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Abstract
Background  Treatment of rotator cuff diseases often involves various arthroscopic procedures but their combined 
effectiveness remains contentious, especially in complex cases.

Methods  We focused on patients with degenerative shoulder cuff diseases requiring arthroscopic rotator cuff repair. 
Searches covered multiple databases (Medline, Embase, Web of Science, Cochrane Database of Systematic Reviews, 
Cochrane Central Register of Controlled Trials, and Cochrane Clinical Answers) up to April 1, 2024. Bias risk was 
assessed using RevMan (v 5.4), and a network meta-analysis was conducted with netmeta (v 2.8).

Result  From 16 studies, 1232 patients (average age, 56.2 years; balanced sex ratio) were included. Arthroscopic 
rotator cuff repair ranked highest in functional score networks, surpassing other interventions. Physiotherapy was 
superior for pain relief compared to arthroscopic procedures combined with platelet-rich plasma (mean, 2.5; 95% 
confidence interval, 4.48–0.52). Arthroscopic rotator cuff repair and subacromial decompression were significantly 
superior to arthroscopic rotator cuff repair and subacromial decompression combined with platelet-rich plasma (MD, 
1.80; 95% CI, 3.39–0.21).

Discussion  Moderate bias risks were noted in both networks due to blinding issues and methodological quality 
reporting. Arthroscopic rotator cuff repair is favored for improving shoulder function, while other procedures or intra-
articular treatments offer no significant benefits. Regarding pain management, physiotherapy is preferred; however, 
more evidence is needed to support this recommendation and caution is advised.

Other  Systematic review registration PROSPERO CRD42023450150.
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Introduction
The shoulder joint has been reported as the third most 
common site of musculoskeletal pain [1], with an esti-
mated global community prevalence of approximately 
16% [2]. Chronic shoulder pain imposes a significant eco-
nomic burden in various regions of the world, and this 
trend is on the rise [3]. Most cases of chronic shoulder 
pain are age-related and result from degenerative changes 
in the shoulder without traumatic injury [4, 5].

Among the different cases of chronic shoulder pain, 
rotator cuff disease accounts for the vast majority and 
often coexists with the long head of the biceps tendi-
nopathy [6]. Though the pathogenesis remains unclear, 
shoulder impingement syndrome [7] not only elucidates 
the underlying causes of rotator cuff diseases, but also 
results in lesions of the long head of the biceps tendon [8] 
and reveals the interplay of deep structures. Beyond the 
macro-level impingement mechanisms, inflammatory 
infiltration of the intra-articular bursa and synovial pro-
liferation occur in degenerative shoulder conditions [9].

Such findings collectively indicate similar widespread 
effects caused by complex alterations within degenera-
tive rotator cuff disease [10]. It just likes osteoarthritis, 
similar to Jo et al..‘s perspective [11], involves pathologies 
affecting extensive intra-articular structures and encom-
passes various corresponding surgical procedures. The 
various potential scenarios within degenerative rotator 
cuff disease are challenging to predict [12], where imag-
ing findings often do not correlate with clinical presen-
tations [13], still need to be confirmed by arthroscopy 
[14], which is the diagnostic gold standard, this also puts 
surgeons in a passive position to plan operations based 
on the results of the diagnostic arthroscopy [15]. Further, 
due to the weak correlation between pathological lesions 
and symptoms, the superposition of multiple surgical 
procedures can make the effectiveness uncertain [16]. 

While the effectiveness and risks of certain procedures 
within arthroscopic surgery have been thoroughly vali-
dated [17], previous evidence, as well as registered future 
studies, have compared only a limited number of surgi-
cal technique combinations, which may not adequately 
address patients with degenerative rotator cuff disease. 
To address these issues and simulate intraoperative 
decision-making, we conducted a network meta-analysis 
(NMA) of arthroscopic procedures for rotator cuff dis-
ease to determine the optimal procedures.

Methods
Protocol
During the conduct and reporting of this prospective 
registered systematic review, we adhered to the PRISMA 
extension statement for reporting of systematic reviews 
[18] incorporating NMAs and combined it with the PER-
SiST guidelines specific to the field of sports science [19].

