin pointer was
attached. Rotational forces of 3, 6 and 9 nm applied
at 0°, 30°, 45°, 60° and 90° of knee flexion were an
alysed using the Pearson correlation coefficient and
paired t -test.
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RESULTS
Total rotation recorded with the skin pointer signi
ficantly correlated with the bone marker at 3 nm at
0° (skin pointer 23.9 ± 26.0° vs bone marker 16.3 ±
17.3°, r = 0.92; P = 0.0), 30° (41.7 ± 15.5° vs 33.1
± 14.7°, r = 0.63; P = 0.037), 45° (49.0 ± 17.0° vs
40.3 ± 11.2°, r = 0.81; P = 0.002), 60° (45.7 ± 17.5°
vs 34.7 ± 9.5°, r = 0.86; P = 0.001) and 90° (29.2
± 10.9° vs 21.2 ± 6.8°, r = 0.69; P = 0.019) of knee
flexion and 6 nm at 0° (51.1 ± 37.7° vs 38.6 ± 30.1°, r
= 0.90; P = 0.0), 30° (64.6 ± 21.6° vs 54.3 ± 15.1°, r
= 0.73; P = 0.011), 45° (67.7 ± 20.6° vs 55.5 ± 9.5°, r
= 0.65; P = 0.029), 60° (62.9 ± 22.4° vs 45.8 ± 13.1°,
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r = 0.65; P = 0.031) and 90° (43.6 ± 17.6° vs 31.0
± 6.3°, r = 0.62; P = 0.043) of knee flexion and at 9
nm at 0° (69.7 ± 40.0° vs 55.6 ± 30.6°, r = 0.86; P =
0.001) and 60° (74.5 ± 27.6° vs 57.1 ± 11.5°, r = 0.77;
P = 0.006). No statistically significant correlation with 9
nm at 30° (79.2 ± 25.1° vs 66.9 ± 15.4°, r = 0.59; P =
0.055), 45° (80.7 ± 24.7° vs 65.5 ± 11.2°, r = 0.51; P
= 0.11) and 90° (54.7 ± 21.1° vs 39.4 ± 8.2°, r = 0.55;
P = 0.079). We recognize that 9 nm of torque may be
not tolerated in vivo due to pain. Knee rotation was at

[5]

patient’s knee rotational stability . There is a need for
a portable, non-invasive yet simple to use device to
measure knee rotation laxity in the clinic.
[6-8]
Almquist et al
has described a Rottometer which
is a modified chair with the foot strapped to a rotating
plate with measurements taken off a goniometer at
the foot plate. However there was difference in the Ro
ttometer readings compared to RSA at 90° flexion with
6 nm of torque and this has been attributed to be due to
the measurements being taken at the foot which would
thus include ankle rotation. To negate the effect of ankle
rotation, we propose taking measurements off a fixed
point more proximal and closer to the knee joint at the
tibial tubercle with a non-invasive skin pointer while
immobilizing the ankle in a foam boot. We designed a
cadaveric study to assess the reliability of taking me
asurements off a non-invasive skin pointer placed over
the tibial tubercle against that of a skeletally-mounted
nail using a novel knee rotation jig modified from the
Rottometer with a view to extending this to in-vivo
testing.
To compare a non-invasive method of measuring
knee rotation using a skin pointer against a nail fixed
to the tibial tuberosity of a cadaveric knee specimen
mounted on a knee rotation jig.

its maximum at 45° of knee flexion and increased with
increasing torque.
CONCLUSION
The skin pointer and knee rotation jig can be a reliable
and simple means of quantifying knee rotational laxity
with future clinical application.
Key words: Rotatometer; Rottometer; Knee; Laxity;
Cruciate; Biomechanics; Measurement

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We describe a cadaveric study utilising a knee
rotation jig paired with a skin pointer for the meas
urement of knee rotation laxity which has the potential
for clinical application.

MATERIALS AND METHODS
Six pairs of cadaveric legs were mounted individually
on a prototype knee rotation jig modified from the Rot
[7]
tometer described by Almquist et al with a locking
mechanism to set knee flexion at several predetermined
flexion angles (Figure 1). These cadaveric legs were
stored frozen and were thawed prior to use in this study.
The jig, which is collapsible, foldable and portable,
was securely clamped to a table using vice clamps.
Each specimen was anchored to the jig at the femur
with bolts for stability and at the foot and ankle with
an Aircast® Foam Walker (Aircast, Summit, NJ, United
States) attached to a rotating baseplate (Figure 2). The
Aircast® Foam Walker was mounted to the baseplate to
negate the effect of ankle rotation by immobilizing the
ankle and foot. The jig features two adjustable metal
side plates with Velcro straps which will be used for invivo testing subsequently. One Kirscher wire was driven
into the apex of the tibial tubercle as a bone marker for
reference and a skin pointer was attached above the
tibial tubercle using a Velcro strap.
A torque wrench was attached to the baseplate
and each knee was pre-conditioned prior to taking the
first measurement against a mounted protractor. Using
the torque wrench, a rotational force of 3, 6 and 9 nm
was then applied at 0°, 30°, 45°, 60° and 90° of knee
flexion. This was repeated 3 times at each torque and
knee flexion for both internal and external rotation for
each specimen. The respective readings of the bone
marker and skin pointer were recorded and analysed
using SPSS for Windows using the Pearson correlation
coefficient and the paired t-test.

Puah KL, Yew AKS, Chou SM, Lie DTT. Comparison of a
simplified skin pointer device compared with a skeletal marker
for knee rotation laxity: A cadaveric study using a rotation-meter.
World J Orthop 2018; 9(6): 85-91 Available from: URL: http://
www.wjgnet.com/2218-5836/full/v9/i6/85.htm DOI: http://
dx.doi.org/10.5312/wjo.v9.i6.85

INTRODUCTION
With increased interest in rotational stability with ant
erior cruciate ligament reconstruction as seen with
the anatomical anterior cruciate ligament (ACL) reco
nstruction and the double-bundle ACL reconstruction,
the need for an objective measurement of knee rotation
arises in order to compare subjective clinical scores
[1]
with rotational stability . Registry data currently do
not show any significant difference in knee outcome
scores between single-bundle and double-bundle ACL
reconstructions though proponents of the double-bun
dle technique recommend it as it is considered to be
able to restore both rotational stability and anterior[1,2]
posterior stability . Stress radiography with the use
of Roentgen Stereophotogrammetric Analysis (RSA)
has been described previously with accuracy as high as
10-250 μm and 0.03-0.6° for translations and rotations,
[3,4]
respectively, though it is an invasive procedure . With
variability of the pivot shift test amongst even trained
orthopaedic surgeons, it becomes imperative that a noninvasive objective instrument be available to assess a
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Table 1 Total knee rotation measured at 0°, 30°, 45°, 60° and 90° of knee flexion with 3 nm of torque

Knee flexion (°)

Total rotation (°)
Skin pointer
Nail

0
30
45

23.88 ± 25.99
41.70 ± 15.49
48.97 ± 16.97

60
90

45.73 ± 17.45
29.21 ± 10.89

Pearson's r

r P -value

t -test P -value

16.33 ± 17.32
33.06 ± 14.66
40.30 ± 11.20

0.92
0.63
0.81

0.000
0.037
0.002

0.032
0.042
0.030

34.70 ± 9.45
21.15 ± 6.75

0.86
0.69

0.001
0.019

0.008
0.016

and 90° of flexion.
With 9 nm of torque, there was a statistically sig
nificant correlation at 0° and 60° but no statistically
significant correlation at 30° and 90° of knee flexion
though there was a similar trend to 3 and 6 nm of
torque (Table 3 and Figure 5). With 9 nm of torque,
there was a significant difference between the readings
at 45°, 60° and 90° of flexion. We found that at 9 nm
torque, the cadaveric specimen would not return to the
neutral starting position, suggestive of deformation of
the specimen.
The skin pointer exaggerated the amount of rotation
compared to the bone marker at all torques and angles
of knee flexion with the maximum difference of 15.6° at
45° knee flexion with 9 nm of torque. For both the skin
pointer and the bone marker, knee rotation increased
with increasing knee flexion with maximum rotation
at 45° flexion with subsequent decrease in rotation till
90° of knee flexion was reached (Figures 3-5). With
increasing torque at a fixed flexion, knee rotation in
creased (Figure 6).

Figure 1 Knee rotation jig prior to mounting of specimen.

DISCUSSION
Apart from stress radiography with the use of RSA
which is an invasive procedure, other instruments have
been described to measure knee rotation including
Almquist’s Rottometer from which our prototype jig is
based on, Lars Rotational Laxiometer, Vermont Knee
[9]
Laxity Device, Tsai et al ’s rotational knee laxity me
[7,10-12]
asurement device and Ahrens’ torsiometer
.
Almquist’s Rottometer includes a chair where me
asurements were taken from the foot which may have
contributed to its reported inaccuracy as ankle and
foot rotation could still contribute to movement and re
[6,7]
adings . The use of an Aircast® Foam Walker boot to
immobilize the foot and ankle and the use of a skin pointer
close to the knee joint as in our study would help to mi
nimize systematic error from foot and ankle movement.
[13,14]
Mouton et al
used a prototype rottometer with a
similar ski boot and delivered the torque through a rot
ational handle bar and measured rotation through an
inclinometer attached to the bar. Tsai’s device utilized
a magnetic tracking system with an Aircast® Foam
[9]
Walker boot with reliable results . Ahrens’ utilized a to
rsiometer with Schanz pins to mount the cadaveric limbs
skeletally with a potentiometer to measure rotation and
demonstrated that cadaveric knees with arthroscopically
resected ACLs had greater rotation than cadaveric knees

Figure 2 Knee rotation jig with specimen mounted with nail though tibial
tuberosity and skin pointer in place.

RESULTS
The readings for total rotation obtained with the skin
pointer significantly correlated with that of the bone
marker at 3 nm at 0°, 30°, 45°, 60°, and 90° of knee
flexion (Table 1 and Figure 3). Similarly the readings for
total rotation obtained with the skin pointer significantly
correlated with that of the bone marker at 6 nm at 0°,
30°, 45°, 60° and 90° of knee flexion (Table 2 and
Figure 4). However, although the readings between the
skin pointer and bone marker correlated significantly
at 3 nm of torque, there was a significant difference
on paired t-test between the two readings through all
degrees of flexion. With 6 nm of torque, there was a
significant difference between the readings at 45°, 60°
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Table 2 Total knee rotation measured at 0°, 30°, 45°, 60° and 90° of knee flexion with 6 nm of torque

Knee flexion (°)

Total rotation (°)
Skin pointer
Nail

0
30
45
60
90

51.12 ± 37.73
64.64 ± 21.61
67.73 ± 20.60
62.85 ± 22.43
43.61 ± 17.56

Pearson's r

r P -value

t -test P -value

0.90
0.73
0.65
0.65
0.62

0
0.011
0.029
0.031
0.043

0.064
0.051
0.019
0.006
0.007

38.61 ± 30.07
54.27 ± 15.11
55.48 ± 9.45
45.79 ± 13.05
30.97 ± 6.25

40

30

a

a

a

Internal←Rotation→External

20

a
c

c

a

c
10

Skin pointer (Internal rotation)°
Nail (Internal rotation)°
Skin pointer (External rotation)°
Nail (External rotation)°

c
c

0

0°

30°

45°

60°

90°
a

Significant difference betwwen
skin pointer and nail P < 0.05

-10

c

Significant correlation between
skin pointer and nail P < 0.05

-20

-30

Knee flexion

Figure 3 Knee rotation measured at 0°, 30°, 45°, 60° and 90° of knee flexion with 3 nm of torque.

50
a

40

a

Internal←Rotation→External

30
20

c

a

c
c

c

c

10
0

0°

30°

45°

60°

90°

Skin pointer (Internal rotation)°
Nail (Internal rotation)°
Skin pointer (External rotation)°
Nail (External rotation)°

-10
-20

a

Significant difference betwwen
skin pointer and nail P < 0.05

-30

c

Significant correlation between
skin pointer and nail P < 0.05

-40
-50

Knee flexion

Figure 4 Knee rotation measured at 0°, 30°, 45°, 60° and 90° of knee flexion with 6 nm of torque.
[12]

with the ACL intact .
Robotic arm technology has also been described to
[15,16]
deliver the rotational force to mimic the dial test
.
®
The Rotab device measures medial knee rotation wh
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en delivering an anterior translation force to measure
[17]
anteromedial knee instablility . A similar device which
measures passive medial knee rotation with anterior
[18]
translation of the tibia was described by Kurimura et al .
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Table 3 Total knee rotation measured at 0°, 30°, 45°, 60° and 90° of knee flexion with 9 nm of torque

Knee flexion (°)

Total rotation (°)
Skin pointer
Nail

0
30
45
60
90

69.67 ± 39.91
79.18 ± 25.14
80.67 ± 24.65
74.52 ± 27.57
54.70 ± 21.05

55.61 ± 30.61
66.91 ± 15.42
65.48 ± 11.23
57.09 ± 11.50
39.39 ± 8.22

Pearson's r

r P -value

t -test P -value

0.86
0.59
0.51
0.77
0.55

0.001
0.055
0.112
0.006
0.079

0.046
0.072
0.040
0.017
0.018

60
a

a

a

40

Internal←Rotation→External

a
20

0

c

c

0°

30°

45°

60°

90°

-20

Skin pointer (Internal rotation)°
Nail (Internal rotation)°
Skin pointer (External rotation)°
Nail (External rotation)°
a

Significant difference betwwen
skin pointer and nail P < 0.05
c

Significant correlation between
skin pointer and nail P < 0.05

-40

-60

Knee flexion

Figure 5 Knee rotation measured at 0°, 30°, 45°, 60° and 90° of knee flexion with 9 nm of torque.

50

a
a

40

Internal←Rotation→External

30

a
c

20

c

10
0

3

6

9

Skin pointer (Internal rotation)°
Nail (Internal rotation)°
Skin pointer (External rotation)°
Nail (External rotation)°

-10
a

Significant difference betwwen
skin pointer and nail P < 0.05

-20
-30

c

Significant correlation between
skin pointer and nail P < 0.05

-40
-50

Torque (Nm)

Figure 6 Knee rotation at 45° of flexion with 3, 6, and 9 nm of torque.
[19]

Hoshino et al described a motion capture method
using skin markers to measure the anterior translation
of the distal femur in anaesthetised patients undergoing
the pivot shift test.
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Computer assisted surgery (CAS) devices which use
motion-tracking technology and bony reference points
can be used too but are invasive and are best used in
[20,21]
the operating theatre during surgery
. The benefit
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of our setup is that it is simple to set-up, portable and
does not rely on bulky electronic equipment allowing it
to be used in the clinic and possibly at sports training
grounds where a controlled environment with a ready
electrical source may not be available.
Our study shows that our simple non-invasive skin
pointer used in combination with our knee rotation jig
can measure knee rotation similar to that of a skeletally
placed marker with our knee rotation jig. We recognize
that the skin pointer would exaggerate the amount of
rotation compared to the bone marker due to movement
of the soft tissue and skin overlying the bone. Hence
although the readings between the skin pointer and the
bone marker were significantly correlated with a similar
trend, with higher torque and greater knee flexion,
there were significant different between the individual
measurements. We recognize too that 9 nm of torque
may be not be well-tolerated in live human subjects due
to pain. The effect of soft tissue causing an exaggeration
[22]
of results has been reported previously . Furthermore,
9 nm of torque may have caused deformation of our
specimens affecting our results as a limitation of our use
of cadavers which we may not observe in vivo.
Our jig and measurements assume a global singleaxis of rotation of the knee, not taking into account
translation of the knee which may occur in vivo with
live subjects where rigid skeletal mounting to the jig will
not be feasible. Hence off-axis movements may not be
accurately measured as compared to a system where
measurements are taken at both the femur and tibia
taking into account movement of the subject in the jig.
We recognize that the rotation axis of the tibia changes
with knee as reported by Matsumoto and that our sim
ple all-mechanical jig and measurement system may
[23]
not be able to account for this change in axis . Similar
to Matsumoto’s study, we found that the magnitude of
knee rotation increases as the knee is flexed which then
decreases as flexion reaches 90°. Knee rotation was
observed to be at its maximum at 45° of knee flexion
and it increased with increasing torque. Similar to other
previously described instruments, our device measures
[7,9-11]
rotation without the effect of weight-bearing
.
Our study compared the use of a skin pointer in
combination with our knee rotation jig against a ske
letally mounted marker which showed significant co
rrelation between the two readings. We recognise the
significant difference between the absolute values of the
two different measurement methods due to soft tissue
movement over the bone and that the soft tissue in a
cadaver which has been frozen and thawed will have
different properties compared to that of a live subject.
Similar experiments with Rotatometers/Rottometers
using only live subjects with no skeletally mounted re
ference for comparison demonstrate high inter- and
[24,25]
intra-observer reliability
.
Objective measurement for anterior-posterior laxity
[26-28]
using the KT-1000 Arthrometer is well accepted
.
Our aim is to eventually develop a portable and userfriendly device analogous to the KT-1000 which can
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be used for objective measurement of knee rotation
in a non-invasive manner. The investigation of the ut
ility of our rotation jig mated with a robotic arm for
kinematic measurements is currently ongoing which
may negate the effect of translation of the knee in vivo.
Our next phase is to collect data on volunteers with
uninjured knees followed by patients with knee injuries
and patients after surgery to document changes in knee
rotational laxity with pathology and treatment.
In conclusion, the skin pointer combined with a kn
ee rotation jig can be a reliable and simple means of
quantifying knee rotation in the cadaveric knee with
potential application in vivo as a non-invasive means of
measuring knee rotation in the clinic.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

With double-bundle and anatomical single-bundle anterior cruciate ligament
reconstruction for restoration of rotational knee kinematics, the need for
objective clinical measurement of knee rotational laxity arises. Evaluation of
knee rotation remains a challenge with intra-observer variability in the pivot shift
test.

Research motivation

We aim to compare a non-invasive skin pointer with a knee rotation jig in
cadaveric knees against a skeletally mounted marker.

Research methods

Six pairs of cadaveric legs were mounted on a knee rotation jig. One Kirscher
wire was driven into the tibial tubercle as a bone marker and a skin pointer
was attached. Rotational forces of 3, 6 and 9 nm applied at 0°, 30°, 45°, 60°
and 90° of knee flexion. Results were analysed using the Pearson correlation
coefficient and paired t-test.

Research results

Total rotation recorded with the skin pointer significantly correlated with the
bone marker at 3 nm at 0° (skin pointer 23.9 ± 26.0° vs bone marker 16.3 ±
17.3°, r = 0.92; P = 0.0), 30° (41.7 ± 15.5° vs 33.1 ± 14.7°, r = 0.63; P = 0.037),
45° (49.0 ± 17.0° vs 40.3 ± 11.2°, r = 0.81; P = 0.002), 60° (45.7 ± 17.5° vs
34.7 ± 9.5°, r = 0.86; P = 0.001) and 90° (29.2 ± 10.9° vs 21.2 ± 6.8°, r = 0.69;
P = 0.019) of knee flexion and 6 nm at 0° (51.1 ± 37.7° vs 38.6 ± 30.1°, r = 0.90;
P = 0.0), 30° (64.6 ± 21.6° vs 54.3 ± 15.1°, r = 0.73; P = 0.011), 45° (67.7 ±
20.6° vs 55.5 ± 9.5°, r = 0.65; P = 0.029), 60° (62.9 ± 22.4° vs 45.8 ± 13.1°, r
= 0.65; P = 0.031) and 90° (43.6 ± 17.6° vs 31.0 ± 6.3°, r = 0.62; P = 0.043) of
knee flexion and at 9 nm at 0° (69.7 ± 40.0° vs 55.6 ± 30.6°, r = 0.86; P = 0.001)
and 60° (74.5 ± 27.6° vs 57.1 ± 11.5°, r = 0.77; P = 0.006). No statistically
significant correlation with 9 nm at 30° (79.2 ± 25.1° vs 66.9 ± 15.4°, r = 0.59;
P = 0.055), 45° (80.7 ± 24.7° vs 65.5 ± 11.2°, r = 0.51; P = 0.11) and 90° (54.7
± 21.1° vs 39.4 ± 8.2°, r = 0.55; P = 0.079). We recognize that 9 nm of torque
may be not tolerated in vivo due to pain.

Research conclusions

We have measured knee rotation on a cadaveric knee utilising a knee rotation
jig paired with a skin pointer against that of a skeletally mounted bone marker
and have found a significant correlation between the two methods for the same
magnitude of torque and knee flexion. We recognise that the use of the skin
pointer introduces error due to movement of the soft tissue which increases
with increasing torque.

Research perspectives

Our aim is to eventually develop a portable and user-friendly device which can
be used for objective measurement of knee rotation laxity in a non-invasive
manner. This may entail the use of accelerometers or robotic arms to measure
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kinematics.
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AIM
To analyze the literature on efficacy of dynamamization
vs exchange nailing in treatment of delayed and nonunion femur fractures.
METHODS
Ultimately, 31 peer-reviewed articles with 644 exch
anged nailing patients and 131 dynamization patients
were identified and analyzed. The following key words
were inputted in different combinations in order to
search the field of publications in its entirety: “nonunion”, “delayed union”, “ununited”, “femur fracture”,
“femoral fracture”, “exchange nailing”, “dynaiz(s)ation”,
“secondary nailing”, “dynamic”, “static”, and “nail re
vision”. The initial search yielded over 150 results, and
was refined based on the inclusion criteria: Only studies
reporting on humans, non-unions and delayed unions,
and the usage of exchange nailing and/or dynamization
as a secondary treatment after failed IM nailing. The
resulting 66 articles were obtained through online jo
urnal access. The results were filtered further based on
the exclusion criteria: No articles that failed to report
overall union rates, differentiate between success rates
of their reported techniques, or articles that analyzed
less than 5 patients.
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RESULTS
Exchange nailing lead to fracture union in 84.785% of
patients compared to the 66.412% of dynamization wi
th statistically comparable durations until union (5.193
± 2.310 mo and 4.769 ± 1.986 mo respectively).
Dynamically locking exchange nails resulted in an av
erage union time of 5.208 ± 2.475 mo compared to
5.149 ± 2.366 mo (P = 0.8682) in statically locked
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[2]

exchange nails. The overall union rate of the two pr
ocedures, statically and dynamically locked exchange
nailing yielded union rates of 84.259% and 82.381%
respectively. Therefore, there was no significant diff
erence between the different locking methods of exchan
ge nailing for union rate or time to union at a significa
nce value of P < 0.05. The analysis showed exchange
nailing to be the more successful choice in the treatment
of femoral non-unions in respect to its higher success rate
(491/567 EN, 24/57 dynam, P < 0.0001). However, there
was no significant difference between the success rates
of the two procedures for delayed union fractures (25/27
EN, 45/55 dynam, P = 0.3299). Nevertheless, dynami
zation was more efficient in the treatment of delayed
unions (at rates comparable to exchange nailing) than in
the treatment of non-unions.

techniques . As a result, secondary surgical techniq
ues have become increasingly important in achieving
osseous union in femur fractures.
Two of the more common secondary surgical tec
hniques used in the treatment of delayed union and
non-union after IM nail failure are dynamization and
exchange nailing. Dynamization involves the removal
of proximal or distal locking screws in a statically locked
IM nail allowing weight bearing to stimulate osseous
growth at the fracture site. Previously, surgeons used
this technique before delayed union occurred in an at
tempt to avoid complications and improve union rates.
However, studies have failed to find any advantage to
[3]
this choice , resulting in it mainly being used as a se
condary treatment.
An alternate treatment strategy, exchange nailing,
consists of the removal of the current IM nail, debrid
ement of the medullary cavity, followed by insertion of
a larger IM nail. This procedure utilizes reaming and in
creased fracture stability to stimulate osseous growth.
Different variations of this procedure have been reported,
with varying rates of success attributed to factors such
as the use of bone grafting, size of medullary reaming,
[4,5]
and different nail locking methods .
Unfortunately, the overall reported rates of success
ful unions achieved using these techniques range from
[6-12]
33.3%-90% in dynamization
and 28.6%-100% in
[8,9,13-36]
exchange nailing
. Additional factors including
infection, locations of injury, and major surgical compli
cations have been reported at varying rates across lit
[5]
erature resulting in a lack of consensus in the field .
The results of multiple studies were examined in
an attempt to consolidate the published information
across the field and clarify which procedure to use. Co
nsolidation of these results into a larger subject pool
across the existing literature increases the strength of
its conclusions compared to individual reports. Additional
ly, the locking method of exchange nails, either static
or dynamic, has been identified as a possible factor
[5]
affecting union rates . Dynamic locking attempts to
combine these procedures in order to improve healing
rates, as compared to static exchange nailing, but re
sults have been varied. Finally, dynamization has been
suggested to result in different rates of success betwe
en the treatments of delayed unions in comparison to
[1]
non-unions . This may allow procedures to be utilized
more effectively, based on the different progressions
of patients’ injuries. Currently there is lack updated sy
stematic review and meta-analysis on this topic in the
literature. This systematic review and meta-analysis
were designed to analyze the current literature on these
two procedures in their treatment of delayed and nonunion femur fractures to determine their overall efficacy
and factors related to their success.

CONCLUSION
In conclusion, after examination of factors, dynami
zation is recommended treatment of delayed femur
fractures, while exchange nailing is the treatment of
choice for non-unions.
Key words: Non-union; Delayed union; Dynamization;
Femoral fracture; Exchange nailing
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Information from previously published articl
es investigating patients treated for delayed union and
non-union femur fractures by either dynamization or
exchange nailing was combined and analyzed to be
tter understand which technique was more efficient at
achieving osseous union. When treating femoral non-uni
ons, exchange nailing was shown to achieve osseous union
in a higher percentage of patients than dynamization
with comparable recovery times. However, dynamization
appears to be equally as effective as exchange nailing in
the treatment of delayed unions.
Vaughn JE, Shah RV, Samman T, Stirton J, Liu J, Ebraheim
NA. Systematic review of dynamization vs exchange nailing for
delayed/non-union femoral fractures. World J Orthop 2018; 9(7):
92-99 Available from: URL: http://www.wjgnet.com/2218-5836/
full/v9/i7/92.htm DOI: http://dx.doi.org/10.5312/wjo.v9.i7.92

INTRODUCTION
Delayed union and non-union are two designations for
the slowed or absent progression of callus formation
and osseous healing in a fracture from 3-6 mo, and gr
eater than 6 mo, respectively. Although IM nailing is an
effective treatment method for femoral fractures with
[1]
union rates reported between 90%-100% , non-union
rates have increased due to the higher probability of
survival in complex injuries and improved limb salvage

WJO|www.wjgnet.com

MATERIALS AND METHODS
MEDLINE and OVID search databases were used to id
entify relevant, peer-reviewed articles published within
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Initial search with primary
keywords
n ≈ 150

Articles failing to meet
secondary search
requirements
n ≈ 84

Article remaining following
keyword revision
n = 66

Articles failing to report
applicable information
n = 35

Articles containing
applicable information
n = 31

Data extraction and analysis

Figure 1 Flow diagram for studies included in analysis. The following boxes starting from the top depicts the progression from initial studies found pertaining to
the desired procedures followed by the removal of different studies based on our exclusion criteria.

scientific and medical research journals. The following
key words were inputted in different combinations in
order to search the field of publications in its entirety:
“non-union”, “delayed union”, “ununited”, “femur frac
ture”, “femoral fracture”, “exchange nailing”, “dynai
z(s)ation”, “secondary nailing”, “dynamic”, “static”, and
“nail revision”. The initial search yielded over 150 resu
lts, and was refined based on the inclusion criteria: Only
studies reporting on humans, non-unions and delayed
unions, and the usage of exchange nailing and/or dyn
amization as a secondary treatment after failed IM na
iling. The resulting 66 articles were obtained through
online journal access. The results were filtered further
based on the exclusion criteria: No articles that failed to
report overall union rates, differentiate between success
rates of their reported techniques, or articles that an
alyzed less than 5 patients. In all, 31 articles (including
retrospective studies and randomized controlled stud
ies), published between 05/1973 and 12/2015, were
included in the study (Figure 1).
Isolation and pooling of dependent variables and
summary measures from the 31 papers were complet
ed using set guidelines. Patients treated in each study
were required to have previously undergone treatment
with an IM nail that was still in place at the time of the
secondary surgery being studied. Therefore, implant
ation of a dynamically locked IM nail following exter
nal fixation/plating was considered neither exchange
nailing nor dynamization. Dynamization of IM nails
were required to be in response to failed progression
towards union (delayed/non-union). Patients receiving
dynamization as part of their original treatment plan we
re excluded from the analysis. When analyzing patient

WJO|www.wjgnet.com

demographics, patient information tables included in the
studies were the primary source used. Bilateral fractures
were recorded as separate fractures with independent
characteristics. Additionally, revision surgeries and pro
gression to union were recorded but repeated surgeries
were not considered in overall union rates (three ex
change nailing procedures to achieve union were con
sidered as a failure of the secondary treatment under
investigation to achieve union). Verified infections were
recorded and included only when discrete from other
patient information, so as to prevent skewing of the
overall results. Finally, patients lost to follow-up were
excluded from the analysis unless osseous union was
confirmed prior to them leaving the study.

Statistical analysis

In order to analyze the information, all of the demo
graphical information for patients from each surgical
procedure was combined and used to compare each
demographic category against the overall union rate of
its respective surgical procedure as well as against the
same category of the opposite surgical procedure. St
atistical significance was determined using graphpad™
2
to run Fischer exact or χ tests (based on category sizes)
with P-values reported next to statistically significant in
formation. Time to union was analyzed using a two-tail
T-test. Significance for all analyses was determined to
be P < 0.05.

RESULTS
Exchange nailing showed to be the significantly more
effective treatment procedure with an overall union rate
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Table 1 Overall outcomes of surgeries studied

b

Surgical procedure

Surgical subtype

Dynamization
Exchange nailing
Exchange nailing
Exchange nailing

All
All
Static locking
Dynamic locking

No. of articles reporting on secondary procedure
(patient number)

Average union %

7 (131)
26 (644)
15 (235 pts)
13 (211 pts)

66.412b
84.785b
84.259
82.381

Average reported time to union
4.769 ± 1.986 mo (26 pts)a
5.193 ± 2.310 mo (372 pts)a
5.149 ± 2.366 mo (103 pts)
5.208 ± 2.475 mo (84 pts)

P < 0.0001, significant; aP = 0.3622, not significant.

of 84.785% compared to 66.412% in dynamization (P
< 0.0001). There was no significant difference in the
average time to osseous union following either surgical
procedure (4.769 ± 1.986 mo dynamization, 5.193 ±
2.310 mo exchange nailing, P = 0.3622). Therefore,
the overall difference found while comparing the two pr
ocedures was their successful union rates (Table 1).
Dynamically locking exchange nails resulted in an
average union time of 5.208 ± 2.475 mo compared
to 5.149 ± 2.366 (P = 0.8682) in statically locked
exchange nails. The overall union rate of the two pro
cedures, statically and dynamically locked exchange
nailing yielded union rates of 84.259% and 82.381%
respectively. Therefore, there was no significant diff
erence between the different locking methods of ex
change nailing for union rate or time to union at a sign
ificance value of P < 0.05 (Table 1).
Union rates of specific demographics were comp
ared across procedures and compared against each
procedure’s overall union rates. Several demographics
in exchange nailing yielded significantly different overall
rates of union compared to exchange nailing as a wh
ole. Of these demographics, tobacco use (54/74, P =
0.0023), infra and supra-isthmal fracture location (5/9,
P = 0.0265, 10/16, P = 0.0045) and infection (19/30,
P = 0.0019) were shown to have a significant negative
impact on the outcome of exchange nailing (Tables 2-5).
The isthmal classification system yielded significantly
lower union rates compared to the overall rates of ex
change nailing while proximal, middle, and distal thir
ds categories did not yield a difference. Therefore, in
comparison, the isthmal classification system appears
to be more useful for predicting surgical outcomes ba
sed on fracture location. However, a larger patient pool
would be preferable to confirm these results.
Of the dynamization factors, union rates of delay
ed union (45/55, P = 0.0228) and non-union fractures
(24/57, P < 0.0063) were significantly better and wo
rse, respectively, in comparison to dynamization’s overall
union rate (84/131) (Table 4). Dynamization of delayed
unions proved to be a more successful procedure than
dynamization of non-unions in femurs. When compari
ng demographics across surgical procedures, there was
a lack of a statistical difference between female patients
(72/86 EN and 17/26 dynam, P = 0.0544), hypertrop
hic fractures (72/83 EN and 9/11 dynam, P = 0.6563),
and delayed union (25/27 EN and 45/55 dynam, P =
0.3199) (Table 2 and 4)

WJO|www.wjgnet.com

The analysis showed exchange nailing to be the
more successful choice in the treatment of femoral nonunions in respect to its higher success rate (491/567
EN, 24/57 dynam, P < 0.0001). However, there was no
significant difference between the success rates of the
two procedures for delayed union fractures (25/27 EN,
45/55 dynam, P = 0.3299). Without a clear preference
in overall success rates for one procedure over the other,
additional surgical factors were examined. Dynamiza
tion, in comparison to exchange nailing, is a significantly
less invasive procedure, has a lower financial cost, and
[1]
comparable complication rates (Table 4). With these
factors in mind, in addition to the comparable success
rates, the overall results suggest dynamization as the
treatment of choice in patients with delayed union fe
mur fractures.
On the other hand, exchange nailing showed a
significantly higher success rate in non-unions when
compared to dynamization (491/567 EN, 24/57 dyn
am, P < 0.001). In order to avoid the need for further
surgical interventions, exchange nailing should be the
first consideration in the treatment of non-union femur
fractures. Furthermore, there was no significant dif
ference in the success rates or time to union between
static and dynamic locking modes of exchange nailing
(Table 1). When performing exchange nailing, clinicians
should look to alternate factors specific to each patie
nt when deciding which locking method to use in their
treatment plans.

DISCUSSION
While exchange nailing and dynamization have been
used as revision techniques for decades, the overall
[6-36]
efficacy of each procedure is currently disputed
.
Multiple factors and varying rates of success were pu
blished in the field with little consistency between pa
pers. The current study examines the literature, utilizing
a large subject pool of all published information in the
field regarding these procedures.
Several previous authors raised concern for the use
of a distal vs mid vs proximal fracture classification
when considering treatments in favor of the infra, supra,
[16]
sub, and isthmal classification . The current analysis
lent favor to their speculation in favor of the isthmal
classification system (Table 3). Additionally, some au
thors even went on to propose different algorithms for
the proper treatment of non-unions based of fracture
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Table 2 Overall demographics of patients involved in studies
Exchange nailing
Union/total reported
Significant vs total
union rate
No. of patients
Ages
Mean
Gender
Male
Female
Tobacco use
Yes
No
NSAIDs use
Yes
No
Diabetic
Yes
No
IDDM (type 1)

Dynamization
Union/total reported
Significant vs total
union rate

EN vs dynam
P -values

556/644

-

84/131

-

P < 0.0001

38.002

-

32.234

-

-

244/284
72/86

NS
NS

37/66
17/26

NS
NS

P < 0.0001
NS

54/74
49/62

P = 0.0023
NS

2/3
0/3

NS
P = 0.0500

NS
P = 0.0128

4/8
38/52

P = 0.0166
P = 0.0093

0/0
2/6

NS

P = 0.0463

0/0
10/19
0/0

P = 0.0006
-

0/0
0/0
0/0

-

-

NS: Not significant; NSAID: Nonsteroidal antiinflammatory drug; IDDM: Insulin-dependent diabetes mellitus.

Table 3 Fracture information of patients involved throughout studies
Exchange nailing
Union/total reported Significant vs total
union rate
No. of patients
Mechanism of injury
Crush
Gun shot wound
Motorcycle Accident
Pedestrain/bike vs motor vehicle
Motor vehicle accident
Fall
Sporting accident
Industrial accident
Non-traumatic
Bombing injury
Location of injury
Proximal shaft
Mid-shaft/isthmal
Distal shaft
Supra-isthmal
Sub-trochanteric
Infra-isthmal
Fracture pattern
Oblique
Segmental
Transverse
Commimuted
Open vs closed
Closed
Opened
Ⅰ
Ⅱ
ⅢA
ⅢB/C
Winquist-Hansen classification
Stable
O
Ⅰ
Ⅱ

Unstable

WJO|www.wjgnet.com

Dynamization
Union/total reported Significant vs total
union rate

EN vs dynam
P -values

556/644

-

84/131

-

P < 0.0001

2/2
2/2
27/35
2/6
146/163
1/5
1/1
2/3
0/0
0/0

NS
NS
NS
P = 0.0045
NS
P = 0.0017
NS
NS
-

0/0
0/0
0/0
0/0
14/24
0/0
0/0
0/0
0/0
0/0

NS
-

P = 0.0004
-

26/30
139/154
38/43
10/16
4/4
5/9

NS
NS
NS
P = 0.0172
NS
P = 0.0265

2/3
32/51
1/3
1/1
2/3
0/0

NS
NS
NS
NS
NS
-

NS
P < 0.0001
NS
NS
NS
-

21/21
0/0
14/14
19/21

NS
NS
NS

0/0
2/5
0/0
17/30

NS
NS
NS
NS

P = 0.0219

133/162
25/32
1/2
2/4
1/2
1/1

NS
NS
NS
NS
NS
NS

14/24
0/0
0/0
0/0
0/0
0/0

NS
-

P < 0.0001
-

41/64
7/13
18/23
16/27
14/23

P < 0.0001
P = 0.0054
NS
P = 0.0007
P = 0.0028

20/29
0/0
12/17
6/9
22/36

NS
NS
NS
NS

NS
NS
NS
NS
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Ⅲ
Ⅳ
Ⅴ

Presence of fracture graph
Present
No gap

11/17
3/6
0/0

P = 0.0234
P = 0.0387
-

6/9
2/2
2/2

NS
NS
NS

NS
NS
-

0/0
0/0

-

29/44
1/1

NS
NS

-

NS: Not significant.

Table 4 Nonunion/delayed union information including secondary surgery information
Exchange nailing
Union/total reported Significant vs total
union rate
No. of patients
Reamed vs unreamed
Reamed
Unreamed
Static vs dynamic
Dynamic
Static
No locking (/Kuntschner)
Delayed union
Nonunion (+type)
Elephant
Horse
Oligotrophic
Hypotrophic
Atrophic
Hypertrophic
Bone grafting used
Yes
No
Infected
Patients lost to follow-up
Major complications following surgery
Patients achieving union after additional surgery vs
surgeries attempted

Dynamization
Union/total
Significant vs total
reported
union rate

EN vs dynam
P -values

556/644

-

84/131

-

P < 0.0001

516/598
19/22

NS
NS

NA
NA

-

-

97/115
173/210
35/36
25/27
491/567
6/7
12/18
22/22
9/13
80/99
72/83

NS
NS
NS
NS
NS
NS
P = 0.0310
NS
NS
NS
NS

NA
NA
NA
45/55
24/57
0/0
0/0
16/22
0/0
5/12
9/11

P = 0.0228
P = 0.0063
NS
NS
NS

P = 0.3199
P < 0.0001
P = 0.0211
P = 0.0064
NS

98/106
165/190
19/30
28
45
82/92

NS
NS
P = 0.0019
-

2/2
32/53
0/0
4
13
34/34

NS
NS
-

NS
P < 0.0001
NS
-

NA: Not available; NS: Not significant.

[36]

to complete the procedure. However, they found the
overall union rates of the procedures to be identical at
[17]
100%. In the other study, Wu et al
investigated
the use of retrograde dynamic nailing after antegrade
locked nailing had failed. In all 13 patients, retrograde
revision techniques lead to osseous union of the femur
fracture. Information in additional articles addressing
these procedural techniques was not found leaving their
comparisons for future research to address.
While a large amount of patient information reg
arding these secondary treatments was gathered, the
analysis was limited by the variation in reporting and
characteristic descriptions across all papers. Some pa
pers lacked specific patient information in regard to pr
ocedure successes and failures, while others reported
characteristics in ways that hindered consolidation of
the data. As such, the total patient population was re
stricted. In order to provide a more representative revi
ew of entire field of research, increased patient numbers
and more consistent reporting styles are needed.
Future analysis of these procedures should be per
formed once more data has been published. While the

characteristics, including fracture stability . Following
the analysis, the differences found between the ind
ividual isthmal classifications lend favor to its use over
other systems.
In addition to fracture location, authors have raised
questions over other factors that may affect procedural
outcomes. While over-reaming is considered standard
in most exchange nailing procedures, the suggested
amount varies. Some articles report significant increase
in union rates with different reaming sizes, while others
found no difference. There was difficulty in comparing
these claims across the literature due to the variation
in reporting. Of the authors reporting reaming sizes, di
fferent ranges in millimeters (i.e., 1 mm, 2 mm, 3 mm
vs 0-1 mm, 2-4 mm) were typically used disallowing
consolidation of the information.
Authors additionally raised concern over the succe
ss rates of exchange nailing based on the anterogra
[17]
de or retrograde revision technique , as well as the
[29]
[29]
open or closed techniques . Wu et al found the
closed revision technique of exchange nailing lead to
faster union times while requiring less operating time
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statically locked IM nail which allowing weight bearing to stimulate osseous
growth at the fracture site.

Table 5 Union rates of each peer-reviewed article by pr
ocedure type
PMID

Procedure(s) analyzed

Union rate (%)

Dynamization
Dynamization
Dynamization
Dynamization
Dynamization
Dynamization
Dynamization
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing
Exchange nailing

33.333
41.667
45.455
58.33
71.795
78.947
90
28.571
55.56
57.895
69.444
75
75.676
78.049
78.26
81.25
81.966
85.714
90.698
90.909
90.909
91.667
91.892
96
100
100
100
100
100
100
100
100
100

21726859
9462352
8370009
9291371
22841533
12142827
10088839
20101132
10926240
12719163
24978947
6488644
26489394
22327999
10791668
1738973
25300373
19897987
22338431
18579143
12142827
12479620
18090018
10476292
4707299
10088839
20820792
Kim JR1
9253919
10513972
1126078
7965294
22009873
1

Research motivation

Although rare, delayed union and non-union of fractures are major com
plications in the treatment of femoral fractures with intramedullary (IM) nailing.
Surgeons use dynamization and exchange nailing to treat these complications
and achieve osseous union.

Research objectives

The purpose of this study is to analyze the literature on these procedures in
their treatment of delayed and non-union femur fractures to determine their
efficacy and factors related to their success.

Research methods

Exchange nailing consists of the removal of the current IM nail, debridement
of the medullary cavity, followed by insertion of a larger IM nail. Currently
there is lack updated systematic review and meta-analysis on efficacy of dy
namamization vs exchange nailing in treatment of delayed and non-union femur
fractures.

Research results

Ultimately, 31 peer-reviewed articles with 644 exchanged nailing patients and
131 dynamization patients were identified and analyzed. It was found that when
treating femoral non-unions, exchange nailing was shown to achieve osseous
union in a higher percentage of patients than dynamization with comparable
recovery times. However, dynamization appears to be equally as effective as
exchange nailing in the treatment of delayed unions.

Research conclusions

Exchange nailing is the procedure of choice between the two in the treatment of
femoral non-unions due to its significantly higher success rate.

Research perspectives

Clinical randomized controlled studies on this topic will help further elucidate
this conclusion.

[36]
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Abstract
Anterior transolecranon dislocation of the elbow is rare
ly observed in children, reported in only a small series.
The present case involves an anterior transolecranon
dislocation of the left elbow joint in a 7-year-old child,
which was surgically treated. Two attempts of closed re
duction failed because the radial head had buttonholed
via the joint capsule. After its release, open reduction was
easily performed; osteosynthesis of the olecranon was
not performed. Remarkably, good result was obtained,
despite a mild flexion deformity at the last follow-up. This
case report aims to highlight this treatment method,
which may be considered for such an uncommon injury.
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Core tip: Anterior transolecranon dislocation is rarely
observed in children and rarely reported in the litera
ture. This case shows that the management of this in
jury can be difficult, requiring surgery with or without
osteosynthesis of the olecranon.
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the elbow joint, extension was incomplete (Figure 5).
He was referred for rehabilitation and assisted active ran
ge of motion exercises. After three months, the patient
recovered good range of motion. He showed only 10°
of sequellar extension lag, complete range of pronation,
and supination movements, and was able to perform
all daily activities. His quickDASH score was 4.54. Plain
radiographs indicated healing of the olecranon fracture
(Figure 6).

Bouaziz W, Guidara AR, Trabelsi A, Bardaa T, Hammami M,
Ellouz Z, Keskes H. Anterior transolecranon dislocation of the
elbow in a child: A case report and review of literature. World J
Orthop 2018; 9(7): 100-104 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v9/i7/100.htm DOI: http://dx.doi.
org/10.5312/wjo.v9.i7.100

INTRODUCTION
Although anterior transolecranon dislocation of the elbow
[1]
is not uncommon in adults, it is rarely seen in children .
Limited published recommendations for the managem
ent of these lesions in children are available. Closed re
duction is possible in most elbow dislocations. We report
a rare case of irreducible anterior transolecranon fractu
re dislocation of the left elbow joint in a 7-year-old child
who was surgically treated.

DISCUSSION
By far, posterior elbow dislocations are the most com
mon dislocations among children, and these are an effect
of indirect forces transmitted to the elbow following a
[3,4]
fall on the outstretched hand . Till date, a few number
of anterior transolecranon dislocations of the elbow has
[5]
been reported .
Anterior dislocations of the elbow among children
were often associated with fractures around the elbow,
[6,7]
and some cases included neurovascular injury . Closed
reduction has commonly been performed, except in ca
ses involving soft-tissue interposition or buttonholing of
the radial head through the capsule that have prevented
[8,9]
it . Closed reduction was attempted in this case, but
it failed because of buttonholing of the radial head throu
gh the capsule of the joint, which was discovered during
surgery, along with a torn annular ligament. Similar ca
ses of close reduction failure because of buttonholing
of the anterior capsule have been reported in Japan by
[8]
Takase et al and in the United States by Aversano et
[10]
al . The anatomic pathology of anterior transolecranon
[11]
fracture dislocation described by Tiemdjo et al
and
as shown in Table 1, includes 4 types, each with a pro
posed treatment. This classification has prognostic and
therapeutic values.
No clear conclusions regarding the surgical approa
ch and technique to reduce and stabilize the dislocated
elbow joint can be drawn from the available published
reports. We selected the lateral approach for better
visualization of the articular surface of the joint and ch
iefly for direct control of the radial head. Reduction of
the dislocated joint was easy to perform following the
release of the buttonholed radial head. In most reports,
surgical reduction was followed by osteosynthesis of
the olecranon. We selected simple immobilization of
the elbow until consolidation because stable reduction
of the olecranon was achieved. Contrary to what was
[11]
recommended Tiemdjo et al , we did not perform oste
osynthesis to limit damages of the growth plate and av
oid clutter by the material, which may probably perturb
the range of motion later. In addition, no other further
intervention was required to remove the osteosynthesis
material. Postoperative stability was maintained by a
splint with a 75°-80° flexed elbow to obtain less tension
of the olecranon. The result was considered good, de
spite the sequellar mild flexion deformity. An enhanced
reduction is associated with better result. Osteosynthe

CASE REPORT
A 7-year-old boy was admitted to the emergency de
partment of the Habib Bourguiba University Hospital,
Tunisia, for direct left elbow trauma sustained in a fall
2 h earlier while playing with his friends on the street.
The patient presented with severe pain, swelling, and
deformity of the elbow, with functional disability of the
left upper limb. The neurovascular status of the limb
was intact, range of motion was restricted by pain, and
the fingers were mobile and sensitive. In addition, the
radial pulse was palpable and equal to that of the co
ntralateral side. X-rays of the elbow revealed anterior
and lateral transolecranon dislocation (Figure 1). The
child was transferred to the operating room and placed
in the decubitus position, with his arm on a hand table.
Closed reduction was attempted twice under general
anesthesia and using an X-ray image intensifier. Ma
neuver was conducted as recommended in a previous
[2]
report by Winslow ; however, both attempts were unsu
ccessful. Therefore, the patient was surgically treated.
A lateral approach to expose the elbow joint found
that the olecranon and radial head were anteriorly di
slocated, and the annular ligament was torn. The closed
reduction attempts failed because the radial head was
buttonholed through the torn anterior capsule of the elb
ow joint. Subsequently, the radial head was released,
and the joint was reduced under direct vision (Figure 2).
Reduction was perfect, as verified by an X-ray image
intensifier. Because the joint was found to be stable
following reduction, internal fixation of the olecranon
fracture was not performed. Using a splint, the reduced
joint was externally immobilized for four weeks (Figure
3). Recovery was uncomplicated. Eventually, the patient
was discharged after wound inspection on the third po
stoperative day. The splint was removed a month later,
with the initiation of healing of the olecranon revealed
on X-ray by incomplete densification of the fracture (Fi
gure 4). Although the patient had complete flexion of
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Table 1 Tiemdjo classification and proposed therapeutic indications of anterior trans-olecranon fractures-dislocations in children
Classification
Type 1

Type 2
Type 3
Type 4

Description

Treatment

Epiphyseal splinting or proximal fracture of the
Reduction + Tension-band Wiring
olecranon
If the periosteum is intact
Reduction + Plaster
Transverse fracture
Reduction + Tension-band Wiring
Oblique fracture
Reduction + Screwed plate
Olecranon fracture + associated injury (radius, humerus) Reduction + Osteosynthesis of the olecranon fracture and the associated
injury

Figure 1 Preoperative radiographs showing anterior trans olecranon
dislocation of the elbow.

Figure 3 Immediate post-operative X-rays showing good reduction of the
elbow joint.

Figure 2 Open radial head release and reduction of the radio humeral
joint using a lateral approach.

sis of the olecranon could improve results only if a perfect
reduction was achieved. The reduction in this patient was
good and stable. Therefore, immobilization did not allow
immediate rehabilitation. This explains the mild flexion
deformity at the last follow-up. Accordingly, accelerated
functional treatment and rehabilitation following surgery
are recommended, as long periods of immobilization are
[12]
not beneficial . In this patient, splint removal after only
four weeks following the surgery allowed relatively early
mobilization.
In conclusion, this uncommon case of anterior tran
solecranon dislocation could not be successfully manag

WJO|www.wjgnet.com

Figure 4 Four week post-operative X-rays showing the initiation of he
aling of the olecranon.

ed using simple closed reduction. Open reduction with
out osteosynthesis of the olecranon had an excellent
result at the last follow-up. This indicates that perfect
reduction must be the main goal of any approach and th
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Figure 5 Incomplete extension of the elbow after 4 wk.

LEFT

Figure 6 Healing of the olecranon and good motion after rehabilitation.

at osteosynthesis is not the only way to recover anterior
function of the elbow.

Experiences and lessons

This case will contribute to improvements in our understanding of the
management of anterior transolecranon dislocation in children. The main lesson
learned was that osteosynthesis is not essential for the management of such
fractures.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Case characteristics

Anterior transolecranon dislocation of the elbow is rarely observed in children
and is reported in only a small series of cases. This case report aimed to
highlight that osteosynthesis is not essential in such an uncommon injury.

ACKNOWLEDGEMENTS
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performing the surgery.

Clinical diagnosis

Anterior transolecranon dislocation.

Differential diagnosis
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Plain radiographs revealed anterior dislocated elbow with olecranon fracture.
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Abstract

Informed consent statement: As this study utilizes publicly
available data from a nationwide database, informed consent was
not obtained from individual subjects included in the study. Study
data contained no patient identifiers and cannot be linked to an
individual patient.

AIM
To examine whether opioid dependence or abuse has
an effect on opioid utilization after anatomic or reverse
total shoulder arthroplasty (TSA).

Conflict-of-interest statement: No potential conflicts of int
erest relevant to this article were reported.

METHODS
All anatomic TSA (ICD-9 81.80) and reverse shoulder
arthroplasty (RSA) (ICD-9 81.88) procedures from
2007 to 2015 were queried from within the Humana
claims database utilizing the PearlDiver supercomputer
(Colorado Springs, CO). Study groups were formed ba
sed on the presence or absence of a previous history
of opioid dependence (ICD-9 304.00 and 304.03) or
abuse (ICD-9 305.50 and 305.53). Opioid utilization
among the groups was tracked monthly up to 1 year
post-operatively utilizing National Drug Codes. A sec

STROBE statement: The authors have read the STROBE Sta
tement-checklist of items, and the manuscript was prepared and
revised according to the STROBE Statement-checklist of items.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative Co
mmons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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ondary analysis was performed to determine risk factors
for pre-operative opioid dependence or abuse.

patients. Opioid utilization has a profound impact on the
practice of orthopaedics as orthopaedic surgeons are
rd
the 3 highest prescribers of opioid medications among
[5]
physicians . Opioid dependence or abuse among patients
undergoing elective orthopedic surgery has increased by
152% from 2002 to 2011 and has been associated with
[6]
increased inpatient morbidity and mortality .
Increasing rates of opioid dependence or abuse has
a significant negative impact on patients undergoing
shoulder arthroplasty as pre-operative opioid use has
been associated with worse patient-reported outcomes
[7,8]
post-operatively . Previous national database studies
have shown that patients using opioids prior to knee
arthroplasty or rotator cuff repair are more likely to
continue using opioids for prolonged post-operative pe
[9,10]
riods
. However, no study to date has analyzed the
impact of diagnosed opioid dependence or abuse on
opioid utilization after shoulder arthroplasty. The purpose
of the current study is to examine whether diagnosed
pre-operative opioid dependence or abuse has an effect
on opioid utilization following total shoulder arthroplasty
(TSA) or reverse shoulder arthroplasty (RSA). Our
hypothesis was that patients with pre-operative opioid
abuse or dependence would have greater opioid
utilization. Secondarily, we sought to evaluate potential
risk factors for pre-operative opioid dependence or
abuse within this patient population.

RESULTS
Two percent of TSA (157 out of 7838) and 3% of RSA
(206 out of 6920) patients had a history of opioid
dependence or abuse. For both TSA and RSA, opioid
utilization was significantly higher in opioid dependent
patients at all post-operative intervals (P < 0.01)
although the incidence of opioid use among groups was
similar within the first post-operative month. After TSA,
opioid dependent patients were over twice as likely
to fill opioid prescriptions during the post-operative
months 1-12. Following RSA, opioid dependent patients
were over 3 times as likely to utilize opioids from mo
nths 3-12. Age less than 65 years, history of mood
disorder, and history of chronic pain were significant
risk factors for pre-operative opioid dependence/abuse
in patients who underwent TSA or RSA.
CONCLUSION
Following shoulder arthroplasty, opioid use between
opioid-dependent and non-dependent patients is similar
within the first post-operative month but is greater
among opioid-dependent patients from months 2-12.
Key words: Opioid; Narcotic; Abuse; Dependence;
Anatomic total shoulder arthroplasty; Reverse shoulder
arthroplasty; Chronic pain; Mood disorder

MATERIALS AND METHODS

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

The PearlDiver supercomputer (Pearldiver Inc, Colorado
Springs, CO) was utilized to query the Humana Inc
administrative claims database. This database contains
claims data from 2007 through 2015 for over 20 mil
lion patients that are insured privately/commercially
or through Medicare/Medicare Advantage. The data
retrieved from the database is retrospective, publicly
available, and is complaint with the Health Insurance
Portability and Accountability Act (HIPAA). This study
was therefore deemed exempt from institutional review
board review.
Patients who underwent anatomic TSA and RSA
were identified using International Classification of
Disease Ninth Edition (ICD-9) codes 81.80 and 81.88,
respectively. Separate analyses were performed for
each arthroplasty type. Patients were divided into
study groups based on whether there was a history of
diagnosed opioid dependence or abuse prior to surgery.
This was delineated using ICD-9 codes for opioid depe
ndence (304.00 and 304.03) and opioid abuse (305.50
and 305.53). Patients who received a brachial plexus
nerve block on the day of surgery were identified using
the Current Procedural Terminology (CPT) code 64415
and the proportion of patients receiving nerve blocks
were compared between groups.
Generic drug codes for commonly prescribed opioid
medications (Table 1) were used to determine the
number of patients within each study group that filled

Core tip: A retrospective analysis of the Humana claims
determined that patients with pre-operative opioid
dependence or abuse had higher post-operative opioid
utilization after anatomic total shoulder arthroplasty
and reverse shoulder arthroplasty. Younger age, mood
disorders, and chronic pain diagnoses were significant
risk factors for pre-operative opioid dependence or abuse.
Berglund DD, Rosas S, Kurowicki J, Mijic D, Levy JC. Effect of
opioid dependence or abuse on opioid utilization after shoulder
arthroplasty. World J Orthop 2018; 9(8): 105-111 Available
from: URL: http://www.wjgnet.com/2218-5836/full/v9/i8/105.
htm DOI: http://dx.doi.org/10.5312/wjo.v9.i8.105

INTRODUCTION
Opioid analgesics have proven to be effective in treating
severe pain. However, increasing utilization along with
highly addictive properties of opioid medications has
led to significant societal consequences. The utilization
of opioids for analgesia in the United States increased
[1,2]
substantially from the late 1990’s to the early 2010’s .
In the United States opioid consumption is significantly
[3,4]
higher than any other country
and this has in turn led
to an increase in opioid abuse and dependence among
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and comparative evaluations based on data type
(continuous vs categorical). Incidences were used to
calculate relative risk rations and 95%CIs through
univariate regressions. Age (younger or older than
65), pre-operative opioid abuse (present or not) and
the presence of chronic pain (defined as present or
not) were dichotomized into 2 groups for comparison.
Statistical analysis was conducted with SPSS (version
20, IBM corporation, Armonk, NY, United States).

Table 1 Generic drug codes for opioid medications tracked
in the current study
Opioid medication
Oxycodone
Hydrocodone

Morphine sulfate
Codeine

Fentanyl
Hydromorphone
Meperidine
Methadone
hydrochloride
Oxymorphone
hydrochloride

Generic drug codes
101126, 101215, 106757, 108546, 111094, 107000,
109518, 100548, 100504, 110286, 109192, 106437
106414, 112157, 101854, 100055, 110070, 105295,
112625, 102382, 101434, 109398, 110812, 100358,
101802, 108359, 106104, 106326, 106622, 107601,
103995, 111636, 106030, 106747, 101805, 110605,
108113, 112007
104592, 106367, 108034, 104962, 100074, 103380,
108114, 110174, 112832
101623, 100873, 107990, 103275, 104787, 104710,
107214, 112297, 104491, 112574, 112774, 108218,
101073, 107402, 103943, 107406, 104952, 108825,
102621, 110215, 101274, 109769, 105010, 105460,
111188, 107202, 112555, 104895, 108556, 102273,
107506, 110492, 110760, 112140, 107410, 103069,
109078, 101383, 109320, 104915, 112523, 100351,
111016, 108443, 106918, 105070, 104040, 109446,
111749, 108445, 108480, 112775, 105654, 110799,
109752, 100679, 109086, 108889, 110743, 106810,
102890, 110671
100599, 104678, 101119, 103260, 100142
101111, 100978
101505, 101784, 112026
100319

RESULTS
Anatomic TSA

Our query returned 7838 patients (3417 male and
4421 female) that underwent TSA between 2007 and
2015. Of that, 157 patients (2.0%) had diagnoses
of opioid dependence or abuse prior to surgery and
were placed in the opioid dependence/abuse group
while the remainder of patients, 7681 (98.0%) without
diagnoses of opioid dependence or abuse were placed
in the non-opioid dependent group. The proportion of
patients receiving a brachial plexus nerve block was not
significantly different between patients with and without
opioid dependence or abuse (P = 0.199, Table 2).
Within the first post-operative month, 75.16% of
patients with opioid dependence/abuse and 66.01% of
patients without opioid dependence/abuse filled at least
one opioid prescription. The incidence of opioid use
in the opioid-dependent group decreased to 60.51%
from 1-2 mo and subsequently continued to decrease
until 6 mo post-operatively where it plateaued. Opioid
use ranged from 39.49%-48.41% from 6-12 mo
in the opioid-dependent group. For patients without
a history of opioid dependence or abuse, opioid use
decreased to 26.92% after the first month and then
slowly decreased from post-operative months 2-12
(range 13.74%-20.82%). Opioid use among patients
with a history of dependence/abuse was significantly
greater than in the non-opioid dependent patients at all
postoperative time intervals (P < 0.01). Within the first
post-operative month, patients with a history of opioid
dependence/abuse were only slightly more likely to use
opioids (RR = 1.14, 95%CI: 1.04-1.25). However, from
months 1-12 they were over twice as likely to fill opioid
prescriptions (RR ranged 2.25-3.00, 95%CI: 1.97-3.61)
(Table 3 and Figure 1).
Analysis of risk factors showed that patients less
than 65 years old (RR = 2.12, 95%CI: 1.46-3.08, P =
0.0001), patients with previous diagnosis of a mood
disorder (RR = 6.70, CI: 4.92-9.11, P < 0.0001), and
patients with diagnosis of chronic pain (RR = 10.31,
95%CI: 7.51-14.17, P <0.0001) were more likely to
have abused opioids or be opioid dependent prior to
TSA surgery. Gender did not have an impact on the risk
for opioid dependence/abuse prior to surgery (RR =
1.06 for female gender, 95%CI: 0.78-1.46, P = 0.69).
The mean CCI was significantly higher (4 ± 3.71 vs 2
± 2.73, P < 0.001) in patients with a history of opioid

101242

Table 2 Patients receiving a brachial plexus block on the day
of surgery n (%)

TSA
RSA

With pre-op opioid
dependence/abuse

Without pre-op opioid
dependence/abuse

P -value

92 (58.60)
108 (52.43)

4105 (53.44)
3461 (51.55)

0.199
0.803

TSA: Total shoulder arthroplasty; RSA: Reverse shoulder arthroplasty.

at least one opioid prescription within specific postoperative time periods. These codes are mapped to
eleven-digit National Drug Codes (NDC) on patient
charging records. The percent of patients filling opioid
prescriptions was compared between patients with and
without a history of opioid dependence or abuse for
both TSA and RSA. This was performed on a month-bymonth basis up to one year post-operatively.
A secondary analysis was performed to determine
risk factors for pre-operative opioid dependence or abuse
among patients undergoing TSA or RSA. The relative risk
of opioid dependence/abuse was determined for gender,
age, the presence of chronic pain (ICD-9 codes 338.29,
338.4, 338.21, 338.28, and 338.22) and mood disorder
(ICD-9 codes 296.00 and 296.99) diagnoses. Charlson
Comorbidity Index was also compared for patients with
opioid dependence/abuse vs those without.

Statistical analysis

Statistical analysis was conducted with descriptive

WJO|www.wjgnet.com
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Table 3 Relative risk of opioid utilization at post-operative intervals for patients with vs without a history of opioid dependence/
abuse
TSA

RSA

Post-operative interval

RR

95%CI

P value

RR

95%CI

P value

0-1 mo
1-2 mo
2-3 mo
3-4 mo
4-5 mo
5-6 mo
6-7 mo
7-8 mo
8-9 mo
9-10 mo
10-11 mo
11-12 mo

1.14
2.25
2.78
2.80
2.78
2.84
3.00
2.87
2.88
2.90
2.81
2.97

1.04-1.25
1.97-2.56
2.42-3.20
2.39-3.27
2.34-3.30
2.38-3.40
2.54-3.56
2.40-3.43
2.39-3.46
2.39-3.52
2.30-3.44
2.44-3.61

0.005
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

1.36
2.28
2.69
3.20
3.23
3.09
3.26
3.34
3.30
3.47
3.50
3.36

1.27-1.45
2.06-2.53
2.40-3.02
2.85-3.60
2.82-3.69
2.67-3.57
2.82-3.75
2.87-3.88
2.83-3.85
2.95-4.08
2.98-4.10
2.83-3.98

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

TSA: Total shoulder arthroplasty; RSA: Reverse shoulder arthroplasty.
80％
70％
60％
50％
With pre-operative opioid dependence/abuse

40％

Without pre-operative opioid dependence/abuse

30％
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Figure 1 Percent of patients filling at least one opioid prescription within each post-operative interval following reverse shoulder arthroplasty. Within the
first post-operative month, patients with a history of opioid dependence/abuse were slightly more likely to fill opioid prescriptions (RR = 1.36, 95%CI: 1.27-1.45, P <
0.001). However, they were over 3 times as likely to use opioids during post-operative months 3-12 (RR ranged 3.09-3.50, 95%CI: 2.67-4.10, P < 0.001).

dependence/abuse (Table 4).

3-12 (RR ranged 3.09-3.50, 95%CI: 2.67-4.10) (Table
3 and Figure 2).
Age less than 65 years (RR = 1.60, 95%CI: 1.06-2.41,
P = 0.0240), prior diagnosis of mood disorder (RR =
5.27, 95%CI: 4.04-6.87, P < 0.0001), and chronic pain
diagnosis (RR = 10.10, 95%CI: 7.53-13.57, P < 0.0001)
were significant risk factors for opioid dependence or
abuse prior to RSA. Female patients were slightly more
likely to have pre-operative opioid dependence/abuse
(RR = 1.30, 95%CI: 0.96-1.75) but this result was not
statistically significant (P = 0.0848). The mean CCI was
significantly higher for the opioid dependent group (5 ±

RSA

Among the 6920 patients that underwent RSA within
the study period, 206 (3.0%) had a previous diagnosis
of opioid dependence/abuse and 6714 (97.0%) did not.
The proportion of patients receiving a brachial plexus
block did not differ significantly between groups (P =
0.803, Table 2).
Eighty-one point five five percent of patients in the
opioid-dependent group filled opioid prescriptions within
the first post-operative month. This percentage fell to
66.50% after the first month and gradually decreased
to 42.72% from 1 to 12 mo post-operatively (range
42.72%-66.50%). Of the patients in the non-opioid
dependent group, 60.05% filled prescriptions within the
first post-operative month. This percentage quickly fell
to less than 30% after the first month and then slowly
decreased from 4 to 12 mo (range 12.72%-17.16%).
Opioid use was significantly higher for patients with
previously diagnosed dependence/abuse at all postoperative intervals (P < 0.001). Within the first postoperative month, opioid dependent patients were
slightly more likely to fill opioid prescriptions (RR = 1.36,
95%CI: 1.27-1.45). However, they were over 3 times
as likely to use opioids during post-operative months

WJO|www.wjgnet.com

3.85 vs 3 ± 3.20, P = 0.001) (Table 4).

DISCUSSION
The results of the current study show that, following
TSA and RSA, both opioid dependent and non-opioid
dependent patients had similar opioid use within the first
post-operative month. However, opioid use was much
more prevalent among patients previously diagnosed
with opioid dependence beyond the initial post-operative
period. Younger age, mood disorders, and chronic
pain diagnoses were significant risk factors for preoperatively diagnosed opioid dependence or abuse.
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Table 4 Analysis of risk factors for pre-operative opioid dependence/abuse
TSA
Variable
Female
Age < 65
Mood disorder
Chronic pain

RSA

RR

95%CI

P value

RR

95%CI

P value

1.07
2.12
6.70
10.31

0.78-1.46
1.46-3.08
4.92-9.11
7.51-14.17

0.691
0.000
< 0.0001
< 0.0001

1.3
1.6
5.27
10.10

0.96-1.75
1.06-2.41
4.04-6.87
7.53-13.57

0.085
0.024
< 0.0001
< 0.0001

TSA: Total shoulder arthroplasty; RSA: Reverse shoulder arthroplasty.

90％
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Figure 2 Percent of patients filling at least one opioid prescription within each post-operative interval following reverse shoulder arthroplasty. Within the
first post-operative month, patients with a history of opioid dependence/abuse were slightly more likely to fill opioid prescriptions (RR = 1.36, 95%CI: 1.27-1.45, P <
0.001). However, they were over 3 times as likely to use opioids during post-operative months 3-12 (RR ranged 3.09-3.50, 95%CI: 2.67-4.10, P < 0.001).

Several previous studies utilizing national databases
have analyzed the impact of pre-operative opioid
use on post-operative use after orthopaedic surgery.
[9]
Bedard et al found that pre-operative opioid use was
a strong predictor of post-operative use following total
knee arthroplasty. The incidences of opioid use at postoperative months 2-12 for “opioid users” in their study
were similar to those for opioid-dependent patients
in the current study. However, “non-opioid users” in
their study had lower overall incidences of opioid use
compared to the non-opioid dependent patients in
the current study. This discrepancy may be related to
differences in the specific opioid medications included
in each analysis. “All common oral and transdermal
opioids” were included in Bedard’s analysis with the
exception of tramadol. However, the authors did not
disclose detailed information on the specific medications
included. It is therefore possible that post-operative
opioid use was under-reported in the “non-opioid users”.
[10]
Westermann et al
utilized the Humana dataset to
analyze opioid use following arthroscopic rotator cuff
repair (RCR). They found that patients using opioids
within 3 mo prior to surgery were more like to fill opioid
prescriptions post-operatively. Following the first postoperative month, the monthly incidences of opioid use
for both opioid and non-opioid users was lower than
opioid-dependent and non-opioid dependent patients in
[9]
the current study, respectively. Similar to Bedard et al ,
the specific opioid medications tracked in Westermann's
analysis may have contributed to this difference as the
drugs analyzed in their study were not specified.
The American Academy of Orthopaedic Surgeons

WJO|www.wjgnet.com

(AAOS) currently has no clinical practice guidelines
recommending for or against the use of opioids following
shoulder arthroplasty. Yet, opioid utilization is common
following these procedures and the negative effects
of pre-operative use on post-operative outcomes are
[7,8]
clear . In a recent Information Statement, the AAOS
has advocated for the development of standardized
opioid prescription protocols that include limits on
[11]
prescription number and duration . We support this
statement and recommend that orthopaedic surgeons
collaborate with primary care physicians and pain
specialists as a part of a multidisciplinary team in the
development these protocols. Based on the findings
of our study, it would be prudent for physicians to
closely monitor opioid utilization for patients with a
history of opioid dependence or abuse. The current
study clearly demonstrates that patients with a history
of opioid dependence or abuse are at increased risk
for prolonged postoperative opioid use. Furthermore,
use of a risk-assessment tool for behaviors associated
[12]
with prolonged opioid use
could be utilized to help
identify risk factors for opioid dependence such as mood
disorders and chronic pain diagnoses. As demonstrated
in the current study, patients with risk factors such as
mood disorder or chronic pain diagnosis are more prone
to opioid dependence/abuse and, subsequently, to
greater post-operative opioid use.
A key strength of the current study rests in the ana
lysis of patients with any previous history of diagnosed
opioid dependence or abuse, whereas the studies by
[9]
[10]
Bedard and Westermann
focused on patients who
filled an opioid prescription within 3 mo prior to surgery.
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It is quite possible that patients assessed in other
studies did not have diagnosis of opioid dependence
or abuse, and received opioids for temporary pain
management prior to surgery. This likely explains the
discrepancy between the percentages of opioid users
in their studies (31% for THA, 43% for RCR) and
the percentages of opioid dependent patients in our
study (2% for TSA, 3% for RSA). It is our opinion that
investigating patients with a history of diagnosed opioid
dependence/abuse is a more meaningful analysis. While
it is still possible that patients with previously diagnosed
opioid dependence/abuse may not have been taking
opioids immediately before surgery, having a history
of diagnosed opioid dependence/abuse is a patient
characteristic that can have lasting negative implications
on postoperative outcomes even after cessation of opioid
[13]
use . During preoperative assessment, orthopedic
surgeons should be encouraged to investigate any
history of opioid dependence/abuse, however remote.
As shown in the current study, these patients are at a
higher risk for prolonged post-operative opioid use.
Certain limitations exist for the current study. First
of all, the accuracy of data within large national databas
es such as the Humana claims dataset is dependent
on proper coding. Errors in documentation have the
potential to skew results. Secondly, previous studies
have shown that brachial plexus nerve blocks prior
to shoulder surgery decrease postoperative opioid
[14,15]
utilization
, thus acting as a potential confounding
variable. However, the proportion of patients receiving
brachial plexus nerve blocks in this study was equivalent
between study groups (Table 2) and thus did not likely
affect the results. Third, the incidence of diagnosed
opioid dependence/abuse is quite low. However, the use
of a large national database is beneficial in providing the
power required to show significant differences in smaller
patient populations. Finally, wide standard deviations
existed for CCI. For both TSA and RSA, the CCI standard
deviation in patients without opioid dependence/abuse
was greater than the mean. The difference in CCI bet
ween patients with and without opioid dependence/
abuse history was significant but the wide distribution
of CCI scores must be taken into account when deter
mining patients’ risk for opioid dependence/abuse.
In patients undergoing TSA and RSA, opioid use
was similar within the first post-operative month for
patients with and without a history of diagnosed opioid
dependence/abuse. However, opioid use was much
more prevalent among diagnosed opioid dependent
patients from months 2-12. Younger age, mood disor
ders, and chronic pain diagnoses were significant risk
factors for pre-operative opioid dependence or abuse.
We recommend that orthopaedic surgeons carefully
examine patients’ opioid use history, as this may have a
significant impact on prolonged post-operative opioid use
after shoulder arthroplasty and the overall postoperative
outcomes.
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Research background

While opioid medications have proven an effective method of analgesia after
orthopaedic surgery, increased utilization of these medications in the United
States has led to an opioid epidemic with higher levels of opioid dependence
and abuse. Opioid dependence and abuse have been linked to worse outcomes
after shoulder arthroplasty. Previous studies have shown that patients using
opioids prior to total knee arthroplasty or rotator cuff repair have a greater risk of
prolonged postoperative use. However, no study to our knowledge has analyzed
the effect of diagnosed dependence or abuse on postoperative opioid utilization
after shoulder arthroplasty.

Research motivation

With opioid dependence and abuse rapidly increasing in the United States, it is
imperative to determine their effects on postoperative opioid use. The current
study addresses this question within the setting of shoulder arthroplasty, as
orthopedic surgeons have been shown to be one of the largest prescribers of
opioid medications. The knowledge gained from this study may impact providers’
decisions to proceed with elective surgery, as opioid dependent patients are
more likely to continue opioid use postoperatively and therefore perpetuate
their dependence on opioid medications. The study will likely encourage future
research pertaining to postoperative opioid monitoring in opioid dependent
patients as well as the use of risk assessment tools for opioid dependence or
abuse.

Research objectives

The purpose of this study was to analyze the impact of diagnosed opioid
dependence or abuse on postoperative opioid utilization after anatomic and
reverse total shoulder arthroplasty (TSA). Furthermore, the authors sought to
identify risk factors for preoperative opioid dependence or abuse. The study
results highlight the importance of future research on the topic of identifying
these risk factors, preventing the development of operative opioid dependence
or abuse prior to orthopaedic surgery, and subsequently limiting postoperative
opioid utilization.

Research methods

Patients who underwent anatomic (RSA) or reverse TSA were identified from
within the Humana claims database and were stratified into groups based on
whether they had a history of opioid dependence or abuse. Postoperative opioid
utilization was tracked on a month-by-month basis up to one year after surgery
and was compared between the groups. A secondary analysis was performed
to determine risk factors for preoperative opioid dependence or abuse.

Research results

Patients with a history of opioid dependence or abuse had significantly higher
opioid utilization at all postoperative intervals after both TSA and RSA (P < 0.01),
although the difference was not as prominent within the first postoperative
month. Furthermore, age less than 65 years, history of mood disorder, and
history of chronic pain were found to be significant risk factors for pre-operative
opioid dependence or abuse. These results emphasize the importance of
identifying patients preoperatively with a history of opioid dependence/abuse,
or risk factors for developing opioid dependence/abuse, so that prolonged
postoperative opioid use may be prevented. Further research is needed to
determine specifically how these risk factors lead to opioid dependence and for
establishing consistent postoperative opioid prescription protocols for shoulder
arthroplasty.

Research conclusions

New findings of the current study include that patients with a history of opioid
dependence or abuse prior to shoulder arthroplasty are at least twice as likely
to remain on opioids after TSA or RSA. Patients with risk factors such as mood
disorders or chronic pain diagnoses were found to be more prone to opioid
dependence/abuse and the authors theorize that this subsequently leads to
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greater post-operative opioid use. The study provided a summarization of the
current knowledge by offering similar findings to previous studies showing that
opioid use prior to orthopaedic procedures leads to increased postoperative
use. It offered original insights into the current knowledge by focusing on
patients with diagnosed opioid dependence or abuse and establishing risk
factors for these diagnoses. It proposed a new hypothesis that patients with
pre-operative opioid abuse or dependence would have greater opioid utilization
after TSA. The authors utilized methodology that identified preoperative opioid
dependence or abuse, along with its risk factors, through the use of ICD-9
codes and tracked postoperative utilization through National Drug Codes.
The authors found the new phenomena of significantly greater postoperative
opioid utilization in opioid dependent patients after shoulder arthroplasty,
though opioid use was similar within the first postoperative month. The study
experiments confirmed the hypothesis that patients with previously diagnosed
opioid dependence or abuse would have greater postoperative opioid utilization
and that other factors such as mood disorders and chronic pain diagnoses
are associated with opioid dependence/abuse. These findings imply that opioid
utilization in opioid dependent patients, or those with risk factors for opioid
dependence/abuse, must be monitored closely after shoulder arthroplasty in order
to prevent prolonged use. Steps should be taken to implement postoperative
opioid protocols for shoulder arthroplasty.

5
6

7

8

9

Research perspectives

10

Patients with a history of opioid dependence or abuse are at a higher risk of
increased postoperative opioid utilization after shoulder arthroplasty. Future
research should be directed at the implementation of postoperative opioid
protocols and the use of risk assessment calculators for opioid dependence.
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Robotic exoskeletons: The current pros and cons
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Abstract

Ashraf S Gorgey, Spinal Cord Injury and Disorders Center,
Hunter Holmes McGuire VAMC, Richmond, VA 23249, United
States

Robotic exoskeletons have emerged as rehabilitation
tool that may ameliorate several of the existing healthrelated consequences after spinal cord injury (SCI).
However, evidence to support its clinical application
is still lacking considering their prohibitive cost. The
current mini-review is written to highlight the main
limitations and potential benefits of using exoskeletons
in the rehabilitation of persons with SCI. We have
recognized two main areas relevant to the design of
exoskeletons and to their applications on major health
consequences after SCI. The design prospective refers to
safety concerns, fitting time and speed of exoskeletons.
The health prospective refers to factors similar to body
weight, physical activity, pressure injuries and bone
health. Clinical trials are currently underway to address
some of these limitations and to maximize the benefits
in rehabilitation settings. Future directions highlight
the need to use exoskeletons in conjunction with other
existing and emerging technologies similar to functional
electrical stimulation and brain-computer interface to
address major limitations. Exoskeletons have the potential
to revolutionize rehabilitation following SCI; however, it
is still premature to make solid recommendations about
their clinical use after SCI.
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Core tip: Robotic exoskeletons have emerged as re
habilitation tool for persons with spinal cord injury (SCI).
Clinical evidence related to applications of exoskeletons
is still lacking considering their prohibitive cost. Clinical
trials are currently underway to address some of these
limitations and to maximize their benefits in different
rehabilitation settings. Exoskeletons have the potential
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to revolutionize rehabilitation following SCI; however, it is
still premature to make solid recommendations about their
clinical use after SCI. The current mini-review highlights the
basic applications and limitations as well as future directions
regarding applications and exoskeletons.

maximizing rehabilitation outcomes or ameliorating
several of the health-related consequences following
SCI. However, clinical trials are underway to confirm
these benefits and to understand the underlying
mechanisms that lead to such improvement. Clinical
trials site (clinctrials.gov) indicated that out of 870
studies for SCIs, there are 28 studies (approximately
3%) addressing different applications of exoskeletons
in this population. These statistics may highlight our
limited knowledge and the need for additional clinical
trials to address the major limitations of exoskeletons.
The current use of robotic exoskeletons remains
investigational and premature to decide whether
exoskeletons are clinically effective in the rehabilitation
of persons with SCI. The primary focus of the current
review is to allow critical analysis of the available
research evidence and to encourage interdisciplinary
approach to advance the use of technology in clinical
settings. The rehabilitation community should not
be discouraged from the use of exoskeletons, but
rather to procced with caution regarding their clinical
applications. Moreover, the mini-review will provide
the reader with the current pros and cons regarding
exoskeletons and will summarize in a non-exhaustive
manner the theoretic or potential benefits after re
cognizing the primary limitations of exoskeletons. It
is not the intention of the current review to list types
or characteristics of different exoskeletons that were
[1]
recently published in details . The published work
provided details on the average cost per unit and clear
illustrations of different exoskeleton units available in
[1]
rehabilitation settings .

Gorgey AS. Robotic exoskeletons: The current pros and cons.
World J Orthop 2018; 9(9): 112-119 Available from: URL:
http://www.wjgnet.com/2218-5836/full/v9/i9/112.htm DOI:
http://dx.doi.org/10.5312/wjo.v9.i9.112

INTRODUCTION
Robotic exoskeletons or powered exoskeletons are
considered wearable robotic units controlled by computer
boards to power a system of motors, pneumatics,
[1,2]
levers, or hydraulics to restore locomotion . The topic
of exoskeletons is timely given the number of devices
currently being studied as well as purchased by facilities
for rehabilitation purposes in medical centers or for home
[1-7]
use . Exoskeletons have emerged as an advantageous
rehabilitation tool for disabled individuals with spinal
[1]
cord injury (SCI) . Rehabilitation specialists, clinicians,
researchers, and patients welcome their use for over
[2-7]
ground ambulation . Compared to previously existing
locomotor training paradigms, exoskeletons may offer
a great deal of independence in medical centers and
communities including shopping malls, local parks and
movie theaters as well as improving the level of physical
[1-3]
activity . There is a pressing need for this population
to improve their levels of physical activity. This feature
may encourage continuous usage of exoskeletons in
conjunction with wheelchairs.

BENEFITS AND LIMITATIONS FROM THE
DESIGN PROSPECTIVE
Safety and efficacy of exoskeletons

CURRENT APPLICATIONS OF
EXOSKELETONS

From the clinical health-prospective, several reports
have demonstrated that exoskeleton training is safe and
likely to be used in different settings to encourage over
[1-7]
ground ambulation . A recent study that involved
nine European rehabilitation centers demonstrated
the safety, feasibility and training characteristics in
[6]
persons with SCI following 8 wk of training . Out of 52
participants, three dropped out following ankle swelling
and four presented with grade Ⅱ pressure injury but
[6]
managed to continue the study . Personal communication
indicated that fracture may occur at the distal tibia or
calcaneus bone during exoskeleton walking. Potential
health benefits have been highlighted for the use of
exoskeletons in rehabilitation settings, and studies
have examined the effects of exoskeletons on different
[1-9]
health-related outcomes . These studies provided
preliminary evidence on the efficacy of exoskeletons
on cardiovascular health, energy expenditure, body
composition, gait parameters, level of physical activity
[2-9]
and quality of life . Robotic exoskeletons may prove

Different brands of powered exoskeletons are now
commercially available for SCI rehabilitation with
[1-7]
different levels of injury . However, there is still a
limited accessibility to exoskeletons in clinical settings,
partly because of their prohibitive cost and the high
level of training required before supervising individuals
with SCI. Despite these limitations, limited research
and anecdotal evidence support the use of exoskeleton
to improve quality of life and health related medical
[1-3]
conditions after SCI . Previous excellent reviews have
summarized and highlighted the potential benefits of
using exoskeleton for rehabilitation of persons with
[2-4]
SCI . It is crucial before expanding the applications
of exoskeletons that we carefully analyze the available
research and clinical evidence regarding this technology.
Considering the limited data and/or small sample size
of the current published studies, it is premature to draw
solid conclusions about the efficacy of exoskeletons in
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an attractive rehabilitation tool not only to restore
locomotion but also to improve the level of physical
[6,7]
activity years after injury . Robotic exoskeletons may
decrease seated time, increase standing and walking
time as well as social engagements with family and
[6,7]
friends . Decreased sitting time is likely to ameliorate
several of the health-related consequences that negatively
[10-15]
impact this population
.

wide motor learning capabilities.

Speed and community ambulation

Exoskeletons offer a range of varying speed and most
are characterized by a modest speed that is slightly
greater than 0.2 m/sec, which may impede their general
[2,3,5]
use in the community
. Others have demonstrat
ed that speed may exceed 0.7 m/sec especially in
[5]
persons with incomplete SCI . The slow speed may
preserve balance and prevent frequent falling; however,
ambulation speed may increase following continuous
training. In a case report, we demonstrated the ability
of a person with C5 complete SCI to increase his
[7]
walking speed to 0.4 m/sec . Gaining confidence and
securing balance are motor learning strategies that
influence walking speed. Most of these brands were
primarily tested indoors on tiled surfaces and walking
on uneven terrains may impose additional challenges to
persons with SCI. Currently, there are two brands that
have received Food and Drug Administration approval
[5,8]
for personal use . Compared to wheelchairs, these
brands are still not adequate to provide ambulation on
muddy, pebbles, rainy and/or snowy terrains. This may
impede their applications in other states or countries
having roads or weather conditions not suitable for
locomotion with exoskeletons. Development of lighter
materials for exoskeletons may facilitate increasing
the speed for community ambulation. Current existing
brands weigh 50-66 lbs, which may be a hurdle for
some individuals with SCI to carry or lift for transportation
[3-9]
compared to ultralight wheelchairs . Other brands
have different components and can be broken down
[8]
and carried separately . Future designs should focus
on choosing highly durable materials that provide less
weight and allow faster speed without compromising
balance after SCI. Moreover, it is highly recommended
to design water-proof brands that can facilitate walking
in different weather conditions or on uneven terrains.

Fitting time across different brands

Most of the current brands require special measurements
to custom fit participants before donning/doffing. This
may require special adjustments for persons with SCI in
case there is leg length discrepancy, pelvic obliquity, sever
muscle wasting or even highly sensitive skin; which may
require up to 2-3 sessions to accomplish this task (e.g.,
[1-9]
Rewalk and Ekso) . Different brands have different
donning/doffing strategies which may range from 10
to 30 min to safely fit subjects before walking (e.g.,
Indego). After completion of the initial measurements
of the participants, exoskeleton fitting may require
at least 1 h to safely complete the required checklist
steps before standing up and walking. This is usually
preceded with detailed physical examination to safely
screen participants for eligibility. The detailed physical
examination will make a safe clinical decision prior to
including or excluding any participants in the program.
After fitting sessions, the time needed to adjust devices
to custom fit each participant may also interfere with
future training sessions. This has the potential to limit the
allotted training time set for each subject as covered by
his/her medical insurance. Other available brands have a
shorter fitting time and may be as simple as measuring
the length from greater trochanter to the knee joint
followed by measuring the length from the knee joint to
[8]
the heel of the patient . Moreover, most of the available
brands require transfer to the mat or transfer to pianotype chair to accomplish the fitting purpose which may
increase the risk of falling. Many SCI participants with
limited hand functions or push-down performance may
not be candidates for this technology because of difficulty
[1,5-7]
in achieving safe transfer
. Therefore, future brands
need to consider shorter fitting time and allow fitting
in wheelchairs without the need to transfer from one
place to another. Indego exoskeleton was successful
in designing their product into parts that can be easily
assembled together while the participants were still in
their wheelchairs. This is likely to cut the fitting time and
provide safe accessibility to the community. Another
aspect is that some brands (e.g., Rewalk) may require
higher intellectual capabilities to perform and learn
weight shifting and stepping in order to walk or navigate
thresholds or carpets. This motor learning capability may
vary from one patient to another and may require 3-5
d of continuous training to grasp this procedure. As the
technology advances, different manufactures will develop
their products to be simply fitted to the participants in a
short time and provide variable options for persons with
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BENEFITS AND LIMITATIONS FROM
HEALTH PROSPECTIVE
Exoskeletons and levels of SCI

Persons with tetraplegia represent 55% of the SCI
[16]
population . The current technology (Ekso) is FDA
approved to be used for those with C7 and below SCI,
primarily because of safety concerns. The level of injury
cut-off was set because reasonable hand functions
are required to hold the assistive device (walker or
crutches) and to initiate weight shifting during stepping
and walking. Lack of appropriate hand grip may
eliminate a considerable number of this population
from benefitting from this technology. This means
that a large segment with C1-C5 level of injury may
be ineligible to benefit from this technology. Another
brand (REX) has emerged to address this issue and
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[7]

allows running the machine with a joystick or controller
[17,18]
without relying on the participants’ hand functions
;
however, this brand is still not FDA approved and its
speed is very limited, less than 0.1 m/sec, to initiate
any recognized cardiometabolic benefits compared to
a regular standing frame. However, the brand can offer
other benefits similar to ambulatory exercise and upper
[18]
body exercise in upright position . This technology
may be beneficial to those with C4-C8 level of SCI or
even higher level of injury similar to cases diagnosed
with locked-in syndrome. Compared to other approved
brands, the REX exoskeleton does not require a two or
four point assisted device. In other approved brands, it
is crucial to have reasonable hand functions to initiate
walking using a controller, to control the assistive
device, to help shifting body weight and to provide
balance in the standing position. Proactive means of
using platforms walker or other devices (e.g., hand
splints) are warranted to overcome this problem and
to provide safe accessibility in large segment of SCI
population despite their level of injury.

mass in a person with T4 complete SCI .

