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Abstract
Objective  Early exercise is a physical adjuvant therapy that begins on day 1 postoperatively. It prevents 
postoperative stiffness, fatty infiltration, muscle atrophy and loss of range of motion. Usually, use of a brace fixation 
that immobilizes the shoulder in 30° of abduction during the postoperative rehabilitation period reduces tension 
on the repaired tendon, which improves tendon-bone healing. To investigate the effect of early exercise and brace 
fixation on postoperative recovery after arthroscopic rotator cuff repair by systematic review, thereby providing 
evidence-based evidence for clinical practice.

Methods  Chinese and English databases (PubMed, Web of Science, Cochrane Library, CNKI, Wanfang database, and 
VIP database) were searched by keywords until November 15, 2024. Randomized controlled studies comparing early 
exercise versus brace fixation after arthroscopic rotator cuff repair surgery were included, along with an evaluation of 
such studies using the Cochrane Collaboration risk assessment tool. Afterward, the effect of the intervention on the 
visual analogue scale (VAS) for pain, function, shoulder range of motion (forward flexion, abduction, internal rotation, 
external rotation), and postoperative complications (stiffness, re-tear) was evaluated based on a fixed or random 
effects model.

Results  Eleven high-quality randomized controlled studies were included. Compared with brace fixation, early 
exercise improved the range of motion of the subjects’ shoulders. Compared with brace fixation, shoulder flexion 
(WMD of 6 weeks = 10.57, 95% CI: 1.30, 19.84, WMD of 3 months = 12.39, 95% CI: 7.51, 17.27, WMD of 6 months = 2.88, 
95% CI: 1.02, 4.73, WMD of 1 year = 2.59, 95% CI: 0.40, 4.77) and shoulder abduction (WMD of 6 weeks = 13.17, 95% 
CI: 9.80, 16.55, respectively). The improvement degree of WMD = 2.28 in 6 months and internal rotation (WMD = 5.08, 
95% CI: 3.16, 7.01, in 6 weeks and WMD = 8.23, 95% CI: 4.23, 12.23, in 3 months) was statistically different. Early exercise 
also reduced the risk of postoperative stiffness (RR = 0.34; 95%CI:0.19, 0.60). However, compared with brace fixation, 
there was no statistical difference in pain score (WMD = 0.05, 95% CI:0.09, 0.18) and shoulder joint recovery score 
(SMD = 0.05, 95% CI: 0.12, 0.03).
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Introduction
Previous epidemiological surveys have shown that rota-
tor cuff tendon tears and cuff abnormalities are very 
common in the adult population, with the incidence 
increasing with age from 9.7% in those aged ≥ 20 to 62% 
in those aged ≥ 80 [1]. The rotator cuff is composed of 
the subscapularis, supraspinatus, infraspinatus, teres 
minor, and tendons, while rotator cuff lesions are a com-
mon cause of shoulder pain and may eventually seriously 
affect the daily life and activities of patients. Meanwhile, 
symptomatic disease affects 4-32% of patients with rota-
tor cuff tears [2]. Although the patient’s age, activity level, 
and tear size affect treatment decisions, non-surgical 
treatment is often preferred as the first treatment option, 
and surgical treatment can relieve pain and improve 
shoulder function in over 90% of patients if non-surgical 
treatment fails [3]. With the development of minimally 
invasive techniques, arthroscopic repair has been widely 
used in clinical practice as it is less invasive, can achieve 
safe fixation, and promotes early exercise [4, 5]. Previous 
studies have shown that approximately 250,000 rotator 
cuff repairs are performed annually in the United States 
[6]. However, with the rising number of repair surgeries, 
uncertainty about the optimal approach of postopera-
tive rehabilitation remains, which is a key component of 
patient postoperative rehabilitation [7].