Search strategy and eligibility criteria two researchers 
independently conducted searches of electronic data-
bases (Medline, Embase, Web of Science, Cochrane Data-
base of Systematic Review, Cochrane Central Register of 
Controlled Trials, and Cochrane Clinical Answers) from 
inception until April 1, 2024, based on the inclusion cri-
teria, screened records, and extracted study character-
istics and data according to the PICO principles. Any 
discrepancies were resolved by another independent 
researcher when finalizing study inclusion. The inclu-
sion criteria were patients who needed arthroscopic rota-
tor cuff repair in randomized controlled clinical trial. 
The exclusion criteria were (1) secondary shoulder pain 
(e.g., suprascapular nerve entrapment, thoracic outlet 
syndrome, and axillary nerve injury), (2) specific shoul-
der joint lesions (e.g., septic arthritis, and pigmented vil-
lonodular synovitis), and (3) isolated long head of biceps 
tendinitis, isolated acromioclavicular joint arthritis, and 
isolated rotator cuff tears other than supraspinatus mus-
cle (e.g., isolated subscapular muscle injuries, most com-
monly post-traumatic, rotator cuff tearing arthropathy, 
shoulder cartilage disease, or shoulder instability [i.e., 
complete upper lip or complete anterior or posterior lip 
cleft, known as Bankart disease]), (4) revision surgery 
and prior procedures on the affected shoulder, (5) inclu-
sion of specific, customized rehabilitation methods that 
could potentially affect prognosis and outcome indica-
tor measurements (i.e., short-term intra-articular injec-
tions), and (6) all shoulder function related scores will be 
included in the data extraction, but if the data is limited, 
the scoring network will abandon the data analysis.

Data extraction and transformation
Data extraction and transformation were for the primary 
outcomes conducted independently by two research-
ers according to the PICO principles [20]. To ensure the 
interpretability and robustness of the study results, we 
extracted and will further explore potential covariates, 
such as rehabilitation plans [21], follow-up duration, 
surgeon, surgical indications, and specific procedural 
details, as necessary. Therefore, the research and reasons 
for the need for preliminary screening are evaluated. The 
data represented by mean and standard deviation, 95% 
confidence interval and range were converted according 
to the manual for subsequent analysis. The data used for 
statistical analysis underwent verification and were cross-
checked to ensure consistency between the original and 
transformed datasets. Any discrepancies were reviewed 
by a third-party for verification, and if necessary, resolved 
through discussion.

Statistical analysis
We employed NMA based on weighted least squares 
regression, utilizing the netmeta package for all statistical 
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analyses (version 2.8) [22]. The software version used 
was 4.1.3 (R Project for Statistical Computing). Statisti-
cal significance was determined using Egger’s test and 
Cochran’s Q test [23], with a significance threshold set 
at P < 0.05. Raw data were presented as the differences 
between baseline and last follow-up continuous out-
comes, with means and standard deviations indicat-
ing data distribution [24]. The different effect sizes were 
aggregated using a frequentist random-effects NMA 
model, and 95% confidence intervals (CIs) were provided 
[25]. Pooled weights for each intervention were com-
puted based on pairwise comparisons. The findings were 
summarized in a forest plot and league table. Statistical 
heterogeneity within our model was evaluated using I² 
[26] and τ² [27]. We defined heterogeneity by combin-
ing different ranges of I² with the confidence intervals 
of τ², with I² > 75% indicating high heterogeneity [28]. 
The sources of moderate to high heterogeneity will be 
explored in additional analyses. Additionally, Cochran’s 
Q test was conducted to assess overall heterogeneity and 
inconsistency [29]. The test results were used to distin-
guish the heterogeneity within the study and the incon-
sistency between the studies. The node-splitting analysis 
and the proportion of direct comparison would be pre-
sented to further explore potential inconsistency [30]. 
Treatment rankings were represented using P-scores 
based on the random-effects model [31]. The surface 
under the cumulative ranking curve was calculated 
to construct the rankogram [31, 32]. Additionally, the 
league graph simultaneously presents rankings depicting 
pairwise mixed and direct comparisons.