Exoskeletons and physical activity

Physical inactivity is a key feature following SCI,
which is likely to lead to a sedentary lifestyle and
[12,20-22]
increased sitting time
. Prolonged sitting time
has been shown to be an independent risk factor for
cardiovascular disease, cancer as well as a factor for
[10]
increasing all-cause mortality . A very important
point that needs to be considered is low metabolic cost
during exoskeleton training. Cardio-respiratory fitness
is used as a key feature to determine overall health and
inverse relationships were noted between VO2 max and
cardiovascular disorders, insulin resistance and type 2
[23]
diabetes mellitus . Recently released ISCOS guidelines
recommended that persons with SCI engage in at
least 20 min of moderate to vigorous intensity aerobic
exercise three times per week to improve cardio[20]
respiratory fitness . This supports the notion adopted
by other organizations and research groups on the
significance of increasing the level of physical activity to
[10,21,22]
decrease chronic disease risk factors after SCI
. It
is unclear whether exoskeleton locomotion may induce
this moderate intensity training, but it can definitely
decrease sitting time and improve parameters of physical
activity as demonstrated by increasing number of steps,
[6,7]
duration and distance of walking .
According to the World Health Organization, physical
activity is defined as the bodily movement resulting
from muscle actions that increases energy expenditure.
Exoskeletons provide bodily passive movement of the
lower extremity without muscle contraction. This is likely
to be accompanied with low oxygen uptake and energy
[7]
expenditure during exoskeleton ambulation . Therefore,
incorporating functional electrical stimulation (FES) in
conjunction with exoskeleton training may be an effective
strategy to offset this problem by initiating muscle
[24,25]
contraction and increasing energy expenditure
.
Currently, hybrid exoskeleton brands may offer this
feature; however, studies are currently underway to
prove the effectiveness of this combination in persons
with SCI. The combination of FES and robotic control is
a challenging issue, due to the non-linear behavior of
muscle under stimulation and the lack of developments
[24,25]
in the field of hybrid control
. The hybrid system may
overcome electromechanical timing delays and muscle
fatigue as well as balance muscular and robotic actuation
during walking.

Exoskeletons and body weight / body composition

Two-thirds of persons with SCI are either overweight
[15]
or obese . Exoskeletons may facilitate waging the
war on obesity syndrome after SCI by helping to
decrease sitting time, increase level of physical activity
and improve parameters of body composition after
SCI. However, the existing technology is only limited
to those with body weight less than 100 kg (220 lbs).
This may exclude a considerable number of individuals
from benefitting from this technology. The weight
cut-off may motivate SCI participants to engage in
effective dietary plans and participate in SCI wellness
and exercise programs to maintain a healthy body
weight. Anecdotal evidence supports this notion, several
persons with SCI started a rigorous diet program to lose
weight after initially being disqualified from enrolling
because of exceeding the body weight cut-off limit
recommended by the manufacture. Further studies are
warranted to investigate whether exoskeleton training
may independently help persons with SCI to lose weight
especially decreasing percentage of whole body and
regional fat mass.
Another important consideration is whether exo
skeleton training is likely to improve parameters of body
composition as indicated by decreased fat mass and
increased fat-free mass. Decreased fat mass is likely
to improve parameters of cardio-metabolic health after
[11]
SCI . A recent report demonstrated that improvement
in cardio-metabolic health is tightly associated with
positive body composition characteristics compared to
[19]
parameters of physical activity . There is still limited
evidence to support the positive effects of exoskeleton
ambulation on parameters of body composition. A recent
case report demonstrated that 15 wk of exoskeleton
training resulted in decreased body mass by 6 kg
including 2 kg loss in fat mass and 4 kg loss in fat-free
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Exoskeletons and range of motion

Joint contractures at the hips, knees and ankle joints are
another problem that is likely to disqualify participation
[26]
from exoskeleton training program . Persons with
SCI need to attain hip extension range of motion within
10-15 degrees and knee extension with less than 10
degrees flexion in supine or standing position with
[1-9]
ankle joints in neutral position . Participants who fail
to attain this range of motion may be encouraged to
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participate in a stretching program to improve muscle
flexibility around these joints. This may include the use
of standing frame or application of a dyna-splint around
the knee joint to provide soft tissue stretching for long
[26]
duration . An extensive stretching program may take
up to 6 mo to gain 6-10-degree improvement in the
range of motion. Because of disuse after high level
SCI, persons may also suffer from joint contractures or
tenodesis grasp, which may likely limit their ability to
use assistive devices and failure to evoke weight shifting
during exoskeleton ambulation. Therapists may need to
be proactive and use a platform walker or help cuffing
the hand to the assistive device to overcome these
problems. It is worth noting that maintaining functional
range of motion during locomotion is essential for neurorecovery following SCI. Compared to other forms of
walking similar to knee-ankle foot orthosis (KAFO) or
hip-knee-ankle-foot orthosis (HKAFO), exoskeleton
ambulation may facilitate natural recovery over en
couraging compensatory techniques of using trunk
muscles following SCI. However, further studies are still
warranted to support this assertion.

exoskeleton.
Recommendations based on early evidence suggest
2
that a BMD below 0.6 g/cm of the knee joint (i.e.,
distal femur and proximal tibia) or T-scores less than
3.5 standard deviations at the hip joints or femoral
neck can be used as cut-offs to exclude individuals
from participating in standing activities. This is likely
to exclude a considerable number of participants from
engaging in exoskeleton training programs. Moreover,
these cut-offs do not guarantee certainty that fracture at
[27-29]
any of these sites may not occur
. Bone biomarkers
have been previously used in rehabilitation programs to
[30]
highlight these activities . These biomarkers are not
widely introduced and underutilized in clinical settings.
Therefore, it is highly recommended that all persons
with SCI undergo DXA scans for knees and hips as well
as X-ray at the ankle joints prior to exoskeleton training.
It is essential to conduct X-ray exam at the ankle joints
to assess participants’ risk of fracture at the distal tibia
or calcaneus bone during standing or walking training
with exoskeleton. Moreover, evidence-based guidelines
need to be established on what clinical biomarkers
should be utilized to decrease the risk of bone fracture.
It is still unclear, based on available evidence, whether
incorporating pharmacological intervention with or with
out neuromuscular electrical stimulation can alleviate
the problem of osteoporosis after SCI.

Exoskeletons and bone health

Sixty percent of individuals with SCI suffer from
osteopenia or osteoporosis; a progressive disease that
leads to bone loss, especially in the distal femur and
[27]
proximal tibia . Bone remodeling and demineralization
is a continuous process and it is a function of both
osteoblastic and osteoclastic activities. The pattern of
bone loss in persons with SCI differs from other clinical
population and it is commonly referred to as neurogenic
[14]
osteoporosis . Bone loss occurs sublesionally at a rapid
rate and approaching 1% of bone mineral density per
[27-29]
week
. Most of bone loss occurs within the first 12
to 24 mo after SCI and reaches steady state within
[27-29]
3-8 years post-injury
. Furthermore, persons with
SCI are likely to experience lower extremity fracture
that may require close to several months to one year
to re-initiate weight bearing using a standing frame
or any other assistive devices. The high susceptibility
of fracture in these regions may lead to other health
consequences following immobilization similar to joint
contractures and pressure injuries. Imaging techniques
are now available to provide clinicians with insights
regarding bone health after SCI. These techniques
include X-rays, dual energy X-ray absorptiometry (DXA),
quantitative computed tomography (CT), magnetic
[27]
resonance imaging (MRI) . The first two techniques
provide two-dimensional assessment of bone health
and the latter ones provide 3-dimensional volumetric
assessment of bone architecture. A recent review has
clearly demonstrated the differences among imaging
approaches in highlighting the risk of fractures after
[27]
SCI . Longitudinal monitoring of bone health in
persons with SCI has become a crucial element for any
rehabilitation program. This may ensure safe standing
and weight bearing prior to locomotion programs including
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Exoskeleton and pressure injuries

It is well documented that 70%-75% of persons
with SCI experience pressure injuries during their
lifetime with dramatic changes in their skin structures
that are likely to break down with a minimal amount
[31,32]
of shear
. This should make us cautious about
choosing the appropriate candidate, utilizing their past
medical history to identify those likely to benefit from
exoskeleton use without exposure to such shear stress.
Powered exoskeletons are likely to have straps to help
maintaining static and dynamic posture during standing
[17]
and walking . With diminished sensation and impaired
peripheral circulation, these straps are likely to cause
excessive shear to the surrounding soft tissues and may
[17]
lead to pressure injuries . To circumvent this problem,
researchers developed pressure sensors to monitor
pressure exerted by physical human-machine inter
faces and provide feedback about levels of skin/body
[17]
pressure in fastening straps . These pressure sensors
are likely to protect against ischemia and necrosis by
maintaining pressure in range of 30-35 mmHg to allow
for adequate circulation or below 50 mmHg to main
[17]
tain tissue oxygenation . Pressure heat maps were
recently measured in one person with SCI performing
exoskeleton locomotion. The authors highly suggested
that thigh straps may induce pressures ranging from
80-120 mmHg while performing upright locomotion.
Anecdotal unpublished evidence supports that extensive
strapping may result in cyst formation at the pressure
[17]
site . Therefore, clinicians working with exoskeletons
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need to check different pressure skin zones especially
when working with complete SCI.

power wheelchair soccer or other activities. This is likely
to provide competitions among the available brands and
increase their popularity in recreational settings.
Future directions may need to consider a number of
research questions including the effects of exoskeleton
training on acute compared to chronic injury and
weather early use is likely to attenuate or slow the
changes that occur in body composition after SCI. A
recent study demonstrated that those with an acute
injury (< 1 year) showed improvement in parameters
of gait function by 36% compared to only 3% for those
[6]
with chronic injury . Moreover, it is still unclear whether
exoskeleton training can be used as a task specific
training to reinforce neural plasticity and recovery of gait
especially in persons with incomplete SCI. Implementing
the exoskeleton technology with electrical stimulation,
epidural stimulation and brain-computer interphase
[33]
(BCI) may be available features in future brands .
This may provide the end-user with a control over the
robotic limbs via the use of electrical stimulation, BCI or
[30,31,33,34]
both
. The technology of the exoskeleton is likely
to evolve as more partnerships developed to produce
future generations that are likely to be lighter and
faster. Moreover, robotic exoskeletons may need to be
considered within developmental stages to help children
[35,36]
with SCI and other clinical population
. This is highly
important to provide early weight bearing and avoid
postural abnormalities or deformities. The National
Institutes of Health just released an attempt to help kids
with cerebral palsy to walk on their feet and prevent
[35,36]
crouched gait
. As cheaper brands of exoskeletons
become available, participants may continue to use
them in conjunction with wheelchairs because of their
recognized benefits on spasticity, physical activity, bowel
movement and quality of life after SCI.

FUTURE DIRECTIONS IN EXOSKELETON
AMBULATION
Current challenges facing community use

The transition from hospital setting to rehabilitation
use or community ambulation requires the need of a
[1,5]
well-trained caregiver . It is likely to be challenging
for persons with SCI to identify a dedicated caregiver,
who is willing to dedicate the time and effort to support
their partner during exoskeleton ambulation. Work
related commitment, divorce, liability in case of falling
or injury have been identified as precluding factors to
having a committed caregiver. Moreover, it is the total
responsibility of a certified exoskeleton trainer to provide
hands-on training for the caregiver and ensure that the
patient is safe before getting released in the community.
There is increased prevalence of SCI with aging; as a
result of falling or cervical myelopathy that may prevent
baby-boomers with SCI to benefit from this technology.
Their next of kin is likely to be older or unable to provide
the time to be qualified as a trained caregiver. Designing
systems that do not require or decrease reliance on a
caregiver may be an advantageous future goal in the
rehabilitation of persons with SCI.

The cost and standard wheelchair

Finally, the current cost of this equipment is prohibitive
and may interfere with accessibility in the developed
countries as well as less developed parts of the
world. The cost may drop with increased numbers
of emerging brands and studies demonstrating their
efficacy. However, policy makers and governments
need to determine whether the technology deserves
wide spread application such that medical insurance
can offer an exoskeleton unit per patient similar to
a wheelchair. As of now, it remains unclear whether
this emerging technology offers benefits beyond the
existing standard of care, such as a regular wheelchair
or a standing frame. Current research is underway
to answer these questions. It should be noted that
someone who has been in a wheelchair for 20-30 years
may not be willing to make daily lifestyle changes
to adopt the new technology. Current technology
may offer accessibility in the community, but it is still
limited in its ability to navigate special terrains, climb
stairs, or move in water. It has yet to be determined
whether persons with SCI are willing to compromise
his/her comfort zone of using his daily wheelchair over
experiencing the luxury of ambulating in a costly robotic
suit. From the recreational point of view, recreation
programs may need to encourage community trips
using exoskeletons to help increasing public awareness
and facilitate their use in conjunction with wheelchairs.
It is highly recommended to encourage exoskeleton
sports during the annual wheelchair games similar to
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CONCLUSION
The current review may raise the awareness of the
SCI community about the use of exoskeletons in the
rehabilitation of persons with SCI. We should strive for
an interdisciplinary team approach to provide greater
accessibility to this technology and further our knowledge
on how to expand its use to the general population of
SCI by overcome some of the existing limitations that
were highlighted. Exoskeletons may improve several
physiologic and psycho-somatic outcomes. Moreover,
it is time to establish round table discussions including
individuals with SCI (consumers), government and
health policy makers, researchers and rehabilitation
specialists to develop rigorous plans for the future of
exoskeletons. As our knowledge and experience increase,
more individuals with SCI should become eligible to gain
the benefits of this promising technology.
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AIM
To evaluate the treatment of osteonecrosis of the femoral
head (ONFH) with the use of vascular endothelial growth
factor (VEGF).

Core tip: Osteonecrosis of the femoral head (ONFH)
is a painful disorder which usually results in hip
joint destruction. Although the pathogenic process
is poorly understood, ON is the final condition that
completes an already precarious microcirculation of
the FH by traumatic and non-traumatic causes. Since
vascular endothelial growth factor (VEGF) regulates
numerous cellular events associated with angiogenesis
and osteogenesis, we evaluated, in an experimental
model of ONFH in canines if the local treatment with
VEGF leads to bone tissue remodeling and new bone
formation at the necrotic site, and subsequently to
reversal of ON.

METHODS
In 30 mature beagles (6 groups of 5 beagles) ONFH
was induced cryosurgically and one of the following
solutions was administered locally in the femoral head
(FH) in each group: Single injection of 500 μg VEGF
(t-VEGFμ group); single injection of 500 ng VEGF
(t-VEGFn group); continuous delivery of 500 μg VEGF
through osmotic micropump (t-VEGFpump-μ group);
continuous delivery of 500 ng VEGF through osmotic
micropump (t-VEGFpump-n group); single injection of
0.9% sodium chloride (t-NS group), while one group that
served as control group did not receive any local solution
(No-t group). FHs were retrieved 12 wk postoperatively,
underwent decalcification and hematoxylin/eosin and
toluidine blue staining. In two canines per group, one half
of FH was processed without decalcification and stained
with modified Masson Trichrome. Histological sections
were observed by light microscopy and measured with a
semi-automatized bone histomorphometry system and
Bone Volume/Total Volume (BV/TV), Marrow Volume/
Total Volume (MaV/TV), and Trabecular Thickness (TbTh)
were assessed. Standard and robust tests (Welch, Brown
Forsythe) of analysis of variance along with multiple
comparisons, were carried out among the categories.

Dailiana ZH, Stefanou N, Khaldi L, Dimakopoulos G, Bowers
JR, Fink C, Urbaniak JR. Vascular endothelial growth factor for
the treatment of femoral head osteonecrosis: An experimental
study in canines. World J Orthop 2018; 9(9): 120-129 Available
from: URL: http://www.wjgnet.com/2218-5836/full/v9/i9/120.
htm DOI: http://dx.doi.org/10.5312/wjo.v9.i9.120

INTRODUCTION
Osteonecrosis (ON), also known as avascular necrosis
(AVN), is defined as a pathologic process that results
from a crucial disruption of blood supply to the bone
and elevated intraosseous pressure. Ischemic injury
subsequently leads to the degradation of the organic
elements of the bone and the marrow and usually
results in a collapse of subchondral bone in the femoral
[1-3]
head (FH) . Also, numerous studies have emphasized
the association of multiple risk factors, including alcohol
consumption, glucocorticoids, trauma, autoimmune
diseases, thrombophilia, genetic and metabolic
[4,5]
components with secondary ON . A process of repair
is initiated at the necrotic - adjacent intact trabeculae
interface by fibrovascular tissue invasion and osteoclasts
activation followed by a temporary osteoblastic activity,
but unless the lesion is small, this repair procedure
is usually ineffective. The structural collapse of the
osteonecrotic segment indicates the progressive course
of the disease, leads to osteoarthritis of the hip joint in
young adults and up to now total hip replacement is
[6]
predestinate in the long term .
Early diagnosis and management aims to suspend
the process of joint destruction through enhancement
of bone repair and bone renewal. In the early stages
of ON there are surgical alternatives to restrain the
progressive destruction of the subchondral bone such
as core decompression, osteotomy, non-vascularized or
vascularized bone grafting, which might be enhanced

RESULTS
The untreated (No-t) group had signs of osteonecrosis,
whereas the VEGF groups revealed reversal of the
osteonecrosis. Statistical analysis of the decalcified
specimens revealed a significantly better BV/TV ratio
and a higher TbTh between the VEGF treatment
groups (except the t-VEGFn group) and the No-t group
or the control t-NS group. Single dose 500 μgVEGF
group had significantly better BV/TV ratio and higher
TbTh when compared to the No-t group (50.45 ±
6.18 vs 29.50 ± 12.27, P = 0.002 and 151.44 ± 19.07
vs 107.77 ± 35.15, P = 0.161 respectively) and the
control t-NS group (50.45 ± 6.18 vs 30.9 ± 6.67,
P = 0.004 and 151.44 ± 19.07 vs 107.14 ± 35.71,
P = 0.151 respectively). Similar differences were
found for the prolonged VEGF delivery/pump groups
of 500 μg and 500 ng. Analysis of the totality of
specimens (decalcified/non-decalcified) enhanced the
aforementioned differences and additionally revealed
significant differences in the comparison of the TbTh.
CONCLUSION
In an experimental model of ONFH in canines it was
found that local treatment with VEGF leads to bone
tissue remodeling and new bone formation.

WJO|www.wjgnet.com

121

September 18, 2018|Volume 9|Issue 9|

Dailiana ZH et al . VEGF for the treatment of femoral head osteonecrosis
[6-12]

with the use of growth and differentiation factors
.
Recently, scientists introduced the use of cell-based
strategies to enhance osseous regeneration by the
application of multipotent mesenchymal stem cells
(MSCs), endothelial progenitor cells (EPCs), and
osteochondral auto- and allografts in a variety of in vivo
[10-11,13]
and ex vivo processing
. Furthermore, promising
osteogenic growth factors, investigated for their bone
healing potential, such as bone morphogenetic proteins
(BMPs), transforming growth factor-β1 (TGF-β1),
hepatocyte growth factor (HGF) and vascular endothelial
[10,14,15]
growth factor (VEGF)
, received attention the past
decades.
As bone is a highly vascularized tissue, angiogenic
cytokines are essential components during the healing
process of the necrotic FH. Among them, VEGF has
shown its vital role, in a paracrine and autocrine manner,
as a specific endothelial cell mitogen and a promoter
[16,17]
of angiogenesis
. It is the major endothelial cell
survival factor that is required for effective coupling
of angiogenesis and osteogenesis in the bone micro
environment. Reconstructing local microcirculation and
increasing blood vessel density are essential parameters
for effective bone regeneration, the major objective of
[18,19]
bone tissue engineering
. Furthermore, it has been
suggested that the inhibition of the VEGF downregulates
the extracellular matrix remodeling and bone formation
[20]
in animal models . Thus, it is not surprising that a
recent meta-analysis clarified an association between
[21]
VEGF polymorphisms and the risk of the FH necrosis .
It seems that several molecular pathways regulate
the balance between osteoclasts and osteoblasts and
determine the rate of bone remodeling. Thus, considerable
effort, using in vitro and in vivo models including animal
models, has been directed towards understanding the
effect of growth factors and transcription factors on bone
resorption and formation. Through the last decades it was
well established that VEGF is a crucial part of the wide
network of the molecules regulating osteoinduction on
the femoral head like BMPs, leptin, hypoxia - inducible
[22-25]
factor (HIF) and their target genes
. Under these
considerations, an experimental model of cryosurgicallyinduced ONFH in canines was used to assess the
power of our hypothesis that VEGF could be a crucial
therapeutic factor for bone tissue remodeling and
reversal of osseous degradation during the treatment of
ON.

postoperatively. Under absolute aseptic conditions a
cryoprobe (CMS Accuprobe 620, Cryomedical Sciences
Inc, Rockville, MD) was inserted in the FH through a
drill hole extending from the lateral subtrochanteric
region to the subchondral bone of the FH. A freezing
o
[26]
lesion was created by a freeze (-180 C) - thaw cycle .
Subsequently, the necrotic area of the FH was either left
untreated or treated with local delivery of VEGF (rhVEGF,
Genentech Inc, South San Francisco, CA) or 0.9%
sodium chloride (normal saline, NS). NS was injected in
a single dose of 1 mL, while VEGF was either injected in
a single dose of 500 μg (in 1 mL) or 500 ng (in 1 mL) or
administered continuously in the necrotic area with the
use of an osmotic micropump (ALZET osmotic pumps,
ALZA Corporation, Palo Alto, CA), in a dose of 500 μg or
500 ng, delivering 5 μL/h over a period of 14 d.
The beagles were assigned to 6 groups of 5 canines
each: Untreated ONFH (No-t group), ONFH treated with
NS (t-NS group), ONFH treated with a single injection
of 500 μg VEGF (t-VEGFμ group), ONFH treated with
a single injection of 500 ng VEGF (t-VEGFn group),
ONFH treated with 500 μg VEGF delivered through a
pump (t-VEGFpump-μ group), ONFH treated with 500
ng VEGF delivered through a pump (t-VEGFpump-n
group). The procedure lasted less than one hour and
was tolerated very well by the animals which were
weight - bearing the first postoperative hours.
The canines were euthanized at 12 wk. All FHs were
retrieved and fixed in 10% neutral buffer formalin for
24 h, cut in half in the frontal level using low-speed
diamond sawing machine (IsoMet-Buehler). One half
underwent decalcification with neutral EDTA solution pH
7, dehydrated and embedded in paraffin. Sections (5
μm thick) were stained with hematoxylin and eosin (H
and E) (Figures 1A, 2A and 3A), as well as toluidine blue
(TB) (Figures 1B, 2B and 3B). In two canines per group
(with the exception of the t-NS group) the other half of
the retrieved FH was processed without decalcification,
dehydrated, embedded in methylmethacrylate, sectioned
with Polycut Model microtome (Leica, Heidelberg,
Germany), and stained with modified Masson Trichrome
(MT). Histological sections were observed by light
microscopy and measured with a semi-automatized bone
histomorphometry system using OsteoMeasure software
(Interactive measure system for bone histomorphometry,
Osteometrics, Atlanta, GA) and the following values
were assessed: Bone Volume/Total Volume (BV/TV),
Marrow Volume/Total Volume (MaV/TV) and Trabecular
Thickness (TbTh), at the subchondral area (above the tip
[27]
of the tunnel created for the insertion of the cryoprobe) .
The 4 groups treated with VEGF (t-VEGFμ, t-VEGFn,
t-VEGFpump-μ, t-VEGFpump-n) were compared with
each other, with the group treated with normal saline
(t-NS) and with the untreated group (No-t).

MATERIALS AND METHODS
After approval from the Institutional Animal Care and
Use Committee, cryosurgically-induced ON of the right
FH was established in 30 mature beagles (6 groups
[26]
with 5 specimens) . The canines were sedated with
Acepromazine and anesthetized with iv injection of
Thiopental. Anesthesia was maintained with endotracheal
intubation and inhalation of isoflurane, while a Fentanyl
patch provided analgesia during the procedure and
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Statistical analysis

Means and standard deviations were used to describe
the values of BV/TV, MaV/TV and TbTh across the
categories studied. Standard, as well as robust tests
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Figure 1 Cryosurgically-induced osteonecrosis of the femoral head (No-t group). The specimen was retrieved 12 wk postoperatively. A: Cancellous lamellar
bone (T) with empty bone lacunae (L) marked with arrows, and fibrotic/loose connective tissue marrow space (F), indicating osteonecrosis (Obj. × 10, H and E); B:
Lamellar compact bone (Lm) of cortical type, in between spaces filled with adipose tissue (A). The absence of nuclei in osteocyte’s lacunae (L) (marked with arrows)
indicates that the bone is necrotic (Obj. × 10, TB).

A

vT

T

B
vT

M

Figure 2 Osteonecrosis of the femoral head treated with a single injection of 500 μg vascular endothelial growth factor (t-VEGFμ group); specimen
retrieved 12 wk postoperatively. A well-formed cancellous bone network with thickened lamellar trabeculae is visible, while the in between spaces are filled with
normal marrow cells (M). A: Newly formed (vT) were noticed on the surface of the trabeculae (T) (Obj. × 10, H and E). B: Almost all trabeculae’s (T) surface is covered
by newly (vT) formed bone (Obj. × 10, TB).

A

B
vT

A

vT

Figure 3 Osteonecrosis of the femoral head treated with prolonged delivery of 500 μg of vascular endothelial growth factor through a pump (t-VEGFpump-μ
group). At 12 wk postoperatively, a well-formed trabecular network is visible, with slightly thickened lamellar trabeculae, and normal marrow cells and adipose tissue (A)
in between. A: Few trabeculae are covered by newly formed bone (vT), the presence of nuclei in lacunae is noticed (Obj. × 10, H and E); B: New bone (vT) formation
is observed on the surface of some trabeculae (Obj. × 10, TB).

(Welch, Brown Forsythe), of analysis of variance along
with multiple comparisons under the Tukey’s HSD
criterion, were carried out to detect statistically sig
nificant differences among the categories. Statistical
significance was set at 0.05 and the SPSS v21.0 was
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used for the analysis of the data.

RESULTS
The untreated group had signs of osteonecrosis (Figure
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Table 1 Bone volume/total volume and trabecular thickness mean values across the different groups (decalcified specimens)

BV/TV
No-t
t-NS
t-VEGFn
t-VEGFpump-n
t-VEGFpump-μ
t-VEGFμ
Total
TbTh
No-t
t-NS
t-VEGFn
t-VEGFpump-n
t-VEGFpump-μ
t-VEGFμ
Total

N

mean

SD

P -value vs No-t

P -value vs t-NS

P -value vs t-VEGF-n

5
5
5
5
5
5
30

29497
30902
35220
48250
47077
50450
40233

12265
6672
5256
6869
4677
6181
11039

NS
NS
0.006
0.011
0.002

NS
NS
0.013
0.023
0.004

NS
NS
NS
NS
0.036

5
5
5
5
5
5
30

107776
107149
108195
142307
156875
151445
128958

35146
35711
19986
28107
21965
19065
33361

NS
NS
0.380
0.088
0.161

NS
NS
0.361
0.082
0.151

NS
NS
NS
NS
0.168

Statistically significant differences for BV/TV are provided as estimated after the Tukey’s HSD criterion while non-significant differences and denoted as
“NS” or not shown. The same P-values are reported for TbTh for comparative reasons. BV/TV: Bone volume/total volume; TbTh: Trabecular thickness;
VEGF: Vascular endothelial growth factor; NS: Not significant.

1A and B), whereas the treatment groups revealed
reversal of the osteonecrosis (Figures 2A and B, 3A
and B) except the group treated with NS, that served
[26]
as control . Statistical analysis was performed in
the decalcified specimens (5 samples per group).
An additional analysis was performed in the totality
of specimens (5 decalcified and 2 non-decalcified; 7
samples per group except of the t-NS group where only
5 decalcified were included). Analysis of the decalcified
specimens revealed a significant difference in the
BV/TV and MV/TV ratio (BV/TV and MV/TV ratios are
complementary) between the VEGF treatment groups
(apart of the t-VEGFn group) and the untreated (No-t)
group or the t-NS control group (Table 1). A nonsignificant difference of the trabecular thickness (TbTh)
was observed between the VEGF (apart of the t-VEGFn)
treatment groups and the untreated (No-t) group or the
t-NS control group (Table 1).
Group t-VEGFμ had significantly better BV/TV ratio
and higher TbTh when compared to the untreated
group (No-t) (P = 0.002 and P = 0.161 respectively)
and the control t-NS group (P = 0.004 and P = 0.151
respectively) (Table 1, Figure 2A and B). Analogous
differences were found for the groups t-VEGFpump-μ (P
= 0.011 and P = 0.088 respectively for comparison with
the No-t group; P = 0.023 and P = 0.082 respectively
for comparison with the t-NS group) (Figure 3A and
B) and t-VEGFpump-n (P = 0.006 and P = 0.380
respectively for comparison with the No-t group; P =
0.013 and P = 0.361 respectively for comparison with
the t-NS group). The only group with different behaviour
was the t-VEGFn group with similar responses to the
No-t group for the BV/TV ratio and the TbTh (P = 0.823
and P = 1 respectively) and the control t-NS group (P =
0.937 and P = 1 respectively) (Table 1, Figures 4 and 5).
When the different VEGF treatment groups were
compared to each other, there was a hierarchic
response concerning the BV/TV ratio as following:

60

50

BV/TV

40

30

20

10
No-t

t-NS

t-VEGFn

t-VEGF
pump-n

t-VEGF
pump-μ

t-VEGFμ

Group

Figure 4 Comparative boxplot of the bone volume/total volume values
across the different groups for the decalcified specimens. BV/TV: Bone
volume/total volume; VEGF: Vascular endothelial growth factor.

200

175

TbTh

150

125

100

75

No-t

t-NS

t-VEGFn

t-VEGF
pump-n

t-VEGF
pump-μ

t-VEGFμ

Group

Figure 5 Comparative boxplot of the trabecular thickness values across
the different groups for the decalcified specimens. Higher box and whiskers
stand for higher TbTh values. TbTh: Trabecular thickness; VEGF: Vascular
endothelial growth factor.
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Table 2 Bone volume/total volume and trabecular thickness mean values across the different groups on the totality of specimens
(decalcified and non-decalcified)

BV/TV
No-t
t-NS
t-VEGFn
t-VEGFpump-n
t-VEGFpump-μ
t-VEGFμ
Total
TbTh
No-t
t-NS
t-VEGFn
t-VEGFpump-n
t-VEGFpump-μ
t-VEGFμ
Total

N

mean

SD

P -value vs No-t

P -value vs t-NS

P -value vs t-VEGF-n

7
5
7
7
7
7
40

26739
30902
38853
47485
44634
48005
39863

11135
6672
7591
7009
6638
6573
11013

NS
NS
< 0.001
0.002
< 0.001

NS
NS
0.011
0.053
0.008

NS
NS
NS
NS
0.27

7
5
7
7
7
7
40

97891
107149
120315
147738
149884
148194
129597

33316
35711
26799
28295
22642
16770
33360

NS
NS
0.020
0.014
0.018

NS
NS
0.145
0.111
0.137

NS
NS
NS
NS
0.42

Statistically significant differences are provided as estimated after the Tukey’s HSD criterion while non-significant differences and denoted as NS or not
shown. The same P-values are reported for TbTh for comparative reasons. BV/TV: Bone volume/total volume; TbTh: Trabecular thickness; VEGF: Vascular
endothelial growth factor; NS: Not significant.

t-VEGFμ > t-VEGFpump-n > t-VEGFpump-m > t-VEGFn,
with a significant difference between the t-VEGFμ and
t-VEGFn groups (P = 0.036) (Table 1). Analysis of the
totality of specimens enhanced the aforementioned
differences and also revealed significant differences also
in the comparison of the TbTh (Table 2).
Group t-VEGFμ had significantly higher BV/TV ratio
and TbTh when compared to the untreated group
(No-t) (P = 0.000 and P = 0.018 respectively). When
compared to the control t-NS group the differences
were higher or significantly higher (P = 0.008 and P
= 0.137 respectively for the BV/TV and TbTh) (Figure
2A and B). Analogous differences were found for
the groups t-VEGFpump-μ (P = 0.02 and P = 0.014
respectively for comparison with the No-t group; P =
0.053 and P = 0.111 respectively for comparison with
the t-NS group) (Figure 3A and B) and t-VEGFpump-n (P
= 0.000 and P = 0.020 respectively for comparison with
the No-t group; P = 0.011 and P = 0.145 respectively
for comparison with the t-NS group). The t-VEGFn
group had with similar responses to the No-t group for
the BV/TV ratio and the TbTh (P = 0.067 and P = 0.649
respectively) and the control t-NS group (P = 0.520 and
P = 0.962 respectively) (Table 2, Figures 6 and 7). The
hierarchic responses were the same with the decalcified
analysis (Table 2).

60

50

BV/TV

40

30

20

10
No-t

t-NS

t-VEGFn

t-VEGF
pump-n

t-VEGF
pump-μ

t-VEGFμ

Group

Figure 6 Comparative boxplot of the bone volume/total volume values
across the different groups for the decalcified and non-decalcified
specimens. BV/TV: Bone volume/total volume; VEGF: Vascular endothelial
growth factor.

200

175

TbTh

150

125

100

DISCUSSION

75

No-t

t-NS

t-VEGFn

t-VEGF
pump-n

t-VEGF
pump-μ

Osteonecrosis of the FH is a multifactorial disease
affecting mostly young individuals (average age 35-50),
leading to a subchondral bone infarct and to FH collapse
and finally to the destruction of the hip joint. Among all
controversial pathogenic mechanisms of ON, ischemic
injury, which results from interruption of the blood
supply and lack of oxygen, appears to be the most
convincing. Decreased blood flow is followed by death of

t-VEGFμ

Group

Figure 7 Comparative boxplot of the trabecular thickness values across
the different groups for the decalcified and non-decalcified specimens.
Higher box and whiskers stand for higher TbTh values. TbTh: Trabecular
thickness; VEGF: Vascular endothelial growth factor.
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Figure 8 Diagram summarizing potential interactions of vascular endothelial growth factor related to bone tissue healing in femoral head osteonecrosis.
VEGF: Vascular endothelial growth factor; HIF: Hypoxia–inducible factor; EPO: Erythropoietin; TNF: Tumor necrosis factor; IL: Interleukin.

bone and marrow elements. A process of repair is then
initiated by fibrovascular tissue invasion and osteoclasts
activation, followed by a temporary osteoblastic activity,
but unless the lesion is small, this repair process is
usually ineffective leading to eventual collapse of the
architectural bony structure of the FH and loss of hip
[1,2,4]
joint function
.
Core decompression is considered the gold standard
technique for the treatment of pre-collapse, early stage
ON (ARCO Ⅰ-Ⅱ) of the FH and reveals superior clinical
outcome in comparison with non-operative treatment
[6,10]
alternatives
. Other surgical options may include
rotational osteotomy, non-vascularized and vascularized
bone grafting, which might be enhanced with the use
of growth and differentiation factors and anterograde
osteochondral reconstruction in advanced, post-collapse,
[6-11,28]
. As the treatment
stages of ON (ARCO Ⅲ-Ⅳ)
of osteochondral defects in advanced stages of ON
remains an unresolved issue in orthopedic surgery most
young patients usually resulting in the terminal option
[6,12]
of the total hip arthroplasty
.
In order to overcome the disadvantages of traditional
therapies, scientists promote bone tissue engineering
techniques for achieving effective bone regeneration and
successful osteoinduction. It has been well established
that the growth, development and maintenance of bone
are highly regulated processes, which at the cellular
level involve the coordinated regulation of osteoblasts
and osteoclasts. Several molecular pathways regulate
the balance between osteoclasts and osteoblasts and
determine the role of bone remodeling. Osteoclastic
activity appears to be modulated by cytokines released
by osteoblasts. Numerous osteogenic growth factors
such as BMPs, TGF-β1, erythropoietin (EPO), platelet derived growth factor (PDGF) and granulocyte colony-
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stimulating factor (G-CSF) have been proposed as target
[10,11,29,30]
molecules for enhancing the osteoinduction
.
Blood supply is undoubtedly the absolute goal for any
tissue engineering manipulation of the musculoskeletal
[22,31]
system and osteonecrotic bone
. It is well understood
that the reconstruction of the local microcirculation is
[18]
prerequisite for effective bone regeneration . Since
angiogenesis and osteogenesis are highly coupled
and VEGF is one of the most important growth factors
for the regulation of vascular development we can
easily recognize it as a pivotal regulator of bone
[32]
repair . VEGF as a proinflammatory, angiogenic and
osteogenic cytokine regulates osteoblastic activity by
stimulating crosstalk between endothelial, osteoblastic
and hematopoietic cells in a paracrine manner and
it directly affects osteoblast functions via autocrine
[18,33]
mechanisms
. Moreover, the multipotent role of the
VEGF in the bone environment includes the regulation
of maturation and differentiation of osteoclasts, the
recruitment of MSCs and osteoprogenitor cells, the
promotion of the osteogenic differentiation of MSCs and
[22,34]
finally cartilage formation and resorption
. All these
studies demonstrate that the bone regeneration process
in the osteonecrotic microenvironment could be affected
by manipulation of VEGF levels (Figure 8).
In the present study the influence of the commonly
accepted as an angiogenic factor-VEGF on osteogenesis
was investigated in an experimental model of ONFH,
in mature beagles. Our results indicate that the
experimental model of osteonecrosis is reliable and
leads to uniform and reproducible osteonecrosis of the
[26]
FH in the canines . The surgical technique is relatively
easy and minimally invasive, leading to decreased
duration of the procedure and for that is well tolerated
by the animals. Other benefits of this canine animal
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use of a combination of growth factors and manipulat
ed progenitor cells to enhance bone repair and bone
[15,22-24,35,39,40]
renewal
.
In summary, in an experimental model of ONFH in
mature beagles it was found that the treatment with
VEGF leads to bone tissue remodeling and new bone
formation at the osteonecrotic site and subsequently
to reversal of ON. This study however, has some limi
tations; it is an experimental study in canines, and in
addition, the induction and treatment of ONFH (with local
infusion of VEGF) are almost simultaneous procedures.
Although local VEGF administration is known to promote
angiogenesis and enhanced new bone formation in ONFH
in our study, future studies should further investigate,
in a variety of experimental conditions, the role of VEGF
as a key molecule and essential player for therapeutic
strategies targeting bone reconstruction, so that an even
transition to clinical trials may be achieved.

model are the low costs of rearing, the nature of the
species as a representative of mammals, their body size
that allows accurate surgical treatment and radiographic
guidance or surveillance and the fact that can be
achieved histological patterns which are similar to those
of humans.
Moreover, we demonstrated that the use of the
VEGF affects in a positive and dose dependent
manner the necrotic bone and induces the process of
osseous regeneration. Since now it is well established
by numerous studies that there are strong indications
of a cellular and molecular pattern of angiogenic[18,19,22]
osteogenic coupling
. The restoration of bone
vascularity is an absolute parameter in the process of
osteoinduction, which is the target of any therapeutic
agent against osteonecrosis in the FH. As VEGF acted
in a dose dependent manner we conclude that the
optimal amounts of VEGF are critical for the therapeutic
outcome and probably depend on the size of the
necrotic area. The levels of exogenous VEGF for its
adequate activity are probably determined by both
the type of cells in which it acts and the production of
endogenous VEGF in them.
Taking into account that the analysis of the totality of
specimens (decalcified and non-decalcified) magnified
the differences between the subgroups we conclude that
the healing interaction of the VEGF over the osseous
tissue refers not only to the organic but to the inorganic
fraction of the bone matrix too. This is important as the
bone matrix serves as a reservoir for osteogenic growth
factors which are pivotal collaborators of VEGF during
[10,35]
bone repair
. It is essential for every therapeutic
agent against ONFH to achieve a good quality of bone
tissue during osseous regeneration.
Traditional administration of growth factors is limited
by their relatively short half-lives and potential side
[34]
effects . VEGF has a short half-life of 6-8 h, which
means that controlled and more sustained delivery
[19]
could be required to ensure its efficient activity .
Under all these considerations we administered VEGF
continuously in the necrotic FH with the use of an
osmotic micropump over a period of 14 d but without
transcendent outcome in comparison with single dose
injection. It seems that a high single, initial dose is
superior for the bone defect repair in this animal model
and that may reveal that VEGF has a nodal role at early
stages of the osteonecrotic bone healing procedure.
The optimal delivery model of VEGF needs to be further
studied. Utilizing a well-designed delivery system, like
specific slow release scaffolds or gene delivery projects
may better achieve bone regeneration and improve
its therapeutic effect by stabilizing it against rapid
[22,35-37]
degradation
.
The results of previous studies supported that the
[29,38]
vascular network induced by VEGF alone is immature
.
There is obviously a wide network of molecules regulat
ing bone regeneration such as BMPs, leptin, HIF, TGF,
IGF and EPO. Even if VEGF is sufficient to improve
revascularization, recently scientists introduced the
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ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Numerous studies have emphasized the association of multiple risk factors,
including alcohol consumption, glucocorticoids, trauma, autoimmune diseases,
thrombophilia, genetic and metabolic components with secondary osteonecrosis
(ON). ON of the femoral head (FH) is a debilitating disease that usually leads to
osteoarthritis of the hip joint in young adults and up to now total hip replacement
is predestinate in the long term.

Research motivation

Early diagnosis and management aims to suspend the process of joint
destruction through enhancement of bone repair and bone renewal. In the
early stages of ONFH there are surgical alternatives to restrain the progressive
destruction of the subchondral bone such as core decompression, osteotomy,
non-vascularized or vascularized bone grafting. This study extended the
prospect of use growth and angiogenic factors for the process of repair at the
necrotic trabeculae of the FH.

Research objectives

The main aim of this research project was to evaluate the treatment of ONFH
with the use of vascular endothelial growth factor (VEGF).

Research methods

An experimental model of cryosurgically-induced ONFH in canines was used to
assess the power of our hypothesis that VEGF could be a crucial therapeutic
factor for bone tissue remodeling and reversal of osseous degradation during
the treatment of ON. VEGF (2 different doses of 500 μg and 500 ng) was either
injected in a single dose or administered continuously in the necrotic area
with the use of an osmotic micropump, while in a control group 0.9% sodium
chloride (NS) was injected in the necrotic area.

Research results

The untreated group had signs of ONFH, whereas the treatment groups
with VEGF revealed reversal of the osteonecrosis, except the group treated
with NS, that served as control. These findings demonstrate that the bone
regeneration process in the osteonecrotic microenvironment could be affected
by manipulation of VEGF levels.

Research conclusions

We demonstrated that the use of the VEGF affects in a positive and dose
dependent manner the necrotic bone and induces the process of osseous
regeneration. Since now it is well established by numerous studies that there
are strong indications of a cellular and molecular pattern of angiogenic-
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osteogenic coupling. The restoration of bone vascularity is an absolute
parameter in the process of osteoinduction, which is the target of any
therapeutic agent against ONFH.

12

Research perspectives

In a reproducible experimental model of ONFH in mature beagles it was found
that the treatment with VEGF leads to bone tissue remodeling and new bone
formation at the osteonecrotic site and subsequently to reversal of ON. Besides
that, the optimal delivery model of VEGF needs to be further studied. Utilizing
a well-designed delivery system, like specific slow release scaffolds or gene
delivery projects, may potentially lead to better bone regeneration and improve
VEGFs therapeutic effect by stabilizing it against rapid degradation. Even if
VEGF is sufficient to improve revascularization, recently scientists introduced
the use of a combination of growth factors and manipulated progenitor cells to
enhance bone repair and bone renewal. Although local VEGF administration
is known to enhance new bone formation in ONFH in our study, future studies
should further investigate, in a variety of experimental conditions, the role
of VEGF as a key molecule and essential player for therapeutic strategies
targeting bone reconstruction, so that an even transition to clinical trials may be
achieved.
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Abstract
AIM
To investigate the structural and functional characte
ristics of palmar hypodermal tissue vascularization
in Dupuytren’s contracture patients of different age
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groups.

times less than that in the older group. Both
age groups were characterized with constrictive
arterial remodeling, especially the younger group,
but quantitative signs of compensatory capillaroand arteriologenesis were more prominent in the
younger group.

METHODS
Eighty-seven Dupuytren’s contracture patients
underwent partial fasciectomy. Twenty-two of them
were less than 55 years old (Y-group, n = 22); the
others were 55 and older (O-group, n = 65). In
surgically excised representative tissue samples,
a histomorphometric analysis of the perforating
arteries of the palmar aponeurosis and stereologic
analysis of hypodermis vascularity were performed.
The method of laser flowmetry estimated the
microcirculation of the skin of the palm.

Shchudlo N, Varsegova T, Stupina T, Dolganova T, Shchudlo M,
Shihaleva N, Kostin V. Assessment of palmar subcutaneous tissue
vascularization in patients with Dupuytren’s contracture. World J
Orthop 2018; 9(9): 130-137 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v9/i9/130.htm DOI: http://dx.doi.
org/10.5312/wjo.v9.i9.130

RESULTS
Frequency of cases with rapid development of
contracture (less than 5 years) was 13.6% in
the Y-group and 40% in the O-group, P < 0.05.
The external and luminal diameters of perforating
arteries in palmar fascia were decreased more
severely in Y. The thickness of intima increased
three times compared with healthy control, and the
intima/media relation also increased, especially in
O. Increased numerical and volumetric micro-vessel
densities in hypodermis, percentage of large vessels
(more than 12 µm in diameter), and percentage of
vessels with signs of periadventitial inflammatory
infiltration were noted in Y. The percentage of
vessels with adventitial fibrosis was greater in O
than in Y. Base capillary flow in Y was increased
compared to healthy control subjects and to O, and
peak capillary flow was increased in comparison
with control.

INTRODUCTION
Dupuytren’s disease (palmar fascial fibromatosis) relates
to fibro-proliferative pathology of unknown cause that
affects predominantly palmar and digital fasciae, limits
finger extension, and causes a progressive contracture
of metacarpophalangeal and interphalangeal joints
and persistent hand deformity. The prevalence of the
disease in different countries varies significantly and
is caused by geographic factors, ethnic peculiarities,
[1]
age, and gender population composition . In most of
countries, it affects mainly men over 40 years old. Risk
factors for Dupuytren’s contracture remain a topic of
discussion. The independent role of alcohol, smoking
and the aggravating effect of their combination, the
role of chronic traumatization during manual labor,
[2,3]
and effects of vibration have been proven . The main
mechanisms of pathogeny are expression of genes,
[4]
controlling fibrosis and tissue remodeling , vessel
narrowing, tissue hypoxia, and formation of free radicals
[5]
[6]
and active forms of oxygen , reactive inflammation .
Pathologically changed tissues in Dupuytren’s
contracture represent fibromatosis nodules and chords
with different microscopic structures. Nodules are
characterized by increased vascularity and abundant
fibroblasts, and among them there are plenty of
myofibrolasts with contractile properties; cords contain
less cellular elements and are relatively avascular
but rich in collagen. Transforming growth factor β is
considered the main modulator of myofibroblast trans
[7]
differentiation . Palmar fascial fibromatosis is a kind of
[8]
reactive proliferation, but not like tumor processes ,
[9]
although it was characterized by infiltrative growth
in hypodermis, dermis, tendons sheaths, and joints
capsules. On the other hand, in the skin and hypodermis
of Dupuytren’s contracture patients, high expression
[10]
of stem cells markers was revealed . Stem cells are
considered an additional source of fibroblasts and
myofibrolasts proliferation. Laminin-rich blood vessels
[11]
also act as the centers of myofibrolasts proliferation .
Substantial differences in genes expression were
noted in the hypodermis but not in skin of Dupuytren’s
[12]
contracture patients compared to healthy individuals .

CONCLUSION
Compared to the O-group, Y-group patients exhibited
more severe constrictive remodeling of palmar
fascia perforating arteries supplying hypodermis
but more expressed compensatory changes of its
capillarization.
Key words: Dupuytren’s contracture; Laser Doppler
flowmetry; Hypodermis; Histo-morphometry; Palmar
fascia
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study comparing
the incidence of quick development of Dupuytren’s
contracture (less than 5 years) and peculiarities
of palmar hypodermal tissue vascularization and
microcirculation in two age groups of patients
undergoing partial fasciectomy. The quantitative
characteristics of palmar fascia perforating arteries
remodeling, the hypodermal adipose tissue
vascularization, and skin microcirculatory flow in
patients with Dupuytren’s contracture depending
on age were represented for the first time. In
patients younger than 55 years, the incidence
of rapidly progressive contracture was two, nine
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In type 2 diabetes, the severity of insulin resistance is
[13,14]
determined by changes in vascularity of hypodermis
.
A characteristic feature of Dupuytren’s contracture
[9]
tissues is plenty of young vessels , but the influence
of tissue vascularization on the course of the disease is
unclear. There are contradictory reports regarding the
impact of patient’s age on disease onset, progression,
[15,16]
and recurrence
. Vascularization of hypodermis in
Dupuytren’s contracture patients of different age groups
has not been studied. The aim of our research is to
investigate the structural and functional characteristics of
palmar hypodermal tissue vascularization in Dupuytren’s
contracture patients of different age groups.

Figure 1 Assessment of skin microcirculation in patient with Dupuytren’s
contracture using laser Doppler flowmetry and local ischemic test.

MATERIALS AND METHODS
volume fraction in a series of histological sections. The
percentages of vessels with signs of periadventitial
inflammatory infiltration and periadventitial fibrosis were
determined. In digital images of transverse sections of
perforating palmar aponeurosis arteries (magnification
500 ×), their outside diameters, lumen diameters, wall
thickness, intima thickness, and media thickness were
measured and intima/media ratio was counted. Patients
with acute hand wounds (n = 3) were used as the source
of small tissue samples from normal palmar aponeurosis.

Patient’s characteristics

At the FSBI Russian Ilizarov Scientific Center, 236
patients with Dupuytren’s contracture were operated on
2013 through 2018. Age of the patients ranged from 27
to 84 years. All of them gave prior informed consent for
surgery. The study protocol was approved by the ethics
committee of the institution. At the time of surgery, in
most cases, the contracture matched the stages 2-3
[9]
according to R. Tubiana classification, but four patients
had stage 4. The inclusion criteria included histologically
confirmed clinical diagnosis of Dupuytren’s contracture
and detailed anamnesis morbi in the case report. The
exclusion criterion was the acute trauma of the hand in
anamnesis. For clinical characteristics, the following data
were taken into account: age, sex, duration of clinical
signs of fibromatosis, bilateral affection and number of
fingers with impaired function, and comorbid conditions.

Laser doppler flowmetry

Assessment of microcirculation of skin tissues was
carried out using laser doppler flowmetry (LDF) with
a BLF 21 monitor (Transonic System Inc., Ithaca, NY,
United States), calibrated according to manufacturer’s
recommendations. The apparatus was equipped with
a standard fiber separation probe (0.25 mm) and laser
wavelength of 780 nm with a measurement depth of
0.5-1.0 mm. The method of LDF examines vessels of
the microcirculatory bed, located in the dermis and
hypodermis. The probe was placed on the palmar
surface of the hand (Figure 1) on areas of pronounced
fibromatosis (bases of Ⅳ-Ⅴ fingers) and fastened with
a double-sided adhesive membrane. Measurements of
LDF were expressed in arbitrary units of perfusion (PU).
To study the mechanisms involved in the regulation
of tissue blood flow, a local ischemic test including the
installation of an occlusive cuff on the forearm was
performed. After registration of capillary flow at rest
(microcirculatory flow base - MFB) and after 3 min
of ischemia (microcirculatory flow peak - MFP), the
index of peak microcirculatory blood flow was counted:
IMFP = MFP/MFB × 100% - percentage of increase in
capillary blood flow after cuff release. Time of hyperemic
response - from the moment of cuff release to maximal
growth of capillary blood flow, velocity of hyperemic
response - velocity of growth of microcirculatory flow
from the moment of cuff release to maximal capillary
blood flow, time of half-recovery, speed of half-recovery,
time of full microcirculatory blood flow recovery,
duration of hyperemic response, and the intensity (area)

Histological analysis

Tissue samples of pathologically changed palmar
aponeurosis with hypodermis from 87 patients were
fixed in a mixture of 20 g/L solutions of glutaraldehyde
and paraformaldehyde in phosphate buffer (рН 7.4)
adding 1 g/L picric acid. Then according to standard
protocols, samples were embedded in paraffin. For
preparation of histological sections (thickness 5-7
μm), the Reichert microtome (Vienna, Austria) was
used. Sections were stained with hematoxylin-eosin,
Masson’s trichrome method was used for collagen,
and Weigert-van Gieson’s was used for elastic fibers
selective evaluation. Digital images of the fields of view
of the photomicroscope “Оpton” (Oberkochen, Germany)
were obtained using the “DiaMorph” hardwaresoftware complex (Moscow, Russia). Histomorphometry
was performed with the PhotoFiltre and “VT-MasterMorphology” programs (VideoTest, St. Petersburg,
Russia). From each tissue sample, 30 visual fields were
obtained (magnification 200 ×). Using the electronic
version of the test grid for point-counting method the
percentage of adipocytes, numerical and volumetric
vessels densities were assessed. Numerical density
is the number of blood vessels profiles per unit area
of histological section; volumetric density is their
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Table 1 Characteristics of Dupuytren’s contracture patients (n = 87) n (%)
Parameter

Value

Demographic characteristics
Age (M ± σ) (min-maх)
Male:Female relation
Status localis
Frequency of bilateral affection
Duration of disease, years – (min-max) - Me (Q1; Q3)
Level of contracture – (min-max) - Me (Q1; Q3)
Number of fingers with impaired function (Min-max) - Me (Q1; Q3)
Comorbid conditions
Arterial hypertension
Ischemic heart disease
Chronic cardial insufficiency
Postinfarction cardiosclerosis
Diabetes type 2
Chronic obstructive pulmonary disease
Chronic hepatitis
Neuritis of the auditory nerve
Urolithiasis disease
Obesity
Extremal active smoking

(59 ± 10) (24-83)
8:01
28 (32, 18)
(0.5-20) - 5 (4; 10)
(2-4) - 2.5 (2; 3)
(1-8) - 2 (1-2)
41 (47.1)
5 (5.7)
3 (3.4)
2 (2.3)
4 (4.6)
6 (7.8)
6 (7.8)
4 (4.6)
2 (2.3)
2 (2.3)
7 (8.0)

of the hyperemic response were also defined.

preparations, along with arteries of a typical structure
(Figure 2A), there are arteries in the state of constrictive
remodeling that differ from normal by a significant
narrowing of the lumen. In some cases, such arteries
are characterized by pronounced fibrosis of adventitia
and contraction of the muscular layer (Figure 2B) but
preserved integrity of the internal elastic membrane. In
the luminal lining of such arteries, there are only single
neo-intimal cells - modified smooth muscle cells. In
other cases, the narrowing of the lumen of remodeled
arteries is due to the presence of a pronounced poly
morphic cell neo-intimal layer (Figures 2C and E). The
specific coloration of elastin allowed for visualization of
damage to the internal elastic membrane (Figure 2D),
which were residual fragments of the old (pre-existing)
internal elastic membrane, and a network of newly
formed elastic fibers in the thickness of the neo-intima
(Figure 2F).
The hypodermal tissue adjacent to the surface
layer of the palmar aponeurosis was characterized
by increased vascularization. Thick-walled capillaries
were located singly (Figure 3A) or in the form of
clusters. Perivascular spaces were often infiltrated
with inflammatory cells (Figure 3B), which in some
cases formed continuous multicellular cuffs (Figure 3C
and D). In some loci of the hypodermis, pronounced
perivascular fibrosis (Figures 3C, E and F), replacement
of fat cells with collagen deposits, and perivascular
clusters of fibroblasts were evident (Figure 3F).
With morphometric analysis, it was established
that the outer diameter and diameter of the lumen
of the perforating arteries of the palmar aponeurosis
were reduced in comparison with the control in both
Dupuytren’s contracture groups, but this reduction
was greater in the Y-group than the O-group (Table 2).
The thickness of the artery wall was also increased in
comparison with the control, but this increase was greater

Statistical analysis

After obtaining the parameters of descriptive statistics,
all samples of quantitative data were evaluated for the
normality of distribution using the Shapiro-Wilk test.
For some samples, the normality hypothesis was not
confirmed. The majority of quantitative characteristics
were represented in tables in the form of medians and
quartiles [Me (Q1; Q3)]. The hypothesis of differences
was tested using non-parametric Wilcoxon and
Mann-Whitney criteria and exact Barnard test with a
significance level of 0.05. For all statistical treatments,
the software package Attestat Program (version 9.3.1,
developed by Gaidyshev IP, Certificate of Rospatent
official registration No. 2002611109) was used.

RESULTS
Patient’s characteristics

General characteristics of Dupuytren’s contracture
patients are presented in Table 1. Out of 87 patients,
22 (25.3%) noted the first symptoms of palmar
fibromatosis at the age of less than 50 years and were
younger than 55 at the time of surgery (Y-group). The
remaining 65 patients were aged 50 years and older
at disease onset and they were 55 and more years
old at the time of surgery (O-group). These groups
differed in the frequency of cases, with a rapidly
progressive development of contracture (less than 5
years) in Y-group 13.6% and in O-group 40.0% (P =
0.029161528). The incidence of cardiovascular diseases
in the Y-group was 27.3%, and in the O-group 61.5% (P
= 0.001772739).

Histological findings

According to microscopic examination of histological
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A

B

C

D

E

F

Figure 2 Transverse paraffin sections of palmar fascia perforating arteries from Dupuytren’s contracture patients. A: Almost normal structure of perforating
artery; B: Adventitial fibrosis, constriction of media and deformity of artery lumen; C: Artery with thick neointimal layer; D: The same artery with breakdown of internal
elastic laminae evident due to specific elastin staining (dark brown); E: Extreme lumen narrowing due to neointimal thickening; F: Residual fragments of old internal
elastic laminae newly formed elastic fibers in the neointimal layer. Staining: Hematoxylin-eosin (A, B, C, E); Weigert - van Gieson (D, E). Magnification 200 ×.

B

A

D

C

E

F

Figure 3 Fragments of hypodermis paraffin sections from Dupuytren’s contracture patients. A: Thick-walled capillaries in adipose tissue of hypodermis; B:
Inflammatory infiltration of vascular pool; C: Multilayered round-cellular cuff outside the narrowed vessel; D: Perivascular and intramural infiltration with lymphocytes
and macrophages; E: Pronounced perivascular fibrosis; F: Collagen deposits and perivascular clusters of fibroblasts. Staining: Hematoxylin-eosin. Magnification 200 ×.

extent in the O-group. Both groups are characterized by
a reliable approximately three-fold increase in intimal
thickness, statistically insignificant thinning of the medial
layer, and an increased intima/media thickness ratio

WJO|www.wjgnet.com

compared to control. Intima thickness and intima/media
thickness ratio were significantly greater in the O-group
than in the Y-group.
The Y-group was characterized by a higher content

134

September 18, 2018|Volume 9|Issue 9|

Shchudlo N et al . Palmar subcutaneous tissue vascularization in Dupuytren’s contracture
Table 2 Morphometric characteristics of palmar fascia perforating arteries in healthy control and Dupuytren’s contracture groups [Me
(Q1/Q3)]
Group/parameters
Diameter
of artery (μm)
Lumen
diameter (μm)
Wall thickness (μm)
Thickness
of intima (μm)
Thickness
of media (μm)
Intima/media thickness
ratio

Healthy control n = 3

Y-group (< 55 yr of age) n = 8

O-group (≥ 55 yr of age) n = 19

412.8
(351.43/506.31)
243.15
(223.07/326.52)
89.03
(65.97/88.88)
8.41
(7.80/0.82)
58.45
(44.01/60.28)
0.18
(0.12/0.24)

31566 (306.96/326.91)a,c
P2 = 0.000332; P3 = 0.136006
151.56 (94.72/153.90)a,c
P2 = 0.000736; P3 = 0.249671
92.16 (80.88/106.12)c
P2 = 0.49959; P3 = 0.010846
22.26 (14.79/33.42)a
P2 = 0.004998; P3 = 0.355126
46.52 (38.08/60.30)
P2 = 0.37436; P3 = 0.924826
0.53 (0.25/0.55)a
P2 = 0.001992; P3 = 0.282078

334.85 (309.06/441.19)a
P1 = 0.010485
178.19 (113.78/246.52)a
P2 = 0.007253
117.98 (98.37/133.13)a
P2 = 0.004483
25.37 (21.16/41.75)a
P2 = 0.000463
46.77 (38.26/64.03)
P2 = 0.17192
0.68 (0.33/0.96)a
P2 = 0.000198

P < 0.05 vs Healthy control; cP < 0.05 vs O-group.

a

Table 3 Stereologic characteristics of hypodermis from Dupuytren’s contracture patients
Group/parameters

Y-group (< 55 yr of age) n = 15

Percentage of adipoсytes in serial sections of
Dupuytren’s tissue sample [Me (Q1/Q3), %]
Numerical microvessels density [Me (Q1/Q3), μm-2]
Volumetric microvessels density [Me (Q1/Q3), %]
Relative number of microvessels with signs
of periadventitial inflammatory infiltration
Relative number of microvessels with signs of
adventitial fibrosis
Microvessels diameters [Me (Q1/Q3), μm]

35.05 (23.40/40.09)a
P1 = 0.000338
5 (4/7)a
P2 = 0
2.48 (1.44/4.13)a
P2 = 8.88 × 10-16
21.84a
P2 = 1.69 × 10-5
4.48a
P2 = 0.002358
12.55 (9.26/18.05)a
P2 = 0.019425

O-group (≥ 55 yr of age) n = 14
27.79 (19.37/32.82)
3 (2/4)
1.16 (0.52/2.12)
12.93
8.19
11.58 (8.67/16.84)

a

P < 0.05 vs O-group.

of adipocytes in the hypodermis and aponeurosis
tissue than the O-group (Table 3). The numerical and
volumetric density of the vessels in the hypodermis,
as well as the percentage of vessels with signs of periadventitial inflammatory infiltration, was also larger
in the Y-group. The O-group was characterized by a
greater degree of perivascular fibrosis. The average
diameter of the vessels was significantly higher in the
Y-group. The percentage of vessels with a diameter
greater than 12 μm in the Y-group was 47.1%, and in
the O-group it was 41.2% (P = 0.039384).

DISCUSSION
The role of adipose tissue in the pathogenesis of
Dupuytren’s contracture has been extensively studied.
The prevalence of the disease in older age groups
was associated with less content of adipose tissue in
fascial structures and hypodermis and corresponding
reduction of its protective-amortization role during
[17,18]
chronic hand traumatization
. Besides peculiarities
of the lipid composition in adipose tissue, the similarity
of gene expression in adipose tissue and in fibromatous
nodes was established in patients with Dupuytren’s
[12]
contracture . The role of adipose tissue in angiogenesis
[19]
is known , and the presence of markers of angio
genesis in Dupuytren’s contracture palmar aponeurosis
[20]
was proved . The composition of the luminal lining
of microvessels revealed potential precursors of
[21]
myofibroblasts .
In this study, the quantitative characteristics of the
hypodermal adipose tissue vascularization in patients
with Dupuytren’s contracture were represented for the
first time. It has been established that the perforating
arteries of the palmar aponeurosis, which give rise to
the vascular plexus of the hypodermis, are in a state

Investigation of microcirculation

The base microcirculatory flow in the Y-group was
significantly increased in comparison with the norm and
the O-group (Table 4). Peak microcirculatory flow in the
Y-group was also increased but only in comparison with
corresponding norm. In the O-group, the index of peak
microcirculatory flow was increased compared to norm
and the Y-group. Both patients’ groups differed from
healthy controls, with more pronounced variability of
post-occlusive hyperemia as well as a more pronounced
difference in their right and left arms.
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Table 4 Parameters of microcirculatory flow and post-occlusive hyperemia test in Dupuytren’s contracture patients in younger (DCY)
and older (DCO) groups and healthy controls (Norm) in different age groups [Me (Q1/Q3)]
Parameters

Norm (25-54 yr of age)
n = 22

DCY (< 55 yr of age)
n =6

Norm (55-70 yr of age)
n =6

DCO (≥ 55 yr of age)
n = 18

33 (23/54)
4 (3.5/5.7)
14.7 (11.8/18.3)
340 (232/443)
15 (10/25)
0.62 (0.50/0.81)
45 (15/75)
0.18 (0.14/0.34)
247 (205/380)
270 (180/300)

52 (45/54)
15.45c (8.4/20.6) P3 = 0.020
27.5c (22.2/44.4) P3 = 0.002
218.5 (125/488)
17.5 (10/30)
0.56 (0.14/1.19)
30 (5/60)
0.96 (0.16/1.54)
212 (40/600)
242 (55/660)

59 (55/63)
3.5 (2.55/4.7)
18.2 (8.15/18.7)
373 (223/449)
20 (20/25)
0.52 (0.15/0.55)
35 (20/70)
0.2 (0.11/0.28)
147 (125/190)
165 (150/210)

66 (59/69)
4.15a (3.1/7.8) P2 = 0.019
20.1 (16.7/24.6)
508 (336/544) P2 = 0.045
20 (15/90)
0.81 (0.21/1.09)
40 (30/130)
0.28 (0.09/0.49)
400 (90/600)
515 (120/700)

1127 (705/1830)

2799 (193/6216)

1575 (474/2202)

3804 (1110/5084)

Age
Microcirculatory flow base (PU)
Microcirculatory flow peak (PU)
Microcirculatory flow peak index (%)
Time of hyperemic response (s)
Velocity of hyperemic response (PU/s)
Time of half-recovery (s)
Speed of half-recovery (PU/s)
Time of full recovery (s)
Duration of hyperemic response (s)
Intensity (area) of hyperemic
response (relative units)
a

P < 0.05 vs DCY; cP < 0.05 vs corresponding norm. DCY: Dupuytren’s contracture patients in younger; DCO: Dupuytren’s contracture patients in older.

progression of contracture was higher in the older
group. The secondary hypothesis of our study is that
the use of therapeutic angiogenesis in patients operated
on for Dupuytren’s contracture will slow the recurrence
and spread of fibromatosis.
In conclusion, more severe constrictive remodeling
of palmar fascia perforating arteries supplying the
hypodermis was revealed in patients younger than 55,
but the increased vascularization of the hypodermis
serves as a compensatory-adaptive mechanism that
slows the development of fibromatosis and contracture.

of constrictive remodeling. Such a remodeling was
characterized by a reduction of arteries outside and
luminal diameters, and in patients older than 55 years it
was accompanied with thickening of the arterial wall.
In both age groups, the thickness of the intima and
intima/media thickness ratio were increased compar
ed to control. In the older age group, a significantly
higher incidence of arterial hypertension and other
cardiovascular diseases were noted. A more pronounced
decrease in the external diameter and lumen of the
perforating arteries in the younger age group suggests
that constrictive remodeling of arteries is mainly
associated with the development of fascial fibromatosis
rather than cardiovascular diseases. This assumption is
consistent with the results of a study of normotensive
patients with another rheumatic disease - systemic
[22]
lupus erythematosus .
A limitation of our study was the small sample
size of patients in the post-occlusive hyperemia test.
However, the increased variability of its characteristics
in comparison with the norm and the large difference in
the parameters of the right and left hands suggest that
this sample, and in particular the area of the hyperemic
response, may reflect the severity of pathological and
compensatory-adaptive changes. In patients with
ischemic heart disease, the area of hyperemic response
[23]
was relevant to endothelial dysfunction . We assumed
that a study with a large sample of patients with
Dupuytren’s contracture before and after the operation
will clarify the role of microcirculation in the development
of individually oriented treatment protocols.
The larger numerical and volumetric densities
of microvessels in the hypodermal tissue in patients
younger than 55 years of age compared to those
in the older age group are consistent with larger
microcirculatory blood flow. These data, combined
with a significantly greater proportion of vessels with a
diameter of more than 12 μm, indicate more pronounced
processes of capillary and arteriologenesis. We have
not, however, used angiogenesis markers, and this is
another limitation of our study. The incidence of quick

WJO|www.wjgnet.com

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Patients with Dupuytren’s contracture are numerous in hand clinics. In most
cases, conservative treatment is not curable. Surgical excision of diseased
tissue and correction of contracture are effective but the risks of recurrence and
extension of pathological changes are high. Measures of successful influence
on course of the disease are absent.

Research motivation

Multiple studies of Dupuytren’s disease deal with transformations of connective
tissue, its molecular mechanisms, peculiarities of cells immuno-histochemical
phenotypes, and gene expression. Though vascular remodeling mediates
pathogenesis of various diseases, little is known about changes in palmar fascia
and hypodermis vascularity in Dupuytren’s contracture patients - especially its
quantitative characteristics.

Research objectives

We wanted to analyze histological morphometric parameters of palmar fascia
arteries and microvascularity of palmar hypodermis of Dupuytren’s contracture
patients and to assess the functional parameters of microcirculation of palmar
skin tissues. The main purpose was to present peculiarities of structural and
functional characteristics of palmar hypodermal tissue vascularization in
different age groups and to determine whether these groups differ in the rate of
progression of the hand deformity.

Research methods

We identified clinical characteristics of Dupuytren’s contracture patients (n =
87), morphometric characteristics of palmar fascia perforating arteries (n = 30),
stereologic characteristics of hypodermis, parameters of microcirculatory flow,
and post-occlusive hyperemia test (n = 52) in Dupuytren’s contracture patients
in younger and older groups and healthy controls in different age groups.
Methods were standard, but to the best of our knowledge, they had not been
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used for Dupuytren’s contracture research.

9

Research results

Cases with rapid progression of hand deformity (less than 5 years) were more
common in older patients (55 and more years old). Signs of arterial constrictive
remodeling were more prominent in the younger group. Adipocytes content,
microvessel density, and per cent of microvessels with signs of inflammatory
infiltration were bigger in the younger group. Vessels with adventitial fibrosis
were seen more often in the older group. Base capillary flow in the younger
group was bigger than the healthy control subjects and the older group; peak
capillary flow was increased in comparison with control.

10
11

Research conclusions

12

Constrictive remodeling of palmar fascia arteries in studied groups of patients
was associated with the development of fascial fibromatosis rather than
cardiovascular disease. In patients younger than 55 years, old compensatory
changes of the microcirculatory bed in palmar hypodermis contributed to more
benign course of the disease.

13

Research perspectives

Further analysis of functional and structural characteristics of blood vessels
in different age and comorbidity groups of Dupuytren’s contracture patients
are necessary for development of effective vasogenic therapy, which may
effectively influence disease progression and extending.

14
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Abstract
AIM
To present our results on the use of a single rod instru
mentation correction technique in a small number of
patients with major medical co-morbidities.

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

METHODS
This study was a prospective single surgeon series.
Patients were treated with single rod hybrid constructs
and had a minimum 2-year follow-up. Indications included
complex underlying co-morbidities, conversion of growing
rods to definitive fusion, and moderate adolescent
idiopathic primarily thoracic scoliosis with severe eczema
and low body mass index (BMI).
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RESULTS
We included 99 consecutive patients. Mean age at
surgery was 12.8 years (SD 3.5 years). Mean scoliosis
correction was 62% (SD 15%) from 73° (SD 22°) to
28° (SD 15°). Mean surgical time was 153 min (SD 34
min), and blood loss was 530 mL (SD 327 mL); 20% BV
(SD 13%). Mean clinical and radiological follow-up was
3.2 years (range: 2-12) post-operatively. Complications
included rod failure, which occurred in three of our
complex patients with severe syndromic or congenital
kyphoscoliosis (3%). Only one of these three patients
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required revision surgery to address a non-union. Our
revision rate was 2% (including a distal junctional
kyphosis in a Marfan’s syndrome patient).

and reduced implant cost. There is only one direct
comparison of single and double rod instrumentation
in the treatment of adolescent idiopathic scoliosis
(AIS). This demonstrates superiority of the double
rod technique and a higher rate of rod breakage
with single rods (21% compared to 4% with double
[4]
rods) . Mechanical testing of single-rod and double-rod
segmental hook fixation constructs with hooks at every
level except the apex in a long-segment animal model
(calf spines) indicated that over 12 vertebral segments
the single rod instrumentation allowed more neutral
[5]
zone rotation than the double rod construct . There
remains interest in using a single rod technique in highrisk patients, such as children with Duchenne muscular
dystrophy (DMD), in order to minimize duration and
[6]
morbidity of surgery .
This study reports a prospective series of patients
treated by a single surgeon with a single rod hybrid
technique in an effort to reduce peri-operative morbidity.
The indications for use of this technique are discussed
and the post-operative clinical, radiological, and functional
outcomes are reported.

CONCLUSION
The single rod technique has achieved satisfactory
deformity correction and a low rate of complications in
patients with specific indications and severe underlying
medical conditions. In these children with significant
co-morbidities, where the risks of scoliosis surgery are
significantly increased, this technique has achieved
low operative time, blood loss, and associated surgical
morbidity.
Key words: Pediatric scoliosis; Indications; Spinal
deformity; Surgery; Spinal fusion; Single rod technique;
Outcomes
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We reviewed 99 pediatric patients treated
for scoliosis with a single-rod hybrid technique. They
belonged in three groups: Group A included 62 patients
with complex deformities and low body mass index (BMI)
associated with medical co-morbidities increasing the
risk of cardiac, respiratory, neurological complications
and intra-operative blood loss; group B included 21
patients treated with growing rod lengthenings who
underwent spinal fusion; group C included 16 patients
with moderate adolescent idiopathic scoliosis, low
BMI, and severe eczema at risk of wound or systemic
infection. The single-rod technique has achieved and
maintained at follow-up good deformity correction with
low surgical time, blood loss, and surgical morbidity.

MATERIALS AND METHODS
We reviewed 99 patients who underwent surgical
correction of scoliosis using a single rod hybrid technique
between 2005 and 2015. Indications for this technique
over the traditional dual rod construct which is the
standard of care in our practice, included high risk of
neurological/cardiac complications and intra-operative
bleeding, low body mass index (BMI), previous partial
fusion due to long-term use of growing rods, and preexisting severe eczema. Eighty-seven patients underwent
posterior and 12 patients with early onset scoliosis (10
idiopathic - 2 syndromic) combined one-stage anterior/
posterior spinal fusion. Operative data included surgical
time, blood loss (recorded as a volume and percentage
of body weight [percentage by volume - blood volume]),
and problems related to intra-operative neuromonitoring. Radiographs were examined pre-operatively
[7]
to include curve severity (using the Cobb method ),
[8]
skeletal maturity (Risser grade ), and location of curve
[9]
apex . Clinical and radiological review was performed
post-operatively at mean follow-up 3.2 years (range:
2-12). Patient reported outcomes (Scoliosis Research
Society-22 questionnaire) were available for patients
with AIS before and after surgery. Statistical analysis was
made using standard descriptive terms and the Microsoft
Excel for Mac 2016 (Microsoft, Redmond, WA, United
States).

Tsirikos AI, Loughenbury PR. Single rod instrumentation in
patients with scoliosis and co-morbidities: Indications and
outcomes. World J Orthop 2018; 9(9): 138-148 Available from:
URL: http://www.wjgnet.com/2218-5836/full/v9/i9/138.htm
DOI: http://dx.doi.org/10.5312/wjo.v9.i9.138

INTRODUCTION
Dual rod instrumentation has become the standard
of care for scoliosis correction. The use of bilateral
segmental pedicle screw fixation over two rods can
produce effective coronal and axial deformity correction
[1-3]
and a stable construct whilst fusion occurs . In most
surgical techniques, the majority of curve correction
occurs during placement of the first rod with the second
rod providing additional stability in the post-operative
period while the bone grafts are healing. Use of a
single rod construct may offer theoretical advantages,
including shorter surgical time, lesser blood loss, lower
rates of infection, technically easier procedures, simpler
pre-operative planning, lower instrumentation profile,

WJO|www.wjgnet.com

Surgical technique

Anesthetic management included non-invasive monitor
ing, use of an arterial line, and urinary catheter. A
warming blanket was also used, and our patients
received prophylactic cefuroxime on induction and two
further doses post-operatively. Blood loss was reduced
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A

B
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D

15°

52°

30°

15°

Figure 1 Patient with adolescent idiopathic scoliosis (patient 13; Table 4). A: Preoperative postero-anterior spinal radiograph shows a primary thoracic and
compensatory lumbar AIS; B: Preoperative lateral spinal radiograph shows thoracic hypokyphosis and isthmic spondylolysis at L5 (white arrow) with associated grade
1 lumbosacral spondylolisthesis; C: Postero-anterior spinal radiograph shows very satisfactory scoliosis correction across both curves and a globally balanced spine
following a selective posterior thoracic fusion; D: Lateral spinal radiograph shows restoration of thoracic kyphosis and a normal sagittal balance of the spine with no
change in the grade 1 lumbosacral spondylolisthesis. AIS: Adolescent idiopathic scoliosis.

A

B

D

C
14°

34°

28°

75°

56°

23°

Figure 2 Patient with neuromuscular kyphoscoliosis. A: Preoperative postero-anterior spinal radiograph shows a triple thoracic and lumbar scoliosis; B:
Preoperative lateral spinal radiograph shows a thoracolumbar rotatory kyphosis producing positive global sagittal balance of the spine; C: Postero-anterior spinal
radiograph shows excellent scoliosis correction and a balanced spine in the coronal plane; D: Lateral spinal radiograph shows restoration of thoracic kyphosis and a
normal sagittal balance of the spine.

with intra-operative tranexamic acid and transfusion of
autologous blood using cell salvage. Multimodal spinal
cord monitoring was applied recording cortical and
cervical somatosensory (SSEPs), as well as transcranial
motor evoked potentials (MEPs) that remained stable in
all patients throughout the procedure. Anterior release
was performed through a convex thoracotomy in 12
patients. All patients underwent posterior correction
across the thoracic or thoracic/lumbar spine short
of the sacrum and pelvis through a midline incision
with bilateral subperiosteal exposure to the tips of
the transverse processes. Soft tissue release and
facetectomies were performed, and correction was
achieved with a single rod. This was secured using
distal pedicle screws, proximal pedicle hooks, and
transverse process hooks or sublaminar wires at the
apex of the curve. Scoliosis correction was achieved
either through concave rod derotation and apical
translation towards the midline (Figure 1) or through
apical translation and convex rod cantilever maneuver
from proximal to distal (Figure 2). The Universal Spinal
System (USS) instrumentation was used (DePuy/

WJO|www.wjgnet.com

Synthes, West Chester, Pennsylvania, United States)
in all patients. Decortication of the posterior elements
and use of autologous local and allograft bone (fresh
frozen femoral heads) aimed to achieve a solid fusion.
Autologous rib graft was used when an anterior release
was performed. In six patients who underwent posterior
surgery, additional iliac crest graft was used. Topical
vancomycin (1 g) was applied prior to closure. The
wound was closed in layers without wound drains.
Mobilization commenced on the first post-operative
day and patients were fitted with a custom-molded
removable underarm spinal jacket to wear when out of
bed for 6 mo after surgery.

Cost analysis

The cost of our typical construct used in AIS was
considered for both a thoracic (mean 10 instrumented
levels) and a double thoracic/lumbar fusion (mean 15
instrumented levels). For a thoracic fusion, our single
rod construct included three proximal pedicle screw
hooks, three distal pedicle screws, one transverse
process hook, and a single rod (Figure 1). For a thoracic
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Table 1 Operative and postoperative data among our patient groups
Group

Type of scoliosis

A - Complex
deformity

B - Conversion of
growing rods to
definitive fusion
C - AIS
Summary of data

No. of Mean age at Procedure (No.
of patients)
patients surgery (yr)

Blood Mean followOperating Blood loss
up (yr)
loss (BV)
(mL)
time (min)

Complications

Syndromic

21

13

PSF: 19;
A/PSF: 2

164

727

27

3.0

Early onset
idiopathic
Congenital

17

11

185

519

25

2.9

13

11

PSF: 11;
A/PSF: 6
PSF: 13

138

368

13

4.8

Neuromuscular
Intraspinal
anomalies
Early onset

5
6

14
13

PSF: 5
PSF: 6

125
145

662
525

24
22

3.0
4.5

One rod breakage-no
revision required
None
None

21

12

PSF: 17;
A/PSF: 4

159

497

20

2.8

None

16

15.8

PSF: 16

128

406

9

2.8

None

99

13

PSF: 87;
A/PSF: 12

153

530

20

3.2

4

Adolescent
idiopathic

2 rod breakages-one
revision required
due to non-union;
1 distal junctional
kyphosis-distal fusion
extension required
None

PSF: Posterior spinal fusion; A/PSF: Anterior and posterior spinal fusion; BV: Blood volume; AIS: Adolescent idiopathic scoliosis.

and lumbar fusion, our single rod construct included
maximum five proximal pedicle screw hooks, six distal
pedicle screws, one transverse process hook, and a
single rod (Figure 2). This was then compared to a
double rod construct using bilateral segmental pedicle
screws (implant density: 2) and a double rod construct
using the authors’ preferred technique with reduced
[10]
implant density 1.38 . All costs were calculated using
standard prices for USS instrumentation and reported
as percentage decrease in cost.

operative bleeding, and low BMI. In the syndromic
patients, mean scoliosis correction was 65% for upper
thoracic, 62% for main thoracic, and 56% for lumbar
curves (P < 0.001), surgical time was 164 min (SD
47 min), and blood loss was 27% BV (SD 13%). In
the congenital patients, mean scoliosis correction was
54% for upper thoracic, 50% for main thoracic, and
48% for lumbar curves (P < 0.001), surgical time was
138 min (SD 29 min), and blood loss was 13% BV (SD
3%). In the early onset idiopathic group, mean scoliosis
correction was 62% for upper thoracic, 60% for main
thoracic, and 61% for lumbar curves (P < 0.001),
surgical time was 185 min (SD 101 min), and blood loss
was 25% BV (SD 16%). In the neuromuscular patients,
mean scoliosis correction was 66% for main thoracic
and 57% for lumbar curves (P < 0.001), surgical time
was 125 min (SD 13 min), and blood loss was 24%
BV (SD 11%). In the intraspinal anomalies group, all
patients had a thoracic scoliosis. Mean curve correction
was 56% (P < 0.001), surgical time was 145 min (SD
17 min), and blood loss was 22% BV (SD 11%).

RESULTS
Mean age at surgery was 12.8 years [standard deviation
(SD) 3.5 years]. Mean surgical time was 153 min (SD
34 min), and mean blood loss was 530 mL (SD 327
mL); 20% blood volume (BV) (SD 13%). Three patient
groups were included:

Group A - Patients with complex deformities

This group included 62 complex patients with severe
deformities and associated co-morbidities (Tables 1-3
and Figure 2). Underlying scoliosis diagnosis included
syndromic (21 patients, Table 3), early onset idiopathic
(17 patients; juvenile: 9, infantile: 8), congenital
(13 patients), neuromuscular (5 patients; congenital
myopathy: 1, cerebral palsy: 1, demyelinating
neuropathy: 1, Friedreich’s ataxia: 1, congenital
hypotonia: 1), and scoliosis associated with intraspinal
anomalies (6 patients; Chiari I malformation with
syringomyelia: 4, astrocytoma: 1, gaglioglioma: 1).
Indications to use the single rod technique were high
risk of neurological/cardiac complications, complex
congenital vertebral anomalies, increased intra-

WJO|www.wjgnet.com

Group B - Conversion of growing rods to the definitive
spinal fusion

There were 21 patients where a single rod was used to
achieve final correction and definitive fusion at the end
of treatment with growing rod lengthenings (Tables 1-3
and Figure 3). Underlying cause of scoliosis included
syndromic (10 patients), infantile idiopathic (6 patients),
congenital (4 patients), and neuromuscular (horizontal
gaze palsy: 1 patient). Indications for using the single
rod technique were the presence of partial fusion
and inherent stiffness of the spine due to the longstanding deformity, anterior apical convex epiphysiodesis
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82/36 (56%); 6 patients
91/39 (57%); 6 patients

5

6
10

Neuromuscular

Associated with intraspinal
anomalies
Syndromic

6

4
1

Infantile idiopathic

Congenital
Neuromuscular

Congenital

77/38 (51%); 4 patients
-

74/28 (62%); 2 patients

66/19 (71%); 2 patients

58/36 (38%); 6 patients

99/34 (66%); 4 patients

17
(infantile: 9;
juvenile: 8)
13

Early onset idiopathic

78/30 (62%); 8 patients

Thoracic scoliosis (mean
preop/postop; degrees);
(%correction)

21

No. of patients

Syndromic

Type of scoliosis

Upper TH: 59/34 (42%)
main TH: 100/55 (45%);
one patient
-

-

-

-

Upper TH: 53/25 (53%)
main TH: 81/47 (42%);
one patient
Upper TH: 39/22 (44%)
main TH: 76/40 (47%);
2 patients

Upper TH: 46/19 (59%)
main TH: 60/24 (60%);
5 patients

Double thoracic scoliosis
(mean preop/postop;
degrees); (%correction)

TH: 93/52 (44%)
L: 69/37 (46%);
4 patients
TH: 61/38 (38%)
L: 101/52 (49%);
one patient
-

TH: 79/31 (61%)
L: 65/28 (57%);
3 patients
-

TH: 89/36 (60%)
L: 70/27 (61%);
6 patients
TH: 75/38 (49%)
L: 68/36 (47%);
3 patients

TH: 55/18 (67%)
L: 43/15 (65%);
4 patients

-

-

-

-

Upper TH: 32/6 (81%)
main TH: 61/28 (54%)
L: 52/25 (52%);
2 patients
Upper TH: 49/15 (69%)
main TH: 84/30 (64%)
L: 52/20 (62%); 5 patients
Upper TH: 41/15 (63%)
main TH: 55/25 (55%)
L: 44/22 (50%);
one patient
-

Thoracic/lumbar scoliosis
Triple thoracic/lumbar scoliosis
(mean preop/postop; degrees); (mean preop/postop; degrees);
(%correction)
(%correction)

Scoliosis: 63/32 (49%)
kyphosis: 104/61 (41%);
2 patients
Scoliosis: 65/25 (62%)
kyphosis: 78/50 (36%);
one patient

-

-

Scoliosis: 56/31 (45%)
kyphosis: 122/65 (47%);
one patient
Scoliosis: 70/31 (56%)
kyphosis: 75/35 (53%);
one patient

Scoliosis: 120/48 (60%)
kyphosis: 103/60 (42%);
2 patients

Thoracic kyphoscoliosis
(mean preop/postop;
degrees); (%correction)

The single rod technique was used in 16 patients with AIS (Tables 1 and 4). Indications for the single rod technique were pre-existing severe eczema increasing significantly
the risk of wound infection and low BMI. Fifteen patients had moderate single or double thoracic scoliosis with compensatory lumbar curves (12 patients), and one patient had
a double thoracic and lumbar scoliosis. Mean flexibility index {FI, % = [(pre-operative Cobb angle – supine maximum lateral bending Cobb angle)/preoperative Cobb angle]
× 100} as calculated before surgery was 25% (range: 22%-35%) for upper thoracic, 30% (range: 10%-59%) for main thoracic, and 50% (range: 35%-62%) for lumbar
curves. Mean correction was 64% for upper thoracic, 70% for main thoracic, and 67% for lumbar curves (P < 0.001), surgical time was 128 min (SD 20 min), and blood loss

Group C - Patients with AIS

(9 patients), and several previous growing rod lengthenings in order to achieve a globally balanced spine, low BMI, and a high risk of complications due to existing comorbidities. Twelve patients had single thoracic, five had thoracic and lumbar, and one had double thoracic scoliosis while three patients had thoracic kyphoscoliosis. Mean
scoliosis correction was 42% for upper thoracic, 52% for main thoracic, and 47% for lumbar curves (P < 0.001), surgical time was 159 min (SD 86 min), and blood loss
was 20% BV (SD 13%).

B – Conversion of
growing rods to
definitive fusion

A – Complex
deformity

Group

Table 2 Type and size of deformity among our patients in groups A and B

Tsirikos AI et al . Single-rod instrumentation in scoliosis correction

September 18, 2018|Volume 9|Issue 9|

Tsirikos AI et al . Single-rod instrumentation in scoliosis correction
Table 3 Patients with syndromic conditions included in our study
Group A – Complex deformity (n = 21 patients)

Group B - Conversion of growing rods to definitive fusion (n = 10 patients)

Neurofibromatosis type 1 (2)
Osteogenesis imperfecta (1)
Rubinstein-Taybi type 2 (1)
Cystic Fibrosis (1)
Arthrogryposis multiplex congenital (1)
Ehlers-Danlos (1)
Angelman’s (1)
Marfan’s (1)
Prader-Willi (1)
Down’s syndrome (1)
Chromosome abnormality (4)
Undiagnosed syndromic condition (6)

A

B

103°

Skeletal dysplasia (2)
Oculo-auriculo-fronto-nasal syndrome (1)
Chromosome abnormality (7)

C

D

46°

E

40°

RVAD + 73°

Figure 3 Patient with a severe infantile idiopathic thoracic scoliosis. A: Initial postero-anterior spinal radiograph at age 2 years shows a very severe thoracic
scoliosis; B: Initial lateral spinal radiograph at age 2 years shows increased thoracic kyphosis. The patient was treated with placement of a concave growing rod
construct followed by 21 consecutive lengthening procedures; C: Postero-anterior spinal radiograph at age 13 years when she underwent the definitive posterior
spinal fusion with the use of a single concave rod construct; D: Postero-anterior spinal radiograph at latest follow-up (end of spinal growth) shows no evidence of
recurrence of the deformity and no crankshaft effect with a globally balanced spine; E: Lateral spinal radiograph shows good global balance in the sagittal plane at
skeletal maturity.

was 9% BV (SD 5%). When compared to our previous
AIS series of segmental bilateral (mean surgical time:
[10]
320 min; mean blood loss: 50% BV) , segmental
unilateral (mean surgical time: 240 min; mean blood
[10]
loss: 30% BV) , or segmental convex (mean surgical
[11]
time: 183 min; mean blood loss: 22% BV)
pedicle
screw correction techniques, both surgical time and intraoperative blood loss in the single rod technique was
significantly reduced (P < 0.001). Excellent correction
of global coronal and sagittal balance, including thoracic
kyphosis and lumbar lordosis, was also achieved. This
was associated with high patient satisfaction (4.8 at
latest follow-up) and good functional outcomes (Figure 4).
We compared the single-rod and dual-rod techniques
in our practice and did not record significant difference in
the degree of scoliosis correction for main thoracic curves,
which was the primary deformity among the patients
included in our single rod series of 16 AIS patients (P >
[10,11]
0.05)
. However, the degree of preoperative thoracic
scoliosis was significantly greater (P < 0.001) among the
patients included in our cohorts treated with segmental
pedicle screws and a dual rod construct (bilateral
technique-mean scoliosis: 68°, range: 40°-98°; unilateral
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technique-mean scoliosis: 65°, range: 38°-95°; convex
technique-mean scoliosis: 70.2°, range: 55°-110°) when
compared to our single rod AIS group (mean scoliosis:
[10,11]
54°, range: 45°-69°)
. SRS-22 individual domain and
total scores, as well as patients’ satisfaction at 2-year
follow-up between single-rod and dual-rod constructs,
[10,11]
was also no different (P > 0.05)
.

