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Bracing After Anterior Cruciate Ligament
Reconstruction:
Systematic Review and Meta-Analysis

On Capraz Bag Onarimi Sonras1 Ortez Kullanima:
Sistematik Derleme ve Meta-Analiz

ABSTRACT There is a considerable amount of literature on knee bracing after anterior cruciate
ligament reconstruction. However, current studies suggest that bracing protocols after anterior cru-
ciate ligament reconstruction remain a controversial topic. The objective of this review and meta-
analysis was to analyse the efficacy of knee bracing on clinical outcomes include knee laxity, muscle
strength, knee functional status, range of movement, pain, complications following anterior cruci-
ate ligament reconstruction. The electronic databases AMED, CINAHL Plus, the Cochrane Central
Register of Controlled Trials, EMBASE, MEDLINE (via OVID) and Physiotherapy Evidence Data-
base (PEDro) were searched from their inception to May 2012. All English-language systematic re-
views, randomised controlled trials and quasi-randomised controlled trials were included. Two
reviewers performed study selection and data extraction independently and assessed the method-
ological quality of the included studies based on the PEDro scoring system. Eleven papers met the
criteria. The methodological quality assessments revealed several limitations, including not blind-
ing patients or clinicians, or not concealing subject allocation. Meta-analysis was performed on
knee laxity and muscle strength measurements and found a small positive effect of bracing on knee
laxity only. This systematic review and meta analysis has found little added benefit from the use of
bracing after cruciate ligament reconstruction. The published evidence was generally of low and in-
sufficient quality. Further good quality research is needed in terms of the clinical efficacy and ap-
propriate prescription recommendations.

Key Words: Anterior cruciate ligament reconstruction; brace; bracing

OZET On ¢apraz bag onarimi sonrast diz iin ortez kullanimiyla ilgili olarak literatiirde ¢ok sayida
calisma vardir. On gapraz bag onarimi sonrasi ortez kullanimi ile ilgili protokoller hala tartigmali
bir konudur. Bu sistematik derleme ve metaanalizin amaci, 6n gapraz bag onarimin takiben yap-
ilan diz ortezlemenin diz laksitesi, kas kuvveti, dizin fonksiyonel seviyesi, eklem hareket agiklig1,
agr1 ve komplikasyonlar: igeren klinik sonuglar tizerine etkinligini analiz etmekti. AMED, CINAHL
Plus, Cochrane, EMBASE, MEDLINE (OVID baglantili) ve PEDro elektronik veri tabanlar1 ba-
slangicindan Mayis 2012'ye kadar tarandi. Galismaya Ingilizce sistematik derlemeler, randomize
kontrollii galigmalar ve yari-randomize kontrollii galismalar dahil edildi. Tki bagimsiz derleyici ta-
rafindan ¢aligmalarin metodolojik kalitesi Pedro puanlama sistemi temel alinarak se¢ildi. On bir
caligma kriterleri karsiladi. Metodolojik kalite degerlendirmelerinde; hastay1 ya da klinisyeni yap-
ilan ¢alismaya kor etmeme, olgu dagiliminda randomizasyon olmamasi gibi ¢esitli limitasyonlar
tespit edildi. Meta-analiz, diz laksitesi ve kas kuvveti 6l¢iimleri i¢in uyguland: ve cerrahi sonrasi dizi
ortezlemenin sadece diz laksitesi {izerine kiiciik bir pozitif bir etkisi oldugu bulundu. Bu sistema-
tik derleme ve meta-analiz, 6n ¢apraz bag onarimi sonrasi ortez kullaniminin ¢ok az bir yarar sa-
gladigin1 tespit etmistir. Literatiirde bu konuyla ilgili yayinlar genellikle yetersiz ve diigiik
kalitededir. On capraz bag onarim cerrahisi sonrasi ortezin etkinligini ve 6nerilmesini destekleyen
daha iyi kalitede aragtirmalara ihtiyag vardir.

Anahtar Kelimeler: On gapraz bag onarimi; ortez; ortez kullanim1
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nterior cruciate ligament (ACL) recon-
Astruction (ACL-R) is a common procedure

which can allow patients to return to their
active lifestyle. The surgical techniques, postoper-
ative management and accelerated physiotherapy
programmes for patients following ACL-R have
changed considerably over the last two decades.!
Knee braces have been prescribed frequently over
this period and used to assist individuals with ACL-
deficiency or to protect the ACL graft after ACL-
R.2* They typically incorporate the use of
double-hinged uprights with range-of-motion
stops and straps and fitted cuffs. They are intended
to restore normal knee motion and kinematics by
reducing anterior translation of the tibia in relation
to the femur.

