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Valgus knee bracing may have no long-
term effect on pain improvement and
functional activity in patients with knee
osteoarthritis: a meta-analysis of
randomized trials
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Abstract

Background: Knee osteoarthritis (KOA), with a high incidence in old-age population, adversely affects their life
quality. The valgus knee bracing is an important physical therapy for KOA, but its clinical effects on pain release and
functional improvement remained unclear. This meta-analysis is to systematically evaluate the clinical outcomes of
valgus knee bracing in patients with KOA.

Methods: A meta-analysis of clinical randomized controlled trials (RCTs) on pain and functional changes in patients
with KOA after using valgus knee braces. The search period was ranged from the inception of the database to May
2020. The enrolled research databases included PubMed, Embase, and Web of Science databases. Two investigators
independently formulated inclusion criteria and exclusion criteria and screened and determined the final enrolled
literature. Then the outcome indicators were extracted and organized from the included literature, and the risk of
bias was assessed by Cochrane Handbook 5.0.1.

Results: A total of 10 articles were included in this study, including 739 patients. Eight articles were related to the
visual analog scale (VAS) pain score, and the results showed that RR = − 0.29, 95% CI − 0.73, 0.15], P = 0.20; four
articles were related to the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) function
score, and the results showed that RR = − 0.15, 95% CI [− 0.41, 0.11], P = 0.26; two articles were related to the Knee
Injury and Osteoarthritis Outcome Score (KOOS), and the results showed that RR = 0.58, 95% CI [− 4.25, 5.42], P =
0.81; and three articles were related to the KOOS Activities of Daily Living (KOOS-ADL), and the results showed that
RR = 0.04, 95% CI [− 0.62, 0.69], P = 0.91. These results indicated that the valgus knee bracing has no statistical
significance in pain and functional activity improvement of patients with KOA. The subgroup analysis showed that
the follow-up time was the source of the heterogeneity of the VAS pain score.
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Conclusion: Our current evidence suggests that valgus knee bracing may not improve pain release and function
activates in KOA patients in the long-term period, but only being beneficial to the short-term rehabilitation.

Keywords: Knee osteoarthritis, Valgus knee bracing, Pain, Functional activity, Meta-analysis

Introduction
Osteoarthritis (OA) is a worldwide degenerative joint
disease, being one of the main causes of joint disability
[1]. The incidence of osteoarthritis increases with age.
As the global population aging, it will have a huge social
burden [2]. Knee osteoarthritis (KOA) accounts for 83%
of OA [3]. The incidence of KOA is as high as 44% glo-
bally, and particularly, the figure for women is much
higher than that of men [4, 5]. Early KOA advocates
conservative treatment, including oral analgesics, articu-
lar injection drugs, physical therapy, and so on [6–8],
but these methods did not effectively resolve KOA. In
the late stage of KOA, total knee arthroplasty (TKA) is
usually the final choice for the KOA patients. However,
even though TKA has excellent clinical outcomes, increas-
ing complications such as aseptic loosening of prosthesis,
periprosthetic fractures around, and periprosthetic infection
are found after surgery. Patients may undergo TKA revision
if they suffered from these disastrous complications [9].
Therefore, it is greatly urgent to develop conservative ther-
apies for effective treatment of KOA, in order to reach high
daily-life quality or delay the time of TKA treatment.
Valgus knee bracing is found to effectively correct the

lower limb force lines, release pain feelings, and improve
joint functions of KOA patients by optimizing their bio-
mechanical axis [10–13]. Kirkley et al. [14] showed that
valgus knee bracing can effectively reduce the pain
symptom and joint mobility of KOA patients. However,
Hunter et al. [15] found that valgus knee bracing can in-
hibit the pain symptom of KOA patients, but cannot ele-
vate the functions of joint mobility. Therefore, it brings
difficulty to accurately assess the effect of the valgus
knee bracing in KOA. The previous systematic review
reported by Brouwer also proposed this viewpoint [16].
It is demonstrated that conclusions of those published
researches may be biased mainly because of the un-
matured clinical randomized controlled trials (RCTs)
they had performed. In addition, even if some of the
studies had shown the positive outcomes of the valgus
knee bracing, they are usually run in really short-term
periods [17]. Thus, they cannot use to support the over-
all success of valgus knee bracing in different stages of
treatment. Another study by Moyer et al. mainly focused
on the biomechanical property of valgus knee bracing,
but did not substantively propose the impact of valgus
knee bracing in KOA [18]. Our project aims to systemat-
ically review and meta-analyze RCTs correlated the