Complications

We recorded four post-operative complications (4%) that
occurred in three patients with syndromic kyphoscoliosis
and in a patient with a congenital kyphoscoliosis (group
A). Three of these complications involved rod failure. The
first was the result of a non-union presenting with rod
breakage occurring 17 mo after surgery. This patient had
chromosomal abnormality, complex cardiac disease, poor
skin healing, and severe behavioral problems. She had
a thoracic scoliosis corrected from 120° to 35° through
a combined anterior/posterior fusion and associated
thoracic hyperkyphosis. Revision posterior surgery was
performed to address a hairline non-union using a new
rod and the existing fixation points. The fusion was
augmented with autologous rib and allograft bone with
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F

16

Mean: 4.1

3

4

5

4

4

5

3

3

4

5
5

2
4
5

5
5

Risser grade

Scoliosis type
1 (1); 2 (2);
3 (6); 4 (7)

2A

2A

2B

1A

2A

1B

1A

2A

1A

3C
2B

2A
1A
2A

2A
1B

Scoliosis type
(No. of
[9]
patients)

15 TH fusions;
one TH/L fusion

PSF T3-L2

PSF T3-T12

PSF T2-T11

PSF T2-T11

PSF T3-T12

PSF T2-T11

PSF T2-T11

PSF T3-T12

PSF T2-T12

PSF T2-L4
PSF T3-T12

PSF T2-L1
PSF T2/T9
PSF T2-T11

PSF T2-T10
PSF T3-T11

Procedure
(posterior spinal
fusion/levels)

F: Female; M: Male; PSF: Posterior spinal fusion; TH: Thoracic; L: Lumbar.

11 F;
5M

F

15

Summary
of data

F

14

M

F

10

13

F

9

F

M

8

12

F
F

6
7

M

M
F
M

3
4
5

11

F
F

Gender

1
2

Patient
number

Mean values:
35/12.7 (64%)

22/8 (64%)

39/14 (64%)

42/15 (64.3%)

-

32/11 (66%)

-

-

29/9 (69%)

-

35/12 (66%)

32/11 (66%)
32/12 (62.5%)

52/23 (56%)
-

Mean values:
54/16 (70.4%)

59/20 (66%)

69/23 (67%)

60/25 (58.3%)

52/15 (71%)

59/17 (71%)

55/16 (71%)

52/20 (61.5%)

48/14 (71%)

60/15 (75%)

55/12 (78%)
55/21 (62%)

47/11 (77%)
45/0 (100%)
52/16 (69%)

49/22 (55%)
48/15 (69%)

Upper thoracic scoliosis
Main thoracic scoliosis
(pre-op/post-op;
(pre-op/post-op;
degrees); (% correction) degrees); (% correction)

Kyphosis (preop/post-op);
(degrees)

Mean values:
1.16/0.06 (95%)

2.5/0.3

0.5/0

1.2/0.5

3/0

0.8/0.2

3.5/0

0/0

0.6/0

0/0

1.2/0
1/0

0.8/0
2.3/0
0.8/0

0/0
0.3/0

Mean values:
2.35/0.06 (97.4%)

2.2/0

-0.5/0

-2.3/0

3.5/0

-3.5/-1

4.1/0

-2.5/0

-1.2/0

1.5/0

-2.8/0
-3.0/0

-0.8/0
-0.3/0
-3.1/0

-3.5/0
-2.8/0

Lordosis (pre- Coronal balance
Sagittal balance (preop/post-op); (pre-op/post-op);
op/post-op); (cm)
(degrees)
(cm)

19/52
49/52
35/17 (51%27/52
47/53
spontaneous correction)
35/44
40/42
45/55
55/58
30/6 (80%-spontaneous
23/44
59/45
correction)
48/10 (79%)
25/50
40/50
36/11
28/48
50/50
(69%-spontaneous
correction)
39/10
16/38
43/42
(74%-spontaneous
correction)
30/2 (93%-spontaneous
17/38
33/38
correction)
36/15
24/46
61/51
(58%-spontaneous
correction)
30/15
20/48
47/50
(50%-spontaneous
correction)
32/13
46/48
57/46
(59%-spontaneous
correction)
30/15
20/47
48/46
(50%-spontaneous
correction)
40/14
31/48
46/47
(65%-spontaneous
correction)
37/14
31/47
45/50
(62%-spontaneous
correction)
28/9 (68%-spontaneous
56/54
54/53
correction)
Mean values:
Mean values: Mean values:
35/11.6 (67%)
29/47.4 (63.4%)
48/48 no
change

Lumbar scoliosis (preop/post-op; degrees);
(%correction)

Table 4 Type and size of deformity before and after surgery among our patients with adolescent idiopathic scoliosis and severe eczema (group C)
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5

4
Pre-op
6 mo

3

1year
2 years

2

1

0

Fuction

Pain

Self-image

Mental health

Teatment
satisfaction

Total

Figure 4 Scoliosis Research Society (SRS-22) in our adolescent idiopathic scoliosis patient population. Mean scores are presented pre-operatively, at 6-mo,
one-year, and two-years post-operatively including postoperative patient satisfaction. There was statistically significant improvement of individual domain scores with
regards to function, pain, self-image, mental health, and total score between preoperative and 2-year values (P < 0.001).

a good outcome at skeletal maturity. The other two rod
failures occurred in a patient with syndromic and another
with congenital kyphoscoliosis and presented 3 years
after index surgery. Both patients were asymptomatic,
and there was no radiographic evidence of recurrence of
the deformity. The two opposing ends of the rod were
undisplaced at the point of failure, and a computed
tomography (CT) scan confirmed a solid fusion across
the previously instrumented levels. Therefore, revision
surgery was not required, and the patients remained
pain-free with a full range of activities and a stable
residual deformity at subsequent follow-up. The fourth
patient had Marfan’s syndrome, intraspinal anomalies,
and severe cardiac disease. Following index posterior
correction, she developed distal junctional kyphosis.
Revision surgery to extend the fusion by two caudal
levels resulted in a good outcome at end of skeletal
growth. Our revision rate was 2% (1% each for rod
breakage and distal junctional kyphosis).

DISCUSSION
The use of double rod constructs in the treatment of
scoliosis is associated with satisfactory clinical and
radiographic outcomes, and this has always been the
standard of care in the vast majority of our patients.
Bilateral pedicle screw instrumentation has become
the standard of care to provide powerful correction and
stable fixation until a solid fusion is achieved. However,
the use of bilateral segmental pedicle screws leads to
greater neurological risks, longer operative times and
blood loss, potential for instrumentation prominence,
and an increase in the risk of deep infection due to high
implant density. There is an ongoing interest in limiting
the risks of instrumentation placement by reducing the
[10,12]
number of implants used during correction
.
There may be a number of patients where it is
valid to use a single rod construct in order to minimize
[6]
surgical morbidity. Cawley et al reported 41 patients
with DMD, where early correction using limited fixation
with one rod proximal to the pelvis allowed adequate
sitting posture with low peri-operative morbidity.
Unilateral rod fixation is also commonly used in grow
[13]
ing rod constructs with good reported outcomes .
Reduced operative morbidity is especially attractive
for pediatric patients who require repetitive surgeries.
Whilst it is apparent that the potential advantages of a
limited surgical technique may be useful in select patient
groups, clear indications have not been established.
This study presents our experience of the single rod
technique and describes the limited indications for its
use in our practice. The decision to use such surgical
approach is tailored to the individual patient. This includes
high risk of neurological or cardiac complications; risk
of increased intra-operative blood loss due to severe

Cost analysis

Analysis of the instrumentation costs used to treat
thoracic and thoracic/lumbar AIS is shown in Table 5.
Considering thoracic scoliosis correction and fusion
over 10 levels, use of the single rod technique in our
series would reduce implant cost by 65% compared to
a double rod construct with bilateral segmental screws
and by 51% compared to a construct using the authors’
[10]
reported lesser screw density technique . If this was
extended to correction and fusion of 15 levels (such as
in double major curves) use of the single rod technique
would result in 64% reduction in cost compared to a
double rod construct with bilateral segmental screws
and 49% compared to a construct using the authors’
reduced screw density.

WJO|www.wjgnet.com

145

September 18, 2018|Volume 9|Issue 9|

Tsirikos AI et al . Single-rod instrumentation in scoliosis correction
Table 5 Cost analysis and comparison between the single and double rod constructs in the treatment of adolescent idiopathic
scoliosis based on the Universal Spinal System instrumentation
No. of levels included

10 (thoracic fusion)

15 (Thoracic and
Lumbar fusion)

Type of construct

Instrumentation

Comparative cost

Double rod construct with
bilateral segmental pedicle screws
(implant density: 2)
Double rod construct using the
authors’ preferred technique
(implant density: 1.38)[10]
Single rod hybrid construct

20 pedicle screws
20 sleeves and nuts
2 rods
14 pedicle screws
14 sleeves and nuts
2 rods
3 pedicle screws
3 pedicle screw hooks
1 transverse process hook
7 sleeves and nuts
1 rod
30 pedicle screws
30 sleeves and nuts
2 rods
21 pedicle screws
21 sleeves and nuts
2 rods
6 pedicle screws
5 pedicle screw hooks
1 transverse process hook
12 sleeves and nuts
1 rod

100%

Double rod construct with
bilateral segmental pedicle screws
(implant density: 2)
Double rod construct using
authors preferred technique
(implant density: 1.38)[10]
Single rod construct

underlying co-morbidities; low BMI leading to problems
related to instrumentation prominence; early onset
deformity and repetitive surgery with partial fusion due
to the use of growing rods and often initial apical convex
growth arrest; and pre-existing severe eczema. One
or more of these indications has been present in our
patients, and we have used the single rod technique
in three groups: (1) complex deformity - high risk of
cardiac/pulmonary/neurological complications and intraoperative blood loss as well as low BMI; (2) Conversion of
growing rod to definitive fusion - a balanced correction is
required; the patients often have low BMI and significant
medical co-morbidities; and (3) Adolescent idiopathic
scoliosis - in patients with moderate curves, low BMI,
and severe eczema that increase the risk of either wound
or systemic infection. The first two groups represent a
mixture of underlying diagnoses and include syndromic,
early onset idiopathic, neuromuscular, and congenital
[14,15]
scoliosis associated with intraspinal anomalies
.
The outcomes from the use of the single rod tech
nique in our AIS patients with moderate primarily
thoracic curves were satisfactory, and we did not record
any complications. In AIS patients with no severe
eczema, we select a dual pedicle screw/rod technique
that is more effective to correct the deformity and has
[10,11]
produced optimum outcomes
. In severe AIS we
also find that the dual rod segmental pedicle screw
techniques have greater ability to correct the deformity
without the need for anterior release to increase curve
flexibility when compared to the single rod hybrid
[10,11]
technique
. Our results of the single rod technique are
[4]
in contrast to those reported by Wattenbarger et al who
identified a higher rate of rod breakage with single (21%)
than double rods (4%) in AIS. Rod failure occurred in
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29% reduction compared to bilateral segmental pedicle screw
construct
65% reduction compared to bilateral segmental pedicle screw
construct;
51% reduction compared to authors’ preferred technique

100%

29% reduction compared with bilateral segmental pedicle
screw construct
64% reduction compared to bilateral segmental pedicle screw
construct;
49% reduction compared to authors’ preferred technique

three of our complex patients with severe syndromic or
congenital kyphoscoliosis (3%). Our revision rate was
2% (including a distal junctional kyphosis in a Marfan’s
[6]
syndrome patient). Cawley et al recorded 7.3% rod
breakage when they used the single rod technique in
DMD patients. The use of post-operative immobilization
(spinal jacket) may have contributed to our reduced
instrumentation failure rates. Post-operative orthotic
support can protect the rod construct and provide
additional stability until fusion is achieved.
Due to the multitude of underlying diagnoses in
groups A and B, a direct comparison to previous studies
cannot be made. The number of patients where we
felt a single rod construct would be preferable to dual
instrumentation is small and represents less than 10%
of the senior author’s practice in the same chronological
period. However, our results demonstrate that the
single rod correction technique within the above limited
indications can achieve satisfactory deformity correction
with low complication rates in patients with severe
underlying co-morbidities. In our experience, this
technique has reduced surgical time and intra-operative
blood loss resulting in lower peri-operative morbidity in
medically compromised patients with considerably less
[4]
implant related complications than previously reported .
Instrumentation cost has also been significantly reduced
when compared to a double pedicle screw/rod technique.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Scoliosis surgery is a major spinal procedure that is associated with significant
risks of neurological and medical complications, producing permanent patient
disability and increasing surgical morbidity. Surgical techniques have been
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developed in an attempt to standardize patient treatment and reduce the
rate of operative complications. In recent decades, dual-rod instrumentation
has become the standard of care for scoliosis correction. The introduction
of segmental pedicle screws has allowed better coronal and axial deformity
correction but has increased surgical risks. Single-rod correction techniques
have been used in patients with adolescent idiopathic scoliosis (AIS) and
Duchenne muscular dystrophy with controversial results in two previous series.

comparable to our previous series of patients treated with dual rod/segmental
pedicle screw instrumentation.

Research perspectives

Despite the fact that the longest postoperative follow-up in our study was 12
years (mean follow-up: 3.2 years), we are monitoring our patients beyond
skeletal maturity and well into adult life in order to confirm that no longterm complications occur. We believe that in light of this study the single rod
technique is a reasonable alternative to dual rod techniques, especially in the
treatment of complex patients with associated high morbidity. Further studies
comparing outcomes of different techniques would be useful to determine the
best option in different clinical scenarios and types of deformity.

Research motivation

Single-rod correction techniques may offer advantages over dual-rod pedicle
screw constructs, including reduced operative time and blood loss, lower
risk of infection and instrumentation profile, easier surgical planning and
operative technique, as well as reduced implant cost. In patients with major
co-morbidities, such techniques may improve surgical safety and reduce
associated morbidity and mortality of the procedure.
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Abstract
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AIM

To compare clinical outcomes of patients with and
without preoperative genu recurvatum (GR) following
mobile bearing unicompartmental knee arthroplasty
(UKA).

Conflict-of-interest statement: The authors have no conflict of
interest related to the manuscript.

METHODS

CONSORT 2010 statement: The authors have read the
CONSORT 2010 Statement, and the manuscript was prepared
and revised according to the CONSORT 2010 Statement.

We prospectively followed 176 patients for at least
24 mo who had been treated by unilateral, minimally
invasive, Oxford UKA. Patients with medial osteoarthritis
(OA) knee and preoperative GR (Group Ⅰ) accounted
for 18% (n = 32) and patients without preoperative
GR (Group Ⅱ) accounted for the remaining 82% (n =
144). Knee score, pain scores, and functional scores
were assessed for each patient and compared between
the two groups. The incidence of postoperative GR

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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and the postoperative hyperextension angles also were
recorded and analyzed.

outcomes following fixed bearing UKA and total knee
[7-9]
arthroplasty (TKA) . The optimal prosthesis to use
in patients with OA of the knees and GR remains
controversial.
To the best of our knowledge, there have not been
any studies reporting the clinical outcomes of mobile
bearing UKA in medial OA knees with concomitant
preoperative GR. The purpose of this study was,
therefore, to determine the clinical outcome of the knee,
as reflected by pain score, knee score and functional
score, following the mobile bearing UKA and performing
a comparison of the results between two groups of
patients with medial OA knees, namely those with and
without preoperative GR. The incidence of postoperative
GR and the hyperextension angles were also compared.

RESULTS

The pain score, knee score and functional score were
not significantly different between the two groups.
Similarly, the incidence of postoperative GR and the
measured hyperextension angles were not significantly
different between the two groups. The incidence of
postoperative GR was 1/32 (3.12%) in Group Ⅰ and
1/144 (0.69%) in Group Ⅱ (P = 0.34). The mean post
operative hyperextension angles were 2.40° ± 2.19°
(range: 1°-7°) for Group Ⅰ and 1.57° ± 3.51° (range:
1°-6°) for Group Ⅱ (P = 0.65).

CONCLUSION

Medial OA of the knee and concomitant GR is not a
contraindication for the mobile bearing UKA.

MATERIALS AND METHODS
Study design and patients

Key words: Unicompartmental knee; Genu recurvatum;
Osteoarthritis; Hyperextension knee; Knee arthroplasty;
Oxford knee

We conducted a prospective cohort study of patients
undergoing medial Oxford UKAs (Zimmer Biomet,
Bridgend, United Kingdom), performed by a single
surgeon, between January 2011 and November 2014
at the Thammasat University Hospital. The study was
approved by the Human Research Ethics Committee
of the Faculty of Medicine at Thammasat University.
The clinical trial is registered at ClinicalTrials.gov
(NCT02854189).
The patients were divided into two groups, with
Group Ⅰ consisting of 32 patients (32 knees) with
preoperative GR and Group Ⅱ consisting of 144
patients (144 knees) without preoperative GR. The
Group Ⅰ patients had hyperextension angle of more
[7]
than 5° . We enrolled patients with medial OA knees
of moderate to severe Alhback class (grades 2, 3
[10]
and 4) . The inclusion criteria were age older than
40 years, range of motion (ROM) greater than 90°,
varus deformity less than 25°, and flexion contractures
less than 20°. The exclusion criteria were diagnosis
with spontaneous osteonecrosis of the knee (SONK),
intraoperative anterior cruciate ligament insufficiency,
posttraumatic arthritis, gouty arthritis, inflammatory
joint disease, or history of a previous bilateral Oxford
UKA. OA of the patellofemoral joint, young age and
obesity were not considered contraindications for this
[1-3]
procedure .
We recorded demographic data on a standard
case record form, including age, sex, site, body mass
index, preoperative ROM (measured with a long-arm
©
[11]
goniometer), preoperative Knee Society Score (KSS) ,
and preoperative tibiofemoral angle from standing
anteroposterior knee radiograph (Table 1). The patients
attended follow-up at 6 wk, 3 mo, 6 mo, 1 year,
and annually thereafter. At each follow-up, a blinded
research assistant recorded each patient’s KSS (pain
score, knee score, and functional score). Incidence
of postoperative GR and the hyperextension angles

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There is no previous study addressing the
results of mobile bearing unicompartmental knee
arthroplasty (UKA) in medial osteoarthritis (OA) knees
with preexisting genu recurvatum (GR). This study
determined the clinical outcomes and incidence of
postoperative GR of medial OA knees with and without
preexisting GR following mobile bearing UKA. Clinical
outcomes, postoperative GR and hyperextension angle
were evaluated at minimal 2 years of follow-up. Medial
OA knees with and without GR showed no difference
in clinical outcomes, incidence of postoperative GR or
hyperextension angle. Therefore, medial OA knee with
preoperative GR is not a contraindication for mobile
bearing UKA.
Pongcharoen B, Boontanapibul K. Outcomes of mobile bearing
unicompartmental knee arthroplasty in medial osteoarthritis
knee with and without preoperative genu recurvatum. World J
Orthop 2018; 9(9): 149-155 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v9/i9/149.htm DOI: http://dx.doi.
org/10.5312/wjo.v9.i9.149

INTRODUCTION
The mobile bearing unicompartmental knee arthroplasty
(UKA) has yielded excellent results in patients with
[1-6]
medial osteoarthritis (OA) of the knees . However,
some patients who do not have neuromuscular disorders
may develop medial OA of the knees and concomitant
genu recurvatum (GR). Moreover, some patients have
developed postoperative GR and shown poor clinical
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Table 1 Demographic data
Variable
Age
Sex, male/female
Site, right/left
BMI
Knee score
Pain score
Functional score
ROM (°)
Tibiofemoral angle (°)

Group Ⅰ (patients with preoperative genu recurvatum),
n = 32 knees

Group Ⅱ (patients without preoperative genu recurvatum),
n = 144 knees

P -value

65.10 ± 8.02 (57-76)
1/31
16/17
26.76 ± 3.69 (20.81-33.21)
34.10 ± 2.47 (27-44)
11.52 ± 4.42 (0-20)
54.69 ± 9.75 (30-65)
122.58 ± 4.17 (110-125)
Varus 5.45 ± 3.86 (0-20)

65.67 ± 7.40 (44-88)
14/130
70/74
26.26 ± 3.05 (20-42.22)
34.35 ± 2.62 (30-40)
11.75 ± 4.94 (0-20)
52.03 ± 10.13 (35-65)
119.37 ± 10.92 (90-130)
Varus 5.68 ± 3.99 (0-15)

0.71
0.31
0.91
0.47
0.61
0.23
0.18
0.10
0.77

BMI: Body mass index; ROM: Range of motion.

mmHg) and received 1 g cefazolin (intravenously). The
size of the femoral component was chosen preoperatively
using the X-ray template with a true lateral radiograph.
For the Group Ⅰ patients, there was an option of
operation using a larger femoral component when the
femoral component was between standard sizes or the
hyperextension angle was between 10°-20°. Use of a
larger femoral component will change the position at the
superior part of the distal femoral condyle and tighten
the extension gap, possibly preventing postoperative GR
(Figure 1).
An anteromedial skin incision was made from the
upper pole of the patella to the medial aspect of the
tibial tubercle. A mini-midvastus approach was applied
[13]
to all patients for prevention of patellar maltracking .
The patella was slightly subluxated laterally but was
not everted. Minimally invasive instrumentation was
used for all patients. The shaft of the tibial saw guide
was parallel to the long axis of the tibia to create 7°
tibial slope. The depth of the tibial bone cut was 2 mm
below the deepest part of the medial tibial plateau and
perpendicular to the mechanical axis. The posterior
condyle of the femur was then cut using intramedullary
femoral-guided instrumentation that connected the
femoral drill guide with the intramedullary (IM) link.
The flexion gap was set at 100° of flexion, then the
extension gap was set at 20° of flexion. The distal condyle
of the femur was cut by the milling technique, to create
equal flexion-extension gap. However, in Group Ⅰ patients,
the distal condyle of the femur were removed at 1 mm
less length than that of the Group Ⅱ patients, to tighten
the extension gap. If patients in Group Ⅰ showed slight
flexion contracture (< 10°) intraoperatively after applying
the trial prosthesis, the slight flexion contracture would
have been accepted; however, if the knee showed flexion
contracture more than 10°, the distal femur would have
been recut to create equal gap.
All operations used the same instrumentation to finish
the tibia and femur. Thirty millimeters of bupivacaine
was injected prior to closing the incision, with one
intraarticular drain (10-G) having been inserted before
closing. The operative time, blood loss volume and
occurrence of intraoperative fracture were recorded.

Figure 1 The extension gap will be tight when the knee moves beyond full
extension according to use of the larger-sized femoral component (dashed
lines).

were also recorded. The patients were subjected to
anteroposterior standing, lateral standing, skyline view
and long-leg radiographs and the component alignment
and tibiofemoral angles were recorded. Complications
such as infection, component loosening, fractures and
bearing dislocations were recorded.

Statistical analysis

The sample-size was calculated based on postoperative
KSS, to ensure detection of a clinical relevant difference
[12]
of 6 points using a standard deviation of 3.0 . It was
determined that having 30 knees in Group Ⅰ and 140
knees in Group Ⅱ would allow for 80% power at the
significance of 5%. Intergroup differences in age, knee
score, pain score, functional score, body mass index,
ROM, tibiofemoral angle, flexion contractures and GR
were assessed using the Student’s t-test. Intergroup
differences in incidence of GR, sex, ratio of sex and ratio
of operative site were assessed using the chi-square or
the Fisher’s exact test, as appropriate.

Surgical technique

All patients were anesthetized via spinal block with
morphine (0.1-0.2 mg). Prior to skin incision, all patients
were fitted with a thigh tourniquet (inflated to 300
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Table 2 Pain score, knee score and functional score at 2-yr follow-up
Group Ⅰ (patients with preoperative genu recurvatum), Group Ⅱ (patients without preoperative genu recurvatum),
P -value
n = 144 knees
n = 32 knees

Variable
Knee score, points
Pain score, points
Functional score, points

97.97 ± 2.49 (94-100)
48.94 ± 2.36 (45-50)
82.12 ± 4.85 (80-100)

96.91 ± 4.44 (81-100)
48.71 ± 2.63 (40-50)
82.55 ± 5.10 (65-100)

0.19
0.64
0.66

Table 3 Incidence of postoperative genu recurvatum and postoperative hyperextension angle
Group Ⅰ (patients with preoperative genu recurvatum), Group Ⅱ (patients without preoperative genu recurvatum),
P -value
n = 144 knees
n = 32 knees

Variable
Incidence of postoperative
genu recurvatum (%)
Hyperextension angle (°)

3.13 (1/32)

0.69 (1/144)

0.34

2.40 ± 2.19 (1-7)

1.57 ± 3.51 (1-6)

0.65

Enrollment

Anteromedial osteoarthritis knee with
alhback 2, 3 and 4 (n = 215)
Excluded (n = 12)
Intraoperative ACL insufficiency (n = 7)
SONK (n = 5)
Enrolled (n = 176)

Group Ⅰ: OA knee with preoperative genu
recurvatum (n = 32)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Analyzed group Ⅰ (n = 32)

Allocation

Follow-up

Analysis

Group Ⅱ: OA knee without preoperative
genu recurvatum (n = 144)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Analyzed Group Ⅱ (n = 144)

Figure 2 Flow chart protocol of this study. ACL: Anterior cruciate ligament; OA: Osteoarthritis; SONK: Spontaneous osteonecrosis of knee.

between the two groups (Table 2). The mean KSS
of patients in Group Ⅰ improved from 34.10 ± 2.47
(27-44) to 97.97 ± 2.49 (94-100), and the KSS of
patients in Group Ⅱ improved from 34.35 ± 2.62
(30-40) to 96.91 ± 4.44 (81-100) (Tables 1 and 2).
The incidence of postoperative GR was 3.13% in
Group Ⅰ compared to 0.7% in Group Ⅱ (P = 0.34), and
the mean postoperative hyperextension angle was 2.40°
± 2.19° (1°-7°) for Group Ⅰ compared to 1.57° ± 3.51°
(1-6) in Group Ⅱ (P = 0.65) (Table 3). No patient in
Group Ⅰ showed flexion contracture.
The postoperative ROM, postoperative tibiofemoral
angles, femoral component alignment, tibial component
alignment, posterior slope of the tibial component,
and operative times were not different between the
two groups (Table 4). This study did not observe any
postoperative complications, such as patellar crepitation,
infections, mobile bearing dislocation or component
loosening. However, one patient in Group Ⅱ did suffer
a medial tibial plateau fracture at 3 mo postopera
tively and was excluded from the study; this patient

RESULTS
Medial OA knees with and without preoperative GR less
than 19° have similar clinical outcome and incidence
of postoperative GR. A total of 176 patients (15 males
and 161 females) underwent unilateral mobile bearing
UKAs, and the total 176 knees were evaluated for
study entry (Trial profile, Figure 2). The patients’ ages
ranged from 43-88 years (mean: 65.30 years). Thirtytwo patients had preoperative GR and one hundred
and forty-four patients did not have preoperative GR.
All demographic and preoperative characteristics were
similar between the two groups.
The mean hyperextension angle of Group Ⅰ patients
was 7.03° ± 3.19° (5°-19°). The mean hyperextension
angle and flexion contracture of Group Ⅱ patients were
0.02° ± 0.19° (1°-2°) and 6.99° ± 5.03° (1°-18°),
respectively. Follow-up extended from 24 mo to 70
mo, for an overall mean of 37.66 mo; no patients
were lost to follow-up. The pain scores, knee scores
and functional scores were not significantly different
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Table 4 Postoperative range of motion, component alignment, postoperative tibiofemoral angle and operative time
Group Ⅰ (patients with preoperative genu recurvatum), Group Ⅱ (patients without preoperative genu recurvatum),
P -value
n = 144 knees
n = 32 knees

Variable
Postoperative ROM (°)
Postoperative
tibiofemoral angle (°)
Femoral component
alignment (°)
Tibia component alignment
(°)
Posterior slope of tibial
component (°)
Operative time in min

126.21 ± 5.30 (115-135)

123.30 ± 9.88 (90-145)

0.14

5.82 ± 1.55 (valgus 3-valgus 8)

5.66 ± 1.77 (valgus 2-valgus 10)

0.65

6.06 ± 1.43 (valgus 2-valgus 8)

5.99 ± 1.56 (valgus 2-valgus 10)

0.82

Varus 0.97 ± 0.92 (varus 3-valgus 1)

Varus 0.77 ± 1.19 (varus 3-valgus 2)

0.37

6.73 ± 1.92 (4-10)

6.31 ± 2.04 (2-10)

0.28

88.94 ± 10.59 (75-120)

93.01 ± 13.64 (65-130)

0.11

ROM: Range of motion.

underwent a revision TKA, with good result.

1). It is important to note, however, that an abnormally
large femoral component may also cause problems
with the patellofemoral joint; nonetheless, our study
showed no anterior knee pain, patellar crepitation or
patellar dislocation in the Group Ⅰ patients. Moreover,
the phases Ⅰ and Ⅱ of the Oxford mobile bearing UKA
used only a single size for the femoral component,
being applied to all patients, and no patients to date
have had to undergo surgical revision because of
[1,18]
patellofemoral joint problems
. Third, our study set
a tighter extension gap or slight flexion contracture in
some of the patients in Group Ⅰ, for prevention of GR.
However, no patients have presented flexion contracture
postoperatively, even after 2 years of follow-up.
Moreover, no patients have developed overcorrection
of the tibiofemoral joint. The tibiofemoral angle of
Group Ⅰ patients showed a greater valgus alignment
than that of Group Ⅱ patients, but this was within
normal limits. Fourth, all patients were encouraged
to perform quadricep exercises to improve quadricep
muscle power before and after the operation. Meding et
[19]
al
showed that weakness of the quadricep muscles
can cause GR.
Our study has some limitations that should be
considered when interpreting our findings. Firstly, the
hyperextension angle may represent an underestimation.
The pain may be uncomfortable for patients, resulting in
some reduction of knee hyperextension. Therefore, both
groups of patients might present higher hyperextension
angles. Secondly, our study showed that the patients
with preoperative GR of up to 19° have good clinical
outcomes following mobile bearing UKA; patients with
preoperative GR of more than 19° are now needed
to compare the clinical outcome with primary TKA or
constrained TKA. Thirdly, although the mean age of both
groups was similar, the age range was different for the
two groups (57-76 years for Group Ⅰ patients and 44-88
years for Group Ⅱ patients). Thus, the Group Ⅱ patients
may have presented better clinical outcome than the
generally older Group Ⅰ patients. However, the clinical
outcome of the Group Ⅰ patients was not different than
that of the Group Ⅱ patients. In conclusion, combined
GR and medial OA of the knee is not a contraindication

DISCUSSION
To the best of our knowledge, no previous study in the
publicly available literature has addressed the clinical
outcomes of the mobile bearing UKA in medial OA of
the knees in patients with preexisting GR. In the study,
the OA knees with and without preexisting GR showed
good clinical outcome following mobile bearing UKA.
The postoperative pain score, knee score and functional
score were no different between the two groups (i.e.,
with and without preexisting GR). The incidence of
postoperative GR and hyperextension angles were also
essentially the same for the two groups.
Previous studies have found that patients who had
preoperative GR tended to develop GR postoperatively,
and showed poor clinical outcome following TKA and
fixed bearing UKA applied using the standard surgical
[7-9]
technique
. Only one study has determined the
hyperextension angle of this group of patients following
[7]
TKA and fixed bearing UKA . In that study, the
hyperextension angles decreased from 6° ± 2° to 2° ±
4° after TKA and 7° ± 2° to 1° ± 3° after fixed bearing
[7]
[14]
UKA . Therefore, Mullaji et al
set a slightly tight
extension gap for medial OA knee with preoperative GR,
with the aim of preventing recurrent hyperextension
deformity following TKA. The patients with preexisting
GR were reported to have good clinical results and no
development of recurrent hyperextension deformity
[14]
with the tight extension gap .
In the present study, the patients who had pre
operative hyperextension angle up to 19° showed
excellent clinical outcome and did not develop post
operative GR at 3 years of follow-up (Figure 3). The
different results in our study compared to those from
the previous studies may be due to several issues.
First, the medial mobile bearing UKA has shown normal
or nearly normal biomechanics and kinematics, with
the knee joint stability, ligament tension and knee
[15-17]
alignment returning to predisease stage levels
.
Second, our study used a larger femoral component
when between sizes. The extension gap was tight, even
when knees were extended beyond full extension (Figure
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A

B

C

Figure 3 The preoperative and postoperative radiographic images of a patient with preoperative genu recurvatum. A: A hyperextension angle of 19°; B: A
hyperextension angle of 18°; C: A hyperextension angle of 14°.
might underlie the occurrence of OA knee with preexisting GR. Therefore, the
future research should focus on this yet unresolved issue.

for mobile bearing UKA, and good outcomes may be
expected.

Research objectives

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE

The main objectives of this study were to determine the clinical outcomes
and the incidence of postoperative GR in medial OA knees with and without
preexisting GR.

Research background

Postoperative genu recurvatum (GR) has a tendency to develop in the medial
osteoarthritis (OA) knee with preexisting GR following total knee arthroplasty
(TKA) and unicompartmental knee arthroplasty (UKA). The prosthesis of
choice for medial OA knee with preexisting GR is controversial. Constrained
TKA has been chosen by some surgeons for prevention of postoperative GR,
even though the patients could develop early loosening of the prosthesis,
require early reoperation, and experience bone loss during revision TKA. The
present study found that the medial OA knee with preoperative GR (< 19°)
and without preoperative GR have similar clinical outcomes and determined
the incidence of postoperative GR following mobile bearing UKA. Use of the
normal biomechanic and kinematic parameters, while adjusting some steps
of the surgical technique, including a tighter extension gap with and without
application of larger femoral component, could prevent postoperative GR
following mobile bearing UKA.

Research methods

In this prospective cohort study, we used pain score, functional score and knee
score to compare patients having medial OA knees with and without preexisting
GR. The occurrence of postoperative GR and hyperextension angle were also
recorded. Follow-up extended from 24 mo to 70 mo, for a mean of 37.66 mo.
No patients were lost to follow-up.

Research results

Medial OA knees with and without preexisting GR showed similar clinical
outcomes and incidence of postoperative GR following mobile bearing UKA.
The mean Knee Society Score© was 97.97 for patients with preexisting
GR and 96.91 for patients without GR. The incidences of postoperative GR
were 3.13% and 0.7% for patients with preexisting GR and patients without
preexisting GR, respectively.

Research motivation

Medial OA knees with and without preexisting GR have shown good clinical
outcomes and no difference in incidence of postoperative GR following mobile
bearing UKA. However, the causes of OA knee with preexisting GR are unclear.
Quadricep muscle weakness from spondylosis or abnormal ligament tension
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bearing UKA.
9

Research perspectives

Mobile bearing UKA with a little tight extension gap with and without use of a
larger femoral component could prevent postoperative GR in the medial OA
knee with preexisting GR. However, the causes of GR in OA knee patients
without neuromuscular disorder remain unclear and should be identified by
future studies.
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Abstract
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AIM

To investigate the acute effects of sinusoidal and
stochastic resonance partial-body vibration in sitting
position, including muscle activity, heart rate variability,
balance and flexibility.
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METHODS

Fifty healthy participants were assigned randomly to two
training conditions: A sinusoidal partial-body vibration
(SIN, 8 Hz) or a stochastic resonance partial-body
vibration (STOCH, 8 ± 2 Hz). For baseline assessment
participants sat on the vibration platform without
vibration. Both training conditions consisted of five series
of a one-minute vibration training and a one-minute

Data sharing statement: No additional data are available.
CONSORT 2010 statement: The guidelines of the CONSORT
2010 statement had adopted.
Open-Access: This article is an open-access article, which was
selected by an in-house editor and fully peer-reviewed by external
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break between them. In this experimental study surface
electromyography (EMG) of the erector spinae (ES), one
of the back muscles, and heart rate variability (HRV) was
measured at baseline and during training. Balance and
flexibility were assessed at baseline and immediately
after training. Balance was measured with the modified
star excursion balance test (mSEBT) and flexibility was
assessed through the modified fingertip-to-floor method
(mFTF).

these are the highest costs for non-communicable
diseases. Long-lasting vibration exposure at work has
shown to be a risk factor for musculoskeletal diseases
[3]
(MSD) , whereas a brief vibration experience may lead
[4]
to beneficial training effects .
Thereby, stochastic resonance whole-body vibration
[5,6]
(SR-WBV) is especially promising . Compared to
sinusoidal vibration which common vibration platforms
are working with, stochastic vibration is random and
[7,8]
uses lower frequency vibration exposure up to 12 Hz .
Effects of SR-WBV at the worksite are auspicious,
[9]
especially in those with chronic MSD . As cardiovascular
[10]
load during SR-WBV is low , no sweating occurs
during the training, making it especially promising for
workplace interventions. Musculoskeletal well-being
increased after a 4-wk SR-WBV training in workers of a
[11]
steel manufacturing company . The same was reported
for employees that engaged in sedentary work. With
those who suffered from back pain prior to SR-WBV
[12]
profiting the most . These positive effects of SR-WBV
also appeared in employees of a university hospital after
a 8-wk randomized controlled trial, having the highest
[13]
impact on those with baseline health restraints . SRWBV is practiced in standing position. However, some
older individuals and individuals in a wheel-chair may
[14]
not be able to stand. As suggested by Eichelberger in
a single-case study vibration training in sitting position
might be “advantageous in deconditioned persons,
who suffer from frailty, musculoskeletal complaints,
Parkinson’s disease, multiple sclerosis or after a stroke”.
Therefore, this experimental study investigates partialbody vibration in sitting position and its related acute
effects.

RESULTS

Paired sample t -test showed a significant increase
in balance that was restricted to STOCH (t = -2.22,
P = 0.018; SIN: t = -0.09, P = 0.466). An increase
in flexibility was also restricted to STOCH (t = 2.65,
P = 0.007; SIN: t = 1.41, P = 0.086). There was no
significant change of muscle activity in the ES-EMG in
STOCH or SIN conditions. In both training conditions,
HRV decreased significantly, but remained in a low-load
range (STOCH: t = 2.89, P = 0.004; SIN: t = 2.55, P =
0.009).

CONCLUSION

In sitting position, stochastic resonance partial-body
vibration can improve balance and flexibility while
cardiovascular load is low. STOCH can be a valuable
training option to people who are unable to stand (e.g. ,
people, who are temporarily wheelchair-bound).
Key words: Partial-body vibration; Balance; Flexibility;
Sinusoidal; Stochastic resonance
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Partial-body vibration in sitting position

Core tip: This experimental study shows an immediate
improvement of balance and flexibility after one training
session of stochastic resonance partial-body vibration
(STOCH) in sitting position. STOCH in sitting position
is a promising complement to stochastic resonance
whole-body vibration (SR-WBV) in standing position,
especially for individuals who are unable to do SR-WBV
(e.g. , people who are temporarily wheelchair-bound).

Thereby, this study tests both, sinusoidal partial-body
vibration (SIN) and stochastic resonance partial-body
vibration (STOCH). We use the same vibration device
[14]
as Eichelberger . In standing, as well as in sitting
position, especially stochastic vibration provoked muscle
[14,15]
[10,16]
activity
while cardiovascular activation was low
.
Low cardiovascular activation makes stochastic vibration
an appropriate training tool for older individuals and
[5]
people with health problems .
According to previous research with whole-body
vibration in standing position, we expect an increased
muscle activity of the erector spinae (ES), one of the
back muscles, during partial-body vibration in sitting
position (H1). In addition, we expect low or absent
cardiovascular activation during partial-body vibration
in sitting position. Hence, heart rate variability (HRV)
during training is expected to be unchanged or only
slightly lower than during baseline measurement (H2).

Faes Y, Banz N, Buscher N, Blasimann A, Radlinger L,
Eichelberger P, Elfering A. Acute effects of partial-body vibration
in sitting position. World J Orthop 2018; 9(9): 156-164 Available
from: URL: http://www.wjgnet.com/2218-5836/full/v9/i9/156.
htm DOI: http://dx.doi.org/10.5312/wjo.v9.i9.156

INTRODUCTION
Musculoskeletal diseases (MSD) are among the most
[1]
[2]
common global health problems . Wieser, Tomonaga
calculated the direct costs of MSD for the Swiss health
system to be between CHF 8.7 and 11.4 billion per year.
Together with cardiovascular diseases (10.3 billion),
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Better balance, better flexibility

In Switzerland, every fourth accident is due to a slip,
[17]
trip and fall incident . They are also the most frequent
[18]
accidents among office workers . Better balance
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prevents slip, trip and fall incidents . Aside from
promising effects on musculoskeletal wellbeing, positive
effects of SR-WBV were also found on surefootedness
[12]
and balance in white-collar employees and in health[13]
care professionals . Hence, we expect balance to be
better after partial-body vibration training compared to
baseline (H3).
Previous studies showed an increase of flexibility
[20]
due to whole-body vibration training in the elderly , in
[21]
[21]
healthy, young adults as well as in young gymnasts .
In consequence, we expect flexibility after partial-body
vibration training to be better than at baseline (H4).

pants for each training condition SIN and STOCH. The
inclusion criterion for the participants was to be in good
health. The exclusion criteria were being pregnant,
having osteosynthesis material (such as implants,
screws, etc.) in the body, musculoskeletal disorders,
joint problems (especially regarding the knee, hip and
back), herniated discs, rheumatism (such as spondylitis,
gout, osteoporosis, osteoarthritis), cardiovascular
complaints and disorders related to the sense of
balance (such as a hearing loss). Twenty-six participants
took part in each training condition, so overall 52
participants participated in the study. Due to a broken
cable, EMG measurements of two participants were not
recorded. Therefore, these data sets were removed for
data analysis. Participants who were students at the
associated university were rewarded with two of 15
mandatory hours as a participant in studies.

How stochastic vibration works

While vibration frequency at sinusoidal vibration is
constant, stochastic vibration changes randomly within a
frequency range. Ward and colleagues defined stochastic
resonance as “a nonlinear cooperative effect wherein the
addition of a random process, or “noise” to a weak signal,
or stimulus results in improved detectability or enhanced
[22]
information content in some response” . During
stochastic vibration, upcoming vibration movements can
not be anticipated by the human body, so it is constantly
challenged to adapt its neural and muscular reactions.
Moreover, the human body shows no muscular fatigue
[8,23-25]
during the application
. It seems that an interaction
of different types of neurophysiologic sensors is provoked
by stochastic vibration while afferent and efferent signals
are adjusted. This probably acts as exercise for the
[8]
sensorimotor system .
In the current experimental study, we randomly
assigned participants to SIN and STOCH. We expect
both, SIN and STOCH to have acute effects on activity
of surface electromyography (EMG), HRV, balance, and
flexibility. Differences in training effectiveness between
SIN and STOCH are likely to emerge only after longer
training periods. However, based on previous findings
on sinusoidal versus stochastic vibration in whole-body
vibration training, we expect changes in muscle activity,
HRV, balance, and flexibility to be more distinct in
stochastic training condition than in sinusoidal training
condition.

Vibration platform

The vibration platform used in this study is a functional
prototype consisting of a plate with a hydraulic
vibration, constructed specifically for vibration training
in sitting position. The device provides a range of
motion of ± 13° around each of the three rotation axes
and frequencies up to 15 Hz. Stochastic vibration can
be introduced through random variation of frequency,
amplitude or rotation axis. The chosen amplitude and
frequency of the vibration was recommended by one of
[14]
the co-authors (PE ). During SIN, an amplitude of 0.5°
was applied in medial-lateral direction during a vibration
frequency of 8 Hz. During STOCH, amplitude as well as
frequency varied over a spectrum of 25%.

Muscle activity

The study was performed in consensus with all require
ments defined by the Swiss Society of Psychology and
was conducted with the understanding and the consent
of the human subject. The Ethical Committee of the
responsible University faculty (University of Bern) has
approved the study (No. 2016-5-000004).

Measurements of the muscle activity of the ES during
MVC, baseline and training session were recorded for
each participant. Therefore, surface electrodes were
®
used (Ambu BlueSensor N, Synmedic AG, Zürich)
and “placed at 2 finger width lateral from the proc.
spin. of L1” according to the SENIAM recommendation
(Surface Electromyography for the Non-Invasive
[26]
Assessment of Muscles) . EMG signals were forwarded
from a transmitter (TeleMyoTM 2400T G2, Noraxon
Inc. United States, Velamed GmbH, Medizintechnik
und Biomechanische Konzepte, Köln, Germany) to a
receiver (TeleMyoTM 2400R Receiver, Noraxon Inc.
United States, Velamed GmbH, Medizintechnik und
Biomechanische Konzepte, Köln, Germany), which
transformed these digital signals into analogue outputs.
For recording and processing the data, the software
©
ADS (analog and digital signal processing , uk-labs,
Kempen, Germany) was used.

Participants

Heart rate variability

MATERIALS AND METHODS
Ethics

The measurement of the R-R intervals (the interval
from the onset of one R wave to the onset of the next
[27]
one ) was taken while the participant was sitting
on the vibration platform during baseline and training

Expecting a moderate effect size (d = 0.5) for the
t-test analysis between two dependent means and
a requirement of 80% power to detect an existing
difference, the required sample size was 26 partici
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of the floor . Therefore, negative values indicate a
better flexibility than positive values. This test measures
unspecific flexibility because spine, pelvis, hip joint and
[34]
[33]
arms are involved . Gauvin, Riddle report high testretest reliability (r = 0.98), as well as high inter-tester
reliability (r = 0.95) of the mFTF. Stiffness is reported
to be higher in the morning and a maximum of flexibility
[35]
occurs between midday and midnight . In order
to partly control for stiffness and provide similar test
conditions, every participant was tested in the afternoon
or early evening.

Procedure

Figure 1 Placement of the electrodes according to SENIAM[27].

The study was conducted at the movement laboratory
of Bern University of Applied Sciences, Applied Research
and Development Physiotherapy. To make sure the
procedure was standardized, a case report form (CRF)
was prepared. The measurements for one participant
lasted approximately 90 min. During this time two of
three examiners (YF, NB, NB) needed to be present. The
first examiner took the lead with the measurements,
while the second examiner acted as his assistant. To
prevent error due to monotony and routine, the role of
the first and second examiner was changed regularly
between the three examiners. After reading the studyinformation, participants signed a consent form. While a
surface EMG electrode was placed on the ES (Figure 1),
participants answered a demographical and behavioral
©
questionnaire using Qualtrics ( 2016 Qualtrics LLC),
©
installed on an iPad Air2 ( 2015 Apple Inc.). With an
impedance meter (Digitimer model D175, Digitimer
Ltd. Welwyn Garden City, United Kingdom) the skin
resistance was tested and rated as sufficient being
equal or lower as 5 kΩ. Afterwards, a measurement
of a maximum voluntary contraction (MVC) of the ES
was made in order to be used as reference value for
[36]
the EMG measurements, rated as 100% . While lying
prone on a bench, participants were asked to extend
their back against one examiner’s resistance. With
[36]
this standardized test , MVC values of the ES were
captured. For the MVC measurements, the participants
were asked to hold the MVC 3 times for 5 s.
For the following baseline measurements, the
participants had to sit on the vibration platform in an
upright position (Figure 2). They were asked to keep
calm and to focus on a black point on the wall at a
distance of 2.5 m while no vibration occurred for one
minute. During this time muscle activity and HRV were
recorded. Then, participants were asked to complete the
modified star excursion balance test (mSEBT) of Hertel,
[29]
Braham
to assess balance. They were instructed
to start with arms akimbo, then stand on one leg and
stretch out the other leg as far as possible to touch the
floor with the tip of their toes. The maximum distance
reached without losing balance or lifting the supporting
leg was measured and noted. The same procedure
was repeated five times in three directions (anterior,
posteromedial and posterolateral) with both legs.

Figure 2 Sitting position on the vibration platform. HRV: Heart rate
variability; EMG: Electromyography.

session. HRV was measured with Polar V800 and heart
©
rate sensor Polar H7 ( Polar Electro 2016). Giles,
[28]
Draper
showed that R-R intervals and HRV do
not differ between recordings from Polar V800 and
electrocardiography (ECG).

Balance

Balance was measured using the modified star excursion
[29]
balance test (mSEBT) from Hertel, Braham
once
after baseline condition and once after training session.
The mSEBT measures dynamic balance into the three
directions anterior, posteromedial and posterolateral.
[30]
[31]
According to Gribble, Kelly and Hertel, Miller intratest reliability (r = 0.84 to 0.93) and test-retest reliability
(r = 0.89 to 0.93) are high. To exclude effects related
to gender, it was important to normalize excursion
[32]
distances to individual leg length of each participant .

Flexibility

The modified fingertip-to-floor method (mFTF) was used
to assess flexibility. It was measured once after baseline
condition and once after training session. Compared
to the fingertip-to-floor method (FTF), the mFTF has
the advantage that the participant stands on a box, so
that measurements can be taken of participants who
are able to touch the floor or reach beyond the level
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Table 1 Descriptive and inferential statistics
STOCH (n = 25)
Variable
Sex (m, f)
Age (yr)
BMI (kg/m²)
Sport (1 “rarely” - 6 “prof.”)
Smoking (s, ns)
Last time nicotine (h)
Last time caffeine (h)
EMG ES (%MVC)
HRV (RMSSD, ms)
Balance-test (cm)
Flexibility-test (cm)

M
7m, 18f
25.12
22.81
2.25
7s, 18ns
25.86
7.65
29.67
35.21
73.34
-2.02

SD
2.89
3.81
1.11
21.71
8.25
22.43
16.77
8.23
9.2

SIN (n = 25)
M
10m, 15f
25.40
23.54
2.36
8s, 17ns
7.75
9.40
25.17
35.69
77.77
-2.01

SD
4.38
3.50
1.08
16.35
9.08
18.50
19.52
6.75
9.54

t

P

-0.89
0.27
0.70
0.35
0.30
-1.84
0.64
-0.77
0.09
2.08
0.001

0.381
0.791
0.487
0.727
0.763
0.089
0.527
0.443
0.926
0.043
0.999

EMG: Electromyography, muscular activation expressed as percentage of peak activation measured at maximal voluntary contraction (%MVC) of the lower
back muscle erector spinae (ES); HRV: Heart rate variability was measured with the square root of the mean of the sum of the squares of the differences
(RMSSD). Balance was measured using the modified star excursion balance test (mSEBT) and expressed in centimeter; Flexibility was assessed with the
fingertip-to-floor method (mFTF) and expressed in centimeter.

participant attended in SIN, the second in STOCH and
so forth. Participants were blinded with respect to their
training condition. However, a blinding of the examiners
was not feasible.
The session consisted of five series, which lasted
one minute each, with a one-minute break in be
tween. This training regime with five series of a oneminute vibration training was based more on empirical
experience from other studies about stochastic vibration
[11,12]
training
than on scientific evidence, because the
training parameters of stochastic vibration training show
a wide range of applications that are not as well known
[38]
as they are for strength or endurance training . A
vibration frequency of 8 ± 2 Hz was recommended for
the STOCH condition, so acceleration exposure on the
[14]
body was low . For a better comparison, 8 Hz were
selected for the SIN condition, too. During the training
session, the participant was again sitting in an upright
position on the vibration platform focusing on a point on
the wall at a distance of 2.5 m while muscle activity and
HRV were recorded. After the training session, the same
measurements of balance and flexibility as described
above were repeated. The whole procedure is shown in
Figure 3.

Baseline (no vibration, sitting in upright posture)
Measured: HRV and EMG
PRE-measurements: Balance and flexibility

Sinus group
Sinusoidal partial-body vibration
(SIN) at 8 Hz
Measured: HRV and EMG

Stochastic group
Stochastic resonance partial-body
vibration (STOCH) 8 Hz +/- 2 Hz
Measured: HRV and EMG

POST-measurements: Balance and flexibility

Figure 3 Flowchart of the procedure. EMG: Electromyography, muscular
activation of the lower back muscle erector spinae (ES); HRV: Heart rate
variability was measured with Polar V800. Balance was measured using the
modified star excursion balance test (mSEBT) and expressed in centimeter;
Flexibility was assessed with the fingertip-to-floor method (mFTF) and
measured in centimeter.
[37]

As reported by Blasimann , flexibility was assessed
through the modified fingertip-to-floor method (mFTF).
For this test participants stood on a box with both
ankles touching each other. They were then instructed
to keep their legs and arms straight and bend over
as far as possible to push down a control bar in front
of them. After one trial run, the same procedure was
performed three times. While the first examiner gave
verbal instructions, the second examiner wrote down
the finger-floor distance in mm and put the control
bar back to the starting position. After these tests,
the baseline measurement was over and the training
session began.
Participants were randomly assigned to SIN (8
Hz) or STOCH (8 ± 2 Hz). As the sequence of the two
training conditions was alternated across trials in the
movement laboratory, randomization was achieved
through time of participation, which means that the first
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Statistical analysis

Muscle activity, HRV as well as balance and flexibility
were analyzed in a dependent sample t-test to examine
differences between baseline and training conditions.
Since all the hypotheses were directed, P-values were
one-tailed with an α-level set at 5%. HRV, balance and
flexibility were approximately normally distributed (P >
0.05), whereas EMG was not approximately normally
distributed as assessed by the Kolmogorov-Smirnov[39]
Test, P < 0.05. However, according to Field
the
analyses of the hypotheses can be considered robust
against violations of the normal distribution due to the
same group size. Pearson’s descriptive statistics for the
collected variables are shown in Table 1.
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Table 2 Results of t -tests for each training condition
STOCH (n = 25)

EMG ES (%MVC)
HRV (RMSSD, msec)
Balance-test (cm)
Flexibility-test (cm)

BL
mean ± SD
29.67 ± 22.43
35.21 ± 16.77
73.34 ± 8.23
-2.02 ± 9.20

T
mean ± SD
32.32 ± 24.03
29.10 ± 12.64
75.28 ± 9.35
-2.53 ± 9.08

SIN (n = 25)

t

P

-0.96
2.89
-2.22
2.65

0.174
0.004
0.018
0.007

BL
mean ± SD
25.17 ± 18.50
35.69 ± 19.52
77.77 ± 6.75
-2.01 ± 9.54

T
mean ± SD
26.07 ± 14.73
29.60 ± 12.90
77.82 ± 6.12
-2.55 ± 9.75

t

P

-0.51
2.55
-0.09
1.41

0.307
0.009
0.466
0.086

Left: Stochastic resonance partial-body vibration (STOCH) at Baseline (BL) and Training condition (T); Right: Sinusoidal partial-body vibration (SIN) at BL
and T; EMG: Electromyography, activation expressed as percentage of activation measured at maximal voluntary contraction (%MVC) of the lower back
muscle erector spinae (ES); HRV: Heart rate variability was measured with the square root of the mean of the sum of the squares of the differences (RMSSD);
Balance was measured using the modified star excursion balance test (mSEBT) and flexibility with fingertip-to-floor method (MFTF).

ficantly lower during vibration training (29.34 ± 12.65
ms) than during baseline measurement (35.45 ± 18.01
ms).
Focusing on both training conditions, STOCH (t =
2.89, P = 0.004, n = 25) and SIN (t = 2.55, P = 0.009,
n = 25) have a significant effect on HRV. HRV during
STOCH (29.10 ± 12.64 ms) as well as during SIN (29.60
± 12.90 ms) were both significantly lower compared to
baseline measurements (35.21 ± 16.77 ms) and (35.69
[40]
± 19.52 ms) accordingly. Effect sizes using Cohen’s d
on HRV for overall vibration was d = 0.355, for STOCH
d = 0.342 and d = 0.320 for SIN, respectively.

RESULTS
Participant characteristics

Data of 50 healthy participants (33 females and 17
males, mean age = 25.3 years, SD = 3.7 years; BMI
= 23.17 ± 3.64), assigned evenly to STOCH, SIN
respectively, were analyzed in this study. Datas of
twenty-five participants for each group STOCH and SIN
were analyzed. The two groups showed no significant
differences in any demographic characteristics or in
baseline muscle activity, HRV or flexibility. However,
balance in the SIN group was significantly better (longer
distance reached) at baseline than in the STOCH group.
T-test results and descriptive statistics for both training
conditions are shown in Table 2.

Increase in balance after STOCH and SIN (H3)

A significant effect on balance was found after overall
vibration training (t = -1.83, P = 0.037, n = 50). Com
pared to baseline measurement (75.55 ± 7.77 cm),
overall values for balance were significantly higher after
vibration training (76.55 ± 7.92 cm).
Specifically, a significant effect was found after
STOCH (t = -2.22, P = 0.018, n = 25) but not after SIN
(t = -0.09, P = 0.466, n = 25). Balance was significantly
increased after STOCH (75.28 ± 9.35 cm) compared
to baseline measurement (73.34 ± 8.23), but not
after SIN (77.82 ± 6.12 cm) compared to baseline
measurement (77.77 ± 6.75 cm). Effect size using
[40]
Cohen’s d
on balance for overall vibration was d =
-0.127, for STOCH d = -0.216 and for SIN d = -0.008.

Higher muscle activity of the ES during STOCH and SIN
(H1)

Overall, vibration training had no significant effect
on muscle activity of the ES (t = -1.09, P = 0.140, n
= 50). Although not significantly, muscle activity of
the ES tended to be slightly higher during vibration
training (29.20 ± 19.98 %MVC) than during baseline
measurement (27.42 ± 20.47 %MVC).
Focusing on both training conditions, there was also
no significant effect of STOCH (t = -0.96, P = 0.174, n =
25) and SIN (t = -0.51, P = 0.307, n = 25) on muscle
activity of the ES found. Although not significantly,
muscle activity of the ES tended to be slightly higher
during STOCH (32.32 ± 24.03 %MVC) than during
baseline measurement (29.67 ± 22.43 %MVC) and
also higher during SIN (26.07 ± 14.73 %MVC) than
during baseline measurement (25.17 ± 18.50 %MVC).
[40]
According to Cohen , effect sizes are described as
small (d = 0.2), medium (d = 0.5), and large (d ≥ 0.8).
[40]
Effect sizes using Cohen’s d for muscle activity of the
ES for overall vibration was d = -0.087, for the STOCH
group d = -1.136 and for the SIN group d = -0.490.

Increase in flexibility after STOCH (H4)

Overall, vibration training had a significant effect on
flexibility (t = 2.49, P = 0.008, n = 25). Flexibility was
significantly increased after overall vibration training
(-2.54 ± 9.33 cm) compared to baseline measurement
(-2.02 ± 9.27 cm). Specifically, a significant effect on
flexibility could only be found after STOCH (t = 2.65,
P = 0.007, n = 25), but not after SIN (t = 1.41, P =
0.086, n = 25). Flexibility was significantly increased
after STOCH (-2.53 ± 9.08 cm) compared to baseline
measurement (-2.02 ± 9.20 cm), but not after SIN
(-2.55 ± 9.75 cm) compared to baseline measurement
[40]
(-2.01 ± 9.54 cm). Effect size using Cohen’s d
on
flexibility for overall vibration was d = 0.057, for STOCH

Lower HRV during STOCH and SIN (H2)

A significant effect on HRV was found during overall
vibration training (t = 3.86, P = 0.0003, n = 50)
compared to baseline measurement. HRV was signi
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d = 0.058 and d = 0.055 for SIN, respectively.

more serious compared to those from SR-WBV . As
[14]
mentioned by Eichelberger, Fankhauser STOCH might
be advantageous in deconditioned persons, who suffer
from frailty, musculoskeletal complaints, Parkinson’s
disease, multiple sclerosis or after a stroke. Because
the training was on a prototype of a vibration platform,
which effects were only tested in a single case study
[14]
before , it was important that our participants were
healthy.
In longitudinal studies SR-WBV showed promising
[11-13]
results to increase musculoskeletal well-being
. As
SR-WBV is practiced in standing position, these results
are limited to the standing position. Therefore, further
longitudinal studies should focus on SIN and STOCH
in sitting position to make these benefits available to
people who are unable to do SR-WBV (e.g., people who
are temporarily wheelchair-bound).
With this study we were able to make the first step
in this direction. We found an immediate improvement
of balance and flexibility after one training session of
STOCH while cardiac-activation was low, but could not
find a higher muscle activity of the ES in the lower
back during the training session. This study had an
experimental design, and many potential confounders
were controlled by randomization. The participants were
blinded with respect to their training condition. However,
a blinding of the primary investigator was not feasible.
As only one superficial back muscle was measured,
there might have been an increase of muscle activity in
other back muscles which were not measured.

DISCUSSION
In the current experimental study, we expected both,
SIN and STOCH to have acute effects on muscle activity,
HRV, balance, and flexibility. Although differences in
training effectiveness between the two groups are
only likely to emerge after longer training periods, we
expected changes in measured variables to be more
distinct in stochastic training condition than in sinusoidal
training condition.
Activity of the ES muscle did not increase with
vibration training (H1). This finding goes against our
expectation. A possible explanation could be, that
the ES was already active during sitting position with
upright posture at baseline measurement, so there
was no significant increase of muscle activity during
vibration training. Further studies on vibration training
in the sitting position should focus on that. Our second
hypothesis was confirmed, as there was a significant,
but low cardiovascular activation in HRV, that was
lower during training than at baseline (H2). Although
HRV significantly decreased, it maintained in a low[41]
[10,16]
load range . In line with findings from SR-WBV
,
cardiovascular activation was low. The method seems
suitable for older individuals and patients with mild
cardiovascular problems. As expected, balance (H3)
and flexibility (H4) significantly increased.
Looking at separate analyses for training effective
ness in sinusoidal and stochastic vibration conditions,
the stochastic vibration condition seemed to contribute
more to overall changes than the sinusoidal vibration
condition. Balance and flexibility increased significantly
after one training session of STOCH, but not after SIN.
This indicates that positive effects from previous studies
about stochastic vibration in standing position would
[12,15,42]
also appear in sitting position
. Group differences
can not be explained by differences in muscular activity
of the ES.
To assess cardiac activity, we measured HRV
during SIN and STOCH. HRV is also known as a stress
[43,44]
index
. As this study was conducted on a prototype
of a vibration platform, participants would possibly be
somewhat anxious about the experiment. As expected,
HRV was significantly lower during STOCH than SIN but
the RMSSD-value was within the range of 27 ± 12 at all
time as is recommended by Task Force of the European
[41]
Society of Cardiology . This implies that cardiac
activation and/or stress level during SIN and STOCH
was still low.
SR-WBV training seems to be a safe training inter
vention. Very few side effects of whole-body vibration
were reported in a review of 112 studies. 104 studies
that used sinusoidal whole-body vibration, reported
0.00120% side effects, whereas eight studies used SRWBV and reported 0.00069% side effects. Additionally,
side effects from sinusoidal whole-body vibration were
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Research background

Stochastic resonance whole-body vibration (SR-WBV) is a promising healthintervention at the worksite. In previous works including 4 or even 8 weeks of
training, SR-WBV was found to improve musculoskeletal pain and balance,
measured as self-report and as recorded body sway on a balance platform.
Improved balance is connected to a lower risk of slips and falls. Short trials of
SR-WBV that amount to less than 10 min can be done at a worksite without a
change of clothes or shoes. Cardiovascular demand with 5 Hz SR-WBV is low
and permits SR-WBV in the untrained or elderly workforce.

Research motivation

SR-WBV is practiced in standing position. However, some older individuals
and individuals in a wheel-chair may not be able to stand. Therefore, this
experimental study investigates partial-body vibration in sitting position and its
related acute effects.

Research objectives

The objective of this study was to investigate and quantify the acute effects of
partial-body vibration in sitting position on muscle activity, heart-rate variability,
balance and flexibility.

Research methods

The vibration platform used in this study is a functional prototype, constructed
specifically for vibration training in sitting position. Every participant attended
a baseline and a training condition. For baseline assessment participants sat
on the vibration platform without vibration. The training condition was either a
sinusoidal partial-body vibration (SIN, 8 Hz) or a stochastic resonance partialbody vibration (STOCH, 8 ± 2 Hz). Surface electromyography (EMG) of the
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erector spinae (ES), one of the back muscles, and heart rate variability (HRV)
were measured at baseline and during training. Balance and flexibility were
assessed at baseline and immediately after training. Balance was measured
with the modified star excursion balance test (mSEBT) and flexibility was
assessed through the modified fingertip-to-floor method (mFTF).

8

Research results

10

9

Paired sample t-test showed a significant increase in balance (STOCH: t =
-2.22, P = 0.018; SIN: t = -0.09, P = 0.466) as well as in flexibility (STOCH: t =
2.65, P = 0.007; SIN: t = 1.41, P = 0.086) only after stochastic vibration in sitting
position. There was no significant change of muscle activity in the ES-EMG
in both training conditions. Also, HRV decreased significantly in both training
conditions, but remained in a low-load range (STOCH: t = 2.89, P = 0.004; SIN:
t = 2.55, P = 0.009).

11

12

Research conclusions

This experimental study showed benefits in balance and flexibility only for
stochastic but not for sinusoidal vibration. Stochastic vibration in sitting position
could be a promising complement to stochastic resonance whole-body vibration
in standing position, especially for individuals who are unable for the standing
position (e.g., people who are temporarily wheelchair-bound).

13

Research perspectives

14

As immediate effects of stochastic vibration in sitting position have not been
tested before, especially on this prototype device, we needed to make sure that
stochastic vibration in sitting position did have the expected effect and that no
negative side-effects emerge from one single vibration training in this study.
If side-effects would have appeared in healthy people, the device would not
be used on an unhealthy sample in the future. As we observed the intended
effects, and side effects did not appear in healthy people in this study, this
device could possibly be used with patients in future research. Also, further
studies should focus on long-term effects of partial-body vibration in sitting
position.

15
16

17
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Abstract

Clinical trial registration statement: The trial was registered in
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To investigate the additional value of physiotherapy after
a corticosteroid injection in stage one or two idiopathic
frozen shoulders (FSs).

AIM
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METHODS

A two center, randomized controlled trial was done.
Patients with a painful early stage idiopathic FS were
eligible for inclusion. After written consent, patients were
randomly allocated into two groups. All patients received
an ultrasound-guided intra-articular corticosteroid
injection. One group underwent additional physiotherapy
treatment (PT) and the other group did not (non-PT).
The primary outcome measure was the Shoulder Pain

CONSORT 2010 statement: The authors have read the
CONSORT 2010 Statement, and the manuscript was prepared
and revised according to the CONSORT 2010 Statement.
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,

WJO|www.wjgnet.com

165

September 18, 2018|Volume 9|Issue 9|

Kraal T et al . Dutch frozen shoulder trial, a randomized controlled trial

and Disability Index (SPADI). Secondary outcomes were
pain (numeric pain rating scale), range of motion (ROM),
quality of life (RAND-36 score), and patient satisfaction.
Follow-up was scheduled after 6, 12 and 26 wk.

INTRODUCTION
Frozen shoulder (FS), a common cause of shoulder pain
and disability, affects approximately 2% to 4% of the
[1-3]
general population . The peak incidence of FS is between
the fifth and sixth decade of life, occurring slightly more
frequently in women than in men. The pathophysiology of
[4]
FS is poorly understood . The generally accepted theory
comprises an inflammatory cascade causing contracture
of the anterosuperior capsule, the rotator interval and
the coracohumeral ligaments of the shoulder joint. These
events lead to the typical loss of the passive external
[2]
rotation seen in FS . Although there are histopathological
similarities with Dupuytren’s disease, FS follows a different
[5]
natural course . Historically, FS is considered to be selflimiting with three different stages; the freezing, frozen,
[6,7]
and thawing stages . However, clear distinction between
separate stages is difficult without clear cut-off criteria,
and a continuing spectrum is more appropriate. Functional
[8,9]
recovery mainly takes place within one to three years .
However, the remaining pain and restriction in range
of motion (ROM) of the shoulder joint can even persist
[10-12]
long-term
.
There is no widely agreed consensus about the most
optimal treatment regimen for FS. Systematic reviews
point to a large gap in evidence for treatment strate
[13-15]
gies for FS
. Currently, there seems to be a trend
towards more invasive treatments, like manipulation
under anesthesia and particularly arthroscopic capsular
[16]
release . However, there is insufficient evidence to
[13]
recommend these treatment modalities . Less invasive
treatment options are intra-articular corticosteroid
injections and physiotherapy. These are the most widely
used treatment modalities in FS in both primary and
[2,17,18]
secondary healthcare settings
. Corticosteroid
injections demonstrated a positive effect on shoulder
[19,20]
pain and ROM, at least in the short-term
. However,
the role of physiotherapy in the treatment of FS is
[14,21,22]
more uncertain
. Supervised neglect, consisting of
supportive therapy and exercises within pain limits, has
[23]
been advocated as an appropriate treatment for FS .
[24]
In a systematic review, Blanchard et al hypothesized
a potential beneficial effect of combining corticosteroid
injections with physiotherapy. Conclusive evidence to
support this is lacking, which warrants further trials. The
objective of this randomized controlled trial was therefore
to investigate the additional value of physiotherapy
treatment (PT) after an intra-articular corticosteroid
injection in the management of early-stage idiopathic
FSs. It is hypothesized that, with respect to ROM and
shoulder function, additional physiotherapy is superior to
corticosteroid injection alone.

RESULTS

Twenty-one patients were included, 11 patients in the
non-PT and ten in the PT group, with a mean age of
52 years. Both treatment groups showed a significant
improvement at 26 wk for SPADI score (non-PT: P =
0.05, PT: P = 0.03). At the 6 wk follow-up, median
SPADI score was significant decreased in the PT group
(14 IQR: 6-38) vs the non-PT group (63 IQR: 45-76) (P
= 0.01). Pain decreased significantly in both groups but
no differences were observed between both treatment
groups at any time point, except for night pain at 6 wk in
favor of the PT group (P = 0.02). Significant differences
in all three ROM directions were observed after 6 wk
in favor of the PT group (P ≤ 0.02 for all directions). A
significantly greater improvement in abduction (P = 0.03)
and external rotation (P = 0.04) was also present in favor
of the PT group after 12 wk. RAND-36 scores showed
no significant differences in health-related quality of life
at all follow-up moments. At 26 wk, both groups did not
differ significantly with respect to any of the outcome
parameters. No complications were reported in both
groups.

CONCLUSION

Additional physiotherapy after corticosteroid injection
improves ROM and functional limitations in early-stage
FSs up to the first three months.
Key words: Corticosteroid; Frozen shoulder; Adhesive
capsulitis; Physiotherapy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Corticosteroids and physiotherapy are the
most widely used treatment modalities in frozen
shoulders (FSs). However, the role of physiotherapy,
especially in early FSs, is controversial. Corticosteroid
injection with additional physiotherapy leads to better
Shoulder Pain and Disability Index scores and range of
motion up to three months compared to corticosteroid
injection alone. Although a trend was recognized in
favor of the physiotherapy group, both groups did not
differ significantly with respect to any of the outcome
parameters at the final follow-up after 26 wk.
Kraal T, Sierevelt I, van Deurzen D, van den Bekerom MPJ,
Beimers L. Corticosteroid injection alone vs additional physio
therapy treatment in early stage frozen shoulders. World J Orthop
2018; 9(9): 165-172 Available from: URL: http://www.wjgnet.
com/2218-5836/full/v9/i9/165.htm DOI: http://dx.doi.org/10.5312/
wjo.v9.i9.165
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MATERIALS AND METHODS
Approval for a prospective randomized clinical trial
(D-FROST; Dutch frozen shoulder study) was obtained
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by the MC Slotervaart Hospital Medical Ethics Committee
(NL47325.048.13). The trial was registered in the Dutch
Trial Register (NTR4587). The study was undertaken in
accordance with the declaration of Helsinki. Patients were
recruited between February 2014 and December 2015
in two participating hospitals in Amsterdam. Patients
were eligible for participation if they exhibited clinical
signs of FS, including pain and stiffness of the involved
shoulder without preliminary trauma persisting for more
than three months. The required level of pain was a
minimum score of six out of ten on a numeric pain scale.
Restriction of the passive ROM of the shoulder joint of
more than 30° in external rotation and a second direction
(i.e., abduction and/or forward flexion) when compared
to the unaffected contralateral side was required for
inclusion. Conventional radiographs of the shoulder joint
and ultrasound studies were used to rule out osteoar
thritis and rotator cuff ruptures. Exclusion criteria were:
Corticosteroid injection in the shoulder joint region in
the previous 6 wk, previous surgery to the shoulder,
systemic inflammatory disease, neurological disorder
with impairment of the upper limb, and the use of anticoagulation therapy using a therapeutic dosage. These
selection criteria are intended to select a clearly defined
population of patients with early-stage (stage one or
two) idiopathic FSs. Patients were informed both in word
and with an information leaflet. Informed consent was
obtained from all included patients.

of the PT was to increase ROM of the shoulder, decrease
pain, and restore the function of the shoulder for daily
activities. Tissue irritability of the shoulder joint was taken
[25]
into account to guide the intensity of the treatment .
Passive mobilization techniques were used, except for
[26]
Maitland grade five mobilizations . Attention was paid
to scapulothoracic movement, with the purpose to
improve the scapulohumeral kinematics. Also, active
and auto-assisted stretching techniques were part of the
physiotherapy program. If there was an increase in pain
lasting for more than four hours after the PT session,
the next session had to be less intense. Hot packs,
icing, and massage techniques were allowed to reduce
pain. Transcutaneous electrical nerve stimulation, pulsed
electromagnetic field, infrared, dry needling and medical
taping were not allowed due to the lack of evidence of
[27]
these treatment modalities in the treatment of FS .

Outcome parameters and follow-up

The main outcome parameter of this study was the
Shoulder Pain and Disability Index (SPADI) at the 26 wk
follow-up, consisting of 13 questions divided into two
domains (pain and disability). Item responses were rated
on a eleven-point scale (0-10) leading to a score between
[28]
0 (best) and 100 (worst) . The SPADI has been
[29,30]
translated and validated in Dutch
. Pain on average
last week, and pain at night were scored on a ten-point
numeric pain-rating scale (NPRS). Health-related quality
[31,32]
of life was assessed using the RAND-36
. Passive
ROM was measured in the standing position with the use
of a goniometer. External rotation was measured in the
horizontal plane, with the elbow at the side. Abduction
was measured in the frontal plane and anteflexion in the
sagittal plane. Patient satisfaction about their change in
pain and function was assessed on a five-point Likert
scale (“worse’’, ‘‘unchanged’’, ‘‘unsatisfactory improved’’,
‘‘satisfactory improved’’ and ‘‘good to very good
[33]
improved”) . Repeated corticosteroid injections were
allowed after 6 wk if the level of pain had not dropped
by at least 50%. Follow-up was scheduled after 6, 12
and 26 wk.

Randomization and interventions

Patients were randomly assigned into two groups. The
intervention group undergoing a PT program (PT-group),
or the control group without physiotherapy (non-PT).
Patients were allocated to one of the study groups using
an online website. Randomization was stratified by the
participating hospital and performed in variable blocks
using computer-generated randomization software.
Participating orthopaedic surgeons who assessed patient
eligibility had no access to the randomization software,
hereby securing allocation concealment. Within two
weeks after inclusion, patients in both study groups
received an ultrasound-guided glenohumeral joint
injection of 1 mL kenacort 40 mg in 4 mL lidocaine 1%,
administered by an experienced radiologist. Both groups
were informed about the possible self-limiting nature of
FS, and received counseling about optional analgesics
like acetaminophen, nonsteroidal anti-inflammatory
drugs or tramadol, if needed. The non-PT group did
not receive PT. Advice was given to try to use the
affected arm in daily life activities within their pain limits.
Patients in the PT group were referred to a participating
physiotherapy clinic. All participating physiotherapists
treated the referred study patients according to a
standardized protocol, twice a week with a maximum
duration of three months. This physiotherapy protocol
was composed after a thorough literature review by the
participating shoulder surgeons in accordance with two
experienced shoulder-treating physiotherapists. The aim
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Statistical analysis

Statistical analysis was performed by use of the SPSS
statistical package software (version 22.0; Armonk,
NY: IBM Corp) according to the intention to treat
principle. Statistical review was performed by a clinical
epidemiologist. Due to the small sample sizes and
skewed distributions, analyses were performed nonparametrically. Patient demographics and baseline
characteristics were described and compared between
groups according to their distributions. Continuous and
ordinal data are presented as medians with interquartile
ranges (IQR) and differences between the treatment
groups were assessed by use of Mann Whitney U tests.
Wilcoxon Signed Ranks tests were performed to assess
2
changes from baseline at 26 wk. χ tests were performed
in case of categorical variables. A P-value < 0.05 was
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Table 1 Demographics and patient characteristics
Characteristic
No. of patients
Age (yr)
Gender
Male
Female
Stage of frozen shoulder
Freezing (stage Ⅰ)
Frozen (stage Ⅱ)
Duration of symptoms prior to intervention
< 6 mo
> 6 mo
Previous injection around the shoulder
Previous PT
Disabled to work related to shoulder
Diabetes mellitus

Total

Non-PT

PT

P -value

21
51.9 (SD 5.1)

11
50.4 (SD 6.1)

10
53.3 (SD 3.8)

0.17

9 (43)
12 (57)

4 (36)
7 (64)

5 (50)
5 (50)

0.67

8 (38)
13 (62)

6 (55)
5 (45)

2 (20)
8 (80)

0.18

13 (62)
8 (38)
11 (52)
15 (71)
4 (19)
2 (10)

9 (82)
2 (18)
5 (45)
7 (64)
2 (18)
2 (18)

4 (40)
6 (60)
6 (60)
8 (80)
2 (20)
0 (0)

0.08
0.67
0.64
1.00

PT: Physiotherapy treatment.

considered statistically significant.

Table 2 Shoulder Pain and Disability Index scores for pain,
disability and total Shoulder Pain and Disability Index scores
(medians with interquartile range)

SPADI pain
Baseline (wk)
6
12
26
SPADI limitations
Baseline (wk)
6
12
26
SPADI total
Baseline (wk)
6
12
26

Non-PT

PT

P -value

82 (70-90)
71 (24-79)
48 (22-68)
14 (8-30)

86 (46-92)
18 (9-43)
20 (9-57)
13 (4-32)

0.68
0.09
0.17
0.94

81 (58-88)
69 (47-76)
38 (25-72)
10 (9-50)

74 (28-84)
11 (4-36)
14 (5-58)
8 (1-25)

0.42
0.01
0.15
0.35

80 (65-87)
63 (45-76)
42 (25-72)
14 (11-39)

82 (35-86)
14 (6-38)
16 (7-58)
10 (2-28)

0.54
0.01
0.17
0.44

RESULTS
Patient population

A total of 21 patients were included, with 11 patients
in the non-PT and ten in the PT group (Table 1). All
patients had conventional radiographs of the shoulder
without abnormalities. At baseline, external rotation
was limited in both patient groups with a median
external rotation measuring five degrees for all patients
(IQR: 0-20). Median NPRS on average last week
was eight (IQR: 7-8.5). In both groups, two patients
were too disabled to work due to their FS symptoms.
Two patients in both groups had received a previous
corticosteroid injection more than three months prior
to inclusion. After 26 wk, ROM measurements were
available for 81% of the patients. Questionnaires were
completed by 15 out of 21 patients (71%). An intraarticular corticosteroid injection was repeated after 12
wk in two patients in both groups. No complications or
adverse events were reported in both groups.

SPADI: Shoulder Pain and Disability Index; PT: Physiotherapy treatment.

SPADI total
90

*

Median total SPADI score

80

Non-PT
PT

Clinical and functional outcome

70

The median total SPADI scores for all patients at
baseline was 81 (IQR: 58-87), which confirmed
the severe pain and disabilities of FS in the early
stages. Both treatment groups showed a significant
improvement at the primary endpoint of 26 wk for
SPADI scores (non-PT: P = 0.05, PT: P = 0.03). At the
6 wk follow-up, median SPADI scores had decreased to
63 (IQR: 45-76) in the non-PT group and 14 (IQR: 6-38)
in the PT group. This difference was significant (P = 0.01)
and exceeded the minimal clinical important difference
[34]
(range 8-13) of the SPADI , but this difference had
disappeared after 26 wk (P = 0.23). At the final followup, median SPADI scores were 24 (IQR: 12-19) in the
non-PT and ten (IQR: 2-28) in the PT group (Figure
1 and Table 2). Passive ROM increased significantly

60
50
40
30
20
10
0

0

6

12

26

Follow up in weeks

Figure 1 Median total SPADI score compared between both groups
(non-physiotherapy treatment and physiotherapy treatment). Error bars
represent inter quartile range. The asterisk marks statistical significance
between both groups. SPADI: Shoulder Pain and Disability Index; PT:
Physiotherapy treatment.
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comparisons). However, significant differences between
both treatment groups were not observed at any time
point, except for night pain at 6 wk in favor of the PT
group (P = 0.02, Table 4). The results of the RAND-36
showed no significant differences between both groups
regarding health-related quality of life at all followup moments. A slightly higher satisfaction score was
reported by the PT group compared to the non-PT group
at the 6 wk follow-up (P = 0.02). At all other follow-up
moments, the degree of satisfaction was comparable
between the two treatment groups (Table 4).

Table 3 Range of motion measurements, medians (with
interquartile range)

Abduction
Baseline (wk)
6
12
26
Anteflexion
Baseline (wk)
6
12
26
External rotation
Baseline (wk)
6
12
26

Non-PT

PT

P -value

50 (40-60)
70 (43-90)
80 (65-98)
85 (80-149)

50 (41-102)
100 (80-140)
100 (90-165)
130 (85-170)

0.39
0.01
0.03
0.33

70 (70-80)
90 (75-111)
90 (80-146)
100 (90-160)

95 (48-120)
140 (105-165)
130 (115-155)
155 (110-170)

0.25
0.02
0.06
0.17

0 (0-5)
13 (5-26)
18 (8-29)
30 (13-44)

8 (0-24)
40 (30-43)
40 (25-65)
50 (35-60)

0.14
0.01
0.04
0.07

DISCUSSION
The aim of this trial was to investigate whether physio
therapy is of additional value after an intra-articular
corticosteroid injection into the shoulder joint in the
treatment of patients with FS in stage one or two. At
the final follow-up after 26 wk, no clinical or functional
differences were observed between both groups, with
or without additional PT. However, total SPADI scores,
ROM measurements and NPRS for pain at night were
significantly superior in the physiotherapy group at 6 wk.
The most considerable differences between the groups
were observed for the ROM, in favor of the PT group
until 12 wk of follow-up. This could imply that PT after
an intra-articular corticosteroid injection is of additional
clinical value in the treatment of FS. The result of
physiotherapy is improved shoulder function, with less
limitation in the rehabilitation process of patients with
FS up to the first three months after a corticosteroid
injection in the shoulder joint.
An initial good improvement is frequently reported
[22,35]
in studies using corticosteroid injection for FS
.
The beneficial value of additional physiotherapy was
[21]
also reported by Carette et al . In his clinical trial,
corticosteroid injection followed by physiotherapy
provided a faster recovery of shoulder function compared
to injection alone, or placebo injection combined
[22]
with physiotherapy. Ryans et al
conducted a RCT
comparing four treatment strategies for FS. The authors
concluded that corticosteroids were effective for pain
relief and shoulder disability in the short-term, and
physiotherapy was effective in restoring external rotation.
In both studies, the differences were most distinct at the
early follow-up and at 6 and 12 wk, but not significant
after more than three months. This is quite similar
to our findings. A reason for this might be the selflimiting natural course of the disease. Nevertheless, the
beneficial effect of physiotherapy in the short-term can
be of clinically-relevant value in case the duration of
both symptoms and disabilities is shortened with this
strategy.
On the contrary, other studies do not support the
[23,24]
use of physiotherapy in the treatment of FS
. In
[24]
a systematic review, Blanchard et al
found inferior
results of PT compared to corticosteroid injection. Some
even consider physiotherapy to be inappropriate during

PT: Physiotherapy treatment.

Table 4 Pain (numeric pain rating scale) scores, RAND-36
physical component scale and mental component scale

NPRS average last week
Baseline (wk)
6
12
26
NPRS night
Baseline (wk)
6
12
26
RAND-36 PCS
Baseline (wk)
6
12
26
RAND-36 MCS
Baseline (wk)
6
12
26
Satisfaction (wk)
6
12
26

Non-PT

PT

P -value

8 (7-9)
4 (2-8)
4 (2-7)
3 (1-4)

8 (5-8)
2 (1-4)
1 (0.5-5)
2 (0-3)

0.37
0.19
0.17
0.41

8 (8-9)
4 (3-7)
5 (2-7)
2 (1-3)

9 (7-9)
2 (0-3)
1 (0-6)
2 (0-3)

0.94
0.02
0.11
0.48

33 (31-40)
43 (35-46)
45 (43-50)
43 (35-56)

39 (34-46)
47 (44-52)
47 (43-55)
40 (46-56)

0.11
0.10
0.63
0.56

47 (36-54)
49 (35-52)
43 (29-51)
52 (50-57)

44 (35-54)
50 (42-56)
52 (40-55)
52 (35-57)

0.94
0.33
0.20
0.56

3 (2-3)
2 (0-4)
3 (3-4)

4 (3-4)
3 (2-4)
3.5 (3-4)

0.02
0.22
1.00

Satisfaction scores (“worse’’, ‘‘unchanged’’, ‘‘unsatisfactory improved’’,
‘‘satisfactory improved’’ and ‘‘good to very good improved”). Results
reported as medians (with interquartile range). NPRS: Numeric pain
rating scale; PT: Physiotherapy treatment.

compared to baseline in both groups (P < 0.03 for all
comparisons). Significant differences in all three ROM
directions were observed after 6 wk in favor of the PT
group (P ≤ 0.02 for all comparisons). At the final followup, all ROM measurements were still in favor of the PT
group, but were not significant (Table 3).
Both of the NPRS items “night pain” and “average
pain last week” showed significant decreases at the
26 wk follow-up for both groups (P < 0.03 for all
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[2,36]

early (painful) stage of FS
. A possible explanation
for inferior results from physiotherapy in the treatment
of FS is inadequacy to take in to account the tissue irri
tability level. Irritability is a term to reflect the tissue’s
ability to handle physical stress, presumably related to
the extent of inflammatory activity. Tissue irritability
can be categorized into three levels based on: patient
reported pain, pain at end ROM, and the difference
[25]
between active and passive ROM . PT intensity can
vary in the length of treatment, frequency of sessions,
intensity of mobilization techniques, and types of
exercises. Intensive physiotherapy at an early stage
of FS without taking into account the tissue irritability
level, can potentially worsen the symptoms of FS. For
[23]
example, Diercks et al
reported a negative effect of
PT, including passive stretching and manual mobilization,
compared to supportive therapy within pain limits.
However, no corticosteroid injections were used in the
[23]
trial of Diercks et al . Intra-articular corticosteroids
have an anti-inflammatory effect, which is likely to
[37]
attenuate tissue irritability . We believe that in order
to optimize treatment of early-stage FS, PT intensity
should be guided by tissue irritability level. Moreover, PT
is preferably started after an intra-articular corticosteroid
injection.
In this prospective RCT, the study population was
clearly defined according to strict criteria to include
patients with idiopathic FS in stage one or two with
symptoms lasting at least three months. The cortico
steroid injections were administered under ultrasound
guidance by experienced radiologists. Rehabilitation was
performed according to a uniform physiotherapy protocol
and carried out by specialized shoulder physiotherapists.
The ROM measurements were assessed by the treat
ing orthopedic surgeon. Although not blinded for the
allocated intervention, these measurements were done
consistently and by an experienced surgeon.
The major limitation of this study is the relatively
small number of included patients. The results of this trial
should therefore be interpreted with caution. A sample
size of 41 subjects per group with a power of 90%, alpha
0.05 and a 10% drop-out rate was calculated at the
beginning of the study. This was based on the primary
outcome parameter SPADI, with a minimal clinically
important difference of 13 and a standard deviation
of 17. Unfortunately, it was impossible to include this
number of patients within a reasonable period of time.
This was attributable to two factors. Firstly, the costs for
physiotherapy were supported by the Slotervaart Center
of Orthopedic Research and Education, however this was
only available for a limited number of patients. Three
separate research grant applications for funding of the
trial were declined. Secondly, there was an unexpected
amount of unwillingness to participate among eligible
patients. We tried to increase the number of inclusions
by attracting attention for the trial in several ways.
Printed posters were exposed in the waiting rooms of the
Orthopaedic Department, an article about the trial was
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published in the local hospital journal, and an information
letter was sent to more than 200 general practitioners
in the catchment area. However, even with these small
numbers, a positive effect of physiotherapy was observed
up to three months of follow-up. It is possible that more
significant differences between both treatment groups
would have been found with a larger number of included
patients.
A control group without corticosteroid injection was
not made available in the study design to monitor the
true natural course of the condition. This was because
of our assumption that this could raise more difficulties
persuading patients to participate in the trial. Study
patient compliance to physiotherapy sessions was not
recorded. However, a high compliance rate was expected,
as the provided PT was free of charge. We are not aware
of any patient cross-over, i.e., starting physiotherapy
on their own once assigned to the non-PT group. A
possible explanation for inferior SPADI scores and ROM
measurements at 6 wk in the non-PT group could be the
confounding role of diabetes in two patients in this group.
A prolonged refractory course of FS can be expected
[38,39]
with diabetes
. However, the results from additional
analysis that excluded these two diabetic patients did not
change the conclusions.
Nevertheless, it is important to note that there is no
clear understanding of the exact mechanism responsible
for the natural course of FS as well as its improvement
over time for most patients. We do agree that an
important aspect of treatment is expert advice and
the education of patients, with attention paid to the
patients’ perspectives regarding their expectations and
experiences with FS.
With the results of this trial and the current literature,
we suggest to offer patients additional PT after an intraarticular corticosteroid injection in the treatment of earlystage FS. The SPADI scores, ROM and pain at night
scores are significantly better in the PT group vs the
non-PT group at 6 wk. With time, the positive effect of
PT had faded out. There were no significant differences
between patients in both groups at the final follow-up
at 26 wk. Additional PT can improve shoulder function
and shorten the duration of functional limitations during
recovery for early-stage FS patients up to the first three
months.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Frozen shoulder (FS) is a common cause of shoulder pain and disability. A
contracted capsule with a decreased capsular volume leads to a typical loss
of passive external rotation seen in FS. Physiotherapy and corticosteroid
injections are the most widely used treatment modalities in FS, in both primary
and secondary healthcare settings.

