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Abstract
Background: 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 improvment are remained unclear. This meta-analysis is to
systematically evaluate the clinical outcomes of valgus knee bracing in patients with knee osteoarthritis (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, screened
and determined the �nal enrolled literatures. 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 Analogue Scale (VAS)
pain score, 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, 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), the results showed that RR = 0.58, 95% CI [-4.25, 5.42], P = 0.81; Three
articles were related to the KOOS activities of daily living (KOOS-ADL), the results showed that RR = 0.04, 95% CI [-0.62,0.69], P = 0.91.These
results indicated that the valgus knee bracing have no statistically signi�cant 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.

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 bene�cial to the short-term rehabilitation.

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 are as high as 44% grobally, and particularly, the �gure of women are much higher than that of men [4-5]. Early KOA
advocates conservative treatment, including oral analgesics, articular 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 �nal choice for the KOA patients. However, even
though TKA has excellent clinical outcomes, increasing 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 deveolpe conservative therapies 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 biomechanical 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 inhibit the pain symptom of KOA patients, but
cannot elevate the functions of joint mobility. Therefore, it brings di�culty 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 unmatured 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 can’t use to support the overall 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 systematic review and meta-analyze RCTs correlated the valgus knee bracing and clarify the impact of this therapy on pain
release and functional improvement in KOA patients. Our �ndings will provide guidance and suggestions to the �rst-line clinical practices of
physician 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 "Osteoarthritis",
"knee", "brace OR bracing OR Valgus brace OR Unloader brace".

Inclusion Criteria
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RCTs of using valgus knee bracing to treat KOA; In RCTs, the experimental group was given valgus knee bracing treatment, 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.); The
age, sex, race, nationality, and course of disease in the included studies are not limited; 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 osteo arthritis outcome score, KOOS); KOOS-ADL score (KOOS- Activi ties of Daily Living, KOOS-ADL).

Exclusion Criteria

Non-clinical randomized controlled trials; The conference included literature, reviews, and published the same research literature repeatedly in
different languages; The outcome indicators data in RCTs cannot be used.

Data extraction

Two researchers screened the literature separately, including the �rst step of screening after browsing the titles and abstracts of the literature, as
well as reading the full text and determining whether it was �nally 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 included. The relevant information extracted
includes: (1) Basic information of the literature, including title, year, �rst author, course of treatment, etc. (2) Incorporate the basic characteristics
of RCTs and patient baseline data. (3) Intervention measures of the two groups. (4) Outcome indicators. (5) Key factors for evaluating the
quality of literature, etc. The Microsoft Excel was used to record the relevant information. Besides endnote was used for document management.

Quality assessment

The bias risk of the included studies was evaluated according to the Cochrane Handbook 5.0.1 RCT bias risk assessment 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 researchers, and if there were different opinions, the third researcher would
participate in the discussion and resolved.

Statistical analysis

Revman5.3 software was used for data analysis. Heterogeneity analysis: The heterogeneity of the research results was tested by χ². The size of
heterogeneity is judged by I². When I² <50%, a �xed-effect model should be used; when I²> 50%, a subgroup analysis of the causes of
heterogeneity may be performed; When the difference between the two studies was not statistically signi�cant, a random-effects model can be
used for analysis. When P <0.05, it means that the difference of the research results was statistically signi�cant.

Results
Literature Search

Study Characteristics

A total of 739 patients were included in the 10 studies, 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 summarized the intervention measures for each study and the results of the outcome indicators.

Table1. Characteristics of the studies in meta-analysis.
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Study Year Country/Region Journal Study
type

Level of

Evidence

Sample
size(T/C)
*

Gender
(M/F)

Median age

(T/C) *

BMI*

(T/C) *

Length
of
follow-
up

Hunter
[15]

2012 Australia. Ann
Rheum
Dis

RCT 29/27 30/50

 

63.0/60.0 32.7 /34.7 30weeks

 

van Raaij
[19]

2010 Netherlands Clin
Orthop
Relat Res

RCT 46/45 46/45 54.9 /54.4 29.0 /29.4 26weeks

YU [20] 2016 Australia. Int J
Rheum
Dis.