valgus knee bracing and clarify the impact of this ther-
apy on pain release and functional improvement in KOA
patients. Our findings will provide guidance and sugges-
tions to the first-line clinical practices of physicians or
surgeons.

Methods
Search strategy
PubMed, Embase, and Web of Science databases were
searched by computer. The search period was from the
inception of the database to May 2020. To supplement
the literature, manually enter the references included in
the study if necessary. The search terms include “Osteo-
arthritis,” “knee,” and “brace OR bracing OR Valgus
brace OR Unloader brace.”

Inclusion criteria
The inclusion criteria included the following: (1) RCTs of
using valgus knee bracing to treat KOA; (2) in RCTs, the
experimental group was given valgus knee bracing treat-
ment, and the control group was given non-bracing and
other conservative treatments (if there were more than
one test group, these studies were also included); (3) the
age, sex, race, nationality, and course of disease in the in-
cluded studies are not limited; (4) RCTs have one or more
of the following outcome indicators: WOMAC function
score (Western Ontario and McMaster Universities
Osteoarthritis Index, WOMAC), VAS pain score (visual
analog scale, VAS), KOOS (Knee Injury and Osteoarthritis
Outcome Score, KOOS), KOOS-ADL score (KOOS Activ-
ities of Daily Living, KOOS-ADL).

Exclusion criteria
The exclusion criteria included the following: (1) non-
clinical randomized controlled trials; (2) the conference
included literature, reviews, and published the same re-
search literature repeatedly in different languages; and
(3) the outcome indicators data in RCTs cannot be used.

Data extraction
Two researchers screened the literature separately, in-
cluding the first step of screening after browsing the ti-
tles and abstracts of the literature, as well as reading the
full text and determining whether it was finally included.
After the data were included, the two researchers
checked each other. If the opinions were not uniform,
the third researcher should judge whether they were
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included. The relevant information extracted includes
(1) basic information of the literature, including title,
year, first author, and course of treatment, (2) incorpor-
ate the basic characteristics of RCTs and patient baseline
data, (3) intervention measures of the two groups, (4)
outcome indicators, and (5) key factors for evaluating
the quality of literature. Microsoft Excel was used to rec-
ord the relevant information. Besides, EndNote was used
for document management.

Quality assessment
The bias risk of the included studies was evaluated accord-
ing to the Cochrane Handbook 5.0.1 RCT bias risk assess-
ment tool. The quality of the literature is assessed by
whether the included literature is a random method,
whether there is allocation concealment, whether the blind
method is used, whether the result data is complete, and

whether the research results are selectively reported. Each
result is divided into low risk, unclear, and high risk. The
quality of the methodology was evaluated by two re-
searchers, and if there were different opinions, the third re-
searcher would participate in the discussion and resolved.

Statistical analysis
Revman 5.3 software was used for data analysis. Hetero-
geneity analysis: The heterogeneity of the research re-
sults was tested by χ2. The size of heterogeneity is
judged by I2. When I2 < 50%, a fixed-effect model should
be used; when I2 > 50%, a subgroup analysis of the
causes of heterogeneity may be performed; and when
the difference between the two studies was not statisti-
cally significant, a random-effects model can be used for
analysis. When P < 0.05, it means that the difference of
the research results was statistically significant.
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Fig. 1 Flowchart of included studies
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Results
Literature search
The literature search process was shown in Fig. 1. After
preliminary search, a total of 1459 documents were iden-
tified in the three electronic databases. Among them,
PubMed got 353 articles, Web of Science got 532 arti-
cles, and Embase got 574 articles. After excluding dupli-
cate documents, there were 539 articles left.
Subsequently, a total of 439 articles were excluded by
reading the title and abstract, including 266 research
contents that did not match, 129 review articles, and 44
conference documents. Of the remaining 90 articles, 80
articles were deleted after reading the full text, including
69 articles that did not meet the inclusion criteria, 10 ar-
ticles that data were not available, and one review article.
Finally, this study included 10 articles for meta-analysis
totally.