Research motivation

Corticosteroid injections demonstrated a positive effect on shoulder pain
and range of motion (ROM), at least in the short term. However, the role
of physiotherapy in the treatment of FS is more uncertain. For example,
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supervised neglect, consisting of supportive therapy and exercises within pain
limits, has also been advocated as an appropriate treatment for FS.

7

Research objectives

8

The objective of this randomized controlled trial was therefore to investigate
the additional value of physiotherapy treatment (PT) after an intra-articular
corticosteroid injection in the management of early stage idiopathic FSs. It is
hypothesized that additional physiotherapy is superior to corticosteroid injection
alone with respect to ROM and shoulder function.

9

Research methods

10

A two center prospective randomized controlled trial was undertaken. Patients
with painful early-stage idiopathic FS were eligible for inclusion. After written
consent, patients were randomly allocated into two groups. All patients
received an ultrasound-guided intra-articular corticosteroid injection. One group
underwent additional PT and the other group did not (non-PT). The primary
outcome measure was the SPADI. Secondary outcomes were pain (NPRS),
ROM, quality of life (RAND-36 score), and patient satisfaction. Follow-up was
scheduled after 6, 12 and 26 wk.

11
12
13

Research results

Twenty-one patients were included, 11 patients in the non-PT and ten in the
PT group. Both treatment groups showed a significant improvement at 26 wk
for SPADI score. At the 6 wk follow-up, median SPADI score was significantly
decreased in the PT group (14 IQR: 6-38) vs the non-PT group (63 IQR: 45-76)
(P = 0.01). Significant differences in all three ROM directions were observed
after 6 wk in favor of the PT group (P ≤ 0.02 for all directions). At 26 wk, both
groups did not differ significantly with respect to any of the outcome parameters.
No complications were reported in both groups.

14

15
16

Research conclusions

Intra-articular corticosteroid infiltration is effective in the treatment of FS.
Additional PT can improve shoulder function and shorten the duration of
functional limitations during the recovery of early-stage FS patients up to the
first three months. The physiotherapy intensity should be guided on tissue
irritability. Future research should focus on the different populations other than
idiopathic FSs, like post-operative or post-traumatic FSs. Furthermore, a small
subset of patients is not satisfactorily treated with conservative treatment as an
injection and physiotherapy. It would be very interesting to investigate if these
patients with a prolonged and refractory course of disease could be identified at
an early time point.

17

18

Research perspectives

It would be very interesting to investigate if these patients with a prolonged and
refractory course of disease could be identified at an early time point.
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AIM

To perform an Internet based survey on the surgical
management of bone sarcomas in the lower extremity
amongst sarcoma surgeons.
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METHODS

All orthopedic surgical members of the Scandinavian
Sarcoma Group were invited to participate in an online
questionnaire. The questionnaire consisted of a clinical
case involving resection of a malignant bone tumor.
Several questions were asked, subdivided into categories.
Among these, surgical/technical considerations, e.g. ,
choice of implant; choice of antibiotics, dosage, and
duration of treatment, choice of antithrombotic drug,
initial start-up, dosage, and duration were included.
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CONCLUSION

The use of resection prosthesis in the treatment of bone
sarcomas is a well-established procedure. However,
therse is a significant discrepancy in the surgical
treatment algorithm between the sarcoma centers. Still
the treatment is mainly based on best clinical practice,
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due to the lack of evidence-based medicine in the
surgical management of bone sarcomas.
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Core tip: Today the majority of patients diagnosed with
bone sarcomas located in the lower extremities are
offered reconstruction with a megaprosthesis. However,
no clear golden standard is available in the international
surgical oncology community with regard to choice of
implant, choice of antibiotics, dosage, and duration of
treatment, or choice of antithrombotic drug, initial startup, dosage, and duration. The current study reveals a
clear lack of consensus.

Figure 1 Radiograph of a reconstruction with a proximal tibia tumor prosthesis.

the Scandinavian countries based on best clinical
practice. The study focuses on three main areas: (1)
Surgical-technical considerations; (2) use of antibiotics;
and (3) antithrombotic treatment.

Baad-Hansen T, Freund SS, Bech BH, Keller J. Is there consensus
regarding surgical treatment of bone sarcomas? World J Orthop
2018; 9(9): 173-179 Available from: URL: http://www.wjgnet.
com/2218-5836/full/v9/i9/173.htm DOI: http://dx.doi.org/10.5312/
wjo.v9.i9.173

MATERIALS AND METHODS
All orthopedic surgical members of the Scandinavian
sarcoma group (SSG) were invited to participate in an
online questionnaire. The questionnaire consisted of
a clinical case involving resection of a malignant bone
tumor located in the proximal tibia, reconstruction with
a megaprosthesis and a gastrocnemius myocutaneous
flap coverage (Figure 1). Several questions were asked,
subdivided into categories, among these, surgical/
technical considerations, e.g., choice of implant, choice
of antibiotics, dosage, and duration of treatment, and
choice of antithrombotic drug, initial start-up, dosage,
and duration. A complete list of the questions can be
seen in supplemental Appendix 1.
The participants could add supplementary comments
to certain questions. No participants were financially
compensated for completion of the survey.

INTRODUCTION
Evidence-based surgical treatment of bone sarcomas
is challenged by a limited number of patients and a
considerable variation in anatomical location of the
bone tumors. This is in contrast to the non-surgical
treatment of bone sarcomas, where standard protocols
are available to test new treatment regimes because
the location of the sarcoma is of less importance in
[1,2]
this context . Guidelines for surgical management
of hip and knee replacement due to more prevalent
disorders such as osteoarthritis are available from most
national hip and knee societies based on randomized
[3,4]
clinical trials and large-scale database studies . This
level of evidence is difficult to achieve dealing with
endoprosthetic reconstructive surgery in osteosarcoma
[5]
patients .
Since 2013 a randomized multicenter study, PARITY,
has been ongoing with the aim to determine whether
a five-day regimen of post-operative antibiotics, in
comparison to a single day regimen, will change the risk
of postoperative infection in patients receiving mega
[6,7]
prosthesis . The trial still lacks the inclusion of more
than 600 patients and seven countries with a total of 35
different sarcoma centers are including patients. Such
a multicenter study is time consuming, and it can be
questioned if the results can be generalized to the rest
of the world due to different antibiotic national policies.
The aim of the present study was to identify
differences in surgical treatment strategies for patients
with bone sarcomas in the lower extremities between

WJO|www.wjgnet.com

RESULTS
A total of 42 surgeons were asked to participate.
Five did not return the questionnaire; two declined to
answer due to inadequate clinical experience. A total of
35 participants returned a complete survey resulting in
a response rate of 83%, eight from Denmark (23%),
six from Finland (17%), one from Iceland (3%), seven
from Norway (20%), and thirteen from Sweden (37%).
The following hospitals were represented: Aarhus
University Hospital, Rigshospitalet, Copenhagen,
Karolinska University Hospital, Linköping University
Hospital, Sahlgrenska University Hospital, University
Hospital of Umeå, Skåne University Hospital, Oslo
University Hospital, Radiumhospitalet, Haukeland
University Hospital, Tampere University Hospital,
Helsinki University Hospital and University Hospital of
Iceland.
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Figure 2 Proportion of patients in each age group that the study participants would treat with a cemented implant.

About 50% of the participants had worked as
orthopedic oncologists for more than ten years. Female:
male ratio was 1:7.

of the participants would apply a drain. Removal of
the drain was dependent on two factors: time or drain
production, or a combination of the two. The majority
of the participants (67%) said that they would remove
the drain after 3-4 d, whereas 33% of the participants
would remove the drain 1-2 d postoperatively. Look
ing at drain production as a parameter, 82% of the
participants would remove the drain when production
was less than 25-50 mL/d. With regard to drain usage,
no clear pattern could be observed between countries
or within individual institutions. Several comments on
this topic were made: “Less than 50 mL/d or before
the fifth day,” “Especially if a drain is needed in the area
of the calf where the gastrocnemius muscle is rotated
I will leave it for a longer time until drain production is
less than 10 mL/d,” and “Max time for drain is 7 d, even
if the output is > 50 mL/d”.

Surgical/technical considerations

With regard to preoperative planning, 47% of the par
ticipants indicated that they would always perform a
preoperative templating in order to determine prosthesis
size and anatomical position whereas 25% answered
sometimes and 28% answered that they would never
perform templating. No differences between centers or
countries were observed with regards to templating.
In case a needle biopsy was done prior to the surgical
procedure, 66% indicated that they would excise the
biopsy tract. However, in case an open biopsy was
performed there was full consensus amongst all sarcoma
centers to excise the open biopsy tract if surgically
feasible.
In terms of choice of implant fixation, the majority
of surgeons preferred an uncemented prosthesis in
the younger patients until the age of 50, whereas a
cemented prosthesis was the preferred implant from
age 51 and up (Figure 2).
There was an overall agreement between countries
to select uncemented fixation for the younger patients,
however the Danish and Swedish sarcoma centers tended
to consider a cemented prosthesis also to the youngest
patients below 20 years old. Several reservations were
noted with regard to the implant choice. The following
comments were obtained. “It depends on the individual
bone stock, length of resection,” “routinely we will use
uncemented prosthesis in the absence of osteoporosis
and if postoperative radiotherapy is not considered,” and
“We do not use uncemented prosthesis”.

Use of prophylactic antibiotics

All participants confirmed that they administer intra
venous prophylactic antibiotics for endoprosthetic
reconstructive surgery. First choice of antibiotics was
cephalosporin, second was penicillin followed by
glycopeptide or a combination of the above mentioned.
According to the answers, the antibiotic prophylaxis
was initiated preoperatively by 71% of the participating
surgeons and was initiated perioperatively by 29%
of participants. In contrast to the sarcoma centers in
Finland, Norway and Sweden, who used cephalosporin,
the predominantly used prophylactic antibiotic in Denmark
and Iceland was penicillin. Duration of prophylactic
antibiotics ranged from less than one day to more than
four days. Thirty-nine percent of the participants stated
that antibiotics were used for 1-2 d. Lastly, 32% of the
participants answered that they used antibiotics until
drain removal. Comments were added: ”Until the surgical
wound is completely dry and drain has been removed,”

Postoperative treatment

In patients receiving a proximal tibia prosthesis, 72%
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“Only one dose if there has been limited bleeding
during surgery, and an extra dose if the bleeding has
been substantial,” “3 types of antibiotics. If surgery is
prolonged the regime is altered and may be given for 2-3
d,” ” If drainage is used, antibiotics will be prolonged,”
and ”1-2 d sometimes longer, depending on if splitskingraft is needed”.

weeks after surgery. In contrast, 52% of the participants
allowed full weight bearing of a cemented prosthesis
within the first week after surgery. This pattern was
observed in all sarcoma centers. Some participants
raised concerns due to postoperative chemotherapy and
the re-insertion of the patella tendon leading to delayed
full weight bearing.

Pain management

Postoperative chemotherapy

The majority of the participants (58%) would use some
kind of nerve block. Of these, the most common pain
management strategy was an epidural catheter (45%
of participants). Less commonly, a peripheral catheter
was used by 22%, and a combination of the above
was indicated by 33%. All answers revealed duration of
epidural and/or peripheral catheters of 2-4 d.

In terms of initiation of postoperative chemotherapy,
a clear difference between sarcoma centers was seen.
The majority of surgeons in the Swedish and Norwegian
centers allowed commencement of chemotherapy
10-14 d after surgery, whereas centers in Denmark
and Finland waited up to 28 d postoperatively. Figure
3 shows the results from all participants with regard to
delay of postoperative chemotherapy.

Antithrombotic prophylaxis

All participants presented a united front for the use of
antithrombotic treatment. All participants preferred low
molecular weight heparins. Antithrombotic treatment
was initiated preoperatively by 55%, perioperatively
by 3%, and postoperatively by 42%. Duration of the
antithrombotic treatment ranged from 5-7 d (13% of the
participants) to more than 28 d (6% of the participants).
Most of the participants answered 8-14 d (58%) and
23% answered 15-28 d. It was stated several times that
duration of the antithrombotic therapy also depended on
the degree of mobilization.

DISCUSSION
The European Society for Medical Oncology (ESMO)
provides Clinical Practice Guidelines for diagnosis,
treatment and follow-up of bone sarcomas. However,
[8]
the surgical procedures are only briefly discussed .
The lack of surgical recommendations is displayed in
the results from the present survey revealing great
heterogeneity in the surgical treatment strategy of
bone sarcomas located in the proximal tibia. However,
there is also some agreement between surgeons (e.g.,
in choice of implant fixation, use of antibiotics, and
antithrombotic treatment). The individual surgeon´s
preferences may be influenced by knowledge based on
clinical trials almost similar to reconstruction with tumorprostheses (e.g., primary or revision knee surgery
and national recommendations for endoprosthetic joint
[9,10]
replacement)
. Furthermore, based on the participant’s
statements in the results paragraph, previous personal
experiences and clinical tradition may also influence the

Weight bearing

The participants were asked to indicate at which time
full weight bearing was allowed in the case of insertion
of an uncemented prosthesis. Exclusively looking at
the fixation method, 32% answered within a week
postoperatively, 10% answered one to six weeks after
surgery, 48% answered seven to twelve weeks after
surgery, and finally 10% answered more than twelve
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clinical decision-making.
Some surgical procedures are widely accepted
as reference standards. For decades, there has been
consensus regarding removal of the biopsy tract during
surgery, grounded in the theory that the biopsy tract is
[11]
potentially contaminated by tumor cells . According
[11]
to Mankin et al , 15 out of 329 patients experienced
what might be unnecessary amputation due to un
favorable location of the biopsy, compromising definitive
reconstruction procedures. This assumption is based
[12]
more on empirical knowledge than on scientific data .
The above-mentioned standard is in accordance with
the ESMO guideline for Clinical Practice Guidelines for
diagnosis, treatment and follow-up of bone sarcomas
stating that the biopsy tract from an open biopsy must
be considered to be contaminated with tumor cells and
must be removed together with the resection specimen
to avoid local recurrences. However, no randomized
studies have been published to support this widely
accepted procedure.
[13]
A recent systematic review by Oliveira et al
reports that tumor contamination along the biopsy tract
in musculoskeletal cancer can cause local recurrence
and lead to an unfavorable prognosis. However, it
was not possible for the authors to conclude whether
a needle biopsy is associated with a lower risk of
contamination than an open biopsy. Nevertheless, only
66% of the asked participants in the actual survey
would excise the needle biopsy tract in contrast to an
open biopsy, whereas all participants would remove the
open biopsy tract.
The risk of developing a deep postoperative infection
in sarcoma patients undergoing large endoprosthetic
reconstructions is high compared with conventional total
[14]
joint replacement . The reason for this is multifactorial.
Immune compromised patients undergoing complex
and protracted procedures increase the risk of
[15]
complications .
The absence of a standard practice for antibiotic
treatment has led to an attempt to launch an international
multi-center RCT study including patients with lower
extremity bone tumors undergoing endoprosthetic
reconstruction, randomized to receive either cefazolin a
single day post-operatively or five days post-operatively.
Due to the low incidence of primary bone tumors, the
study requires a sample size of approximately 600
patients, demanding inclusion of multiple sarcoma
centers. Local variations in factors such as bacterial or
fugal prevalence, e.g., Methicillin-resistant Staphylococcus
aureus, Mycobacteria or Candida. Lack of consensus with
regard to choice of implant (some manufactures provide
[16]
silver or gentamycin coating) complicates the study .
Furthermore, cefazolin is not standard practice or available
in all countries leading to a reduced number of potential
participating centers. Finally, patient-related and technical
concerns must be taken into account when addressing
type and duration of antibiotic treatment, which also is
supported by the statements of the participants of the
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present survey. The fact that a nearly equal percentage of
orthopedic surgeons participating in our study chose the
duration of prophylactic antibiotics to be from less than
one day to more than four days (39%) emphasizes the
need for supporting new RCTs.
[17]
According to a study by Husted et al , a high
degree of agreement in the clinical setup of patients
undergoing fast track primary knee endoprosthetic
surgery in four large orthopedic institutions has been
described. With regard to deep venous thrombosis
prophylaxis in this patient group, the treatment was
initiated 6-8 h postoperatively and continued until
discharge or up to seven days postoperatively. The
clinical setup in primary total knee arthroplasty (TKA)
surgery, however, differs significantly from patients
undergoing tumor resection and reconstruction with
a megaprosthesis and a direct comparison cannot be
done. Patients receiving a primary TKA are most likely
to be mobilized on the same day as the index surgery
or at least on the first postoperative day. In contrast,
patients treated with a resection prosthesis of the
proximal tibia will need soft tissue reconstruction and
demands complete immobilization to achieve soft tissue
healing. Furthermore, cancer patients have an increased
risk of a venous thromboembolism event with a hazard
[18]
ratio of 4.7 compared to the background population .
The current study demonstrates a clear consensus
amongst the participating surgeons regarding the need
for venous thrombosis prophylaxis in the treatment of
bone sarcomas. In contrast, absolutely no agreement
was seen with regard to time for initiating treat
ment or duration of venous thrombosis prophylaxis.
Approximately half of the participants started initial
thrombosis prophylaxis preoperatively, and duration of
the treatment ranged from 5-28 d.
The current study has some limitations. National
legislations may influence clinical practices (e.g.,
choice of antibiotics). A restrictive antibiotic policy will
cause utilization of small spectrum antibiotics, leading
to problematic direct comparison between countries.
Furthermore, geographic variation in the prevalent
bacterial/fungal species will require the surgeons
to address a potential infection based on the local
microbiological species. In the current study the choice
of antibiotics is based on Scandinavian preferences,
which potentially can lead to a reduced external validity.
In conclusion, the use of resection prosthesis in
the treatment of bone sarcomas is a well-established
procedure providing good functional outcomes and
acceptable complication rates. However, the clinical
considerations that follow management of bone
sarcomas patients are predominantly based on best
clinical practice and to a lower extent on evidencebased knowledge, which leads to a substantial variation
in treatment protocols. In order to gain evidence-based
knowledge, international multicenter studies have been
initiated but are challenged by national heterogeneity
with possible consequences for the generalizability of
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their conclusions.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE

2

Research background

Reconstructive surgery using megaprosthesis is widely applied as a treatment
for bone sarcomas of the lower extremities. Even though reconstructive surgery
has been used for several decades it seems that there is no clear consensus in
surgical treatment strategies for this group of patients.

3

Research motivation

4

The low number of bone sarcomas limits the possibility to run randomized
clinical trials. This is in contrast to non-surgical treatment of bone sarcomas,
where standard protocols are available to test new treatment regimes since
the sites of the sarcoma are of less significance. Only a few international
randomized studies have been initiated to gain new evidence on the surgical
treatment of bone sarcoma patients. This is due to the difficulty in achieving
sufficient sample sizes due to the rarity of the disease.

5

Research objectives

6

Research methods

7

Research results

8

The goal of this study was to identify common strategies in the surgical
treatment of patients with bone sarcomas of the lower extremities in terms of
surgical/technical considerations, choice of antibiotics, dosage, and duration
of treatment, and choice of antithrombotic drug, initial start-up, dosage, and
duration.

The study was based on an internet-based survey on the surgical management
of bone sarcomas in the lower extremity amongst sarcoma surgeons in the
Scandinavian countries.

This study demonstrates a large variation in the treatment of patients with
bone sarcomas located in the lower extremities. With regard of implant fixation,
the Danish and Swedish sarcoma centers tended to consider a cemented
prosthesis not only for the older patients but also for the youngest patients below
20 years old, contrary to the rest of the Scandinavian centers. All participants
would administer intravenous prophylactic antibiotics regarding endoprosthetic
reconstructive surgery. First choice of antibiotics was cephalosporin. Less
commonly used were glycopeptide, penicillin, or a combination. The duration
of prophylactic antibiotic treatment ranged from less than one day to more
than four days. All participants would administer heparins as antithrombotic
prophylaxis. Fifty-five percent of the participants answered that initial treatment
was started preoperatively, 3% perioperatively and 42% postoperatively. Range
of antithrombotic treatment went from 5-28 d.

9

10

Research conclusions

Today, patients diagnosed with bone sarcomas of the lower extremity are to
a great extent offed treatment with a resection prosthesis. The treatment is
well established, however, there is a significant inconsistency in the surgical
treatment algorithm between sarcoma centers. Still the treatment is primarily
based on best clinical practice, due to the absence of evidence-based medicine
in the surgical management of bone sarcomas.

11

12

Research perspectives

13

The current study elucidates, that the surgical sarcoma community needs to
support the ongoing randomized control trials and encourage the initiation of
new randomized studies to gain knowledge of the surgical treatment of bone
sarcoma patients based on evidence-based medicine.

14
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Abstract

Informed consent statement: The patient involved in this
study gave her written informed consent authorizing use and
disclosure of her protected health information.

The spontaneous and simultaneous rupture of both
quadriceps tendons is uncommon and has rarely been
reported in the literature. The current case involves a
43-year-old man with end-stage renal disease requiring
hemodialysis for the past 20 years. The patient ex
perienced bilateral knee pain and swelling and was
unable to bear weight. Physical examination revealed
bilateral quadriceps tendon defect above the patella and
loss of active extension. Although plain radiographs of
both knees showed no fracture or widening of the joint
space, an inferiorly positioned patella was observed.
Ultrasonography of the knees revealed a quadriceps
tendon defect at the upper edge of each patella, while
MR imaging revealed a tear in each quadriceps tendon
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from the superior poles of the patella. The patient then
underwent surgical correction wherein the tendons
were repaired using sutures passed through drill holes
in the patella. The knees were immobilized with splints
for 4 wk before starting physiotherapy. The patient
subsequently regained full functional activity within 1
year.
Key words: Quadriceps tendon; Tear; Krackow sutures;
Renal failure; Hyperparathyroidism
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Spontaneous bilateral quadriceps tendon rupture
is uncommon, while the symmetry of physical findings
may make the diagnosis even more difficult. Testing
the extensor mechanism must be an essential part of
every knee examination. Early diagnosis and surgical
repair are associated with the best outcomes. The most
likely etiology of tendon ruptures in patients receiving
hemodialysis is the fragility of the junction between the
tendon and the bone resulting from long-standing and
poorly controlled hyperparathyroidism.

Figure 1 Palpation showing bilateral depression above the patella.

depression upon palpation above the patella (Figure
1). The patient exhibited good general conditions with
no signs of malnutrition. Bone densitometry, which
was previously performed, revealed osteopenia related
to chronic kidney disease. There was no significant
medical history, and no other co-morbidities were noted.
Although no traumatic context had been reported,
clinical examination noted incomplete active knee
extension that was very painful. Radiographs of the
knee showed a lowering of the patella with diffuse bone
demineralization due to renal failure (Figure 2). The
patient subsequently underwent ultrasonography and
magnetic resonance imaging (MRI) to examine the
appearance of the overlying tendon and muscle (Figure
3). Accordingly, simultaneous and spontaneous rupture
of both quadriceps tendons at the patellar insertion was
confirmed. Laboratory analyses revealed a white blood
cell count of 8540/mm³, hemoglobin of 8 g/dL, platelet
count of 352000/mm³. Blood testing revealed the
following values: sodium, 137 mmol/L; potassium, 4.8
mmol/L; calcium, 2.2 mmol/L; phosphorus, 0.9 mmol/L;
serum uric acid, 267 μmol/L; creatinine, 765 µmol/L;
and serum parathyroid hormone, 45 pg/mL (normal,
9-65 pg/mL). Hemostasis assessment was within normal
limits. The treatment consisted of tendon reinsertion
through tendon-to-bone repair (Figure 4). The patient
was immobilized for 4 wk with a splint before undergoing
regular rehabilitation. He was allowed to fully bear weight
6 wk after his surgery. The operative follow-up was
simple. A year later, the patient showed excellent results
and regained his former autonomy (Figure 5).

Zribi W, Zribi M, Guidara AR, Ben Jemaa M, Abid A, Krid N,
Naceur A, Keskes H. Spontaneous and simultaneous complete
bilateral rupture of the quadriceps tendon in a patient receiving
hemodialysis: A case report and literature review. World J Orthop
2018; 9(9): 180-184 Available from: URL: http://www.wjgnet.
com/2218-5836/full/v9/i9/180.htm DOI: http://dx.doi.org/10.5312/
wjo.v9.i9.180

INTRODUCTION
Bilateral quadriceps rupture is a very rare disabling injury.
Although traumatic in nature, it is often secondary to
metabolic disorders and predisposing medical conditions,
[1]
such as diabetes, gout, hyperparathyroidism , systemic
[2,3]
diseases, or chronic renal failure . The spontaneous
and simultaneous rupture of both quadriceps tendons
has been rarely reported in the literature and is usually
observed in patients aged over 40 years; a sex ratio of 6:1
[4,5]
has been recorded for this phenomenon . The most
commonly reported mechanism is the sudden reflexive
eccentric contraction of the quadriceps, with the foot
anchored to the ground and the knees flexed. We herein
report a case involving spontaneous bilateral rupture
of the quadriceps tendon in a patient with renal failure
receiving hemodialysis. Accordingly, we present clinical
particularities, imaging data, and the management
employed.

DISCUSSION
Bilateral rupture of the quadriceps tendon is a rare injury.
Accordingly, the first reported case of simultaneous
bilateral rupture of quadriceps tendons had been by
Steiner and Palmer in 1949. Patients usually complain
of severe knee pain and complete functional disability

CASE REPORT
A 43-year-old male with renal failure (hemodialysis for
20 years) presented with bilateral pain and cutaneous
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Figure 2 Knee radiographs showing patellar lowering and diffuse bone demineralization. A: Antero-posterior X-rays; B: Lateral X-rays.
Right

Left

Figure 3 Magnetic resonance imaging of the knee (sagittal view) showing a complete bilateral rupture of the tendon.

A

B

Figure 4 Surgical management of the injury through bilateral reinsertion of the tendon. A: Exposing the bilateral rupture of the quadriceps tendon; B:
Quadriceps tendon reinserted through tendon-to-bone repair.

Figure 5 Complete active extensions of the knees.
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of the lower limbs. In younger patients, however,
major trauma by direct shock or laceration by a blunt
object has been more common. In the absence of a
traumatic context, assessment should be focused on
identifying systemic diseases wherein tendons become
weakened. Hence, tendon ruptures could be caused
by the diminution of local circulation, abnormalities in
collagen metabolism, repeated microtrauma, weaken
ing, and calcifications, which consequently reduce the
elasticity of the tendon. Most authors agree that bone
resorption at the tendon insertion sites due to secondary
hyperparathyroidism contributes to the pathogenesis of
tendon ruptures. In addition, weakening of the tendon
may be observed when collagen is replaced by elastin
during chronic metabolic acidosis due to chronic renal
failure. Such patients are therefore at risk for bilateral
ruptures. Many cases of bilateral ruptures in athletes
consuming anabolic agents have been also reported in
[6]
the literature . Moreover, direct corticosteroid injections
and fluoroquinolone use have all been associated with
[6]
increased risk of tendon rupture . Though fluoroquino
lone use has most commonly affected the Achilles
tendon, cases involving the rotator cuff, biceps, wrist
extensors, and quadriceps tendons among others, have
[7,8]
also been described . The diagnosis of quadriceps
tendon rupture has been based primarily on anamnesis
and clinical examination.
[4]
Accordingly, Siwek and Rao in 1981 showed that
28% of ruptures had not been initially diagnosed.
Therefore, clinical examination is crucial and allows for
rapid diagnosis, which is critical for optimal therapeutic
management. Clinically, patients are no longer able to
[9]
perform full active extension of the knee . In a supine
position, patients cannot elevate the lower limb while
keeping it extended or maintain this position against
gravity. In a seated position with the knees flexed at
90°, patients are unable to completely extend the knee
when both the quadriceps tendon and retinaculum
(aponeurosis of the vastus medialis and vastus lateralis,
which are inserted on the patella) are torn. On the other
hand, when the quadriceps tendon is torn while the
retinaculum is intact, patients are able to achieve partial
active extension without reaching full extension. During
palpation of the quadriceps tendon, a “hole” and an
interruption of tendon continuity are felt. However, the
swelling and hematoma that subsequently develop may
[5]
obscure the palpability of this “hole” . Quadriceps tendon
tears generally occur 2 cm above the upper pole of the
patella. However, tearing occasionally occurs higher
at the myotendinous junction, particularly in patients
with reduced mobility and muscle atrophy. A differential
diagnosis for patients unable to perform full active knee
extension may include femoral nerve palsy, which might
[10]
be traumatic or iatrogenic . Accordingly, radiological
examinations may help establish a more accurate dia
gnosis. Radiographic views of the knee may show soft
tissue swelling above the kneecap. Calcifications at
the superior pole of the patella may indirectly indicate
quadriceps tendinopathy, which is a predisposition to
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rupture . Considering that the patella is no longer
subject to quadriceps traction, it may be located lower
compared to the uninjured side in unilateral conditions
(patella baja or patella infera).
Although ultrasonography is a non-invasive, rapid,
and effective diagnostic tool for confirming a partial or
complete quadriceps tendon rupture, interpretation
of its results is examiner-dependent and must be
performed by a trained specialist. MRI is another very
sensitive diagnostic tool that can precisely locate the tear,
determine which four layers of the quadriceps tendon are
affected or whether the rupture is partial, and determine
[5]
whether the retinaculum is torn . As such, our patient
underwent MRI to identify quadriceps tendon ruptures
prior to surgery. Surgery based on reintegration for fresh
lesions and tendinous plasty for old ones has always
been the standard treatment for ruptures, with early
[5]
surgical repair providing the best results . Nonetheless,
various surgical techniques have been described. In
the case of tendon body tearing, an end-to-end suture
allows for an excellent repair. For ruptures close to the
[12]
patellar insertion, Krackow points can be made in the
tendon stump, which is then passed through the patella
using longitudinal bony tunnels, ensuring good holding. A
[13]
torn retinaculum must also be sutured. Lighthart et al
studied quadriceps tendon strength after transosseous
suturing and tendon anchoring. Accordingly, their results
showed no difference between the two techniques.
After the operation, walking was permitted albeit
with a splint keeping the knee extended for 4 to 6 wk,
[14]
which helps protect the reconstruction . A mobilization
of 0°-30° can be allowed to prevent adhesions. Most
authors have reported good functional results, always
with complete motion recovery and return to previous
[13,14]
activities
. Though quadriceps amyotrophy is quite
common, it carries no functional repercussions in everyday
life. Moreover, recovery is difficult despite physiotherapy.
In fact, only 4 to 6 wk of actual physiotherapy is provided
postoperatively. Furthermore, a secondary rupture may
[7]
occur but remains rare .
A missed diagnosis may lead to delayed repair,
which could be problematic due to significant quadriceps
retraction. As a result, end-to-end tendon suturing
becomes difficult, and more complex surgical techniques
are often necessary to fix the consequent defect and
restore the extensor system of the knee. Several tech
[5]
niques have been described , including tendon graft
ing (auto- or allograft) and tendon flap advancement.
Nonetheless, delayed repairs have worse results and
higher complication rates. Early diagnosis and treatment
are therefore essential for good healing and functional
recovery.
Spontaneous ruptures of the knee extensor system
are rare, and bilateral forms, which result in functional
disability of both lower limbs, are exceptionally rare.
Given that early diagnosis allows for rapid surgical
management and thus optimal functional recovery,
careful investigation of such ruptures through clinical
examination, plain radiographs, and MRI is therefore
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necessary for better tear analysis.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Case characteristics

2

This case involves spontaneous bilateral rupture of the quadriceps tendon in a
patient with renal failure receiving hemodialysis. Accordingly, we present clinical
particularities, imaging data, and the management employed.

3

Clinical diagnosis

Bilateral rupture of the quadriceps tendon.

Differential diagnosis

4

Laboratory diagnosis

5

Femoral nerve palsy.

Blood testing revealed renal failure and anemia without other abnormalities.
6

Imaging diagnosis

Knee radiographs revealed lowering of the patella with diffuse bone
demineralization caused by renal failure. Magnetic resonance imaging
confirmed the diagnosis of bilateral rupture of the quadriceps tendon.

7

Treatment

Tendon reinsertion through tendon-to-bone repair.

8

Related reports

9

Only few cases of spontaneous bilateral rupture of the quadriceps tendon have
been to date reported in the literature.

10

Experiences and lessons

This case will help improve the understanding of the management of bilateral
rupture of the quadriceps tendon, which is a rare injury. The main lesson
learned was that early diagnosis and surgical repair are essential for achieving
the best outcomes.

11

12
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Abstract

Jason B Anari, Patrick J Cahill, John M Flynn, David A
Spiegel, Keith D Baldwin, Department of Orthopaedic Surgery,
Children’s Hospital of Philadelphia, Philadelphia, PA 19104,
United States

Pelvic instrumentation for neuromuscular scoliosis has
been part of neuromuscular scoliosis surgery since
the era of the Luque Galveston construct. Unit Rod
(Medtronic Sofamor-Danek, Nashville, TN) instrumen
tation brought with it the concept of cantilever corr
ection by placing the implants in the pelvis and then
gradually bringing the rod to the spine by sequentially
tightening the sublaminar wires, with the goal of crea
ting a level pelvis over a straight spine. More recently
surgeons have utilized pedicle screw constructs in
which the corrective strategies have varied. Challenges
with pelvic fixation using iliac screws linked to the
spinal rod have led to the development of the S2-alariliac technique (S2AI) in which the spinal rod connects
to the pelvic screw. The screw is placed in the S2 ala,
crosses the sacro-iliac joint and into the ilium through
a large column of supra-acetabular bone. This column
is the same area used for anterior inferior iliac spine
external fixation frames used in trauma surgery. S2AI
screw placement can be technically difficult and can
require experienced radiology technologists to provide
the appropriate views. Additionally, although the techni
que was originally described being placed via freehand
technique with intra-operative flouroscopy, the freehand
technique suffers from the anatomic anomalies present
in the pelvis in neuromuscular scoliosis. As such, we
prefer to place them using intra-operative navigation for
all pediatric spinal deformity cases. Below in detail we
report our intra-operative technique and an illustrative
case example.
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Core tip: S2-alar-iliac technique (S2AI) screws are used
commonly in 2018 in posterior spinal fusion surgery
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when a fusion to the pelvis is indicated. The benefits
of this instrumentation choice are well known; and now
with 3D technology surgeons can safely place S2AI
screws reproducibly even in aberrant pediatric anatomy.
Anari JB, Cahill PJ, Flynn JM, Spiegel DA, Baldwin KD.
Intra-operative computed tomography guided navigation for
pediatric pelvic instrumentation: A technique guide. World J
Orthop 2018; 9(10): 185-189 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v9/i10/185.htm DOI: http://dx.doi.
org/10.5312/wjo.v9.i10.185

Figure 1 Posteroanterior of a sweeping thoracolumbar curve with pelvic
obliquity typical of neuromuscular scoliosis.

INTRODUCTION
Neuromuscular scoliosis is a common cause of spinal
deformity, and nonambulatory patients commonly have
a thoracolumbar or lumbar curve associated with pelvic
obliquity (Figure 1). While corrective strategies have
varied, the initial approach using the Luque-Galveston
technique involved extension of the spinal rod into the
posterior ilium/pelvis. The corrective strategy in the
unit rod occurred by first placing the pelvic limbs of
the fixation in the pelvis, and then gradually bringing
the rod to the spine by applying cantilever forces and
sequentially tightening sublaminar wires to bring the
[1]
spine to the rod . Problems include prominence of the
implants, loosening of the pelvic limbs within the pelvis
(“windshield wipering”), and rod fracture. The unit rod
is a pre-contoured rod which was developed to avert
the need for intraoperative rod contouring, and the
technique for correction was the same. Subsequent
variations in lumbo-pelvic fixation have included iliac
screws, which are placed into the posterior iliac crest
and attached to the spinal rod via connectors. Some
authors have placed duel screws into the ilium, while
others have advocated for screws in both the first sacral
vertebra and the ilium. Challenges with this fixation in
clude implant prominence and failure of the implant at
the junction between either the screw and the connector
or the connector and the rod.
In 2007, Sponseller introduced the S2-alar-iliac
technique (S2AI) in which the pelvic screw is placed
from the sacrum into the pelvis. The screw head is low
[2]
profile and connects directly with the spinal rod . While
initial reports documented safety and placement in both
pediatric and adult spinal deformity patients, much of
the recent literature regarding safety of placement using
[3-6]
the S2AI technique has been published in adults .
[3]
Shillingford et al report a free hand technique without
intra-operative imaging that has a cortical breech rate
of 7% posteriorly and 1% anteriorly. Anterior perfora
tion into the pelvis or inferior perforation into the sciatic
notch can have catastrophic result given the neurovas
[3]
cular and visceral structures found in such locations .
There may also be variations in anatomy, for example
the relationship between the iliac wings and the pelvis.
In the setting of considerable pelvic obliquity, the patient
may bear weight on the downside iliac wing, and one
may observe asymmetry in the relationship between
WJO|www.wjgnet.com

Figure 2 Navigation probe.

the iliac wings and the pelvis such as adduction of one
iliac wing with abduction of the other.
We have utilized computed tomography (CT) image
navigation for placement of pedicle screws at our in
stitution for more than 10 years, and we have extended
[7]
this practice to the placement of S2AI screws . Here
we describe our technique for CT guided pediatric pelvic
fixation using the S2AI technique.

TECHNIQUE
The patient is placed in the prone position on an open
Jackson table and a subperiosteal exposure from the
upper instrumented vertebrae to S2 is performed.
Adequate exposure on the sacrum includes visualization
of both the S1 and S2 neural foramina. An anchor point
is picked proximally in the lumbar or thoracic spine
that is sturdy enough to hold a reference array (4 tines
at a minimum) and simultaneously remain out of the
surgeon’s working space while placing instrumentation.
Our preferred location is the lower thoracic spine
(T11/12) as this is usually far enough away to be out of
the working field but not too far from the insertion point
to alter the information acquired by the CT scan. Patient
lordosis must be taken into account as significant
differences in trajectory may lead to interference of the
guidance probe with the sensor array.
Once the exposure is complete and the array in a
stable location a low dose CT scan (2.25 mSv) is per
formed from the top of the femoral heads to the lower
lumbar spine region (O-Arm Medtronic Sofamor-Danek,
Nashville, TN). Following completion of the CT scan
the navigation probe (Figure 2) is connected to the
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Figure 3 Starting point for the S2-alar-iliac technique screw. A: On pelvis; B: Navigation probe identifying the appropriate location.
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Figure 4 Intra-operative navigation screen depicting safe starting point and projected placement of an S2-alar-iliac technique screw. A: Sagittal; B: Coronal; C:
Axial; D: Current position of navigation probe.

the lateral edge of the S1 and S2 foramina midway
between the two (Figure 3), although minor variations
may be required depending on the local anatomy. Once
this point is identified using the probe a 4 mm acorn
burr is used to create a pilot hole for the pedicle probe
approximately 3 mm in depth. The navigation probe is
replaced in the pilot hole to confirm trajectory in both
the axial and sagittal planes. Normal anatomy puts the
S2AI trajectory at approximately 40° lateral in the axial
[2,8]
plane and 20°-40° caudal in the sagittal plane . Once
surgeon has trajectory memorized the straight gearshift
is passed through the sacrum into the sacroiliac joint
and into the ilium (Figure 4). In rare cases the proper
trajectory may require that the screw be placed directly
into the ilium and not through the sacrum.
On the navigation screen depth and trajectory can
be checked anytime with gearshift removal and place
ment of navigation probe. The authors prefer to place
gearshift to the desired screw depth, dilate the tract,
and then place the navigation probe down the tract to
ensure circumferential bone and a floor alongside a
guide wire (Figure 5). A ball tip probe then palpates
the walls of the tract, and the channel is tapped to a

Figure 5 Intraoperative clinical photo depicting the navigation probe placed
down the dilated path for the S2-alar-iliac technique screw with a guidewire
in place.

array by docking the probe in the array’s recess. Once
confirmation of coupling occurs 3D anatomy from the CT
scan is confirmed by placing the probe over a lumbar
spinous process correlating the imaging seen on the
screen with the patient. The surgeon, who stands on
the patient’s left places the right sided S2AI screw and
switches sides for the left sided screw. The typical entry
point insertion for the S2AI screws are just lateral to

WJO|www.wjgnet.com

187

October 18, 2018|Volume 9|Issue 10|

Anari JB et al . Navigation in pediatric pelvic instrumentation
P

A

S

B

L

A
P

D

C

R

A

Figure 6 Intra-operative navigation screens depicting a safe trajectory for the S2-alar-iliac technique pelvic screw. A: Sagittal; B: Coronal; C: Axial; D: Anteriorposterior radiograph showing current position of navigation probe.
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Figure 7 Pre-operative and post-operative radiographs in a patient with neuromuscular scoliosis who underwent T3 to pelvis instrumented posterior spinal
fusion using navigation to place pedicle screw and S2-alar-iliac technique instrumentation. A: Posteroanterior; B: Lateral; C: Anteroposterior; D: Lateral.

diameter 0.5 mm less than the desired screw diameter,
over the guide wire. The walls of the tract are palpated
one last time before the cannulated screw is placed over
the guide wire. Lastly the navigation probe is placed
down the cannulated screw to palpate a floor as well
as ensure the trajectory taken by the screw (Figure 6).
Final position of the S2AI screws align with the cepha
lad instrumentation facilitating rod insertion. Figure 7
depicts a patient with neuromuscular scoliosis and pelvic
obliquity who had S2AI instrumentation placed during
an instrumented posterior fusion.

the lumbosacral junction and into the pelvis is required in
a number of clinical scenarios in both children and adults.
In the pediatric population this is most commonly to
address pelvic obliquity in the neuromuscular population,
while in adults a common indication is to achieve rigid
distal anchors for correcting sagittal imbalance in the
setting of osteoporotic bone and to enhance the chances
[9-12]
of arthrodesis across the lumbosacral junction
. Each
situation offers varying complexity with regard to the
insertion of implants, for example in pediatric patients in
which there may be variations in the relationship between
the iliac wings and the sacrum. We have also observed
that the isthmus may be quite narrow in some pediatric
patients, and the navigation allows us to identify this and
choose the optimal sized screw, which is important given

DISCUSSION
The extension of spinal instrumentation and fusion across
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the literature suggestion screw diameter < 8 mm are at
[13]
an increased risk of implant complications .
We have utilized a CT guided approach for more than
10 years and have been satisfied with our ability to
safely place the implants, and this approach also serves
as a valuable training tool for our residents and fellows
who are being exposed to the challenge of lumbo-pelvic
fixation. Reports concerning both free hand instrum
entation and navigation assisted instrumentation are
[14-16]
available
. The discussions include a comparison of
cost, radiation safety for patient/surgeon/staff, reliance
on technology, and associated risks with the learning
[17-19]
curve
. At our institution the intra-operative CT dose
is extremely low and all faculty are prepared to place
without image guidance if the technology fails intra[20]
operatively .
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Abstract
AIM
to evaluate the effects of sodium alendronate on bone
repair in fractures created in appendicular bones.

Institutional animal care and use committee statement: The
Ethics Committee on the Use of Animals (ECUA 320) approved
this research.

METHODS
Wistar rats (n = 36) were allocated into three distinct
groups: group C (control), group B1 (received 1 mg/kg
of alendronate), and group B2 (received 3 mg/kg of
alendronate). The rats underwent femoral transversal
linear fracture surgery using stable internal fixation with
a 2.0 mm plate and screw system. Each animal ran
domly received intraperitoneal applications of sodium
alendronate at a dose corresponding to group B1 or B2
three times a week, while the control group received a
0.9% saline solution. Drug administration was performed
until euthanasia at 45 d. The femurs were removed and
each surgical piece was sent for radiographic, tomogra
phic and microtomographic analysis. Data were submi
tted to descriptive and inferential statistical analysis (95%
confidence interval).
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RESULTS
Quantitative evaluations of bone neoformation did not
show differences among the groups in the radiogra
phic (p = 0.341), microtomographic (p = 0.581) and
tomographic evaluations (p = 0.171). In the qualita
tive microtomographic analysis, a smaller distance was
observed between the internal bone trabeculae in the
groups that used alendronate (p = 0.05). On the other
hand, group B2 had a higher amount of bone trabeculae
per unit length when compared to the other groups (p
= 0.04).

membranous bone healing and is characterized by the
[3]
formation of a bone callus .
The establishment of a fracture pattern in an animal
model requires both surgical and technical abilities, as
well as accurate positioning and adequate bone fixation.
The majority of these studies on rats are conducted with
[4]
intramedullary pins, external fixators, pin-clips, etc .
The use of plates and screws for stable fixation in animal
models is known to both favor and accelerate the repair
process when compared to dispositive techniques that
[5]
lack stable methods . This is even the case when the
bone repair is not considered direct. In this pilot study,
we determined that the 2.0 system containing 4 hole
plates presents better results for the bone repair of femur
fractures when compared to other fixation systems.
Pharmacological agents that may modulate bone
formation and bone remodeling are widely used and
developed for the treatment of osteoporosis and other
[6]
disorders involving bone fragility . Bisphosphonates are
a class of drugs that may act on bone remodeling by
reducing bone resorption in a dose-dependent manner,
mainly by inhibiting recruitment and promoting apoptosis
of osteoclasts, while also stimulating osteoblastic activity.
Bisphosphonates are available both orally (alendronate,
ibandronate and risedronate) and intravenously (ibandro
nate and zoledronate). Among these, sodium alendronate
(part of the second generation Bisphosphonate class)
causes fewer side effects than the first generation class
[7]
and is the most widely used antiresorptive drug .
There are some studies that have investigated the
[8-10]
positive effects of sodium alendronate in bone repair
.
Based on the mechanism of action of this drug, it is
hypothesized that alendronate, when applied at the
appropriate dose following fracture fixation, accelerates
the bone repair process and thus makes prognoses more
favorable.

CONCLUSION
It is likely that the use of alendronate did not have a
direct influence on the amount of bone neoformation,
however it did influence the bone quality in a dosedependent manner, ultimately affecting the distance
and quantity of the trabeculae.
Key words: Alendronate; Bone regeneration; Fracture;
Femur; Bisphosphonates
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Several studies have been carried out to
determine both the influence of alendronate in bone
repair and the appropriate dose of this drug to promote
bone regeneration. In this research, 36 Wistar rats
were allocated into three distinct groups that received
applications of either alendronate at different doses or
saline solution three times a week for 45 d. The rats
underwent femoral fracture surgery with stable internal
fixation. The imaginologic results suggested that the use
of alendronate did not have a direct influence on the
amount of bone neoformation, however it did influence
bone quality in a dose-dependent manner.
Weiss SG, Kuchar GO, Gerber JT, Tiboni F, Storrer CLM,
Casagrande TC, Giovanini AF, Scariot R. Dose of alendronate
directly increases trabeculae expansivity without altering bone
volume in rat femurs. World J Orthop 2018; 9(10): 190-197
Available from: URL: http://www.wjgnet.com/2218-5836/full/
v9/i10/190.htm DOI: http://dx.doi.org/10.5312/wjo.v9.i10.190

MATERIALS AND METHODS
The animal protocol was designed to minimize pain
and discomfort to the animals. The experiments were
carried out in the Vivarium, in the Imaging Laboratory
at Positivo University, and in the Laboratory of Analysis
of Minerals and Rocks at Federal University Paraná
following approval by the Ethics Committee on the Use
of Animals (ECUA 320). This study followed the guide
lines of ARRIVE (Animal Research: Reporting in Vivo
Experiment). Throughout the experiment, the ambient
light, temperature and humidity of each room were
controlled by a digital panel in order to maintain a pho
toperiod of 12 h, a temperature range of 18 ℃ - 22 ℃,
and 65% humidity. The animals were euthanized on the
45th day.

INTRODUCTION
The repair of transversal appendicular bones requires a
complex process that involves several biological stages,
including cell recruitment, proliferation and differen
[1]
tiation . The literature has described both direct and
indirect types of bone repair for these fractures. Direct
bone healing is uncommon and is characterized by a
healing area that lacks periosteal or endosteal callus
formation. This effect occurs when the fracture area is
rigidly fixed, causing direct remodeling of the lamellar
bone, angiogenesis, and the formation of Haversian
[2]
channels . Indirect bone repair, the most common form
of fracture healing, consists of endochondral and intra

WJO|www.wjgnet.com

Experimental design

Thirty-six 4 - 5 mo old Wistar rats weighing appro
ximately 500 g were randomly divided equally into
three groups: Group C (control), group B1 (received 1
mg/kg of alendronate) and group B2 (received 3 mg/
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Figure 1 Fracture made with a reciprocating saw. A: First, the bone is fixated with a plate and screws; B: Second, a fracture is induced with a reciprocating saw; C:
Finally, the fractured femur is fixed.

kg). Following fracture, the intraperitoneal application
of sodium alendronate was administered three times
per week, and the control group concomitantly received
applications of 0.9% saline solution until the time of
euthanasia. Intraperitoneal applications were performed
on the opposite side of the fracture.

while the animals in groups B1 and B2 received a 1 mg/
kg and 3 mg/kg dose of alendronate, respectively.

Euthanasia

At 45 d, the animals were euthanized, and then the
right femurs, plates and screws were removed. The
specimens were stored separately in pots containing
10% formaldehyde. For euthanasia, the rats were ex
posed to overdoses of isoflurane for about 10 min. The
specimens were then sent for analysis. The statistical
methods used in this study were reviewed by Rafaela
Scariot, Professor of Biostatistics in the Masters Program
in Dentistry at Positivo University.

Fracture preparation and stabilization

During all surgical procedures, aseptic criteria were
maintained. The rats were sedated for one minute via
inhalation with isoflurane (Cristália, Itapira, SP, Brazil)
and anesthetized with 10% ketamine hydrochloride
(Vetbrands, Paulínia, SP, Brazil) and 2% xylasin hydro
chloride (Vetbrands, Paulínia, SP, Brazil) by intraperi
toneal injection. After anesthesia, the rats were placed
in the left lateral decubitus position, and a right femur
trichotomy was then performed with vigorous antise
psis using iodopovidone. A straight incision was made
approximately 5 cm along the long axis of the femur with
blade number 15C, with the aid of blunt scissors, and the
tissue was divulsed into muscular planes. After incision
and detachment of the periosteum with a scalpel, the
surface of the femur could be accessed.
Before proceeding with the osteotomy, it was nece
ssary to complete the positioning, drilling and adaptation
of the 2.0 mm 4 hole titanium plate system with 4 mmlong screws (Orthoface, Curitiba-PR, Brazil) in order to
avoid poor positioning of the bone segments. The fracture
was then made using a reciprocating saw (Figure 1).
Abundant lavage of the wound was done using saline
solution. The suture was performed in planes with iso
®
lated stitches, using Vicryl-0 thread (Ethicon, Johnson
and Johnson, São José dos Campos, SP, Brazil) for the
muscular plane, and nylon 4-0 (Ethicon, Johnson and
Johnson , São José dos Campos, SP, Brazil) for the skin.
Analgesia, inflammation and infection were controlled
throughout the postoperative period.

Radiographic analysis

In order to evaluate the postoperative recovery as well
as the positioning of the bone segments, the animals
were submitted to digital radiography at days 7 and
45. The time-point of 7 d served only as a radiographic
follow-up to observe the control and evaluate the plaque
adaptation, while the time-point of 45 d was used to
evaluate bone repair. The animals were sedated within
7 d and their femurs were positioned on a digital sensor
(Kodak RVG 5100, Carestream Dental, Rochester, NY,
United States) for radiographic imaging with an exposure
time of 1.0 sec. The images were then processed and eva
luated using Dental Imaging software (version 6.12.17.0
- A, Carestream Dental, Rochester, NY, United States). By
the time that radiographic evaluation was taken at day
45, the animals had already been euthanized.
For evaluation of bone neoformation using the Image
J program (version 1.49t National Institute of HealthNIH Bethesda, MD, United States), the examiner had
previously been trained. The fracture’s region of interest
was then established. To define the region of interest, a
10 mm line was drawn, 5 mms before the fracture line
and 5 mms posterior to it. From this line, a rectangle was
then created using the Selection Brush tool to delineate
the edges surrounding the bone callus and therein obtain
the total area value. Outside of the fracture region, a
rectangle was also constructed to obtain the total bone
area so that bone formation could later be compared
with individual femur thickness. The area value in the

Applications

Immediately following the surgeries, intraperitoneal app
lications were initiated, which lasted until euthanasia.
Three weekly applications were carried out. The control
group (C) received 0.9% physiological saline solutions,
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fracture region was subtracted from the total bone area
without the fracture. From this value, the excess bone
value was calculated.

Tomographic analysis

The 36 specimens were sent to a dental tomography
center, which used the same tomography device calib
®
rated at 120 kVp and 36.12 mAs (i-CAT CONE BEAM
3-D, Kavo Kerr, Joinville-SC, Brazil), to construct images
using an exposure time of 40 s with 0.25 Voxel. From
this scan, 216 tomographic sections with a 250 µm
pixel size were obtained for each set of five samples.
In order to decrease the number of intakes, the femurs
to be evaluated by tomography were grouped into an
acrylic base that accommodated up to five femurs.
These were placed vertically and, with the help of utility
wax, attached to the base. After acquisition of the
tomographic sections, the images were analyzed using
I-CAT Vision software.
The longitudinal distance of the defect, in which the
amount of bone was generated laterally in the sample,
was evaluated. The distance between the contact points
of the femurs and the femoral diameter were also
measured without considering the effects of formation
and the formed bone callus. The I-CAT Vision software
helped facilitate the analysis of distances by allowing
the examiner to view samples in two distinct ways: th
rough the Implant Screen, which provides an analysis of
multiple tomographic sections within a selected region
of interest, or the MPR Screen, which displays three
views of the obtained femurs. In the MPR Screen, it was
possible to analyze distances by using the axial, coronal
and sagittal views of the samples, and also by using
regions of interest that delineated the femurs individually.
This screen was therefore used for analysis. In addition
to the advantage of easily performing distance analysis,
the brightness and contrast scales could also be altered
so that only the femur, which is more radiopaque, is de
tected. This makes it possible to identify the diameter of
the femur. Despite using the diameter for analysis, the
femur is not exactly cylindrical, so the distance acquired
corresponds to the greater distance of the femur and
the longitudinal dimension of the defect. This sample
movement was possible with the “Explore” function in
the software. Once the region of interest, which corre
sponded to a single femur, was selected by using the
rulers shown on the sides of each image of the figure,
the “Explore” function of the software was performed. In
the coronal image, the formation of a circle indicating the
presence of a diameter was observed. Using the cursor,
we could rotate the inscribed sample in any direction
within the plane. The distance measurements were done
by selecting the “Distance” software tool and dragging
the cursor.

Figure 2 Delimitation of the defect for analysis.

and current adjusted to 90 kV and 112 µa, respectively.
The pixel size was 12.8 µm, and a multichannel acqui
sition camera with a resolution of 2000 x 1336 pixels
was used to detect signal. No filters were used to correct
the energy of the X-ray beam. The portion was rotated
180º with a rotation step of 0.4º. A projection image
of the part was obtained for each rotation step. The
exposure time of the sample within the X-ray beam
was 1.1 s per rotation step, and the total acquisition
time of the projection images was 30 min. After acquisi
tion, projection images were processed using NRecon
software (Bruker, Luxembourg, Belgium). The software
reconstructed the projection images into tomographic
sections using the Feldkamp algorithm. After obtaining
the tomographic sections, the measurements of the
three-dimensional space, trabecular formation and bone
volume were evaluated by the software, which inclu
ded the CT Analyzer (v.1.16.1.0 +; Bruker Skyscan,
Kontich, Belgium) and the Dataviewer (v.1.5.2.4; Bruker
Skyscan, Kontich, Belgium). In the CT Analyser software,
it is possible to separate different mineral densities from
the contrast difference shown in the tomographic section
slices. The contrast in the tomographic section image
comes from the different radiopacities of the materials in
the sample, according to the interaction of these phases
with the X-ray beam. This makes it possible to separa
te the neoformed bone from both the autogenous bone
and cartilaginous material, each of which have different
radiopacities.

Quantitative analysis

Quantitative analysis begins with the binarization pro
cess of the sample’s different phases. This binarization
process corresponds to a range of gray tones to which
each radiopaque material fits. The range of gray tones
used to determine neoformed bone volume corresponds
to 50 - 105 on a total dimensionless scale from 0 - 255.
The determination of this volume occurs through the
delimitation of a region of interest into a prismatic format
(12 mm x 11 mm x 6.3 mm). This involves the whole
region of the defect and bone callus, which is in the
center of the defect (Figure 2). Thus, bone formation was
investigated both in the defect region and in the volume
of bone callus formed. This created region was used for

Micro-CT analysis

The computerized microtomography analysis was perfor
med using a Skyscan computed micro-CT model 1172
(Bruker Skyscan, Luxembourg, Belgium), with power
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A

B

Figure 3 Regions of interest. A: Region of internal interest; B: Followed by region of external interest.

all pieces. From this procedure, the analysis of initial
bone, neoformed bone and total surface area of bone
formation, including the bone callus (lateral available area
of the femoral bone), were obtained. The measurements
of the relationship between the new bone formation and
the femoral surface area were obtained by determining
the difference in thickness between samples.

analysis, was higher in group B2 (91.683 ± 35.657 mm²),
followed by the control group (65.57 ± 32.642 mm²) and
group B1 (62.670 ± 45.578 mm²). The measurements
obtained (bone surplus) showed no difference between
the groups (p = 0.341).

Tomographic analysis

Tomographic evaluation of the samples did not show
quantitative differences in bone neoformation among
the groups (One-way ANOVA test; p = 0.171). In Group
C, the measurement between the defect and femur
ratio (mm³/mm²) was 1.76 ± 0.56. The measurements
in group B1 and B2 were 1.59± 0.31 and 1.44 ± 0.21,
respectively.

Qualitative analysis

To analyze the trabeculae that was internally generated
in both the bone and external region, a region of interest
was made both inside and outside of the femur bone
(Figure 3) by selection an area that had the maximum
density of trabecular bone within the bone callus. Calcu
lations using CTAn software were made of the following:
the mean trabecular thickness (Tb.Th) of the internal
and external regions, the trabecular linear density (Tb.
N), which measures the average number of trabeculae
per unit length, and the average distance between the
[11,12]
internal and external trabeculae (Tb.Sp)
.

Micro-CT analysis

Considering the relationship between the new bone
formation and the femur surface area, the B2 group
[5.87 (2.10 – 14.60) mm³/mm²] presented greater
bone formation when compared with the B1 group [4.88
(2.30–16.02) mm³/mm²] and C group [5.65 (3.64 –
12.40) mm³/mm²]; however, there was no difference
among the groups (Kruskall-wallis test/p = 0.581).

Statistical analysis

The results were subjected to descriptive and statistical
analysis. Statistical evaluation was performed using
a frequency data specific test called the Statistical
Package for Social Science program (SPSS, version 24.0;
SPSS Inc., Chicago, IL – United States) using a 95%
confidence interval. The values obtained were subje
cted to a normality test (Shapiro-Wilk), and parametric
variables were described using mean and standard
deviation. Nonparametric variables were described as
minimum, median and maximum. For comparison betw
een groups, the ANOVA and Kruskal-Wallis tests were
used, according to the normality of the variable. When
there was a statistical difference detected between the
groups, a Tukey test was performed for parametric
samples. For nonparametric samples, comparisons were
performed in two groups using the Mann-Whitney test.

Qualitative analysis

In qualitative microtomographic analysis, it was possible
to observe that there was a difference in the number
of trabeculae per unit length (Tb.N) between groups (p
= 0.05). Group B2, when compared with both groups,
had higher linear density.
There was also a significant difference between
groups in the spacing of the internal bone trabeculae,
showing that the Tb.Sp is lower in the control group vs.
the B2 group (p = 0.04, Figures 4 and 5). The data for
Tb.N, Tb.Th and Tb.Sp can be found in Table 1.

DISCUSSION
The aim of this study was to use image analysis to eva
luate the evolution of appendicular femur repair when
fixed with plates and treated with varying alendronate
concentrations. It is known that during the early stages
of bone healing, a less rigid mechanical environment

RESULTS
Radiographic analysis

Bone formation, which was evaluated by radiographic
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Table 1 Results of qualitative analysis by micro-computed tomography [median (min-max)]
Group C
Tb.Th
Tb.N
Tb.Sp
Tb.Th
Tb.N
Tb.Sp

Group B1

0.11 (0.09-0.14)
5.26 (3.39-6.24)1
0.10 (0.06-0.16)
0.09 (0.07-0.13)
4.60 (0.13-6.15)
0.20 (0.08-0.50)3,4

Group B2

0.09 (0.07-0.16)
5.45 (1.42-5.87)2
0.09 (0.05-0.35)
0.10 (0.06-0.23)
4.78 (0.15-6.90)
0.09 (0.05-0.44)3

0.14 (0.09-0.16)
5.94 (2.49-6.40)1,2
0.06 (0.05-0.21)
0.12 (0.06-0.15)
6.15 (0.22-7.22)
0.07 (0.05-0.42)4

P
0.07
0.05
0.07
0.06
0.13
0.04

1

P = 0.049; 2P = 0.028; 3P = 0.032; 4P = 0.03. Kruskal-Wallis/Mann-Whitney. Data from external and internal areas, respectively.

A

B

C

Figure 4 Region of internal interest of the femur, showing different patterns of trabeculae among groups. A; Group C: Control; B: Group B1: Bisphosphonate
1 mg/kg; C: Group B2: Bisphosphonate 3 mg/kg.

A

B

C

Figure 5 Region of internal interest of the femur, showing different patterns of trabeculae among groups. A: Group C: Control; B: Group B1: Bisphosphonate
1 mg/kg; C: Group B2: Bisphosphonate 3 mg/kg.

results in a prolonged phase of chondral bone regenera
tion, whereas the intramembranous ossification process
[13]
appears to be independent of mechanical stability . In
direct osseous repair, there is no formation of a bone
callus. Therefore, it is possible to predict that when using
fixation with plates and screws, direct healing occurs since
there is no movement of the bone preserves. However,
in animal models, this is not true; indirect healing occurs
instead because the animal is not immobilized and the
plates are not designed for animals, thus generating micro
movement in the region. During early fracture healing,
mechanical stimulation appears to enhance callus for
mation, however the extent of callus formation does not
[14]
correspond to rigidity .
Sodium alendronate is a drug that prevents bone
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resorption and may induce osteogenesis by inhibiting
osteoclast activity. As a result, it is able to both maintain
and promote callus formation in bone repair of fractures,
as well as increase bone mineral density in the fracture
[15]
region . In the present study, we demonstrated that
alendronate at concentrations of 1 mg/kg and 3 mg/kg
did not alter the amount of bone neoformation according
to imaging analysis. Remarkably, bone neoformation was
equal among all treatment groups.
Under qualitative microtomographic analysis, we
observed that bone repair was more effective in the
groups that received sodium alendronate applications,
especially in the group with the highest dosage. This
was visualized through the greater number of trabeculae
and smaller spacing between the trabeculae in the 3
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alterations, the literature has not yet fully elucidated the appropriate dose
required to achieve better bone regeneration, nor the effects of this drug when
using fixation methods.

mg/kg group. Since alendronate promotes osteoblasts
and mesenchymal cell osteoblastogenesis, while also
[6,16]
inhibiting osteoclastic activity
, this may suggest
that the amount and arrangement of bone trabeculae
is directly linked to the dosage and administration of
alendronate. This study suggests that the higher the
dose, the larger the expansion of mineral-like matrices,
while spacing among these areas (chondroid or osteoid
matrix) remains lower.
One hypothesis that should be considered and may
explain the results found here is the likely action of
TGFβ1, which was previously shown to increase upon al
[17]
endronate administration . It is noteworthy that this
cytokine is an important growth factor that may contri
bute to mineral expansion. In the endosteum area, bone
matrix deposition is common and independent of the
chondroid area. Thus, alendronate could be responsible
for the increase of this cytokine that may, in turn, incr
ease BMP2 expression. This was observed in a recent
study where specimens receiving alendronate showed a
significant increase of this protein, which improved bone
[18]
deposition in rabbit calvarias .
On the other hand, the same situation may be extra
polated for the periosteal area. Regarding this peculiar
topography, chondrocyte expansion may be an effect that
is strictly associated with functional endogenous TGFβ
signaling. In addition to this effect, TGFβ1 also induces
the differentiation of hypertrophic cartilage, which is
required for calcium deposition and ossification in this
topography. To reach this conclusion, the authors of this
study induced the inhibition of specific TGFβ receptors.
They therein verified that TGFβ suppression culminated
in the inhibition of cartilaginous growth and chondroid
differentiation, while also inhibiting both the medullary
[19]
area and hematopoiesis .
Thus, all these hypotheses are possible explanations
of our results. We observed an important growth in
minerals through accurate imaging analysis, indepen
dent of whether the matrix was chondroid or osteoid.
Sodium alendronate at concentrations of 1 mg/kg
and 3 mg/kg, when assessed by imaging tests, did not
alter the amount of bone neoformation.
Sodium alendronate interferes with the quality of
bone neoformation in the context of the quantity and
disposition of bone trabeculae. The higher the dose of
alendronate, the greater the number of trabeculae and
the smaller the spaces among them.

Research objectives

To evaluate the dose-dependent effects of sodium alendronate on bone repair
in treated femur fractures by using stable internal fixation and imaging tests
(radiography, tomography and microtomography).

Research methods

Wistar rats were separated into three distinct groups that received applications
of either saline solution (control) or different doses of alendronate. The rats
then underwent femoral transversal linear fracture surgery using stable internal
fixation. Drug administration lasted 45 d. The femurs were sent for radiographic,
tomographic and microtomographic analysis in order to evaluate bone quantity
and quality.

Research results

Results did not reveal differences in bone quantity by radiographic, tomographic
and microtomography analysis. However, when analyzing bone quality, it was
evident that alendronate affected the distance and quantity of trabeculae in a
dose-dependent manner, thus promoting better bone regeneration.

Research conclusions

Our research results reveal that sodium alendronate, at concentrations of 1 3 mg/kg when assessed by imaging tests, does not alter the amount of bone
neoformation. Nevertheless, it does interfere with the quality of bone neoformation
when considering the quantity and disposition of bone trabeculae. The higher the
dose of alendronate, the greater the number of trabeculae and the smaller the
spaces among them.

Research perspectives

More research using this method of fixation and sodium alendronate are
required and may relate, for example, to the mechanical force of the specimens.
It is also important to compare the effects of alendronate with different markers.
We suggest that follow-up studies use a dose of 1 mg/kg alendronate, since we
have demonstrated here that it successfully promotes bone regeneration.
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AIM
To investigate whether adductor canal nerve block (ACB)
reduces patient falls when compared to femoral nerve
block (FNB) after total knee arthroplasty (TKA).

Institutional review board statement: At our institution, this
study meets criteria for exemption from IRB review.

METHODS
We conducted an institutional review of all-cause falls
after TKA from January 2013 to August 2016 using a
quality improvement database. Our inclusion criteria were
patients with diagnosis of primary knee osteoarthritis
who underwent primary unilateral TKA with either a FNB
or an ACB and sustained a fall during their hospitalization.
We excluded patients who had revision TKA and extensor
mechanism reconstruction. We also excluded patients
with a history of post-traumatic arthritis, prior history of
lower extremity fracture, history of neurological disease,
or cerebrovascular disease.

Informed consent statement: Informed consent is not necessary,
for this is a quality improvement study.
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RESULTS
A total of 834 patients had TKA with femoral nerve block
and knee immobilizer (FNB + KI). Of those patients,
11 (1.3%) experienced a fall during their hospital stay.
In contrast, 791 patients had TKA with ACB. Of those
patients, only one (0.13%) patient fall was recorded
within this group. We used the Fisher’s exact test to
compare the differences between the two groups. The
difference between the two groups achieves statistical
significance (P = 0.006). We also found that 11 out
of the 12 patients that fell had a right TKA procedure
while one patient had a left TKA procedure. Nine out of
twelve patients that fell were female, while only three
patients were male.
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CONCLUSION
Given the reduction in the number of falls with ACB, it
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is recommended that ACB be considered the preferred
analgesia for patients undergoing a TKA procedure.

extremity in DeRoyal 24-in knee immobilizers (KI) to
help improve knee stability. Previously, we performed
a retrospective study comparing the fall rate between
TKA patients who used KI post-operatively and patients
that did not use KI. The study showed that the use of
KI reduces the number of patient falls from 3.7% to
[4]
1.6% . A fall rate of 1.6% was considered unaccepta
ble given the high cost and morbidity associated with
patient falls. During the study and after polling the floor
staff, we discovered that the majority of patients were
noncompliant with the use of the KI and a couple of
patients fell while wearing the KI. Given the unsatisfactory
compliance with the use of the KI and relatively high fall
rate, the adult reconstruction team discontinued the use
of KI and started considering better alternatives to help
reduce fall rate. One of the alternatives proposed was
switching the regional anesthesia from FNB to adductor
canal block (ACB).
There have been multiple recent studies indicating
that ACB, a relatively new sensory block technique that
predominantly blocks sensory nerves by anesthetizing
only the saphenous nerve in the adductor canal, might
be a safer option when compared to FNB, as it preserves
quadriceps function while still effectively alleviating post[5,6]
operative pain . Most studies, including a randomized
control trial and a meta-analysis, have shown that pa
tients who receive ACB have faster pain relief, greater
quadriceps strength, earlier ambulation, greater average
distance of ambulation during physical therapy, faster
timed up and go test, and decreased hospital length of
[5]
stay . There have been several studies comparing the
fall rate between the two regional block techniques (FNB
[7]
vs ACB), and all findings thus far have been equivocal .
A great deal of knee replacement centers has adopted
ACB as the analgesia of choice, even though the data
comparing fall rates between the two nerve blocks are
inconclusive. Our institution transitioned to using ACB
as the preferred anesthesia over FNB for TKA in 2015 to
reduce patient falls, however the effects of this change
in practice has yet to be evaluated. Therefore, the pur
pose of this study was to perform an institutional review
comparing the fall rate between ACB and FNB + KI
after TKA to evaluate its effectiveness at our institution
and compare our own fall rates to those reported in the
literature.

Key words: Reducing falls; Adductor canal nerve block;
Total knee arthroplasty; Femoral nerve block; Costly falls
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: When compared to femoral nerve block,
adductor canal nerve block (ACB) contributed to fewer
patient falls after total knee arthroplasty (TKA) at our
institution from a rate of 1.3% to 0.13%. We also dis
covered a significant increase in fall rate after right TKA
as compared to a left TKA. We recommend ACB as the
preferred regional analgesia for the TKA procedure.
Bolarinwa SA, Novicoff W, Cui Q. Reducing costly falls after
total knee arthroplasty. World J Orthop 2018; 9(10): 198-202
Available from: URL: http://www.wjgnet.com/2218-5836/full/
v9/i10/198.htm DOI: http://dx.doi.org/10.5312/wjo.v9.i10.198

INTRODUCTION
Total knee arthroplasty (TKA) is one of the most repli
cable and effective orthopedic procedures available.
It is used to treat end-stage knee osteoarthritis, posttraumatic arthritis and rheumatoid arthritis of the knee.
TKA is an elective procedure performed to relieve pain
and restore function to an arthritic knee. The goal of a
knee replacement procedure is to relieve pain, improve
[1]
quality of life, and maintain or improve knee function .
It is approximated that 700000 total knee replacement
procedures are performed annually in the United States,
and it is projected to increase to 3.48 million procedures
[2]
per year by 2030 . With the increasing demand for TKA,
recent TKA reimbursement changes and limited hospi
tal beds, most hospitals are transitioning to outpatient
TKA procedures. Major limitations to outpatient TKA
include management of comorbidities, post-operative fall
[3]
prevention and postoperative pain control .
Inadequate pain control postoperatively can limit
[4]
rehabilitation and slow down recovery . Femoral nerve
block (FNB) used to be the preferred regional analgesic
modality for TKA due to adequate pain control and ease
of application. It is administered around the femoral
nerve at the level of the inguinal crease. At this level,
the femoral nerve contains both motor and sensory dis
tribution. Therefore, one of the complications of FNB is
motor blockade, which is due to the anesthesia infiltra
ting the femoral motor nerve. This causes quadriceps
weakness, which could lead to instability in the affect
ed extremity, subsequently increasing the risk of falls.
Several studies have shown that quadriceps weakness
slows the rehabilitation process and limits ambulatory
[5]
distance post-operatively . To reduce post-operative falls
at our institution, we started placing patients’ operative

WJO|www.wjgnet.com

MATERIALS AND METHODS
We identified patients that fell during their hospita
lization period after TKA using our institutional quality
improvement reporting database, Be-Safe. The Be-Safe
database is used by the floor staff at our Hospital to
report in-house unexpected patient outcomes, including
falls. All data obtained from the Be-Safe database is
used for quality improvement and is exempt from Institu
tional Review Board approval. The fall data from January
2013 to September 2016 was evaluated. The data in
cluded documentation of the date of the fall, procedure
performed, the patient’s medical record number and a
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biomedical statistician. We used the Fisher’s exact test
to evaluate differences between the two groups. A
P-value < 0.05 was considered statistically significant.

Table 1 The annual number of reported falls after total knee
arthroplasty
Year

Total number of TKA

No. of falls

2013
2014
2015
2016

402
432
434
357

9
2
0
1

RESULTS
Seven patients were excluded from the study. One pati
ent was excluded from the ACB fall group due to prior
history of falls and history of a neurological disease. Five
patients were excluded from the FNB group because
they had revision TKA. One patient was excluded from
the FNB fall group because the patient had an exten
sor mechanism reconstruction procedure along with a
revision TKA. There was a total of 834 patients that had
TKA with FNB + KI between January 2013 and Dece
mber 2014 (Table 1). Of those patients, 11 (1.3%) ex
perienced a fall during their hospital stay (Table 2). One
patient had an ankle fracture necessitating operative
fixation. One patient sustained facial laceration, which
required sutures. Three patients’ injuries necessitated
X-rays of their extremity after the fall, but no fractures
were identified. Within the FNB group, four patients fell
on post-operative day one and seven patients fell on
post-operative day two. The age range of the patients
that fell after FNB was between 49-92 years old with
an average age of 65.5. Eight of the eleven patients in
this group were females. The average body mass index
(BMI) of the patients that fell after FNB was 33.3. In
contrast, of the total 791 patients that had TKA with
ACB between January 2015 and August of 2016, only
one patient (0.13%) fall was recorded (Table 1). The
patient who fell after ACB was a 59-year-old female with
a BMI of 41.77, who fell on post-operative day two. The
difference between the two groups reached statistical
significance (P < 0.006) (Table 2). It was noted that out
of the total twelve patients that fell, 11 (92%) had right
TKA compared to one patient fall after a left TKA. Also,
nine out of twelve patients that fell were female, while
only three patients where male. These last two findings
warrant further investigation.

TKA: Total knee arthroplasty.

Table 2 The total number of reported falls for each regional
nerve block
Nerve block
ACB
FNB + KI

No. of TKAs
per block

No. of reported falls
per block

791
834

1
11

P -value
0.006

TKA: Total knee arthroplasty; ACB: Adductor canal nerve block; FNB:
Femoral nerve block; KI: Knee immobilizer.

brief description of the circumstances surrounding the
incident. We then accessed the electronic medical records
for each patient to confirm the procedure that was per
formed on the patient, the type of regional anesthesia
received prior to the fall and the patient’s past medical
history. We also reviewed operative notes, fall event
notes, injuries sustained secondary to the fall, treatments
received and any deviation from a normal post-operative
course as a result of the fall, including requirement for
additional imaging studies. Inclusion criteria included
patients with the diagnosis of primary knee osteoarthritis
who underwent primary unilateral TKA with either a FNB
or ACB regional block and sustained a fall during their
hospitalization. Exclusion criteria were patients with history
of post-traumatic arthritis, prior history of lower extremity
fracture, history of neurological disease, cerebrovascular
disease, psychiatric diagnosis, non-ambulatory patients,
and patients with a history of chronic opioid use. We also
excluded patients who had revision TKA, unicondylar
knee replacements, history of total hip arthroplasty and
extensor mechanism reconstruction.
We reviewed anesthesia records on all the patients
who fell to confirm the type of regional anesthesia they
received. The standard protocol for FNB done for all
the TKA patients at our institution consisted of a single
shot of 20 mL of 0.5% Ropivacaine injection around the
femoral nerve under ultrasound guidance with a conti
nuous infusion of 0.2% Ropivacaine at a rate of 6 mL/h
through a femoral catheter that was removed on postoperative day two. The protocol for the ACB consisted
of a single shot of 30 mL of 0.5% Ropivacaine under
ultrasound guidance around the saphenous nerve in
the adductor canal. For both types of regional blocks, a
resident performed or assisted with the procedure while
a supervising attending was always present.

DISCUSSION
Most large joint replacement institutions have switched
to ACB as the preferred regional anesthesia for TKA.
The reasoning in most cases revolves around reducing
the fall rate after TKA. There is a considerable amount
of literature to support the use of ACB over FNB due to
faster pain relief, greater quadriceps strength, earlier
ambulation, greater average distance of ambulation du
ring physical therapy, faster timed up and go test, and
[5]
decreased hospital stay . However, there is no evidence
to support reduction in fall rate when ACB is compared
[7]
with FNB to date . Our study showed a reduction in
fall rate after institution-wide transition to ACB as the
preferred analgesic method over FNB. Caution must be
taken when interpreting and applying our study because
this study is a retrospective, non-matched design with
out control groups for possible confounding variables or

Statistical analysis

A statistical review of the study was performed by a

WJO|www.wjgnet.com

200

October 18, 2018|Volume 9|Issue 10|

Bolarinwa SA et al . Reducing falls after TKA
(ACB) might be a safer option for patients undergoing total knee arthroplasty
(TKA) procedure when compared to femoral nerve block (FNB) because of
its potential ability to reduce patient falls, as it preserves quadriceps function
while still effectively alleviating postoperative pain. Most studies, including a
randomized control trial and a couple meta-analysis studies, have shown that
patients who ACB have faster pain relief, greater quadriceps strength, and
decreased hospital length of stay. There have been several studies comparing
the fall rate between the two regional block techniques (FNB vs ACB), and
all findings thus far have been equivocal. A lot of institutions have switched
to ACB as their preferred regional analgesia simply based on preservation of
quadriceps strength and early mobilization. Our institution made the switch to
ACB as the primary regional analgesia after the occurrence of several patient
falls following a TKA procedure using FNB. This study is significant and was
done to evaluate the effectiveness of ACB at preventing falls at our institution
and compare our fall rates to those reported in the literature.

differing patient group risk factors. Underreporting by
staff members is an inherent limitation to using a quality
assurance report like the one used in this present study.
We also had a very low number of falls.
While gathering data for this study, we reviewed fall
data exclusively from the dedicated orthopedic surgery
post-operative acute inpatient ward. In very rare circum
stances, patients were transferred to other floors if the
orthopedic ward was at capacity or if the patient’s comorbidities or intra-operative complications required
admission to the intensive care unit or the intermediate
care unit. It is possible that some of the TKA patients
fell while on other floors.
A major confounding variable is the general institu
tional emphasis on reducing all cause falls during the
same time period. Over the past five years, there has
been a hospital wide initiative to reduce the number
of falls at our institution. Our institution has invested
in fall prevention awareness programs, which included
frequent education of floor staff, replacing old hospital
beds with new beds equipped with bed alarms and
motion sensors that detect patients’ movement out of
bed and automatically notify floor staff. All patients with
increased fall risk are now identified early in the preadmission phase based on several factors including
age, past medical history and medications being taken.
These patients are provided bright yellow wristbands,
yellow gowns, yellow slip resistant socks and are monito
red more frequently. All patients having an arthroplasty
procedure are now required to attend an arthroplasty
course in which they are well educated on fall prevention.
We believe that the new fall prevention initiative could
possibly have contributed to the reduction in fall rate,
but the effect of ACB is likely additive. Our analysis
would be strengthened with more fall patients, which
will allow us to have more data points to analyze and
perform a multivariate analysis for potentially confound
ing variables (spinal vs general anesthesia, use of PCA
vs oral analgesics, BMI and age).
An interesting result we found during this study was
increased fall rate after right TKA compared with left
TKA. A literature search showed no prior studies com
paring the fall rate between right TKA vs left TKA. The
increase in fall rate could be due to several factors,
including extremity dominance, higher rate of right TKA
procedures than left TKA at our institution, or it could be
a stochastic anomaly. Nevertheless, the association of
laterality with fall risk merits further investigation given
our findings.
In conclusion, the present study found a significant
relationship between ACB and fall reduction as compar
ed with FNB + KI. This study is limited by the small
numbers of falls and confounding variables that were
not controlled for.

Research motivation

The motivation behind this research is to evaluate and compare the fall rate
after TKA procedure between ACB and FNB at our institution. This research is
significant because it allows us to evaluate how effective ACB is at reducing
patient falls after TKA when compared to FNB. Results from this study can be
applied at various institutions to help decrease patient falls. Results from this
study could also be a source of data points for future meta-analysis.

Research objectives

The main objective of this study was to evaluate and compare the fall rate after
TKA procedure between ACB and FNB at our institution. Our results indicated
that there was significant reduction in patient falls after TKA procedure after
switching to ACB. This is important because our institution will continue to use
ACB as the preferred regional analgesia for TKA procedure.

Research methods

In this study, we analyzed the fall data at our institution using our institutional
quality improvement reporting database, Be-Safe from January 2013 to
September 2016. We then accessed the electronic medical records for each
patient that fell to confirm the procedure that was performed on the patient,
the type of regional anesthesia received prior to the fall and the patient’s past
medical history. We only included patients with the diagnosis of primary knee
osteoarthritis who underwent primary unilateral TKA with either a FNB or ACB
regional block and sustained a fall during their hospitalization. We excluded
patients who had revision TKA, unicondylar knee replacements, history of total
hip arthroplasty and extensor mechanism reconstruction. We then compared
the fall rates in patients after receiving ACB vs FNB after a TKA procedure. We
used the Fisher’s exact test to compare differences between the two groups,
and there was a statistical significant difference between the groups (P < 0.006).

Research results

A total of 11 (1.3%) experienced a fall during their hospital stay after receiving
FNB for a TKA procedure while one patient (0.13%) fell after receiving ACB for
a TKA procedure. Results from this study indicated a significant drop in the fall
rate at our institution after switching from FNB to the ACB. Our data indicate
that patient and staff education on fall prevention and the use of ACB for
patients undergoing TKA is effective at reducing falls.

Research conclusions

New findings in this study highlighted that there was an increased rate of
patient falls after right TKA compared to left TKA. We also found that more
female patients fell after TKA compared to male patients. We propose a new
theory that due to extremity dominance, patients are more likely to fall after
having a TKA procedure on their dominant lower extremity due to instability and
weakness in their dominant/lead extremity. For unknown reasons, we also think
that female patients are more likely to fall after TKA procedure when compared
to male patients. We summarize that switching to ACB helped contribute to
reducing the fall rate after TKA at our institution. We believe that the reduction
in the fall rate is related to the preservation of the quadriceps strength with ACB
as demonstrated by multiple prior studies[5]. We hypothesize that a systematic
review or a case control study will help confirm our theory that female patients
and patients that have TKA on their dominant extremity are more likely to fall

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

There have been multiple recent studies indicating that adductor canal block
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when compared to male patients and patients that have TKA on their nondominant extremity. There were no new methods proposed by this study. Our
hypothesis that ACB reduces patient falls was confirmed in this study. Based on
this study, our institution will continue to use ACB as the regional anesthesia for
a TKA procedure. We will also continue to educate and take special precautions
with patients that are high fall risk.

2
3

Research perspectives

4

This study helped highlight the importance of developing and maintaining patient
safety initiatives in healthcare. It also helped in displaying the importance of
patient and staff education and awareness to difficult safety issues in the hospital.
The direction of future research will be to do a meta-analysis or retrospective
study to further investigate if there is truly an increased risk in patient falls
in females and after TKA on the dominant extremity. The best method for
future research will be to perform a prospective study looking at the degree of
quadriceps weakness, ambulatory distance, earlier or late ambulation, distance
of ambulation during physical therapy, timed up and going test, and hospital
length of stay post-operatively in male vs female patients and in dominant vs nondominant extremity.

5
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Abstract

Institutional review board statement: This study was reviewed
and approved by the Human Research Ethics Committee of
Queensland Health, Australia.

AIM
To determine factors correlated with postoperative
radial shortening in patients with distal radius fractures
treated with volar locking distal radius plates.

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

METHODS
A total of 250 patients with a distal radius fracture sta
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bilised with volar locking plates between January 2010
and December 2014 were included in a multicentre retro
spective cohort study. We measured the distance of the
distal locking screws to the joint line immediately post
operatively and then measured radial shortening after six
to eight weeks using the change in ulnar variance.

provided optimal placement of the plate/screw construct
[12-15]
is achievedintraoperatively. Biomechanical studies
[16-20]
and clinical observations
indicate the best place
ment of the distal locking screws is as close as possible
to the subchondral area of the joint to prevent loss
of postoperative reduction. The aim of our study was
to evaluate the relationship between distal screw
placement and postoperative radial shortening in a
large consecutive cohort of dorsally displaced distal
radius fractures plated with VLDRP. Our hypothesis
was that loss of reduction after plating is related to the
distance the distal locking screws are placed from the
subchondral joint line.

RESULTS
Multivariate linear regression analysis showed that
there was a significant linear association between the
distance of the screws from the joint line and radial shor
tening. No other patient, injury, or treatment-related
characteristic significantly influenced radial shortening in
multivariate analysis.
CONCLUSION
Distal locking screws should be placed as close as possi
ble to the subchondral joint line to prevent postoperative
loss of reduction.

MATERIALS AND METHODS
Study design

We performed a longitudinal multicentre retrospective
cohort study including patients who underwent VLDRP
fixation of a dorsally displaced distal radius fracture.
X-rays and charts of patients undergoing surgery at
two Australian regional hospitals between January 2010
and December 2014 were assessed (Ethics approval
HREC/15/QTHS/10).

Key words: Loss of reduction; Volar locking distal radius
plate; Distal radius fracture; Screw placement; Cohort
study
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Participants

Core tip: The aim of this study was to determine risk
factors for postoperative radial shortening in patients
with distal radius fractures treated with volar locking
distal radius plates. Retrospective analysis of 250
X-rays and clinical data determined immediate postoperative distance of the distal locking screws from the
joint line and degree of radial shortening 6-8 wk postoperatively. Radial shortening was significantly and
linearly correlated with increased distance of locking
screws from the joint line. No other factor analysed in
the study was significant. We recommend subchondral
placement of distal locking screws in order to maintain
reduction postoperatively.

Consecutive patients with dorsally displaced distal
radius fractures managed with VLDRP were included.
Ten patients had bilateral wrists fractures - one wrist
was randomly chosen for inclusion for each. Patients
with Kirschner wires in addition to VLDRP were excluded.
Patients without documented follow-up were excluded.