The results of survey studies suggest that brac-
ing protocols after ACL-R remain a controversial
topic.*® In a study, on attitudes of members of the
American Academy of Orthopaedic Surgeons re-
garding ACL injuries, sixty percent of respondents
indicated that they recommended a brace for the
first six weeks after ACL-R.” Despite much research
having been conducted on bracing, the need for
prescription knee braces after ACL-R is still ques-
tionable.

Clinicians often believe that braces improve
the outcome of ACL-R by decreasing pain and graft
strain and increasing muscle strength, functional
outcomes and range of movement.® The decision to
use knee braces after ACL-R still depends greatly
on the surgical outcomes in terms of stability and
the patient’s physiological factors. There have been
a variety of studies that have attempted to provide
evidence of the effects of a brace post ACL-R in
terms of anterior translation, ligament strain loads,
sensorimotor function, range of knee motion, and

subjective knee stability.” !>

Smith and Davies reported the last systematic
review on bracing following ACL-R which
searched for studies up to 2006.'° They could find
no evidence of significant long term differences in
knee laxity, dynamometry, swelling, range of
movement, muscle bulk, complications, patient sat-
isfaction, function or pain between patients who

Turkiye Klinikleri J Sports Sci 2014;6(1)

wore post ACL-R knee braces and those who did
not. Based on their review, physiotherapists and or-
thopaedic surgeons still have questions remaining
on the routine prescription of knee braces after
ACL-R. Since the review by Smith and Davies, we
believe that it is important to critically assess any
new evidence in the last 6 years for efficacy of
bracing after ACL-R. A more recent systematic re-
view did not include published studies from the
past 5 years.?

Therefore, the goal of this systematic review
was to assemble and review the available clinical
trials which have evaluated the effectiveness on
clinical outcomes of bracing following ACL-R and
to attempt meta-analysis if the data were appropri-
ate.

I INCLUSION CRITERIA

The review included full text English language
publications of randomised clinical trials which
used bracing as part of ACL-R rehabilitation. Clin-
ical trials including patella-tendon and hamstring
graft ACL-R with adult male or female subjects. Pa-
tients with acute and/or chronic ACL rupture were
included.

I EXCLUSION CRITERIA

Case reports, editorials, comments, letters, guide-
lines, protocols, abstracts, studies not comparing a
brace group against a non-brace group, studies
comparing two different braces, animal and ca-
daver studies were excluded. Additionally, studies
which assessed bracing after ACL rupture, but not
surgical repair were excluded.

I SEARCH STRATEGIES

The electronic databases AMED (1985 to May
2012), Cinahl Plus (1937 to May 2012), Cochrane
database, EMBASE (from 1974 to May 2012), Ovid
Medline (from 1948 to May 2012), Physiotherapy
Evidence Database (PEDro) were searched up to
May 2012 for articles appropriate to this study. For
the database search strategy was:

#1 MeSH term: anterior cruciate ligament OR
ACL,
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#2 MeSH term: brace, OR, braces, OR, knee
brace OR, bracing

#3 (#1 AND #2)

The titles and abstracts of all identified studies
were assessed to determine whether they were
suitable for the research question. Both reviewers
(GIK and MJC) reviewed the full text of these arti-
cles independently to determine which adhered to
the selection inclusion criteria.

The data extracted from each article are pre-
sented in tabular form (Table 1). The methodolog-
ical quality of each study was assessed using the
11-item PEDro scoring system which is reliable
and valid for the assessment of randomised con-
trolled trials.”” Each article was screened inde-
pendently using this tool and was scored out of 10
points by the reviewers who were blinded to each
others score. Any disagreements in scores were re-
solved through discussion until a consensus was
met. Studies were included if they were a ran-
damise controlling trials (RCTs) of at least good
quality and scored >6/10 on PEDro.

From all databases, 598 papers were retrieved.
Titles or abstracts not related to the research ques-
tion were disregarded. The CONSORT diagram il-
lustrates the process (Figure 1). Manuscripts from
239 articles were screened, and 178 failed to meet
the required criteria, 61 potentially appropriate ar-
ticles were read for eligibility. Of the 61 articles, 48
were excluded as not adhering to the inclusion or
exclusion criteria leaving 13 studies, one of which
was a systematic review. A further paper by Hari-
lainen & Sandelin had 5-year follow-up data.’® All
methodological details in the study were un-
changed from the original publication in 1997.
Therefore the final total of studies included was 11.