Study characteristics
A total of 739 patients were included in the 10 stud-
ies, including 412 patients in the experimental group
and 414 patients in the control group. The minimum
sample size was 10 and the maximum sample size
was 86. Table 1 showed the detailed characteristics
and main conclusions of all studies. Table 2 summa-
rized the intervention measures for each study and
the results of the outcome indicators.

Quality assessment
Using the Cochrane Handbook 5.0.1 RCT bias risk as-
sessment tool to evaluate the quality of 10 studies, the
results are shown in Figs. 2 and 3. The figure showed a
total of one high risk, and the rest were unclear or low
risk. Overall, the quality of the literature was at the
upper-middle level.

Table 1 Characteristics of the studies in meta-analysis

Study Year Country/
region

Journal Study
type

Level of
evidence

Sample
size (T/C)a

Gender
(M/F)

Median
age (T/C)a

BMIa

(T/C)a
Length of
follow-up

Hunter et al. [15] 2012 Australia. Ann Rheum Dis RCT I 29/27 30/50 63.0/60.0 32.7/34.7 30 weeks

van Raaij et al. [19] 2010 Netherlands Clin Orthop Relat Res RCT I 46/45 46/45 54.9/54.4 29.0/29.4 26 weeks

Yu et al. [20] 2016 Australia. Int J Rheum Dis. RCT II 86/68 54/100 67.7/67.0 30.7/33.2 52 weeks

Dammere et al. [21] 2018 Austria Knee Surg Sports
Traumatol Arthrosc

RCT I 21/21 22/20 50.6/53.3 24.7/26.5 52 weeks

Thoumie et al. [22] 2018 France Sci Rep. RCT I 32/35 23/44 64.8/66.6 29.2/28.1 6 weeks

Jones et al. [23] 2012 UK Gait Posture RCT I 28/28 NA NA NA 2 weeks

Callaghan et al. [24] 2015 USA Ann Rheum Dis RCT I 56/61 NA NA NA 6 weeks

Müller-Rath et al. [25] 2011 Germany Z Orthop Unfall. RCT I 13/10 16/7 49.8/57.4 27/28 16 weeks

Niazi et al. [26] 2014 Pakistan Pak J Med Sci RCT I 56/53 NA NA NA 26 weeks

Arazpour et al. [27] 2013 Iran Prosthet Orthot Int RCT I 12/12 9/15 58.75/59.83 27.30/26.71 6 weeks

C control group, BMI body mass index, NA not applicable
aT experimental group

Table 2 Study interventions and outcome indicators

Lead author Intervention (T)a Intervention (C)a Outcome indicatorsa

Hunter [15] Valgus knee brace A neutral knee brace (no valgus angulation) ②

van Raaij [19] Valgus knee brace Laterally wedged insole ①②

YU [20] Valgus knee brace No bracing ①③④

Dammere [21] Valgus knee brace A custom-made wedge insole ③④

Thoumie [22] Valgus knee brace No bracing ①

Jones [23] Valgus knee brace Laterally wedged insole ①②

Callaghan [24] Valgus knee brace No bracing ①④

Müller-Rath [25] Valgus knee brace An elastic knee bandage ①②

Niazi [26] Valgus knee brace Laterally wedged insole ①

Arazpour [27] Valgus knee brace Laterally wedged insole ①

C Control group
*T experimental group
①VAS (visual analog scale)
②WOMAC (Western Ontario and McMaster Universities Osteoarthritis Index)
③KOOS (Knee Injury and Osteoarthritis Outcome Score)
④KOOS-ADL (KOOS Activities of Daily Living)
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Primary outcome measures
VAS pain score
A total of eight studies reported the impact of val-
gus knee bracing on the VAS pain score of patients
with KOA. The heterogeneity test results of the
eight included studies were I2 = 88% > 50%, the
random effect model was selected. The results
showed that RR = − 0.29, 95% CI [− 0.73, 0.15],
and the combined effect test Z = 1.28, P = 0.20
(Fig. 4), indicating that the experimental group
compared with the control group had no statisti-
cally significant difference in improving knee VAS
pain scores significance.