Data collection

Data were collected from pre-, intra- and post-operative
standard anterior-posterior and lateral X-rays. Images
R
were measured using digital radiology software (AGFA
HealthCare Impax 6, Belgium). Fracture classification,
angle and distance measurements were assessed by
the second author. The first author validated all measure
ments. If there was more than ten percent difference
between measurements, a board-certified radiologist
repeated the measurement.
We recorded anterior-posterior radial inclination
(degrees), ulnar variance (radial length; millimetre) and
lateral volar tilt (degrees). The distance of distal lock
ing screws from the deepest point of the subchondral
joint line was measured on intra-operative lateral tilted
images. The subchondral line was defined as the dense
area, which denotes the articular surface. The optimal
most distal screw placement was defined as the area
just proximal to the subchondral line without breach
ing it. Radial shortening as a parameter of reduction
loss was determined as the change in ulnar variance
between six and eight weeks post-operatively (Figure
1). Pre-operative images were used for AO fracture
[21]
classification . Patient age, gender, mechanism of injury
(high or low energy), likelihood of osteoporosis and

Drobetz H, Black A, Davies J, Buttner P, Heal C. Screw placement
is everything: Risk factors for loss of reduction with volar locking
distal radius plates. World J Orthop 2018; 9(10): 203-209
Available from: URL: http://www.wjgnet.com/2218-5836/full/v9/
i10/203.htm DOI: http://dx.doi.org/10.5312/wjo.v9.i10.203

INTRODUCTION
Distal radius fractures are the most common type of
[1-3]
fracture of the human skeleton . The treatment of
distal radius fractures has undergone a paradigm shift
in the last fifteen years, and fixation with volar locking
distal radius plates (VLDRP) has become the operative
[1,4-6]
standard
, despite lack of clear evidence of benefit
[7-10]
over any other treatment modality
. VLDRP dohave
a distinct advantage over any other treatment method
[11]
as they allow immediate postoperative mobilisation ,
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Figure 1 Examples of distal screw placement. A: Intraoperative image shows that screws are placed immediate to the subchondral joint line. Postoperative image
does not show any loss of reduction; B: Placing the screws at a distance from the subchondral joint line causes postoperative loss of radial length; C: Intraoperative
measurement. As the diameter of the screws was known, the distance of the screws was able to be calculated.

comorbidities [American Society of Anaesthesiologists
[22]
(ASA)] classification and postoperative immobilisation
were sourced from patient charts.

classification, time between injury and surgery, VLDRP
characteristics including number of distal screw rows,
total number of distal screws, distance of the distal lock
ing screws from the subchondral joint line, and whether
the wrist was immobilised postoperatively.
Multiple linear regression analysis identified inde
pendent factors associated with postoperative radial
shortening. A Kolmogorov-Smirnov test verified that
the outcome measure was normally distributed (P =
0.240). After identifying independent significant factors,
the remaining variables were investigated for potential
confounding effects. Statistical analysis was conducted
using Stata release 12 (StataCorp LP, Texas, United
States) and SPSS for Windows, Version 22 (SPSS Inc.,
Chicago, IL, United States). Statistical analysis was
performed by one of the authors, PB, a biostatistician
(www.tropicalhealthsolutions.com/petrabuttner).

Statistical methods

A pilot study including 31 cases was used to calculate
the sample size, as variability was unknown. Accounting
2
for eight potential independent characteristics, the R
2
was 0.28 and Cohen’s f effect size was 0.39, indicating
that 50 fractures would be required to have power in
excess of 80% and a level of significance of 0.05.
Bivariate statistical comparisons used unpaired t-tests,
one-way Analysis of Variance, Pearson’s correlation co
efficient and Spearman rank correlation coefficient (r)
to identify factors influencing postoperative radial shor
tening. Factors included in the analysis were age, sex,
mechanism of injury, affected wrist (left or right), AO
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Factors influencing postoperative loss of radial length

1

Table 1 Description of characteristics of 250 patients with
250 dorsally displaced distal radius fractures managed with
volar locking distal radius plates documented between 2010
and 2014 at two regional hospitals in north Queensland,
Australia
Characteristic

Bivariate analysis showed that the mean postoperative
loss of radial length was higher for AO type A and C
fractures (mean: 2.0, SD: 1.3) and less for AO type
B fractures (mean: 1.2, SD: 0.8) (P = 0.033). There
was a weak negative correlation between number of
distal screws in the most distal screw row and radial
shortening (r = -0.13; P = 0.042). There was a strong
positive correlation between the distance of the distal
locking screws from the subchondral joint line and post
operative loss of radial length (r = 0.61; P < 0.001).
None of the other factors (see Table 1 for complete list
of factors investigated) was statistically significantly
related to radial shortening.
Multiple linear regression analysis showed that the
distance of distal locking screws from the subchondral
joint line was the only independent factor statistically
significantly associated with radial shortening (coeffi
cient 0.379, 95%CI: 0.304-0.454; P < 0.001). No
confounding variables were identified. The linear regre
ssion line was estimated as radial shortening = 0.7 mm
+ 0.4 × the distance from joint line (mm) (P < 0.001)
(Figure 2). Volar tilt and the change of radial inclination
did not change in the postoperative period and were not
analysed.

Descriptive statistics

Patient
Mean age (SD)2; range (yr)
49.1 (16.7); range 16 to 88
Female
63.2% (n = 158)
Comorbidities (ASA classification)4 (n = 67)
ASA 1
34.3% (n = 23)
ASA 2
59.7% (n = 40)
ASA 3
6.0% (n = 4)
With Osteoporosis5 (n = 164)
51.2% (n = 84)
Injury
High energy mechanism (n = 160)
46.9% (n = 75)
Right wrist fractured (n = 248)
42.3% (n = 105)
AO fracture classification6
A2
14.8% (n = 37)
A3
14.8% (n = 37)
B1
2.8% (n = 7)
B2
4.0% (n = 10)
C1
12% (n = 30)
C2
34.4% (n = 86)
C3
17.2% (n = 43)
Median number of days from injury to
6
(1,
16); range 0 to 71
surgery (IQR)3; range (n = 164)
Treatment
With 1 distal screw row
25.6% (n = 64)
Median number of distal screws (IQR); range
4 (4, 5); range 3 to 8
Median number of distal screws in first row
4 (4, 4.25); range 2 to 5
(IQR); range
Median number of distal screws in second
2 (1, 3); range 1 to 4
row (IQR); range
With 4 or less distal screws in most distal
75.2% (n = 188)
row
Median distance from joint line (IQR);
3.1 (2.1, 4.1) range 0 to 11
range (mm)
Postoperative immobilisation7 (n = 224)
87.9% (n = 197)
Outcome measure
Mean radial shortening (SD); range (mm)
1.9 (1.3); range 0 to 5.6

DISCUSSION
The results of our study show that placement of distal
locking screws is the only independent factor significantly
associated with postoperative loss of radial length.
Postoperative shortening is proportional to the distance
of the distal locking screws from the subchondral joint
line. The soft metaphyseal bone of the distal radius
fragment cannot support the distal locking screws. The
distal fragment will settle and “sink through” until the
screws are in the hard subchondral area just proximal
of the joint. Placing the distal screws as close as po
ssible to the joint line prevents loss of postoperative
displacement, independent of age, gender, osteoporosis
and immobilisation.
Our study expands on a previous biomechanical study
[13,16,18-20,23]
[13]
and clinical observations
. Drobetz et al
found a statistically significant linear association between
loss of radial length and distance of the distal locking
screws from the subchondral joint line. They also noted
that the distal fragment “sank straight” without loss of
volar tilt and radial inclination, an observation which
was confirmed in our study population. The current
study translates these findings into a clinical setting. The
clinical relevance of our results is that “distance from
the joint line” is a modifiable risk factor. Postoperative
loss of reduction therefore seems to be mainly surgeondependent.
Our findings also indicate that loss of reduction is
independent of the number of distal screws, provided
there are at least four distal screws with a minimum dia
meter of 2.3 mm each (the type of plates we assessed).

1

n = 250 unless otherwise stated; 2SD = standard deviation; 3IQR = interquartile range; 4ASA classification; 5osteoporosis was classified as “yes”
when chart information was available and in females > 60 years of age
with low energy trauma; 6AO fracture classification. B3 fractures were
excluded from the analysis as they are volar shear fractures and follow
different biomechanical principles; 7postoperative immobilisation was
either by cast (n = 128) or by thermoplastic splint (n = 77). Duration of
immobilisation varied between two and four weeks. ASA: American
Society of Anaesthesiologists.

RESULTS
For detailed results, see Table 1. A total of 250 patients
were included from Hospital 1 (n = 141; 56.4%) and
Hospital 2 (n = 109; 43.6%). In all, 186 plates (74.4%)
R
had two distal screw rows. Plates used were Medartis
R
R
Aptus TriMed volar fixed angle plates or Synthes
VA. Sixty-four plates (25.6%) had one distal screw
R
row (Synthes volar locking buttress plate 2.4 mm).
There was disagreement regarding two fractures. The
board-certified radiologist agreed with the first author’s
measurements.

WJO|www.wjgnet.com

206

October 18, 2018|Volume 9|Issue 10|

Drobetz H et al . Risk factors for loss of position with VLDRP
could be considered to be a surrogate marker for osteo
porosis, but this was also not shown to be associated with
radial shortening. Our findings highlight that volar locking
plates are suitable and effective in this subset of patients.
However, it was difficult to diagnose osteoporosis, as
chart information was limited and it was not feasible to
retrospectively perform bone mineral density measure
ments on all patients. This is a weakness of our study.
Osteoporosis was classified as “yes” when chart infor
mation was available and in females > 60 years of age
[5]
with low energy trauma .
There were other limitations in our study. We did not
evaluate clinical outcomes in our patient population, but
this was not within the scope of our study. However, a
[3]
recent prospective cohort study showed that radial
shortening of more than 2 mm was associated with
worse patient-reported outcome scores. These findings
indirectly indicate the possible clinical relevance of
our paper. There are also several other studies which
show that “function follows form”, i.e., that good clinical
outcomes are associated with healing in near anato
[33-35]
mical position
.
The study strengths are adequate sample size and
the large number of variables analysed. In addition to
measurements performed by two authors independently,
the same X-ray departments, machines and viewing
program counteracted possible bias. In summary, the
distance of the distal screws in relation of the sub
chondral joint line is the only independent variable asso
ciated with postoperative loss of reduction. The loss of
reduction is independent of age, gender, osteoporosis,
ASA status, fracture severity, immobilisation, number of
distal screws and the presence or absence of a second
distal screw row. Surgeons using VLDRPs for fixation of
distal radius fractures should attempt to place the distal
screws as close as possible to the subchondral joint line.

6.00

Loss of radial length [mm]

5.00

4.00

3.00

2.00

1.00

0.00
0.00

2.00

4.00

6.00
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10.00

12.00

Distance of distal locking screws from subchondral joint [mm]

Figure 2 Correlation of loss of radial length (mm) and distance of distal lock
ing screws from the subchondral joint line (mm) of 250 patients with dorsally
displaced distal radius fractures managed with volar locking distal radius
plates. The linear regression line was: radial shortening = 0.7 mm + 0.38 ×
distance from joint line (mm) (P < 0.001).

A second distal screw row does not have any positive
influence on postoperative radial shortening. This is in
[12,14,24-26]
accordance with biomechanical studies
.
The clinical and biomechanical advantage of a se
cond distal screw row eludes the authors. According to
operation manuals of various implant companies, two
screw rows either provide a “three-dimensional scaffold
for optimal subchondral support” or “intra- operative
solutions for different fracture requirements”, “intraoperative fine contouring of the radial and intermedi
ate columns”, “optional three point support for more
stability” or “creation of a scaffold to allow two plane
[27]
fixation of distal metaphyseal fragments”. Katsunori
[28]
and Kawasaki
have reported on a double tiered
subchondral support (DSS) procedure in which the
screws of the second distal screw row are placed long,
so that their tips support the dorsal part of the distal
radius. Their findings showed less loss of radial length
and volar tilt when using the DSS construct compared to
[29-31]
placing screws only in the distal row. Other studies
,
found that a screw length of 75% of the sagittal distal
radius diameter is sufficient to withstand postoperative
displacement loads, which somewhat contradicts
Katsunori’s and Kawasaki’s findings.
Our findings further demonstrated that immediate
postoperative mobilisation did not lead to increased loss
of radial length and consequently that postoperative
immobilisation did not prevent loss of radial length
when the distal screws were placed into the soft meta
physeal bone. Only 12.4% of fractures underwent
early mobilisation, the remainder being immobilised by
splint or a cast (Table 1). We speculate that this is an
ingrained surgeon practice rather than behaviour based
on evidence.
Previous studies have identified osteoporosis as a risk
[32]
factor for radial shortening after plating with VLDRP ,
and it has been postulated that this is due to poor bone
quality. This finding was not supported in our study. Age
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Research background

Treatment of distal radius fractures with volar locking distal radius plates
(VLDRP) has become the most popular treatment method in the last ten years.
Biomechanical and clinical studies indicate that distal screw placement as close
as possible to the articular surface is crucial to prevent loss of postoperative
reduction. To our knowledge, no study has been undertaken that proves or
disproves this observation.

Research motivation

Our hypothesis was that postoperative loss of reduction will occur when the
distal VLDRP screws are placed more proximal, in the distal radius fragment
metaphysis, rather than in the subchondral hard area close to the articular
surface. We also hypothesized that the loss of postoperative reduction is
directly related to the distance of the distal screws from the articular surface.
We undertook a retrospective study analyzing pre- and postoperative X-rays of
250 consecutive distal radius fractures treated with VLDRP.

Research objectives

Objectives of the study were to determine factors correlated with postoperative
radial shortening in patients with distal radius fractures treated with VLDRPs.

Research methods

This is a longitudinal multicentre retrospective cohort study including patients
who underwent VLDRP fixation of a dorsally displaced distal radius fracture in
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which 250 wrist fractures were included. Collected parameters were fracture
classification, radial length, radial inclination, volar inclination of the joint surface,
patient age, gender, mechanism of injury, likelihood of osteoporosis, comorbidities
and postoperative immobilisation. The distance of the distal locking screws to
the articular surface was measured on intraoperative lateral tilted X-rays. Radial
shortening as a parameter of loss of reduction was measured on X-rays obtained
at a minimum of six weeks postoperatively. Bivariate statistical comparisons
were used to identify factors influencing postoperative radial shortening. Multiple
linear regression analysis then identified independent factors associated with
postoperative radial shortening.

9

10

Research results

Multiple linear regression analysis showed that the distance of the distal locking
screws from the articular surface was the only independent factor associated
with radial shortening. The relationship between shortening and distance of the
distal screws to the articular surface was linear and statistically highly significant.

11

Research conclusions

Our study showed that in order to prevent postoperative loss of reduction in
fractures plated with VLDRP, it is crucial that the distal screws are placed as
close as possible to the articular surface. The study further indicated that loss of
postoperative reduction is not associated with any other parameters measured age, gender, osteoporosis, ASA status, fracture severity, immobilisation, number
of distal screws and the presence or absence of a second distal screw row.

12

13

Research perspectives

A major advantage of treating distal radius fractures with VLDRP is that patients
can be treated without postoperative immobilisation. VLDRP are in fact the only
treatment modality that allows for immediate postoperative use of the wrist.
Based on the findings of our study and provided that the distal screws are
placed as close as possible to the articular surface, immediate postoperative
mobilization should be possible without loss of reduction. Future studies should
attempt to verify our findings in a clinical setting.

14

15

REFERENCES
1
2
3

4

5

6

7

8

Chen NC, Jupiter JB. Management of distal radial fractures. J
Bone Joint Surg Am 2007; 89: 2051-2062 [PMID: 17768207 DOI:
10.2106/JBJS.G.00020]
Gehrmann SV, Windolf J, Kaufmann RA. Distal radius fracture
management in elderly patients: a literature review. J Hand Surg Am
2008; 33: 421-429 [PMID: 18343302 DOI: 10.1016/j.jhsa.2007.12.016]
Larouche J, Pike J, Slobogean GP, Guy P, Broekhuyse H, O’Brien
P, Lefaivre KA. Determinants of Functional Outcome in Distal
Radius Fractures in High-Functioning Patients Older Than 55
Years. J Orthop Trauma 2016; 30: 445-449 [PMID: 26978132 DOI:
10.1097/BOT.0000000000000566]
Mattila VM, Huttunen TT, Sillanpää P, Niemi S, Pihlajamäki H,
Kannus P. Significant change in the surgical treatment of distal
radius fractures: a nationwide study between 1998 and 2008 in
Finland. J Trauma 2011; 71: 939-942; discussion 942-943 [PMID:
21986738 DOI: 10.1097/TA.0b013e3182231af9]
Bartl C, Stengel D, Gülke J, Gebhard F. Clinical results following
conservative and surgical treatment of osteoporotic distal radius
fractures in the elderly: Overview of best available evidence.
Unfallchirurg 2016; 119: 723-731 [PMID: 27481355 DOI: 10.1007/
s00113-016-0216-y]
Mellstrand-Navarro C, Pettersson HJ, Tornqvist H, Ponzer S. The
operative treatment of fractures of the distal radius is increasing:
results from a nationwide Swedish study. Bone Joint J 2014; 96-B:
963-969 [PMID: 24986952 DOI: 10.1302/0301-620X.96B7.33149]
Costa ML, Achten J, Parsons NR, Rangan A, Griffin D, Tubeuf
S, Lamb SE; DRAFFT Study Group. Percutaneous fixation with
Kirschner wires versus volar locking plate fixation in adults with
dorsally displaced fracture of distal radius: randomised controlled
trial. BMJ 2014; 349: g4807 [PMID: 25096595 DOI: 10.1136/bmj.
g4807]
Arora R, Lutz M, Deml C, Krappinger D, Haug L, Gabl M. A

WJO|www.wjgnet.com

16

17

18
19
20
21
22

23

24

208

prospective randomized trial comparing nonoperative treatment
with volar locking plate fixation for displaced and unstable distal
radial fractures in patients sixty-five years of age and older. J
Bone Joint Surg Am 2011; 93: 2146-2153 [PMID: 22159849 DOI:
10.2106/JBJS.J.01597]
Zong SL, Kan SL, Su LX, Wang B. Meta-analysis for dorsally
displaced distal radius fracture fixation: volar locking plate versus
percutaneous Kirschner wires. J Orthop Surg Res 2015; 10: 108
[PMID: 26169601 DOI: 10.1186/s13018-015-0252-2]
Mellstrand Navarro C, Ahrengart L, Törnqvist H, Ponzer S.
Volar Locking Plate or External Fixation With Optional Addition
of K-Wires for Dorsally Displaced Distal Radius Fractures: A
Randomized Controlled Study. J Orthop Trauma 2016; 30: 217-224
[PMID: 26709818 DOI: 10.1097/BOT.0000000000000519]
Drobetz H, Koval L, Weninger P, Luscombe R, Jeffries P,
Ehrendorfer S, Heal C. Volar locking distal radius plates show
better short-term results than other treatment options: A prospective
randomised controlled trial. World J Orthop 2016; 7: 687-694
[PMID: 27795951 DOI: 10.5312/wjo.v7.i10.687]
Drobetz H, Weninger P, Grant C, Heal C, Muller R, Schuetz M,
Pham M, Steck R. More is not necessarily better. A biomechani
cal study on distal screw numbers in volar locking distal radius
plates. Injury 2013; 44: 535-539 [PMID: 23127726 DOI: 10.1016/
j.injury.2012.10.012]
Drobetz H, Bryant AL, Pokorny T, Spitaler R, Leixnering M,
Jupiter JB. Volar fixed-angle plating of distal radius extension
fractures: influence of plate position on secondary loss of reduction-a biomechanic study in a cadaveric model. J Hand Surg Am 2006;
31: 615-622 [PMID: 16632057 DOI: 10.1016/j.jhsa.2006.01.011]
Weninger P, Dall’Ara E, Drobetz H, Nemec W, Figl M, Redl H,
Hertz H, Zysset P. Multidirectional volar fixed-angle plating using
cancellous locking screws for distal radius fractures--evaluation
of three screw configurations in an extra-articular fracture model.
Wien Klin Wochenschr 2011; 123: 4-10 [PMID: 21165706 DOI:
10.1007/s00508-010-1488-9]
Hart A, Collins M, Chhatwal D, Steffen T, Harvey EJ, Martineau
PA. Can the use of variable-angle volar locking plates compensate
for suboptimal plate positioning in unstable distal radius fractures?
A biomechanical study. J Orthop Trauma 2015; 29: e1-e6 [PMID:
24786734 DOI: 10.1097/BOT.0000000000000146]
Osada D, Kamei S, Masuzaki K, Takai M, Kameda M, Tamai K.
Prospective study of distal radius fractures treated with a volar
locking plate system. J Hand Surg Am 2008; 33: 691-700 [PMID:
18590852 DOI: 10.1016/j.jhsa.2008.01.024]
Wich M, Sixto R, Spranger N. Design of distal radius volar
locking plates: Anatomical, surgical and biomechanical aspects.
Unfallchirurg 2016; 119: 742-746 [PMID: 27444999 DOI: 10.1007/
s00113-016-0218-9]
Orbay JL, Fernandez DL. Volar fixation for dorsally displaced
fractures of the distal radius: a preliminary report. J Hand Surg Am
2002; 27: 205-215 [PMID: 11901379 DOI: 10.1053/jhsu.2002.32081]
Drobetz H, Kutscha-Lissberg E. Osteosynthesis of distal radial
fractures with a volar locking screw plate system. Int Orthop 2003;
27: 1-6 [PMID: 12582800 DOI: 10.1007/s00264-002-0393-x]
Orbay JL, Fernandez DL. Volar fixed-angle plate fixation for
unstable distal radius fractures in the elderly patient. J Hand Surg Am
2004; 29: 96-102 [PMID: 14751111 DOI: 10.1016/j.jhsa.2003.09.015]
Müller E, Koch P, Nazarian S, Schatzker J. The Comprehensive
classification of fractures of long bones. Berlin, Heidelberg:
Springer Berlin Heidelberg; 1990 [DOI: 10.1007/978-3-642-61261-9]
Owens WD, Felts JA, Spitznagel EL Jr. ASA physical status classi
fications: a study of consistency of ratings. Anesthesiology 1978;
49: 239-243 [PMID: 697077 DOI: 10.1097/00000542-197810000-0
0003]
Berglund LM, Messer TM. Complications of volar plate fixation
for managing distal radius fractures. J Am Acad Orthop Surg 2009;
17: 369-377 [PMID: 19474446 DOI: 10.5435/00124635-20090600
0-00005]
Drobetz H, Schueller M, Tschegg EK, Heal C, Redl H, Muller R.
Influence of screw diameter and number on reduction loss after

October 18, 2018|Volume 9|Issue 10|

Drobetz H et al . Risk factors for loss of position with VLDRP

25

26

27

28

29

plating of distal radius fractures. ANZ J Surg 2011; 81: 46-51
[PMID: 21299798 DOI: 10.1111/j.1445-2197.2010.05479.x]
Moss DP, Means KR Jr, Parks BG, Forthman CL. A biomechanical
comparison of volar locked plating of intra-articular distal radius
fractures: use of 4 versus 7 screws for distal fixation. J Hand
Surg Am 2011; 36: 1907-1911 [PMID: 22018475 DOI: 10.1016/
j.jhsa.2011.08.039]
Neuhaus V, Badri O, Ferree S, Bot AG, Ring DC, Mudgal CS.
Radiographic alignment of unstable distal radius fractures fixed with
1 or 2 rows of screws in volar locking plates. J Hand Surg Am 2013;
38: 297-301 [PMID: 23267755 DOI: 10.1016/j.jhsa.2012.10.040]
Inagaki K, Kawasaki K. Distal radius fractures-Design of locking
mechanism in plate system and recent surgical procedures. J
Orthop Sci 2016; 21: 258-262 [PMID: 27006135 DOI: 10.1016/
j.jos.2015.12.022]
Kawasaki K, Nemoto T, Inagaki K, Tomita K, Ueno Y. Variableangle locking plate with or without double-tiered subchondral
support procedure in the treatment of intra-articular distal radius
fracture. J Orthop Traumatol 2014; 15: 271-274 [PMID: 24942842
DOI: 10.1007/s10195-014-0292-0]
Gabl M, Arora R, Schmidle G. Biomechanics of distal radius
fractures: Basics principles and GPS treatment strategy for locking
plate osteosynthesis. Unfallchirurg 2016; 119: 715-722 [PMID:
27445000 DOI: 10.1007/s00113-016-0219-8]

30

31

32

33
34
35

Baumbach SF, Synek A, Traxler H, Mutschler W, Pahr D,
Chevalier Y. The influence of distal screw length on the primary
stability of volar plate osteosynthesis--a biomechanical study. J
Orthop Surg Res 2015; 10: 139 [PMID: 26351239 DOI: 10.1186/
s13018-015-0283-8]
Wall LB, Brodt MD, Silva MJ, Boyer MI, Calfee RP. The effects
of screw length on stability of simulated osteoporotic distal radius
fractures fixed with volar locking plates. J Hand Surg Am 2012;
37: 446-453 [PMID: 22305729 DOI: 10.1016/j.jhsa.2011.12.013]
Rhee SH, Kim J, Lee YH, Gong HS, Lee HJ, Baek GH. Factors
affecting late displacement following volar locking plate fixation
for distal radial fractures in elderly female patients. Bone Joint J
2013; 95-B: 396-400 [PMID: 23450027 DOI: 10.1302/0301-620X.
95B3.30514]
Trumble TE, Culp RW, Hanel DP, Geissler WB, Berger RA. Intraarticular fractures of the distal aspect of the radius. Instr Course
Lect 1999; 48: 465-480 [PMID: 10098077]
McQueen M, Caspers J. Colles fracture: does the anatomical result
affect the final function? J Bone Joint Surg Br 1988; 70: 649-651
[PMID: 3403617 DOI: 10.1302/0301-620X.70B4.3403617]
Kazuki K, Kusunoki M, Yamada J, Yasuda M, Shimazu A.
Cineradiographic study of wrist motion after fracture of the distal
radius. J Hand Surg Am 1993; 18: 41-46 [PMID: 8423316 DOI:
10.1016/0363-5023(93)90242-U]
P- Reviewer: Liu JY, Emara KM S- Editor: Dou Y
L- Editor: Filipodia E- Editor: Song H

WJO|www.wjgnet.com

209

October 18, 2018|Volume 9|Issue 10|

World J Orthop 2018 October 18; 9(10): 210-219

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.5312/wjo.v9.i10.210

ISSN 2218-5836 (online)

ORIGINAL ARTICLE
Observational Study

Long-term results of an anatomically implanted hip
TM
arthroplasty with a short stem prosthesis (MiniHip )
Lars V von Engelhardt, Andreas Breil-Wirth, Christian Kothny, Jörn Bengt Seeger, Christian Grasselli, Joerg
Jerosch
Lars V von Engelhardt, Faculty of Health, University of Witten/
Herdecke, Witten 58448, Germany

details that might disclose the identity of the subjects under study
were omitted or anonymized.

Lars V von Engelhardt, Department of Trauma Surgery
Orthopedics and Sports Medicine, Katholisches Karl-Leisner
Klinikum, Kleve 47533, Germany

Conflict-of-interest statement: This paper’s publication fee
is paid by a sponsorship from Corin (Corin Group, Cirencest,
United Kingdom). Except for Jörn Bengt Seeger, all authors
have a paid consultancy/speakers contract for Corin. All authors
declare to have no further interests, commercial or otherwise,
which represent a conflict of interest in relation to this study.

Andreas Breil-Wirth, Christian Grasselli, Joerg Jerosch,
Department of Orthopedics, Trauma Surgery and Sports Medicine,
Johanna Etienne Hospital, Neuss 41462, Germany

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

Christian Kothny, Munich Ortho Center, Munich 80802, Germany
Jörn Bengt Seeger, Department of Orthopaedics and Orthopaedic
Surgery, University Hospital Giessen and Marburg, Giessen 35392,
Germany
Christian Grasselli, Department of Orthopaedics and Trauma
tology, Waldburg-Zeil Clinic Tettnang, Tettnang 88069, Germany

Manuscript source: Unsolicited manuscript

ORCID number: Lars V von Engelhardt (0000-0002-31816163); Andreas Breil-Wirth (0000-0003-1077-1901); Christian
Kothny (0000-0002-6992-8670); Jörn Bengt Seeger (0000-0002
-6443-8875); Christian Grasselli (0000-0002-9746-4367); Joerg
Jerosch (0000-0002-1965-5977).

Correspondence to: Lars V von Engelhardt, MD, PhD,
Surgeon, Department of Trauma Surgery Orthopedics and
Sports Medicine, Katholisches Karl-Leisner Klinikum, AlfredHerrhausen-Straße 50, Kleve 47533,
Germany. chirurgie.ahk@kkle.de
Telephone: +49-2821-4901151
Fax: +49-2821-4901080

Author contributions: Jerosch J, Kothny C and Seeger JB
contributed to the study conception and design; Seeger JB,
Breil-Wirth A, Jerosch J and Grasselli C contributed to the data
acquisition, analysis and data interpretation; von Engelhardt LV
contributed to the data interpretation, the literature research, the
preparation of the figures and the writing of the article which was
approved by all authors.

Received: May 22, 2018
Peer-review started: May 23, 2018
First decision: June 5, 2018
Revised: June 17, 2018
Accepted: June 28, 2018
Article in press: June 28, 2018
Published online: October 18, 2018

Supported by A sponsorship from Corin (Corin Group, Cirencest,
United Kingdom).
Institutional review board statement: The study was reviewed
and approved by the local ethical committee of the Medical
Association of North Rhine (Ärztekammer Nordrhein) in
Düsseldorf (Study No. 2011379).

Abstract
AIM
To evaluate the clinical and radiological outcome nine

Informed consent statement: All persons involved in this
study gave their informed consent prior to study inclusion. All
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and ten years after short-stemmed, bone preserving
TM
and anatomical hip arthroplasty with the MiniHip
system.

Core tip: An innovative aspect of the MiniHipTM short
stem prosthesis is that the design provides the possibi
lity to restore the joint geometry by using an individual
femoral neck cut. In general, there is an increasing
demand for long-term results of newer arthroplasty
systems. In contrast to other studies on short stems
for hip replacement, this study was explicitly not only
conducted in young and active patients. Therefore, this
clinical and radiological long-term follow-up study is
of particular interest. This study revealed an excellent
and lasting clinical outcome, a reliable metaphyseal
anchoring with a physiological proximal load transfer
and an excellent long-term stem survivorship which is
at least comparable to standard prostheses and other
short stem concepts.

METHODS
In a prospective study, 186 patients underwent hip
arthroplasty with a partial neck preserving short stem
TM
(MiniHip , Corin). Elderly patients were not excluded
from this study, thus the mean age at the time of
surgery was 59.3 years (range 32 to 82 years). Surgery
and the follow-up assessments were performed at two
Centers. Up until now, the mean follow-up was 112.5
± 8.2 mo. The Oxford Hip Score (OHS) and the Hip
Dysfunction Osteoarthritis and Outcome Score (HOOS)
was assessed pre- and each year after surgery. The
clinical follow-up was accompanied by standardized
a.p. and axial radiological examinations. Periprosthetic
lucencies, hypertrophies within the Gruen zones one
to fourteen were assessed. A subsidence of the stem
was investigated according to Morray and heterotopic
ossifications were assessed according to Brooker.

von Engelhardt LV, Breil-Wirth A, Kothny C, Seeger JB, Grasselli
C, Jerosch J. Long-term results of an anatomically implanted hip
arthroplasty with a short stem prosthesis (MiniHipTM). World J
Orthop 2018; 9(10): 210-219 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v9/i10/210.htm DOI: http://dx.doi.
org/10.5312/wjo.v9.i10.210

RESULTS
The OHS and HOOS improved from 18 ± 3.3 to 46 ±
2.0 and from 30 ± 8.3 to 95 ± 4.6 points, P < 0.001
respectively. There were no differences regarding age,
etiology, friction pairings, etc ., (P > 0.05). Two stems
were revised due to a symptomatic subsidence four and
twelve months postoperatively. Thus, the survivorship
for aseptic loosening at nine to ten years was 98.66%.
Including one stem revision due to a symptomatic
exostosis, bursitis and thigh pain as well as one revision
because of a septic stem loosening, the overall survival
for the stem with revision for any reason was 97.32%.
Besides one asymptomatic patient, radiological signs of
a proximal stress-shielding, such as bone resorptions
within the proximal Gruen zones, were not noticed.
Findings suggesting a distal loading, e.g. , bony
hypertrophies or bone appositions of more than 2 mm,
were also not detected.

INTRODUCTION
Short-stemmed cementless hip arthroplasty prostheses
have been designed to preserve bone stock, facilitate
an eventual revision surgery and achieve a more physi
[1-4]
ological loading to the proximal part of the femur .
In comparison to conventional cementless stems, short
stems are therefore described to reduce the stress
shielding around the stem, which might be associated
with thigh pain, bone loss and an increased risk of
[5-8]
aseptic loosening .
In different conventional stems as well as short
stems, digital planning analysis studies and clinical
studies on the radiological outcome frequently demon
strate an inadequate reconstruction of the individual
[9,10]
femoral offset
. Such changes in hip geometry often
lead to a reduced soft tissue tension as well as a
decreased muscular preload. This might be accompa
nied by an insufficiency of the gluteus muscle group
[11,12]
and/or a relevant hip instability
. However, the
widely used standardized femoral neck cut of most
prosthesis stems leads to a “bottom up strategy”
where the restoration of the joint geometry can only
be guaranteed by selecting different modular conus
components for a modular tapered stem or different
TM
designs of a monoblock prosthesis. The MiniHip short
stem (Corin Group PLC, Cirencester, United Kingdom)
is different. Based on a large series of preoperative
CT data collected in hip arthroplasty patients, it is
designed to allow the use of individual resection levels
[13]
for the femoral neck . According to this concept, the
TM
MiniHip implant is a partial neck retaining prosthesis.
This leads to a “top down concept” which provides a
completely different possibility to restore the individ

CONCLUSION
TM
Regarding these first long-term results on the MiniHip ,
the implant performed exceedingly well with a high
rate of survivorship for aseptic loosening. Our radio
logical results within the Gruen zones support the
design rationale of the Minihip to provide a reliable
metaphyseal anchoring with the expected proximal,
more physiological load transfer. This might minimize
or exclude a stress shielding which might be associated
with thigh pain, proximal bone loss and an increased
TM
risk of aseptic loosening. The MiniHip is a reliable
partial-neck retaining prosthesis with good a clinical
long-term outcome in younger as well as elderly patients.
Key words: Primary hip arthroplasty; Long-term results;
Short stem endoprothesis; Prospective follow-up study;
Stress-shielding
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.
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young and active patients. The purpose of the current
study was to assess the clinical and radiological longTM
term outcome of the MiniHip in a relatively diverse
population with a wide range of patient age.

B

A

36.1 mm

36.6 mm

140.6 deg

MATERIALS AND METHODS

140.9 deg

This prospective follow-up examination has been ap
proved by the Ethical Committee of the Medical As
sociation of North Rhine (Ärztekammer Nordrhein)
in Düsseldorf, Germany under the No. 2011379. All
patients gave their written informed consent before
enrollment in the study. A total of 186 consecutive
hip joint arthroplasties (right/left = 97/89) in 186
patients (m/f = 94/92) were included for the followup assessment. Fourteen patients received a bilateral
TM
hip arthroplasty with the MiniHip as a two-staged
procedure. Patients’ mean age at the time of surgery
was 59.3 years (range 32 to 82 years). Indications
for surgery included advanced osteoarthritis arthritis
recalcitrant to conservative treatments. All surgeries
were carried out between 2008 and 2010 at the De
partment of Orthopedics, Trauma Surgery and Sports
Medicine of the Johanna-Etienne Hospital Neuss (n
= 108) and at the Munich Ortho Center (n = 78) in
Germany.
During the subsequent follow-up, 37 patients were
excluded from this study. Reasons were an osteo
synthesis on the same leg in one patient, one aseptic
TM
loosening of the stem on the other side (no MiniHip ),
a severe, immobilizing spinal canal stenosis in one
case, two severe other diseases, nine patients wanted
to quit the study, one patient died and 22 were lost for
unknown reasons.
Pre-operative planning of the prosthesis components
was performed in all cases on scaled anteroposterior
®
digital radiographs using the MediCAD software. In all
patients, the meta-diaphyseal anchoring short-stem
TM
system MiniHip (Corin Group PLC, Cirencester, United
TM
Kingdom) was implanted. The MiniHip was introduced
[13]
by Jerosch in 2008. The stem is designed to fit and fill
the retained part of the femoral neck. After the femoral
neck cut and the opening of the metadiaphyseal cavity,
the implant side is prepared by using impactors with
an increasing size. This compression of the metadiaphy
seal spongious bone might improve the filling of the
TM
metaphysis. Moreover, the MiniHip stem is designed
to provide an extended contact area with a wide load
TM
transfer at the femoral calcar region. The MiniHip
stem is available in nine sizes, each providing a centrum
collum diaphyseal angle of 130° (Figure 2). The material
of the stem is an alpha-beta titanium alloy (Ti-6Al-4V)
and it is coated by a layer of hydroxyapatite applied
over a layer of pure titanium (Bi-coat™). The elevated
roughness might contribute to the primary stability of
the prosthesis, whereas the additional hydroxyapatite
coating may serve as an osseoconductor between bone
and prosthesis and therefore enhance the secondary

D

C
67.9 mm

67.9 mm

124.0 deg
124.0 deg

Figure 1 “Top down concept” of the MiniHip to restore the individual
joint geometry. The individual femoral neck cut and physiological orientation
of the partially retained femoral neck allows the reconstruction of the individual
joint geometry. A: Valgus hip deformity; B: A deeper femoral neck cut leads
a reduction of the femoral offset with an accurate reconstruction of the joint
geometry; C: Varus hip; D: A low femoral neck provides a reconstruction of the
geometry with an increased femoral offset with an appropriate successfully
reconstructed joint geometry.
TM

ual joint geometry. Thus, the physiological orientation
of the partially retained femoral neck allows a much
easier and reliable reconstruction of the individual ante
[13-15]
version, offset and CCD angle (Figure 1)
. Using
3-dimensional CT scans in cadaver hips, Mihalko et
[16]
al
investigated the value of different femoral neck
resection levels for the implantation of a short stem
prothesis without modular components. They showed
that all geometrical parameters, including the femoral
neck anteversion, the CCD angle and the center of the
femoral head, were reconstructed within a mean error
[16]
[17]
of 2° and/or 1 mm . Moreover, Windhagen et al
have shown that a short stem partial neck-retaining
implant provides a more balanced hip in terms of the
surrounding soft tissue structures, whereas a straight
stem alters the head position and induces much more
non-physiological strains.
TM
Clinical follow-up studies of the MiniHip showed
[18-20]
a good short-term clinical outcome
as well as
good densitometric results with a comparatively lower
[1,21]
proximal bone density reduction
. To our knowledge,
this is the longest study on this well-established femoral
neck retaining metadiaphyseal prosthesis. In contrast to
other studies on short stems for hip replacement, this
prospective study was explicitly not only conducted in
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Offset

M/L

Neck length

Lateral stem
length

A/P excluding fins
A/P excluding fins

size

stem length

offset

1
2
3
4
5
6
7
8
9

79.5
84.2
89.0
93.8
98.5
103.3
108.0
112.8
117.5

32.2
33.3
34.5
35.6
36.8
37.9
39.1
40.2
41.4

neck
length
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0

A/P diameter
excluding fins
13.6
15.2
16.7
18.3
19.8
21.4
22.9
24.5
26.0

A/P diameter
including fins
15.0
16.7
18.4
20.2
21.8
23.6
25.2
27.0
28.6

Figure 2 Dimensions (mm) of the different sizes of the MiniHip

Numbers of implanted stems

TM

stem.

stem stability. The stem is intended to be used with
12/14 taper heads of different lengths. The distal tip of
the prosthesis is polished and is designed to prevent a
ﬁxation in this area. This feature is expected to reduce
the risk of anterior thigh pain (Figure 3). The frequencies
of implanted stem sizes used in this study are depicted
in Figure 3. At the Johanna-Etienne Hospital Neuss,
surgery was performed in the supine position using
the antero-lateral minimal invasive (ALMI) for supine
[22]
position described by Jerosch . This approach protects
the abductor muscles to facilitate the post-operative
rehabilitation. The exposure of the femur and the ace
tabulum as well as the positioning of the patient allows
an excellent orientation which is mandatory for an
optimal positioning of the prosthesis components. At
the Munich Ortho Center, two approaches were used.
In 60 patients, a standard direct anterior approach
through the intermuscular plane was performed. Simi
larly to the ALMI approach, this approach has been
[23,24]
described to preserve the hip abductor muscles
.
In 18 patients, a lateral, transgluteal approach with
[25]
a splitting of the gluteus medius muscle was used .
TM
During the implantation of the MiniHip , the stem
follows the curvature of the medial calcar. Therefore,
an individual femoral neck can be used to restore the
[15]
joint geometry . The height of the femoral neck cut
is planned on the preoperative X-ray. In a valgus hip,

60
50
40
30
20
10
0

1

2

3

4

5

6

7

8

9

stem size

Figure 3 Frequencies of the implanted stem sizes used in this study.
The distribution of sizes used in this study is similar to a Gauss curve. The
increasing dimensions of the conus according to the nine different sizes of the
implant are depicted. The distal bullet tip of the prosthesis is polished. This
design might prevent a ﬁxation in this area and therefore reduce the risk of
thigh pain.
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a deep resection leads to an increased CCD angle and
a smaller offset, whereas a high cut near to the head
neck junction is used to reconstruct the low CCD angle
of a varus hip (Figure 1). Intraoperatively, the landmark
for the femoral cut is the piriformis fossa, which is easy
to visualize when a minimally invasive approach is
used. The cut is made parallel to the head neck junction
and at 90° to the femoral neck. Then, the implant side
is prepared by using different impactors of increasing
size. The postoperative and rehabilitative treatment
was started in all patients on the first postoperative
day. Patients started weight-bearing as tolerated with
two crutches for six weeks. If there were no contra
indications, Ibuprofen was recommended for ten days
as prophylaxis for heterotopic ossiﬁcations.
The follow-up examinations were performed preop
eratively and annually by two independent examiners.
The preoperative and follow-up clinical evaluations
[26]
included the Oxford Hip Score (OHS) , and the Hip
[27]
Dysfunction Osteoarthritis and Outcome Score (HOOS) .
Both the HOOS and the OHS are validated and reliable
scores used to assess the functional and symptomatic
[26,27]
results after total hip arthroplasty
. First descriptive
statistics were used to compare our data to the literature.
To assess predictors such as sex, age, friction pairings,
etc. which might influence the outcome scoring, we
used a linear mixed model analysis.
The X-ray assessments were performed preope
ratively, postoperatively immediately after the initial
mobilization and at the follow-up appointments. Stan
dardized standing antero-posterior (AP) and lateral
radiographs of the proximal femur were taken. To assess
the bone remodeling around the prosthesis, radiographs
were inspected within the Gruen zones for the presence
of radiolucencies, bony hypertrophies or atrophies,
reactive lines and pedestal formation according to the
[28]
criteria by Engh et al . A change of the stem position
was investigated according to Morray by using the
[29]
osteotomy as a bony reference . A subsidence of the
stem as a detectable pathology was documented for
a position change of at least 2 mm. Ossifications were
[30]
analyzed according to the Brooker classification . All
complications related to the prosthesis such as a septic
or aseptic loosening, infection, subsidence, dislocation
and all operative revision were documented.
Data analyses were reviewed and supported by a
biomedical statistician. Analyses were performed with
Excel Statistics software (Microsoft, Redmond, WA,
United States) and SPSS Statistics software 22.0 (SPSS
Inc., Chicago, IL, United States).

120
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Figure 4 Outcome at the Hip Dysfunction Osteoarthritis and Outcome Score
and Oxford Hip Score scoring over ten years. After the initial improvement
after one year, the subsequent scorings at our follow-up investigations two to
ten years after the implantation showed only slight increases, which were not
significant, P > 0.05 respectively. HOOS: Hip Dysfunction Osteoarthritis and
Outcome Score; OHS: Oxford Hip Score.

respectively. After this initial improvement after one
year, the scorings at the follow-up investigations two
to ten years after the implantation stayed on the same
level or showed only slight increases, which were not
significant, P > 0.05 respectively (Figure 4). A further
linear mixed model analysis revealed that there were no
significant differences regarding sex, age, component
sizes, etiology and friction pairings (P > 0.05).

Revisions and complications

The primary outcome measure was the stem revision
for loosening as the failure endpoint of the stem. In
our series, we noticed two cases with an aseptic stem
loosening four and twelve months after surgery with a
symptomatic subsidence of 12 and 15 mm (Figure 5).
In these patients, a one-stage revision to a conventional
stem was conducted. Thus, the survivorship for aseptic
loosening at nine to ten years is 98.66% (147 of 149).
Another patient had a symptomatic exostosis with a
chronical bursitis and thigh pain. Besides the removal
of the exostosis a revision of the stem was performed.
One patient suffered a septic stem loosening with the
detection of proprioni bacteria 20 mo postoperatively.
Therefore, the overall survival for the stem with revision
for any reason was 97.32% (145 of 149). Another
important outcome measure was the number of cup
revisions for any reason as the failure endpoint for the
cup. In our series, we had one patient with an aseptic
cup loosening four months postoperative. Another
patient had a symptomatic iliopsoas impingement
at the anterior border of the cup which showed an
early loosening three weeks postoperatively. These
early revisions lead to an overall survival for the cup
with revision for any reason of 98.66% (147 of 149).
Other major complications, such as dislocations, pe
riprosthetic fractures, a deep venous thrombosis and
nerve injuries were not observed during the immediate
postoperative inpatient care and the subsequent follow-

RESULTS
Functional outcome

One year after surgery, both, the HOOS and OHS
improved significantly from a mean of 30 ± 8.3 to 91 ±
6.7 and from 18 ± 3.3 to 44 ± 5.8 points, P < 0.001,

WJO|www.wjgnet.com

0 yr

214

October 18, 2018|Volume 9|Issue 10|

von Engelhardt LV et al . Long-term results after MiniHipTM

B

A

C

Figure 5 Exemplary X-ray of one of the two cases with a symptomatic subsidence. A: Postoperative X-ray; B: Subsidence of 15 mm twelve months after
surgery; C: X-ray of the one-stage revision to a conventional stem.

sintering of the stem at the one-year control. The
subsidence measured 6 mm and remained unchanged
during our subsequent follow-up investigations.
Heterotopic ossifications were assessed according
[30]
to Brooker et al . Radiologically, we saw nine cases
of heterotopic ossifications, three with a Brooker gra
de Ⅱ and six cases with a grade Ⅰ finding (Figure 6).
In a further inverstigation, periprosthetic bone reso
rptions or bony hypertrophies within the Gruen zones
were assessed (Figure 7). One patient showed a bony
atrophy with an ostolysis of more than 2 mm in Gruen
zones 1, 2, 8 and 14 (Table 1). Further patients with
extended bony resoprtions of more than 2 mm were
not detected. A small ostolysis of less than 2 mm
outlined by a discrete sclerotic margin was detected
in a large number of patients around the tip of the
stem. This finding was only noticed in the distal Gruen
zones 3, 4, 5, 10, 11, 12 (Table 1). Because this finding
was exclusively noticed around the polished tip of the
stem, it might be indicative for a fibrous ingrowth at
the polished tip of the stem. Further radiological and/or
clinical signs of a loosening were not noticed in these
cases (Figure 7). Bony hypertrophies of less than 2
mm were detected in three cases in Gruen zone 3 und
in one case in Gruen zone 5 (Table 1). Further cortical
hypertrophies, neocortex formations or a spot welding
with new bone formations between the endostal surface
and the stem were not noticed in our series.

Figure 6 Exemplary X-ray of one of the nine cases with a heterotopic
ossifications grade Ⅰ according to Brooker.

G14

G1

G13

G7
G2
G6

G8
G12

G9
G3

G5

G10

G11

G4

Figure 7 Periprosthetic bone resorptions or bony hypertrophies were
assessed within the Gruen zones 1-14. A small ostolysis of less than 2
mm outlined by a discrete sclerotic margin was detected in a large number
of patients around the tip of the stem. Being detected exclusively around the
polished tip of the stem, it might be indicative for a fibrous ingrowth at the bullet
polished tip of the stem. Further radiological and/or clinical signs of a loosening
were not noticed in these cases.

DISCUSSION
The bi-coating and an optimized initial press fit within
an extended contact area at the proximal femur is
expected to provide a solid primary and secondary
TM[13-15,18,31]
fixation of the MiniHip
. This might provide
a good long-term survival. Searching for data on the
survival in short stems, short- and mid-term but only
[18,32-35]
a few long-term results are published
. In a
[35]
review article by van Oldenrijk et al , the majority of
the studies had a follow-up of less than 5 years. Out
of 49 studies on 19 short stems, midterm result were
only reported for the Mayo (Zimmer Inc., Warsaw,

up investigations.

Radiological results

[29]

A subsidence was investigated according to Morray .
Besides the patients with a symptomatic subsidence
mentioned above, we documented one asymptomatic
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improvement at the OHS and HOOS scorings (Figure 4).
Corresponding to these clinical data, the assessment of
bone resorptions within the Gruen zones demonstrate
good long-term results. Nonetheless, regarding the
distal Gruen zones (Table 1) the large number of small
(< 2 mm) radiolucencies outlined by a discrete sclerotic
margin has to be mentioned (Figure 7). These findings
were always noticed around the polished bullet tip
of the stem and are indicative for a fibrous interface
membrane without any bony ingrowth. This special
radiological finding has frequently been documented
in uncemented polished taper designs and never been
described to be indicative for a loosening or as any
[36,37]
other detrimental condition
. On the contrary, this
finding has to be recognized differently. According to
TM
the design rationale of the Minihip , the polished bullet
tip is expected to minimize endosteal abutment. This
way, pressure peaks and/or a bony ingrowth at the tip
of the stem are expected to be avoided. Moreover, this
might decrease the stiffness of the implant and prevent
[38]
the occurrence of thigh pain at the tip of the stem .
Another aspect is the more proximal and therefore
more physiological load transfer to the metaphysis
of the femur. This proximal load transfer, which is an
TM
important goal of the design of the Minihip , should
not be affected by the tip of the prosthesis. Therefore,
the absence of a bony ingrowth around the polished
TM
bullet tip is a desirable finding for the Minihip stem.
Our investigations on bone density changes within
the proximal Gruen zones (Table 1) might support
our thesis that this principle of a proximal load might
actually work. Besides one single patient, where we
documented an asymptomatic bone atrophy of more
than 2 mm in Gruen zones 1, 2, 8 and 14, further
resorptions were not detected within these proximal
areas. In regard to these findings, a distal load transfer
leading to a stress shielding and bone resorptions within
the proximal zones appears quite unlikely. Moreover,
bony hypertrophies within the distal Gruen zones,
which might be indicative for an unphysiological distal
load transfer, were only detected in one patient. For
the CLS Spotorno stem (Zimmer, US), in contrast,
bony hypertrophies and/or appositions within the distal
zones with or without a bone loss within the proximal
areas have been described after a 2-4 years in 53%
[39]
of the cases . For the Hipstar (Stryker, Duisburg,
®
Germany) and the Zweymueller stem (SL-Plus -Plus
Orthopedics AG, Rotkreuz, Switzerland) similar findings
were detected already after one year in 60% and
[40]
87% of the cases . These findings are indicative for
an unphysiological distal load with correspondingly
high rates of a proximal stress-shielding. As a logical
consequence, the authors discussed, if a progression
of these proximal bone resorptions may influence
[40]
the clinical results and the survival of the implant .
Our radiological long-term results showing a more
physiological proximal load transfer and a reduced stress-

Table 1 Periprosthetic bone density changes within the
Gruen zones (G1-14) detected in standardized a.p. and axial
X-rays
a.p.

Axial

G1: 1 × bony atrophy > 2 mm
G8: 1 × bony atrophy > 2 mm
G2: 1 × bony atrophy > 2 mm
G9: No abnormality
G3: 3 × bony hypertrophy < 2 mm 16 ×
G10: 36 × RL1
RL1
G4: 47 × RL
G11: 21 × RL1
G5: 1 × bony hypertrophy < 2 mm 54 ×
G12: 31 × RL1
RL1
G6: No abnormality
G13: No abnormality
G7: No abnormality
G14: 1 × bony atrophy > 2 mm
1

Small radiolucency < 2 mm with discrete sclerotic margin.

United States), Metha (B.Braun Aesculap, Tuttlingen,
Germany) and CFP stem (Collum Femoris Preserving,
Waldemar Link GmbH, Hamburg, Germany). In contrast
to this relatively poor data pool, an increasingly large
number of different short stem designs are currently
available. Thus, we have to notice a strong need for
TM
follow-up studies. For the Minihip stem, an overall
survival of 98.16%, 97.26% and 99.3% was reported
[18-20]
after 60, 18 and 37 mo, respectively
. These shortand mid-term results are encouraging. The present
TM
study is the ﬁrst one in the Minihip after a followup of nine to ten years. Two of 186 stems subsided
within the first year and required revision (Figure 5).
Both patients reported a severe thigh pain. A third
case of a subsidence of 6 mm at the first-year follow
up was asymptomatic. During the following radiological
controls, the stem remained stable without any further
subsidence and/or loosening. Further cases with a
subsidence of more than 2 mm were not noticed. Thus,
the rate of aseptic stem loosening as an important
outcome measure showed an overall survivorship of
98.66%. This rate is similar to a recent seven year
follow-up study in the monoblock design of the Metha
stem, where the revision rate was 1%. Zero point five
percent were revised for aseptic loosening and 0.4%
because of a femoral fracture during the postoperative
follow-up. It is important to mention that the revision
rate for the modular design of this stem was 9.4% for
[34]
the titanium and 4.6% for the cobalt chrome neck .
Thus, the adapter fractures of the modular Metha stem
lead to much higher stem revision rates, whereas the
revision rates for the monoblock were similar com
pared to conventional stems. This supports our pre
ference for a short monoblock prosthesis which we
combine with our “top down” concept for an exact joint
[13]
geometry reconstruction . In the present study, one
late infection and one exostosis with thigh pain lead
to two further stem revisions. Therefore, the overall
survivorship, including all revisions for any reasons
was 97.32%. Regarding these long-term results, the
implant performed exceedingly well. This is in acc
ordance with the clinical outcome showing a lasting
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strong need for follow-up studies especially on long-term results of these stems.
TM
Regarding the Minihip stem, previous short-term results are encouraging,
whereas long-term studies are lacking. Thus, the present study is the ﬁrst one
after a follow-up period of nine to ten years. In contrast to studies on shortstemmed hip replacements, which are mainly conducted in relatively young and
active patients, this study included a wide range of patients including elderly
persons.

shielding, have been confirmed by several densitome
tric studies comparing the bone remodeling between
[41,42]
different short and conventional straight stems
. For
TM
the Minihip but also for other stems, an initial bone
resorption in all periprosthetic zones is a typical finding
[1,21]
immediately after the implantation
. However, in
TM
studies on the Minihip , the initial bone resorption within
the first months had a much lesser extend compared
[13,41-43]
to different conventional stems
. More important
is that a relatively strong subsequent bone remodelling
within the proximal Gruen zones was documented during
the following years. Thus, compared to conventional
straight stems, a much lower proximal bone density
[1,21]
loss was noticed
. Because of this process of bone
formation, which continued till the second year, the boneTM
friendly design of the Minihip as a representative of a
[21]
partially neck-sustaining stem has been discussed .
Similar results were demonstrated on other partially
neck-retaining prostheses, demonstrating a signiﬁcant
bone remodeling leading to a markedly lower bone
[44,45]
density reduction in the proximal Gruen zones
. Taken
together, all these radiographic and osteodensitometric
data support the thesis of a more physiological proximal
load. Regarding these convincing data, it is not surprising
that a lower frequency of thigh pain was reported in short
[46]
stems compared to straight, conventional stem types .
Short stems have become increasingly utilized in
[38]
younger patients . This may reﬂect the surgeon’s
desire to conserve bone stock in these patients. Because
of the lack of long-term studies, this may also reflect
some concerns regarding the achievement of a lasting
stable fixation in elderly patients. In regard to studies
reporting an increased intraoperative fracture risk with
[47]
advanced age , worries about such complications might
further influence the indication of a short stem in elderly
patients. Therefore, the wide range of patients’ ages
between 32 and 82 years is an interesting feature of
this study. The analysis of the outome scorings revealed
no significant differences regarding the patients’ age.
Intraoperative fractures were not noticed and a loosening
of the stem with a subsidence was a rare and early
occurring complication in two patients of a mean age.
Thus, in comparison to conventional stems as a current
TM
[48]
benchmark level , the Minihip short stem might also
be a reliable alternative in elderly patients.
In conclusion, this long-term study revealed an
excellent and long-lasting clinical outcome, low comp
lication rates, a reliable metaphyseal anchoring with
a more physiological proximal load transfer and an
excellent long-term stem survivorship. Therefore, the
TM
MiniHip might be a convincing concept for a partialneck retaining prosthesis in a wide range of patients.

Research motivation
TM

The MiniHip monoblock stem is designed to fit and fill the retained part of
the femoral neck and the metaphysis. Using an individual femoral neck cut,
the implant is normally used as a partial neck retaining prosthesis. This leads
to a “top down concept” which provides a completely different possibility to
restore the joint geometry. Using this concept, the physiological orientation of
the partially retained femoral neck allows an easy and reliable reconstruction
of the individual anteversion, CCD angle and offset. Moreover, this might lead
to a more physiological loading of the proximal femur. The key question is, if
these design features are useful to reduce the stress shielding around the stem
with its’ complications such as thigh pain, bone loss and aseptic loosening.
Thus, this concept might possibly solve or reduce some typical problems of
conventional hip arthroplasty. Our optimistic expectation is that this might also
secure a good long-term outcome of such prostheses.

Research objectives

TM

The design of the MiniHip prosthesis seems to provide some reasonable
advantages. The main objective was to assess the long-term clinical and
radiological outcome and the complication rates of this prosthesis in a relatively
diverse study cohort with a wide range of patients’ age. This might support the
understanding in recent developments of partial-neck retaining, short-stemmed
hip prostheses, which provide a metaphyseal anchoring as well as a more
physiological proximal load transfer to the femur.

Research methods

TM

This study on the MiniHip is the ﬁrst one after such a long mean follow-up
period of nine to ten years. 186 patients, with a comparatively wide age range
TM
between 32 and 82 years, were included. Hip arthroplasty with the MiniHip
prosthesis was performed at two Centers. The clinical follow-up, which
included the Oxford Hip Score (OHS) and the Hip Dysfunction Osteoarthritis
and Outcome Score (HOOS), was accompanied by standardized p.a. and
axial radiological examinations. The radiological evaluation included the
assessment of periprosthetic lucencies, hypertrophies within the Gruen zones,
the assessment of a possible stem subsidence and the detection of heterotopic
ossifications.

Research results

The OHS and HOOS score improved significantly from 18 to 46 and from 30 to
95 points. Stem related complications included two cases with a symptomatic
subsidence after four and twelve months. The survivorship for aseptic loosening
remained unchanged after the subsequent follow-up of nine to ten years.
Thus, the final survivorship was 98.66%. Including one stem revision due to a
symptomatic exostosis, bursitis and thigh pain as well as one revision because
of a septic stem loosening, the overall survival for the stem with revision for any
reason was 97.32%. Besides one asymptomatic patient, signs of a proximal
stress shielding, such as corresponding bone resorptions within the proximal
Gruen zones, were not noticed. Bony hypertrophies and/or bone appositions
which might be indicative for a distal loading, were also not noticed.

Research conclusions

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

In contrast to a poor scientific data pool, an increasingly large number of
different short stem designs are currently available. Thus, we have to notice a
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TM

This study is the first one on the MiniHip prosthesis evaluating the longterm outcome in patients with a wide range of ages. This study revealed a
convincing and lasting clinical outcome. The radiological findings suggest a
physiological proximal load transfer with a reliable metaphyseal anchoring
and an excellent long-term stem survivorship, which is at least comparable to
TM
standard prostheses and other short stem concepts. The MiniHip is designed
to fit and fill the retained part of the femoral neck. During surgery, the implant
side is prepared and compressed by using impactors with an increasing size.
TM
Moreover, the MiniHip stem is designed to provide an extended contact
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area and an optimized filling with a wide load transfer at the femoral calcar
region. This new concept is expected to provide a solid fixation. Moreover, a
porous coating of a hip stem leads to an elevated roughness and an additional
hydroxyapatite coating may serve as an osteoconductor between bone and
prosthesis. All these features of this partial neck-retaining prosthesis might
enhance the primary as well as secondary stem stability, provide an optimized
proximal loading and finally provide a good long-term survival of this prosthesis.
We hope that this concept might solve or reduce some typical problems of
conventional hip arthroplasty stems. Short-stemmed, partial neck retaining hip
arthroplasty seems to realize a more physiological proximal load transfer with a
reliable metaphyseal anchoring and an excellent long-term stem survivorship.
TM
Partial neck retaining hip arthroplasty using the MiniHip stem might be a
convincing concept for a wide range of patients. The study presented here
was a necessary step in exploring this prosthesis, which seems to provide
reasonable advantages. Short-stemmed, partial neck retaining hip arthroplasty
by using an individual femoral neck cut provides a physiological proximal
load transfer and an excellent long-term stem survivorship, which is at least
comparable to other prosthesis concepts. This might be a contributory factor
to the convincing and lasting clinical outcome demonstrated in this study. This
study includes a population with a wide range of ages. The follow-up comprises
a long-term period of nine to ten years. The radiological assessment included
typical changes of the periprosthetic bone within the Gruen zones as well as the
detection of a possible stem subsidence. In contrast to other studies on short
stems for hip replacement, this study was explicitly not only conducted in young
and active patients. Therefore, this clinical and radiological long-term follow-up
study might be of particular interest and might provide a better understanding
TM
of such partial neck retaining prostheses. This long-term study on theMiniHip
revealed an overall survivorship for an aseptic stem loosening of 98.66%. The
promising clinical and radiological outcome was proved to be lasting in a wide
range of patients. The radiological findings within the Gruen zones suggest a
more physiological proximal load transfer and a reliable proximal metaphyseal
anchoring. This might explain the excellent long-term stem survivorship of the
TM
MiniHip prosthesis. In our future clinical practice, we will follow this concept of
a proximal, metaphyseal anchored partial-neck retaining prosthesis. Especially
TM
the concept of the MiniHip , which allows an individual femoral neck cut
and which recommends a compression of the implant side by using different
impactors, might provide some reasonable advantages to achieve such reliable
and long-lasting results. Moreover, this concept might be interesting in a wide
range of patients including those with an advanced age.
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Research perspectives

In consideration of conventional stems as a current benchmark for survival
rates and for typical complications occurring intraoperatively, but also in the
long-term follow-up, a proximal-metaphyseal anchored partial-neck retaining
prosthesis might be a reliable alternative in younger as well as elderly patients.
Further clinical outcome studies in larger study populations might be useful
to find out limitations regarding the indication for this short-stemmed, partial
neck retaining hip prosthesis. Perhaps the indication for such short-stemmed
prostheses will be reconsidered in the future. Regarding our initial long-term
results, signs for an upcoming implant failure based on a material failure or a
mechanical mismatch of implant and bone structure are not imminent. Ongoing
assessments with longer follow-up periods will evaluate the durability of these
first nine to ten year results. Follow-up studies with larger cohorts and longer
follow-up periods will be a useful method for the future research.
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Abstract
AIM
To investigate whether minority ethnicity and the
duration of education influence preoperative disability
and expectations in patients undergoing total knee
arthroplasty.
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METHODS
We prospectively included 829 patients undergoing
primary unilateral total knee arthroplasty (TKA)
from April 2013 to December 2014 at a single centre.
Patients filled in pre-operative questionnaires with
information regarding place of birth, duration of edu
cation, expectations for outcome of surgery and ba
seline characteristics. Patients were stratified based
on ethnicity. Majority ethnicity was defined as born in
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the study country and minority ethnicity was defined
as born in any other country. Similarly, patients were
stratified based on duration of education in groups
defined as < 9 years, 9-12 years and > 12 years,
respectively.

and expectations in patients undergoing total knee arthroplasty?
World J Orthop 2018; 9(10): 220-228 Available from: URL:
http://www.wjgnet.com/2218-5836/full/v9/i10/220.htm DOI:
http://dx.doi.org/10.5312/wjo.v9.i10.220

RESULTS
We found that 92.2% of patients were of majority
ethnicity. We found that 24.5%, 44.8% and 30.8% of
patients had an education of < 9 years, 9-12 years and
> 12 years, respectively. The mean preoperative (preOP) oxford knee score (OKS) in the total population
was 23.6. Patients of minority ethnicity had lower
mean pre-OP OKS (18.6 vs 23.9, P < 0.001), higher
pain levels (VAS 73.0 vs 58.7, P < 0.001), expected
higher levels of post-OP pain (VAS 14.1 vs 6.1, P =
0.02) and of overall symptoms (VAS 16.6 vs 6.4, P =
0.006). Patients with > 12 years education had lower
mean pre-OP OKS (21.5 vs 23.8 and 24.6, P < 0.001)
and higher pre-OP VAS pain (65.4 vs 59.2 and 56.4, P
< 0.001) compared to groups with shorter education.
One year post-operative (post-OP) patients of minority
ethnicity had lower mean OKS, higher pain and lower
QoL. One year post-OP patients with > 12 years
education reported higher pain compared to patients
with shorter educations. However, the response-rate
was low (44.6%), and therefore post-OP results were
not considered to be significant.

INTRODUCTION
Thousands of patients undergo total knee arthropla
sty (TKA) every year worldwide. In recent years, preoperative (pre-OP) planning and patient information has
[1]
been streamlined by using the fast-track concept . This
operation has excellent results in terms of survival, with
a reported ten-year prosthetic survival of close to 95%
(National Hospital Discharge Survey 2010); however,
patient satisfaction remains a challenge, with up to 20%
of patients being dissatisfied with their one-year post[2,3]
operative (post-OP) outcomes .
Outcome is known to be influenced by patient[4-6]
related factors that include age, pre-OP symptoms ,
comorbidities and mental health status, such as
[7]
depression and anxiety . Previous studies have shown
that patient satisfaction can be influenced by both
[8-10]
,
surgery-related factors, such as implant alignment
[8]
implant brand and hospital type , as well as patientrelated factors including age, pre-OP symptoms and
[2]
expectations . Other less well-defined factors have also
been shown to influence outcome following TKA and
[11,12]
THA, such as socioeconomic factors
and duration
[13]
of education . Understanding the way that ethnicity
and the duration of education influence both pre-OP
symptoms and post-OP outcome in TKA patients will
assist healthcare providers in determining specific ar
eas of possible improvement and adjusting treatment
options appropriately. Furthermore, it will assist in more
accurate comparisons of study populations in future
research.
The purpose of the study was to investigate whether
minority ethnicity and duration of education influence
pre-OP disability and expectations in patients undergoing
TKA.

CONCLUSION
Minority ethnicity and the duration of education influ
ence preoperative disability and expectation in patients
undergoing TKA. This should be taken into account
when patients are advised pre-operatively.
Key words: Socioeconomic factors; Ethnicity; Education;
Expectations to surgery; Preoperative disability; Total
knee arthroplasty
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated whether minority ethnicity and
duration of education influence preoperative disability
and expectations in patients undergoing total knee
arthroplasty. We prospectively included 829 patients
scheduled to undergo primary total knee arthroplasty
in a single centre. We found that patients of minority
ethnicity suffer from more severe preoperative symp
toms and expect a poorer post-operative outcome
compared to patients of majority ethnicity. We also
found that patients with > 12 years education have
more severe preoperative symptoms compared to
patients with shorter educations. This information can
assist surgeons in appropriate treatment plans and
preoperative consultation for all patients.

MATERIALS AND METHODS
We conducted a prospective cohort study that in
cluded all patients undergoing primary TKA at our
st
th
institution from April 1 2013 to December 8 2014.
Exclusion criteria were simultaneous bilateral TKA and
missing data on education/country of origin. Prior to
surgery, patients were asked to fill in a questionnaire
regarding patient demographics, pre-OP symptoms
and expectations about surgery outcome. All patients
were asked to fill in another questionnaire one year
post-OP via email or regular mail, and 370 patients
completed a one-year follow-up questionnaire (Figure
1). A clinical control was not conducted. Patients filled
in the questionnaire independently or with help from
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All patients treated
n = 894

Included: n = 829

Excluded:

Excluded:

n = 52: bilateral

n = 13: missing

surgery

data

Education

Ethnicity

Minority ethnicity,
n = 65

Majority ethnicity,
n = 764

Response to postOP qestionaire:
n = 17

Response to postOP qestionaire:
n = 377

Duration 0-9
yr: n = 255

Response to postOP qestionaire:
n = 109

Duration >12
yr: n = 203

Duration 9-12
yr: n = 317

Response to postOP qestionaire:
n = 192

Response to postOP qestionaire:
n = 69

Figure 1 Flowchart of patient distribution.

family members. All surgeries were performed in a
[1]
standardized fast-track setup by experienced surge
ons specializing in arthroplasty surgery, each having
performed > 100 primary TKAs annually. The standard
surgical protocol for TKA includes spinal analgesia,
standardized fluid management, use of preoperati
ve intravenous tranexamic acid, preoperative single[14]
shot high-dose methylprednisolone and absence of
drains. All TKAs were performed with a standard medial
parapatellar approach without the use of tourniquet,
[15]
with an application of local infiltration analgesia (LIA)
[16]
and postoperative compression bandaging . Postoperative opioid-sparing pain treatment consisted of
celecoxib 200 mg/12 h and paracetamol 1 g/6 h with
rescue analgesics [administered if visual analogue
scale (VAS) > 50 mm at rest] consisting of 10 mg oral
morphine as needed. Physiotherapy was started on
the day of surgery and continued until discharge. Riva
roxaban (Bayer, Denmark) was used as oral thrombopro
phylaxis starting 6 to 8 h postoperatively and continued
[17]
daily until discharge . Mechanical thromboprophylaxis
and extended oral thromboprophylaxis were not used.
Patients were discharged to their own home upon ful
[18]
filling functional discharge criteria .
Preoperative disability was measured by Oxford
[19]
knee score (OKS), self-reported quality of life (QoL) ,
knee pain during activity measured on VAS, and over
all symptoms and expectations. OKS ranges from 0 to
48, with lower numbers indicating more severe sym
ptomatic disease. All VAS scales in this study range
from 0 to 100. For pain and symptoms, higher values
represent the worst conditions, while high values on
the scale for QoL represent the best conditions. Patients
were stratified based on duration of education and place
of birth. Ethnicity was divided into two groups, majority
and minority ethnicity. Majority ethnicity was defined
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as patients born in Denmark (the study country), and
minority ethnicity was defined as all patients born out
side Denmark. As the level of education varies between
countries, education was stratified based on duration
(< 9 years, 9-12 years and > 12 years of education).
Preoperatively, we registered baseline-characteristics
including alcohol consumption, smoking, BMI and comor
bidity. Comorbidity was registered as heart disease, lung
disease, previous stroke, kidney disease, liver disease,
diabetes and autoimmune disease. We also registered
symptoms (OKS, use of walking aids, walking distance,
pain on VAS score during rest and activity) self-reported
QoL, and expectations for post-OP symptoms and QoL.
Finally, we registered self-reported post-OP symptoms
and self-reported QoL using the one-year post-op
questionnaire.
As all our results are based on patient reported
outcome measures, we take into account the minimal
clinically important difference (MCID). For OKS, this is
[20,21]
acknowledged to be four-five
. For VAS scales in
knee arthritis patients, MCID has been reported to be
[22]
around 20 points .

Statistical analysis

All data were processed in R 3.2.2. All measurements
were reported as mean with standard deviation (SD)
for continues variables and number with percent for
categorical variables. Tests for association of minority
ethnicity with continues interest variables was done by
t-test or for non-normal distributed variables by Wilcoxon
sum rank test. Association with categorical interest
variables was done by chi-squared or, in cases with
expected values below 5, Fishers exact test. Associations
between education duration groups and the interest
variables were done for continues variables by uni-
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a shorter education (72.3% had an education of 0-9
years while only 20.4% of patients with majority eth
nicity had an education of this length (P < 0.001) (Table
2). Patients of minority ethnicity had a lower pre-OP
OKS (P < 0.005), higher knee pain during activity (P
< 0.001), and a significantly larger proportion were
dependent on a walking aid (P = 0.026) (Table 2).
Furthermore, this patient group had a significantly
lower expectation to their post-OP pain during activity (P
= 0.016) and overall symptoms (P = 0.016). Patients
with an education of > 12 years were older at the time
of surgery, with a mean age of 67.7 years compared
to 64.8 years for patients with an education of 0-9
years (P < 0.001). Patients with an education > 12
years reported a lower pre-OP OKS compared to the
groups with 9-12 years and < 9 years of education (P <
0.001). Concurrent to this, patients with an education
> 12 years had a higher pre-OP VAS for knee pain
during activity compared to the other groups (P =
0.002, expectation measures also differed between the
education groups (all P ≤ 0.008)). Women composed
a higher proportion of the highly educated group, with
73.4% compared to 57.1% and 63.0% in the middle
and low education groups, respectively (P = 0.003)
(Table 3).
Response-rates to the post-OP questionnaire were
44.6% (n = 370). We found a higher response-rate
for patients of majority ethnicity (46.2% vs 26.2%
for minority ethnicity patients). We also found that
responders overall had a longer duration of education,
the biggest difference seen in education of 0-9 years
(29.2% for non-responders vs 18.6% for responders, P
< 0.001). The differences between responders and nonresponders for other parameters was not statistically
significant.
Patients of minority ethnicity had significantly lower
mean OKS one year post-OP compared with patients
of majority ethnicity (P = 0.002). Patients of minority
ethnicity also reported higher pain during activity (P
= 0.001), a significantly lower QoL (P = 0.001) and
significantly higher overall symptom score (P = 0.001)
compared with patients of majority ethnicity. Although
patients of minority ethnicity had higher post-OP pain,
we also found a larger difference between pre-OP and
post-OP pain compared to patients of majority ethnicity
(P = 0.049) (Table 2). Patients with educations > 12
years had significantly higher knee pain post-OP (P
= 0.006), however there was also a larger difference
between pre-OP and post-OP pain during activity (P =
0.069) and QoL (P = 0.017) (Table 3).

Table 1 Characteristics of the total patient population n (%)
All patients
Baseline characteristics
BMI (mean ± SD)
Age (mean ± SD)
Gender
Male
Female
Smoking
Non-smoker
Former smoker
Active smoker
Duration of education
More than 12 yr
9-12 yr
0-9 yr
Ethnicity
Born in Denmark
Born outside Denmark
Preoperative level of function and symptoms
Walking aid outside the home:
None
One cane
Two canes
Wheeled walker
Do not leave the home
Oxford knee score (mean ± SD)
Knee pain during activity1, median (range)
Quality of life1, median (range)
Level of symptoms1, median (range)
Preoperative expectations
Knee pain 1 yr after surgery1, median (range)
Quality of life 1 yr post-OP1, median (range)
Level of symptoms. 1 yr post-OP1, median (range)

29.7 ± 5
66.8 ± 10
308 (36.6)
534 (63.4)
492 (58.6)
213 (25.4)
134 (16)
255 (30.8)
371 (44.8)
203 (24.5)
764 (92.2)
65 (7.8)

597 (71.2)
133 (15.9)
34 (4.1)
69 (8.2)
6 (0.7)
23.6 ± 8
63 (0:100)
47 (0:100)
50 (0:100)
2 (0:100)
94 (0:100)
3 (0:99)

1

Visual analogue scale 0-100. BMI: Body mass index.

variable linear regression with TYPE Ⅲ test or KruskalWallis sum rank test for non-normal distributed variab
les, and for categorical variables chi-square and Fishers
exact test. Additionally, to adjust for multiple testing,
a Bonferroni correction was done for all P-values, and
the correction scale was given by the number of tests
performed within each outcome group. The adjusted
P-value was calculated by multiplying the original P-values
by the given scale. P < 0.05 was considered significant.

RESULTS
We included 894 consecutive and unselected patients
undergoing TKA at our institution. The following were
excluded: simultaneous bilateral TKA (n = 52) and
missing data on education/country of origin (n = 13),
thus leaving 829 patients for analysis.
For the total population, mean ± SD at time of
surgery was 66.8 (10) years, 63.4% were female and
764 (92.2%) of patients were of majority ethnicity.
Specifically, 24.5% of patients had an education of
< 9 years, 44.8% of 9-12 years and 30.8% > 12
years (Table 1). Mean pre-OP OKS (SD) was 23.6 (8).
Patients of minority ethnicity were younger compared
to patients of majority ethnicity (P = 0.045) and had
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DISCUSSION
In this prospective study, we found that patients of
minority ethnicity report more severe pre-OP symptoms
(lower OKS and higher overall pain level) and have
lower expectations for post-OP outcome compared
to patients of majority ethnicity. Patients of minority
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Table 2 Significance of ethnicity n (%)

Baseline characteristics
BMI (mean ± SD)
Age (mean ± SD)
Gender
Male
Female
Smoking
Non-smoker
Former smoker
Active smoker
Duration of education
More than 12 yr
9-12 yr
0-9 yr
Preoperative level of function and symptoms
Walking aid outside the home:
None
One cane
Two canes
Wheeled walker
Do not leave the home
Oxford knee score (mean ± SD)
Knee pain during activity1, median (range)
Quality of life before surgery1, median (range)
Level of symptoms before surgery1, median (range)
Preoperative expectations
Expectations to knee pain caused by use of hip 1 yr after surgery1, median (range)
Expectations to quality of life 1 yr after surgery1, median (range)
Expectations to level of symptoms 1 yr after surgery1, median (range)
Postoperative level of function and symptoms:
Oxford knee score, median (range)
Knee pain during act1, median (range)
Quality of life1, median (range)
Level of symptoms1, median (range)
Difference in outcome parameters:
Difference in Pain1, median (range)
Difference in Quality of life after surgery1, median (range)
Difference in level of symptoms1, median (range)

P value (adjusted)

Majority ethnicity

Minority ethnicity

29.7 ± 5
67.0 ± 10

29.9 ± 4
64.0 ± 9

294 (37.36)
470 (62.64)

11 (15.22)
54 (84.78)

< 0.001 (0.004)

430 (56.3)
207 (27.1)
127 (16.6)

55 (84.6)
4 (6.5)
6 (9.2)

< 0.001 (< 0.001)

248 (32.5)
369 (47.1)
156 (20.4)

7 (10.8)
11 (16.9)
47 (72.3)

< 0.001 (< 0.001)

556 (72.8)
111 (14.9)
30 (3.9)
61 (8)
6 (0.8)
23.9 ± 7
61.0 (0:100)
47.0 (0:100)
50.0 (0:100)

34 (52.3)
20 (30.8)
3 (4.6)
8 (12.3)
0 (0)
18.6 ± 8
76 (13:100)
38 (0:100)
61 (0:100)

< 0.001 (< 0.001)
< 0.001 (< 0.001)
0.388 (1.938)
0.276 (1.380)

2.0 (0:100)
94.0 (0:100)
3.0 (0:99)

4 (0:99)
92 (0:100)
6 (0:99)

0.005 (0.016)
0.296 (0.888)
0.005 (0.016)

39.0 (3.0:48.0)
18.0 (0.0:100.0)
71.5 (0.0:100.0)
21.0 (0.0:100.0)

24.0 (10.0:47.0)
62.0 (5.0:90.0)
40.0 (0.0:95.0)
62.0 (10.0:90.0)

< 0.001 (0.002)
< 0.001 (< 0.001)
< 0.001 (0.001)
< 0.001 (0.001)

13.0 (90.0:100.0)
15.0 (100.0:98.0)
17 (56.0:100.0)

47.0 (37.0:90.0)
44.0 (99.0:38.0)
46.0 (36.0:88.0)

0.008 (0.0499)
0.013 (0.078)
0.299 (1.796)

0.702 (3.508)
0.009 (0.045)

0.005 (0.026)

1

Visual analogue scale 0-100. BMI: Body mass index.

ethnicity also report more severe symptoms post-OP,
however our response rate was too low to regard the
results as significant. Patients with an education > 12
years report more severe pre-OP symptoms (OKS and
overall pain level) compared to patients with both < 9
years and 9-12 years of education. Post-OP, we found
that patients with an education > 12 years reported
higher overall pain.
It is generally acknowledged that patient’s overall
[23]
health is associated with socioeconomic factors . Re
[11]
cently, Lavernia et al
showed that expectations and
the knowledge of prosthetic surgery in patients with
knee and hip arthritis depend on ethnicity. The same
[12]
observation was made by Krupic et al , who showed
that patients born outside of Sweden had a poorer out
come after total hip replacement than patients born
within Sweden. This is concurrent with our results, as
we find that patients born outside the country have
greater preoperative disability (lower OKS and higher
VAS for pain). However, the studies describing the
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correlations between ethnicity and surgery are few and
based on short-term observation.
In general, minority groups in western countries are
less likely to undergo knee replacement than their
[24-26]
locally-born counterparts
. Our data show that
patients of minority ethnicity have lower expectations
for surgery and suffer from more severe symptoms preOP than patients of majority ethnicity. The reason for
this difference is unknown, but we could speculate that
patients of minority ethnicity might seek doctors at a
more progressed stage of the disease compared to
patients of majority ethnicity due to cultural or language
[25]
barriers. Shahid et al reports that racial disparities in
African Americans compared to Caucasian Americans
are caused by patient preferences, patients education/
knowledge of osteoarthritis (OA) and expectations for
post-OP outcome. Minority Americans were found to have
lower expectations of the overall effect of OA surgery
[24,27-29]
and higher expectations of post-OP pain
. This
supports our findings that patients of minority ethnicity
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Table 3 Significance of duration of education n (%)

Baseline characteristics
BMI, mean ± SD
Age, mean ± SD
Gender
Male
Female
Ethnicity
Majority ethnicity
Minority ethnicity
Smoking:
Non-smoker
Former smoker
Active smoker
Preoperative level of function and symptoms
Walking aid outside the home
None
One cane
Two canes
Wheeled walker housebound
Oxford knee score, mean ± SD
Knee pain during activity1, median (range)
Quality of life before surgery1, median (range)
Level of symptoms before surgery1, median (range)
Preoperative expectations
Expectations to knee pain caused by use of hip 1 yr
after surgery1, median (range)
Expectations to quality of life 1 yr after surgery1,
median (range)
Expectations to level of symptoms 1 yr after surgery1,
median (range)
Postoperative level of function and symptoms:
Oxford knee score, median (range)
Knee pain during activity, Post-OP1, median (range)
Quality of life after surgery1, median (range)
Level of symptoms after surgery1, median (range)
Difference in outcome parameters:
Difference in Pain1, median (range)
Difference in Quality of life Post-OP1, median (range)
Difference in level of symptoms1, median (range)

Education 0-9 yr

Education 9-12 yr

Education > 12 yr

P value (adjusted)

28.7± 5
64.8 ± 10

30.0 ± 6
67.8 ± 10

30.5 ± 5
67.7 ± 11

< 0.001 (0.007)
< 0.001 (0.005)

92 (36.1)
163 (63.9)

159 (42.9)
212 (57.1)

54 (26.6)
149 (73.4)

< 0.001 (0.003)

248 (97.3)
7 (2.7)

360 (97)
11 (3)

156 (76.8)
47 (23.2)

< 0.001 (< 0.001)

155 (60.8)
74 (29)
26 (10.2)

207 (55.8)
100 (27)
64 (17.3)

123 (60.6)
37 (18.2)
43 (21.2)

0.003 (0.017)

198 (77.6)
35 (13.7)
11 (4.3)
10 (3.9)
1 (0.4)
24.6 ± 8
59 (0:99)
45 (0:100)
51 (0:100)

273 (73.6)
55 (14.8)
12 (3.2)
27 (7.3)
4 (1.1)
23.8 ± 7
63 (0:100)
47 (0:100)
50 (0:100)

119 (58.6)
41 (20.2)
10 (4.9)
32 (15.8)
1 (0.5)
21.5 ± 8
67 (6:100)
50 (0:100)
50 (0:100)

< 0.001 (< 0.001)
< 0.001 (0.002)
0.634 (3.170)
0.634 (3.171)

4 (0:95)

2 (0:96)

2 (0:100)

0.003 (0.008)

90 (0:100)

94 (0:100)

96 (0:100)

< 0.001 (0.002)

4 (0:82)

2 (0:99)

2 (0:99)

< 0.001 (0.001)

40 (8.0:47.0)
12 (0.0:90.0)
77.5 (13.0:98.0)
21 (0.0:94.0)

37 (3.0:48.0)
20 (0.0:100.0)
70 (0.0:100.0)
23 (0.0:100.0)

37.5 (7.0:48.0)
26 (0.0:97.0)
69 (0.0:100.0)
31 (0.0:95.0)

0.240 (0.960)
0.002 (0.006)
0.055 (0.219)
0.182 (0.728)

8 (-11.0:84.0)
-7 (-67.0:95.0)
15 (-14.0:89.0)

15 (-90.0:100.0)
-20 (-100.0:98.0)
17 (-56.0:100.0)

21 (-48.0:97.0)
-18 (-99.0:98.0)
18 (-41.0:95.0)

0.012 (0.069)
0.003 (0.017)
0.532 (3.193)

0.005 (0.002)

1

Visual analogue scale 0-100. BMI: Body mass index.

have lower pre-OP expectations. African Americans have
been found to be less knowledgeable regarding OA, to
have a lesser understanding of the risks and benefits of
[30,31]
surgery compared to White Americans
, and to have
[25]
a lower preference for surgical treatment . This could
explain our finding of more severe pre-OP symptoms in
patients of minority ethnicity, as patient preference has
been associated with referral from GP to orthopaedic
[25]
evaluation in OA patients . Many American-based
studies report that minorities are more likely to undergo
surgery at low volume hospitals and that this is a cause
for poorer outcome. This does not apply in Denmark, as
most patients are treated in the public system and all our
data are based on patients treated in one high-volume
public institution. Severity of pre-OP symptoms has been
[4-6]
shown to influence outcome . Although our post-OP
response rate was too low to make any conclusions, we
did find that the overall outcome for patients born outside
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the country was poorer compared to patients born in the
country, which is concurrent with the reportings of Krupic
[12]
et al . Similar findings have been reported in American
patients, where minorities are reported to have a higher
post-OP complication rate, mortality and longer hospital
[25,26]
stay compared to white Americans
.
The duration of education is key to how individuals
[32]
seek and handle information , and therefore impor
tant with regard to how patients cope with medical
treatment. We found that patients with > 12 years of
education had more severe pre-OP symptoms than those
with shorter educations. This result is not concurrent
with findings in previous studies, as these have found
more severe symptoms in patients with shorter edu
cation; an educational level less than high school in the
United States has been associated with greater preOP pain and lower function in TKA patients by Lopez[33]
Olivo et al . Although we found significant P-values
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for these parameters, the differences of OKS was only
three, two and nine on VAS, thus both below MCID and
not convincingly clinically-relevant. High education has
previously been found to be a predictor for better post[13]
OP outcomes by Greene et al , while others report
[34]
no significance . We found that patients with short
educations reported a lower post-OP pain severity
(MCID below cut-off level), and could find no other
significant influence of education on other outcome
parameters. Although statistically significant, Greene
[13]
et al
also found very small differences that were
not clinically relevant. It is thus uncertain whether edu
cation can be used as an outcome predictor for TKA
patients. Combined with our low response rate, no
findings regarding education and post-OP outcome were
convincing.
Our study has several limitations, as this is a purely
descriptive and hypothesis-generating study. External
validation is a major limitation for our study, as both
ethnicity and education differ between countries.
Education differs greatly across the world; we have,
however, tried to accommodate this by dividing patients
into three groups based on their number of education
years rather than completed degrees. Ethnic minority
groups within a country are of course different across
the world. In this study, we try to address the issues
that arise in healthcare for people born outside their
residential country and not the health care behaviour of
specific ethnic groups. We believe that our results can
contribute to the knowledge base for how to approach
racial disparities within a population.
Our results are based on regression analysis, adju
sting for patient-related factors such as gender, smoking,
alcohol consumption, co-morbidities, symptoms, selfreported QoL and expectations as shown in the Tables.
Residual confounders include the missing evaluation
of radiologic status/alignment. Surgical factors have
been shown to influence patient satisfaction in other
studies, and this is unaccounted for in our study; how
ever, all patients were treated by the same high-volume
surgeons in a well-defined fast-track setup with stan
dardized treatment for pain, mobilisation and post[1]
OP care, as described in the Methods section . All
treatments in Denmark are free of charge, and therefore
socioeconomic factors do not affect the choice of implant
in our population. Only 44.6% of patients responded to
our post-OP questionnaire, and response rate was even
lower for patients born outside the country (26.2% vs
46.2% for patients born in the country). We therefore
make no conclusions regarding significance of either
ethnicity or education on post-OP measurements. In this
study, we have only evaluated results based on patientreported outcome measures, and not other outcome
measures such as the length of hospital stay, infection
rate or other complication rates.
In conclusion, minority ethnicity and duration of
education influence pre-OP disability and expectations
in patients undergoing TKA. This should be taken into
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account when patients are advised pre-operatively.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

The background, present status, and significance of the study should be
described in detail. It is known that patient-related factors, socioeconomic
factors and education influence patient outcomes in general, however this
area is difficult to investigate and thus these factors are often confounding in
scientific work. These factors are also known to be of significance in patients
scheduled to undergo total knee arthroplasty (TKA), and this study provides
information regarding the significance of education and ethnicity in these
patients.

