
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Mao et al. BMC Musculoskeletal Disorders          (2024) 25:499 
https://doi.org/10.1186/s12891-024-07585-w

BMC Musculoskeletal 
Disorders

†Yichen Mao MD and Boyuan Qiu MD contributed equally to this 
work and should be considered as co-first authors.

*Correspondence:
Zhixue Ou
ouzhixue1028@126.com

Full list of author information is available at the end of the article

Abstract
Background  An increasing body of evidence suggests that home-based exercise (HBE) therapy has significant 
therapeutic effects on knee osteoarthritis (KOA) and hip osteoarthritis (HipOA), and it has advantages such as cost 
savings, strong operability, and good compliance compared with hospitalization and exercise courses.

Objective  To evaluate the efficacy of HBE in the treatment of KOA and HipOA.

Methods  A systematic search was conducted in PubMed, Cochrane, Web of Science, and Embase to collect 
randomized controlled trials. The retrieval time was from database establishment until March 6, 2024. Stata 15.1 
software was used for data analysis.

Results  A total of 16 randomized controlled trials involving 3,015participants were included, with 1,519 
participants in the intervention group and 1,496 in the control group. The meta-analysis showed that, compared 
to the control group, HBE can significantly improve pain [SMD=-0.38, 95% CI (-0.58, -0.18); P = 0.001], joint 
function           [SMD=-0.60, 95% CI (-1.01, -0.19); P = 0.004], balance ability [SMD=-0.67, 95% CI (-1.00, -0.34); 
P = 0.001], mobility (ADL) [SMD = 0.51, 95% CI (0.19, 0.82); P = 0.002] in patients with KOA and HipOA. There is no 
statistical difference in the improvement of joint stiffness [WMD = -0.80, 95% CI (-1.61, 0.01); P = 0.052]. In addition, 
subgroup analysis showed that HBE significantly improved pain, joint function, and balance ability in KOA patients 
compared with the control group. HipOA patients showed significant improvement in pain and joint function; 
However, HBE only improved activity ability in patients with comorbidities of KOA and HipOA.

Conclusion  HBE can effectively alleviate pain, improve joint function, and enhance physical function in patients with 
KOA and HipOA. However, more high-quality randomized controlled trials (RCTs) with large sample sizes and long-
term interventions are needed to validate the efficacy of HBE due to limitations in the methodology and consistency 
of indicator outcomes in the included RCTs.
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Introduction
Osteoarthritis (OA) is a common chronic joint disease 
characterized by joint pain and morning stiffness. In 
2019, it affected 528  million people globally [1]. Cur-
rently, there is no effective treatment that has been 
proven to slow the progression of the disease [2]. The 
latest estimates from the Global Burden of Diseases, 
Injuries, and Risk Factors Study (GBD) found that the 
age-standardized prevalence and incidence of symptom-
atic, radiographically confirmed OA increased by 9.3% 
(95% UI 8–10.7%) and 8.2% (95% UI 7.1–9.4%), respec-
tively, from 1990 to 2017 [3, 4]. In the 2019 Global Bur-
den of Musculoskeletal Diseases survey, OA accounted 
for 20.1% of the demand for musculoskeletal rehabili-
tation, placing a huge economic and public healthcare 
burden on individuals, families, and society [5, 6]. Knee 
osteoarthritis (KOA) and hip osteoarthritis (Hip OA) are 
the two most common types of osteoarthritis in the lower 
limbs due to weight-bearing and mobility. The knee joint 
is the most complex joint in the human body, bearing the 
greatest load among all joints, making it the most prone 
to osteoarthritis [7]. Although all factors affecting joints 
in osteoarthritis have commonalities, unlike KOA, hip 
OA is often associated with hip dysplasia and acetabular 
impingement syndrome, two risk factors [8, 9].

Age, obesity, heavy manual labor, and high-intensity 
exercise are all risk factors for OA. Patients with cer-
tain comorbidities have a higher incidence of OA and an 
increased risk of activity limitations caused by OA, mak-
ing it more difficult to manage their condition [6, 10]. In 
addition to surgery, medication, and physical therapy, 
exercise is considered the cornerstone of OA treat-
ment. The Osteoarthritis Research Society International 
(OARSI) and American College of Rheumatology (ACR) 
guidelines recommend that regardless of whether there 
are comorbidities, diet weight management, regular and 
sustained exercise plans, and mind-body exercises (such 
as Tai Chi, yoga) should be regarded as the core thera-
peutic modalities for OA [11, 12].