WOMAC function score
A total of four studies reported the effect of valgus
knee bracing on the WOMAC function score of KOA
patients. The heterogeneity test results of these four
studies were I2 = 0 < 50%, so the fixed effect model
was selected. As shown in Fig. 5, RR = − 0.15, 95%
CI [− 0.41, 0.11]; the combined effect Z = 1.12, P =
0.26. This indicated that valgus knee bracing had no
statistically significant difference in improving the
knee WOMAC function score.

Secondary outcome measures
KOOS score
A total of two studies reported the impact of valgus
knee bracing on the KOOS score of KOA patients.
The heterogeneity test results of these two studies
were I2 = 0 < 50%, so the fixed effect model was
chosen. The results can be obtained from Fig. 6:
RR = 0.58, 95% CI [− 4.25, 5.42]; the combined ef-
fect Z = 0.24, P = 0.81. The results showed that
the experimental group and the control group had
no statistically significant difference in the KOOS
score.

Fig. 2 Individual risk bias included in the study

Fig. 3 Risk of bias included in the study
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KOOS-ADL
A total of 3 studies reported the influence of valgus
knee bracing on the KOOS-ADL score of KOA pa-
tients. The heterogeneity of the 3 studies was I2 =
87% > 50%, so the random effect model was elected.
The specific results are shown in Fig. 7: RR = 0.04,
95% CI [− 0.62, 0.69]; the combined effect Z = 0.11,
P = 0.91. The results showed that the difference be-
tween the KOOS-ADL scores of the experimental
group and the control group was not statistically
significant.

Subgroup analysis
As can be seen from the above results, there were two
outcome indicators with high heterogeneity, which were
the VAS pain score and KOOS-ADL score. However, it
is considered that the KOOS-ADL score was included in
fewer studies, and the VAS score had the value of sub-
group analysis. Through analysis of 8 studies that re-
ported the impact of valgus knee bracing on VAS scores
of KOA patients, it was found that the follow-up time of
these 8 studies was very different, so we conducted a
subgroup analysis of follow-up time. In the process of
subgroup analysis, it was found that the calculation
method of the VAS score in Thoumie’s [22] study is very
different from other studies. After using or excluding
this study, the heterogeneity had changed greatly. There-
fore, the subgroup analysis excluded the Thoumie’s [22]
study.

The results of the subgroup analysis of the follow-up
time are shown in Table 3 and Fig. 8. When the follow-
up time was greater than 52 weeks, only one study was
included, and there were no results of the heterogeneity;
when the follow-up time was less than 24 weeks, the het-
erogeneity was I2 = 35%; when the follow-up time was
between 24 and 48 weeks, the heterogeneity was I2 = 7%;
and the results showed that the follow-up time was the
source of the heterogeneity of the VAS pain score.

Adverse reactions
None of the 10 articles included in this study reported
adverse reactions.

Discussion
Currently, multiple conservative therapies for knee
osteoarthritis (KOA) are applied in clinical practices,
such as weight control, exercise, physical therapy (in-
cluding acupuncture, laser therapy, and electromagnetic
therapy), oral analgesics, and joint cavity injection drugs
[28, 29]. Emerging studies paid attention to the changes
of force lines in the knee joint. An unbalance of weight-
bearing will somehow change the knee force lines and
cause lower limb abnormality, leading to the progress of
KOA [10, 11]. Theoretically, the valgus knee bracing can
optimize the direction of force line in the knee joint, fur-
ther reducing pain symptoms and improving joint func-
tion [12, 13]. However, the clinical efficacy of valgus
knee bracing in the treatment of KOA is not clear.