According to an international practice investigation 
report, there is no consistent understanding of how 
postoperative rehabilitation affects clinical results, so in 
the past twenty years, postoperative rehabilitation has 
made little progress [8]. At present, the standard postop-
erative rehabilitation still uses some cautious methods, 
such as sling fixation [9]. At present, new research prog-
ress shows that early exercise can prevent joint stiffness 
caused by tendon adhesion [10]. After arthroscopic repair 
of rotator cuff tear, patients’ shoulder joint is usually in 
abduction rest position, which is beneficial to reduce the 
tissue tension at the operation site. Long-term immobili-
zation of shoulder joint will not only affect the recovery 
of shoulder joint function, but also cause shoulder joint 
stiffness, shoulder joint adhesion and even muscle atro-
phy, but some people worry that early exercise may lead 
to rotator cuff healing, and more people tend to accept 
stent fixation rather than early exercise after operation 
[11]. Therefore, the purpose of this meta-analysis is to 
synthesize the existing literature and evaluate the effects 
of early exercise and brace fixation following arthroscopic 

rotator cuff repair, aiming to establish an evidence-based, 
effective, and timely rehabilitation protocol for patients 
undergoing this procedure.

Materials and methods
The protocol for this meta-analysis was regis-
tered on INPLASY. The registration number is 
INPLASY2024120051. This study was strictly imple-
mented in accordance with PRISMA2020.

Retrieval strategy
The retrieval strategy referred to the statement of 
PRISMA2020 [12], three English databases including 
PubMed, Web of Science, and Cochrane Library, as well 
as three Chinese databases including China National 
Knowledge Infrastructure (CNKI), Wanfang database, 
and VIP database were systematically searched. The 
retrieval period was from database establishment to 
November 15, 2024, and the retrieval strategies for Eng-
lish databases were as follows: (“Shoulder” OR “Shoulder 
Injuries” OR “Shoulder Joint” OR “Shoulder Pain” OR 
“Rotator Cuff”) AND (“Physical and Rehabilitation” OR 
“Physical Therapy Modalities"OR"Exercise”). The Chinese 
databases were retrieved using the same search terms. 
Additionally, target articles were obtained by review-
ing references from included studies. Contact experts 
and researchers in related fields as much as possible by 
telephone or email to find unpublished literature(We 
sent emails to the corresponding authors of 11 studies 
included in the study. Consult them about whether there 
were currently unpublished related studies).

Inclusion and exclusion criteria
Inclusion Criteria: (1) Articles published in a peer-
reviewed journal in English and Chinese; (2) arthroscopic 
rotator cuff repair surgery in subjects aged ≥ 18; (3) reha-
bilitation intervention with early exercise had no restric-
tions on the pattern, length, intensity, and frequency of 
exercise; (4) control group underwent brace fixation 
alone or with brace fixation and delayed rehabilitation 
training; (5) study outcomes were pain, function, range 
of motion, strength, and repair integrity; (6) randomized 
controlled trials.

Exclusion Criteria (1) non-population studies; (2) 
studies such as conference articles, case reports, and 
systematic reviews; (3) studies in which outcome infor-
mation was insufficient and the data analysis could not 

Conclusion  Early exercise can improve the range of motion of early shoulder joint and reduce the risk of 
postoperative stiffness, but the effect of pain and function improvement is not obvious, which can play a positive role 
in postoperative rehabilitation of patients, but it needs more comprehensive research and improvement to guide 
clinical practice.
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be performed; (4) duplicate reports of literature research; 
and (5) studies for which complete articles could not be 
obtained.

Literature screening and data extraction
Literature screening was performed by two researchers 
separately per the inclusion and exclusion criteria, first 
by reading the title and abstract of the articles for ini-
tial screening, followed by reading the full text of stud-
ies that may have met the inclusion criteria. If the two 
evaluation researchers disagree, a third researcher will 
be introduced, and after discussion and analysis, a vote 
will be taken to decide whether to include it. After lit-
erature screening, the two researchers extracted data 
according to the available standard data extraction table, 
which mainly included literature information (author, 
year, region, literature source, etc.), research characteris-
tics (sample size, gender, age, disease classification, etc.), 
rehabilitation options and outcome effect (the main out-
come was shoulder function, range of motion and com-
plications, and the secondary outcome was pain) data, 
and original research methodology (randomization, 
blindness, loss of follow-up, etc.).

Quality evaluation
The Cochrane Collaboration risk assessment tool [13] 
was used to evaluate the quality of the literature in terms 
of randomization method, allocation scheme conceal-
ment, blinding, outcome data integrity, selective report-
ing of study results, and other sources of bias. Two 
researchers Hao BR and A L review the quality of litera-
ture, and when the results of an audit are inconsistent, a 
third researcher LI HQ is introduced to discuss and vote. 
The Grade (The Grading of Recommendations Assess-
ment, Development and Evaluation) grading system is 
used to check the certainty of the evidence and evaluate 
the evidence grade of each result.