Patients with OA may avoid exercise due to pain and 
fear of exercise-related injury. Shur et al. [13] found that 
a lack of physical activity can lead to age-related muscle 
loss and decreased muscle quality, which is unfavorable 
for the prognosis of patients with KOA [14]. Increasing 
evidence supports exercise as a maximally effective treat-
ment for alleviating symptoms and related comorbidities 
of OA [15]. An international consensus study [16] has 
developed evidence-based recommendations for OA 
exercise, which include tailoring personalized exercise 
plans based on patients’ conditions, optimizing modes 

and dosages, and emphasizing compliance and exercise 
education. Despite the strong recommendation for exer-
cise therapy in OA guidelines. However, it is difficult to 
form standardized exercise prescriptions, which are mul-
tidimensional and complex, due to insufficient research 
on clinical controlled trial data, resulting in difficulties 
in efficacy assessment and comparative research [15, 
16]. Hospital-based treatment plans and exercise pro-
grams do not confer a long-term prognosis benefit over 
home-based exercise (HBE) therapy. HBE is an effective 
way to maintain rehabilitation and combination therapy 
after discharge. In contrast, HBE therapy offers several 
advantages, including cost savings, practicality, high 
compliance, improved comfort during rehabilitation, 
and reduced risk of injury associated with travel to clin-
ics. Hurley M et al. [17] found that exercise can improve 
physical function, depression, and pain in patients with 
KOA and hip OA. Jönsson et al. [18] showed that early-
stage and mild KOA/HipOA patients, particularly those 
who declined surgical intervention, experienced signifi-
cant relief of clinically relevant pain when they partici-
pated in a self-management program that incorporated 
HBE. Currently, there is no substantial evidence indicat-
ing the clinical efficacy and superiority of HBE. There-
fore, this meta-analysis aims to address this question and 
provide clinical physicians and patients with exercise 
therapy plans, data analysis, and references.

Methods
Search strategy
Two independent researchers searched four databases, 
PubMed, Embase, Cochrane, and Web of Science, using 
a combination of topic words and free words. The search 
was conducted from the establishment of the data-
base until March 6, 2024. The search keywords mainly 
included Knee Osteoarthritis, Knee Arthritis, Hip OA, 
Coxarthrosis, and Home-based exercise. In addition, the 
two researchers also reviewed the references of similar 
studies to ensure the inclusion of relevant literature that 
was not searched. The detailed search strategy is shown 
in Supplementary Table 1.

Inclusion and exclusion criteria
Specific inclusion criteria were as follows: (1) Partici-
pants meet one or more of the diagnostic criteria for 
KOA and HipOA in the Kellgren Lawrence classification 
(KL scale), ACR, and American Rheumatology Associa-
tion (ARA), or had written diagnosis or clinical imaging 
evidence from a doctor to prove the diagnosis of KOA 
and HipOA [19–22]; (2) The intervention group received 

Registration number  We’ve registered with PROSPERO, and the number is CRD42023443085.
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HBE, without restrictions on specific forms of exercise; 
The control group received blank controls, health educa-
tion and publicity, and non-steroidal anti-inflammatory 
drugs, excluding exercise interventions; (3) The patient’s 
gender, age, race, and source of the case were not lim-
ited, without any restriction on whether to use a blind-
ing method. Studies had to be published in English; 
(4) The outcome measures encompassed the Western 
Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC), Visual Analogue Scale (VAS), timed up and 
go test (TUG), timed chair stand (TCS), gait speed (GS), 
the six-minute walk test (6MWT), the five-times sit-to-
stand test (FTSST) [23–25]; (5) The search design was a 
randomized controlled trial (RCT).

The specific exclusion criteria were as follows: (1) Lit-
erature review, meta-analysis, duplicate publications, 
conference abstracts, animal experiments, case reports, 
protocols, non-randomized controlled trials and inter-
ventions that do not meet the inclusion criteria, and 
unavailable full-text and data; (2) Patients with a history 
of knee joint trauma, surgery, or rheumatoid arthritis; (3) 
duplicate publications.