Fig. 4 Meta-analysis of the VAS pain score

Fig. 5 Meta-analysis of the WOMAC score
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Surprisingly, different studies show opposite outcomes
which seriously troubles the selections of physicians in
clinic [15–27, 30–38]. Therefore, a meta-analysis is ur-
gent to be performed in order to clarify the efficacy of
valgus knee bracing.
Our findings demonstrated that valgus knee bracing

did not improve the VAS pain score (P = 0.29),
WOMAC function score (P = 0.26), KOOS (P =
0.81), and KOOS-ADL (P = 0.91). It is indicated that
valgus knee bracing cannot improve the pain, activity
function, and quality of the daily life of KOA patients.
Due to the high heterogeneity of the VAS pain score,
we conducted a subgroup analysis of the follow-up
time. The results showed that valgus knee bracing en-
able to improve the VAS pain score of KOA patients
if the follow-up period was less than 24 weeks, (P =
0.03). In contrast, a negative results were obtained if
the follow-up time was between 24 and 48 weeks (P =
0.17), indicating that valgus knee bracing could not
improve the pain symptoms of KOA patients in a
long term. When the follow-up time was greater than
48 weeks, the result was P = 0.0001. But VAS pain
score of the experimental group was found to be
greater than that of the control group, and it is still
shown that valgus knee bracing cannot improve or
even increase the pain symptoms of KOA patients.
Duivenvoorden et al. [36] further confirmed the con-

clusions of this study. They conducted a secondary ana-
lysis of randomized controlled trial data in 80 patients
with KOA and found no biomechanical evidence to sup-
port the use of valgus knee bracing. Even though the
meta-analysis performed by Moyer et al. [17] showed
that valgus knee bracing can improve joint activities in
patients with KOA, however, references enrolled in this

study were mainly short-term research. Specifically, if
excluding one study with a 52-week follow-up, the
follow-up time of the remaining studies was less than
24 weeks. Therefore, it still remained undetermined
about the long-term efficacy of valgus knee bracing. An-
other study by Moyer et al. [18] focused on the bio-
mechanical property of valgus knee bracing but did not
substantively verify the effect of valgus knee bracing on
pain symptoms and functional activity of patients with
KOA. Furthermore, only three of the thirty studies in-
cluded in the study of Moyer et al. [18] are in long-term
follow-up. The meta-analysis by Cudejko et al. [39] also
focused on short-term indicators only. Our study in-
cludes only ten studies with 739 patients. Nevertheless,
six of them are followed up for more than 24 weeks,
which provides stronger evidence to the long-term
results.
It is surprising that the outcome of our meta-

analysis is different from others. We concluded the
following reasons to explain low efficiency of valgus
knee braces in long-term observation. Firstly, the
compliance of patients is low in valgus knee bracing
treatment. Few patients used valgus knee bracing for
more than 4 h a day. Therefore, the effectiveness of
valgus knee bracing may be underestimated in the
long-term period [40]. Secondly, studies have sug-
gested that, if in valgus knee bracing, it will make the
patient believe that the knee joint on the brace side
is injured and subconsciously use the limb on the
other side [41]. The movement of the knee joint on
the brace side will be reduced, which will negatively
affect the improvement of the stiffness of the knee
joint as well as the recovery of the joint function, and
further affect the improvement of the pain symptoms.

Fig. 6 Meta-analysis of the KOOS score

Fig. 7 Meta-analysis of the KOOS-ADL score
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Thirdly, the valgus knee bracing mainly provides val-
gus moment of force for the knee joint. Studies have
shown that valgus knee bracing reduced the external
knee adduction, but not being beneficial to the exter-
nal flexion moment and free moment, which are crit-
ical factors in the development of KOA [42].
Fourthly, Creep [43] indicated that knee deformation
will increase under constant weight-bearing load. The
valgus knee bracing will produce creep during long-
term use. Therefore, the reason why the long-term
treatment effect of the valgus knee braces is not ideal
may be related to the creep of the material. There-
fore, only the above problems can be solved, and val-
gus knee bracing can truly contribute to the KOA
treatment.
The limitations of this study are as follows: (1) due

to the small amounts of RCTs enrolled, publication
bias is unavoidable in our project, and (2) the valgus
knee braces used in the testing group of RCTs are
created in different shapes and construction by dif-
ferent manufacturers. The intervention time of

valgus knee bracing in the control group are usually
not the same. These above factors lead to clinical
heterogeneity; (3) it is impossible to enroll all rele-
vant studies that have been reported whereas our
search filed covered PubMed, Embase, and Web of
Science databases; (4) the RCTs included in this
study did not provide complete outcome indicator
data, which led us to use statistical methods to de-
termine the outcome indicators data based on the
information provided. But after we excluded this
study, the results were not affected.