Research motivation

During recent years, a trend towards optimized care, standardized patient
evaluations and fast-track surgery has been influencing orthopaedic surgery.
Although beneficial in many ways, this concept may not be appropriate for
all patients. Levels of education and ethnicity is known to influence patients,
and understanding the significance of these factors in TKA patients will assist
healthcare providers in optimizing treatment plans for individual patients.

Research objectives

The objectives of this study were to determine if level of education and ethnicity
influence the preoperative status of patients undergoing primary TKA or patient
expectations for surgery. The significance of ethnicity and level of education on
outcome following TKA is still uncertain and should be an objective for future
research.

Research methods

We prospectively included 829 patients undergoing TKA. Patients filled in preoperative questionnaires with information regarding place of birth, duration of
education, expectations for outcome of surgery and baseline characteristics.
Statistical analyses were performed to identify the significance of ethnicity and
level of education.

Research results

We find that patients undergoing TKA in a country different to where they were
born report more severe preoperative symptoms and lower expectations for
postoperative outcome. We also found that patients with a longer duration
of education report more severe pre-operative symptoms. We found that
patients of minority ethnicity and with an education > 12 years had more
severe symptoms post-operatively. However, due to a low response rate, we
cannot draw generalizable conclusions about these results. The significance
of ethnicity and education on post-operative results remain to be sufficiently
described.

Research conclusions

Minority ethnicity and duration of education influence preoperative disability
and expectations in patients undergoing TKA. Patients undergoing TKA in
a country different to where they were born need individualised evaluation
to accommodate potential differences from the general patient population.
Patients of minority ethnicity report more severe pro-operative symptoms
before undergoing TKA and lower expectations for post-operative outcome.
Patients with educations longer than 12 years report more severe symptoms
before undergoing TKA. Minority ethnicity and duration of education influence
preoperative disability and expectations in patients undergoing TKA. Ethnicity
and education influence patients’ perception of disease. Socioeconomic factors
should be considered when evaluating patients.

Research perspectives

Our study provides knowledge regarding the significance of ethnicity and
education on preoperative disability and expectations of outcome. This
information is key for healthcare professionals when evaluating patients prior

226

October 18, 2018|Volume 9|Issue 10|

Kudibal MT et al . Ethnicity and education in TKA patients
to TKA, as it allows for the identification of individuals who may not be suitable
for a standardized information regimen. It is important to investigate the
significance of socioeconomic factors on outcome following TKA.
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Abstract
AIM
To determine the functional outcomes, complications
and revision rates following total knee arthroplasty
(TKA) in patients with Paget’s disease of bone (PDB).
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METHODS
A systematic review of the literature was performed.
Four studies with a total of 54 TKAs were included for
analysis. Functional outcomes, pain scores, complica
tions and revision rates were assessed. The mean age
was 72.0 years and the mean follow-up was 7.5 years.
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RESULTS
All studies reported significant improvement in knee
function and pain scores following TKA. There were 2
cases of aseptic loosening, with one patient requiring
revision of the femoral component 10 years after the
index procedure. Malalignment, bone loss, soft tissue
contractures were the most commonly reported intraoperative challenges. There were five cases (9%) that
were complicated by intra-operative patellar tendon
avulsion.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Manuscript source: Invited manuscript
Correspondence to: Ravi Popat, MBBS, Doctor, Specialist
Registrar, Department of Trauma and Orthopaedic Surgery, the
Hillingdon Hospitals NHS Foundation Trust, Pield Heath Road,
Uxbridge UB8 3NN, United Kingdom. r.popat14@imperial.ac.uk
Telephone: +44-798-5694033

CONCLUSION
The findings support the use of TKA in patients with
PDB. The post-operative functional outcomes are largely
similar to other patients, however there are specific
perioperative challenges that have been highlighted, in
particular the high risk for patellar tendon avulsion.
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entiating the pain of PDB from osteoarthritis of the
knee joint can be challenging as both can give a dull
[2]
ache that may worsen with weight bearing . An intraarticular injection with local anaesthetic can help solve
the diagnostic conundrum, as relief of the symptoms
would suggest osteoarthritis as the source of pain.
Similarly, pain due to PDB can be improved with medi
cation, such as bisphosphonates and calcitonin, further
assisting in clarifying the diagnosis.
The non-operative management of osteoarthritis
in patients with PDB involves activity and lifestyle modi
fications, physical therapy, analgesics, functional bracing
and anti-Paget’s medication. If these fail to alleviate
the pain, surgical intervention in the form of total knee
arthroplasty (TKA) is indicated. The disease process
characterized by bone expansion, softening, cortical
thickening and hypervascularity can lead to sclerotic
bone, deformity and soft tissue contractures around the
[9]
knee joint . Marked bone loss and large bone cysts have
also been described. These morphological changes can
present specific technical challenges when performing
TKA in patients with PDB.
With the number of TKAs performed each year
growing rapidly, there is a high likelihood that arthro
plasty surgeons will increasingly need to perform TKA
in patients with PDB. Understanding the challenges
associated with this group of patients is, hence, very
important. We have, therefore, performed a systematic
review of the literature to determine the functional
outcomes, failure rates and complication rates of TKA in
patients with PDB of the knee.

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Patients with Paget’s disease of the bone
commonly develop significant mal-alignment, structural
bone deformities and soft tissue contractures, making
total knee arthroplasty (TKA) in this patient group
challenging. In addition, exposure of the knee joint can
prove particularly difficult, with this review demons
trating a high incidence of patella tendon avulsion. This
systematic review has demonstrated that TKA improves
pain and functional outcomes in patients with Paget’s
disease of the bone. The rate of loosening and revision
in this patient group appears comparable to other
patients undergoing TKA.
Popat R, Tsitskaris K, Millington S, Dawson-Bowling S, Hanna
SA. Total knee arthroplasty in patients with Paget’s disease of
bone: A systematic review. World J Orthop 2018; 9(10): 229-234
Available from: URL: http://www.wjgnet.com/2218-5836/full/
v9/i10/229.htm DOI: http://dx.doi.org/10.5312/wjo.v9.i10.229

INTRODUCTION
Sir James Paget first described Paget’s disease of bone
[1]
(PDB) as “osteitis deformans” in 1877 . PDB is a bone
disorder that typically manifests in middle-aged patients
and affects approximately 2%-4% of people older
than 40 years. It is a chronic affliction of adult bone,
which undergoes aggressive osteoclast-mediated bone
resorption, followed by abnormal osteoblast-mediated
[2]
bone repair .
Although the exact etiology is still unknown, PDB
is thought to result from a viral infection in genetically
[3]
predisposed individuals . The disease process evolves
through three distinct phases. Initially, there is an
osteolytic phase with a collection of destructive osteo
clasts spreading to encompass the entire bone. This is
followed by a mixed osteolytic and osteoblastic phase,
[4]
and finally by the osteoblastic or sclerotic phase . This
process results in bone that is mechanically weaker,
larger, less compact, more vascular and more susceptible
[3]
to fracture than normal adult lamellar bone .
PDB is slightly more common in men and more pre
[5,6]
valent in Europe, North America and Australasia . It
can affect any bone but is most commonly found in the
pelvis, skull, lumbosacral spine, femur or tibia, and is
[7]
polyostotic in 75% of cases .
PDB is usually asymptomatic and only 5%-10% of
patients with the disease experience any symptoms,
most commonly poorly localized bone pain. Patients
may also present with bone deformity, fracture, skin
[8]
temperature changes, or neurological complications .
Concurrent symptomatic osteoarthritis of the knee
[8]
affects 10%-12% of individuals with PDB . Differ

WJO|www.wjgnet.com

MATERIALS AND METHODS
Search strategy

A search of Medline and EMBASE was performed on
01/03/2018. The keywords used for the searches were
“total knee arthroplasty” or “total knee replacement”
and “Paget’s disease”. All relevant studies in the English
literature describing the results of TKA in patients
with PDB, between 1986 and 2017, were identified
in accordance with the PRISMA statement. We also
identified relevant studies or reviews by assessing the
bibliographies of all papers that were included.

Eligibility criteria

All papers that described the results of TKA in patients
with PDB published in the English language were in
cluded. All the articles adhered to the PICO Criteria for
systematic reviews (Population, Intervention, Comparison
and Outcomes).

Data extraction

One reviewer (Ravi Popat) scrutinised the articles and
collected the data using a standardised data collection
form. All information relating to the number of patients,
their demographics, follow-up period, complications, revi
sion rates and functional outcomes were entered in a
spreadsheet. Another reviewer (KT) checked the accuracy
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Identification
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Additional records
identified through other
sources
(n = 0)

Records identified through
database searching
(n = 18)

Eligibility

Screening

Records after duplicates
removed
(n = 18)

Records screened
(n = 18)

Records excluded
(n = 0)

Full-text articles assessed
for eligibility
(n = 18)

Full-text articles excluded
with reasons
(n = 14)

Included

Studies included in
qualitative synthesis
(n = 4)

Studies included in
qualitative synthesis
(meta-analysis)
(n = 4)

Figure 1 PRISMA flowchart illustrating the search strategy and number of records screened and included.

of the data collection. There were no inconsistent results.

PDB. These patients had a mean age of 72 years (range,
57-86 years) with an average follow-up of 7.5 years
(range, 2-20 years). Table 1 summarises the patient
demographics.

Statistical analysis

The results were summarized using descriptive statistics
for continuous variables, and frequencies and percen
tages for categorical variables. Microsoft Excel, 2016
version (Microsoft Corporation, Redmond, Washington)
was used for data analysis.

Outcome analysis

Functional outcome: All the studies reported imp
rovement in knee function following TKA. Two studies
reported a pre and post-operative comparison of the
Knee Society Score (KSS) and demonstrated an average
[8,10]
improvement of 42 points post-operatively
. Schai et
[11]
al provided post-operative functional scores only, with
a mean of 62.

RESULTS
Search results

The literature search identified 18 articles. The full
text of each article was reviewed. A total of 4 studies
satisfied the eligibility criteria. Figure 1 outlines the
search strategy.

Pain outcome: All the studies reported an impro
vement in pain scores post-operatively. Two studies
demonstrated an average improvement of 46 points
[8,10]
post-operatively
. The average pain score for patients
[11]
in Schai et al
was 83. Five out of 7 patients in the
[12]
cohort from Broberg et al reported no post-operative
pain. The remaining patients reported mild pain.

Quality assessment

All studies were small to medium retrospective case
series (n = 7-21 patients) describing the outcome of
TKA in patients with PDB. The range of follow-up in
these studies was from 2 to 20 years.

Aseptic loosening and revision

Cohort characteristics

There were 2 cases of aseptic loosening out of a total
of 54 cases. There was one revision of the femoral

The studies included 54 TKAs performed in patients with
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Table 1 Demographics of the patients included in the studies and a summary of the results
Ref.

No. of knees

Age (yr)

Complications

Revision rate

Functional outcomes

Lee et al[10], 2005,
United States
Gabel et al[8], 1991,
United States

21

71 (57-85)

9 (2-20)

Patellar tendon avulsion (3/21)

1 (4.8%)

Knee Society Pain Score 41 to 87

15

72 (61-85)

7 (2-15)

0

Knee Society Pain Score 42 to 88
Knee Society Functional Score 33 to 86

Schai et al[11], 1999,
United States

11

75 (59-86)

5.7 (2-16)

Aseptic loosening (1/15)
Patella tendon avulsion (1/16)
Femoral notching (2/21)
Patellar tendon avulsion (1/11)
Necrosis of patella (1/11)

0

7

71 (66-85)

6.6 (3-12)

Partial patellar tendon
avulsion (1/7)

0

Knee Society Pain Score 83 (post-op only)
Knee Society Functional Score 62
(post-op only)
No pain - 5
Mild Pain - 2 (post-operatively)

Broberg et al[12], 1986,
United States

Follow up (yr)

component, 10 years after the index procedure.

important to employ a systematic approach in order to
ensure optimal outcomes.

Patellar tendon avulsion

Per-operative considerations

Difficulties during the surgical approach, soft tissue con
tractures and thickening of the patellar tendon were
described in all studies. A total of 5 out of 54 patients
(9.3%) had patellar tendon avulsion intra-operatively.

Initially, it is very important to isolate articular pain from
the deep and aching pain that is associated with the
later stages of Paget’s disease. The use of intra-articular
injections can help to identify and delineate whether the
patient’s pain is from an intra-articular source, providing
greater certainty that an arthroplasty procedure will
alleviate the patient’s symptoms.
Good quality, full-length radiographs are recommen
ded to establish the type of alignment of the affected
limb and to assist in pre-operative planning. Long
leg views can also identify potential deformity in the
femur, which needs to be considered when using intramedullary cutting guides. The use of CT scans has grown
in popularity in the last two decades and can display
information related to bony morphology that is not
available on plain radiographs.
Pre-operative assessment and optimisation of hae
moglobin and cardiac function is recommended. The
hypervascularity of pagetoid bone means that these
patients are in a high cardiac output state, which can
have implications for the anaesthetic intervention. The
use of bisphosphonates or calcitonin can reduce the
disease activity and theoretically reduce blood loss,
however, this has not been established. Pre-operative
autologous blood donations may also be considered.

DISCUSSION
TKA has been shown to be a generally successful proce
dure in patients with PDB. All the studies that were
included in this systematic review reported a postoperative improvement in knee function and pain scores.
Furthermore, the overall rate of aseptic loosening was
3.7% in 7.5 years, and the revision rate was 1.85%,
with one revision of the femoral component 10 years
after the index procedure. This failure rate is comparable
to other patients undergoing TKA. According to the most
up to date report of the National Joint Registry, a revision
[13]
rate of 1.85% at 7.5 years is considered reasonable .
The overall reported incidence of patellar tendon
avulsion was 9.3%. This is an extraordinarily high inciden
ce for this complication and surgeons undertaking TKA
in the context of PDB should be aware of interventions
that can help prevent it. We are discussing such interven
tions in a dedicated paragraph later in this review.
Conversely, although the incidence of heterotopic bone
(HO) formation has been reported to be as high as 46%
following total hip arthroplasty for PDB, HO does not
[14]
appear to be a concern following TKA .
The studies included in this review reported on a
variety of TKA implants with variable levels of cons
traint. Some of these implants are also historical. Due
to the small number of cases and the wide variation of
implant type and constraint, further analysis of poten
tial subgroups, such as cruciate retaining vs posterior
stabilised, or cemented vs uncemented, was not feasible.
The main challenges when performing TKA in the
context of PDB are malalignment (more commonly
varus), extensive bone loss, soft tissue contractures and
thickening of the patellar tendon. With the steadily
increasing number of TKAs performed annually, it is
reasonable to expect that there will be a proportional
increase in the burden of PDB cases. It is, therefore,

WJO|www.wjgnet.com

Intra-operative considerations

The morphological changes that occur in bones affected
by PDB may require intra-operative adaptations and
pre-emptive precautionary measures. PDB around the
knee is characterised by enlarged bones and correspond
ingly larger joint surfaces. A size mismatch between the
femoral and tibial components is often encountered,
especially in cases where there is isolated involvement
of either the tibia or the femur. Additionally, the arthritic
changes may be more pronounced, with extensive bone
[8,11]
loss, large bone cysts and tight collateral ligaments
.
Exposure of the knee joint can prove particularly
challenging because of joint stiffness, particularly in case
of thickening of the patellar tendon. Patellar eversion
can result in avulsion of the patellar tendon and this
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was described as a complication in 5 out of 54 patients.
[11]
Schai et al
recommended that the patellar prepara
tion should be performed early during the procedure to
[14]
allow for improved exposure. Vail and Callaghan also
advised for early patellar preparation, but also performed
lateral releases to help achieve adequate exposure. Preemptive measures to protect the patellar tendon insertion
are essential, especially in cases where there is pagetoid
involvement of the tibial tuberosity.
Significant varus or valgus malalignment in this pati
ent group presents challenges both due to the respective
bone loss and in achieving optimal soft tissue balancing.
Extensive medial or lateral releases may be required in
order to achieve adequate exposure as well as to help
balance the joint, although the latter may not be feasible
with low-constraint implants.
Disease-involvement of the femur, especially in the
context of increased varus angulation of the distal femur
can present a challenge when intra-medullary guides
[15]
are used to plan the distal femoral cuts . It has been
previously reported that intramedullary guidance may
lead to mal-positioning of the femoral components. It
has been recommended that extra-medullary guides
are preferable for the preparation of both the femur and
[8]
tibia .
On the tibial side, there can be significant anterior
tibial bowing and the use of an extra-medullar tibial
cutting guide may lead to excessive bone loss. In order
[8]
to preserve tibial bone, Gabel et al have recommended
utilising a tibial cutting guide with 10 degrees of posterior
slope and then using a flat tibial component.
Hard sclerotic bone can often be found in the proximal
tibia and the use of a tibial punch during preparation of
the bone may lead to fractures. It has been recommen
ded that a high-speed burr should be utilised for the
preparation of the proximal tibia, instead of a tibial
[16]
punch . Additionally, the presence of sclerotic bone and
its tendency to bleed, may have a bearing on cement
interdigitation.
Due to bone hypervascularity and the high cardiac
output state present in many of these patients, the use
of tranexamic acid and blood salvage techniques should
be considered.

relief and functional improvement appear to be signi
ficant and comparable to other patients. Surgeons that
treat this unique group of patients need to be aware
of the particular challenges and interventions that are
essential for optimal outcomes.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Paget’s disease of bone (PDB) affects approximately 2%-4% of people older
than 40 years. With an ageing population and the number of TKAs performed
each year growing rapidly, there is a high likelihood that arthroplasty surgeons
will need to perform total knee arthroplasty (TKA) in patients with PDB.

Research motivation

Patients with PDB can develop significant mal-alignment, structural bone
deformities and soft tissue contractures. Understanding the problems and
challenges associated with performing TKA in patient with PDB is key to
achieving successful outcomes.

Research objectives

To aid appropriate consenting of patients and to assist surgeons in achieving
the best outcomes for their patients, it is important to understand the outcomes
that have previously been achieved following TKA in patients with PDB.

Research methods

A systematic review of the literature was performed. A total of 54 TKAs were
included for analysis. Functional outcomes, pain scores, complications and
revision rates were assessed.

Research results

All studies demonstrated a substantial improvement in function and pain
following TKA in patients with PDB. The mean follow-up was 7.5 years. There
were two cases of aseptic loosening, with one patient requiring a revision TKA
at 10 years. Five cases (9%) of intra-operative patellar tendon avulsion were
reported, suggesting that exposure of the knee joint in patient with PDB can be
particularly challenging.

Research conclusions

This systematic review supports the use of TKA to improve function and
alleviate pain in patients with Paget’s disease around their knee joints. The
post-operative functional outcomes appear to be similar to those experienced
by patients that do not have PDB. At an average of 7.5 years follow-up, implant
survival appears comparable with patients that receive TKA for primary OA.
Pain scores also improve substantially in this patient group. Morphological
changes that occur secondary to PDB, may require intra-operative adaptations
and a high rate of patella tendon avulsion (9%) suggests additional care needs
to be taken when gaining access to the knee joint, especially in case where
there is Pagetoid involvement of the patella/tibial tuberosity.

Post-operative considerations

Bisphosphonate therapy should continue if disease
activity is high (as measured using ALP levels). The
main limitation of this review is that it included largely
historical studies. Three of the papers were published in
th
the 20 century and the fourth more than a decade ago.
Nevertheless, the overall results were still favourable.
With the number of arthroplasty procedures perform
ed each year increasing rapidly, and with PDB being
relatively common, we feel that this review is relevant
to current and future clinical practice.
The findings of this review support the use of TKA
to alleviate the functional limitation and pain due to
osteoarthritis in patients with PDB. Post-operative pain
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Research perspectives

Surgeons treating patients with PDB need to be aware of the particular challenges
posed by this patient group, with intra-operative adaptations potentially required
to avoid complications. Further studies that compare functional, pain and revision
outcomes in patient with PDB around the knee, against a matched control
group, with the use of modern TKA implants, will provide further information
about the results that can be expected in this patient group.
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EDITORIAL

Hip hemi-arthroplasty for neck of femur fracture: What is
the current evidence?
Greg AJ Robertson, Alexander M Wood
evidence (meta-analyses and Cochrane reviews)
relating to the use of hip hemi-arthroplasty for neck
of femur fractures. Regarding the optimal surgical
approach, two recent meta-analyses have found that
posterior approaches are associated with: higher rates
of dislocation compared to lateral and anterior appro
aches; and higher rates of re-operation compared
to lateral approaches. Posterior approaches should
therefore be avoided when performing hip hemi-arthro
plasty procedures. Assessing the optimal prosthesis
head component, three recent meta-analyses and one
Cochrane review have found that while unipolar hemiarthroplasty can be associated with increased rates of
acetabular erosion at short-term follow-up (up to 1 year),
there is no significant difference between the unipolar
hemi-arthroplasty and bipolar hemi-arthroplasty for
surgical outcome, complication profile, functional outcome
and acetabular erosion rates at longer-term follow-up
(2 to 4 years). With bipolar hemi-arthroplasty being the
more expensive prosthesis, unipolar hemi-arthroplasty
is the recommended option. With regards to the optimal
femoral stem insertion technique, three recent metaanalyses and one Cochrane Review have found that,
while cemented hip hemi-arthroplasties are associated
with a longer operative time compared to uncemented
Hip Hemi-arthroplasties, cemented prostheses have
lower rates of implant-related complications (particularly
peri-prosthetic femoral fracture) and improved postoperative outcome regarding residual thigh pain and
mobility. With no significant difference found between
the two techniques for medical complications and
mortality, cemented hip hemi-arthroplasty would appear
to be the superior technique. On the topic of wound
closure, one recent meta-analysis has found that, while
staples can result in a quicker closure time, there is no
significant difference in post-operative infections rates
or wound healing outcomes when comparing staples to
sutures. Therefore, either suture or staple wound closure
techniques appear equally appropriate for hip hemiarthroplasty procedures.
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This editorial reviews and summarises the current
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arthroplasty over hip hemi-arthroplasty as treatment of
displaced neck of femur fractures in patients who are:
independently mobile out-doors, requiring one stick
or less for support; cognitively intact; and considered
suitably healthy to undergo the operation by both the
orthopaedic and anaesthetic teams. When such criteria
[16]
are not met, a hip hemi-arthroplasty is indicated .
The current registry data suggests that around 90%
of displaced intra-capsular fractures are treated with
hip hemi-arthroplasty, with 10% treated with total hip
[1,2,23]
replacements
.
Despite the perceived simplicity of the hip hemiarthroplasty procedure, there are a number of variations
[15,24-26]
[26-28]
to the procedure
. These include the approach
,
[25,29-31]
the type of prosthesis head
, the method of stem
[25,32-34]
[35]
insertion
, and the type of prosthesis assembly .
The optimal selection for each of these factors remains to
[15,24-26]
be determined
.
This editorial reviews and summarises the current
evidence (meta-analyses and Cochrane reviews) relating
to the use of hip hemi-arthroplasty for neck of femur
fractures.

Core tip: From the current evidence on hip hemiarthroplasty, the following conclusions can be drawn:
posterior approaches are associated with higher rates
of dislocation and should be avoided; there is no signi
ficant difference between unipolar and bipolar hemiarthroplasty for surgical outcome, complication profile,
functional outcome and long-term acetabular-erosion
rates, therefore unipolar hemi-arthroplasty, the cheaper
prosthesis, is the recommended option; cemented hemiarthroplasty, the recommended option, has lower rates
of implant-related complications and residual thigh
pain compared to uncemented hemi-arthroplasty, with
no significant difference in medical complications or
mortality; there is no significant difference in woundinfections rates or healing outcomes between staples and
sutures.
Robertson GA, Wood AM. Hip hemi-arthroplasty for neck of
femur fracture: What is the current evidence? World J Orthop
2018; 9(11): 235-244 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v9/i11/235.htm DOI: http://dx.doi.
org/10.5312/wjo.v9.i11.235

SURGICAL APPROACH - LATERAL VS
POSTERIOR VS ANTERIOR APPROACHES
Surgical approaches to the hip for hip hemi-arthroplasty
can be divided into three main categories: lateral
approaches (LA), posterior approaches (PA) and
anterior approaches (AA).
LAs commonly involve (partial or complete) division
or retraction of the hip abductor muscles (gluteus
medius and minimus) to enable access to the hip
[26,27]
capsule
. These include the Hardinge (direct lateral),
the transgluteal and the Watson-Jones (anterolateral)
[26,27]
approach
.
PAs commonly involve a trans-gluteus-maximus
approach, followed by division of the tendons of the short
[26,27]
external rotators, to enable access to the hip joint
.
These include includes the Moore, the Southern, the true
[26,27]
posterior and the posterolateral approaches
.
AAs commonly involve use the inter-nervous plane
between the femoral and the superior gluteal nerves (the
superficial interval between sartorius and tensor fasciae
latae; and the deep interval between rectus femoris and
gluteus medius) to enable access to the anterior hip
[26-28]
capsule
. These include the direct anterior and the
[26-28]
Smith-Petersen approaches
.
[27,28]
There are two recent meta-analyses
and one
[26]
Cochrane review
comparing outcomes of hip hemiarthroplasty by type of approach used.
The most recent meta-analysis is that by van der Sijp
[27]
et al . The authors performed a systematic database
search, until October 2017, to identify all studies on hip
hemi-arthroplasty for fracture, which compared outcome
[27]
by approach used . Twenty-one studies were included
in the meta-analysis [3 randomized controlled trials (RCT),
7 prospective and 11 retrospective cohort studies],

INTRODUCTION
Hip fractures in the elderly represent a major public
[1-7]
health concern . These account for a quarter of all
[3]
fractures in patients aged 75 years and over . With a
global incidence of 1.7 million hip fractures in 1990, this
[7]
is targeted to reach 6.3 million in 2050 .
The management of hip fractures is based on the
location of the fracture: the two main categories being
[8]
intra and extra-capsular fractures . Intra-capsular
fractures comprise around 60% of all hip fractures,
[1,9]
with up to 80% of these being displaced . Fracture
displacement increases the risk of disruption to the
femoral head blood supply, and so, is associated with
increased rates of osteo-necrosis of femoral head, nonunion, delayed union and failure of fracture fixation
[10-15]
procedures
. As such, the current treatment guide
lines for hip fractures advise that “displaced intracapsular
neck of femur fractures be treated with arthroplastyproce
[16]
dures” . There are two main arthroplasty procedures
available for the treatment of displaced intracapsular
neck of femur fractures: hip hemi-arthroplasty and
[17-22]
total hip replacement
. Hip hemi-arthroplasty is
the recommended option in the frail, low mobility po
pulation as the large diameter hemi-arthroplasty “head”
component reduces the risk of dislocation: total hip
replacement is the recommended option in the more
active population as it can provide a better functional
[17-22]
outcome
. The current guidelines from the “National
Institute for Health and Care Excellence” (NICE)
advice for orthopaedic surgeons to consider total hip
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with a synthesis cohort of 61487 patients . On metaanalysis, PAs were found to have a significantly higher
rate of dislocation compared to AAs (OR = 2.61; 95%CI:
1.26 to 5.43; P < 0.01); and LAs (OR = 2.90; 95%CI:
[27]
1.63 to 5.14; P < 0.0003) . PAs also had a higher risk
of re-operation (i.e., revision procedures, relocation of
dislocations, intra-operative fracture fixation, and repair
of capsule for repetitive instability) compared to LAs (OR
= 1.25; 95%CI: 1.12 to 1.41; P < 0.0001); however
no significant difference was found when comparing the
re-operation rates of LAs and AAs (OR = 1.54; 95%CI:
[27]
0.50 to 4.77; P = 0.45) . There was insufficient data
to allow meta-analysis comparison of the re-operation
[27]
rates of PAs and AAs . On further meta-analysis
between the three approaches, no significant differences
was found for rates of surgical site infection, intra[27]
operative fracture, and length of hospital stay . It was
not possible to perform meta-analysis on the “functional
[27]
outcome” data between the three approaches . The
authors concluded that PAs are associated with a higher
rate of dislocation and further operations in comparison
[27]
to LAs and AAs in hip hemiarthroplasty for fracture .
The other recent meta-analysis is that by Kunkel et
[28]
al : this compared the direct anterior approach (DAA)
for hip hemi-arthroplasty to all other approaches for
this procedure. The authors performed a systematic
database search, until October 2016, identifying RCTs
and cohort studies on hip hemi-arthroplasty for fracture,
which compared the DAA to other surgical approaches
[28]
(lateral, anterolateral, posterior, posterolateral) . Nine
studies were included in the meta-analysis (3 prospective
randomised studies, 3 prospective non-randomised
[28]
studies and 3 retrospective cohort studies) . The
synthesis cohort comprised a total of 698 hips (direct
anterior approach n = 330; posterior approach n =
108, posterolateral approach n = 114; anterolateral
[28]
approach n = 57; lateral approach n = 89) . On metaanalysis, PAs were found to have a significantly higher
dislocation rate compared to the DAA (OR = 0.18;
[28]
95%CI: 0.05 to 0.63; P = 0.007) . However, there
was no significant difference in dislocation rate between
the DAA and LAs (OR = 0.19; 95%CI: 0.01 to 4.03;
[28]
P = 0.29) . On further meta-analysis, no significant
difference was found between the approaches for intraoperative blood loss, perioperative fracture, duration of
procedure, post-operative pain levels, length of hospital
stay, post-operative infection rate, further operation
[28]
rate, total complication rate and mortality . The
authors concluded that for fracture-related hip hemiarthroplasty, PAs are associated with a significantly
[28]
higher rate of dislocation in comparison to the DAA .
[26]
Prior to this, Parker et al
performed a Cochrane
review in 2002 assessing the influence of surgical
approaches on outcome from hip hemiarthroplasty. The
authors performed a systematic database search, until
February 2002, to identify all RCTs comparing outcome
from different surgical approaches in fracture-related
[26]
hip hemi-arthroplasty . Only one RCT was identified
that was suitable for inclusion: this comprised 114 hip
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fracture patients who were managed with a cemented
Thompson hemi-arthroplasty, either through an ante
[26]
rolateral or a posterior approach . Unfortunately, the
study was found to be of sub-optimal quality to allow
for reliable analysis, owing to selection bias, insufficient
[26]
patient follow-up and insufficient results reporting .
The authors concluded that, at that time, the evidence
from RCTs was inadequate to decide which approach
was most effective for hip hemi-arthroplasty in femoral
[26]
neck fractures .
Of the available National Guidelines which provide
recommendations on the practice of hip hemiarthroplasty
for hip fracture: the NICE Guidelines currently advise
clinicians to favour the anterolateral approach over the
[16]
posterior approach for hip hemiarthroplasty surgery ;
and the Scottish Intercollegiate Guidelines Network
(SIGN) Guidelines advise “the anterolateral approach is
[36]
recommended for hemiarthroplasty surgery” .
The current evidence would suggest that, in hip
hemi-arthroplasty for fracture, PAs are associated with
a higher rate of post-operative dislocation compared to
LAs and AAs, and a higher risk of reoperation compared
to LAs. There appears no significant difference between
LAs and AAs in terms of post-operative dislocation rates
and re-operation rates. Thus, PAs should be avoided
when performing hip hemi-arthroplasty for femoral neck
fracture.

PROSTHESIS HEAD COMPONENT
- UNIPOLAR VS BIPOLAR HEMARTHROPLASTY
There are two main categories of hemi-arthroplasty
prosthesis, when assessing head component utilised:
unipolar hemi-arthroplasty (UH) (Figure 1A) and bipolar
[25,29-31]
arthroplasty (BH) (Figure 1B)
. An UH comprise
a large single endo-prosthetic head component,
while BH has both an endo-prosthetic “bipolar” head
[25,29-31]
component and an inner metal bearing
. The
theoretical benefit of the BH design, with its mobile
bearing concept, is to reduce component-induced wear
[25,29-31]
on the acetabulum
. Other theoretical benefits
include improved range of hip motion, decreased risk
of dislocation and improved hip function, to provide a
[25,29-31]
better clinical outcome over UH
. However, the
proven benefits of BH over UH remain to be confir
[25, 29-31]
med
.
[29-31]
There are three recent meta-analyses
and one
[25]
Cochrane review
which compare the outcomes of
unipolar to bipolar hip hemi-arthroplasties for femoral
neck fracture.
[29]
The most recent meta-analysis is by Zhou et al .
The authors performed a systematic database search,
till April 2014, to identify all RCTs which compare UH to
[29]
BH, as treatment of displaced femoral neck fractures .
Eight RCTs were included in the meta-analysis,
[29]
providing a synthesis cohort of 1100 patients . On
meta-analysis, no significant difference was found
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A

B

C

D

Figure 1 A hip hemi-arthroplasty with a unipolar component head (A); a hip hemi-arthroplasty with a bipolar component head (B); a hip hemi-arthroplasty
with an uncemented femoral stem (C); and a hip hemi-arthroplasty with a cemented femoral stem (D).

between UH and BH for acetabular erosion rates (RR
= 2.29; 95%CI: 0.85 to 6.12; P = 0.10), rate of
dislocation (RR = 1.20; 95%CI: 0.47 to 3.07; P = 0.71),
rate of reoperation (RR = 0.64; 95%CI: 0.33 to 1.26; P
= 0.19), mortality (RR = 0.85; 95%CI: 0.63 to 1.13; P
= 0.26), post-operative complication rates (RR = 1.05;
95%CI: 0.70 to 1.56; P = 0.82), and post-operative
Harris Hip Scores (WMD -1.32; 95%CI: 3.29 to 0.65;
[29]
P =0.19) . The authors concluded that there was no
apparent difference in clinical results between UH and
BH, when used as treatment for displaced intra-capsular
[29]
neck of femur fractures .
The second of the recent meta-analyses was that
[30]
by Jia et al . The authors performed a systematic
literature search, until April 2014, to identify all RCTs
which compared UH to BH as treatment of displaced
[30]
intra-capsular neck of femoral fractures . The metaanalysis comprised ten RCTs, providing a synthesis
[30]
cohort of 1190 patients . On systematic review of
the included studies, the authors found descriptive
evidence that BH was superior to UH for post-operative
hip function, quality of life and post-operative hip pain;
however on meta-analysis, there was no significant
difference in post-operative Harris Hip Scores between
UH and BH (MD, -0.51, 95%CI: -4.43 to 3.42, P =
[30]
0.80) . UH was also found to have increased rates
of acetabulum erosions at one year post-surgery, in
comparison to BH (RR = 0.24; 95%CI: 0.06 to 0.89;
P = 0.03): however there was no significant difference
between the two groups for acetabular erosion rates at
four months post-surgery (RR = 0.35; 95%CI: 0.10 to
1.21; P = 0.10), two years post-surgery (RR = 0.46;
95%CI: 0.20 to 1.10; P = 0.08), or four years post[30]
surgery (RR = 0.48; 95%CI: 0.20 to 1.19; P = 0.12) .
On further meta-analysis, no significant difference was
found between UH and BH for: mortality (RR = 0.92;
95%CI: 0.59 to 1.44; P = 0.71); reoperation rates (RR
= 0.98; 95%CI: 0.42 to 2.27; P = 0.95); dislocation
rates (RR = 0.76; 95%CI: 0.30 to 1.93; P = 0.57);
implant-related complications (RR = 0.84; 95%CI:
0.39 to 1.81; P =0.66); general complications (RR =
[30]
0.65; 95%CI: 0.28 to 1.49; P = 0.31) . Furthermore,
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two of the RCTs which reported on cost of prosthesis
[30]
both noted that BH was more expensive than UH .
The authors concluded that, comparing UH to BH, no
significant difference could be found between postoperative result and longer term rates of acetabular
erosion; however BH was consistently noted to be the
[30]
more expensive implant .
The last of the recent meta-analyses was that by
[31]
Yang et al . The authors performed a systematic
database search, till July 2013, to identify all prospec
tive RCTs that compare UH to BH for the treatment of
neck of femur fractures in patients aged 65 years and
[31]
over . Six RCTs were included in the meta-analysis,
[31]
with a combined cohort of 982 patients . On metaanalysis, the acetabular erosion rates was noted to
be signiﬁcantly increased in the UH group (5.5%)
compared to the BH group (1.2%) (OR = 0.22; 95%CI:
[31]
0.07 to 0.74; P =0.01) . However, there was no
significant difference between the two groups for: rate
of mortality (OR = 1.08; 95%CI: 0.71 to 1.65; P =
0.72), overall post-operative complication rates (OR =
1.00; 95%CI: 0.67 to 1.50; P = 1.00), post-operative
rate of dislocation (OR = 0.87; 95%CI: 0.29 to 2.60;
P = 0.80), rate of infection (OR = 1.36; 95%CI: 0.60
to 3.09; P = 0.47), rate of reoperation (OR = 1.56;
95%CI: 0.66 to 3.68; P = 0.31), Harris hip scores (SMD
-0.03; 95%CI: -0.23 to 0.17; P = 0.76) and return to
pre-fracture function (OR = 1.36; 95%CI: 0.94 to 1.96;
[31]
P =0.10) . The authors concluded that there was no
significant difference noted in clinical outcome for UH
compared to BH when used as treatment of displaced
intra-capsular neck of femur fractures in patients aged
[31]
65 or over . Given the similar clinical outcomes,
they advised that unipolar implants appear the more
[31]
economical prosthesis .
Lastly, the most recent Cochrane review on the
[25]
topic is that Parker et al . The authors performed a
systematic database search till September 2008, to
identify all RCTS and quasi-RCTs comparing the use
of different arthroplasty prostheses as management
[25]
of femoral neck fractures . In total, twenty-three
studies were included, with a synthesis cohort of 2861
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patients . A sub-group analysis was performed,
assessing all studies which compared UH to BH: this
comprised seven studies, with a combined cohort of
[25]
857 patients (863 fractures . On meta-analysis, no
signiﬁcant differences was found between UH and BH
for: dislocation rate (RR = 1.09; 95%CI: 0.36 to 3.31;
P = 0.88), acetabular erosion rate (RR = 3.83; 95%CI:
0.81 to 18.15; P = 0.090), acetabular erosions requiring
revision (RR = 2.97; 95%CI: 0.47 to 18.85; P = 0.25),
rate of deep wound infection (RR =1.34; 95%CI:
0.50 to 3.62; P = 0.56), reoperation rate (RR = 1.41;
95%CI: 0.54 to 3.69; P =0.49), deep vein thrombosis
(RR = 0.71; 95%CI: 0.03 to 16.45), mortality at 6
months (RR = 1.13; 95%CI: 0.73 to 1.76; P = 0.58);
mortality at 1 to 2 years (RR = 0.90; 95%CI: 0.64 to
1.26; P =0.54) and recovery of pre-fracture mobility
[25]
(RR = 0.94; 95%CI: 0.40 to 2.16) . The authors
concluded that from the available evidence, UH and BH
implants demonstrated no significant clinical difference
when used as treatment for displaced femoral neck
[25]
fractures .
Of the current National Guidelines, the SIGN Gui
delines recommend that “BH should not be performed
in preference to UH, as there is limited evidence of any
[2]
clinical benefit” . In keeping with this, data from the
recent English hip fracture audit has found that 79% of
all hip hemi-arthroplasties performed in England in 2017
[1]
were UH .
From the current evidence, it would appear, that
while UH can be associated with increased rates of
acetabular erosion at short-term follow-up (up to 1
year), there is no significant difference between the
two prosthesis types for surgical outcome, complication
profile, functional outcome and acetabular erosion rates
at longer-term follow-up (2 to 4 years). Thus, with BH
being the more expensive prosthesis, UH would appear
to be the recommended option.

required; they also have been noted to be the cheaper
[25,32-34]
of the two prosthesis types
. As such, the optimal
technique for femoral stem insertion remains to be
[25,32-34]
decided
.
[32-34]
There are three recent meta-analyses
and one
[25]
Cochrane review
which compare the outcomes of
cemented to uncemented hip hemi-arthroplasties for
femoral neck fracture.
The most recent meta-analysis is that by Veldman
[32]
et al . The authors performed a systematic database
search, till April 2016, to identify all RCTs comparing
outcomes for cemented versus uncemented hemiarthroplasties for femoral neck fracture, which used
[32]
contemporary generation femoral stems only . Five
RCTs were included in the meta-analysis, with a synthe
[32]
sis cohort of 950 patients (950 hips) . Complications
were categorised as: prosthesis-related (dislocation,
aseptic prosthesis loosening, peri-prosthetic fractures);
cardiovascular-related; local (deep and superficial
[32]
wound infections); and other general complications .
On meta-analysis, cementless hemi-arthroplasties had
higher rates of overall complications compared cemented
hemi-arthroplasties (OR = 1.61; 95%CI: 1.12 to 2.31;
P = 0.01), especially implant-related complications (OR
[32]
= 3.15; 95%CI: 1.55 to 6.41; P = 0.002) . However,
cementless hemi-arthroplasties were associated with
a shorter operating time compared to cemented hemiarthroplasties (WMD -9.96 mins; 95%CI: -12.93 to
[32]
-6.98; P < 0.001) . On further meta-analysis, there
was no significant difference between the two methods of
femoral stem insertion for: cardio-vascular complications
(OR = 0.54; 95%CI: 0.24 to 1.20; P =0.13); local
complications (OR = 0.71; 95%CI: 0.27 to 1.86; P =
0.49); general complications (OR = 1.09; 95%CI: 0.62
to 1.91; P = 0.76); number of re-operations (OR = 1.24;
95%CI: 0.53 to 2.88; P = 0.62); length of hospital stay
(WMD 0.36 d; 95%CI: -1.13 to 1.85; P = 0.63); intraoperative blood loss (WMD -36.19 mL; 95%CI: -89.45
[32]
to 17.07; P = 0.18) . It was not possible to perform
[32]
meta-analysis on the “functional outcome” data .
The authors concluded that, for fracture-related hip
hemiarthroplasty using contemporary femoral stems,
cemented hemi-arthroplasties were associated with
fewer prosthesis-related complications, though with
similar mortality rates, as compared to uncemented
[32]
hemi-arthroplasties .
However, it must be noted that the data regarding
implant-related complications, in this meta-analysis, was
[32]
heterogeneous . Review of the three studies, which
reported on implant-related complications, revealed the
most common complication was peri-prosthetic femoral
[32]
fracture . However, no formal break-down of the
individual implant-related complications was provided
[32]
in the meta-analysis . As such, a more detailed metaanalysis is required to properly define the increased risk
posed by uncemented prostheses. Nevertheless, the
current evidence suggests that the cemented technique
is safer.
The second most recent meta-analysis is that by

TECHNIQUE OF FEMORAL STEM
INSERTION - CEMENTED VS
UNCEMENTED HEMI-ARTHROPLASTY
The optimal technique for femoral stem implantation,
using either an uncemented (Figure 1C) or a cemented
(Figure 1D) femoral stem remains another keenly
[25,32-34]
debated topic
. In theory, a cemented femoral
stem is more uniformly and more securely ﬁxed within
the femoral canal; this has been postulated to result in
lower rates of post-operative thigh pain and reduced
[25,32-34]
revision rates from aseptic loosening
. However,
the use of cement intra-operatively potentially confers
the risks of cardiac arrhythmias and cardio-respiratory
compromise, secondary to fat embolism and cement
[25,32-34]
reaction phenomena
. Revision of a cemented
hemi-arthroplasty is also considered more challenging
[25,32-34]
than that of an uncemented hemi-arthroplasty
.
Uncemented hemi-arthroplasties theoretically incur a
shorter operating time, due to the lack of cementation
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Ning et al . The authors performed a systematic
database search, till March 2012, to identify all RCTs
which compared cemented to uncemented hemiarthroplasty for fracture, including all available prosthesis
[33]
types . Twelve RCTs were included in the meta[33]
analysis, providing a synthesis cohort of 1805 patients .
On meta-analysis, cemented hip hemi-arthroplasties
were associated with a prolonged operative time when
compared to uncemented hemi-arthroplasties (SMD
[33]
-0.43; 95%CI: -0.56 to -0.30; P < 0.001) . However,
no signiﬁcant difference was found between the two
techniques for: intra-operative blood loss (SMD -0.12;
95%CI: -0.33 to 0.10; P = 0.291); length of hospital
stay (SMD -1.21; 95%CI: -0.05 to 0.22; P = 0.224),
overall complications (OR = 0.82; 95 %CI 0.63 to 1.08;
P = 0.163); post-operative pain (OR = 1.42; 95%CI:
0.99 to 2.03; P = 0.056) and mortality rates (OR =
[33]
1.08; 95%CI: 0.88 to 1.34; P = 0.469) . The authors
concluded that the outcomes of uncemented and
cemented hip hemiarthroplasty for femoral neck fracture,
[33]
showed no significant difference .
The last of the recent meta-analyses was that by Luo
[34]
et al . The authors performed a systematic database
search, till December 2010, to identify all RCTs comparing
uncemented and cemented hip hemiarthroplasty (all
prosthesis types included), as treatment for neck of
[34]
femur fractures . Eight RCTs were included in the meta[34]
analysis, providing a synthesis cohort of 1175 hips .
On meta-analysis, uncemented hemi-arthroplasties were
noted to have higher rates of post-operative pain 1-year
post-surgery compared to cemented hemi-arthroplasties
(RR = 0.69; 95%CI: 0.53 to 0.90; P = 0.007).There
was however no signiﬁcant difference between the two
techniques for: peri-operative mortality (RR = 0.92;
95%CI: 0.58 to 1.45; P = 0.71), 1-year mortality
(RR = 0.89; 95%CI: 0.73 to 1.09; P = 0.26), rates of
reoperation (RR = 0.75; 95%CI: 0.44 to 1.25; P = 0.27),
general medical complications (RR = 0.83; 95%CI: 0.61
to 1.14; P =0.25) and local complications (comprising
dislocation, wound infection, periprosthetic fracture and
radiographic prosthesis loosening) (RR = 0.85; 95%CI:
[34]
0.58 to 1.23; P =0.38) . Meta-analysis could not be
[34]
performed for the “functional outcome” data . The
authors concluded that, while the cemented prostheses
were associated with lower rates of post-operative
pain as compared to the uncemented prostheses, the
two types of hemi-arthroplasty showed no significant
difference in complication rates, reoperation rates and
[34]
mortality rates .
Lastly, the most recent Cochrane review on the topic
[25]
is by Parker et al , as described in “Prosthesis Head
Component” section. On sub-group analysis, six studies
were identified which compared cemented to uncemented
hemi-arthroplasties for neck of femur fracture, providing
[25]
a synthesis cohort of 899 participants . All prosthesis
[25]
types were included in the review . On meta-analysis,
cemented hemi-arthroplasties had a significantly
prolonged operation time (MD 7.24 min; 95%CI: 4.75
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to 9.73 min; P < 0.00001), though had reduced rates
peri-operative of femoral fracture (RR =0.09; 95%CI:
0.02 to 0.44; P =0.0031), lower rates of residual hip
pain at both three-month follow-up (RR = 0.77; 95%CI:
0.60 to 0.98; P = 0.034) and longer term follow-up
(RR = 0.55; 95%CI: 0.40 to 0.75; P = 0.00017), and
improved recovery of post-operative mobility scores
[25]
(RR = -0.80; 95%CI: -1.23 to -0.37) . No signiﬁcant
difference was found between the two techniques in
mortality rates at any of the follow-up time intervals:
1-mo post-surgery (RR = 0.84; 95%CI: 0.38 to 1.84; P
= 0.66); one to three months post-surgery (RR = 0.98;
95%CI: 0.68 to 1.41; P = 0.90); 1-year post-surgery
(RR = 0.90; 95%CI: 0.71 to 1.13; P =0.35); and 3-years
[25]
post-surgery (RR = 1.13; 95%CI: 0.76 to 1.67) .
Similarly, no significant difference was found between
the two techniques for: peri-operative blood loss (RR =
49.00; 95%CI: -22.10 to 120.10); requirement of blood
transfusion (RR = 0.12; 95%CI: -0.04 to 0.27; P =
0.13); occurrence of medical complications (RR = 0.82:
95%CI: 0.59 to 1.13; P = 0.23); rate of re-operation
(RR = 0.55; 95%CI: 0.27 to 1.14; P = 0.11); duration
of hospital stay (RR = -1.42; 95%CI: -3.15 to 0.32;
P = 0.11); percentage of patients who were able to
return to their pre-injury place of residence (RR = 0.62;
95%CI: 0.34 to 1.12; P = 0.11) and restore their preinjury mobility levels (RR = 0.84; 95%CI: 0.64 to 1.11;
[25]
P = 0.23) . The authors concluded that cemented
hip hemi-arthroplasties can reduce the risk of perioperative femoral fracture, reduce post-operative pain
levels and provide improved post-operative mobility,
when compared to uncemented hip hemi-arthroplasties
for displaced femoral neck fractures, with no significant
difference between the two techniques for mortality at
[25]
any of the follow-up time points .
Of the available National Guidelines: the NICE
Guidelines currently recommend “the use cemented
implants in (hip fracture) patients undergoing surgery
[16]
with arthroplasty” ; and the SIGN Guidelines recom
mend that “cement should be used when undertaking
hemiarthroplasty, unless there are cardiorespiratory
[36]
complications, particularly in frail older patients” . In
keeping with this, data from the recent Scottish and
English Hip Fracture Audits have found that 90% and
87% of all hip hemi-arthroplasties, from Scotland and
England in 2017 respectively, were performed with a
[1,2]
cemented femoral stem .
The current evidence would suggest that while
uncemented hemi-arthoplasties can allow for a shorter
operative time, cemented hemi-arthroplasties are
associated with lower rates of prosthesis-related comp
lications (particularly peri-prosthetic femoral fracture)
and improved post-operative results in terms of residual
thigh pain and mobility. In addition, there appears to be
no significant difference between the two techniques for
intra-operative blood loss, medical complications and
mortality (peri-operative and 1-year). In accordance
with the current literature, a cemented hip hemi-
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recruitment cohort comprised 964 patients (monoblock
group n = 482; modular group n = 482); however
four-month follow-up data was only available for 482
[37]
patients (50%) . Outcome assessment was performed
[37]
using the EuroQol questionnaire (EQ-5D-5L) . At fourmonth follow-up, the modular cohort had a marginally
improved mean EQ-5D-5L (mean EQ-5D-5L for modular
cohort 0.379; mean EQ-5D-5L for monoblock cohort
0.321); however, this difference did not meet the
minimum required clinical difference of 0.08 , nor was it
statistically significant (MD = 0.037; 95%CI: -0.014 to
0.087; P = 0.156). Other factors which failed to show
significant difference between the two groups included:
mortality (OR = 1.02; 95%CI: 0.72 to 1.46; P = 0.911);
post-operative walking ability (OR = 0.76; 95%CI: 0.54
to 1.06; P = 0.107); local complications (i.e., wound
complications; revision procedures; structural injury;
deep vein thrombosis; dislocation) (OR = 1.50; 95%CI:
0.828 to 2.741; P = 0.179; requirement for blood
transfusion (OR = 1.51; 95%CI: 0.530 to 4.316; P =
0.439); and medical complications (OR = 0.95; 95%CI:
0.665 to 1.358; P = 0.779). Length of hospital stay was
marginally higher in the monoblock group (mean stay
for monoblock group = 9.67 d; mean stay for modular
group = 9 d; P = 0.039). There was no significant
difference in post-operative radiographic femoral
offset between the two groups (mean neck length for
monoblock group = 3.01 mm; mean neck length for
modular group = 2.91 mm; P = 0.834). The authors
concluded that, accounting for the limited follow-up,
there was no significant difference detected in clinical
outcome between the two prosthesis types, when used
as treatment for femoral neck fractures.
Of the current National Guidelines, the NICE guide
lines advise to “use a proven femoral stem design (i.e.,
those with an Orthopaedic Data Evaluation Panel rating
of 10A, 10B, 10C, 7A, 7B, 5A, 5B, 3A or 3B) rather than
Austin Moore or Thompson Stems for arthroplasties”
[16]
. However, such guidance is directed from evidence in
[35]
primary total hip arthroplasty and expert opinion .
Thus, despite clear recommendations from NICE, the
current evidence which compares monoblock to modular
hemi-arthroplasty prosthesis for femoral neck fracture
remains limited and equivocal. Despite the logical bio
mechanical advantage of the modular prosthesis, further
research is required in this area to confirm their clinical
benefit.

TYPE OF PROSTHESIS ASSEMBLY MONOBLOCK VS MODULAR HEMIARTHROPLASTY
There are two main types of prosthesis assembly that
can be used in hip hemi-arthroplasty: monoblock
[35]
prosthesis and modular prosthesis .
A monoblock hemi-arthroplasty is produced as a
single unit, with variations in prosthesis size based on
[35]
the diameter of the patient’s femoral head . The most
commonly used monoblock implant is the collared
[35]
Thompson Hemi-Arthroplasty . Given the pre-fabricated
nature of this prosthesis, there is limited ability to adjust
the prosthesis intra-operatively to accommodate for
variations in femoral neck offset or leg length: thus, such
implants often poorly recreate the patient’s original hip
[35]
geometry . A modular hemi-arthroplasty is produced
in individual components: stem, neck and head
[35]
components . On assembling these intra-operatively,
the surgeon is able to alter component size, and so
[35]
better recreate the patient’s original hip geometry .
However, the theoretical benefits of modular prostheses
in hip hemi-arthroplasty as treatment of femoral neck
[35]
fractures remain to be confirmed .
[35]
There is one recent meta-analysis which compare
the outcomes of monoblock to modular hip hemiarthroplasties for treatment of femoral neck fractures.
The available meta-analysis is that by Sims et
[35]
al . The authors performed a systematic database
review, until September 2015, identifying all RCTs, welldesigned case control studies, retrospective cohort
studies and prospective cohort studies, which compared
outcomes between Thompson hemi-arthroplasties and
modular unipolar hemi-arthroplasties for femoral neck
[35]
fracture . Four studies were included in the review (1
RCT, 2 Retrospective Cohort Studies, 1 Swedish Joint
Registry Paper), providing a synthesis cohort of 21017
[35]
patients . On meta-analysis, the odds ratio favoured
modular designs for both mortality (OR = 1.3; 95%CI:
0.78 to 2.46) and post-operative complications (OR
= 1.1; 95%CI: 0.79 to 1.55); however no significant
difference was noted for either factor, between the
[35]
prosthesis types . On review of the study quality of
the included studies, the authors found these all to be
subject to potential bias with significant heterogeneity
[35]
noted in the methods and results . Thus the authors
concluded that there is insufficient evidence at present
to accurately compare monoblock to modular hemiarthroplasty prosthesis for patients with femoral neck
[35]
fractures .
To note, the same authors subsequently published a
multi-centre, pragmatic RCT comparing the outcome of
the Thompson monoblock cemented hemi-arthroplasty
to a modular hemi-arthroplasty using a cemented
Exeter femoral stem and a Unitrax hemi-arthroplasty
[37]
head (The WHITE 3: Hemi Trial) (2018) . The initial
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WOUND CLOSURE TECHNIQUES SUTURES VS STAPLES
Wound closure technique remains a controversial
[38]
area in hip hemi-arthroplasty surgery . The two
most common skin closure methods are staples and
[38]
sutures . Historically, it has been felt that staples
were more time efficient, though associated with a
[38]
higher rate of post-operative infection . This belief
was strengthened by a systematic review and meta-

241

November 18, 2018|Volume 9|Issue 11|

Robertson GA et al . Hip hemi-arthroplasty for neck of femur fracture
analysis on the topic, from 2010, which reported that
the rate of post-operative infection following orthopaedic
surgery, was over three times greater for staple
[39]
wound closure compared to suture wound closure .
However, the recent evidence provides a more balanced
[38]
perspective .
There is one recent meta-analyses comparing the
outcomes of skin closure techniques (sutures vs staples)
in orthopaedic surgery, with a sub-group analysis on hip
[38]
surgery procedures .
[38]
This meta-analysis is that by Krishnan et al . The
authors performed a systematic database review, until
January 2015, identifying all RCTs and observational
studies which compared the outcome of suture to
staple wound closure technique following orthopaedic
[38]
surgery . The rate of post-operative wound infection
was the primary outcome measure, with secondary
outcome measures comprising time of closure, wound
dehiscence, inflammation, post-operative pain, length
of hospital stay, necrosis, abscess formation, discharge,
[38]
allergic reaction . Thirteen studies were included
meta-analysis (ten RCTs, three observational studies),
with a combined cohort of 1255 patients (suture group
[38]
= 563 patients, staple group = 692 patients) . Six
of the studies comprised patients undergoing hip
surgery (suture group = 164 patients, staple group
[38]
= 245 patients) . On meta-analysis, no significant
difference was found in post-operative infection rates
between sutures and staples (RR = 1.06; 95%CI: 0.46
[38]
to 2.44; P = 0.89) . On sub-group analysis, for the
patients who underwent hip surgery, no significant
difference was also found in post-operative infection
rates between sutures and staples (RR = 0.48; 95%CI:
[38]
0.10 to 2.45; P = 0.38) . On further meta-analysis of
the total cohort, closure time was found to be quicker
for staples compared to sutures (MD = 5.84; 95%CI:
[38]
4.52 to 7.15; P < 0.001) . However, there was no
significant difference between the two techniques for
all other outcome measures: wound dehiscence (RR =
0.96; 95%CI: 0.32 to 2.84; P = 0.94), inflammation (RR
= 0.22; 95%CI: 0.00 to 12.07; P = 0.46), discharge
(RR = 0.66; 95%CI: 0.14 to 3.23; P = 0.61), necrosis
(RR = 0.51; 95%CI: 0.07 to 3.88; P = 0.52), allergic
reaction (RR = 1.37; 95%CI: 0.22 to 8.60; P = 0.74),
abscess formation (RR = 1.86; 95%CI: 0.22 to 15.71;
[38]
P = 0.57) . The authors concluded that, apart from
time of closure, no significant difference was found
[38]
between suture and staple wound closure techniques .
The current orthopaedic literature, particularly with
regards to hip-related procedures, provides an equivocal
conclusion on the optimal wound closure technique.
From the available evidence, either suture or staple
wound closure techniques appear equally appropriate
for hip hemi-arthroplasty procedures.

is a cemented modular bipolar hemi-arthroplasty,
through an antero-lateral approach. The wound closure
technique varies, as per the preference of the responsible
surgeon, with either skin clips or sub-cuticular sutures
used. At present, there is a randomised controlled trial
being run in this unit between cemented modular bipolar
hemi-arthroplasty prostheses and cemented modular
UH prostheses: the result from this may influence the
future choice of prosthesis head component selection in
the institution.
The second author manages this fracture with a
cemented, monoblock hemiarthroplasty through an
antero-lateral approach, using a triple wound closure
technique, which comprises monocryl, staples and glue.

CONCLUSIONS
From the current evidence on Hip Hemi-Arthroplasty,
the following conclusions can be drawn: (1) posterior
approaches are associated with: a higher rate of dis
location compared to lateral and anterior approaches;
and a higher rate of re-operation compared to lateral
approaches. Thus for fracture-related hip hemi-arth
roplasty, posterior approaches should be avoided; (2)
while UH can be associated with increased rates of
acetabular erosion at short-term follow-up (up to 1
year), there is no significant difference between unipolar
and bipolar hemi-arthroplasty for surgical outcome,
complication profile, functional outcome and acetabular
erosion rates at longer-term follow-up (2 to 4 years).
Thus, with bipolar hemi-arthroplasty being the more
expensive prosthesis, UH is the recommended option; (3)
while cemented hip hemi-arthroplasties are associated
with a longer operative time compared to uncemented
hip hemi-arthroplasties, cemented prostheses have
lower rates of implant-related complications (particularly
peri-prosthetic femoral fracture) and improved postoperative outcome regarding residual thigh pain and
mobility. No other significant difference has been
found between the two techniques, regarding medical
complications and mortality. As such, cemented hip
hemi-arthroplasty appear to be the superior technique;
(4) there is insufficient evidence at present to accurately
compare the outcome of modular to monoblock hemiarthroplasty prostheses for femoral neck fractures.
However, based on evidence from total hip arthroplasty
and expert opinion, current recommendations advocate
for “a proven femoral stem design” with a modular pro
sthesis, as opposed to a monoblock prosthesis; and (5)
while staples can result in a quicker closure time, there is
no significant difference in post-operative infection rates
or wound healing outcomes when comparing staples
to sutures. Thus, either suture or staple wound closure
techniques appear equally appropriate for hip hemiarthroplasty procedures.
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Abstract
Posterior instability of the shoulder is a rare condition
and represents about 10% of shoulder instability. It has
become more frequently recognized in the last year,
even though it is more difficult to diagnose than anterior
shoulder instability. As this form of shoulder pathology
is somewhat rare, biomechanical knowledge is limited.
The purpose of our study was to perform an extensive
literature search, including PubMed and Medline, and
to give an overview of the current knowledge on the
biomechanics of posterior shoulder instability. The
PubMed/Medline databases were utilized, and all articles
related to posterior shoulder instability and biomechanics
were included to form a comprehensive compilation of
current knowledge. A total of 93 articles were deemed
relevant according to our inclusion and exclusion criteria.
As expected with any newly acknowledged pathology,
biomechanical studies on posterior shoulder instability
remain limited in the literature. Current biomechanical
models are performed in a static manner, which limits
their translation for explaining a dynamic pathology.
Newer models should incorporate dynamic stabiliza
tion of both the rotator cuff and scapulothoracic joint.
There is a current lack of knowledge with regards to
the pathomechanism of posterior shoulder instability,
with no consensus on appropriate treatment regimens.
Further investigation is therefore required at both basic
science and clinical levels.
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Medicine, National Institutes of Health) for shoulder
instability and biomechanics/anatomy of the shoulder
between 1957 and 2017. The search terms were in
tentionally broad to maximize capture of the relevant
literature. The following keywords were used: “posterior
shoulder instability” (n = 1026), “shoulder biomechanics”
(n = 1389) and “posterior shoulder instability anatomy”
(n = 295). Articles in English, German and French were
included. All papers that both evaluated the biomechanics
on posterior shoulder instability as well as described
the anatomy in patients who suffered from posterior
shoulder instability were included. Exclusion criteria
included duplicate results, non-relevant articles that did
not involve posterior shoulder instability or biomechanical
studies, and letters to the editors or comments.
In total, 2710 abstracts were reviewed, of which
40 articles were duplicates and further 2542 did not
investigate shoulder instability or the biomechanics of
the shoulder complex. One hundred-twenty-eight full
text articles were reviewed, of which 35 studies were
excluded as these ones did not meet inclusion criteria.
Finally, leaving 93 studies for our review. These in
cluded papers describing the biomechanics of anterior
and posterior shoulder instability), the anatomy of the
shoulder complex, as well as the clinical aspects.

type of injury, and there is limited discussion of this topic
within the literature. Other authors have acknowledged
the current paucity of papers on this topic. To our
knowledge, no comparable literature review has been
performed showing the interactions of the individual
shoulder parts, including the osseous structures, capsule,
[1]
labrum, ligaments and muscles . This article aspires
to help develop new protocols to investigate shoulder
instability and inform clinicians about the importance of
this topic in daily practice.
Bäcker HC, Galle SE, Maniglio M, Rosenwasser MP.
Biomechanics of posterior shoulder instability - current knowledge
and literature review. World J Orthop 2018; 9(11): 245-254
Available from: URL: http://www.wjgnet.com/2218-5836/full/v9/
i11/245.htm DOI: http://dx.doi.org/10.5312/wjo.v9.i11.245

INTRODUCTION
The shoulder joint is the least congruent joint in the
human body and thus has a tremendous potential
range of motion with daily activities. These movements
are a well-balanced and complex interplay between the
osseous structures (scapula, humeral head and clavicle)
and the surrounding soft tissue, consisting of shoulder
capsule, ligamentous, labral and muscular stabilizers.
Dysfunction of one or more of these components th
rough injury, degeneration or congenital abnormalities
may lead to shoulder instability with concomitant pain
and dysfunction. Anterior laxity or dislocation occurs
more commonly than the posterior equivalent and is
thus more discussed in the literature. However, posterior
instability is an equally important cause of patients pain
and loss of shoulder function.
The first reported case of posterior shoulder instability
[2]
was published by White et al in 1741 , followed by a
[3]
[4]
case study in 1839 and a clinical case series in 1855 .
A variety of pathologies have been described regarding
posterior shoulder instability, such as atraumatic lesions
in ligamentous laxity, repetitive microtrauma (especially
in overhead-throwing athletes or the active duty military
[5,6]
population) and traumatic posterior luxation . In
repetitive microtrauma, shearing forces may cause a loss
[7,8]
of chondrolabral containment (e.g., frank labral tear) .
Classifications for recurrent posterior subluxation
have been established according its anatomical and
biomechanical properties. It can be distinguished bet
ween volitional (ability to subluxate the shoulder using
abnormal patterns of muscular activity), dysplastic (due
to glenoid retroversion or humeral head retrotorsion)
and acquired posterior shoulder dislocation (caused
by soft tissue deficiency, bony deficiency or scapula[5,9]
thoracic dysfunction) .

CLINICAL PRESENTATION OF POSTERIOR
SHOULDER INSTABILITY
Incidence

The incidence of posterior shoulder instability is between
[10]
2%-5% of all shoulder dislocations . According to the
literature, it may be under- or mis-diagnosed due to
the lack of both awareness and experience of treating
physicians. A significant proportion (62.5%) of patients
who failed surgery and suffered from ongoing instability
were diagnosed with unidirectional, posterior shoulder
instability. Those patients demonstrated signs of inferior
or multi-directional instability prior to revision surgery,
which may be related to the capsular laxity. This appears
to be an underestimation - 75% of these patients did
not show labral tear, yet would have required more
[11]
aggressive stabilization .

Current knowledge of biomechanics

In the beginning of the investigation, the mechanism was
simply believed to be the counterpart to anterior shoulder
[12-14]
instability
. Later on, this paradigm was questioned
by several researchers, who described the posterior
[15-17]
shoulder instability as a unique injury condition
.
Generally, posterior shoulder dislocation has been
described in the setting of 90° forward elevation, adduction
[17-19]
and internal rotation of the humerus
. Assumingly, the
humerus then dislocates either posteriorly through rupture
of the posterior band of the inferior glenohumeral ligament
(IGHL) or posterior inferiorly through rupture of the whole
[20]
posterior IGHL . Unfortunately, the exact biomechanical
mechanism of posterior shoulder instability is not well

LITERATURE SEARCH
A comprehensive literature search was conducted using
PubMed/MEDLINE databases (US National Library of
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Figure 1 Jerk test and Kim test. A: Jerk test: The patient is sitting, their arm is flexed to 90° and internally rotated. An axial loading and horizontal adduction is
applied; B: Kim test: The patient is sitting and the arm is abducted to 90° at the beginning. The examiner elevates the arm approximately 45° while applying posteroinferior force to the upper arm and axial load to the elbow. In a positive test, a subluxation of the glenohumeral joint can be observed.

understood or described to date.

gical conditions can be excluded, such as superior,
anterior posterior labral lesions or rotator cuff tears
masquerading as posterior instability (Figure 2 provided
by Dr. Charles M. Jobin). When comparing conventional
MRI with MR arthrography, MR arthrography is superior
to assess glenohumeral pathology, Perthes lesions and
[24]
labral tears .
The rigor of MRI and CT arthrograms in posterior
shoulder instability is summarized in Table 1.

Clinical presentation

Posterior shoulder dislocation patients present with
generalized symptoms about the shoulder and com
monly include an intense discomfort with inability to
mobilize the shoulder joint. This may be related to
excessive stretching of the muscles or the joint capsule
[21]
during the dislocation itself . For clinical examination,
the Kim test shows the highest sensitivity of 80% and
specificity of 90%. Further examinations like the Jerk
test, posterior apprehension test and stress test are
useful to estimate the stability and dislocation tendency.
The Jerk test is the most reliable diagnostic examination,
however may only be pathologic in 4 of 50 patients
[22]
suffering from posterior shoulder instability . When
performing the anterior apprehension test, patients may
feel inconvenienced with a slight anterior subluxation.
[23]
However, this test is neither sensitive nor specific . The
Kim test and Jerk test are illustrated in Figure 1.

SHOULDER JOINT COMPLEX IN
POSTERIOR SHOULDER DISLOCATION
The glenohumeral, scapulothoracic, acromioclavicular
and sternoclavicular joints can be summarized as the
shoulder complex. A full range of motion, including
protraction/retraction, elevation/depression, anterior/
posterior tilt, internal/external and upward/downward
rotation can only be achieved in combination with each
[25]
individual joint . The complex can be divided into
osseous and soft tissue structures, enabling stability
and facilitating anatomic motion.

Radiographic signs

X-ray and computed tomography: To exclude
any osseous lesions and diagnose posterior shoulder
dislocation, an anteroposterior, lateral and axillary
radiograph should be performed. Furthermore, com
puted tomography (CT) may help identify injuries of
the shoulder complex, such as reverse Bankart lesions
or, when performing with intraarticular contrast, labral
lesions. Displacement of the humeral head in relation
to the glenoid, reverse Hill Sachs lesions or posterior
Bankart/glenoid lesions may be pathognomonic for
posterior shoulder instability but not necessarily present
in all cases.

Osseous

Scapula: The scapula lies on ribs two through seven
[26,27]
and has a triangular shape
. It is solely stabilized
by soft tissue restraints through a series of bursal and
muscular planes. Its position is obliquely in between the
frontal and sagittal planes. Besides a slight abduction
by 3°, it is located 30°-45° anterior to the coronal plane,
with a slight anterior tilt between 9°-20° in the sagittal
[25]
plane in relation to the vertical line of the spine .
Multiaxial articulation can be enabled by the sca
pulothoracic joint between the humerus and the thorax.
When elevating the humerus above 90° in the coronal
plane, the scapular mainly rotates laterally in the
coronal plane with less protraction in all three planes.
At 30° and 40° of humeral elevation, a significant
backward tilt occurs in the sagittal plane.
The glenoid cavity, which forms the articular surface
of the glenohumeral joint, is concave in shape and

Magnetic resonance imaging: Magnetic resonance
imaging (MRI) is an invaluable tool to assess soft
tissue lesions about the shoulder. In patients who have
suffered a posterior shoulder dislocation, a labral tear
of the posterior wall or edema in the posterior humeral
head is typically present. Furthermore, other patholo
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Table 1 The role of computed tomography scans, magnetic resonance imaging arthrograms and diagnostic rigor
CT arthrography
Sensitivity
Specificity
Advantage
Disadvantage
Pathologies

MRI arthrography

82%-100%[75]
48%-89%[76,77]
[75]
96%-100%
93%[77]
Identifying bony lesions, severity of fractures, assessing humeral Identifying the soft tissue from labrum to the rotator cuff[80], good
and glenoid version[78] lower inter-examiner reliability[79]
for preoperative classification of labroligamentous injuries[81]
Radiation
Limited in elderly patients[80]
Small soft tissue lesions[82]
Bony lesions/ fractures (Bankart fragments, Hill-Sachs Lesion)[82,83]
Avulsion of posterior periosteum[82]
Accurate in labroligamentous, cartilaginous lesions[75]
Medial displacement of the labrum (posterior labro-scapular
sleeve avulsion)[84]
Kim lesion - incomplete and concealed superficial tear in the
posterior glenoid labrum
Glenoid rim articular divot lesion[7]
Chondral loose bodies[85]

CT: Computed tomography scans; MRI: Magnetic resonance imaging.

A

B

©2018 Charles M. Jobin all rights reserved

Figure 2 Posterior labral tear. A: Posterior labral tear in magnetic resonance arthrography; B: Intraoperative finding of a posterior labral tear and posterior SLAP tear.
[28]

slightly retroverted 6.2° . An abnormal glenoid shape,
such as higher retroversion or smaller cavities, leads to
a higher glenohumeral index (the relationship between
the humeral head and glenoid). This may predispose
[29-31]
posterior shoulder instability
, although some
[32]
authors were unable to reproduce this finding .
The most important osseous feature of the scapula
is the coracoid process, which is tilted approximately
[33]
120°-160° anterolaterally . It has several attachments,
which have major impact on posterior instability: the
coracobrachial muscle, the short head of the biceps brachii
muscle, the pectoralis minor muscle, the coracohumeral
ligament (although in a few cases they insert in the
[34]
pectoralis minor muscle ), the coracoacromial ligament,
as well as the coracoclavicular ligament. The individual
function and mechanism of stabilization are discussed in
full detail below.
The most frequent osseous lesion of the scapula
involved during a posterior shoulder dislocation is
the reverse Bankart lesion. It is located mainly in the
posterior-inferior quarter of the glenoid (86%), and leads
to an 86% increase in posterior translation and 31%
increase in inferior translation of the humerus in the
sulcus position. In patients with posterior capsular tears
or posterior Bankart lesions, a bidirectional instability
[35]
must be suspected .
In large glenoid defects, a posterior bone block
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transfer can be performed to extend the glenoid surface
rather than reconstruct the glenoid anatomically.
Additional indications for posterior bone block transfer
include glenoid erosions, failure of primary capsular
plication or congenital abnormalities. This procedure can
be considered the counterpart to the Latarjet procedure,
[36]
and was first described by Hindenach in 1947 .
Overall, the posterior bone block transfer procedure
shows poor results, with a high rate of osteoarthritis in
long-term follow-up, although three of 11 patients were
[36]
pleased with it .
In patients who suffer from higher glenoid retro
version (more than 15°-20°) with intact soft tissue, an
open wedge osteotomy may be the treatment of choice.
[37]
DeLong et al
performed a systematic literature
review, stating that posterior glenoid osteotomy does
not show any good results in terms of return to pre[22,38]
injury athletic level
.
Humeral head: The humeral head presents ana
tomically with a retroversion of 25°-35° (related to the
condyles of the elbow) and an inclination of about 130°
[39,40]
related to the shaft
. It consists of hyaline cartilage
[41,42]
(thickest in the center) and forms a true sphere
.
Tendinous and ligamentous attachments form a ring to
tighten and centralize the humeral head, placing it in
[43,44]
the middle of the glenoid cavity
. Even though no
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Soft tissue

data exist, it is likely that retroversion of > 35° in the
humeral head may predispose posterior luxation, similar
to retroversion of the glenoid.

With regards to the pathology of posterior shoulder
instability, resistance to injury is provided substantially
by the soft tissue. Most important are the subscapularis
muscle, the coracohumeral ligament in neutral rotation,
the coracohumeral ligament and the posterior band of
[20]
the IGHL in internal rotation .

Glenohumeral joint: The glenohumeral joint permits
movement with many degrees of freedom, including
flexion-extension, abduction-adduction, circumduction
and medial-lateral rotation. Humeral motion is possible in
[25,45]
the frontal, coronal/sagittal and scapular planes
.
Damage of articular cartilage and reverse Hill Sachs
lesions, also called Malgaigne fractures, are rather
infrequent complications of posterior shoulder instability.
In high traumatic injuries, Malgainge fractures may lead
to painful clicking or catching in movements, which may
worsen the damage and lead to further injuries.
Surgical correction of a reverse Hill Sachs lesion
includes the McLaughlin procedure, where the sub
scapularis tendon is transferred into the bony defect.
Other procedures include implantation of bone allograft
or humeral osteotomy when the retroversion may
be suspected to predispose the instability. Rotational
osteotomies have shown fair results, and one paper
demonstrated a 50% return to a pre-injury level of ac
[46]
tivity .

Shoulder capsule: It is believed that posterior
instability is initiated by insufficiency of the capsule,
which secondarily leads to laxity of the joint. Various
angles of humerus abduction have been investigated,
and emphasize the importance of the posterior capsule
[52,53]
and the IGHL as significant stabilizers
. About 90%
of patients show a rupture of the posterior capsule
mainly on the scapular side after posterior shoulder dislo
[17,54]
cation. Ovesen et al
noted that between 40°-90°
of abduction of the major stability is conferred by the
entire posterior capsule. When sectioning posterior
structures such as the teres minor, infraspinatus muscles
and proximal half of the posterior capsule, there was a
significant increase in posterior displacement.
Tears of the lower and proximal half of the posterior
capsule have only little impact on stability in internal
rotation (mainly above 40° of abduction). An entire
rupture of the posterior capsule increases displacement
in the last part of abduction, though not significantly.
In cases of posterior structure trauma, an increase in
[54]
anterior instability can also be seen .
On the other hand, lesions of the anterior capsule
show even more impact on the posterior stability. The
anterior capsule strengthens the glenohumeral ligaments
by close adherence of the coracohumeral ligaments
(superiorly), as well as the teres minor and infraspinatus
tendons (posteriorly), and tightens in various positions.
When sectioning the entire anterior capsule, posterior
displacement significantly increases in abduction bet
[17]
ween 0°-90° .

Clavicle: The clavicle is less important than the scapula
for posterior shoulder instability. Nevertheless, the
S-shape bone does provide some elasticity, some com
ponent of shock absorption and forms a strut holding the
glenohumeral joint in the parasagittal plane. At rest, it is
[25]
tilted slightly superior by 10°-12° . Major impact on the
rotation in the coronal plane could be observed which
increases from 3°-20° to 21°-150° of humeral elevation.
Clavicle posterior rotation was increased by elevation in
the sagittal plane between 20° at 90° to 27° at 150° of
[47]
elevation as well as protraction from -17° to -45° .
The acromioclavicular joint is a synovial joint allowing
anterior/posterior and internal/external rotation over the
[48]
lateral end of the clavicle . The sternoclavicular joint
enables elevation and depression of the clavicle as well
[48,49]
as protraction and retraction
.
In an intact clavicle, the degree of freedoms are
external rotation, upward rotation and posterior tilting,
which are greatest in the sagittal plane, thus enabling
more stabilization and support in glenohumeral joint
[50]
motion .
[45]
According to Poppen et al , the relation between the
glenohumeral and scapulothoracic movement has a ratio
of 4.3:1, with an upward translation of 3 mm. When
abducting the humerus, a counterclockwise rotation of
the scapula in the frontal plane is accompanied. Hereby,
a rotation of the clavicle can be noted up to a taut
costoclavicular ligament. After initial abduction by 30°,
the glenohumeral and scapulothoracic joint movements
occur simultaneously and facilitate elevation. Approxi
mately 40° of abduction is enabled by the sternoclavicular
[25,51]
joint, and 20° by the acromioclavicular joint
.
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Labrum: The labrum is a circumferential soft tissue
extension of the bony glenoid rim, which is loosely
attached to the surrounding capsule. It allows com
pressing forces, called “concavity compression”, for
stabilization and enables centralization of the humeral
[55]
head . In 52%-66%, a posterior labrum defect (also
called posterior/reverse Bankart lesion) can be found
[56]
after traumatic posterior shoulder dislocation . No
consensus exists on the association between posterior
[53,57]
capsular laxity and reverse Bankart lesions
.
Ligaments: There are several ligaments that provide
passive glenohumeral stabilization and help control the
external forces on glenohumeral articulation.
The coracohumeral ligament is divided into a sup
erficial and deep layer. The deep layer inserts into the
rotator interval. It consists of fibers originating from the
coracoid process and crisscrossing the supraspinatus
and subscapularis muscles. These fibers form the pulley
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system that stabilizes the long head of the biceps at the
[57,58]
entrance into the sulcus bicipitalis
. It allows external
rotation and resists inferior and posterior translation in
the suspended shoulder, which enables resistance to
[20,58]
posterior subluxation in the neutral position
.
Three main strands build the glenohumeral liga
ment: the superior, middle and IGHL. The influence of
the IGHL on shoulder stability is well-described. It is
a thickening of the capsule with a prominent anterior
[59]
band (between 2-4 o’clock)
and a less prominent
posterior branch. Typically, the posterior band or IGHL
ruptures (posterior inferior part) in posterior dislocation
(23 Blasier 1997), which can be provoked by elevation
to 90° and abduction of internal rotation.
Today, most stabilization procedures are performed
arthroscopically and target the capsulolabral complex.
Surgical techniques can be divided into those inclusive
or exclusive of suture anchor capsulolabral repair.
[60]
Bradley et al suggests using suture-anchor capsu
lolabral repair in completely- or partially-detached labral
injury patterns. He stated a success rate of 92% and
68%, respectively, returning to baseline sport when using
suture anchors; otherwise, 84% and 48%, respectively,
without suture anchors. The overall satisfaction is stated
to be 94%, as measured using the American Shoulder
[60]
and Elbow Surgeons Shoulder (ASES) score . Savoie
[53]
et al
published a study stating that the success rate
was 97% based on the Neer Foster rating scale in 92
patients after arthroscopically capsulolabral repair. The
overall satisfaction in those patients who returned to
sport at a pre-injury level was approximately 63.5%, and
[53,60]
the mean ASES score improved from 45.9 to 85.1
.
Unfortunately, arthroscopic methods are somewhat
limited, as the technique is not able to address severe
erosions of the glenoid bone or retroversion of the
[30,61]
.
glenoid exceeding 15°-20°, nor volitional instability
A rather infrequent method is capsulorrhaphy, which
shows good to excellent results in 73.3%; however 3
patients experienced recurrent instability according to
[62]
Bisson et al . It should be noted that surgical indications
in this study were very closely controlled, as only
patients with isolated posterior instability without labral
detachment underwent this technique.

present in most of the cases (90% partial, 10% total
[25]
rupture) .
Biomechanical investigations after teres minor
tenotomy demonstrate an increase of internal rotation
by 7° at 30°-40° of humeral abduction compared to
an intact glenohumeral joint. Similarly, infraspinatus
tenotomies show a significant increase in internal rota
[32,54,63]
tion between 0° and 30°-50° of abduction
.
The scapular stabilizers include the levator scapulae
(elevates and rotates the scapula), the pectoralis minor
(protracts, rotates downwards and depresses the
scapula), the major and minor rhomboid muscles (retract
and elevate the scapula to depress the glenoid cavity,
the serratus anterior (performs protraction and upward
scapular rotation) and the trapezius muscle (a passive
and dynamic scapular stabilizer, active elevator of the
lateral scapular angle, scapular retractor and rotator).
The pectoralis major, which does not attach the scapula,
potentiates the scapulothoracic stabilization of the
latissimus dorsi and deltoid muscle. This leads to a space
in scapulothoracic articulation between the surface of the
[25,58]
posterior thoracic cage and the subscapular fossa
,
thus facilitating gliding movement.
The last group includes the scapulohumeral muscles,
which are responsible for stabilizing the humeral head.
The biceps brachii muscle attaches with both heads
to the scapula, the long and short head which work as
elbow flexors and forearm supinators. Its antagonist
muscle is the triceps brachii muscle long head, which
extends the elbow as well as acts as an adductor of the
elbow and of the humerus. Flexion and adduction of the
humerus is performed by the coracobrachial muscle, and
the prime mover of the glenohumeral abduction, flexion,
extension and adduction of the humerus is the deltoid
muscle. The latissimus dorsi and teres major muscles
perform adduction, internal rotation of the humerus,
rotation of the trunk (latissimus dorsi) and extension of
[44,64]
the humerus (teres major)
.

Treatment

In the literature, several different treatment algorithms
have been developed based on bony defects, oste
[65-68]
oarthritis and the physical state of patients
. In
athletes, authors tend to be a bit more aggressive in
[69]
terms of surgical procedures. Guehring et al
addi
tionally considers the time interval between trauma and
surgery. Conservative therapy is a reasonable initial
treatment, as one study demonstrated a subjective
improvement after 6 mo in 70%-89% of patients. To
avoid repetitive dislocation, certain exercises (internal
rotation and horizontal adduction) and activities should
[70-72]
be avoided for life
.
Directly after trauma, the shoulder should be kept
in slight external or neutral rotation to avoid any stress
to the posterior capsule. In physical therapy, a general
strengthening of the dynamic muscular stabilizers is
essential. This includes the rotator cuff (with focus on
external rotation), infraspinatus muscle, teres minor,

Muscles: There are 17 muscles with origins or in
sertions at the scapula, and these can be classified
according to their function and location. Three main
groups exist: Scapular stabilizers (n = 6), Rotator cuff
(n = 4) and Scapulohumeral muscles (n = 6). The
omohyoid muscle is not included in this simple classi
fication, as it originates from the superior border of the
scapula yet functionally depresses the larynx and hyoid.
All tendons of the rotator cuff interact intricately with
the fibrous capsule, which allows dynamic stabilization
and movement of the glenohumeral joint. This group
includes the infraspinatus, subscapularis, supraspinatus
and teres minor. After posterior shoulder dislocation, a
rupture of the teres minor and infraspinatus tendon is
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Table 2 Different therapeutic options and considerations of posterior shoulder instability
Procedure

Consideration

Success rate

Conservative

Leads to loss of rotation and deformity of the
shoulder, mainly performed in elderly patients
Capsular-labral repair (i.e., post. - inf. capsular In isolated unidirectional posterior instability
shift) or reverse Bankart repair

Other procedures not/or rarely performed:
Thermal capsulorrhaphy
Posterior bone block or posterior wedge
osteotomy
McLaughlin’s procedure
Humeral head allograft

68%-77%, however only in isolated posterior shoulder
instability; recurrence rate up to 96%[38,86]
96% in post. - inf. capsular shift[73]
91% in posterior capsulorrhaphy in isolated post.
instability[5]
Posterior Bankart repair – 93%[87]

High recurrence rate
57%, capsular insufficiency 33%[88,89]
After failed capsular plication, or congenital Posterior glenoid transfer: 53%; 41% complication rate[22,90]
formations
Posterior bone block: 45%; 36% osteoarthritis[36]
In patients with locked posterior shoulder
improvement in average constant scoring system from 16
dislocation from reverse Hill-Sachs lesions
preoperatively to 72 postoperatively[91]
Alternative option to McLauglin’s procedure
Complication rate between 25%-50%[92,93]

periscapular muscles (for scapulohumeral rhythm) and
[73]
posterior deltoid muscle . The aim of physiotherapeutic
exercises is to compensate for the injured static struc
[68,74]
tures of bone and tissue
.
For postoperative care, various protocols have been
described. The shoulder is immobilized with an orthosis
in 30° of abduction and 0° of rotation to prevent internal
rotation. Cryotherapy is recommended and active
elevation should be avoided for at least 4 wk. In the
following weeks, passive and active assisted movements
are recommended, followed by full passive and active
range of motion 2 to 3 mo after. When the muscle stren
gth is at least 80% of the contralateral side, a sportspecific rehabilitation program can be pursued, which is
[36,60,74]
generally 6 mo post-operatively
.
As there are only a few evidence-based studies re
garding treatment protocols and techniques, it is difficult
to develop a uniform algorithm. The different treatment
options, such as conservative and operative treatment,
and success rates are summarized in Table 2.

have not yet been well investigated, include retroversion
of the glenoid or humeral head.
Current treatment options vary in outcome in longterm follow-up. Currently, the best results have been
observed using arthroscopic capsulolabral repair in
conjunction with a careful postoperative management,
with a delay in return to sport of about 4-6 mo.
With regards to the current biomechanical litera
ture describing posterior shoulder dislocations, the
predominant form of experimentation has used a static
glenohumeral model. To our knowledge, no dynamic
model yet exists to investigate the entire shoulder
complex, including the scapulothoracic joint.