Literature screening and data extraction
The literature was screened by two independent review-
ers, who read the title, abstract, and full text, extracted 
data, and cross-validated the findings. Any discrepancies 
were resolved through discussion with a third reviewer to 
reach a final decision. Duplicate publications were first 
automatically searched using Endnote software and then 
manually reviewed and removed. Titles and abstracts 
were screened before reading the full texts of selected 
articles. Subsequently, two evaluators independently 
extracted related information from the selected studies 
based on a standardized data extraction table (Table  1). 
The main extracted information included the first 
author’s name, publication year, country, sample size, 
gender, age, intervention measures, treatment period, 
and outcome measures.

Quality assessment
Two independent researchers adopted Cochrane Hand-
book for Systematic Reviews of Interventions was used to 
assess the methodological quality of the included studies. 
The assessment included random sequence generation, 
allocation sequence concealment, blinding of partici-
pants and personnel, blinding of outcome assessment, 
incomplete outcome data, selective outcome report-
ing and other bias. Each domain was rated as “low risk 
of bias,” “high risk of bias,” or “unclear” (lack of relevant 
information or unclear bias). The evaluation results were 
confirmed by two researchers after cross checking. The 
evaluation results of the two researchers were tested for 
consistency using Kappa. A Kappa value less than 0.2 

indicated poor consistency, 0.2–0.4 indicated average 
consistency, 0.4–0.6 indicated moderate consistency, 
0.6–0.8 indicated strong consistency, and 0.8-1.0 indi-
cated strong heterogeneity.

Statistical analysis
Stata 15.0 was used for meta-analysis, and heterogeneity 
was tested using Cochran’s Q test and Higgins I² Quan-
titative statistics. Continuous variables were represented 
by mean difference (MD), and if the units were inconsis-
tent, standardized mean difference (SMD) was used. The 
effect size and 95% confidence interval (CI) were used as 
the statistical measures for evaluating their effects. The I2 
value was used to test the heterogeneity. If the homoge-
neity was good (I2 < 50%), a fixed-effects model was used. 
If the heterogeneity was large (I2 ≥ 50%), a random-effects 
model was used. When there was excessive heterogene-
ity, sensitivity analysis and subgroup analysis were used 
to explore the sources of heterogeneity. Funnel plots were 
used to visually reflect publication bias, and Egger’s test 
was used to statistically test publication bias; P > 0.05 
indicates the existence of publication bias, and the trim 
and fill method was used. Further sensitivity analysis was 
conducted to examine the stability of the research results. 
The statistical significance of the merged statistics of the 
included studies was set at P < 0.05.

Results
Literature screening
As shown in Fig. 1, a total of 2,540 articles were searched 
from the four databases, 1,949 of which were duplicate 
articles or marked as mismatched by automatic tool and 
were excluded. After reading the title and abstract, 493 
articles that clearly did not meet the inclusion criteria 
were excluded. Subsequently, the full texts of the remain-
ing 98 articles were searched and read. According to the 
inclusion criteria, 82 articles that did not meet the inclu-
sion criteria were excluded, including reviews, meta-anal-
yses, duplicate publications, conference abstracts, animal 
experiments, case reports, protocols, non-randomized 
controlled trials, and intervention measures. Finally, a 
total of 16 RCTs were included in this meta-analysis.

Basic characteristics of included studies
A total of 3,015 KOA patients were involved in the 16 
finally included studies, all of which were published in 
English between 1998 and 2023 [26–41]. The countries 
where the patients were located included China, the 
United States, South Korea, Germany, Canada, Türkiye, 
the Netherlands, Australia, Japan, France and Denmark. 
These patients all meet one or more diagnostic criteria 
for KOA or HipOA in the ARA, ACR, and KL scale.

The basic information of the participants involved 
in all 16 studies is as follows: the average age of these 
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participants ranged from 55 to 74 years old; The par-
ticipants in all 16 study consisted of males and females; 
Three studies reported the medication history of partici-
pants [27, 31, 35], and 5 studies reported the underlying 
diseases of participants [20, 26, 30, 35, 38]. Regarding 
intervention methods, the control group were treated 
with blank controls in 7 articles [26–28, 32, 35, 36, 40], 
health education lectures in 5 articles [26, 31, 33, 34, 37], 
routine care in 3 articles [29, 30, 38], and medication 
in 1 articles [37]. The follow-up time for these studies 
ranged from 8 to 12 months. Regarding the three main 
outcomes, one study did not report pain [32], 7 studies 
did not report joint function-related indicators [28, 29, 
31, 33, 37–39], and 11 studies did not report joint stiff-
ness [26–30, 32, 35–39]. The baseline characteristics of 
the included studies were comparable. The specific char-
acteristics of the included studies are shown in Table 1.