Conclusion
Taken together, our current evidence shows that valgus
knee bracing can only improve knee joint activities and
relieve pain feelings of KOA patients in a short-term
therapy, but showing no contribution to the long-term
outcomes. More high-quality clinical RCTs with longer
follow-up time are needed to further verify our
conclusions.

Table 3 Subgroup analysis of follow-up time of VAS score

Subgroup follow-up time Results of subgroup analysis

Number of studies MD* value (95%CI) P value I2/%

aa < 24 weeks 4 [21–24] − 0.41 [− 0.78, − 0.05] 0.03 35%

24 weeks < aa < 48 weeks 2 [17, 25] − 0.20 [− 0.49, 0.09] 0.17 7%

aa > 48 weeks 1 [18] 0.64 [0.32, 0.97] 0.0001 –

MD mean difference
aa follow-up time

Fig. 8 Subgroup analysis of the VAS pain score

Fan et al. Journal of Orthopaedic Surgery and Research          (2020) 15:373 Page 8 of 10



Abbreviations
OA: Osteoarthritis; KOA: Knee osteoarthritis; TKR: Total knee replacement;
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index;
VAS: Visual analog scale; KOOS: Knee Injury and Osteoarthritis Outcome
Score; KOOS-ADL: KOOS Activities of Daily Living; RCTs: Randomized
controlled trials

Acknowledgements
No acknowledgment.

Authors’ contributions
Conceptualization: Yinuo Fan and Zhenqiu Chen. Literature search: Yinuo
Fan, Haitao Zhang, and Guoju Hong. Data extraction and quality assessment:
Haitao Zhang and Zhongshu Wu. Software: Weifeng Li, Lixin Chen, and
Yunlong Wu. Formal analysis: Yinuo Fan, Guoju Hong, and Zhongshu Wu.
Validation: Qiushi Wei, Wei He, and Zhenqiu Chen. Writing: Yinuo Fan,
Zhongfeng Li. All authors read and approved the final manuscript.

Funding
This work was supported by National Natural Science Foundation of China
(Grant No: 81573996) in the form of covering the consultation fees of data
statistical analysis. Zhenqiu Chen received scientific funding from National
Natural Science Foundation of China and the grant number is 81573996.

Availability of data and materials
The datasets used and/or analyzed during the current study are not publicly
available due to feasibility but are available from the corresponding author
on reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that there are no conflicts of interest.

Author details
1The First Clinical Medical College, Guangzhou University of Chinese
Medicine, 12 Jichang Road, Baiyun District, Guangzhou 510405, Guangdong
Province, China. 2Department of Joint Diseases, The Third Affiliated Hospital
of Guangzhou University of Chinese Medicine, NO. 261 Longxi Road, Liwan
District, Guangzhou, Guangdong Province, China. 3The Department of
Orthopedics, The First Affiliated Hospital of Guangzhou University of Chinese
Medicine, Jichang Road 16#, District Baiyun, Guangzhou 510405, Guangdong
Province, China.

Received: 22 May 2020 Accepted: 24 August 2020

References
1. Chen A, et al. The global economic cost of osteoarthritis: how the UK

compares. Arthritis. 2012. https://doi.org/10.1155/2012/698709.
2. Murray CJ, et al. Disability-adjusted life years (DALYs) for 291 diseases and

injuries in 21 regions, 1990-2010: a systematic analysis for the global burden
of disease study 2010. Lancet. 2012;380:2197–223.

3. Vos T, et al. Years lived with disability (YLDs) for 1160 sequelae of 289
diseases and injuries 1990-2010: a systematic analysis for the global burden
of disease study 2010. Lancet. 2012;380:2163–96.