Statistical analysis methods
Statistical analysis was performed using the Stata16.0 
software. The effect size of count data was expressed as 
relative risk (RR), with measurement data expressed as 
standard mean difference (SMD) or weighted mean dif-
ference (WMD), and a 95% confidence interval (CI) was 
used to estimate the interval range of effect size. Mean-
while, the heterogeneity was determined by heterogene-
ity tests using statistics and Q tests; I2< 50% or P > 0.1 
indicated obvious homogeneity among the included 
studies, so the analysis was conducted with a fixed effect 
model; I2> 50% or P ≤ 0.1 indicated a poor homogeneity 
among the included studies, so a random effect model 
was used for analysis. For measurements at different fol-
low-up times, subgroup analyses were combined. Unless 
otherwise specified, the test level was set at 0.05.

Results
Basic characteristics of included studies and results of 
literature quality evaluation
A total of 3,392 articles were reviewed for this study 
(PubMed:, Web of Science:, Cochrane Library:, CNKI:, 
Wanfang database:, VIP database: ) with 11 randomized 
controlled studies finally included [14–24], as shown in 
Fig. 1. These articles were published from 2011 to 2019, 
involving 1,216 patients who underwent arthroscopic 
rotator cuff repair, of whom 626 subjects completed post-
operative rehabilitation training with early exercise, com-
pared with 590 controls (an average age of 50.43–65.1 
and male subjects accounting for 10.3-68.46%). The study 
subjects came with minor to major tear characteristics, 
and the basic characteristics of more included studies 
are shown in Table  1. The results of the literature qual-
ity evaluation revealed a low risk of bias for the included 
studies in terms of data integrity and selective reporting 
of results, as shown in Table 2.

Pain
4 studies evaluated pain at 6 weeks, 3 months, 6 months, 
1 year, and 2 years post-intervention using the visual 
analogue scale (VAS) for pain. Heterogeneity evaluation 
showed obvious homogeneity among the included stud-
ies (I2 = 0%, P = 0.735), with the pooled effect size calcu-
lated using a fixed effects model. The results of subgroup 
analysis based on follow-up time showed no statistically 
significant effect of early exercise versus brace fixation 
on pain (WMD = 0.05, 95% CI: −0.09,0.18), as shown in 
Fig. 2.

Function
Outcome measures of shoulder function differed, with 
4 studies providing functional evaluations utilizing the 
American Shoulder and Elbow Surgery score, Constant-
Murley score, Simple Shoulder Test, or Western Ontario 
Rotator Cuff Index. In this study, a meta-analysis of func-
tional improvement results at different follow-up times 
was performed using SMD, with pooled effect sizes 
calculated for different scales. Since the heterogeneity 
evaluation results indicated no heterogeneity among the 
included studies (I2 = 0%, P = 0.987), a fixed effects model 
was used to calculate the pooled effect size. Moreover, the 
meta-analysis showed that early exercise had no statisti-
cally significant effect on postoperative shoulder function 
recovery in subjects (SMD: −0.05; 95% CI: −0.12,0.03), 
as shown in Fig.  3. Additionally, similar findings were 
observed when the different shoulder function measure-
ment tools were analyzed separately, with the Ameri-
can Shoulder and Elbow Surgery score of -2.19 (95% CI: 
-6.10, 1.71) at 6 months of follow-up, the GRADE rating 
of this result was moderate. See Table 3.
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Range of motion
Shoulder flexion
11 studies reported improvement in shoulder flexion 
after early exercise. The heterogeneity evaluation results 
suggested heterogeneity among the included studies 
(I2 = 89.4%, P < 0.001), with the pooled effect size cal-
culated using a random effects model. Compared with 
brace fixation, the subgroup analysis results at different 
follow-up times demonstrated that the early exercise 
improved shoulder flexion in subjects as follows: 6 weeks 
(WMD: 10.57; 95% CI: 1.30, 19.84), 3 months (WMD: 
12.39; 95% CI: 7.51, 17.27), 6 months (WMD: 2.88; 95% 
CI: 1.02, 4.73), and 1 year (WMD: 2.59; 95% CI: 0.40, 
4.77), and the effect of early exercise gradually decreased 
with the increasing follow-up time. However, the effect 
was not statistically significant at 2 years (WMD: 2.48; 
95% CI: -0.82, 5.77), the GRADE rating of this result was 
moderate. See Fig. 4.