Risk of bias assessment
Based on the Cochrane bias assessment criteria, 16 stud-
ies were evaluated, with 11 articles providing a clear 
description of their specific methods for randomization 
and 7 articles explaining the blinding methods used. 
Three studies did not use blinding methods, while 10 
studies blinded the outcome evaluators. The risk of bias 
assessment for the included studies is shown in Fig. 2A-
B. Subsequently, Kappa test and paired chi square analy-
sis were performed on the evaluation results of the two 
researchers. The results showed a Kappa value of 0.73 
(P = 0.001) and paired chi square analysis P = 0.923, indi-
cating good consistency in the evaluation results of the 
two researchers.

Meta-analysis results
Main outcome measures
The three main outcome measures of this meta-anal-
ysis were pain (evaluated using the WOMAC pain sub-
scale, VAS, and NARS 11-point combined assessment), 
WOMAC stiffness subscale, and joint function (evalu-
ated using the WOAMC function subscale and TCS 
combined assessment). The results showed that HBE 
significantly improved pain [SMD=-0.38, 95% CI (-0.58, 
-0.18); P = 0.001] and joint function [SMD=-0.60, 95% 
CI (-1.01, -0.19); P = 0.004] in KOA and HipOA patients, 
but there was no statistically significant difference in 
the improvement of joint stiffness [WMD = 0.80, 95% CI 
(1.61, 0.01); P = 0.052]. The main outcome indicators are 
shown in Fig.  3-Fig.  5, and Table  2. The grade rating of 
the main outcome measures is shown in Table 3.

Pain  A total of 14 articles quantified the level of pain 
in patients [26, 27, 29–32, 34–41], involving 2,526 par-
ticipants, with 1,280 in the HBE group and 1,246 in the 
control group. The meta-analysis showed heterogeneity St
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(I2 = 70.6%), so a random-effects model was used to ana-
lyze the studies. The analysis results showed that HBE was 
more effective in reducing pain levels in KOA and HipOA 
patients than the control group [SMD=-0.38, 95%CI 
(-0.58, -0.18); P = 0.001] (Fig. 3).

WOMAC stiffness  WOMAC stiffness scores were 
mentioned in 5 articles [32, 34, 35, 38, 41], involving 429 
participants, with 240 in the HBE group and 189 in the 
control group. The meta-analysis showed heterogene-
ity (I2 = 89.8%), so a random-effects model was used to 
analyze the studies. The analysis results showed that no 
significant statistical differences were observed in stiff-
ness levels between the HBE group and the control group 
[WMD=-0.80, 95% CI (-1.61,0.01); P = 0.052] (Fig. 4).

Joint function  Joint function was evaluated using two 
tests, WOAMC function and TCS. A total of 9 articles 
reported relevant tests [26, 27, 30, 32, 34–36, 40, 41], 
involving 2007 participants, with 1,019 in the HBE group 
and 988 in the control group. The meta-analysis showed 
heterogeneity (I2 = 91.3%), so a random-effects model was 
used to analyze the studies. The analysis results showed 
that HBE was more effective in improving joint func-
tion in KOA and HipOA patients than the control group 
[SMD=-0.60, 95% CI (-1.01, -0.19); P = 0.004] (Fig. 5).

Meta-analysis of the secondary outcome measures
The two secondary outcome indicators of this meta-
analysis were activity level (ADL) (evaluated using GS 
and 6MWT combined) and balance level (evaluated 

Fig. 1  The whole literature selection process
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using TUG and FTSST combined). The results showed 
that HBE can significantly improve the balance ability 
ADL of KOA and HipOA patients [SMD = 0.51, 95% CI 
(0.19, 0.82); P = 0.002], [SMD=-0.67, 95% CI (-1.00, -0.34); 
P = 0.001]. The results of secondary outcome measures 
are shown in Figs. 6 and 7, and Table 2. The grade rating 
of the secondary outcome measure is shown in Table 3.

Mobility: ADL  ADL was evaluated using a combination 
of GS and 6MWT tests. A total of 7 articles reported rel-
evant tests [26, 29, 32–35, 38] involving 568 individuals, 
including 317 in the HBE group and 251 in the control 
group. The heterogeneity test showed I2 = 66.5%. There-
fore, a random effects model was used to analyze the 
included studies, and the analysis results showed that 
HBE had a better effect on improving the activity abil-
ity of KOA and HipOA patients than the control group 
[SMD = 0.51, 95% CI (0.19, 0.82); P = 0.002] (Fig. 6).