4. Pereira D, et al. The effect of osteoarthritis definition on prevalence and
incidence estimates: a systematic review. Osteoarthr Cartil. 2010;19(11):
1270–85.

5. Felson DT, et al. The prevalence of knee osteoarthritis in the elderly. The
Framingham osteoarthritis study. Arthritis Rheum. 1987;30(8):914–8.

6. Mandl LA. Osteoarthritis year in review 2018: clinical. Osteoarthr Cartil. 2018;
27(3):1–7.

7. Ravalli S, et al. Recently highlighted nutraceuticals for preventive
management of osteoarthritis. World J Orthop, 2018. 9(11):255–61.

8. Majeed MH, et al. Pharmacological treatment of pain in osteoarthritis: a
descriptive review. Curr Rheumatol Rep. 2018;20(12):88.

9. Assiotis A, et al. Patellar complications following total knee arthroplasty: a
review of the current literature. Eur J Orthopaedic Surg Traumatology. 2019;
29(8):1605–15.

10. Felson DT, Goldberg V, et al. Osteoarthritis: new insights. Part 2: treatment
approaches. Ann Intern Med. 2000;133(9):726–37.

11. Mistry DA, Chandratreya A, Lee PY, An update on unloading knee bracing in
the treatment of unicompartmental knee osteoarthritis from the last 10
years: a literature review. Surgery journal (New York, N.Y.), 2018. 4 (3): p. 110-
118.

12. Petersen W, et al. Biomechanical effect of unloader bracing for medial
osteoarthritis of the knee: a systematic review (CRD 42015026136). Arch
Orthop Trauma Surg. 2016;136(5):649–56.

13. Lee PY, et al. Unloading knee brace is a cost-effective method to bridge
and delay surgery in unicompartmental knee arthritis. BMJ Open Sport
Exerc Med. 2017;2(1):e000195.

14. Kirkley A, et al. The effect of bracing on varus gonarthrosis. J Bone Joint
Surg Am. 1999;81(4):539–48.

15. Hunter D, et al. Realignment treatment for medial tibiofemoral
osteoarthritis: randomised trial. Ann Rheumatic Dis. 2012;71(10):1658–65.

16. Brouwer, R.W., et al., Bracing and orthoses for treating osteoarthritis of the
knee. Cochrane Database Systematic Rev, 2005. (1): p. Cd004020.

17. Moyer RF, et al. Valgus bracing for knee osteoarthritis: a meta-analysis of
randomized trials. Arthritis Care Res (Hoboken). 2015;67(4):493–501.

18. Moyer RF, et al. Biomechanical effects of valgus knee bracing: a systematic
review and meta-analysis. Osteoarthritis Cartilage. 2015;23(2):178–88.

19. van Raaij TM, et al. Medial knee osteoarthritis treated by insoles or bracing:
a randomized trial. Clin Orthop Relat Res. 2010;468(7):1926–32.

20. Yu SP, et al. Effectiveness of knee bracing in osteoarthritis: pragmatic trial in
a multidisciplinary clinic. Int J Rheum Dis. 2016;19(3):279–86.

21. Dammerer D, et al. Temporary postoperative treatment with compartment-
unloading knee bracing or wedge insoles does not improve clinical
outcome after partial meniscectomy. Knee Surg Sports Traumatol Arthrosc.
2019;27(3):814–21.

22. Thoumie P, et al. Effect of unloading brace treatment on pain and function
in patients with symptomatic knee osteoarthritis: the ROTOR randomized
clinical trial. Sci Rep. 2018;8(1):10519.

23. Jones RK, et al. A comparison of the biomechanical effects of valgus knee
bracing and lateral wedged insoles in patients with knee osteoarthritis. Gait
Posture. 2013;37(3):368–72.

24. Callaghan MJ, et al. A randomised trial of a brace for patellofemoral
osteoarthritis targeting knee pain and bone marrow lesions. Ann Rheum
Dis. 2015;74(6):1164–70.