RCT 86/68 54/100 67.7/67.0 30.7 /33.2 52weeks

Dammere
 [21]

2018 Austria Knee Surg
Sports
Traumatol
Arthrosc

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

Thoumie
[22]

2018 France Sci Rep. RCT 32/35 23/44 64.8/ 66.6 29.2/28.1 6weeks

Jones
[23]

2012 UK Gait
Posture

RCT 28/28 NA NA NA 2weeks

Callaghan
[24]

2015 USA Ann
Rheum
Dis

RCT 56/61 NA NA NA 6weeks

Muller
[25]

2011 Germany Z Orthop
Unfall.

RCT 13/10 16/7 49.8 /57.4 27/28 16weeks

Niazi [26] 2014 Pakistan Pak J
Med Sci

RCT 56/53 NA NA NA 26weeks

Arazpour
[27]

2013 Iran Prosthet
Orthot Int

RCT 12/12 9/15 58.75/59.83 27.30/26.71 6weeks

*T Experimental group, C Control group, BMI Body mass index, NA not applicable.

Table2. Study Interventions and Outcome indicators

Lead Author Intervention(T)* Intervention(C)* Outcome indicators*

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

van Raaij [19]

 

Valgus knee brace Laterally

wedged insole

YU [20]

 

Valgus knee brace no bracing

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

Thoumie [22] Valgus knee brace no bracing

Jones [23] Valgus knee brace Laterally wedged insole

Callaghan [24] Valgus knee brace no bracing

Muller [25] Valgus knee brace an elastic knee bandage

Niazi [26] Valgus knee brace Laterally wedged insole

Arazpour [27] Valgus knee brace Laterally wedged insole

*T Experimental group, C Control group. VAS(visual analog scale)

WOMAC(Western Ontario and McMaster Universities Osteoarthritis Index)

KOOS(Knee Injury and OsteoarthritisOutcome Score)

http://nc.yuntsg.com/one1.do
http://nc.yuntsg.com/show.do?q=32367202&my=1588815145005
http://nc.yuntsg.com/show.do?q=Effect%20of%20unloading%20brace%20treatment%20on%20pain%20and%20function%20in%20patients%20with%20symptomatic%20knee%20osteoarthritis:%20the%20ROTOR%20randomized%20clinical%20trial
http://nc.yuntsg.com/one1.do
http://nc.yuntsg.com/one1.do
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KOOS-ADL(KOOS activities of daily living)

Quality Assessment

Using Cochrane Handbook 5.0.1 RCT bias risk assessment tool to evaluate the quality of 10 studies, the results were shown in Figure 2/3. The
�gure 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.

Primary Outcome Measures

VAS pain score

A total of eight studies reported the impact of valgus knee bracing on the VAS pain score of patients with KOA. The heterogeneity test results of
the eight included studies was 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 (Figure 4), indicating that the experimental group compared with the control group had no
statistically signi�cant difference in improving knee VAS pain scores signi�cance.

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 was I2 = 0 <50%, so the �xed effect model was selected. As shown in Figure 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 signi�cant difference in improving 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 was I2 = 0 <50%, so the �xed effect model was chosen. The results can be obtained from Figure 6: RR = 0.58, 95% CI [-4.25, 5.42], the
combined effect Z = 0.24. P = 0.81. The results showed that the experimental group and the control group had no statistically signi�cant
difference in KOOS score.

KOOS-ADL

A total of 3 studies reported the in�uence of valgus knee bracing on the KOOS-ADL score of KOA patients. The heterogeneity of the 3 studies
was I2 = 87% > 50%, so the random effect model was elected. The speci�c results were shown in Figure 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 between the KOOS-ADL scores of the experimental group and the
control group was not statistically signi�cant .