CONCLUSION
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Abstract
Osteoarthritis (OA) is a chronic degenerative disease
of articular cartilage with limited treatment options.
This reality encourages clinicians to suggest preventive
measures to delay and contain the outbreak of the
pathological conditions. Articular cartilage and synovium
suffering from OA are characterised by an inflammatory
state and by significant oxidative stress, responsible
for pain, swelling and loss of mobility in the advanced
stages. This review will focus on the ability of olive oil
to exert positive effects on the entire joint to reduce
pro-inflammatory cytokine release and increase lubricin
synthesis, olive leaf extract, since it maintains lubrication
by stimulating high molecular weight hyaluronan syn
thesis in synovial cells, curcumin, which delays the
start of pathological cartilage breakdown, sanguinarine,
which downregulates catabolic proteases, vitamin D
for its capacity to influence the oxidative and proinflammatory environment, and carnosic acid as an
inducer of heme oxygenase-1, which helps preserve
cartilage degeneration. These molecules, considered
as natural dietary supplements, appear like a cuttingedge answer to this tough health problem, playing a
major role in controlling homeostatic balance loss and
slowing down the pathology progression. Natural or
food-derived molecules that are able to exert potential
therapeutic effects are known as “nutraceutical”, re
sulting from the combination of the words “nutrition”
and “pharmaceutical”. These compounds have gained
popularity due to their easy availability, which represents
a huge advantage for food and pharmaceutical indu
stries. In addition, the chronic nature of OA implies the
use of pharmacological compounds with proven longterm safety, especially because current treatments like
nonsteroidal anti-inflammatory drugs and analgesics
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of articular damage relies on impaired balance between
anabolic and catabolic mechanisms, which can be
[9]
influenced by dietary compounds like nutraceuticals .
Due to their minimal side effects, especially in the long
term, their easy extraction and low costs of production,
they may represent a valid preventive management of
OA.
Forty-seven percent of people who suffer from OA
use complementary medications including nutraceuti
cals due to their anti-inflammatory and antioxidant
[10]
activities . Herbal and natural products have been
used since ancient times. A 5000-year-old Sumerian
clay tablet is the first proof of plants use as medicament,
[11]
especially to treat pain and inflammation .
th
During the 19 century, improvement in chemical
technologies allowed for the extraction of active sub
stances from medicinal plants such as alkaloids, tannins,
saponosides, etheric oils, vitamins and glycosides, isolated
[12]
in pure form . The term “nutraceutical”, resulting from
the combination of the words “nutrition” and “phar
maceutical”, is used to define any natural or food-derived
molecule able to exert a potential therapeutic effect that
[13]
could be integrated into a daily diet .
Statutory law of these type of medicaments differ
by country. For example, in the United States, they
are considered dietary supplements by the Dietary
[14]
Supplement Health and Education Act of 1994 . The
Food and Drug Administration is in charge of reviewing
and approving any health claims about these products.
In some countries of the European Union, nutraceuticals
may require registration whereas in others, they could
[15]
be easily sold as food preparations .
This review will summarize natural-based approaches
for chondroprotection, highlighting the peculiarity of
some molecules whose positive effect in preserving
cartilage health has recently been discovered. This
approach may be useful both to prevent OA onset and
to slow down its progression.

improve pain relief but have no effect on degenerative
progression and can also cause serious side effects.
Key words: Osteoarthritis; Nutraceuticals; Prevention;
Diet; Inflammation; Oxidative stress
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Osteoarthritis involves the significant expression
of inflammatory cytokines, matrix proteins and pro
teolytic enzymes. For this reason, anti-inflammatory
molecules play a major role in controlling the adverse
effects of cartilage homeostatic balance loss. Olive
oil, olive leaf extract, curcumin and sanguinarine have
been studied as supplements with anti-inflammatory
properties. Moreover, chondrocytes undergo senescence
and cell death in the presence of oxidative stress.
Potential targets involved in this mechanism are
counteracted by anti-oxidant molecules like vitamin D
and carnosic acid.
Ravalli S, Szychlinska MA, Leonardi RM, Musumeci G.
Recently highlighted nutraceuticals for preventive management
of osteoarthritis. World J Orthop 2018; 9(11): 255-261 Available
from: URL: http://www.wjgnet.com/2218-5836/full/v9/i11/255.
htm DOI: http://dx.doi.org/10.5312/wjo.v9.i11.255

INTRODUCTION
Osteoarthritis (OA) is a very complex and multifactorial
disease of articular cartilage, which represents a leading
[1]
cause of joint pain and disability worldwide . The entire
synovial joint is affected by the progression of this
pathology, including the underlying bone, synovium,
[2,3]
meniscus, ligaments/tendons, and cartilage . OA
is characterized by the degradation of the articular
cartilage, which can be used as hallmark of pathological
advancement beyond changes in subchondral bone,
osteophyte formation, joint space narrowing and chro
[4]
nic synovial inflammation . In normal joints, cartilage
covers and cushions the ends of bones, reducing friction
and absorbing shocks. Its destruction progress leads
to stiffness, pain, mobility limitations and compromised
[5,6]
overall quality of life . Some of the most important
risk factors include aging, inflammatory state, muscle
[7]
atrophy, injury and metabolic disorders .
The management of OA focuses on alleviating its
secondary effects since there is currently no resolutive
cure. Nonsteroidal anti-inflammatory drugs and anal
gesics are generally prescribed to patients to reduce
pain and improve joint function, but they fail in modi
fying disease progression in terms of prevention and
[8]
chondroprotection . The chronic nature of OA forces
the use of pharmacological approaches that can be
considered safe for long term use and, at the same
time, might be able to slow its progression. The basis

WJO|www.wjgnet.com

ANTI-INFLAMMATORY APPROACH
The involvement of an inflammatory component, marked
by joint pain, swelling and stiffness, is now well recognized
in the pathogenesis of OA. Indeed, chondrocytes undergo
a loss of homeostatic balance, which includes expres
sion of inflammatory cytokines, matrix proteins such as
[16]
collagen and lubricin and proteolytic enzymes . The
most important pro-inflammatory cytokines involved are
[17]
interleukin (IL)-1β and tumour necrosis factor (TNF)-α .
Some of the consequences of the development of an
inflammatory scenario are as follows: downregulation
of structural components, including type Ⅱ collagen
[18-21]
and proteoglycans
, upregulation of proteolytic
enzymes, such as matrix metalloproteinases (MMPs)-1,
-3, -13, and a disintegrin and metalloproteinase with
[22-24]
thrombospondin motifs (ADAMTS)
and stimulation
of inflammatory mediators like prostaglandin E2 (PGE2),
cyclooxygenase-2 (COX-2), and Reactive oxygen species
[25,26]
(ROS)
.
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by increasing lubricin expression, suggestive of chon
droprotective activity. Lubricin is a glycoprotein released
by type B synoviocytes and chondrocytes from the
superficial layer of articular cartilage, and its functions
[28]
are to lubricate and nourish articular cartilage .
Another recent study that confirms the healthy
[29]
effect of OLE was presented by Maruyama et al ,
which addressed the main activity of hydroxytyrosol
[4-(2-hydroxyethyl)-1, 2-benzenediol] (HT), an OLE
polyphenol. STR/ort mice were used as a model for knee
OA, and 100 mg/kg OLE was orally administered every
day for 8 wk. The chondroprotective effect of the extract
was proven by Mankin scores of the non-OA control
group, OA control group and OLE-treated group, which
were 3.50, 11.13 and 7.20, respectively. Moreover,
the study suggests that these natural molecules were
able to impair cartilage damage and, consequently,
the pathology progression, since they stimulated the
synthesis of high molecular weight hyaluronan in synovial
cells in vitro. High molecular weight hyaluronan is
[30]
involved in maintaining joint moisture and lubrication .
The authors suggested that OLE administration can
effectively help suppress OA progression.
Traditionally used as an anti-inflammatory treatment
in Chinese and Ayurvedic medicine, Curcuma longa is
a plant rich in phytochemicals, which are responsible
for its most impressive and wide-ranging health be
nefits. Some of its active components, curcumin and
tetrahydrocurcumin (THC), a major metabolite of curcumin,
have been studied because of their anti-inflammatory, antioxidant, chemopreventive, anti-aging and anti-bacterial
[31,32]
[33]
activities
. Park et al analysed the effects of longterm THC administration and curcumin in OA progression
in rats with oestrogen deficiency. Ovariectomized obese
rats underwent monoiodoacetate injections into the knee
to simulate OA conditions, and then curcumin and THC
were fed to prevent postmenopausal and OA symptoms.
One of the most significant findings of the study was the
differences between the two molecules. The chemical
structures of curcumin involved in exerting the main
activities are methoxy, hydroxyl, α,β-unsaturated car
bonyl, and diketone groups, whereas its metabolite lacks
the presence of the α,β-unsaturated carbonyl group,
changing its functionality and efficacy (Figure 2). Park
[33]
et al found that both natural products showed similar
abilities to decrease expression of TNF-α, IL-1β, IL-6 and
MMP3 and MMP13, but only THC could enhance glucose
tolerance, allowing it to decrease advanced glycation end
products in articular cartilage, delaying the start of the
pathological process of cartilage breakdown.
[34]
Furthermore, Ma et al
demonstrated for the first
time the anti-inflammatory effect of sanguinarine (SA),
a benzophenanthridine alkaloid isolated from the roots
of Sanguinaria canadensis, on the pathogenesis of OA,
in vitro, ex vivo and in vivo. Evaluation of the potential
cytotoxicity of SA revealed that this compound does
not affect cell viability at concentrations lower than 1.25
μmol/L. As stimulation of IL-1β increased the mRNA
expression of MMP1a, MMP3, MMP13, and ADAMTS-5,

Oleic acid
Polyphenols

1%
3%

32%
38%

Figure 1 Composition of fatty acids, vitamin E and polyphenols in a Sicilian
extra virgin olive oil-supplemented diet. Palmitic acid (16:0) (mg/kg) 9002;
palmitoleic acid (16:1) (mg/kg) 579; stearic acid (18:0) (mg/kg) 1689; oleic acid
(18:1) (mg/kg) 24047; linoleic acid (18:2) (mg/kg) 20352; linolenic acid (18:3) (mg/
kg) 2018; vitamin E (mg/kg) 72.167; polyphenols (mg/kg) 5.960.

A

B

Figure 2 Chemical structure of curcumin and tetrahydrocurcumin. A:
Curcumin, C21H20O6; B: Tetrahydrocurcumin, C21H24O6.

Recently, our lab carried out studies to determine
the chondroprotective role of phytoactive molecules
[e.g., polyphenols and monounsaturated fatty acids
naturally present in olive tree-derived products, olive oil
(-OO-) and olive leaf extract (-OLE-)] able to preserve
the articular cartilage and skeletal muscle condition,
in the context of early development of OA because of
[7]
their antioxidant and anti-inflammatory properties . In
addition, the study examined differences between three
types of oils in term of origin and polyphenol contents:
Sicilian extra virgin olive oil (S-EVOO), Tunisian extra
virgin olive oil (T-EVOO) and Tunisian extra virgin olive oil
and leaves extract (T-enriched-EVOO), concluding that
the first variety of oil (S-EVOO) is the best in exerting
positive effects on the entire joint, remarkably reducing
IL-6 release and increasing lubricin synthesis, compared
to the other diet protocols (Figure 1). The effects of
physical activity were also analysed in combination
[27]
with the diet . The studies demonstrated that an olive
oil supplemented diet plus physical activity improved
cartilage recovery after anterior cruciate ligament
transection by lowering IL-6 and IL-1 expression and
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[35]

of OA disease progression . As a consequence, chon
drocytes experience more significant senescence
[36,37]
and cell death
. In addition, cartilage and joint
fluid are not able to counteract this scenario because
superoxide dismutase antioxidant levels are consistently
[38]
decreased in OA . This is the reason why an effective
preventive approach to this pathology should consider
boosting antioxidant shields to enhance the potency of
constitutive defences such as the antioxidants catalase,
superoxide dismutase, glutathione peroxidase and
glutathione reductase.
A study about dietary supplementation in OA by
[39]
Manoy et al
highlighted the role of the commonly
used antioxidant vitamin D. Even though the correlation
between this vitamin and musculoskeletal diseases
is still not clear, low levels of 25-hydroxyvitamin D
[25(OH)D] have been observed in OA patient serum.
In fact, evidence suggests that vitamin D deficiency is
[40]
a co-factor for OA pathogenesis . The study involved
175 primary knee OA patients who received 40000
IU vitamin D (ergocalciferol) per week. Six months
after the first administration, the patients experienced
ameliorated grip strength, physical performance and
improved quality of life (Figure 4). Moreover, to confirm
its anti-oxidant activity, analysis of protein carbonyl
levels was performed to obtain information about
oxidative damage. The results confirmed that vitamin D
supplementation remarkably decreased carbonyl levels,
and as a consequence, stress and the pro-inflammatory
environment that can affect protein function and DNA.
The underlying mechanism for this vitamin D activity
may be explained by evidences for the downregulation
of nicotinamide adenine dinucleotide phosphate oxidase
[41,42]
.
(NADPH oxidase), IL-6, TNF-α, NF-kB and p38
Heme oxygenase-1 (HO-1) is another potential
target that can be used in an anti-oxidant strategy
against OA. Constitutive expression of HO-1 in chon
drocytes and the meniscus in mice has been linked
[43]
to preserve cartilage degeneration . For this reason,
[44]
Hiroyuki et al
explored the effect of carnosic acid
(CA) as an inducer of HO-1 upregulation in preventing
OA progress. This molecule is a natural diterpene com
monly found in rosemary and common sage, and it
has demonstrated protective qualities in pathologies
[45]
like cancer, diabetes and neurodegenerative disease .
Immunoblotting assays were used to test whether CA
affected HO-1 expression in articular chondrocytes.
The results showed that CA increased enzyme levels in
a dose-dependent manner. More specifically, the best
treatment seemed to require 10 to 50 μmol/L of CA.
In addition, it was able to restore HO-1 levels under
IL-1β treatment, which specifically inhibits the antioxidant effects of the enzyme. According to this study,
the mechanisms by which this natural compound acts
rely on downregulation of MMP-13 and ADAMTS-5,
activation of nuclear factor erythroid 2-related factor
2 (Nrf2), regulation of the Kelch-like ECH-associated
protein 1/nuclear factor erythroid 2-related factor 2
(KEAP1/NRF2) transcriptional pathway and an increase in

IL-1β

TAK1

Sanguinarine

IκBα

MKK7

NF-κB

JNK

Figure 3 Anti-inflammatory effect of sanguinarine. Sanguinarine acts as
suppressor of IL-1β, targeting the pathways involved in JNK activation and the
degradation of IκBα, an inhibitory subunit of NF-κB. IL: Interleukin; IκBα: Nuclear
factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha; NF-κB:
Nuclear factor kappa B; JNK: c-Jun N-terminal kinases; MKK7: Dual specificity
mitogen-activated protein kinase kinase 7.
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0
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with Vit D
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Figure 4 Vitamin D levels in osteoarthritis patients at baseline and after
vitamin D2 supplementation. At baseline, 72 participants had vitamin D
deficiency (< 20 ng/mL) and 103 patients had vitamin D insufficiency (20-30
ng/mL). After 40000 IU of vitamin D2 supplementation per week for 6 mo,
100 knee OA participants achieved concentration above 30 ng/mL, 70 knee
OA participants had vitamin D insufficiency, and only 5 patients had vitamin D
deficiency. Vit D: Vitamin D; OA: Osteoarthritis.

SA downregulated these catabolic proteases through
a dose-dependent manner indicative of IL-1β activity.
More specifically, the anti-inflammatory molecule acts as
suppressor of phosphorylation of the c-Jun N-terminal
kinases (JNK) and nuclear factor kappa B (NF-κB) (Figure
3). These in vitro analyses were followed by ex vivo
evaluation of SA’s effects on cartilage matrix degradation,
which were consistent with the previous results. Intraarticular administration of different SA concentrations
was used to determine whether the molecule could
slow down the progression of ACLT-induced OA in mice.
The hypothesis was finally and positively confirmed by
immunochemistry results, evaluation of protease mRNA
levels and Osteoarthritis Research Society International
scoring.

ANTIOXIDANT APPROACH
It is well established that oxidative stress-induced
ROS production (commonly experienced because of
post-traumatic events or aging) is a crucial mediator
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commonly used to alleviate pain, but sometimes reha
bilitation and surgical intervention are unavoidable. For
these reasons, trying to preserve the cartilage joint is
imperative.
The use of natural approaches is a cutting-edge
strategy. Nutraceuticals offer a wide range of molecules
able to exert positive effects at different joint structures
with several mechanisms of actions. In particular, this
review focused on the anti-inflammatory and antioxidant
properties of compounds that ameliorate cartilage con
ditions, suggesting that they should be integrated into a
framework of prevention.
The presented studies offer thorough evaluations
of olive oil, demonstrating that it reduces IL-6 release
and increases lubricin synthesis, of olive leaf extract,
as a stimulator of high molecular weight hyaluronan
synthesis in synovial cells, of curcumin, addressing
its ability to decrease TNF-α, IL-1β, IL-6 and MMP3
and MMP13 expression, of SA, as a downregulator of
catabolic proteases through interaction with IL-1β, of
vitamin D, since it influences the oxidative and proinflammatory environment and of CA, as an inducer of
HO-1, preserving cartilage degeneration even under IL1β treatment.
From a general analysis, it is worth noting that a
common positive element of all these molecules is their
availability in nature, which represents a huge advan
tage for food and pharmaceutical industries, and their
low side effects, allowing for a broad range of safe uses
for the derived products.

Carnosic acid

Nrf2

miR-140

IL-1β

BACH1

ADAMTS5
MMP13

HO-1

Figure 5 Mechanisms of heme oxygenase-1 upregulation by carnosic
acid. CA induces the expression of HO-1 by: Activation of the Nrf2 transcription
factor, downregulation of Bach1 via miR-140 and downregulation of the IL-1βinduced expression of extracellular matrix degrading enzymes such as MMP-13
and ADAMTS-5. CA: Carnosic acid; HO-1: Heme oxygenase-1; Nrf2: Nuclear
factor erythroid 2-related factor 2; IL: Interleukin; MMP: Matrix metalloproteinase;
ADAMTS: A disintegrin and metalloproteinase with thrombospondin motifs;
miR-140: MicroRNA 140.

microRNA 140 (miR-140) binding to the 3’UTR of Bach1
(an HO-1 repressor) in articular chondrocytes (Figure 5).
Furthermore, our lab examined the relationship bet
ween oxidative stress and physical activity or a sedentary
lifestyle, suggesting therapeutic solutions that involve
natural dietary supplements. One study analysed the
effects of oleic acid on ROS production induced by
[46]
exhaustive physical activity in rat skeletal muscle . The
results highlight the importance of extra-virgin olive oil
as a protective agent against oxidative stress following
physical efforts. The group of rats subjected to exhaustive
exercise but fed with a diet rich in oleic acid experienced
a decrease in hydroperoxides and thiobarbituric acid
reactive substances and an increase in antioxidant
defences, rated as non-enzymatic antioxidant capacity
and levels of 70 kDa heat shock proteins (Hsp70). OA
cannot be completely prevented, but some precautions
can help delay the progression of the pathology and
[47]
manage the risk of its progression . Since sarcopenia
and sedentary life are possibly associated with knee
[48]
OA , another study is worth citing because it evalua
ted whether different dietary profiles, containing or
not containing vitamin D, could exert some effects on
[49]
muscle fibres . The study found that muscle fibres of
rats fed with high-fat extra-virgin olive oil-based diets
were hypertrophic compared to those of the regular
diet group. These data confirmed that this natural
supplement does not impair muscle fibre metabolism,
unlike high-fat butter-based diets. In addition, Vitamin
D exerted a trophic action on muscle fibres both in
rats fed regular diets and in those fed a diet enriched
with extra-virgin olive oil, suggesting that insulin-like
growth factor-1 (IGF-1) and dickkopf-1 (DKK-1) may be
involved in this mechanism.
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Abstract
AIM
To explore the current evidence surrounding the admini
stration of prophylactic antibiotics for arthroscopic knee
surgery.
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METHODS
Databases were searched from inception through May
of 2018 for studies examining prophylactic antibiotic use
and efficacy in knee arthroscopy. Studies with patient
data were further assessed for types of arthroscopic
procedures performed, number of patients in the study,
use of antibiotics, and outcomes with the intention of
performing a pooled analysis. Data pertaining to “deep
tissue infection” or “septic arthritis” were included in
our analysis. Reported data on superficial infection
were not included in our data analysis. For the pooled
2
analysis, a relative risk ratio was calculated and χ tests
were used to assess for statistical significance between
rates of infection amongst the various patient groups.
Post hoc power analyses were performed to compute
the statistical power obtained from our sample sizes.
Number needed to treat analyses were performed for
statistically significant differences by dividing 1 by the
difference between the infection rates of the antibiotic
and no antibiotic groups. An alpha value of 0.05
was used for our analysis. Study heterogeneity was
assessed by Cochrane’s Q test as well as calculation of
2
the I value.
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infection, which leads to better patient outcomes
when used in combination with proper sterile surgical
[2]
technique . Failure to provide adequate infection
prophylaxis prior to elective knee arthroscopy may result
in septic arthritis, a devastating complication which
has been shown to delay recovery time and diminish
[3]
functional outcomes . The most common pathogen
responsible for septic arthritis is Staphylococcus aureus;
[4,5]
though other pathogens have been identified as well .
It is accepted within the orthopaedic community that
prophylactic antibiotics, typically cephalosporins or
vancomycin, should be administered prior to major
[6]
orthopaedic surgeries . However, the use of routine
prophylactic antibiotics prior to less invasive surgeries
such as hand procedures and elective arthroscopic
surgeries has not been established. The wide range
of rates of antibiotic administration in the published
literature, ranging from as low as 5% to as high as
80.5%, highlights the lack of understanding of the role
[7-13]
of antibiotic prophylaxis
. The use of prophylactic
antibiotics is not without risk; allergic reaction, deve
lopment of resistant organisms, and side effects specific
to the chosen antibiotic can be a burden to patients and
health care providers alike.
There is published data that demonstrate that
prophylactic antibiotics may be unnecessary for mini
mally invasive non-bony procedures such as carpal
[14]
tunnel release . As of 2009, the American Acadamy
of Orthopedic Surgeons published guidelines on carpal
tunnel release that did not mandate the use of pro
phylactic antibiotics, but rather stated their use was an
[14]
option for physicians to consider . There is evidence
to suggest that, like carpal tunnel release, patients
undergoing knee arthroscopy may recieve little to no
benefit from receiving prophylactic antibiotics. A recent
[8]
study by Wyatt et al found no significant difference in
cases of deep infection between patients that received
prophylactic antibioitics prior to knee arthroscopy
and those who did not in a study that included 40810
patients. This study is in agreement with other studies
on this topic, which similarly found no difference in
infection rates if prophylactic antibiotics are used or
[7,12,15–17]
[8]
withheld
. Although the study by Wyatt et al
contained large cohort of patients, other studies are
relatively small and may be too underpowered to draw
meaningful conclusions.
The purpose of this systematic review is to sum
marize current literature with regards to the efficacy
of antibiotic prophylaxis in arthroscopic knee surgery
and to pool available studies to better determine the
true infection risk in knee arthroscopy. This study is
the first to our knowledge that attempts to combine
data from published studies to better understand the
role of antibiotic prophylaxis in knee arthroscopy. We
hypothesize that there is no evidence to support the
routine administration of prophylactic antibiotics in
arthroscopic knee surgery.

throscopy for a diverse set of procedures across 19
studies met inclusion critera for pooled analysis. For
those not undergoing graft procedures, there were 27
cases of post-operative septic arthritis in 34487 patients
(0.08%) who received prophylactic antibiotics and 16
cases in 10911 (0.15%) who received none [risk ratio
(RR) = 0.53, 95% confidence interval (CI): 0.29-0.99, P
= 0.05]. A sub-group analysis in which bony procedures
were excluded was performed which found no signi
ficant difference in infection rates between patients
that received prophylactic antibiotics and patients
that did not (P > 0.05). All anterior cruciate ligament
reconstruction studies used prophylactic antibiotics, but
two studies investigating the effect of soaking the graft
in vancomycin in addition to standard intravenous (IV)
prophylaxis were combined for analysis. There were
19 cases in 1095 patients (1.74%) who received IV
antibioitics alone and no infections in 2034 patients who
received IV antibiotics and had a vancomycin soaked
graft (RR = 0.01, 95%CI: 0.001-0.229, P < 0.01).
CONCLUSION
Prophylactic antibiotics are effective in preventing
septic arthritis following simple knee arthroscopy. In
procedures involving graft implantation, graft soaking
reduces the rate of infection.
Key words: Knee arthroscopy; Antibiotics; Systematic
review; Vancomycin; Anterior cruciate ligament
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study is the first to demonstrate pro
phylactic antibiotics are effective in preventing septic
arthritis following simple arthroscopic procedures of
the knee, though given the large number needed to
treat, the clinical significance of this finding is unclear.
There is little to no debate that antibiotics should be
used prophylactically for arthroscopic surgeries involving
graft implantation. However, our findings indicate that
the addition of graft soaking further reduces the rate of
infection. Further study is warranted to identify patient
populations and arthroscopic procedures in which the
use of prophylactic antibiotics may not be necessary.
Carney J, Heckmann N, Mayer EN, Alluri RK, Vangsness Jr.
CT, Hatch III GF, Weber AE. Should antibiotics be administered
before arthroscopic knee surgery? A systematic review of the
literature. World J Orthop 2018; 9(11): 262-270 Available from:
URL: http://www.wjgnet.com/2218-5836/full/v9/i11/262.htm
DOI: http://dx.doi.org/10.5312/wjo.v9.i11.262

INTRODUCTION
Antibiotics have been administered prophylactically in
[1]
major orthopaedic surgeries for decades . Their use
has been shown to reduce rates of local and systemic
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2

well as calculation of the I value.

PubMed, MEDLINE, web of
science inception-May 2018
citation(s)

RESULTS
Our initial search yielded 1517893 studies. Nineteen
studies satisfied inclusion criteria: 3 randomized
control trials, 7 retrospective case control studies, 4
retrospective case series studies, 2 surveys, and 4
review articles (Table 1). These studies were further
analyzed to determine if their data could be pooled for
further analysis. Studies with data comparing infectious
outcomes in knee arthroscopy procedures between
groups that received prophylaxis and those that did
not were included in our grouped analysis while studies
with data not specific to the knee joint or not limited to
arthroscopy were excluded.
Eight studies met inclusion criteria for pooled
analysis. Upon closer review however, it was determi
ned that two studies likely utilized the same patient
[18,19]
database to achieve their results
. We established
correspondence with one of the authors to confirm this
finding. Upon confirmation the more recent and higher
powered of the two was included while the other was
excluded from data analysis, leaving 7 studies for pooled
analysis (Figure 1). From these studies, there were a
total of 49682 patients who underwent an arthroscopic
procedure. Arthroscopic procedures included diagnostic
arthroscopy, joint debridement, synovectomy, partial or
complete meniscectomy, meniscus repair, microfracture
repair, lateral retinacular release, loose body removal,
and anterior cruciate ligament reconstruction.
Five of the 7 studies had similar designs that allowed
us to perform a pooled analysis of prophylactic antibiotic
efficacy in arthroscopic procedures that do not involve
[7,8,12,15,17]
the implantation of a graft (Table 2)
. Out of a
total of 45398 patients, 34487 received prophylactic
antibiotics prior to arthroscopy while 10991 did not.
All authors used a first generation cephalosporin such
as cefazolin for primary prophylaxis, except in cases
of known drug allergy. The antibiotic group had a
total of 27 cases of septic arthritis (0.08%) while the
no antibiotic group had 16 cases of septic arthritis
(0.15%). The differences in infection rates was found to
be significant [risk ratio (RR) = 0.53, 95% confidence
interval (CI): 0.29 to 0.99, P = 0.05, post hoc power =
53%]. Based on these findings, the number of patients
needed to treat with IV antibiotics in order to prevent 1
infection is 1463.
Regarding study heterogeneity, the Cochrane Q
2
value was calculated to be 2.40 (P = 0.49) while the I
value was calculated to be 0% (95%CI: 0.00 to 83.11).
Study heterogeneity is illustrated in Figure 2.
A subgroup analysis of this group was conducted
and excluded studies that involved bony procedures
(microfracture repair, procedures requiring bone tunnels,
etc.), which have been demonstrated to have an
[20,21]
increased risk of infection
. Two studies excluded
bony procedures and were included in a separate

1517893 Non-duplicate
citations screened
1517974 Articles excluded
after title/abstract screen

Inclusion/exclusion
criteria applied

19 Articles retrieved

Inclusion/exclusion
criteria applied

11 Articles excluded
after full text screen

1 Articles excluded
during data extraction

7 Articles included

Figure 1 PRISMA flow diagram of methods for study inclusion.

MATERIALS AND METHODS
Two reviewers completed a comprehensive search
of PubMed, MEDLINE, and Web of Science to identify
studies pertaining to the use of antibiotic prophylaxis
in knee arthroscopy from inception to May of 2018.
Search strategies were customized for each database to
produce the highest yield of possible results (Appendix A).
Randomized control trials, prospective and retrospective
studies, case-control studies, and systematic reviews
were included. Review articles and surveys discussing
the use of prophylactic antibiotics in arthroscopy were
excluded from use in a pooled analysis, but were in
cluded for discussion purposes. Case reports, animal
studies, and cadaveric studies were also excluded.
The references of each study were also assessed for
eligibility for our review. Studies with patient data were
further assessed for types of arthroscopic procedures
performed, number of patients in the study, use of
antibiotics, and outcomes with the intention of per
forming a pooled analysis. Data pertaining to “deep
tissue infection” or “septic arthritis” were included in our
analysis. Reported data on superficial infection were not
included in our data analysis.

Statistical analysis

For the pooled analysis, a relative risk ratio was cal
2
culated and χ tests were used to assess for statistical
significance between rates of infection amongst the
various patient groups. Post hoc power analyses were
performed to compute the statistical power obtained
from our sample sizes. Number needed to treat
analyses were performed for statistically significant
differences by dividing 1 by the difference between the
infection rates of the antibiotic and no antibiotic groups.
An alpha value of 0.05 was used for our analysis. Study
heterogeneity was assessed by Cochrane’s Q test as
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Retrospective Review

Bert et al[7]

Qi et al[17]
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Retrospective Review

Retrospective Review

Retrospective Review

Phegan et al[18]

Vertullo et al[19]

Pérez-Prieto et al[22]

265

Review Article

Review Article

Lubowitz et al[25]

Kurzweill[27]

Retrospective Review

D'Angelo and OgilvieHarris[26]

Retrospective Review

Retrospective Review

Armstrong et al[11]

Babcock et al[23]

Retrospective Review

Formaini et al[10]

Randomized control trial

Randomized control trial

Wieck et al[16]

Yazdi et al[31]

Retrospective Review

Rose et al[12]

Randomized control trial

Retrospective Review

Wyatt et al[8]

Ghnmait et al[15]

Study type

Retrospective Review

Study name

Table 1 Summary of literature review results

NA

NA

27

9

4256

2330

360

1544

1135

1585

437

302

180

1326

3231

40810

No. of Patients

Procedures done

NA

NA

Unspecified arthroscopy

Unspecified arthroscopy

Unspecified arthroscopy

Unspecified arthroscopy

ACL reconstruction with graft

ACL reconstruction with graft

ACL reconstruction with graft

ACL reconstruction with graft

Meniscectomies, arthroscopic debridement, arthroscopic meniscal repair,
arthroscopic shaving and microfracture, removal of loose bodies, arthroscopic
synovectomy, arthroscopic lateral retinacular release and diagnostic arthroscopic
Unspecified arthroscopy

Diagnostic arthroscopy, joint debridement, synovectomy, partial or complete
meniscectomy, meniscus repair, microfracture, and lateral retinacular release
Arthroscopic meniscectomy, arthroscopic meniscal repair, loose body removal,
lateral retinacular release, and arthroscopic debridement
Arthroscopic diagnosis, debridement, partial or complete meniscectomy,
arthroscopic shaving and microfracture, removal of loose bodies, synovectomy
and lateral retinacular release
Diagnostic arthroscopy, meniscus repair

Findings/results/conclusions

No significant difference in infection rates between
prophylaxis and non-prophylaxis groups
Vancomycin soaked grafts have a lower infection rate than
non-soaked grafts
Vancomycin soaked grafts have a lower infection rate than
non-soaked grafts
Vancomycin soaked grafts have a lower infection rate than
non-soaked grafts
Using gentamicin in irrigating solutions during arthroscopic
ACL reconstruction surgery does not statistically decrease
post-operation septic arthritis
No significant difference in infection rates between
prophylaxis and non-prophylaxis groups
Infection following knee arthroscopy was associated with
prolonged operation time and corticosteroid use, not
presence or absence of prophylactic antibiotics
Antibiotic prophylaxis may reduce hospital costs by
reducing spending on treating septic arthritis based on
a 9 case review of patients with septic arthritis following
arthroscopy
In a case series review of septic arthitis patients, shaving and
corticosteriods were found to be significant risk factors, but
not antibiotics
There is not enough evidence to conclude whether or not
antibiotics should be administered prophylactically in knee
arthroscopy. However, the results of articles like Bert et al
should be further examined and studied
There is not enough evidence to conclude whether or not
antibiotics should be administered prophylactically in
knee arthroscopy. However, they should still be used as a
measure to reduce the risk of post procedure infection

No significant difference in infection rates between
prophylaxis and non-prophylaxis groups
No significant difference in infection rates between
prophylaxis and non-prophylaxis groups

No significant difference in infection rates between
prophylaxis and non-prophylaxis groups
No significant difference in infection rates between
prophylaxis and non-prophylaxis groups
No significant difference in infection rates between
prophylaxis and non-prophylaxis groups
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Survey

Mini et al[13]

[7]

166 hospitals

110 physicians

NA

NA

NA

NA

NA

NA

Prophylactic antibiotics should not be used for knee
arthroscopy
Cephalosporins are the drug of choice for most orthopedic
surgeries. However, there is a lack of evidence supporting
their efficacy in arthroscopic surgery
62 % of the surgeons reported the use of an antibiotic
prophylaxis in every arthroscopic case, while 19 %
administer antibiotics only occasionally
57.1% of orthopedic surgeons routinely use antibiotic
prophylaxis for arthroscopy
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[23]

The findings of this systematic review are in juxtaposition with current literature on this subject. A study by Babcock et al
investigated an outbreak of septic arthritis
following arthroscopy at a community hospital from 1994 to 1996. The study concluded that preoperative skin shaving and intra-articular corticosteroid injection significantly
increased risk of infection, but found no link between infection and use of prophylactic antibiotics. A review of 4256 knee arthroscopies with 15% receiving prophylactic
[11]
antibiotics by Armstrong et al
similarly found that antibiotic use was not linked to a lower infection rate. Rather, corticosteroid use and prolonged operation time were the
two greatest risk factors.
Our literature search found five studies of similar design that did not include the use of a graft and could be pooled for analysis. This pooled analysis demonstrated that

Arthroscopy without graft Implantation

The results of our systematic review demonstrate that there is evidence supporting the use of prophylactic antibiotics in knee arthroscopic procedures to prevent
postoperative infections (P = 0.05). The statistical significance may be attributed to knee arthroscopic procedures in which the subchondral bone is manipulated. Given
the post hoc power analyses of our general population as well as our bone manipulation subgroup (53% and 5%, respectively), our findings should not be interpreted
as a definitive answer to the question of whether antibiotic prophylaxis is appropriate in knee arthroscopy not involving a graft. However, in cases of graft implantation,
particularly ACL autograft reconstruction, antibiotics appear to have a substantial protective effect particularly when antibiotics are used both locally (i.e., autograft soaked
in vancomycin) and systemically. Furthermore, while our findings for the pooled group were statistically significant, the clinical utility of these differences is in question as
reflected by the needed to treat of approximately 1400 patients.

DISCUSSION

analysis (Table 3)
. A study by Bert et al examined 3231 patients undergoing various arthroscopic procedures, and analyzed meniscectomies separately, of which 933
[15]
(34%) received antibiotic prophylaxis and 1847 (66%) did not. A second study by Ghnaimat et al randomized 180 patients undergoing either partial menisectomy, plica
excision, synovial biopsy, or diagnostic arthroscopy into two groups, of which 90 (50%) received antibiotic prophylaxis and 90 (50%) did not. From a total of 2960 patients,
1023 (35%) receieved antibiotics and 1937 (65%) did not. There was 1 (0.10%) case of septic arthritis in the antibiotic group and 3 (0.15%) cases of septic arthritis in the
group that did not recieve antibiotics, however this difference was not statistically significant (RR = 0.63, 95%CI: 0.07 to 6.06, P = 0.69, post hoc power = 5%).
[18,22]
Two of the 7 studies were pooled for data analysis to analyze arthroscopic anterior cruciate ligament (ACL) reconstruction (Table 4)
. Both studies investigated
the role of soaking the ACL autograft in vancomycin prior to implantation. Of 3129 patients, 1095 received intravenous (IV) antibiotics alone prior to arthroscopic ACL
reconstruction, while 2034 patients received IV antibiotics and had their ACL graft soaked in vancomycin. There were 19 cases of infection in the IV antibiotics alone group
(1.74%) and 0 infections in the IV antibiotics with vancomycin soaked graft group (0%). The difference in rates was found to be significant (RR = 0.01, 95%CI: 0.001 to
0.229, P < 0.01, post hoc power = 99.8%). Given these infection rates, the number need to treat with vancomycin soaked grafts to prevent 1 infection is 57.0. Analysis of
heterogeneity was not performed in this dataset given the rates of infection in treatment groups were equal at 0%.

[7,15]

ACL: Anterior cruciate ligament; NA: Not available.

Survey

Review Article

Prokuski[6]

Müller-Rath et al[9]

Review Article

Onyema et al[24]
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Table 2 Comparison of infection rates in simple arthroscopy patients receiving prophylactic antibiotics
Study name

Total patients

Patients
receiving
antibiotics

Patients not
receiving
antibiotics

40810
2780
1326
180
302
45398

32836
933
614
90
14
34487

7974
1847
712
90
288
10911

Wyatt et al[8]
Bert et al[7]
Qi et al[17]
Ghnmait et al[15]
Rose et al[12]
Total

Septic arthritis P valuea
Septic arthritis:
No. of septic
No. of septic
arthritis cases: arthritis cases: No Antibiotic group rate: No antibiotic
group (%)
(%)
Antibiotic group antibiotic group
25
1
1
0
0
27

11
3
1
0
1
16

0.08
0.15
0.16
0
0
0.08

0.14
0.16
0.14
0
0.35
0.15

0.05

Table 3 Comparison of infection rates in simple arthroscopy patients receiving prophylactic antibiotics, excluding bony procedures
Study name

Total patients

Patients
receiving
antibiotics

Patients not
receiving
antibiotics

No. of septic
arthritis cases:
Antibiotic group

No. of septic
arthritis cases: No
antibiotic group

Septic arthritis
rate: Antibiotic
group (%)

2780
180
2960

933
90
1023

1847
90
1937

1
0
1

3
0
3

0.11
0
0.1

Bert et al[7]
Ghnmait et al[15]
Total

Septic arthritis rate: P valuea
No antibiotic group
(%)
0.16
0
0.15

0.69

Analysis of study heterogeneity
Wyatt et al
Bert et al
Qi et al
Ghnmait et al
Rose et al
Total (fixed effects)
Total (random effects)
0.01

0.1

1

10

100

1000

Relative risk
Study name
[8]

Infection rate in no antibiotics group Infection rate in no antibiotics group

Wyatt et al
Bert et al[7]
Qi et al[17]
Ghnmait et al[15]
Rose et al[12]
Total
Cochrane’s Q
Significance Level
I2
95%CI for I2

0.08
0.15
0.16
0
0
0.08
2.4
P = 0.49
0.00%
0.00 to 83.84

0.14
0.16
0.14
0
0.35
0.15

Relative risk
0.55
0.66
1.16
1
6.42
0.54

95%CI
0.27-1.12
0.07-6.34
0.07-18.50
0.02-49.86
0.27-151.12
0.29-0.99

P value
0.1
0.72
0.92
1
0.25
0.05

Figure 2 Comparison of odds ratio for simple arthroscopy.

there was a significant difference in infection rates
between knee arthroscopy patients who received
antibiotics and those who did not. Of these five studies,
[8]
Wyatt et al was substantially larger in size (n =
40810) than the others, and thus our results are largely
dominated by the findings of this study. Although they
concluded that there was no difference in infection rate,
they reported a P value that approached statistical
significance (P = 0.10). Pooling their cases with those
of the other studies was able to tip the scale towards
significance and show that there is a differencein
infection rate between those that do and do not receive
prophylactic antibiotics.

WJO|www.wjgnet.com

Regarding the rigour of these studies, we feel
confident in the results as investigation of infection rates
was the primary focus of each study. Furthermore, each
study analyzed similar patient groups and used similar
methods of antibiotic prophylaxis (cephalosporins)
that are consistent with contemporary guidelines. Our
analysis of study hetrogenity confirms that the findings
2
amongst studies are consistent (I : 0.00%). Thus, we
believe the results of this systematic review to be both
accurate and applicable to current orthopaedic practice.
There were other studies identified during our search
that were excluded from our pooled analysis, but are
worth mentioning in regards to our findings. Wieck
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Table 4 Comparison of infection rates in arthroscopic anterior cruciate ligament reconstruction with vs without vancomycin
graft soaking
Total patients IV prophylaxis IV prophylaxis Number infected Number infected Infection rate Infection rate IV + P valuea
alone
+ vancomycin
IV alone
IV + vancomycin IV alone (%)
vancomycin (%)

Study name
Phegan et al[18]
Pérez-Prieto et al[22]
Total

1585
1544
3129

285
810
1095

1300
734
2034

4
15
19

[16]

et al
investigated the role of antibiotic prophylaxis
in 437 patients who underwent an arthroscopic
procedure, not limited to the knee, and found no
cases of deep infection in either arm of their study. A
retrospective study of pediatric patients undergoing
minimally invasive orthopedic procedures, including
[10]
arthroscopy, by Formaini et al
found no evidence to
suggest that antibiotic prophylaxis reduced infection
[24]
rates. Review articles by Onyema et al , Lubowitz et
[25]
[6]
al , and Prokuski all highlighted the lack of evidence
with regards to prophylactic antibiotic administration
in arthroscopy and noted that their use may not be
necessary. Our review differs from the aforementioned
articles in that we reviewed new literature as well as
included our own data analysis, which provided a large
enough population size to show significant differences in
infection rates. Our study is the first to our knowledge
to demonstrate the efficacy of prophylaxis at the alpha
= 0.05 level. Thus, we emphasize the need for further
study and confirmation of our findings before they can
be translated into clinical practice.
There were two publications identified that recom
mended prophylactic antibiotics and thus are in
agreement with our findings. One was a retrospective
review of septic arthritis cases following arthroscopy
[26]
by D’Angelo and Ogilvie-Harris
in which the authors
recommended that prophylaxis be used to prevent
deep tissue infections. However, the authors’ rationale
for the efficacy of antibiotic prophylaxis in arthroscopy
is based on a paper on general orthopedic surgeries,
[1]
[27]
not arthroscopy . A 2006 opinion article by Kurzweil
argued that although current evidence does not
demonstrate the efficacy of antibiotic prophylaxis in
knee arthroscopy, there is still not enough evidence to
[27]
argue for its discontinuation. Kurzweil
stated that
although a perfectly performed arthroscopic procedure
on a healthy patient may not be affected by the use of
antibiotics, they may serve as a safety net for physician
errors or breaks in protocol as well as both known
and unknown health-related risk factors of patients.
Despite our significant findings, we agree that more
evidence is needed to better understand the role of
antibiotic prophylaxis in arthroscopy before a strong
recommendation for or against their use can be made.

1.4
1.85
1.74

0
0
0

< 0.001

not yield any publications related to ACL reconstruction
that did not use antibiotic prophylaxis. Rather, studies
varied in the type of antibiotic prophylaxis utilized. In
arthroscopic ACL reconstruction, the graft presents
additional infection risk as it is inserted into the joint
space from the outside environment. It has been de
monstrated that the source of infection can come from
[28]
direct contamination of the graft or from skin flora .
[29]
A 2013 study by Torres-Claramunt et al
found
an infection rate of 1.8% following ACL reconstruction
with prophylactic administration of either cefazolin or
vancomycin. However, three retrospective reviews
found significantly reduced rates of septic arthritis when
ACL grafts were soaked in vancomycin prior to insertion
[18,19,22]
into the joint space
. Our combined analysis of two
of these studies strengthens these authors’ individual
findings. It is particularly important to note that in all
three of these studies the infection rate was reduced
to 0%. This highlights the important role of local
prophylactic antibiotics during ligament reconstruction,
which has been demonstrated in other orthopaedic
[30]
procedures . An alternative method of irrigating knee
joints with a solution containing gentamycin was tested
[31]
in a randomized control trial by Yazdi et al , but found
to have no significant impact on infection rates.
The main weakness of this systematic review was the
small number of studies that directly compared patients
receiving antibiotic prophylaxis in arthroscopy to controls.
Also, even in simple arthroscopic procedures without
grafts, there may be many variations that affect infection
risk (e.g., type of meniscal repair, whether additional
incisions were made as in for an inside-out approach,
etc.). Furthermore, our findings with regards to simple
arthroscopy are largely dominated by one study. Three
of the four studies used in the pooled analysis were
multi-surgeon retrospective cohort studies and critera
for determining which patients received prophylactic
antibiotics was left to individual surgeon discretion. The
[16]
controlled trial performed by Ghnaimat et al only semirandomized antibiotic prophylaxis by allotting according
to admission number (even admission numbers re
ceived antibiotics). Additional studies are needed to
better understand the role antibiotic prophylaxis plays
in the development of septic arthritis. Being able to
identify procedures and patient groups that do not
require antibiotic prophylaxis offers the potential to
reduce hospital costs, reduce the risk of allergic reaction
to medication, and slow the development of drug
resistant organisms. Thus, further study of this topic is

Arthroscopic ACL reconstruction with graft implantation

After a review of the literature, we determined that
ACL reconstruction needed to be considered separate
from other arthroscopic procedures, as our search did
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warranted.
Our study is the first to demonstrate prophylactic
antibiotics are effective in preventing septic arthritis
following simple arthroscopic procedures of the knee,
though given the large number needed to treat, the
clinical significance of this finding is unclear. Our find
ings regarding the addition of graft soaking indicate
that further steps can be taken to reduce the rate of
infection in procedures involving graft implantation.
Further studies are needed to better understand when
withholding prophylaxis may be appropriate.

2

3

4

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

The administration of prophylactis antibiotics prior to knee arthroscopy is a
common practice in the orthopaedic community.

5

Research motivation

There are no studies to date that demonstrate that the use of antibiotic
prophylaxis in arthroscopic surgery of the knee is effective.

6

Research objectives

7

The purpose of this study is to analyze the literature on the effect on antibioitic
prophylaxis in knee arthroscopy on rates of septic arthritis.

8

Research methods

We conducted a literature review of PubMed, MEDLINE, and Web of Science
from inception to May of 2018. Data from studies meeting inclusion criteria
were pooled for analysis. Risk-ratios were calculated to determine the effect of
antibiotic prophylaxis on rates of septic arthritis in knee arthroscopy.

9

Research results

10

Nineteen studies met inclusion critera for pooled analysis. For those not
undergoing graft procedures, there were 27 cases of post-operative septic
arthritis in 34487 patients (0.08%) who received prophylactic antibiotics and
16 cases in 10911 (0.15%) who received none [risk ratio (RR) = 0.53, 95%
confidence interval (CI): 0.29-0.99, P = 0.05]. A sub-group analysis in which
bony procedures were excluded was performed which found no significant
difference in infection rates between patients that received prophylactic
antibiotics and patients that did not (P > 0.05). All ACL reconstruction studies
used prophylactic antibiotics, but two studies investigating the effect of soaking
the graft in vancomycin in addition to standard intravenous (IV) prophylaxis
were combined for analysis. There were 19 cases in 1095 patients (1.74%)
who received IV antibioitics alone and no infections in 2,034 patients who
received IV antibiotics and had a vancomycin soaked graft (RR = 0.01, 95%CI:
0.001-0.229, P < 0.01).

11

12

13

Research conclusions

14

Our study is the first to demonstrate prophylactic antibiotics are effective in
preventing septic arthritis following simple arthroscopic procedures of the
knee, though given the large number needed to treat, the clinical significance
of this finding is unclear. Our literature search demonstrates that there is little
to no debate that antibiotics should be used prophylactically for arthroscopic
surgeries involving graft implantation. However, our findings indicate that the
addition of graft soaking further reduces the rate of infection.

15
16

Research perspectives

Further prospective studies on this topic will help further elucidate this
conclusion.

17
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Abstract
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AIM
To define a ten-step protocol that reduced the incidence
of surgical site infection in the spine surgery practice
of the senior author and evaluate the support for each
step based on current literature.
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METHODS
In response to unexplained increased infection rates
at our institution following spine surgery, a ten-step
protocol was implemented: (1) preoperative glycemic
management based on hemoglobin A1c (HbA1c); (2)
skin site preoperative preparation with 2% chlorhexidine
gluconate disposable cloths; (3) limit operating room
traffic; (4) cut the number of personnel in the room to
the minimum required; (5) absolutely no flash sterili
zation of equipment; (6) double-gloving with frequent
changing of outer gloves; (7) local application of
vancomycin powder; (8) re-dosing antibiotic every 4 h
for prolonged procedures and extending postoperative
coverage to 72 h for high-risk patients; (9) irrigation
of subcutaneous tissue with diluted povidone-iodine
solution after deep fascial closure; and (10) use of
DuraPrep skin preparation at the end of a case before
skin closure. Through an extensive literature review,
the current data available for each of the ten steps was
evaluated.
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RESULTS
Use of vancomycin powder in surgical wounds, routine
irrigation of surgical site, and frequent changing of
surgical gloves are strongly supported by the literature.
Preoperative skin preparation with chlorhexidine wipes
is similarly supported. The majority of current literature
supports control of HbA1c preoperatively to reduce
risk of infection. Limiting the use of flash sterilization is
supported, but has not been evaluated in spine-specific
surgery. Limiting OR traffic and number of personnel
in the OR are supported although without level 1
evidence. Prolonged use of antibiotics postoperatively
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authors’ institution, a new surgical protocol was initiated
in an effort to reduce infection rates after an intensive
epidemiological investigation failed to reveal a common
source. In addition to standard perioperative intravenous
antibiotics (within 1 h preoperative administration with
continuation for 24 h) and sterile operating preparation,
a new 10 step protocol was instituted after extensive
review of surgical and infection control literature as
well as consultation with spine, total joint surgeons in
the authors’ and other institutions in addition to input
from division of infection disease. The postoperative
SSI rate in the period preceding the implementation of
the ten-step protocol climbed to 10%. Institution of this
bundle returned SSI rates to historic level of < 1%. The
purpose of this paper is to present this protocol with an
overview and evaluation of the literature for validity of
each of step.
Briefly, this “Ten Step” surgical bundle is as follow:
(1) preoperative glycemic management based on
hemoglobin A1c (HbA1c); (2) skin site preoperative
preparation the night before surgery and in the
preoperative suite with disposable cloths moistened with
2% chlorhexidine gluconate (CHG) antiseptic solution;
(3) limitation of operating room traffic by closure of
the front door of the room with tape once the patient
is in the room and until wound closure. The door thro
ugh the sterile core remains available if needed; (4)
decreasing the number of personnel in the room to the
minimum required; (5) absolutely no flash sterilization
of equipment; (6) double-gloving with frequent changing
of outer gloves for the surgeon, assistant and scrub
nurse throughout the case and after any step that may
contaminate the gloves; (7) vancomycin powder mixed
in with bone graft and applied locally to the wound
after fascial closing; (8) antibiotic re-dosing every 4 h
for prolonged procedures and extending postoperative
coverage to 72 h for high-risk patients; (9) irrigation of
the wound with diluted povidone-iodine solution; and (10)
use of DuraPrep skin preparation at the end of a case to
clean the skin before skin closure.

is not supported by the literature. Intraoperative use of
DuraPrep prior to skin closure is not yet explored.
CONCLUSION
The ten-step protocol defined herein has significantly
helped in decreasing surgical site infection rate. Several
of the steps have already been shown in the literature
to have significant effect on infection rates. As several
measures are required to prevent infection, instituting
a standard protocol for all the described steps appears
beneficial.
Key words: Wound infections; Spine; Ten step protocol;
Surgical site infections
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The rates of infection following spine surgery
have been reported to range from less than 1% to
10.9% depending on the type of case. Several factors
have been identified as risk for surgical site infection.
In response to an increasing number of surgical site
infections at the authors’ institution, a new surgical
protocol was initiated in an effort to reduce infection
rates after an intensive epidemiological investigation
failed to reveal a common source. Institution of this
bundle returned surgical site infection rates to historic
level of < 1%.
Elgafy H, Raberding CJ, Mooney ML, Andrews KA, Duggan
JM. Analysis of a ten step protocol to decrease postoperative
spinal wound infections. World J Orthop 2018; 9(11): 271-284
Available from: URL: http://www.wjgnet.com/2218-5836/full/
v9/i11/271.htm DOI: http://dx.doi.org/10.5312/wjo.v9.i11.271

INTRODUCTION
Surgical site infection in spinal surgery is associated with
[1]
significantly increased morbidity and costs . Surgical
site infections (SSIs) are the most common hospital
acquired infections and are usually seen in the early
[2]
postoperative period .The rates of infection following
spine surgery have been reported to range from less
[3]
than 1% to 10.9% depending on the type of case .
A variety of measures have been initiated and
evaluated in the literature to reduce the occurrence of
SSIs. The surgical setting is a multi-faceted environment
with numerous variables and control of all risk factors
associated with infection can be challenging. In addition
to identifying and eliminating known factors, prophylactic
treatments are available to help reduce the overall
incidence of surgical site infection. Patient risk factors
and prophylactic measures have often been evaluated
separately, but evaluation of risk factors and interventions
as a bundle may be a more appropriate approach given
the dynamic environment of the surgical suite.
In response to an increasing number of SSIs at the
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MATERIALS AND METHODS
A systematic computerized Medline literature search
was performed using Pubmed. The electronic data
bases were searched from 1990 to October 2014.
Searches were performed using the terms “surgical
site infection” in conjunction with each of the following
sets of terms; “spine,” “hemoglobin A1c,” “glycemic
control,” “skin preparation,” “DuraPrep,” “chlorhexidine
cloths,” “operating room traffic,” “door opening,” “flash
sterilization,” “double gloving,” “glove exchange,”
“vancomycin powder,” “postoperative antibiotics,”
and “wound irrigation.” Abstracts were reviewed for
content. Articles that included the use of one of the 10
aforementioned steps with associated outcomes for
SSIs were included in the review. Where substantial
information was available for a specific protocol step,
only articles following outcomes for spine specific
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surgeries were included. If no results for spine surgery
were available on a topic, the available literature across
surgical specialties was reviewed. Each manuscript was
evaluated for level of evidence, number of patients
included, outcome and, statistical significance.

to either patients without diabetes or diabetics with
[17]
[18]
HbA1c < 7.0%. Iorio et al and Jämsen et al came
to a similar conclusion using a smaller group. Myers
[19]
et al
also found increased rates of infection with
HbA1c > 7 in patients undergoing ankle and hindfoot
[20]
fusions. Lamloum et al retrospectively reviewed all
orthopaedic procedures in their hospital and found
a slightly increased infection rate without statistical
[21]
significance with HbA1c ≥ 7.0%. Adams et al and
[22]
Harris et al
similarly evaluated HbA1c and infection
rate in total joint arthroplasty and found no significant
association, although Harris did find an increased overall
rate of complications in patients with uncontrolled
diabetes.
Specific to effects of HbA1c in spine surgery, Hikata
[23]
et al retrospectively reviewed the results of elective
posterior instrumented thoracic and lumbar arthrodesis
in 345 consecutive patients. Thirty-six of these patients
had preexisting diabetes with preoperative HbA1c
values available. In these patients, the presence of
diabetes and diabetics with HbA1c ≥ 7.0 were both
independent risk factors for surgical site infection.
Although not looking specifically at infections, Takahashi
[24]
et al reviewed functional results after lumbar surgery
in patients and found that patients with HbA1c ≥ 6.5%
showed poor improvement in low back pain.

RESULTS
Preoperative glycemic management based on HbA1c

Decreasing postoperative infection rates begins during
the preoperative evaluation with the identification
of patients at increased risk for infection. Diabetes
mellitus is a well-known independent risk factor for
SSIs. Approximately 25% of patients with diabetes are
unaware that they have diabetes, which highlights the
[4]
need for careful preoperative testing . HbA1c provides
a good marker of a patient overall glucose management
over a 2-3 mo period. An elevation in HbA1c identifies
those patients with more chronic hyperglycemia and
is an important indicator of poor glucose control. If
HbA1c is related to risk of infection, it may represent
a modifiable factor prior to proceeding with elective
surgery.
The initial reports on the effects of elevated HbA1c
[5]
were in the field of urology. In 1992, Bishop et al
prospectively evaluated the influence of HbA1c on SSIs
in 90 patients receiving penile implants. They found
a significantly increased rate of SSI in diabetics with
HbA1c greater than 11.5%. The authors recommended
denying elective surgery to patients with HbA1c
> 11.5% which was subsequently adopted as the
[6]
standard of care. However, Wilson et al refuted the
findings in 1998 after following 389 patients with the
same surgery in which they failed to find a significant
increase in infection rates with elevated HbA1c.
Since that time, there has been only slight variability
[7]
in the surgical literature. Although Latham et al found
no association between SSI and HbA1c, several other
studies have found a significantly increased risk of SSIs
[8-13]
with elevated preoperative HbA1c
. Still others found
an increased rate of infection with high HbA1c but were
[14]
unable to achieve significance. Rawlins et al evaluated
diabetics undergoing Roux-en-Y gastric bypass and
[15]
Knapik et al
looked at those having coronary artery
surgery. Both found elevated rates of infection with
HbA1c ≥ 7.0% but did not reach statistical significance.
Several studies have been published in the orth
opaedic literature since 2009 evaluating the effect of
[16-23]
HbA1c on surgical outcomes (Table 1)
. Many of
these studies focus on total joint arthroplasty. Marchant
[16]
et al performed the largest study by utilizing the
Nationwide Inpatient Sample (NIS) database in
which glycemic control and outcomes after total joint
arthroplasty for over 1 million patients was evaluated.
The sheer population size gave the study the power to
detect small differences. Among other findings, they
found a significantly increased rate of postoperative
infections in diabetics with HbA1c ≥ 7.0% compared

WJO|www.wjgnet.com

Preoperative skin preparation with CHG cloths

During the preoperative clinic appointment, each patient
is given a preoperative skin preparation kit and written
instructions for use. The skin preparation is done with
disposable cloths moistened with a rinse-free, 2% CHG
antiseptic solution. The patient is instructed to shower
one hour prior to prepping, then wash with the cloths.
The skin is then prepped again with a second set of
cloths in the preoperative holding area. The goal of
the preoperative preparation is to decrease bacterial
colonization.
It has been shown that preoperative cleansing the
night before surgery and the morning of with CHG
decreases the bacterial colonization on the skin. Murray
[25]
et al found that 66% of patients were colonized with
microbes after prepping with CHG compared to 94% for
those who showered alone preoperatively.
The data supporting the effectiveness of CHG pre
paration is based heavily on cohort studies. Johnson et
[26]
al performed a cohort study comparing infection rates
in patients who performed CHG preoperative prepping
the night before surgery and in the preoperative area,
and those who were noncompliant with prepping. They
found no infections in the compliant CHG gourp, and 14
(1.6%) infections in the non-compliant group. Similarly,
[27]
Zywiel et al compared compliant, partially compliant,
and non-compliant patients with regard to CHG pre
paration. They found no infections in the group that
appropriately prepared with CHG, 1 (1.5%) infections
in the partial compliance group, and 21 (3%) in the
noncompliant group.
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Table 1 Studies from orthopedic literature evaluating preoperative hemoglobin A1c and surgical site infections
Ref.

Study design
(level of evidence)

Surgery performed

Groups

Main outcome

Significance

Hikata et al[23] (2013)

Retrospective cohort
(Ⅳ)

Adult elective
posterior
instrumented thoracic
and lumbar spinal
arthrodesis

Non-diabetics (n = 309),
Controlled diabetics
(HbA1c < 7.0; n = 19),
Uncontrolled diabetics
(HbA1c ≥ 7.0; n = 17)

Diabetes was an
independent risk factor for
SSI (P = 0.0005),
Significantly higher rate of
infection in diabetics with
HbA1c ≥ 7.0 (P = 0.006)

Adams et al[21] (2013)

Retrospective cohort
(Ⅱ)

Primary total knee
arthroplasty

Harris et al[22] (2013)

Retrospective cohort
(Ⅳ)

Total joint
arthroplasty

Iorio et al[17] (2012)

Retrospective cohort
(Ⅳ)

Primary or revision
total hip or knee
arthroplasty

Myers et al[19] (2012)

Retrospective cohort
(Ⅲ)

Ankle and hindfoot
fusions

Non-diabetics (n = 32924),
Controlled diabetics
(HbA1c < 7.0; n = 5042),
Uncontrolled diabetics
(HbA1c ≥ 7.0; n = 2525)
Controlled diabetics
(HbA1c < 7.0; n = 3961),
Uncontrolled diabetics
(HbA1c ≥ 7.0; n = 2127)
Controlled diabetics
(HbA1c < 7.0; n = 191),
Uncontrolled diabetics
(HbA1c ≥ 7.0; n = 85)
Non-diabetics (n = 74),
Controlled diabetics
(HbA1c < 7.0; n = 30),
Uncontrolled diabetics
(HbA1c ≥ 7.0; n = 44)

Jämsen et al[18] (2010)

Retrospective cohort
(Ⅳ)

Primary total knee
arthroplasty

Patients with HbA1c < 6.5
(n = 205),
Patients with HbA1c ≥ 6.5
(n = 176)

Lamloum et al[20] (2009)

Retrospective cohort
(Ⅳ)

Any orthopaedic
surgical procedure

Marchant et al[16] (2009)

Retrospective cohort
(Ⅲ)

Total joint
arthroplasty

Controlled diabetics
(HbA1c < 7.0; n = 80),
Uncontrolled diabetics
(HbA1c ≥ 7.0; n = 238)
Non-diabetics (n = 920555),
Controlled diabetics
(HbA1c < 7.0; n = 105485),
Uncontrolled diabetics
(HbA1c ≥ 7.0; n = 3973)

10 (3.2%) SSI in nondiabetic group,
No SSI in controlled
diabetic group,
6 (35.3%) SSIs in
uncontrolled diabetic
group
216 (0.7%) deep infections
in non-diabetics, 58
(1.2%) in controlled
diabetics, and 13 (0.5%)
in uncontrolled diabetics
Identical percentage of
patients in both groups
developed superficial
and deep infections
5 (2.6%) infections in
controlled diabetics,
5 (5.9%) infections in
uncontrolled diabetics
1 (1.4%) SSI in nondiabetics,
2 (6.7%) SSI in controlled
diabetics,
12 (27.3%) SSI in
uncontrolled diabetics
No infections in patients
with HbA1c < 6.5,
5 infections in patients
with HbA1c ≥ 6.5
(2.84%)
10 SSIs in controlled
diabetics (12.5%),
33 SSIs in uncontrolled
diabetics (13.9%)
3807 (0.41%) nondiabetics with infection,
405 (0.38%) controlled
diabetics with infection,
47 (1.18%) uncontrolled
diabetics with infection

No significant association
between HbA1c level and
deep infection

Significant increase in
overall complications (P =
0.028), but not infections, for
diabetics with HbA1c ≥ 7.0
Increased rate of infections
in uncontrolled diabetics
without statistical
significance (P = 0.293)
Significantly higher rate
of SSI in uncontrolled vs
controlled diabetics (P <
0.05)

Significant increase in
infection rate in patients
with HbA1c ≥ 6.5 (P =
0.015)
No significant difference in
SSI occurrence between the
two groups (P > 0.05)
Uncontrolled diabetics had
a statistically significant
increased rate of infection
compared to patients
without or with controlled
diabetes (P = 0.002)

HbA1c: Hemoglobin A1C; SSI: Surgical site infections.

[28]

Veiga et al
conducted a randomized controlled
trial to assess the effect of preoperative chlorhexidine
showers on skin colonization and postoperative infection
rates associated with plastic surgical procedures involving
the trunk. Chlorhexidine showers were effective in
reducing skin colonization with coagulase-negative
staphylococci and yeasts, but there was no difference
in postoperative infection rates. Two systematic reviews
evaluated the clinical effectiveness of preoperative skin
[29,30]
antiseptic preparations and the prevention of SSIs
.
[29]
Kamel et al
reviewed 20 studies and concluded that
the evidence suggests that preoperative antiseptic
showers reduce bacterial colonization and may be
[30]
effective at preventing SSIs. Webster and Osborne
additionally reviewed 3 studies that included 7791
participants comparing CHG cloth bathing vs placebo.
In their systemic review, they concluded that there is no
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statistically significant benefit for preoperative showering
or bathing with chlorhexidine over other wash products
to reduce surgical site infection.

Limiting operative room traffic

One of the strategies implemented in this bundle to
decrease SSIs involved limiting traffic in the operating
room. In order to achieve this, the front door to the
operating room is taped off once the patient is in the
room. Only necessary door openings were performed,
all of which occurred through the sterile core rather
than the main operating room door.
An operating room is an isolated environment de
signed to recirculate air through filtered ventilation ducts.
Frequent opening of the operating room door has been
[31,32]
shown to disrupt this airflow system
. Scaltriti et
[32]
al studied the air quality in the operating room and
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compared this with multiple parameters. They found that
increased door openings and personnel changes were
a positive predictor of raised bacterial counts in a room.
Ritter similarly found a correlation between number of
operating door openings and increased colony forming
[33]
unit (CFU) counts in the operating room .
In addition to affecting the air quality, door openings
and increased traffic have been identified as major
surgical distractors. Using an observational tool to record
distraction and interruption in the operating room,
[34]
Healey et al found that interference levels significantly
correlated with frequency of door openings. In addition
unwanted distractions may lead to mistakes beyond just
SSIs.
In response to an unexplained increase in SSIs at
[35]
one institution, Lynch et al studied operating room foot
traffic. They found that their spinal fusion cases had the
highest rate of door openings at 50 per hour. Additionally,
when investigating the reasons for door openings, they
found the most common reason for door openings was
to request information from outside the room, which
could feasibly be done via telephone or other electronic
means.
In an attempt to evaluate the risk to the patient,
[36]
Young and O’Reagan
performed a prospective
cross-sectional study in forty-six consecutive cardiac
operations. An electronic door counter calculated the
frequencies and rates of door openings during each
surgery. Everyone was blinded to the counters except
the practicing surgeons. They showed a trend toward an
increased frequency of door openings per case in those
patients that developed a surgical site infection vs those
who had not. However, the difference did not achieve
statistical significance. Additionally, there was a positive
correlation between length of case and frequency of
door opening.

fection during spinal operations was the participation
by two or more surgical residents. As suggested by
the author, this was likely a proxy for the duration and
complexity of the procedure rather than a direct cause
for infection.
Although not yet clearly demonstrated, an increasing
number of people present in the operating room may
increase the risk of contamination and subsequently
increased surgical site infection. With that in mind
the authors have made efforts to limit the number of
people in the operating room to the minimum. The
minimum staff present includes the attending surgeon
and assistant, surgical technician, anesthesiologist,
nurse circulator, radiology technician, equipment repre
sentative, and spinal cord monitoring technician. In a
teaching hospital reducing the number of the students
in the room can be a challenge. However, in the authors’
current protocol, no more than one student of any kind
(medical, nursing, radiologist, or anesthesia) is allowed
in the room. These practices require further evaluation
for their effectiveness.

No flash sterilization of surgical equipment

Instrument reprocessing technique plays a vital role
in maintaining a sterile surgery. Flash sterilization has
often been utilized in order to turn over equipment
quickly when additional sterile equipment is unavailable.
As part of our policy, absolutely no flash sterilization
may be used in spine surgery. An adequate number of
sterile surgical trays are on the shelf prior to surgery to
avoid any flash sterilization.
From the International Conference on Healthcare[39]
Associated Infections, Lopansri et al demonstrated
their experience with SSIs and sterilization techniques.
They identified 14 cases of surgical site infection after
arthroscopy over a 21 mo span. Thirteen of the infections
were from an individual surgeon, representing a 2.4%
infection rate, while 8 other surgeons had a total of 1
infection in the same span, representing an infection
rate of 0.06%. The surgeon with the larger infection rate
was the only one whose equipment underwent flash
sterilization. Additionally, this same surgeon operated
at a separate facility that did not use flash sterilization
and experienced an infection rate of 0.3% over a 4-year
span. This represented a relative risk for infection after
arthroscopy of 6.7 for this individual surgeon while
working at a facility that used flash sterilization as
opposed to one that did not.
[40]
Tosh et al explored an outbreak of pseudomonas
aeruginosa SSIs after arthroscopic procedures. In this
retrospective case-control study, there were 7 patients
with surgical site infection after arthroscopy with iso
lates that were indistinguishable from each other. On
endoscopic examination of equipment that was flash
sterilized during these cases, residual tissue was seen in
the lumens of the arthroscopic equipment.
Although available literature on flash sterilization
and the primary outcome of surgical site infection is

Limit number of personnel in the operative room

Spine surgery, much like any other surgery, requires
a multidisciplinary effort. In light of that fact, there is
often a considerable number of people in the operating
room at any given time, the attending surgeon, resident
or surgical assistant, anesthesia team, surgical scrub
technician, circulating nurse, radiology technician,
technician for neurological monitoring, and oftentimes
an equipment representative. At a teaching hospital,
there is the potential for a student in the room at any of
these positions as well.
[37]
Pryor et al attempted to find an association bet
ween surgical site infection and increased number of
personnel in the operating room. Although there was
an association of increased surgical site infection with
the number of people in the OR, the results were not
statistically significant. The increased number of people
was also associated with length of the case.
In a prognostic level Ⅲ evidence study, Olsen et
[38]
al found that one of the factors that was significantly
associated with an increased risk of surgical site in
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Local application of vancomycin powder

limited, it can be identified as a possible avoidable cause
of infection. To our knowledge, there is no literature
available evaluating the use of flash sterilization in
spine surgery. Additional investigations as to the benefit
of reducing utilization of flash sterilization may be of
benefit.

The use of antibiotics has been very important in
decreasing the rates of infection. Administration of
systemic intravenous antibiotics perioperatively is
[45]
standard . Additionally, topical vancomycin powder has
recently been evaluated in the literature. Vancomycin
powder has a slow resorption rate which provides a very
low rate of systemic effects and excellent local coverage
against the common gram positive bacteria associated
with surgical site infection, with no evidence of local or
[46]
systemic toxicity .
The authors’ protocol for the use of vancomycin
powder is two-fold. When performing a fusion surgery, 1
g of vancomycin powder is mixed in with the bone graft
before placement. Additionally, after closure of the deep
fascia, another 1 g of vancomycin powder is applied
directly onto the surgical wound and subcutaneous
tissue prior to skin closure.
[46]
Sweet et al first reported the benefits of using
vancomycin powder during spine surgery. They perfor
med a retrospective cohort study on a consecutive
series of patients undergoing posterior instrumented
thoracic and lumbar spine surgery. This study looked
at a total of 1732 patients, 911 of which received 2 g
of vancomycin powder, in the protocol listed dose, one
gram was mixed with bone graft and 1 g was applied
directly to the surgical wound. There was a statistically
significant reduction in infection rate in those treated
with vancomycin powder and intravenous prophylaxis
as compared to intravenous antibiotic prophylaxis alone
(0.2% vs 2.6%; P < 0.0001).
Fourteen studies were identified that evaluated
post-operative infection rates and the use of topical
vancomycin powder intraoperatively during spine
[46-59]
surgery (Table 2)
. Surgical site infection rates in
these studies ranged from 0%-6.7%. Of these studies,
11 included a control group in which no vancomycin
powder was applied. All groups in all of these studies
received standard preoperative intravenous antibiotic
prophylaxis. Infection rates without the use of van
comycin powder ranged from 1.2%-13%. The vast
majority of these studies showed a significant decrease
in overall infection rate when using vancomycin powder
in addition to standard preoperative IV prophylaxis.
[60]
Kanj et al evaluated vancomycin prophylaxis at
the surgical site in clean orthopaedic surgery. Several
of the studies reviewed here were included in their
[46,47,49,54]
analysis
. Specific to spine surgery, they calcula
ted that a patient is 4 times more likely to develop a
deep infection without vancomycin powder prophylaxis
than with (P < 0.001).
As outlined above, there is an extensive amount of
literature available on the use of vancomycin powder for
infection prophylaxis in surgical wounds. The majority
of the evidence points toward vancomycin powder as a
significant factor in reducing SSIs.

Frequent changing of surgical gloves

It is vital to attempt to maintain a completely sterile
environment in the surgical field. An important factor in
surgery, which can easily transmit bacteria, is the surgical
glove. Instituting a policy of double gloving with frequent
changes of the outer gloves may assist in decreasing
surgical infection rates. In the authors’ current protocol,
the surgeon, assistant, and scrub nurse change their
outer gloves after steps that may contaminate the gloves
such as after draping the patient and using the surgical
microscope. The policy also includes changing the outer
gloves prior to instrumentation and before closure.
[41]
Ritter et al reported that contamination of outer
gloves is common among all scrubbed personnel and
[42]
occurs at a rate of 33%. It has been shown by McCue
in a study evaluating frequent outer glove changes in
total hip arthroplasties that gloves used at draping were
the most frequently contaminated. This highlighted the
draping portion as an important step for glove changes.
[43]
Ward et al performed an experiment to determine
risk of bacterial contamination associated with changing
gloves with 251 prospectively randomized surgical
team members in 142 cases in which all members were
double gloved. Cultures were taken from the dominant
palms at 1 h into the case at which time selected
randomized individuals changed their outer gloves.
A repeat culture was taken from the dominant palm
15 min later. They found a significant decrease in the
number of positive cultures for the group exchanging
their gloves (P = 0.0419). This represented nearly 2
times greater odds of being contaminated if gloves
were not exchanged. However, they did not assess
subsequent infection rates.
Although several studies have been published on
various double gloving techniques and rates of per
foration, there is very little literature on changing of
gloves and the primary outcome, SSIs. Rehman et
[44]
al in a retrospective cohort study, compared infection
rates in two groups undergoing lumbar spine fusion.
The control group of 179 patients underwent surgery
with the standard surgical protocol and the treatment
group of 210 patients, after double gloving, the outer
gloves were removed prior to instrumentation. They
found a significantly decreased infection rate at 1 year
postoperatively when outer gloves were removed in
this manner (3.35% in control vs 0.48% in treatment;
P = 0.0369). Additional investigations to back up this
data may be beneficial as this may be a simple and cost
effective step in reducing surgical infections.
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Molinari et al[54] (2012)

Tubaki et al[52] (2013)

Strom et al[51] (2013)

Strom et al[48] (2013)

Pahys et al[50] (2013)

Martin et al[53] (2013)

Kim et al[57] (2013)

Gans et al[58] (2013)

Caroom et al[49] (2013)

Theologis et al[59] (2014)

Hill et al[55] (2014)

Ghobrial et al[56] (2014)

Ref.

Surgery performed
Spinal procedures for degenerative
disease, trauma, pain and scoliosis

Groups
Vancomycin powder(range from 1-6
g) applied to subfascial and epifascial
layers but not to bone graft (n = 981)
Patients receiving 1-2 g vancomycin
powder in surgical bed (n = 150),
No vancomycin powder (n = 150)

Main outcome

66 infections identified (6.7%) A number
of gram-negative infections were
encountered
Retrospective cohort (Ⅲ)
Instrumented or non-instrumented
5 superficial infections in vancomycin
posterior spine surgery in adults
powder group (3.3%),
5 superficial and 6 deep infections in
control group (7.3%)
Retrospective cohort (Ⅲ)
Complex adult spinal deformity
Patients receiving 1-2 g vancomycin 4 infections in first 90 d in treatment group
reconstruction
powder in subfascial space (n = 151),
(2.6%),
No vancomycin powder (n = 64)
7 infections in first 90 d in control
(10.9%)
Retrospective comparative study of Multilevel posterior decompression
1 g vancomycin powder applied
Zero infections in vancomycin powder
prospectively collected data (Ⅱ)
and instrumentation for cervical
subfascially along bone graft and
group (0%),
spondylitic myelopathy
instrumentation (n = 40),
11 infections in control (15%)
No vancomycin powder (n = 72)
Pediatric spinal deformity surgery
Patients received 1g vancomycin
3 surgical site infections identified (3.4%)
Therapeutic retrospective cohort
(Ⅱ)
(fusion, growing rods, vertical
powder in surgical wound (n = 87)
The postoperative systemic vancomycin
expandable prosthetic titanium rib)
levels remained undetectable. None of the
patients experienced nephrotoxicity or red
man syndrome
Retrospective cohort (Ⅳ)
Instrumented spinal fusion
Patients receiving 1 g vancomycin
Zero infections in vancomycin powder
powder in surgical wound (n = 34),
group (0%)
No vancomycin powder (n = 40)
5 infections in control (12.5%)
Retrospective cohort (Ⅱ)
Adult posterior thoracolumbar or
Patients receiving 2 g vancomycin
8 infections in vancomycin powder group
lumbar instrumented fusion for
powder in surgical wound (n = 156),
(5.1%),
spinal deformity
No vancomycin powder (n = 150)
8 infections in control (5.3%)
Therapeutic retrospective cohort
Posterior cervical spine surgery
Group 1: Perioperative antibiotics
9 infections in group 1 (1.86%),
(Ⅱ)
alone (n = 483),
1 infection in group 2 (0.3%),
Group 2: addition of alcohol foam
No infections in group 3 (0%)
prep and drain (n = 323),
Group 3: group 2 plus vancomycin
powder in wound (n = 195)
Retrospective cohort (Ⅳ)
Instrumented and non-instrumented
Patients receiving 1 g vancomycin
Zero infections in vancomycin powder
posterior lumbar laminectomy and powder in surgical wound (n = 156),
group (0%),
fusion
No vancomycin powder (n = 97)
11 infections in control (11%)
Retrospective cohort (Ⅳ)
Posterior cervical fusion
Patients receiving 1 g vancomycin
2 infections in vancomycin powder group
powder in surgical wound (n = 79),
(2.5%),
No vancomycin powder (n = 92)
10 infections in control (10.9%)
Prospective randomized controlled
Any primary spine surgery
Patients receiving 1 g vancomycin
7 infections in vancomycin powder group
trial (Ⅱ)
excluding biopsy or minimally
powder in surgical wound (n = 433),
(1.61%),
invasive procedure
No vancomycin powder (n = 474)
8 infections in control (1.68%)
Retrospective case series (Ⅳ)
Any spine surgery
Patients receiving 1 g vancomycin
Fifteen infections identified (0.99%)
powder in surgical wound (n = 1512)

Retrospective case series (Ⅳ)

Study design (level of evidence)

Table 2 Studies evaluating the use of vancomycin powder intraoperatively
Significance

Low rate of deep spinal wound infection
for both instrumented and uninstrumented
cases

No significant difference in infection rate
with use of vancomycin powder

Significant decrease in infection rate with
use of vancomycin powder (P = 0.0384)

Significant decrease in infection rate with
use of vancomycin powder (P = 0.000018)

Significant decrease in infections in both
group 2 (P = 0.047) and group 3 (P = 0.048)
compared to group 1

No significant difference in infection rate
with use of vancomycin powder (P = 0.944)

Significant decrease in infection rate with
use of vancomycin powder (P < 0.033)

Local application of vancomycin powder
is safe without significant changes in
creatinine level or systemic vancomycin
level

Significant decrease in infection rate with
use of vancomycin powder (P = 0.007)

Significantly fewer hospital readmissions
within 90 d of surgery when using
vancomycin powder (P = 0.01)

Vancomycin may increase the incidence
of gram-negative or polymicrobial spinal
infections
Significantly fewer deep infections in
patients treated with vancomycin powder
(P = 0.0297)

Elgafy H et al . Ten step protocol to decrease postoperative spinal wound infections

November 18, 2018|Volume 9|Issue 11|

Retrospective cohort (Ⅳ)

Retrospective cohort (Ⅳ)

Patients receiving 1 g vancomycin
powder in bone graft and 1 g applied
directly to deep and superficial wound
(n = 911),
No vancomycin powder (n = 821)
Instrumented posterior spine fusion
Patients receiving 1 g vancomycin
for traumatic injury
powder in surgical wound (n = 54),
No vancomycin powder (n = 56)

Thoracic or lumbar posterior
instrumented fusion

Zero infections in vancomycin powder
group (0%),
Seven infections in control (13%)

Two infections in vancomycin powder
group (0.2%),
Twenty-one infection in control (2.6%)

Significant decrease in infection rate with
use of vancomycin powder (P = 0.02)

Significant decrease in infection rate with
use of vancomycin powder (P < 0.0001)
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The current infection prevention protocol involves irrigation of the surgical wound with diluted povidone-iodine solution (150 mL of saline + 5 mL of betadine aqueous
solution which contains 10% povidone-iodine).
Irrigation of a surgical wound is a commonplace practice prior to closure. There is limited amount of orthopedic literature directly evaluating irrigation solutions and
[63]
techniques in a clean, primary surgery. Bhandari et al evaluated the efficacy of various irrigating solutions in removing adherent bacteria from bone in a mice model.
They found that the fewest number of residual colony-forming units were found after exposure to povidone-iodine, chlorhexidine-gluconate, and soap solutions. Normal
saline was the least effective. When low-pressure pulsatile lavage was added, no growth was observed after wash with soap solution, and there was near complete removal
of adherent bacteria with the povidone-iodine and chlorhexidine-gluconate solutions. As it pertains to orthopaedic clinical practice, four studies were identified in whose

Wound irrigation with diluted povidone-iodine solution

It is standard for all of our patients undergoing surgery to receive a dose of 1-2 g of cefazolin and 1-2 g vancomycin intravenous within 1 h of incision, depending on patient
[45]
weight and allergies. This is in accordance with recommendations from the North American Spine Society . For short, uncomplicated cases, no additional IV antibiotics
are required. In various studies, length of surgery has been associated with surgical site infection rate. For that reason, prolonged cases are re-dosed with antibiotics at 4-h
intervals during surgery. Additionally, it is the authors’ protocol to extend antibiotic coverage with either cefazolin or vancomycin for a full 72 h in high-risk patients. High-risk
patients include diabetics, obese patients (body mass index > 30), history of previous postoperative wound infection, complex revision or deformity surgeries lasting more
than 6 h.
Little data has been published on extended postoperative antibiotic prophylaxis in spine surgery. Two studies to our knowledge have explored the effects. Ohtori et
[61]
al in a comparative cohort study evaluated two statistically similar groups undergoing lumbar spine decompression and fusion. Group 1 received 2 d of postoperative IV
antibiotics, and group 2 received 9 d IV antibiotics. There was one infection in group 1 (1/70) and no infections in group 2 (0/65), but these results were not significant.
The only significant findings were that longer courses of antibiotics resulted in longer hospital stays and longer time to normalize body temperature after surgery.
[62]
In a separate retrospective cohort study, Takahashi et al evaluated 4 different prophylaxis measures. One group had 7 d of postoperative antibiotics and no
preoperative antibiotic (group 1). The remaining 3 groups all received appropriate preoperative antibiotics as well as postoperative antibiotics for 4 d (group 2), 2 d (group 3),
or 1 d postoperatively (group 4). Groups 1, 2, 3 and 4 saw infection rates of 2.6% (14/539), 0.9% (5/536), 0% (0/257) and 0% (0/83) respectively. Although this showed
an increase in infection rate with shorter antibiotic duration, there were significant differences among the groups with regard to age, preoperative hospitalization duration,
and proportion of patients considered to be compromised hosts.
At this time, current evidence-based guidelines from the North American Spine Society only state that prolonged regimens may be considered when significant
[45]
comorbidities or complex situations exist . Comorbidities and complex situations considered applicable include obesity, diabetes, neurologic deficits, incontinence,
preoperative serum glucose of > 125 mg/dL or a postoperative serum glucose level of > 200 mg/dL, trauma and prolonged multilevel instrumented surgery. A randomized
prospective analysis of postoperative prophylactic antibiotic duration and surgical site infection rate may provide better evidence. The current recommendations additionally
provide for repeated dosing of antibiotics intraoperatively at 3-4 h intervals for prolonged cases to maintain therapeutic antibiotic levels throughout the procedure. The
superiority of one drug has not been demonstrated in the literature.

Re-dosing and prolonged postoperative antibiotic course

O’Neill et al[47] (2011)

Sweet et al[46] (2011)
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Table 3 Clinical orthopedic studies evaluating surgical wound irrigation before closure
Ref.

Study design (level
of evidence)

Surgery performed

Groups

Yazdi et al [64]
(2014)

Prospective
randomized
controlled trial (Ⅰ)

Arthroscopic ACL
reconstruction

Irrigation with 0.9% normal saline
and 80 mg/L gentamicin (n = 180),
Irrigation with 0.9% normal saline (n
= 180)

Brown et al[65]
(2012)

Chang et al[66]
(2006)

Cheng et al[67]
(2005)

Main outcome

One infection in
gentamicin group
(0.57%),
Four infections in
normal saline alone
group (2.2%)
Retrospective
Primary total hip or
Soak wound with 500 mL 0.35%
One infection in
cohort (Ⅳ)
total knee arthroplasty povidone-iodine followed by 1 L NS betadine group (0.15%),
pulse lavage prior to closure (n =
Eighteen infections
688), Pulse lavage with 1 L NS only
in saline alone group
prior to closure (n = 1862)
(0.97%)
Prospective
Instrumented
Wounds irrigated with 0.35%
No infections in
randomized
lumbosacral
povidone-iodine (n = 120),
povidone-iodine group,
controlled trial (Ⅰ) posterolateral fusion Wounds irrigated with normal saline 4.8% infection rate in
for degenerative spinal
(n = 124)
saline group
disorder with segmental
instability
Prospective
Spinal decompression
Wounds irrigated with 0.35%
No infections in
randomized
with or without fusion
povidone-iodine (n = 208),
povidone-iodine group,
controlled trial (Ⅰ)
Wounds irrigated with normal saline 3.5% infection rate in
(n = 206)
saline group

Significance
Decreased rate of infection
when using gentamicin in
irrigating solution (P = 0.4)

Significant decrease in 90-d
infection rate when soaking
surgical wound with betadine
solution prior to closure (P =
0.04)
Overall infection rate was
statistically significant when
comparing betadine solution
group with no betadine group
(P = 0.029)
Overall infection rate was
statistically significant when
comparing betadine solution
group with no betadine group
(P = 0.007)

ACL: Anterior cruciate ligament.

main goal was measuring outcomes of irrigating surgical
wounds with antimicrobial solutions and comparing to
[64-67]
normal saline irrigation (Table 3)
.
[66]
Most notably, as it relates to spine, Chang et al
[67]
and Cheng et al performed prospective randomized
controlled studies comparing intraoperative wound
irrigation using normal saline to 0.35% povidone-iodine
solutions. Both studies found a statistically significant
decrease in post-operative infections with the use of
povidone-iodine solution.
[64]
Yazdi et al
evaluated the effect of gentamicin
in irrigating solutions during arthroscopic anterior
cruciate ligament (ACL) reconstructions in a prospective
randomized controlled study. Although infection rates
were lower for the group receiving gentamicin as op
posed to normal saline alone, statistical significance was
not achieved.
[65]
Brown et al retrospectively reviewed total knee and
hip arthroplasties before and after initiating a protocol
to soak the surgical wound with 0.35% povidoneiodine solution prior to closure. They found a significant
decrease in 90-d postoperative infection rate when using
the betadine solution.
Based on these studies, it appears that there is a
significant advantage for infection prophylaxis when
irrigating a surgical wound with a povidone-iodine solu
tion.

used over any exposed skin as a prophylactic measure.
In a level I prospective randomized study evaluating the
efficacy of both ChloraPrep (2% CHG and 70% isopropyl
alcohol) and DuraPrep (0.7% iodine and 74% isopro
[68]
pyl alcohol) in lumbar spine surgery, Savage et al
found that both skin preparations significantly reduced
bacterial flora growths after application. Cultures were
taken from the skin before application, after application,
and after skin closure for 100 consecutive patients
randomly assigned to one of the two preparations. They
found that for the ChloraPrep and DuraPrep groups,
positive cultures were found, respectively, in 84% and
80% pre-preparation, 0% and 6% post-preparation,
and 34% and 32% after closure. As outlined, there was
a significant increase in the number of positive cultures
following skin closure. It is unclear whether this is from
recolonization or possibly disruption of the natural skin
flora beneath the epidermis during surgery. The bio
burden on the skin at the end of a case is not the same
as in the beginning. It has not been shown that this
increase results in an increased rate of postoperative
infection. Further studies are needed to evaluate the
effectiveness of intraoperative reapplication of a skin
prep solution before skin closure.