25. Müller-Rath R, Cho HY, Siebert CH. Clinical and gait analytical investigation
of valgus knee bracing in therapy for medial degenerative joint disease of
the knee. Z Orthop Unfall. 2011;149(2):160–5.

26. Niazi NS, et al. Comparison of the effectiveness of knee bracing and lateral
wedge insole in the management of medial compartment knee
osteoarthritis. Pakistan J Med Health Sci. 2014;8(1):37–40.

27. Arazpour M, et al. Comparison of the efficacy of laterally wedged insoles
and bespoke unloader knee orthoses in treating medial compartment knee
osteoarthritis. Prosthetics Orthot Int. 2013;37(1):50–7.

28. Bennell KL, Hunter DJ, Hinman RS. Management of osteoarthritis of the
knee. BMJ. 2012;345:e4934.

29. Abramoff B, Caldera FE. Osteoarthritis: pathology, diagnosis, and treatment
options. Med Clin North America. 2020;104(2):293–311.

30. Erhart-Hledik JC, et al. Effect of variable-stiffness walking shoes on knee
adduction moment, pain, and function in subjects with medial
compartment knee osteoarthritis after 1 year. J Orthop Res. 2012;30(4):514–
21.

31. Warden SJ, et al. Patellar taping and bracing for the treatment of chronic
knee pain: a systematic review and meta-analysis. Arthritis Rheumatism.
2008;59(1):73–83.

32. Hunter DJ. Lower extremity osteoarthritis management needs a paradigm
shift. Br J Sports Med. 2011;45(4):283–8.

33. Hjartarson HF, Toksvig-Larsen S. The clinical effect of an unloader brace on
patients with osteoarthritis of the knee, a randomized placebo controlled
trial with one year follow up. BMC Musculoskelet Disord. 2018;19(1):341.

34. Arazpour M, et al. The influence of a bespoke unloader knee brace on gait
in medial compartment osteoarthritis: a pilot study. Prosthetics Orthotics Int.
2014;38(5):379–86.

Fan et al. Journal of Orthopaedic Surgery and Research          (2020) 15:373 Page 9 of 10

https://doi.org/10.1155/2012/698709


35. Laroche D, et al. Biomechanical effectiveness of a distraction-rotation knee
brace in medial knee osteoarthritis: preliminary results. Knee. 2014;21(3):710–
6.

36. Duivenvoorden T, et al. Do laterally wedged insoles or valgus bracing
unload the medial compartment of the knee in patients with osteoarthritis?
Clin Orthop Relat Res. 2015;473(1):265–74.

37. Gohal C, et al. Effectiveness of valgus offloading knee bracing in the
treatment of medial compartment knee osteoarthritis: a systematic review.
Sports Health. 2018;10(6):500–14.

38. Kapadia BH, et al. Gait using pneumatic brace for end-stage knee
osteoarthritis. J Knee Surg. 2016;29(3):218–23.

39. Cudejko T, et al. Effect of soft bracing on pain and physical function in
patients with knee osteoarthritis: systematic review with meta-analyses.
Arch Phys Med Rehabil. 2018;99(1):153–63.

40. Lamberg E, et al. Decompressive knee bracing for medial compartment
knee osteoarthritis. J Orthop Sports Phys Ther. 2015;45:A26.

41. Duivenvoorden T, et al. Bracing and orthoses for treating osteoarthritis of
the knee. Cochrane Database Syst Rev. 2015;3:CD004020.

42. Jafarnezhadgero, A.A., et al., Combining valgus knee brace and lateral foot
wedges reduces external forces and moments in osteoarthritis patients. Gait
&amp; posture, 2018. 59: p. 104-110.

43. Altenbach H. Topical problems and applications of creep theory. Int Appl
Mech. 2003;39(6):631–55.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Fan et al. Journal of Orthopaedic Surgery and Research          (2020) 15:373 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Search strategy
	Inclusion criteria
	Exclusion criteria
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Literature search
	Study characteristics
	Quality assessment
	Primary outcome measures
	VAS pain score
	WOMAC function score

	Secondary outcome measures
	KOOS score
	KOOS-ADL

	Subgroup analysis
	Adverse reactions

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