Balance ability  The balance ability was evaluated 
through a combination of TUG and FTSST tests. A total 
of 5 articles reported relevant tests [26, 31, 32, 38, 39], 
and 608 patients were involved, including 311 in the HBE 

group and 297 in the control group. The heterogeneity 
test showed I2 = 70.5%. Hence, a random-effects model 
was used to analyze the included studies. The analysis 
results showed that HBE was more effective in improv-
ing the balance ability of KOA and HipOA patients than 
the control group [SMD=-0.67, 95% CI (-1.00, -0.34); 
P = 0.001] (Fig. 7).

Subgroup analysis
Subgroup analysis was conducted based on the loca-
tion of arthritis to further explore the therapeutic effect 
of HBE on different types of arthritis. Meanwhile, the 
sources of heterogeneity were explored through sub-
group analysis due to the significant heterogeneity in the 
results of meta-analysis. According to the comprehen-
sive subgroup analysis results, compared with the control 
group, HBE can significantly improve the joint function 
[SMD=-0.91, 95% CI (-1.66, -0.17); P = 0.016], balance 
ability [SMD=-0.58, 95% CI (-0.88, -0.27); P = 0.001], and 
ADL [SMD = 0.57, 95% CI (0.04,1.11); P = 0.036] in KOA 
patients, joint function in HipOA patients [SMD=-0.92, 
95% CI (-1.45, -0.38); P = 0.001], and ADL in patients with 
comorbidities of KOA and HipOA [SMD = 0.44, 95% CI 

Fig. 2  (A) Risk of bias summary; (B) Risk of bias summary
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Fig. 5  Forest map of meta-analysis of joint function

 

Fig. 3  Forest map of pain meta-analysis
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(0.14, 0.74); P = 0.004]. There was no significant difference 
in other outcomes compared with the control group. In 
addition, according to the I2 values of each subgroup 
analysis, the type of arthritis in different parts may be the 
reason for the high heterogeneity in the meta-analysis 
results of pain, balance ability, and ADL, but it is not the 
reason for the high heterogeneity in the meta-analysis 
results of joint stiffness and joint function. The results of 
subgroup analysis are shown in Supplementary Figs. 1–5 
and Table 4.

Sensitivity analysis
Sensitivity analysis was conducted on the data results 
of pain, joint stiffness, joint function, ADL, and balance 
ability in 16 articles to determine the stability of the com-
prehensive results. The results showed that the circles 
representing each study were within the range of the 
original confidence interval effect values, indicating that 
the analysis results were relatively stable, as shown in 
Supplementary Fig. 6.

Publication bias evaluation
A funnel plot was used to evaluate publication bias for 
the outcomes. Subsequently, Egger’s test was further 
used to statistically test the publication bias. The results 
showed that the Egger’s test P-values for joint stiffness 
(P Egger = 0.127), joint function (P Egger = 0.096), ADL 
(P Egger = 0.383), and balance ability (P Egger = 0.144) 
were all > 0.05, indicating that there may be no publica-
tion bias. The P value of Egger’s test for pain was less than 

Table 2  Summary of meta-analysis results
Measurements Num-

ber of 
included 
articles

Number 
of patients 
involved

I² 
value 
(%)

SMD/
WMD 
(95%CI)

P-
val-
ue

Primary out-
come measures
pain 14 2526 70.6 -0.38 

(-0.58, 
-0.18)

0.001

stiffness 5 429 89.8 -0.80 
(1.61,0.01)

0.052

function 9 2007 91.3 -0.60 
(-1.01, 
-0.19)

0.004

Secondary out-
come measures
balance 5 608 70.5 -0.67 

(-1.00, 
-0.34)

0.001

ADL 7 66.5 66.5 0.51 (0.19, 
0.82)

0.002

Table 3  Grade rating for outcome indicators
Primary outcome measures Grade
pain Moderate
stiffness Low
function Moderate
Secondary outcome measures
balance Low
ADL Moderate

Fig. 4  Forest map of meta-analysis of joint stiffness
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Fig. 7  Forest map of meta-analysis of balancing ability

 

Fig. 6  Forest map of activity capability meta-analysis
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0.05 (P Egger = 0.003), and no study was added after two 
iterations of the trim and fill method. The results showed 
no difference from the original results, indicating that 
there may be publication bias. However, the publication 
bias has little effect on the results of this study. The fun-
nel plot is shown in Fig. 8A-E, and the Egger’s test results 
are shown in Supplementary Fig. 7.