Seven out of eleven studies were RCTs, two out
of eleven studies were prospective controlled trials,
one out of eleven studies was a clinical trial, one out
of eleven studies was a cross-over study (Table 1).
The studies in this review were analysed by main
outcomes including knee laxity, muscle strength,
functional outcomes, range of movement, and pain.

The PEDro scores for each of the studies are
summarised in Table 2, which shows that the
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methodological quality of this topic was generally
poor. The highest methodological score was 8 and
the lowest was 2.'92! Although the majority of
studies were randomised, none of them employed
concealed allocation, allowing the potential for se-
lection bias to be introduced into the subject’s
group allocation.

In total, 616 knees were investigated in the
eleven studies included in this review; there were
346 male and 170 female participants. Nine studies
presented data on mean age which was 27.06
years.!”?” The shortest interval from injury to sur-
gery was less than 1 month and the longest inter-
val was 360 months.?*%2

A bone-patellar tendon-bone ACL surgical
reconstruction was performed in 9 studies with 2
studies using a semitendinosus-gracilis graft.!>?
Meniscal repair was also performed in five stud-
ies. 2023262829 Tt was unclear if such additional sur-
gery was

studies.?!?2242527 Additional meniscal repair was an

performed in the other five
exclusion criteria in one study.' All studies em-
ployed Shelbourne’s accelerated rehabilitation pro-
tocol with varying modalities for both groups

except in two studies.!*?’

The most commonly used brace was the Don-
joy brace.?242629 Kartus et al., used a Genu Syncro
Quick-lock S 2300; Hiemstra et al. used a Breg un-
hinged tripanel knee immobilizer; Davis et al. and
Feller et al
brace.!*??7% Nazem et al. did not mention the type

devised their own functional

of brace they used in their study.?

The duration of brace wearing varied between
studies and the details are in Table 1. One study did
not report the duration of brace wearing.”” Three
studies assessed the immediate effects of the
brace 21192127

I KNEE LAXITY

Eight studies assessed anteroposterior knee laxity
using a variety of instrumented laxity tests.?!2628%
Five studies used a KT-1000 arthrometer (MED-
metric, San Diego, California, USA).?*?>?® One
study used a KT-2000 arthrometer (KT-2000,

MEDmetric, San Diego, USA).* One study used the
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Records identified through
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FIGURE 1: The CONSORT diagram illustrates the process.

instrumented laxity test (Knee Laxity Tester,
Stryker Kalamazoo, Mich., USA) performed at 20°

flexion.”

One study used a CA 4000 Instrumented Laxity
tester (OSI Inc., Hayward, California, USA).? Eight
studies reported that there was no statistically sig-
nificant difference between brace and non-brace
groups for knee laxity at any follow-up assessment.

Only two trials using the KT-1000 (total sam-
ple size 62) had sufficient and comparable data at 2
years follow up to allow meta-analysis (Figure
2A).2% Although the overall treatment effect sug-
gests a significant positive effect (p=0.04) with a
standard mean difference of -0.37 mm (95% CI;
-0.73, -0.01). Harilainen et al’s trial was NSS and
the overall positive effect of a brace on improved
knee laxity is created by Moller et al.”

I MUSCLE STRENGTH

Five studies assessed knee extension/flexion torque

by a variety of isokinetic dynamometers.?2-2426.29

TABLE 2: The Physiotherapy Evidence Database Score for papers in this review, investigating the efficacy of
knee braces following ACL-R.

Eligibility Random

Paper Criteria Allocation
Brandsson et al.2001 1 1

Feller et al.1997 1
Harilainen et al. 1997 1
Kartus et al.1997 1
Méller et al.2001 1
Muelliner et al.1998 1
Risberg et al.1999 1
Davis et al.2011 1
Nazem et al.2006 1
Lu et al.2006 1
Hiemstra et al.2009 1

a4 O =4 a4 a4 a4 o .

Blind Adequate

assessor Follow-up
Brandsson et al.2001 1 1
Feller et al.1997
Harilainen et al.1997
Kartus et al.1997
Méller et al.2001
Muellner et al.1998
Risberg et al.1999
Davis et al.2011
Nazem et al.2006
Lu et al.2006
Hiemstra et al. 2009

S O O O =4 O o = © O

1
1
0
1
1
1
0
0
0
1

Concealed Baseline Blind Blind
Allocation Comparability Subject Clinician
0 1 0 0

o O O © O © O o o
o O O O O © O © O
o O O ©O O - O © o

0
1
0
1
1
1
1
0
0
1

1
Intention to
treat group analysis and variability score
0 1 1 7

0 0

Between Point estimates Total

- O O O o = O O o o
@ DN NN oo,

1 1
1 1
1 1
1 1
1 1
1 1
1 1
0 0
0 1
1 1

1: one point; 0: no points. Each satisfied item (except blind subject) contributed 1 point to the total score.
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Brace Non-braced Std. Mean Difference Std, Mean Diference A