Shoulder abduction
6 studies reported improved shoulder abduction in sub-
jects following early exercise. The heterogeneity evalua-
tion results suggested heterogeneity among the included 
studies (I2 = 93.7%, P < 0.001), with the pooled effect size 
calculated using a random effects model. The subgroup 
analysis at different follow-up times showed that early 

exercise could improve shoulder abduction in subjects at 
6 weeks (WMD: 13.17; 95% CI: 9.80, 16.55) and 3 months 
(WMD: 13.90; 95% CI: 0.51, 27.29) post-surgery. How-
ever, no statistically significant effect was observed on 
shoulder abduction at 6 months (WMD: 2.25; 95% CI: 
-0.11, 4.61), 1 year (WMD: 0.36; 95% CI: -3.47, 4.19), and 
2 years (WMD: -1.73; 95% CI: -7.41, 3.94), the GRADE 
rating of this result was moderate. See Fig. 5.

External rotation
Improved shoulder external rotation in subjects follow-
ing early exercise were reported in 11 studies. The het-
erogeneity evaluation results showed heterogeneity 
among the included studies (I2 = 78.8%, P < 0.001), with 
the pooled effect size calculated using a random-effects 
model. Meanwhile, the subgroup analysis at different 
follow-up times revealed that early exercise improved 
shoulder external rotation at 3 (WMD: 8.94; 95% CI: 6.37, 
11.50) and 6 (WMD: 2.28; 95% CI: 0.88, 3.67) months 
post-surgery. However, the effect of the intervention 
was not statistically significant at 6 weeks (WMD: 4.66; 
95% CI: -1.56, 10.87), 1 year (WMD: 0.55; 95% CI: -2.70, 
3.79), and 2 years (WMD: 0.30; 95% CI: -4.31, 4.92), the 
GRADE rating of this result was moderate, as shown in 
Fig. 6.

Fig. 1  Flow Chart of Literature Screening
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Internal rotation
8 studies reported improved shoulder internal rotation 
in subjects following early exercise. The heterogeneity 
evaluation results indicated heterogeneity among the 
included studies (I2 = 91.6%, P < 0.001), and a meta-analy-
sis was performed using a random-effects model. Per the 

subgroup analysis at different follow-up times, early exer-
cise could improve shoulder internal rotation at 6 weeks 
(WMD: 5.08; 95% CI: 3.16, 7.01) and 3 months (WMD: 
8.23; 95% CI: 4.23, 12.23) post-surgery, without statisti-
cally significant effect at 6 months, 1 year, and 2 years, 
the GRADE rating of this result was moderate. See Fig. 7.

Table 1  Basic characteristics of included studies
Study Country Sam-

ple 
size

Intervention-t Intervention-c Tear characteristics Mean 
age(E/D)

Male%

Düzgün 
[14]

Turkey 29 early active movement in 
combination with preop-
erative rehabilitation

immobilization and 
delayed exercise

Medium and large 55.8/56.6 10.3

Sheps[15] Canada 206 early active motion sling immobilization All tear sizes included.
Mean length of tear AP: E: 2.1 cm vs. D: 
2.1 cm
Mean length of tear ML: E: 1.9 cm vs. D: 
1.9 cm

55.5/56.2 63.59

Sheps [16] Canada 189 early mobilisation sling immobilization All tear sizes included.
full-thickness

55.4/54.9 60.85

Zhang 
[17]

China 132 early motion immobilization tear length: 37.28 ± 2.28 vs. 
38.49 ± 3.38 mm

52.32/50.43 52.27

Koh [18] Korea 100 early motion and 
immobilization

delayed motion and 
immobilization

Postero-superior; medium; full-thickness; 
2–4 cm

60.1/59.5 50

Lee [19] Korea 64 immobilization and ag-
gressive early passive reha-
bilitation and unlimited 
self–passive stretching 
exercise

immobilization and 
limited early passive 
rehabilitation

Medium: 41, large: 45; full-thickness 54.5/55.2 64.06

Düzgün 
[20]