DISCUSSION
Several factors have been identified as risk for sur
gical site infection. Although multiple reviews have
addressed these risk factors and prophylactic measures
individually, it is difficult to control for and evaluate all
factors affecting an individual patient. In response to an
increasing number of SSIs at the authors’ institution,

Duraprep prior to skin closure

The final intraoperative step occurs just prior to skin
closure. There is often significant handling of the skin at
closure, which could potentially contaminate the surgical
site. As a safeguard, prior to skin closure, DuraPrep is
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a new surgical protocol was initiated in an effort to
reduce infection rates after an intensive epidemiological
investigation failed to reveal a common source. In
view of the absence of a clear cause of the increased
infection rate, the authors decided to implement the
ten-step protocol targeting areas highlighted by the
literature search. The purpose of the current study was
analyzed the literature for each of the 10 steps and
evaluated our own experience. As to which factor or
factors affected the decreased infection rate is an area
of future research.
The use of vancomycin powder has been studied
extensively in the literature. We have employed the
routine use of 1 g mixed in with bone graft when used
and an additional 1 g spread directly over the surgical
site after closure of the deep fascia. Only two of the 11
studies comparing use of vancomycin powder in spine
surgery to a control failed to show a significant difference.
The vast majority of the literature has found significantly
lower rates of infection with routine use of vancomycin
powder. Its use in spine surgery is well supported by
several studies and routine use is more than acceptable.
Also strongly supported is routine irrigation of
surgical wounds. Irrigation of the surgical wound has
been evaluated in several surgical settings. Chang et
[66]
[67]
al and Cheng et al both evaluated the use of 0.35%
povidone-iodine solution irrigation in spine patients.
Both studies were prospective randomized controlled
studies and provided strong evidence that irrigation
with 0.35% povidone-iodine significantly reduces
surgical site infection in spine surgery. Also supported
is the use of CHG cloths in a preoperative setting. Their
use for preoperative cleansing has showed a significant
reduction in skin bacterial colonization. Additionally, in
a systematic review, CHG cloths have been shown to
reduce the incidence of surgical site infection.
One of the measures employed in this current
report is double gloving with frequent changing of outer
gloves. The majority of the available literature on gloving
techniques focuses on double gloving and perforation
rates. It has been shown in several studies that double
gloving reduces rate of perforation to the inner gloves.
[44]
With respect to infection, Rehman et al
had perhaps
the most relevant study. In a retrospective study on spine
fusions in which one group the surgeon removed outer
gloves prior to instrumentation, there was a significant
decrease in infection rates with removing outer gloves.
[43]
It was also shown by Ward et al that changing outer
gloves during a case significantly reduces contamination
of gloves as seen by bacterial cultures taken from the
gloves. This practice was largely adopted from reports
in arthroplasty cases. Changing of the outer gloves
prior to implanting total hips was shown to decrease
infection rates. The routine changing of outer gloves at
distinct points in a case to reduce infection is strongly
supported.
HbA1c has been studied as a possible marker for
increased infection risk. Although early studies identified
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elevated HbA1c as a significant risk factor for infection,
there has been some variation in the literature. The
majority of finding point to an increased infection rate
with high HbA1c, but some has found no correlation.
It is possible that perioperative and intraoperative
glucose levels or even absolute diabetic status are more
significant. It remains to be seen if an individual’s risk
changes with improving their HbA1c preoperatively. The
literature is lacking a level I prospective randomized study
discussing the relationship between preoperative HbA1c
and the risk of elective spine surgery postoperative
wound infection. Ethically such a study cannot be done,
as one simply cannot take a patient with poor diabetic
control to an elective spine surgery. Therefore, it remains
to be seen whether the postoperative spine wound
infection risk changes if a diabetic is able to bring down
HbA1c prior to an elective procedure. However, with the
current available data, adoption of a protocol that tightly
controls preoperative HbA1c to 7.0 makes sense as, in
general, it improves the patient health status and may
reduce the risk of postoperative wound infection.
Keeping an operating room door taped shut is an
idea that has not yet been evaluated in the literature.
[36]
Although Young and O’Reagan showed a trend of
increased infection rate in cardiac surgery with increasing
numbers of door openings, the effect of limiting traffic
remains to be seen. The available studies appear to
support the practice limiting the number of openings of
the main operating room door in order to reduce the
postoperative spine wound infection especially in a long
spine cases.
Similarly, there is insufficient evidence as of yet in
the literature to define the risk of surgical site infection
based on number of personnel in the operating room.
[38]
As seen by Olsen et al
there was a trend towards
increased number of infections based on increasing
personnel in the operating room. As they pointed out
though, this was likely a proxy of case length and com
plexity. But with the thought in mind that more people
means more possibilities of contamination, it is still
possible that limiting the number of personnel in the
operating room can be protective against surgical site
infection. This practice seems to be supported but is
lacking higher level evidence.
Flash sterilization, although useful if equipment
needs reprocessed quickly, may present some risk
to the patient. Spine surgery deals with very durable
bone and soft tissue that can potentially persist on
[40]
the equipment with insufficient cleaning. Tosh et al
showed that residual tissue was commonly seen
in arthroscopic equipment under endoscopic eva
luation after flash sterilization. The Fifth Decennial
International Conference on Healthcare-Associated
Infections identified flash sterilization as a likely source
of increased infection rate at one institution. Although
available literature on flash sterilization and the primary
outcome of surgical site infection is limited, it can be
identified as a possible avoidable cause of infection. To
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in the spine surgery practice of the senior author and evaluate the support for
each step based on current literature.

our knowledge, there is no literature available evaluating
the use of flash sterilization in spine surgery. Additional
investigations as to the benefit of reducing utilization of
flash sterilization may be of benefit to support or refute
the utility of restricting its use.
The use of preoperative antibiotic prophylaxis has
become an important part of infection prevention.
Current recommendations additionally advise on
repeated dosing every 3-4 h during prolonged cases.
Extending antibiotics beyond 24 h postoperatively
has been evaluated, but no level 1 evidence exists.
The current literature has not shown any benefit with
extended antibiotics. A prospective randomized study
may better help identify if there is utility in extending
antibiotics in specific patients.
The final measure explored here is use of DuraPrep
on exposed skin prior to wound closure. As was shown
[68]
by Savage et al
the use of DuraPrep significantly
reduces the chances of obtaining a positive culture from
the skin at the start of a case. However, cultures at the
end of a case show a drastic increase in positive growth.
Although it has not been evaluated in the literature, we
have employed routine repeat cleansing of the skin prior
to closure. It is thought that this theoretically reduces
the bacterial load while closing. Since this is a time with
significant handling of the skin, it is plausible that this
may decrease contamination of the surgical wound and
thus surgical site infection.
In conclusion, several details surrounding surgery
have been evaluated in the literature as both patient
risk factors and prophylactic measures for decreasing
rates of SSIs. With the multivariable setting that is
inherent in spine surgery, it is difficult to evaluate
changes in all variables simultaneously. The authors
attempted to control for 10 factors and found support in
the literature for the majority of the 10 steps taken. This
protocol resulted in a significant reduction in SSIs in
the senior author’s practice. Postoperative surgical site
infection will remain a matter of concern for patients,
surgeons and healthcare providers. Future prospective
randomized studies that include some or all of the 10
steps discussed in this report are necessary to confirm
whether the 10 steps adopted by the authors were in
fact science or fiction in the battle for infection control.

Research methods

Ten-step protocol was implemented. (1) Preoperative glycemic management
based on hemoglobin A1c (HbA1c); (2) skin site preoperative preparation
with 2% chlorhexidine gluconate disposable cloths; (3) Limit operating
room traffic; (4) cut the number of personnel in the room to the minimum
required; (5) absolutely no flash sterilization of equipment; (6) double-gloving
with frequent changing of outer gloves; (7) local application of vancomycin
powder; (8) re-dosing antibiotic every 4 h for prolonged procedures and
extending postoperative coverage to 72 h for high-risk patients; (9) irrigation
of subcutaneous tissue with diluted povidone-iodine solution after deep fascial
closure; and (10) use of DuraPrep skin preparation at the end of a case before
skin closure. Through an extensive literature review, the current data available
for each of the ten steps was evaluated.

Research results

Use of vancomycin powder in surgical wounds, routine irrigation of surgical
site, and frequent changing of surgical gloves are strongly supported by the
literature. Preoperative skin preparation with chlorhexidine wipes is similarly
supported. The majority of current literature supports control of HbA1c
preoperatively to reduce risk of infection. Limiting the use of flash sterilization
is supported, but has not been evaluated in spine-specific surgery. Limiting
OR traffic and number of personnel in the OR are supported although without
level 1 evidence. Prolonged use of antibiotics postoperatively is not supported
by the literature. Intraoperative use of DuraPrep prior to skin closure is not yet
explored.

Research conclusions

Several details surrounding surgery have been evaluated in the literature as
both patient risk factors and prophylactic measures for decreasing rates of
SSIs. The authors attempted to control for 10 factors and found support in
the literature for the majority of the 10 steps taken. This protocol resulted in a
significant reduction in SSIs in the senior author’s practice.

Research perspectives

In the current era of pay per performance, there is a major drive in all hospitals
to reduce postoperative infection to the minimum. A variety of measures have
been initiated and evaluated in the literature to reduce the occurrence of SSIs.
Postoperative surgical site infection will remain a matter of concern for patients,
surgeons and healthcare providers. Future prospective randomized studies
that include some or all of the 10 steps discussed in this report are necessary
to confirm whether the 10 steps adopted by the authors were in fact science or
fiction in the battle for infection control.

REFERENCES
1

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE

2

Research background

Surgical site infections (SSIs) are the most common hospital acquired
infections. The rates of infection following spine surgery have been reported to
range from less than 1% to 10.9%. Surgical site infection in spinal surgery is
associated with significantly increased morbidity and costs.

3

Research motivation

In response to an increasing number of SSIs at the authors’ institution, a new
ten step surgical protocol was initiated in an effort to reduce infection rates after
an intensive epidemiological investigation failed to reveal a common source.

4

Research objectives

5

To define a ten-step protocol that reduced the incidence of surgical site infection

WJO|www.wjgnet.com

281

Sasso RC, Garrido BJ. Postoperative spinal wound infections. J
Am Acad Orthop Surg 2008; 16: 330-337 [PMID: 18524984 DOI:
10.5435/00124635-200806000-00005]
Horan TC, Culver DH, Gaynes RP, Jarvis WR, Edwards JR,
Reid CR. Nosocomial infections in surgical patients in the United
States, January 1986-June 1992. National Nosocomial Infections
Surveillance (NNIS) System. Infect Control Hosp Epidemiol 1993;
14: 73-80 [PMID: 8440883 DOI: 10.2307/30147164]
Schuster JM, Rechtine G, Norvell DC, Dettori JR. The influence
of perioperative risk factors and therapeutic interventions on
infection rates after spine surgery: a systematic review. Spine (Phila
Pa 1976) 2010; 35: S125-S137 [PMID: 20407344 DOI: 10.1097/
BRS.0b013e3181d8342c]
American Diabetes Association. Classification and diagnosis of
diabetes. Diabetes Care 2015; 38 Suppl: S8-S16 [PMID: 25537714
DOI: 10.2337/dc12-s064]
Bishop JR, Moul JW, Sihelnik SA, Peppas DS, Gormley TS,
McLeod DG. Use of glycosylated hemoglobin to identify diabetics

November 18, 2018|Volume 9|Issue 11|

Elgafy H et al . Ten step protocol to decrease postoperative spinal wound infections

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

at high risk for penile periprosthetic infections. J Urol 1992; 147:
386-388 [PMID: 1732600 DOI: 10.1016/S0022-5347(17)37244-0]
Wilson SK, Carson CC, Cleves MA, Delk JR 2nd. Quantifying
risk of penile prosthesis infection with elevated glycosylated
hemoglobin. J Urol 1998; 159: 1537-9; discussion 1539-40 [PMID:
9554349 DOI: 10.1097/00005392-199805000-00034]
Latham R, Lancaster AD, Covington JF, Pirolo JS, Thomas CS Jr.
The association of diabetes and glucose control with surgical-site
infections among cardiothoracic surgery patients. Infect Control
Hosp Epidemiol 2001; 22: 607-612 [PMID: 11776345 DOI:
10.1086/501830]
Endara M, Masden D, Goldstein J, Gondek S, Steinberg J,
Attinger C. The role of chronic and perioperative glucose
management in high-risk surgical closures: a case for tighter
glycemic control. Plast Reconstr Surg 2013; 132: 996-1004 [PMID:
23783058 DOI: 10.1097/PRS.0b013e31829fe119]
Perna M, Romagnuolo J, Morgan K, Byrne TK, Baker M.
Preoperative hemoglobin A1c and postoperative glucose control in
outcomes after gastric bypass for obesity. Surg Obes Relat Dis 2012;
8: 685-690 [PMID: 21982941 DOI: 10.1016/j.soard.2011.08.002]
Sato H, Carvalho G, Sato T, Lattermann R, Matsukawa T,
Schricker T. The association of preoperative glycemic control,
intraoperative insulin sensitivity, and outcomes after cardiac
surgery. J Clin Endocrinol Metab 2010; 95: 4338-4344 [PMID:
20631016 DOI: 10.1210/jc.2010-0135]
Alserius T, Anderson RE, Hammar N, Nordqvist T, Ivert T.
Elevated glycosylated haemoglobin (HbA1c) is a risk marker in
coronary artery bypass surgery. Scand Cardiovasc J 2008; 42:
392-398 [PMID: 18609043 DOI: 10.1080/14017430801942393]
Halkos ME, Puskas JD, Lattouf OM, Kilgo P, Kerendi F, Song
HK, Guyton RA, Thourani VH. Elevated preoperative hemoglobin
A1c level is predictive of adverse events after coronary artery
bypass surgery. J Thorac Cardiovasc Surg 2008; 136: 631-640
[PMID: 18805264 DOI: 10.1016/j.jtcvs.2008.02.091]
Dronge AS, Perkal MF, Kancir S, Concato J, Aslan M, Rosenthal
RA. Long-term glycemic control and postoperative infectious
complications. Arch Surg 2006; 141: 375-80; discussion 380
[PMID: 16618895 DOI: 10.1001/archsurg.141.4.375]
Rawlins L, Rawlins MP, Brown CC, Schumacher DL. Effect of
elevated hemoglobin A1c in diabetic patients on complication
rates after Roux-en-Y gastric bypass. Surg Obes Relat Dis 2013; 9:
749-752 [PMID: 22884300 DOI: 10.1016/j.soard.2012.06.011]
Knapik P, Cieśla D, Filipiak K, Knapik M, Zembala M. Prevalence
and clinical significance of elevated preoperative glycosylated
hemoglobin in diabetic patients scheduled for coronary artery
surgery. Eur J Cardiothorac Surg 2011; 39: 484-489 [PMID:
21087870 DOI: 10.1016/j.ejcts.2010.07.037]
Marchant MH Jr, Viens NA, Cook C, Vail TP, Bolognesi MP. The
impact of glycemic control and diabetes mellitus on perioperative
outcomes after total joint arthroplasty. J Bone Joint Surg Am 2009;
91: 1621-1629 [PMID: 19571084 DOI: 10.2106/JBJS.H.00116]
Iorio R, Williams KM, Marcantonio AJ, Specht LM, Tilzey JF,
Healy WL. Diabetes mellitus, hemoglobin A1C, and the incidence
of total joint arthroplasty infection. J Arthroplasty 2012; 27:
726-729.e1 [PMID: 22054905 DOI: 10.1016/j.arth.2011.09.013]
Jämsen E, Nevalainen P, Kalliovalkama J, Moilanen T. Preoperative
hyperglycemia predicts infected total knee replacement. Eur J
Intern Med 2010; 21: 196-201 [PMID: 20493422 DOI: 10.1016/
j.ejim.2010.02.006]
Myers TG, Lowery NJ, Frykberg RG, Wukich DK. Ankle and
hindfoot fusions: comparison of outcomes in patients with and
without diabetes. Foot Ankle Int 2012; 33: 20-28 [PMID: 22381232
DOI: 10.3113/FAI.2012.0020]
Lamloum SM, Mobasher LA, Karar AH, Basiony L, Abdallah TH,
Al-Saleh AI, Al-Shamali NA. Relationship between postoperative
infectious complications and glycemic control for diabetic patients
in an orthopedic hospital in Kuwait. Med Princ Pract 2009; 18:
447-452 [PMID: 19797920 DOI: 10.1159/000235893]
Adams AL, Paxton EW, Wang JQ, Johnson ES, Bayliss EA,

WJO|www.wjgnet.com

22

23

24

25

26

27

28

29

30

31
32

33
34

35

36

282

Ferrara A, Nakasato C, Bini SA, Namba RS. Surgical outcomes of
total knee replacement according to diabetes status and glycemic
control, 2001 to 2009. J Bone Joint Surg Am 2013; 95: 481-487
[PMID: 23446446 DOI: 10.2106/JBJS.L.00109]
Harris AH, Bowe TR, Gupta S, Ellerbe LS, Giori NJ. Hemoglobin
A1C as a marker for surgical risk in diabetic patients undergoing
total joint arthroplasty. J Arthroplasty 2013; 28: 25-29 [PMID:
23910511 DOI: 10.1016/j.arth.2013.03.033]
Hikata T, Iwanami A, Hosogane N, Watanabe K, Ishii K,
Nakamura M, Kamata M, Toyama Y, Matsumoto M. High
preoperative hemoglobin A1c is a risk factor for surgical site
infection after posterior thoracic and lumbar spinal instrumentation
surgery. J Orthop Sci 2014; 19: 223-228 [PMID: 24368606 DOI:
10.1007/s00776-013-0518-7]
Takahashi S, Suzuki A, Toyoda H, Terai H, Dohzono S, Yamada
K, Matsumoto T, Yasuda H, Tsukiyama K, Shinohara Y, Ibrahim
M, Nakamura H. Characteristics of diabetes associated with poor
improvements in clinical outcomes after lumbar spine surgery.
Spine (Phila Pa 1976) 2013; 38: 516-522 [PMID: 22976346 DOI:
10.1097/BRS.0b013e318273583a]
Murray MR, Saltzman MD, Gryzlo SM, Terry MA, Woodward
CC, Nuber GW. Efficacy of preoperative home use of 2%
chlorhexidine gluconate cloth before shoulder surgery. J Shoulder
Elbow Surg 2011; 20: 928-933 [PMID: 21612945 DOI: 10.1016/
j.jse.2011.02.018]
Johnson AJ, Daley JA, Zywiel MG, Delanois RE, Mont MA.
Preoperative chlorhexidine preparation and the incidence of
surgical site infections after hip arthroplasty. J Arthroplasty 2010;
25: 98-102 [PMID: 20570089 DOI: 10.1016/j.arth.2010.04.012]
Zywiel MG, Daley JA, Delanois RE, Naziri Q, Johnson AJ, Mont
MA. Advance pre-operative chlorhexidine reduces the incidence of
surgical site infections in knee arthroplasty. Int Orthop 2011; 35:
1001-1006 [PMID: 20563806 DOI: 10.1007/s00264-010-1078-5]
Veiga DF, Damasceno CA, Veiga-Filho J, Figueiras RG, Vieira
RB, Garcia ES, Silva VV, Novo NF, Ferreira LM. Randomized
controlled trial of the effectiveness of chlorhexidine showers before
elective plastic surgical procedures. Infect Control Hosp Epidemiol
2009; 30: 77-79 [PMID: 19046051 DOI: 10.1086/592980]
Kamel C, McGahan L, Mierzwinski-Urban M, Embil J.
Preoperative Skin Antiseptic Preparations and Application
Techniques for Preventing Surgical Site Infections: A Systematic
Review of the Clinical Evidence and Guidelines. 2011 [PMID:
24354038 DOI: 10.1086/665723]
Webster J, Osborne S. Preoperative bathing or showering with
skin antiseptics to prevent surgical site infection. Cochrane
Database Syst Rev 2012; CD004985 [PMID: 22972080 DOI:
10.1002/14651858.CD004985.pub4]
Brohus H, Balling KD, Jeppesen D. Influence of movements on
contaminant transport in an operating room. Indoor Air 2006; 16:
356-372 [PMID: 16948712 DOI: 10.1111/j.1600-0668.2006.00454.x]
Scaltriti S, Cencetti S, Rovesti S, Marchesi I, Bargellini A, Borella
P. Risk factors for particulate and microbial contamination of air
in operating theatres. J Hosp Infect 2007; 66: 320-326 [PMID:
17655973 DOI: 10.1016/j.jhin.2007.05.019]
Ritter MA. Operating room environment. Clin Orthop Relat Res
1999; 103-109 [PMID: 10611865 DOI: 10.1097/00003086-199912
000-00011]
Healey AN, Sevdalis N, Vincent CA. Measuring intra-operative
interference from distraction and interruption observed in the
operating theatre. Ergonomics 2006; 49: 589-604 [PMID:
16717011 DOI: 10.1080/00140130600568899]
Lynch RJ, Englesbe MJ, Sturm L, Bitar A, Budhiraj K, Kolla S,
Polyachenko Y, Duck MG, Campbell DA Jr. Measurement of foot
traffic in the operating room: implications for infection control. Am
J Med Qual 2009; 24: 45-52 [PMID: 19139463 DOI: 10.1177/106
2860608326419]
Young RS, O’Regan DJ. Cardiac surgical theatre traffic: time for
traffic calming measures? Interact Cardiovasc Thorac Surg 2010;
10: 526-529 [PMID: 20100706 DOI: 10.1510/icvts.2009.227116]

November 18, 2018|Volume 9|Issue 11|

Elgafy H et al . Ten step protocol to decrease postoperative spinal wound infections
37
38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

Pryor F, Messmer PR. The effect of traffic patterns in the OR
on surgical site infections. AORN J 1998; 68: 649-660 [PMID:
9795720 DOI: 10.1016/S0001-2092(06)62570-2]
Olsen MA, Nepple JJ, Riew KD, Lenke LG, Bridwell KH,
Mayfield J, Fraser VJ. Risk factors for surgical site infection
following orthopaedic spinal operations. J Bone Joint Surg Am
2008; 90: 62-69 [PMID: 18171958 DOI: 10.2106/JBJS.F.01515]
Lopansri B, Taylor C, Anderson V. Protracted outbreak of
postarthroscopy infections associated with flash sterilization of
instruments. In: Program and abstracts of the Fifth Decennial
International Conference on Healthcare-Associated Infections.
Atlanta: Society for Healthcare Epidemiology of America, 2010
Tosh PK, Disbot M, Duffy JM, Boom ML, Heseltine G,
Srinivasan A, Gould CV, Berríos-Torres SI. Outbreak of
Pseudomonas aeruginosa surgical site infections after arthroscopic
procedures: Texas, 2009. Infect Control Hosp Epidemiol 2011; 32:
1179-1186 [PMID: 22080656 DOI: 10.1086/662712]
Ritter MA, French ML, Eitzen H. Evaluation of microbial
contamination of surgical gloves during actual use. Clin Orthop
Relat Res 1976; 303-306 [PMID: 1277681 DOI: 10.1097/0000308
6-197606000-00040]
McCue SF, Berg EW, Saunders EA. Efficacy of double-gloving as
a barrier to microbial contamination during total joint arthroplasty.
J Bone Joint Surg Am 1981; 63: 811-813 [PMID: 7016885 DOI:
10.2106/00004623-198163050-00017]
Ward WG Sr, Cooper JM, Lippert D, Kablawi RO, Neiberg RH,
Sherertz RJ. Glove and gown effects on intraoperative bacterial
contamination. Ann Surg 2014; 259: 591-597 [PMID: 24045444
DOI: 10.1097/SLA.0b013e3182a6f2d9]
Rehman A, Rehman AU, Rehman TU, Freeman C. Removing
Outer Gloves as a Method to Reduce Spinal Surgery Infection. J
Spinal Disord Tech 2015; 28: E343-E346 [PMID: 23563341 DOI:
10.1097/BSD.0b013e31829046ca]
Shaffer WO, Baisden JL, Fernand R, Matz PG; North American
Spine Society. An evidence-based clinical guideline for antibiotic
prophylaxis in spine surgery. Spine J 2013; 13: 1387-1392 [PMID:
23988461 DOI: 10.1016/j.spinee.2013.06.030]
Sweet FA, Roh M, Sliva C. Intrawound application of
vancomycin for prophylaxis in instrumented thoracolumbar
fusions: efficacy, drug levels, and patient outcomes. Spine (Phila
Pa 1976) 2011; 36: 2084-2088 [PMID: 21304438 DOI: 10.1097/
BRS.0b013e3181ff2cb1]
O’Neill KR, Smith JG, Abtahi AM, Archer KR, Spengler DM,
McGirt MJ, Devin CJ. Reduced surgical site infections in patients
undergoing posterior spinal stabilization of traumatic injuries
using vancomycin powder. Spine J 2011; 11: 641-646 [PMID:
21600853 DOI: 10.1016/j.spinee.2011.04.025]
Strom RG, Pacione D, Kalhorn SP, Frempong-Boadu
AK. Lumbar laminectomy and fusion with routine local
application of vancomycin powder: decreased infection rate in
instrumented and non-instrumented cases. Clin Neurol Neurosurg
2013; 115: 1766-1769 [PMID: 23622935 DOI: 10.1016/
j.clineuro.2013.04.005]
Caroom C, Tullar JM, Benton EG Jr, Jones JR, Chaput CD.
Intrawound vancomycin powder reduces surgical site infections in
posterior cervical fusion. Spine (Phila Pa 1976) 2013; 38: 1183-1187
[PMID: 23474597 DOI: 10.1097/BRS.0b013e31828fcfb5]
Pahys JM, Pahys JR, Cho SK, Kang MM, Zebala LP, Hawasli
AH, Sweet FA, Lee DH, Riew KD. Methods to decrease
postoperative infections following posterior cervical spine surgery.
J Bone Joint Surg Am 2013; 95: 549-554 [PMID: 23515990 DOI:
10.2106/JBJS.K.00756]
Strom RG, Pacione D, Kalhorn SP, Frempong-Boadu AK.
Decreased risk of wound infection after posterior cervical fusion
with routine local application of vancomycin powder. Spine (Phila
Pa 1976) 2013; 38: 991-994 [PMID: 23324930 DOI: 10.1097/
BRS.0b013e318285b219]
Tubaki VR, Rajasekaran S, Shetty AP. Effects of using
intravenous antibiotic only versus local intrawound vancomycin

WJO|www.wjgnet.com

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

283

antibiotic powder application in addition to intravenous antibiotics
on postoperative infection in spine surgery in 907 patients. Spine
(Phila Pa 1976) 2013; 38: 2149-2155 [PMID: 24048091 DOI:
10.1097/BRS.0000000000000015]
Martin JR, Adogwa O, Brown CR, Bagley CA, Richardson
WJ, Lad SP, Kuchibhatla M, Gottfried ON. Experience with
intrawound vancomycin powder for spinal deformity surgery.
Spine (Phila Pa 1976) 2014; 39: 177-184 [PMID: 24158179 DOI:
10.1097/BRS.0000000000000071]
Molinari RW, Khera OA, Molinari WJ 3rd. Prophylactic
intraoperative powdered vancomycin and postoperative deep
spinal wound infection: 1,512 consecutive surgical cases over a
6-year period. Eur Spine J 2012; 21 Suppl 4: S476-S482 [PMID:
22160172 DOI: 10.1007/s00586-011-2104-z]
Hill BW, Emohare O, Song B, Davis R, Kang MM. The use of
vancomycin powder reduces surgical reoperation in posterior
instrumented and noninstrumented spinal surgery. Acta Neurochir
(Wien) 2014; 156: 749-754 [PMID: 24570187 DOI: 10.1007/
s00701-014-2022-z]
Ghobrial GM, Thakkar V, Andrews E, Lang M, Chitale A,
Oppenlander ME, Maulucci CM, Sharan AD, Heller J, Harrop JS,
Jallo J, Prasad S. Intraoperative vancomycin use in spinal surgery:
single institution experience and microbial trends. Spine (Phila
Pa 1976) 2014; 39: 550-555 [PMID: 24480966 DOI: 10.1097/
BRS.0000000000000241]
Kim HS, Lee SG, Kim WK, Park CW, Son S. Prophylactic
intrawound application of vancomycin powder in instrumented
spinal fusion surgery. Korean J Spine 2013; 10: 121-125 [PMID:
24757472 DOI: 10.14245/kjs.2013.10.3.121]
Gans I, Dormans JP, Spiegel DA, Flynn JM, Sankar WN, Campbell
RM, Baldwin KD. Adjunctive vancomycin powder in pediatric
spine surgery is safe. Spine (Phila Pa 1976) 2013; 38: 1703-1707
[PMID: 23759805 DOI: 10.1097/BRS.0b013e31829e05d3]
Theologis AA, Demirkiran G, Callahan M, Pekmezci M, Ames C,
Deviren V. Local intrawound vancomycin powder decreases the risk
of surgical site infections in complex adult deformity reconstruction:
a cost analysis. Spine (Phila Pa 1976) 2014; 39: 1875-1880 [PMID:
25077909 DOI: 10.1097/BRS.0000000000000533]
Kanj WW, Flynn JM, Spiegel DA, Dormans JP, Baldwin KD.
Vancomycin prophylaxis of surgical site infection in clean
orthopedic surgery. Orthopedics 2013; 36: 138-146 [PMID:
23379827 DOI: 10.3928/01477447-20130122-10]
Chainuvati T, Poovorawan Y, Luengrojanakul P. The prevalence
of hepatitis C virus antibody in high risk group of Thai children
and adults. Gastroenterol Jpn 1991; 26 Suppl 3: 176-178 [PMID:
1909262 DOI: 10.1097/BRS.0b013e3181895939]
Takahashi H, Wada A, Iida Y, Yokoyama Y, Katori S, Hasegawa K,
Shintaro T, Suguro T. Antimicrobial prophylaxis for spinal surgery.
J Orthop Sci 2009; 14: 40-44 [PMID: 19214686 DOI: 10.1007/
s00776-008-1296-5]
Bhandari M, Adili A, Schemitsch EH. The efficacy of lowpressure lavage with different irrigating solutions to remove
adherent bacteria from bone. J Bone Joint Surg Am 2001; 83-A:
412-419 [PMID: 11263646 DOI: 10.2106/00004623-200103000-0
0014]
Yazdi H, Moradi A, Herbort M. The effect of gentamicin in irrigating
solutions on articular infection prophylaxis during arthroscopic ACL
reconstruction. Arch Orthop Trauma Surg 2014; 134: 257-261 [PMID:
24323062 DOI: 10.1007/s00402-013-1910-7]
Brown NM, Cipriano CA, Moric M, Sporer SM, Della Valle
CJ. Dilute betadine lavage before closure for the prevention
of acute postoperative deep periprosthetic joint infection. J
Arthroplasty 2012; 27: 27-30 [PMID: 21550765 DOI: 10.1016/
j.arth.2011.03.034]
Chang FY, Chang MC, Wang ST, Yu WK, Liu CL, Chen TH. Can
povidone-iodine solution be used safely in a spinal surgery? Eur
Spine J 2006; 15: 1005-1014 [PMID: 16133077 DOI: 10.1007/
s00586-005-0975-6]
Cheng MT, Chang MC, Wang ST, Yu WK, Liu CL, Chen TH.

November 18, 2018|Volume 9|Issue 11|

Elgafy H et al . Ten step protocol to decrease postoperative spinal wound infections
Efficacy of dilute betadine solution irrigation in the prevention
of postoperative infection of spinal surgery. Spine (Phila Pa
1976) 2005; 30: 1689-1693 [PMID: 16094267 DOI: 10.1097/01.
brs.0000171907.60775.85]

68

Savage JW, Weatherford BM, Sugrue PA, Nolden MT, Liu JC,
Song JK, Haak MH. Efficacy of surgical preparation solutions in
lumbar spine surgery. J Bone Joint Surg Am 2012; 94: 490-494
[PMID: 22437997 DOI: 10.2106/JBJS.K.00471]
P- Reviewer: Emara KM, Malik H, Recnik G S- Editor: Cui LJ
L- Editor: A E- Editor: Wu YXJ

WJO|www.wjgnet.com

284

November 18, 2018|Volume 9|Issue 11|

Published by Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

© 2018 Baishideng Publishing Group Inc. All rights reserved.

ISSN 2218-5836 (online)

World Journal of
Orthopedics
World J Orthop 2018 December 18; 9(12): 285-303

Published by Baishideng Publishing Group Inc

Contents

Monthly Volume 9 Number 12 December 18, 2018

ORIGINAL ARTICLE
Retrospective Study
285

Socio-demographic factors impact time to discharge following total knee arthroplasty
Ihekweazu UN, Sohn GH, Laughlin MS, Goytia RN, Mathews V, Stocks GW, Patel AR, Brinker MR

Observational Study
292

Humeral retroversion and shoulder muscle changes in infants with internal rotation contractures following
brachial plexus birth palsy
van de Bunt F, Pearl ML, van Essen T, van der Sluijs JA

           CASE REPORT
300

Metallosis following a clip breakage in a total knee arthroplasty implant: A case report
Saad AI, Shahban SA, Fernandes R

WJO|www.wjgnet.com



December 18, 2018|Volume 9|Issue 12|

World Journal of Orthopedics

Contents

Volume 9 Number 12 December 18, 2018

ABOUT COVER

Editorial Board Member of World Journal of Orthopedics , Jian-Min Li, MD, Doctor,
Professor, Surgeon, Department of Orthopedics, Qilu Hospital, Shandong University,
Jinan 250012, Shandong Province, China

AIM AND SCOPE

World Journal of Orthopedics (World J Orthop, WJO, online ISSN 2218-5836, DOI: 10.5312 ) is a
peer-reviewed open access academic journal that aims to guide clinical practice and improve
diagnostic and therapeutic skills of clinicians.
WJO covers topics concerning arthroscopy, evidence-based medicine, epidemiology,
nursing, sports medicine, therapy of bone and spinal diseases, bone trauma, osteoarthropathy,
bone tumors and osteoporosis, minimally invasive therapy, diagnostic imaging. Priority
publication will be given to articles concerning diagnosis and treatment of orthopedic
diseases. The following aspects are covered: Clinical diagnosis, laboratory diagnosis,
differential diagnosis, imaging tests, pathological diagnosis, molecular biological diagnosis,
immunological diagnosis, genetic diagnosis, functional diagnostics, and physical diagnosis;
and comprehensive therapy, drug therapy, surgical therapy, interventional treatment,
minimally invasive therapy, and robot-assisted therapy.
We encourage authors to submit their manuscripts to WJO. We will give priority to
manuscripts that are supported by major national and international foundations and those
that are of great basic and clinical significance.

INDEXING/ABSTRACTING

World Journal of Orthopedics is now abstracted and indexed in PubMed, PubMed Central,
Emerging Sources Citation Index (Web of Science), China National Knowledge
Infrastructure (CNKI), and Superstar Journals Database.

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xiang Li  	
Responsible Electronic Editor: Ying-Na Bian
Proofing Editor-in-Chief: Lian-Sheng Ma

Responsible Science Editor: Ying Dou
Proofing Editorial Office Director: Jin-Lei Wang

World Journal of Orthopedics
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

COPYRIGHT
© 2018 Baishideng Publishing Group Inc. Articles published by this Open-Access journal are distributed under
the terms of the Creative Commons Attribution Noncommercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is
otherwise in compliance with the license.
SPECIAL STATEMENT
All articles published in journals owned by the Baishideng
Publishing Group (BPG) represent the views and opinions of their authors, and not the views, opinions or
policies of the BPG, except where otherwise explicitly
indicated.

EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
www.wjgnet.com/2218-5836/editorialboard.htm

PUBLISHER
Baishideng Publishing Group Inc
7901 Stoneridge Drive,
Suite 501, Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

EDITORIAL OFFICE
Jin-Lei Wang, Director

PUBLICATION DATE
December 18, 2018

ONLINE SUBMISSION
http://www.f6publishing.com

NAME OF JOURNAL
World Journal of Orthopedics
ISSN
ISSN 2218-5836 (online)
LAUNCH DATE
November 18, 2010
FREQUENCY
Monthly
EDITOR-IN-CHIEF
Bao-Gan Peng, MD, PhD, Professor, Department of
Spinal Surgery, General Hospital of Armed Police
Force, Beijing 100039, China

WJO|www.wjgnet.com

II

INSTRUCTIONS TO AUTHORS
http://www.wjgnet.com/bpg/gerinfo/204

December 18, 2018|Volume 9|Issue 12|

World J Orthop 2018 December 18; 9(12): 285-291

Submit a Manuscript: https://www.f6publishing.com
DOI: 10.5312/wjo.v9.i12.285

ISSN 2218-5836 (online)

ORIGINAL ARTICLE
Retrospective Study

Socio-demographic factors impact time to discharge
following total knee arthroplasty
Ugonna N Ihekweazu, Garrett H Sohn, Mitzi S Laughlin, Robin N Goytia, Vasilios Mathews, Gregory W Stocks,
Anay R Patel, Mark R Brinker
Ugonna N Ihekweazu, Robin N Goytia, Vasilios Mathews,
Gregory W Stocks, Anay R Patel, Mark R Brinker, Fondren
Orthopedic Group, Houston, TX 77030, United States

Gregory Stocks reports stock ownership from Nimbic Systems,
Inc., outside the submitted work; Mark Brinker reports personal
fees from Zimmer Biomet, outside the submitted work.

Ugonna N Ihekweazu, Mitzi S Laughlin, Robin N Goytia,
Vasilios Mathews, Gregory W Stocks, Anay R Patel, Mark
R Brinker, Fondren Orthopedic Research Institute, Fondren
Orthopedic Group, Houston, TX 77030, United States

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

Garrett H Sohn, Department of Orthopedic Surgery, Baylor
College of Medicine, Houston, TX 77030, United States
ORCID number: Ugonna N Ihekweazu (0000-0002-6884-2197);
Garrett H Sohn (0000-0002-3202-9671); Mitzi S Laughlin (00000002-6963-7144); Robin N Goytia (0000-0002-9781-7628);
Vasilios Mathews (0000-0002-1862-4124); Gregory W Stocks
(0000-0002-2943-5548); Anay R Patel (0000-0001- 9183-4905);
Mark R Brinker (0000-0001-7140-1635).

Manuscript source: Unsolicited manuscript
Corresponding author to: Mitzi S Laughlin, PhD, Senior
Researcher, Chief Scientist, Fondren Orthopedic Research
Institute, Fondren Orthopedic Group, 7401 S. Main, Houston, TX
77030, United States. mitzi.laughlin@fondren.com
Telephone: +1-713-7943408

Author contributions: Ihekweazu UN, Goytia RN, Mathews V,
Stocks GW, Patel AR and Brinker MR contributed to the study
conception and design; Ihekweazu UN, Goytia RN, Mathews V,
Stocks GW and Patel AR contributed to the data acquisition and
data interpretation; Laughlin MS contributed the data analysis,
data interpretation and preparation of the tables and figures;
Ihekweazu UN, Sohn GH and Laughlin MS contributed to the
literature review and the writing of the article; all authors have
approved this manuscript prior to submission and believe that this
manuscript represents honest work.

Received: October 4, 2018
Peer-review started: October 4, 2018
First decision: October 29, 2018
Revised: November 6, 2018
Accepted: December 10, 2018
Article in press: December 10, 2018
Published online: December 18, 2018

Institutional review board statement: This study was
evaluated and an IRB exemption was given for this work by the
Texas Orthopedic Hospital’s IRB (TOH203e).

Abstract

Informed consent statement: Patients were not required
to give informed consent to the study because the analysis
used anonymous clinical data and the study was given an IRB
exemption.

AIM
To determine social, logistical and demographic factors
that influence time to discharge in a short stay pathway
(SSP) by following total knee arthroplasty (TKA).
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METHODS
The study included primary TKA’s performed in a highvolume arthroplasty center from January 2016 through
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December 2016. Potential variables associated with
increased hospital length of stay (LOS) were obtained
from patient medical records. These included age,
gender, race, zip code, body mass index (BMI), number
of pre-operative medications used, number of narcotic
medications used, number of patient reported allergies
(PRA), simultaneous bilateral surgery, tobacco use,
marital status, living arrangements, distance traveled
for surgery, employment history, surgical day of the
week, procedure end time and whether the surgery was
performed during a major holiday week. Multivariate
step-wise regression determined the impact of social,
logistical and demographic factors on LOS.

Ihekweazu UN, Sohn GH, Laughlin MS, Goytia RN, Mathews V,
Stocks GW, Patel AR, Brinker MR. Socio-demographic factors
impact time to discharge following total knee arthroplasty. World
J Orthop 2018; 9(12): 285-291
URL: https://www.wjgnet.com/2218-5836/full/v9/i12/285.htm
DOI: https://dx.doi.org/10.5312/wjo.v9.i12.285

INTRODUCTION
Increased utilization of total joint arthroplasty (TJA) is
expected to result in a pronounced economic burden on
[1]
the United States health care system . Subsequently,
cost reductions even at the individual case level can
translate into a substantial cost savings to the overall
[2]
system . In-hospital length of stay (LOS) has been
shown to directly influence the total cost of joint arthro
[3,4]
plasty when patients are discharged home . Since
LOS is a modifiable cost factor, increased focus has been
placed on implementing measures that aim to discharge
patients from the hospital as soon as safely possible.
The recent development of short stay pathways is a
direct result of advancements in surgical, anesthetic
and rehabilitation techniques. While there are concerns
regarding the overall safety of short stay pathways (SSP)
compared to conventional postoperative pathway (CPP),
the literature suggests that drastic reductions in LOS can
[5]
be accomplished without increasing complication rates .
Factors influencing LOS such as age, gender and
perioperative complications have been previously des
cribed in the literature under CPP for hip and knee arthro
[6,7]
plasty . At the earliest, patients in these CPP studies
rd
[6-8]
were discharged on the 3 day following surgery .
[8]
Keswani et al found that patients with later surgical
start times and end of the week procedure days (Thursday
and Friday) had longer LOS in a CPP. However, a
separate study performed at an institution utilizing a SSP
found that surgical day of the week had no correlation
[9]
with LOS . Another institution utilizing SSP investigated
the influence of preoperative patient characteristics
and perioperative surgical factors related to prolonged
[10,11]
LOS
. Regardless there remains limited data on the
factors influencing LOS following TKA in a SSP.
The primary purpose of this study was to assess the
influence of social, logistical and demographic factors
on time to discharge in a SSP for TKA. The findings
from this study may further enhance preoperative and
perioperative risk stratification models that already
incorporate patient characteristics and perioperative
surgical factors but neglect other potentially influential
variables.

RESULTS
Eight hundred and six consecutive primary SSP TKA’s
were included in this study. Patients were discharged at
a median of 49 h (post-operative day two). The following
factors increased LOS: Simultaneous bilateral TKA [46.1
h longer (P < 0.001)], female gender [4.3 h longer (P =
0.012)], age [3.5 h longer per ten-year increase in age
(P < 0.001)], patient-reported allergies [1.1 h longer
per allergy reported (P = 0.005)], later procedure endtimes [0.8 h longer per hour increase in end-time (P
= 0.004)] and Black or African American patients [6.1
h longer (P = 0.047)]. Decreased LOS was found in
married patients [4.8 h shorter (P = 0.011)] and TKA’
s performed during holiday weeks [9.4 h shorter (P =
0.011)]. Non-significant factors included: BMI, median
income, patient’s living arrangement, smoking status,
number of medications taken, use of pre-operative pain
medications, distance traveled to hospital, and the day
of surgery.
CONCLUSION
The cost of TKA is dependent upon LOS, which is
affected by multiple factors. The clinical care team
should acknowledge socio-demographic factors to
optimize LOS.
Key words: Total knee replacement; Total knee
arthroplasty; Cost; Risk factors; Length of stay
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In an effort to decrease post-operative length
of stay (LOS), many institutions continue to develop
optimal discharge pathways. Since LOS is dependent
upon many variables, we sought to define which
socio-demographic factors influence LOS in total knee
arthroplasty (TKA). Six factors were found to increase
LOS: Age, gender, Black or African American race,
simultaneous bilateral TKA, later procedure end times
and number of PRA. Two factors decreased LOS,
patient being married and surgery during a major
public holiday week. While none of the patient specific
factors are modifiable by the clinician, we do have the
ability to optimize surgical schedule and allocation of
resources.
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MATERIALS AND METHODS
Methods

A retrospective chart review was performed for a
consecutive series of 806 elective primary TKA’s
performed at a single specialty hospital from January
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2016 to December 2016. All procedures were performed
by one of 3 experienced surgeons, each performing more
than 250 TKA’s per year. All surgeries, regardless of LOS,
were performed using the hospital’s SSP for each phase
of care. This study was evaluated and an Institutional
Review Board (IRB) exemption was given for this work
by the Texas Orthopedic Hospital IRB (TOH203e).

code was used to obtain the median household income of
the zip code from the 2016 American Community Survey
[12]
performed by the United States Census Bureau .
Baseline demographics, surgical factors, and social
factors were summarized by mean (± SD) for continuous
factors or by count and percentages for categorical
factors in order to characterize the study population.
Multivariate regression analysis was performed to
determine the contribution of demographic, logistical
and social factors on LOS. A stepwise model was used to
determine the number of factors significantly associated
with LOS. Statistical significance was defined as P < 0.05
and SPSS 24 (IBM Corp., Armonk, NY, United States)
was used for statistical analyses.

Short stay protocol

All patients at this institution undergo a formal pre
operative screening process to ensure they are safe
for surgery and postoperative care within our specialty
hospital. Active renal replacement therapy, active lung
disease requiring home oxygen support, or active
cardiac disease requiring a defibrillator exclude the
patient from surgery at this institution. Each patient
is medicated preoperatively with celecoxib 200 mg,
Neurontin 100 mg, and acetaminophen 650 mg. Intraoperative anesthesia consists of a propofol infusion
with no inhalation anesthetic and no muscle relaxation.
During the procedure a periarticular anesthetic of
weight-based ropivicaine 0.5% and morphine 5-10
mg is injected into the soft tissues prior to closure. All
patients are given 1 g intravenous (Ⅳ) tranexamic acid
prior to incision and 1 gram prior to closure, unless
it is contraindicated, at which point it is administered
topically. Post-operative medication regimen consists
of a combination of hydrocodone, tramadol, metho
carbamol, dexamethasone and Ⅳ ketorolac. Deep
vein thrombosis prophylaxis consists of aspirin or
rivaroxaban per surgeon discretion and is continued for
4 wk. Patients are mobilized approximately 2 h after
surgery with physical therapists. Standing is attempted,
and if tolerated, patients are allowed to walk with a
walker and assistance as far as they can tolerate.
Continuous passive motion devices were used during
the study period per surgeon discretion. The following
morning patients undergo their second session with
the physical therapists. The three surgeons included
in this study independently round on their patients on
all days, including weekends and holidays. Patients
were discharged as soon as they had adequate oral
pain control, are safe to ambulate and mobilize with an
assistive device and are hemodynamically stable.

RESULTS
A total of 806 primary TKA cases were included in the
study. There were 491 female (60.9%) patients and the
average age of the study population was 64.5 years.
76.6% of the study population were identified as White,
11.4% as other, 7.8% black/African American, 2.2%
identified as Asian and 1.9% declined to state. The
median LOS was 49.0 h with a range from 18-236 h. All
subject characteristics that were included in the analysis
are depicted in Table 1.
In our study population, the constant (or baseline
regression model) for LOS was 22.7 h (P = 0.004).
Adding or subtracting beta coefficients for other factors
predicts individual patient LOS. Multiple regression
identified six factors that increased LOS (Table 2):
Simultaneous bilateral TKA [46.1 h longer (P < 0.001)],
female gender [4.3 h longer (P = 0.012)], age [3.5
h longer per ten-year increase in age (P < 0.001)],
number of PRA’s [1.1 h longer per each reported number
of allergies (P = 0.005)], later procedure end-times [0.8
h longer per hour increase in end-time (P = 0.040)]
and Black or African American patients [6.1 h longer (P
= 0.047)]. Two factors were found to decrease LOS:
Patients being married [4.8 h shorter (P = 0.011)] and
TKA’s performed during major holiday weeks [9.4 h
shorter (P = 0.011)]. Non-significant factors included:
BMI, median income, patient’s living arrangement,
smoking status, number of medications taken, use of
pre-operative pain medications, distance traveled to
hospital, and the day of surgery.

Study outcomes

Potential variables associated with increased hospital
LOS were obtained from patient medical records. These
included age, gender, race, zip code, body mass index
(BMI), number of pre-operative medications used,
number of narcotic medications used, number of patient
reported allergies (PRA), simultaneous bilateral surgery,
tobacco use, marital status, living arrangements, distance
traveled for surgery, employment history, surgical day
of the week, procedure end time and whether the
surgery was performed during a major holiday week.
Thanksgiving, Christmas and New Year’s Eve were the
major holidays included in the study. The patient’s zip

WJO|https://www.wjgnet.com

DISCUSSION
LOS is a modifiable cost factor in the overall expense
of TJA. Increased emphasis has been placed on both
employing SSP and optimizing risk stratification models
that identify those who may or may not be appropriate
candidates for SSP. Our study identified simultaneous
bilateral TKA, female gender, increased age, increased
number of PRA, later surgery end time and race identified
as Black or African American as factors that increased
LOS. Two factors, patient being married and procedures
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patients were slightly above. Thus, increased LOS
in Black patients may not be entirely due to race, as
socioeconomic factors may also be confounded by race.
Future studies will need to further define the complex
relationships between race, socioeconomic status,
perioperative outcomes and LOS in TJA.
To our knowledge, marital status has not previously
been shown to demonstrate any influence on LOS
following TKA. While limited, the literature outside
of orthopedics suggests that being married may be
[18,19]
associated with better treatment outcomes
.
However, marital status has been shown to affect
outcomes following TKA as patients that are married
[20]
have better overall outcomes following TKA . In our
study, married patients had a decreased postoperative
LOS. Our findings corroborate the general trend in the
literature, with a positive association between being
married and improved treatment outcomes. Notably,
marital status has recently been identified as a key
variable that should be investigated in future research on
[21]
outcomes of knee and hip surgery .
Prior studies indicate that increasing amounts of PRA’s
is associated with worse outcomes following total hip and
[22-24]
knee arthroplasty
. Interestingly, the patient reported
“allergy” is often a misnomer as only 15% of PRA’s studied
in a community hospital setting represented a true IgE
[25]
mediate hypersensitivity reaction . In a study utilizing
data from the Canadian Community Health registry, an
association between mood and anxiety disorders and
[26]
PRA reporting was demonstrated . As the relationship
between PRA and psychiatric disorders is further eluci
dated, their impact on all aspects of TJA is becoming
more apparent. In a prospective study of 446 patients
undergoing primary hip and knee arthroplasty, Otero
[22]
el al found that patients reporting at least 1 allergy had
significantly lower postoperative SF-36 physical component
score compared to those reporting no allergies. In a
[23]
retrospective review, McLawhorn et al
demonstrated
that increasing number of PRAs was associated with both
worse satisfaction and Western Ontario and McMaster
Universities Arthritis Index scores, in addition to increased
LOS following TKA in a CPP. The median LOS of the
patients included in their TKA cohort was 4.0 d. Our study
found that for each reported allergy, LOS increased by
0.8 h. While this may seem to be an insignificant amount
of time, it is not uncommon to encounter patients with
many PRAs in practice; in our study, one patient reported
twenty-three. In an SSP, increasing the LOS by just a few
hours may represent the difference in an additional day
spent in the hospital.
The relationship between surgical day of the week and
LOS has previously been studied in both CPP and SSP.
In separate retrospective reviews, both Muppavarapu
[27]
[8]
et al
and Keswani et al found that patients who
underwent TJA or total hip arthroplasty (THA) respectively,
on Thursday or Friday had significantly longer hospital
LOS compared to patients undergoing those procedures
earlier in the week. These two studies represented a CPP
as the LOS of the patients included these studies was

Table 1 Baseline subject characteristics
mean ± SD or n (%)

Factor
Number of patients
Gender
Male
Female
Age (yr)
Race
Asian
Black/African American
White
Other
Decline to state
Body mass index
Employed
Median income by zip code
Marital Status
Single
Married
Widow/widower
Divorced
Patient lives alone (Y)
Smoker
Current
Former
Never
Number of allergies
Number of medications
Pre-operative pain meds (Y)
Simultaneous bilateral total knee arthroplasty
Distance from hospital (miles)
Day of surgery
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Holiday week surgery
Surgery end time (h:min)

806
315 (39.1)
491 (60.9)
64.5 ± 8.5
18 (2.2)
63 (7.8)
617 (76.6)
94 (11.4)
16 (1.9)
33.81 ± 7.4
347 (43.1)
$66586 ± 25562
105 (13.0)
593 (73.6)
66 (8.2)
42 (5.2)
99 (12.3)
68 (8.4)
232 (28.8)
506 (62.8)
1.5 ± 2.2
6.1 ± 4.8
108 (13.4)
37 (4.6)
61.95 ± 122.8
242 (30.0)
175 (21.7)
129 (16.0)
194 (24.1)
61 (7.6)
5 (0.6)
43 (5.3)
11:05 ± 2:22

performed during major holiday weeks decreased LOS.
Increased age and female gender are factors that
[11,13]
are known to correlate with increased LOS in SSP
.
[14]
Both simultaneous bilateral TKA and patient identified
[15]
race as non-Caucasian have been shown to increase
LOS in CPP as well as SSP. Our data showed that
patients identifying as Black or African American had
a significantly longer LOS after TKA, while other racial
groups (White and Other) showed no difference in
LOS. Racial disparities in utilization, complication rates
and outcomes of arthroplasty are prevalent in the
[15-17]
literature
, however, race is often confounded with
socioeconomic factors. In our study, Black patients had
a longer LOS but median household income was not
a significant factor influencing LOS. Further analysis
showed that the median income of Black patients in
our study was just over $41000 while both White and
Other patients was over $60000 (Figure 1). According
to the American Community Survey the median income
[12]
for the United States in 2016 was $55322 , so in our
patient population Black patients were well under the
United States median income while White and Other

WJO|https://www.wjgnet.com
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Table 2 Significant factors predicting length of stay
Factor

Beta coefficient (h)

Constant
Simultaneous bilateral total knee arthroplasty
Gender (female)
Age (per 10 yr)
Patient is married
Number of allergies
Holiday week surgery
Surgery end time
Black/African American

22.7
46.1
4.3
3.5
-4.8
1.1
-9.4
0.8
6.1

1

Std. error

P value

7.8
4.1
1.7
1.0
1.9
0.4
3.6
0.4
3.0

0.004
< 0.001
0.012
< 0.001
0.011
0.005
0.011
0.040
0.047

1

In our study population, the constant for length of stay (LOS) was 22.7 h. Adding or subtracting beta coefficients for other factors predicts individual
patient LOS.

surgical start time of the procedure is less critical.
The relationship between public holidays and LOS
across all medical fields has never been reported, a
few studies have sought to understand the influence of
[30-32]
holidays on clinical outcomes and readmission
. In
our study, patients undergoing TKA during major public
holiday weeks were found to have decreased LOS as
compared to patients having surgery during a normal
week. Several factors likely influence these findings
including patient, surgeon and staff related variables.
As our study included three surgeons, the most senior
surgeon performed fewer procedures during holiday
weeks and also had a slightly higher LOS average,
possibly confounding the lower LOS holiday week results.
While these results do leave room for speculation,
the present study could not delineate any additional
conclusions from these findings; therefore this is an area
that future studies should consider investigating further.
Our study had several limitations. First, the data used
was retrospectively collected and therefore susceptible to
inherent bias in its analysis. Secondly, race identification
was limited to what was reported in the chart and the
‘other’ classification likely encompassed a variety of
distinct ethnicities that could not be further discerned.
Third, there was potential for type Ⅱ statistical error
as certain variables approached but did not reach
significance in this study. As it pertains to LOS, several
variables that were originally thought to be relevant
factors were not. In particular, distance traveled and preoperative narcotic use did not reach significance in our
cohort.
In an effort to decrease post-operative LOS, many
institutions continue to develop optimal discharge
pathways following TKA. Since LOS is dependent upon
many variables, we sought to define which social,
logistical and demographic factors influence LOS in TKA.
Six factors were found to increase LOS in a SSP: Age,
gender, Black or African American race, simultaneous
bilateral TKA, later procedure end times and number
of PRA’s. Two factors decreased LOS in an SSP, patient
being married and surgery during a major public holiday
week. While none of the patient specific factors (e.g.,
age, race, gender, marital status, socioeconomic status,

$140000
Median income

$120000
$100000
$80000
$60000
$40000
$20000
$

Black

White

Other

Patient race

Figure 1 Median income level by race with the bold horizontal line
representing the median, the box shows the 25% to 75% range, the x is
the mean and the whiskers represent the entire range of the data.

greater than 3 d. A comprehensive PubMed search found
only one study that investigates the effect of surgical day
of the week on LOS in an SSP for total joint arthroplasty.
In a cohort of patients with an average LOS of < 2 d,
[9]
Edwards et al found that surgical day of the week did not
influence time to discharge. Our results were similar as
surgical day of the week did not influence LOS in our SSP.
These findings suggest that as LOS decreases the overall
impact of performing a procedure towards the end of the
week may diminish.
The influence of surgical start time on LOS has been
investigated across several surgical subspecialties with
the evidence suggesting that as cases begin later in
[28,29]
[28]
the day, LOS increases
. Earnest et al
suspected
that initial post-operative care is delayed for patients
admitted in the afternoon because clinical workup and
management usually occurs in the morning. Only one
study has investigated the influence of surgical timing on
LOS in total joint arthroplasty. In a cohort of THA patients
receiving conventional postoperative care pathways,
[8]
Keswani et al found that procedures starting after 2 PM
were associated with longer LOS compared to procedures
starting prior to 2 PM. We found that LOS was slightly
shorter for every hour later the procedure ended. In our
institution’s SSP, post-operative protocols do not depend
on the time of day as staffing is consistent between
shifts. Patients are encouraged to work with a physical
therapist just a few hours after surgery when clinically
feasible. Our findings suggest that unlike CPP, in SSP the

WJO|https://www.wjgnet.com
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The clinical care team should acknowledge socio-demographic factors to further
optimize short stay pathways and decrease LOS.

and PRA’s) are modifiable by the clinician, we do have
the ability to optimize surgical schedule and allocation
of resources. When refining predictive models for
LOS, in addition to considering known clinical factors,
the care team should also appreciate the extent that
social, demographic and logistical factors influence LOS.
Furthermore, the influence of these factors may depend
on whether a CPP or an SSP model is being employed.

Research perspectives

In an effort to decrease post-operative LOS, many institutions continue to
develop optimal discharge pathways following TKA. Since LOS is dependent
upon many variables, we sought to define which social, logistical and
demographic factors influence LOS in TKA. Six factors were found to increase
LOS in a short stay pathway: Age, gender, Black or African American race,
simultaneous bilateral TKA, later procedure end times and number of PRA’s.
Two factors decreased LOS: Patient being married and surgery during a major
public holiday week. While none of the patient specific factors (e.g., age, race,
gender, marital status, socioeconomic status, and PRA’s) are modifiable by the
clinician, we do have the ability to optimize surgical schedule and allocation of
resources. When refining predictive models for LOS, in addition to considering
known clinical factors, the care team should also appreciate the extent that
social, demographic and logistical factors influence LOS.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Time to discharge or in-hospital length of stay (LOS) has been shown to directly
influence the total cost of joint arthroplasty when patients are discharged home.
Since LOS is a modifiable cost factor, increased focus has been placed on
implementing measures that aim to discharge patients from the hospital as soon
as safely possible. The recent development of short stay pathways is a direct
result of advancements in surgical, anesthetic and rehabilitation techniques.
Traditional factors such as age, gender, comorbidities and perioperative
complications have been studied extensively and influence LOS. Patient social,
logistical and demographic factors are non-modifiable factors but potentially
influence LOS.
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To examine humeral retroversion in infants who sus
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tained brachial plexus birth palsy (BPBI) and suffered
from an internal rotation contracture. Additionally, the
role of the infraspinatus (IS) and subscapularis (SSc)
muscles in the genesis of this bony deformation is
explored.

van de Bunt F, Pearl ML, van Essen T, van der Sluijs JA.
Humeral retroversion and shoulder muscle changes in infants
with internal rotation contractures following brachial plexus birth
palsy. World J Orthop 2018; 9(12): 292-299
URL: https://www.wjgnet.com/2218-5836/full/v9/i12/292.htm
DOI: https://dx.doi.org/10.5312/wjo.v9.i12.292

METHODS
Bilateral magnetic resonance imaging (MRI) scans of
35 infants (age range: 2-7 mo old) with BPBI were
retrospectively analyzed. Retroversion was measured
according to two proximal axes and one distal axis (tran
sepicondylar axis). The proximal axes were: (1) the
perpendicular line to the borders of the articular surface
(humeral centerline); and (2) the longest diameter
through the humeral head. Muscle cross-sectional
areas of the IS and SSc muscles were measured on the
MRI-slides representing the largest muscle belly. The
difference in retroversion was correlated with the ratio
of muscle-sizes and passive external rotation measure
ments.

INTRODUCTION
The most common musculoskeletal sequela of neurologic
injury of brachial plexus birth palsy (BPBI) is an internal
rotation contracture of the shoulder. This contracture is
frequently associated with deformity of the glenohumeral
[1-5]
joint . These bony deformities have been thought to be
[6-8]
a consequence of abnormal muscular development .
The internal rotation contracture secondary to
BPBI has been associated with alterations of humeral
[9-12]
retroversion
. Previous studies presented opposite
findings, as both older studies reported an increased
[10,11]
humeral version angle
, while more recent studies
[9,12]
reported a decrease in humeral retroversion
. Normal
humeral retroversion is greatest at birth and gradually
[13-15]
decreases through adolescence
to adult values
averaging between 25-30 with well documented individual
[16]
variation . One well-studied exception is the throwing
athlete, for whom retroversion has been shown to be
greater on the dominant throwing side, due to repetitive
[17-21]
throwing that usually begins in early childhood
.
The existing common treatment options consist of soft
tissue procedures (releases and tendon transfers) and
bone realignment procedures (rotational osteotomy) with
the aim to provide better function of the upper extremity
[22-26]
through an improved position of the hand in space
.
This position is directly related to the humeral version
angle. We studied humeral retroversion in 35 consecutive
infants who were under evaluation for treatment of their
internal rotation contractures secondary to unilateral
BPBI in this retrospective observational study. Our
main goal was to further elucidate the timing that these
anatomic changes may occur; therefore, we included our
youngest patient population. We hypothesized that the
retroversion angle (RV-angle) on the involved side would
be significantly decreased relative to the uninvolved side
and that the difference would increase with age. Since
the subscapularis (SSc) and infraspinatus (IS) muscles,
are an agonist-antagonist muscle pair regarding humeral
rotation, we hypothesized that an imbalance between
these muscles would correlate with altered humeral
version.

RESULTS
Retroversion on the involved side was significantly
decreased, 1.0° vs 27.6° (1) and 8.5° vs 27.2° (2), (P
< 0.01), as compared to the uninvolved side. The size
of the SSc and IS muscles on the involved side was
significantly decreased, 2.26 cm² vs 2.79 cm² and 1.53
cm² vs 2.19 cm², respectively (P < 0.05). Furthermore,
the muscle ratio (SSc/IS) at the involved side was
significantly smaller compared to the uninvolved side (P
= 0.007).
CONCLUSION
Even in our youngest patient population, humeral
retroversion has a high likelihood of being decreased.
Altered humeral retroversion warrants attention as a
structural change in any child being evaluated for the
treatment of an internal rotation contracture.
Key words: Humeral retroversion; Infants; Brachial
plexus; Brachial plexus neuropathies; Shoulder;
Humerus
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study examines humeral retroversion in
infants who sustained neonatal brachial plexus palsy
and suffered from an internal rotation contracture.
The existing common treatment options all strive for
better function of the upper extremity through an
improved position of the hand in space. Therefore, a
thorough understanding of the development of the
pathogenesis of this injury is important. We found a
significant reduction of humeral retroversion in our
study group (mean difference, 26.8). When treatment
becomes warranted and contralateral humeral version
measurements greatly differ, a humeral derotational
osteotomy may offer the best improvement regarding
the hand position.

WJO|https://www.wjgnet.com

MATERIALS AND METHODS
In this retrospective observational study, we included
37 Magnetic resonance imaging (MRI) -scans from
a consecutive series of infants (< 1 year old) with a
unilateral BPBI. All infants were potential candidates for
neurosurgical interventions because of the severity of the
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Measure of retroversion

Retroversion was measured with respect to two diffe
rent methods for the proximal humeral axis and the
[12]
transepicondylar axis distally, introduced by Pearl et al .
The first proximal reference axis was chosen to provide
continuity with earlier retroversion analysis performed in
[10,11]
this specific patient group
. This axis is conforming
to the longest diameter through the humeral head. A
line segment was created, which spanned the greatest
distance from the periphery of the greater tuberosity to
the medial articular surface and is labeled as the skew axis
[2]
(SA) (Figure 1) .
Retroversion was analyzed using the humeral centerline (HCL) as the proximal axis (Figure 1). This is a
[19,28-32]
commonly used axis in various retroversion studies
.
The HCL represents the perpendicular projection from the
margins of the articular surface.
Based on the literature, retroversion of the humeral
head is shown as a positive value and anteversion is
shown as a negative value. Two investigators performed
the humeral version measurements.

line

Figure 1 Schematic illustration of measurement parameters applied to a
magnetic resonance imaging slice from the proximal part of the normal
uninvolved, humerus. (Reproduced with modification from: Pearl ML, et al.
Geometry of the proximal humeral articular surface in young children: a study
to define normal and analyze the dysplasia due to brachial plexus birth palsy.
J Shoulder Elbow Surg 2013; 22: 1274-84. Reproduced with permission from
Elsevier.)

neurological lesion. This study was IRB approved.
MRI studies were performed on a 1.5-T MRI-unit
(Magnetom 1.5 T Vision; Siemens, Erlangen, Germany).
A FISP three-dimensional pulse acquisition sequence
(repetition time, 25 msec; time to echo, 10 msec; flip
angle 40°) with ranges from 0.8 to 1.5 mm partitions was
used to obtain images from both shoulders and upper
arms, representing the full humerus and glenohumeral
joint in the axial plane. All children were given pethidine,
droperidol and chlorpromazine intramuscularly. During
sedation, they were monitored by electrocardiograph,
measurement of oxygen saturation, and by video. Children
were not moved during the imaging protocol.
From these 37 studies, two were insufficient for
completing our detailed measurement protocol, as one
study did not capture the entire humerus and motion
artifacts compromised the other study.
Our Radiology department anonymized the MRI
studies before performing our measurement protocol;
Digital Imaging and Communications in Medicine files
were imported as a numerical database into Osirix
(Pixmeo, Geneva, Switzerland). For humeral version
measurements, axial plane slides from the involved and
uninvolved side that to our best efforts represented the
midpoint of the humeral head were selected. For the
measurement of muscle dimensions, axial plane slides
representing the largest cross-sectional area of the SSc
muscle and infraspinatus muscle were selected and
exported as TIFF files. The TIFF files were imported into
Geometer’s Sketchpad version 5.03 (KCP Technologies,
Emeryville, CA, United States) for further retroversion

WJO|https://www.wjgnet.com

Surface area measurements

Cross-sectional areas of the IS and SSc muscles were
measured using the closed region-of-interest polygon tool
in Osirix (Pixmeo). The MRI slides depicting the largest
muscle bellies were identified for measurement of this
cross-sectional area. Muscle size was determined by the
2
muscle cross-sectional area in cm and muscle percentage
relative to the corresponding muscle at the uninvolved
side. Furthermore, the ratio of the SSc and IS muscle (SSc/
IS) was calculated to compare muscle balance between
both sides and correlate these with the ΔRV-angle.

Analysis

Statistical analysis was performed using SPSS software
(version 22.0; SPSS Inc., Chicago, IL, United States).
The distribution analysis showed an approximately
normal distribution.
Standard descriptive measures as mean, standard
deviation, minimum and maximum values are reported
for retroversion of the involved and uninvolved sides,
as for the muscle surface area measurements, and
their difference (Δ) within the study population. Pearson
product-moment or Spearman rank correlation coe
fficients are estimated between each of these and
passive external rotation and Narakas classification, as
appropriate, based on the underlying distribution and type
of the data. Paired data, such as involved vs uninvolved
measurements regarding retroversion and muscle
cross-sectional area measurements made on the same
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Table 1 Demographics
Subject

Narakas

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
Mean
Standard deviation
Minimum
Maximum

3
1
1
3
3
3
3
3
2
1
3
1
3
1
2
1
3
3
1
2
3
1
1
1
3
1
1
1
1
1
1
3
3
2
1

Age (mo)

External rotation
(passive) (°)

2.6
3.1
3.2
3.2
3.3
3.4
3.4
3.5
3.5
3.5
3.6
3.6
3.8
4.0
4.1
4.1
4.5
4.5
4.5
4.6
4.6
4.7
4.7
4.8
4.9
5.0
5.0
5.0
5.0
5.1
5.4
5.6
5.9
5.9
6.5
4.3
0.9
2.6
6.5

Retroversion
involved (HCL) (°)

-15
-5
-40
-30
0
-10
0
-20
-5
-20
-20
-20
-25
-5
-15
-15
-25
-45
-10
-30
-10
-20
-20
-40
-40
-15
0
-15
-10
-5
-20
-35
-15
-30
-10
-18.3
12
-45
0

7.665
-9.16
-17.125
14.175
-7.05
-24.74
7.67
35.595
-10.885
4.54
1.99
3.6
1.595
-6.715
-13.53
14.975
0.065
24.195
-4.115
-7.205
-3.14
4.125
-20.83
4.875
8.935
38.24
-8.86
-30.23
24.725
8.79
-28.55
3.385
-16.805
11.89
17.315
0.8
16.1
-30.23
38.24

Retroversion
involved (SA) (°)

Retroversion
Retroversion
uninvolved (HCL) (°) uninvolved (SA) (°)

11.25
11.045
4.04
23.395
6.67
-19.26
7.905
35.015
1.615
2.05
5.695
22.565
9.425
3.44
-1.035
9.85
-2.075
20.195
6.1
11.675
7.29
18.195
1.9
9.95
9.525
33.53
4.405
-20.135
25.535
10.05
-11.965
6.45
11.66
7.225
14.43
8.5
11.7
-20.135
35.015

26.4
23.18
18.65
30.56
31.23
41.72
30.145
27.295
24.17
32.21
43.55
54.905
29.355
29.115
21.59
25.575
19.47
34.19
24.305
13.465
15.445
23.045
21.85
15.655
18.805
20.055
24.85
38.975
32.98
20.115
47.445
30.395
18.085
28.56
31.08
27.7
9.2
13.465
54.905

26.315
13.485
17.05
31.865
32.85
31.705
29.165
31.23
23.905
26.49
36.11
47.955
36.42
28.165
25.605
21.24
19.995
34.55
20.175
14.06
12.14
30.385
30.085
20.11
11.765
15.945
21.6
23.31
39.03
-2.295
39.185
27.485
14.5
35.075
22.5
25.4
9.8
-2.295
47.955

HCL: Humeral center-line; SA: Skew axis.

subject, were compared using paired t- or paired-samples
Wilcoxon’s signed-rank tests, as appropriate. Inter-rater
reliability assessment by Intraclass correlations coefficient
(ICC) was performed. A Bland-Altman plot was created to
visualize potential differences in retroversion measuring
[33]
methods .

transepicondylar axis was significantly decreased on the
involved side as measured by both observers. Mean RVangles were 0.8° vs 27.7° (P < 0.001). Paired differences
averaged 26.8°, with a range from -18.4° to 77.8°.
Figure 2 shows the distribution of the measurements.
In two patients, retroversion increased on the involved
side (Table 1). Age did not correlate with a decrease in
humeral retroversion (r = -0.108, P = 0.538).

RESULTS

Humeral retroversion by SA

The 35 children included in our study had a mean age of
4.3 mo (range of 2.1-6.5 mo), and they were classified
according to the Narakas classification: NarakasⅠ :
18 cases; Narakas Ⅱ: 4 cases; Narakas Ⅲ: 15 cases.
Internal rotation contractures varied from -45° to 12°,
with a mean of -18°, measured as passive external
rotation with the elbow by the side (Table 1).

Retroversion measured according to the SA and the
transepicondylar axis was also significantly decreased
on the involved side, as measured by both observers.
Mean RV-angles were 8.5° vs 25.4° (P < 0.001). Paired
differences averaged 17.5°, with a range from -22.2° to
53.3°. Figure 3 shows the distribution of measurements.
In five patients, retroversion was increased on the
involved side (Table 1). Age was again not correlated
with a decrease in humeral retroversion (r = -0.120, P =

Humeral retroversion by HCL

Retroversion measured according to the HCL and the
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HCL method vs SA

Age vs RV-angle (HCL-method)
60

For retroversion measured by HCL, the ICC for interrater
reliability on the involved side was 0.934 (95%CI:
0.863-0.967; P < 0.001). The ICC for interrater reliability
on the uninvolved side was 0.889 (95%CI: 0.747-0.948;
P < 0.001). For retroversion measured using the SA, the
ICC for interrater reliability on the involved side was 0.934
(95%CI: 0.897-0.970; P < 0.001). The ICC for interrater
reliability on the uninvolved side was 0.923 (95%CI:
0.853-0.960; P < 0.001).
The distribution of measurements was larger on the
involved side (Figure 4). Both measurement methods
yielded comparable results in the uninvolved shoulder.
However, the SA yielded systematically higher values in
the deformed humeral head compared to the HCL.

RV-angle (°)

40
20
0
Involved

-20

Uninvolved
-40

2

3

4

5

6

7

Age (mo)

Figure 2 The distribution among measurements using the humeral center
line as a proximal axis. HCL: Humeral center line; RV-angle: Retroversion
angle.

DISCUSSION

Age vs RV-angle (Skew axis)

We found a significant reduction of humeral retroversion
on the involved side compared to the uninvolved side
in a consecutive series of patients with internal rotation
contractures secondary to BPBI. Additionally, the size
of the SSc and IS muscles on the involved side was
significantly decreased, as was the muscle ratio (SSc/IS)
on the involved side compared to the uninvolved side.
Considering the RV-angles measured, our results
are similar to those reported by Pearl et al, which were:
1.8° and 5.8° compared to 20.2° and 18.9°, respectively,
depending on the method of measurement. However,
the mean age of the study groups differed considerably,
3.2 years old vs 4.3 mo old. Our results suggest that
declined humeral version is not something these children
slowly grow into. The altered humeral version angle
may already develop within the first weeks after birth,
when the humerus is probably most prone to altered
development caused by altered muscle forces gripping
the humeral head. This is supported by the lack of
significant correlation found between age and decreased
retroversion on the involved side in both studies.
[11]
Of further note, the earliest reports by Scaglietti
[10]
and van der Sluijs et al
found an increase in retro
version. Scaglietti’s study was in a very different era of
imaging technology and presented his observations with
[10]
little quantitative data. van der Sluijs et al utilized MRI,
but nearly two decades ago in a somewhat older age
group, when current software tools were not available for
image analysis, and the lesser image quality might have
influenced measurements. Perhaps these methodological
differences explain these contradictory findings.
Consistent with the literature, we observed a sig
nificant decrease in muscle size on the involved side
compared to the uninvolved side, with the SSc muscle
[6,34-36]
being more affected than the IS muscle
. However,
no significant correlation between the muscle ratio
(SSc/IS) and the humeral RV-angle was observed.
Nonetheless, the reduction in muscle ratio does not
support the theory that the internal rotators overpower
the injured (paralyzed) external rotators, but suggests

60

RV-angle (°)
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0
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-20

Uninvolved
-40

2

3

4

5
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Figure 3 The distribution among measurements using the skew axis
as a proximal axis. In the deformed humeral head, the skew axis yields
systematically higher values compared to the humeral center line. RV-angle:
Retroversion angle.

0.492).

Muscle surface area

Both muscles were significantly smaller on the involved
side. The IS muscle measured a mean surface area of
2
2
2.35 cm vs 2.84 cm (83%) (P < 0.001), and the SSc
2
2
muscle was 1.56 cm vs 2.20 cm (70%) (P < 0.001).
Furthermore, the muscle ratio (SSc/IS) on the
involved side was significantly smaller compared to
the uninvolved side (P = 0.007). In Table 2, the results
of the muscle cross-sectional area measurements are
summarized.

Correlations

Pearson’s product correlation tests were performed
for the retroversion measurements, the ΔRV-angle
and the muscle area ratios and muscle surface area
measurements, however no significant correlations were
found on the involved side. When correlating age with
decrease of retroversion, the Spearman Rho test was
performed for retroversion measurement and Narakas’
score and passive external rotation, no significant
correlations were found (P > 0.05).
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Table 2 Main results of the muscle cross-sectional area measurements
Muscle area, cm

2

Mean - involved

Mean - uninvolved

P value

1.56 ± 0.315
2.35 ± 0.520
68.51 ± 16.90

2.20 ± 0.372
2.84 ± 0.495
78.88 ± 15.45

< 0.001
< 0.001
0.007

Subscapularis muscle
Infraspinatus muscle
Ratio

positioning and inconsistent image acquisition. In our
studied age group, the humeral head and epicondylar
axis are mostly cartilaginous, making 3D-reconstruction
of the humeral anatomy much more challenging than
in a skeletally mature subject. While the software tools
currently exist, they are labor intensive and extremely
difficult to implement in clinical practice. Therefore, we
chose to utilize methods often used in our clinic setting
[12]
and shown in a prior publication .
Analyses of the IS and SSc muscles are based on
cross-sectional area measurements from the MRI-slice,
depicting the largest muscle belly as used in multiple
[6,35,36]
previous studies
. Capturing the full volume of
both muscles would likely have been more informative;
however, such software tools were not available to us.
Furthermore, muscle thickness was only assessed for
the IS and SSc muscles, and the measurement of other
external and internal rotator muscles may offer additional
insight into muscle behavior and its effect on humeral
retroversion in this population.
The most common sequel and focus of surgical
intervention in children with BPBI is an internal rotation
contracture at the shoulder. These surgical interventions
all aim for better function through an improved position
of the hand in space. Humeral version undeniably affects
hand functionality because with all other factors being
equal, decreased humeral version results in an increase
of the severity of the clinical presentation of an internal
rotation contracture. A large reduction in humeral
retroversion at a very young age could be a predictor
(or an argument when apparent at an older age) for the
necessity of a humeral derotational osteotomy to provide
adequate improvement of hand and possibly elbow
function. Furthermore, this study shows that secondary
osseous changes can occur within several months in this
patient population. A prospective study analyzing possible
changes in humeral version in this patient population
over time would be of interest, as it seems through these
results and results from recent studies that changes
in humeral version occur early, but that they may not
change much after that.
In conclusion, humeral retroversion has a high like
lihood of being significantly decreased in this patient
population. These findings are relevant for any child under
consideration for surgical intervention aiming to improve
external rotation, since all other factors being equal,
decreased humeral retroversion results in an increased
severity of the clinical presentation of an internal rotation
contracture. We measured these changes in infants 2-7
mo old and found that altered humeral development

Bland-altman plot

40

Difference (°)

20
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-20

-40
-30 -20 -10
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10 20 30
Average (°)
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Figure 4 The distribution of measurement in the involved shoulder is
larger than on the involved side, indicating measurement differences
between the skew axis and humeral center line are larger on the involved
side. The blue and orange dotted lines represent the 95% limits of agreement.

that failure of the SSc to grow or develop may result in a
contracted SSc, which restricts external rotation.
Another theory could be that the changes in humeral
retroversion are partially related to injured muscles
outside of the rotator cuff, perhaps those with at least
some innervation outside of the original zone of injury.
Further study of other muscles is warranted, looking for
evidence as to whether they were also injured resulting
[7,37]
in impaired growth
, or whether they recovered so
strongly that they overwhelmed their antagonists or
are used differently in children with varying levels of
recovery.
In addition, animal studies have shown that impaired
longitudinal muscle growth and strength imbalance me
chanisms are capable of producing shoulder deformities
and impaired growth to a somewhat greater extent
[8,38-41]
than muscle imbalance
. However, this has not yet
been related to altered humeral version. For example,
impaired growth and increased stiffness of the SSc
muscle fibers may have a significant effect on humeral
version development. In combination with other internal
rotator muscles such as the pectoralis muscle, mechanical
stiffness of these muscle fibers may not be directly related
to cross-sectional muscle area measurements.
Further research is necessary to elucidate a causal
relationship between those mechanisms and shoulder
deformities, concerning both the humerus and glenoid,
which will help guide clinical treatment decisions for BPBI.
This study has several limitations. The measurements
made were based on axial slices of the humerus;
measurements made from a 3D-reconstruction, as
those performed by Sheehan and others, would have
the potential for minimizing errors related to patient
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can occur very early in life in a population where internal
rotation contractures are apparent.
5

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

The existing common treatment options for children suffering from brachial
plexus birth palsy all strive for better function of the upper extremity through an
improved position of the hand in space. This position is directly related to the
humeral version angle.

6

Research motivation

7

Since earlier studies did not reveal a correlation between age and decreased
retroversion on the involved side, the question remained at what age this
anatomic change may occur.

8

Research objectives

Our objective was to elucidate the timing that decreased retroversion may
occur; therefore, we included our youngest patient population (2-7 mo old).

Research methods

9

We measured humeral version relative to two proximal axes and one distal
axis (transepicondylar axis). The proximal axes were: (1) the perpendicular
line to the borders of the articular surface (humeral centerline), and (2) the
longest diameter through the humeral head. Additionally, cross-sectional areas
of the infraspinatus (IS) and subscapularis (SSc) muscles were measured. The
difference in retroversion was correlated with the ratio of muscle sizes.

10

Research results

Retroversion on the involved side was significantly decreased, 1.0° vs 27.6° (1)
and 8.5° vs 27.2° (2), (P < 0.01), as compared to the uninvolved side. SSc and IS
muscle size on the involved side was significantly decreased, 2.26 cm² vs 2.79
cm² and 1.53 cm² vs 2.19 cm², respectively (P < 0.05). Additionally, muscle
ratio (SSc/IS) on the involved side was significantly smaller compared to the
uninvolved side (P = 0.007), but was not related to alterations in humeral
version.

11
12

Research conclusions

13

Our results show that altered humeral development can occur very early in life
in a population where internal rotation contractures are apparent.

14

Research perspectives

A large reduction in humeral retroversion at a very young age could be a
predictor (or an argument when apparent at an older age), for the necessity
of a humeral derotational osteotomy, to provide adequate improvement of
hand and possibly elbow function. A prospective study analyzing changes in
humeral version over time would be of interest to assess the predictive value
of decreased retroversion at such a young age, concerning various treatment
options (soft-tissue and bony).

15
16
17
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Abstract
Background
Metallosis describes the build-up of metal debris in the
soft tissues after a period of metal on metal articulation.
This debris can be asymptomatic or lead to catastrophic
implant failure, which can present acutely, as in this
case, or over a period of time. This report highlights
how a metal clip used to hold the polyethylene liner to
the tibial base plate broke 5 years after implantation,
dislodged from its original position and went on to
cause post-operative knee metallosis.
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Case summary
We present a case of a 63 year old lady admitted to
our unit with an acute onset of right knee pain on top
of a previous right total knee replacement. There was
no associated trauma and examination revealed an
erythematous, swollen and tender right knee. Blood
investigations went on to display significantly raised
inflammatory markers, raising the suspicion of a septic
joint. This patient was taken to theatre for a knee
arthrotomy and lavage of what was thought to be a
septic joint when she was found to have extensive knee
metallosis. On further inspection the metal clip, normally
used to secure the polyethylene insert to the tibial base
plate, had broken, dislodged, and had triggered this
response. After the initial washout, this lady went back
to theatre, once the appropriate implants were in stock,
for an exchange of liner and metal clip.
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Conclusion
This case highlights this very rare complication which
has never been reported in the literature and the
success of this patient’s management.
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physiological markers were unremarkable.
Her initial blood investigations revealed significantly
raised inflammatory markers with a white cell count
9
9
(WCC) of 20.27 × 10 /L, neutrophils of 16.68 × 10 /L
and C - reactive protein (CRP) of 186 mg/L, suggesting
an acute infection. Radiographs of the knee showed a
relatively well positioned in-situ TKR, with no evidence of
loosening, with the possibility of a joint effusion (Figure
1A and B).
Given this patients history, examination and bio
chemical findings, a right knee septic arthritis could not
be excluded, and as such she was taken to theatre for
a knee arthrotomy with a view to debride the joint, and
potentially replacement of the polyethylene liner.
After the initial arthrotomy was made, significant
purulent, dark coloured fluid extruded from the joint.
The knee joint was formally opened and at this point no
pus was seen, however there was a significant amount
of metallosis debris deeply embedded into the soft
tissues surrounding the knee prostheses (Figure 2A). On
further inspection, it was clear that the metal clip which
is normally used to secure the polyethylene insert to the
tibial base plate had broken and dislodged (Figures 2B
and C). Despite this broken metal clip, the polyethylene
liner was still in its original position, and on further
examination the femoral, tibial and patella implants were
all well fixed with no evidence of loosening. There was
also no evidence of significant macroscopic wear of the
femoral and tibial components.
The broken metal clip was retrieved successfully
and in whole (part being dislodged and part being well
fixed in the polyethylene liner). The Vanguard® TKR
system is no longer used in our trust, and consequently
we were unable to replace the liner and metal clip. This
lady therefore went on to have a thorough soft tissue
debridement of her metallosis and lavage with copious
normal saline solution. She later had a second staged
procedure (after a total of 18 d) at which point we were
able to obtain the correct implants, and thus provide
her with a new polyethylene liner and metal clip to
secure it in place. In the interim, between stages, she
was prescribed a course of two grams of intravenous
flucloxacillin antibiotics (to complete a six week course)
and was restricted with her weight bearing, to prevent
polyethylene liner displacement.
Superficial and deep tissue samples from the time
st
of her 1 procedure did not grow any organisms. The
histology report demonstrated areas of black necrosis
with reactive fibrosis, a giant cell foreign body reaction
triggered by black, irregular metallic particles, confirming
the diagnosis of metallosis.

Core tip: Metallosis describes the build-up of metal
debris in the soft tissues after a period of metal on metal
articulation. This can present acutely, as in this case, or
gradually. This case report highlights how a metal clip
used to hold the polyethylene liner to the tibial base
plate broke 5 years after implantation, dislodged from its
original position and went on to cause post-operative knee
metallosis. The success to this patient’s management
came from thorough debridement, and replacement of
the components involved.
Saad AI, Shahban SA, Fernandes R. metallosis following a clip
breakage in a total knee arthroplasty implant: A case report.
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INTRODUCTION
Metallosis is a rare condition that has been recognised
to affect both knee and hip arthroplasties. The most
common cause leading to this malady is abrasive wear of
the polyethylene component, inadvertently allowing two
or more of the metal components to come into contact.
This subsequently leads to a serious and debilitating
synovial reaction.
Though the majority of cases documented in the lite
rature of metallosis involve the wear of the polyethylene
component; we present a rare and interesting case of
metallosis in the knee following breakage of the metal
clip used to hold the polyethylene insert of a Vanguard®
implant in place. This consequently allowed the femoral
and tibial components to come into contact leading to the
acute metal induced synovitis.

CASE PRESENTATION
Case report

a 63 years old lady had a right total knee replacement
(TKR) in 2013 using the Vanguard® knee system Biomet implant. She was admitted into hospital in March
2018 - approximately five years following her initial
TKR. She presented with an insidious and acute onset of
worsening right knee pain and swelling, not associated
with any trauma. The pain was affecting her mobility,
limiting her ability to weight bear on that joint.
On clinical assessment, she had an erythematous
and fluctuant right knee with a moderate joint effusion.
Along with this, she had a tender joint line with a limited
range of movement. There was no evidence of wound
breakdown, equally in 2013 following her primary
procedure, she had an uncomplicated recovery period.
She had a core body temperature of 37.3 ℃, with no
accompanying fevers or rigors, and the rest of her
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OUTCOME AND FOLLOW UP
Post-operatively, the patient’s inflammatory markers
started to improve with a fall in the CRP to 52 mg/L and
9
WCC of 12 × 10 . There was also marked improvement
in her symptoms, pain and range of movement of the
knee. She was later discharged whilst being able to fully
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Figure 1 Initial radiographs of the right knee. A: Anterior-posterior radiograph of the right knee; B: Lateral radiograph of the right knee.
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Figure 2 Intraoperative images of the soft tissues surrounding the in-situ total knee replacement. A: Intraoperative Image of extensive soft tissue metallosis; B,
C: The retrieved broken metal clip.

weight bear and with a much improved knee. At the six
week stage, in the outpatient clinic, she had complete
resolution of her symptoms and was happily discharged
from clinic.

on to require revision surgical intervention.
Different companies have different ways in which one
can secure the polyethylene liner to the tibial base plate.
In the case of the Vanguard® TKR system, one is required
to slide the metal clip through both the liner and tibial
component, thus allowing for a secure hold of the two.
Clip breakage is not a recognised complication of TKR,
and very rarely occurs. One would expect that when the
clip breaks, this disrupts the position of the polyethylene
component, which would ultimately lead to displacement
or even dislocation of the knee joint. In our case, though
we found the insert to be stable, we concluded that the
broken and loose part of metal clip was abrading the
metal back components of the joint, and thus triggering
the metallosis inflammatory reaction.
When there is a suspicion of post-operative knee
metallosis, imaging may help in coming to this diagnosis.
Described in the literature are the metal-line sign and
the cloud sign which occasionally can be seen on plain
[2,3].
radiographs
With regards to the pre-operative radiographic images
(Figures 1A and B) it was not immediately recognised
that the clip had broken and moved out of position. In
retrospect, there is a suspicion that the broken metal clip
is visible in the initial set of radiographs. Whether or not
pre-operative recognition would have aided in planning
is debatable, as the decision to debride the joint was
made on clinical grounds of a possible diagnosis of septic

DISCUSSION
Metallosis is an uncommon synovial reaction that can
lead to serious complications and almost always requires
revision surgery. It is therefore critical to understand
the causes that lead to this condition. Avoidance of
this essentially comes down to trying to ensure that
the individual metal components of any part of the
prosthetic joint are not allowed to come into contact
and abrade against each other. Most case reports in
the literature document the development of metallosis
following significant wear of the interposed polyethylene
[1]
component . In this report we found no significant wear
of the polyethylene insert, but rather, ensuing metallosis
which was allowed to occur due a metal clip which had
broken and dislodged, allowing for metal-on-metal (MOM)
abrasion of the components.
As the inflammation progresses, often over a pro
longed period of time, patients with knee metallosis
usually present with gradual worsening knee pain and,
occasionally, a noticeable rash (indicating necrosis).
Prosthetic dislocation is often a late sign and demonstrates
[2]
significant polyethylene wear . This almost always goes
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arthritis. Liner exchange could not be carried out at the
first instance due to non-availability of the insert and clip
as these components were no longer used by the trust
- something which, with more detailed pre-operative
imaging, potentially could have been planned for and
potentially could have allowed her to have a single staged
procedure.

We present a rare case of metallosis from what was
thought to be a robust mechanism of polyethylene liner
stabilisation. We urge all clinicians to bear this in mind
when dealing with prostheses which have the potential to
allow any form of MOM interaction(s).
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