Study of Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI

Harilainen 1997 1.7 29 30 22 35 30 503% -0.15 |-0.68, 0.35] ——

Moller 2001 16 192 32 29 24 30 497%  -0.59(1.10,-0.08 ——

Total (95% C1) 62 &0 100.0% -0.37 [-0.73, -0.01] i

Heterogenelty Ch*=1.43,df=1(P=0.23);F=30% :‘ -l.'l:5 S IJ:S {

Test for gverall effect: Z= 2,03 (P = 0.04) Favours brace Fauaiars non-braced

B

Brace Non-braced Std. Mean Difference St Mean Difference

Study of Subgroup Mean SO Total Mean SD Total Weigh IV, Fixed, 95% CI IV, Fiked, 95% CI

Harilalnen 1987 101 13 30 10 12 30 49.3% 0.00[F051, 051]

Moller 2001 104 10 32 102 12 20 S07% 018032, 0.68)

Total (95% C1) G2 60 100.0% 0.09 [-0.26, 0.45]

Heterogeneity: Chi"=0.24,df= 1 (P = 0.62), F=0% t a 5 b 0: 5 i

Test for overall effect 2= 050 (P = 062) Favours brace Favours non-hiaced
Brace Non-braced Std, Mean Difference Std, Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fired, 95% CI

Harilainen 1997 23 97 30 2 85 30 493% 0.1 (-0.40, 0.61)

Moller 2001 a3 1 32 95 9 30 507% -0.200.70,0.30)

Total (95% CI) 62 60 100.0% -0.05 [-040,0.31)

Heterogeneity Chif= 0,70, df= 1 (P = 0.40): F= 0% ‘1 D{S S 0:5 i

Tes! for overall effect Z=10,25 (P = 0.80) Favours brace Favours non-braced

FIGURE 2: A) Effect of brace on knee laxity (mm). B) Effect of brace on isokinetic knee flexion strength ratio (%). C) Effect of brace on isokinetic knee exten-

sion strength ratio (%).

Isometric torque was assessed by Davis et al. and
Feller et al.?>?” Seven studies reported that there
was no statistically significant difference between
the brace and non-brace groups in their dy-
namometry results.

Only two trials (total sample size 62) had suf-
ficient and comparable data at 2-year follow-up on
muscle strength to allow meta-analysis (Figure 2B;
2C).26? The overall treatment effect was not statis-
tically significant (p=0.62) with a standard mean
difference of 0.09% (95% CI; -0.26, 0.45) for isoki-
netic knee flexion muscle strength measured at
180°/s (Figure 2B). For knee extensor strength at
180°/s the overall effect was not statistically signif-
icant (p=0.80) with a standard mean difference of -
0.05% (95 percent CI; -0.40 , 0.31) (Figure 2C).

I KNEE FUNCTIONAL STATUS ASSESSMENTS

The studies presented a variety of self reported
functional outcome scores. Four studies did not re-
port functional outcomes.!?*?” The details are in
Table 1.

Turkiye Klinikleri J Sports Sci 2014;6(1)

I RANGE OF MOVEMENT

Knee flexion and extension range of movements
were assessed manually using a goniometer in six
articles.?*?22% Five of these studies reported no
significant difference in range of movement be-
tween the brace group and the non-brace group for
early and later postoperative assessments.?0?22325:29
Muellner et al.,, reported that during the first
twelve postoperative weeks, range of motion was
significantly better in the non-brace group than the
brace group, and that the non-brace group re-
gained full range of movement earlier than the
brace group.” However, this difference was not
statistically significant at 24 weeks and 1 year.

I PAIN

Five studies assessed pain and discomfort directly
using visual analogue scales (VAS).!19202223.2 Four
studies reported no significant difference in the
levels of pain between the brace and non-brace
groups.'®?22 On the other hand, Brandsson et al.
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reported significantly higher levels of pain in the
non-brace group (mean VAS score 2.3 range 0-9)
compared with the brace group (mean VAS 1.0,
range 0-7) during the first two weeks postopera-
tively.?? However, this difference was not signifi-
cant after two postoperative weeks. In Hiemstra et
al. study, no differences in VAS pain scores were
detected between the immobilized and nonimmo-
bilized patients at any point during the first two
days after reconstruction.”