Turkey 40 early exercise immobilization and 
delayed exercise

Medium and large 57.6/57.2

Arndt [21] France 92 Immediate passive motion immobilization Non-retracted isolated tears of supraspi-
natus; partial-thickness: 24%, full-thick-
ness: 76%

55.3 37

Kim [22] Korea 105 immobilization and early 
passive motion exercise

immobilization and 
no passive motion 
exercise

Small and medium; full-thickness
Tear size in anteroposterior dimension: 
18.9 ± 12.6 vs. 16.3 ± 6.5 mm

60.06/60.00 41.9

De Roo 
[23]

Belgium 130 immediate daily passive 
mobilization

immobilization Small to large; full-thickness 65.1/64.6 68.46

Keener 
[24]

USA 129 early motion immobilization Supraspinatus and/or infraspinatus; Small 
and medium; full-thickness

55.8/54.8 53.49

Table 2  Quality evaluation results of included research literature
study Random sequence 

generation
(selection bias)

Allocation 
concealment 
(selection bias)

Blinding of partici-
pants and personnel
(performance bias)

Blinding of out-
come assessment
(detection bias)

Incomplete out-
come data
(attrition bias)

Selective 
reporting
(reporting 
bias)

Other 
bias

Düzgün [14] low low low unclear low low unclear
Sheps [15] low low low low low low low
Sheps [16] low low low low low low low
Zhang [17] low low low low low low low
Koh [18] low low low low low low low
Lee [19] unclear low high low low low unclear
Düzgün [20] low unclear high unclear low low unclear
Arndt [21] unclear unclear unclear low low low unclear
Kim [22] low unclear low low low low low
De Roo [23] low unclear unclear unclear low low unclear
Keener [24] low low unclear low low low unclear
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Complications
Three studies reported the results of postoperative com-
plications (stiffness and re-tear) in subjects, with the 
pooled effect size calculated using a fixed effects model 
based on the heterogeneity evaluation results (I2 = 0.0%, 
P = 0.983). Meta-analysis revealed a lower risk of rigid-
ity (RR: 0.34; 95% CI: 0.19, 0.60) for subjects who under-
went early exercise, but the effect on re-tear was not 
statistically significant (RR: 1.46; 95% CI: 0.78, 2.73), the 
GRADE rating of this result was low, as shown in Fig. 8.

Discussion
This study is designed to conclude the effects of early 
exercise and brace fixation on the clinical outcomes 
and complications of patients after arthroscopic rotator 
cuff repair. The findings showed that early exercise did 
not significantly improve pain and shoulder function in 
patients. Meanwhile, the meta-analysis of shoulder range 
of motion found that early exercise significantly improved 

shoulder flexion, abduction, external rotation, and inter-
nal rotation, which mainly had a short-term positive 
effect in terms of the duration of the effect. For postoper-
ative complications, patients who received early exercise 
had a lower risk of stiffness, without seeing a statistically 
significant risk of re-tear. Compared with a previous 
meta-analysis comparing early exercise with conserva-
tive rehabilitation, this study found similar results, i.e., 
no statistically significant effect of early exercise on pain, 
function, and re-tear risk. However, it has been found 
that early exercise could improve the shoulder range of 
motion and risk of postoperative stiffness. Therefore, this 
study provides a reference for understanding the effects 
of early exercise and standard postoperative rehabilita-
tion on the postoperative recovery of patients undergo-
ing rotator cuff repair.

Previous studies have demonstrated that early exercise 
may lead to a higher rate of surgical failure [25], possibly 
due to a combination of the following factors. In addition 

Fig. 2  Effects of Early Exercise and Brace Fixation on Pain (VAS) of Subjects

 



Page 7 of 13Hao et al. BMC Musculoskeletal Disorders          (2025) 26:254 

to different rehabilitation protocols, the size of the rota-
tor cuff tear and the choice of surgical technique in the 
study subjects are also important factors affecting the 
prognosis of patients, with large tears and single-row 
surgical techniques potentially associated with increased 
failure rates [26, 27]. Lee et al. [19] suggested that per-
forming surgery on patients with medium to large rota-
tor cuff tears using a single-row technique may increase 
the risk of surgical failure in patients undergoing active 
early exercise. Arndt et al. [21] included patients with 
both full-thickness and partial-thickness tears, and 
some patients underwent concomitant procedures such 
as biceps tenotomy, tendon fixation, and acromioplasty, 
resulting in increased difficulty in comparative analy-
sis. Therefore, in addition to the need for standardized 