Subgroup Analysis

As can be seen from the above results, there were two outcome indicators with high heterogeneity, which were VAS pain score and KOOS-ADL
score. However, it is considered that the KOOS-ADL score was included in fewer studies, the VAS score had the value of subgroup analysis.
Through analysis of 8 studies that reported 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 VAS score in Thoumie's[22] study is very different from other studies. After using or excluding this study,
the heterogeneity had changed greatly. Therefore, the subgroup analysis excluded the Thoumie's[22] study.

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

Subgroup Results of subgroup analysis

follow-up time Number of studies MD*value 95%CI Pvalue I²/%

a*<24weeks 4[21-24] -0.41[-0.78,-0.05] =0.03 35%

24weeks<a*<48weeks 2[17,25] -0.20[-0.49,0.09] =0.17 7%

a*>48weeks 1[18] 0.64[0.32,0.97] =0.0001 -

*afollow-up time,MD mean difference.

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 (including acupuncture, laser therapy, electromagnetic therapy, etc.), oral analgesics, and joint cavity injection drugs [28,29]. Emerging
studies paid attention to the changes of force lines in knee joint. Unbalance of weight bearing will somehow change the knee force lines and
cause lower limb abnormality, leading to progress of KOA[10-11]. Theoretically, the valgus knee bracing can optimize the direction of force line in
knee joint, further reducing pain symptoms and improving joint function[12-13]. However, the clinical e�cacy of valgus knee bracing in the
treatment of KOA is not clear. Surprisingly, different studies show opposite outcomes which seriously troubles the selections of physicians in
clinic [15-27, 30-38]. Therefore, a meta-analysis is urgent to be performed in order to clarify the e�cacy of valgus knee bracing.

Our �ndings 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 enable 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 were found to be greater than that of the control group, it is still showed that valgus knee
bracing cannot improve or even increase the pain symptoms of KOA patients.  

Duivenvoorden et al. [36] further con�rmed the conclusions of this study. They conducted a secondary analysis of randomized controlled trial
data in 80 patients with KOA, and found no biomechanical evidences to support 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. Speci�cally, if excluded one study with 52-week follow-up, the follow-up time of the remaining
studies were less then 24 weeks. Therefore, it is still remained undetermined about the long-term e�cacy of valgus knee bracing. Another study
of Moyer et al.[18] focused on the biomechanical 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 included 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
includes only ten studies with 739 patients. Nevertheless, six of them are followed up for more than 24 weeks, which provides stronger evidences
to the long-term results.

It is surprising that the outcome of our meta-analysis is different with others. We concluded the following reasons to explain low e�ciency 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 four hours a day. Therefore, the effectiveness of valgus knee bracing may be underestimated in the long-term
period [40]. Secondly, study have suggested that, if in valgus knee bracing, it will make 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. Thirdly, the valgus knee bracing mainly provides valgus moment of force for the knee joint. Studies have
shown that valgus knee bracing reduced the external knee adduction, but not being bene�cial to the external �exion moment and free moment,
which are critical 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
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of the valgus knee braces is not ideal may be related to the creep of the material. Therefore, only the above problems can be solved, valgus 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; 2) The
valgus knee braces used in the testing group of RCTs are created in different shapes and construction by different 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 enrolled all relevant studies that has been reported whereas our search �led 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
determine 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 the our conclusions.

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 osteo arthritis outcome score; KOOS-ADL, KOOS- Activi ties of Daily Living; RCTs,
randomized controlled trials.
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Figure 1
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Flowchart of included studies

Figure 2

Individual risk bias included in the study

Figure 3

Risk of bias included in the study
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Figure 4

Meta analysis of VAS pain score

Figure 5

Meta analysis of WOMAC score

Figure 6

Meta analysis of KOOSscore

Figure 7

Meta analysis of KOOS-ADL score
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Figure 8

Subgroup analysis of VAS pain score