I COMPLICATIONS

Postoperative complications were recorded in five
studies with no significant difference between the
brace and non-brace groups.'*2?2282 Complica-
tions included lateral numbness of the knee which
decreased gradually, cellulitis/periostitis, meniscal
injury, collateral ligament injury, extension deficit,
flexion deficit, removal of tibial screw, rupture of

reconstructed ACL and loose body.!*-22.28.29

I QUANTITATIVE DATA ANALYSIS

For the meta-analysis, “knee laxity” and “isokinetic
flexion/extension muscle strength” were defined as
outcomes to assess any differences between the
braced and non-braced group. Means and 95% con-
fidence intervals (Cls) were calculated using stan-
dard meta-analysis software (RevMan 5.0, Version
5.1.7; Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2011). A meta-analy-
sis of continuous outcomes was calculated with a
random effect model using the inverse of the esti-
mated sampling variances as weights. The Chi? test
and Higgins I’ test were used to assess heterogene-
ity. The forest plots are also created that includes
the individual study effects and the overall effects
(Figure 2 A,B,C).

I DISCUSSION

This systematic review and meta-analysis aimed to
assemble the available clinical trials and analyse the
effectiveness of bracing following ACL-R on clini-
cal outcomes. Since the last systematic review by
Smith and Davies there have been 5 new publica-
tions. Only one study was of high quality (8/10
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PEDro scale) which also presented statistical dif-
ferences of mean and standard deviations between
groups and/or within groups.?”

The meta-analysis was performed only on
“knee laxity and isokinetic muscle strength” be-
cause they are the only variables with sufficiently
detailed data and similar assessment. In addition,
“knee laxity” and “muscle strength” are not only
the most commonly assessed main outcomes but
also said to be the best markers of management
after ACL-R; therefore, the effect of bracing after
ACL-R assessed by these variables has wide ac-
ceptance and relevance.®*3! Meta-analysis was not
possible for outcomes such as pain, range of move-
ment, knee functional status assessments and com-
plications because the included studies did not
have sufficiently detailed data such as the differ-
ence between group means and group standard de-
viations. Additionally, the time points and in one
case the method of assessment were too varied to
pool data.

For knee laxity, the effect of bracing after
ACL-R had a small positive effect on knee laxity at
2-year follow-up which although statistically sig-
nificant, was clinically insignificant.

Muscle strength as measured isokinetically
had low heterogeneity between the two studies
(I’= 0%).?¢? The consistency between studies indi-
cated that a lack of treatment effect with bracing
after ACL-R can not be attributed to chance.
Therefore, the practice of bracing after ACL-R to
improve isokinetic knee flexion/extension muscle
strength is not supported by the evidence we have
reviewed. However, it should be noted that al-
though they scored 5 overall on PEDro, it did not
score on either random allocation or blinding
which indicates a level of bias in their study.?

In general, the studies we reviewed suggest
there are no significant differences in outcomes be-
tween patients who wore knee braces and those
who did not.!*1225.28 Four studies reported signif-
icantly increased range of movement, less swelling,
improved Cincinnati Knee Score and decreased
during a maximal voluntary isometric contrac-
tion.?4?72 However, these significant differences
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did not continue during the follow-up period. Re-
sults from the studies comparing brace and non-
brace groups in terms of duration were similar.

The weakness of our review in part result from
the inherent methodological weaknesses demon-
strated by the low PEDro scores. These included
not randomising the group allocation, not conceal-
ing group allocation and not blinding assessors.'*"
» Although we did not formally score sample size,
we found only one study calculated the power to
detect a statistically significant difference.” There-
fore many studies were potentially underpowered.
Blinding the clinician and/or assessor was only de-
scribed by 4 studies.?>?*?% Blinding of subjects was
not attempted in any study. Selection bias by the
randomisation method potentially existed in all but
the one study.” Several studies had potential se-
lection bias due to either insufficient randomisa-
tion methods or a lack of description of the
randomisation techniques. The PEDro score
showed deficits in the methodological quality of
the studies that should be taken into account in fu-

ture studies. Therefore, further higher quality
RCTs are still required in order to clarify the effects
of bracing after ACL-R.

This systematic review and meta-analysis
demonstrated that bracing after ACL-R had a pos-
itive treatment effect only on knee laxity which
may be considered clinically insignificant. Al-
though there is a considerable amount of literature
on bracing after ACL-R, this systematic review has
noted methodological weaknesses in each study
making interpretation and application of the find-
ings a challenge. On the basis of the studies in-
cluded and critically appraised in this review, we
determined that there is no strong evidence of
added benefit for postoperative bracing following
ACL-R. There is a need for studies which are
methodologically sound in order to improve the ra-
tionale behind the use of bracing after ACL-R.
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