Table 3  Shoulder function improvements by measurement 
tools
Scale Follow time Studies I2 SMD/RR/WMD 

(95%CI)
American 
Shoulder and 
Elbow Surgery 
score

3 months 1 0.0% 0.50(-7.52, 8.52)
6 months 3 0.0% -2.19(-6.10, 1.71)
1 year 2 0.0% -1.85(-7.06, 3.37)
2 years 2 0.0% -2.67(-6.35, 1.02)

Constant-
Murley score

3 months 1 0.0% -0.10(-4.33, 4.13)
6 months 3 0.0% 0.81(-2.10, 3.73)
1 year 2 0.0% -0.41(-3.37, 2.56)
2 years 2 0.0% -1.80(-5.10, 1.49)

Simple Shoul-
der Test

3 months 1 0.0% 0.29(-1.21, 1.79)
6 months 2 58.1% 0.31(-0.50, 1.12)
1 year 2 0.0% 0.24(-0.66, 1.14)

Fig. 3  Effects of Early Exercise and Brace Fixation on Shoulder Function in Subjects
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rehabilitation protocols, patient-oriented and personal-
ized rehabilitation protocols that take into account the 
characteristics of the disease may be more beneficial for 
the postoperative recovery of patients.

Based on the current findings, the limitations in deter-
mining superior rehabilitation protocols remain. Advo-
cates of active early exercise argue that it may offer 
economic advantages as it can speed up short-term 

improvements, which in turn can help patients return 
to work earlier [28]. This argument is consistent with 
the findings of this review. However, patient selection 
for early exercise remains crucial, and it is best to avoid 
this option for those with complications (e.g., diabetes) or 
risk factors (e.g., smoking) known to hinder tendon heal-
ing due to the risk of re-tear [29, 30].

Fig. 4  Effects of Early Exercise and Brace Fixation on Shoulder Flexion of Subjects
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This study still has the following limitations. Firstly, the 
sample size of RCT research included in meta-analysis is 
small, which may affect the results. In addition, there are 
differences in the definition of rehabilitation programs 
among different studies, and the location, size, age, and 
organizational integrity of cuff tear are not consistently 
reported, which may contribute to the heterogeneity 
observed among the included studies. While this het-
erogeneity could hinder the exploration of the influence 
of differences in research programs on the outcomes, it 
is important to note that heterogeneity in meta-analyses 

is not uncommon and does not necessarily invalidate the 
findings. In this study, we acknowledge the presence of 
heterogeneity but consider it acceptable given the clinical 
relevance and consistency of the overall results. However, 
due to the limited number of included studies, it was 
challenging to further reduce heterogeneity through sub-
group analysis or sensitivity analysis. Additionally, this 
study only searched published articles, and the exclusion 
of unpublished studies may introduce publication bias. 
These limitations should be considered when interpret-
ing the results, but they do not undermine the robustness 

Fig. 5  Effects of Early Exercise and Brace Fixation on Shoulder Abduction of Subjects
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of the meta-analysis, as the findings remain valuable for 
informing clinical practice and future research.

In a word, summarizing the current research, it is 
found that early exercise has a better effect on improv-
ing early shoulder joint activity than brace fixation, and 
it may reduce the risk of postoperative stiffness. But no 
positive effect on pain and functional improvement 
was found. On the one hand, due to the heterogeneity 

of various studies, the information about early exercise 
and brace fixation among patients is very different, and 
its clinical significance remains to be seen. Large-scale, 
high-quality multicenter randomized controlled trials are 
needed, including detailed rotator cuff tear size and stan-
dardized rehabilitation interventions, in order to better 
understand the best rehabilitation program and provide 
conclusive suggestions.

Fig. 6  Effects of Early Exercise and Brace Fixation on Shoulder External Rotation of Subjects
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Fig. 8  Effects of Early Exercise and Brace Fixation on Complications in Subjects

 

Fig. 7  Effects of Early Exercise and Brace Fixation on Shoulder Internal Rotation of Subjects
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