Discussion
For patients with KOA and HipOA, HBE is a cost-effec-
tive and easily-promoted mode of physical activity, which 
is convenient and simple to perform with no use or mini-
mal use of medical equipment. It can reduce psychologi-
cal fear in patients and alleviate the economic burden 
on those with transportation difficulties or financial 

distress to visit physical therapists. Several studies have 
demonstrated the effectiveness of HBE in relieving joint 
pain, improving physical function, and enhancing qual-
ity of life [42, 43]. Chronic pain patients often tend to 
have a vicious cycle of physical inactivity, prolonged sit-
ting, and disability exacerbation [44]. For patients suf-
fering from long-term OA, pain may become a source 
of exercise phobia, and muscle strength may directly or 
indirectly influence their physical activities [45]. Studies 
have found no significant correlation between HBE and 
central sensitization or pain intensity, and exercise inten-
sity does not induce more adverse reactions [46–48]. 
Low educational level has been identified as an impor-
tant factor contributing to catastrophic pain and exer-
cise phobia in OA patients [49], highlighting the need 
for healthcare providers to pay attention to psychologi-
cal behavior induction and pain neuroscience education 
to eliminate patient fear of exercise. The efficacy of HBE 
is also related to patient compliance. Future research on 
behavioral interventions is needed to increase long-term 
exercise adherence. Patient compliance is influenced by 
factors such as supervision, family support, emotional 
involvement, and trust in physical therapists [50, 51], 
which can be improved through self-management plans, 
personalized programs, monitoring and feedback, cog-
nitive-behavioral techniques, and other interventions 
[52]. However, some studies have shown that there is no 
specificity in treatment outcomes between supervised 
and unsupervised HBE, and compared to short-term 
supervised physical therapy, long-term HBE programs 
have better long-term outcomes for limb function [30, 
53–55]. Therefore, how to improve patient motivation 
and provide HBE programs that are easy to adhere to in 
the long-term is a problem that needs further attention. 
This study has several imitations. First, the intervention 
methods were relatively single, and we did not take into 
account comprehensive factors such as self-management, 
supervised exercise, and health education that may affect 
patient compliance and final treatment outcomes. Fur-
ther analysis can be conducted to analyze the efficacy of 
HBE for patients with severe pain after using combined 
drug or physical interventions. Second, our outcome 
indicators mainly focused on pain, and somatic func-
tion, with a lack of evaluation of psychological health, 
life quality. Third, the HBE programs should be person-
alized according to the different locations of joint wear 
and muscle and ligament injuries in patients. This study 
only partially summarizes the therapeutic effects of HBE, 
and more high-quality, large-scale studies are needed to 
explore the true efficacy of HBE.

Table 4  Summary of subgroup analysis
Measurements Num-

ber of 
included 
articles

Subgroup I² 
value 
(%)

SMD/
WMD 
(95% CI)

P-
val-
ue

primary out-
come measures
pain 10 KOA 61.3 -0.44(-

0.71, 
-0.18)

0.001

2 HipOA 37.8 -0.37(-
0.72, 
-0.02)

0.041

2 KOA&HipOA 70.4 -0.17(-
0.55, 0.21)

0.384

stiffness 4 KOA 92 -0.75(-
1.66,0.17)

0.109

1 KOA&HipOA None -1.10(-
2.21, 0.01)

0.053

function 6 KOA 92.5 -0.91 
(-1.66, 
-0.17)

0.016

1 HipOA None -0.92(-
1.45, 
-0.38)

0.001

2 KOA&HipOA 85.8 0.04 
(-0.44, 
0.52)

0.864

Secondary out-
come measures
balance 3 KOA 43.4 -0.58 

(-0.88, 
-0.27)

0.001

2 HipOA 92.5 -0.87 
(-2.04, 
0.30)

0.147

ADL 3 KOA 54.2 0.57 (0.04, 
1.11)

0.036

2 HipOA 91.9 0.57 
(-0.58, 
1.72)

0.334

2 KOA&HipOA 0 0.44 (0.14, 
0.74)

0.004
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Conclusion
The present study shows that HBE can significantly 
improve pain, joint function, balance ability, and mobil-
ity in patients with KOA and HipOA. Due to the 
limitations of this study, further clinical data and high-
quality research are needed in the future to confirm our 
conclusions.
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