Additional analysis
To satisfy the transitivity assumption, we used identical 
definitions for common comparators [33]. Furthermore, 
an evaluation was conducted by comparing the distribu-
tion of trial characteristics across study groups (publica-
tion year, male/female ratio, mean age, baseline pain, and 
functional scores) [34]. In order to assess the robustness 
of the results obtained from the primary model, we per-
formed sensitivity analyses on the main outcomes of pain 
and function to explore potential sources of heterogene-
ity. Comparison-adjusted funnel plots and Egger’s test 
were used to evaluate the publication bias in NMAs [35]. 
We assessed the methodological quality of the included 
randomized controlled trials using the Cochrane Collab-
oration’s Risk of Bias assessment method [36].

Results
Study identification and selection
The retrieval strategy outlined in Appendix 1 was uti-
lized to search the databases, resulting in 2603 articles. 
After automated and manual removal of duplicate arti-
cles using Endnote software, the titles and abstracts of 

the remaining 1577 articles were reviewed and classified. 
The specific procedures and classifications are summa-
rized in Fig. 1. The remaining articles underwent full-text 
review, and basic characteristics were extracted based on 
the PICO principle. After excluding some studies, data 
extraction continued to assess eligibility for analysis, 
resulting in the inclusion of 16 studies. The study charac-
teristics are summarized in Appendix 2.

Characteristics of the included studies
We included a total of 1232 patients from 16 studies, with 
an average age of 56.2 years and roughly balanced sex 
ratios. Demographic and clinical information potentially 
influencing the outcomes of these studies, such as sex, 
age, basic characteristics of the population, postoperative 
rehabilitation programs, and preparation of injectable 
products, were all fully extracted (Appendix 3) to deter-
mine their potential impact (Appendix 4). The functional 
score network formed by the 16 studies [37–52] is illus-
trated in Fig. 2A, while the pain score network formed by 
9 studies [37, 39, 42–44, 46–48, 52] is shown in Fig. 2B.

Network meta-analysis
In the functional score network, arthroscopic rotator cuff 
repair ranked as the highest intervention (Appendix 6.1) 
and was significantly superior to arthroscopic rotator cuff 
repair and autologous microfragmented lipoaspirate tis-
sue (MD, 9.76; 95% CI, 19.47– 0.05). Only one random-
ized control trial contributed to this comparison, and 
there were no significant differences observed among 
the other comparisons. The network exhibited signifi-
cant heterogeneity and inconsistency (Appendix 5.1), 
primarily stemming from within-designs heterogeneity. 
Isolated long head of the biceps tendon tenotomy was 
less effective than physiotherapy, and neither combined 
with rotator cuff repair nor combined with subacromial 
decompression and rotator cuff repair showed improve-
ment; the same applied to tenodesis surgery. Platelet-rich 
plasma did not aid with rotator cuff repair or combined 
subacromial decompression and rotator cuff repair 
(Appendix 6.1.1).

In the pain score network consisting of 9 studies, phys-
iotherapy served as the best intervention, as observed 
in the control group (Appendix 6.2), and was signifi-
cantly superior to arthroscopic rotator cuff repair and 
subacromial decompression and platelet-rich plasma 
(MD, 2.5; 95% CI, 4.48–0.52). Arthroscopic rotator cuff 
repair and subacromial decompression were signifi-
cantly superior to arthroscopic rotator cuff repair and 
subacromial decompression and platelet-rich plasma 
(MD, 1.80; 95% CI, 3.39–0.21). There were no significant 
differences observed among the comparisons of other 
interventions. The network exhibited significant het-
erogeneity and inconsistency primarily originating from 
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Fig. 2  Structure of network formed by interventions (A) Network with functional scores as outcome measures; (B) Network with pain scores as outcome 
measures. (1) Physiotherapy; (2) Subacromial decompression; (3) Arthroscopic rotator cuff repair; (4) Arthroscopic rotator cuff repair and subacromial 
decompression; (5) Arthroscopic rotator cuff repair and platelet-rich fibrin (matrix); (6) Arthroscopic rotator cuff repair and platelet-rich plasma; (7) Ar-
throscopic rotator cuff repair and autologous microfragmented lipoaspirate tissue; (8) Arthroscopic rotator cuff repair and subacromial decompression 
and platelet-rich plasma; (9) Long head of biceps (LHB) tenotomy; (10) Subacromial decompression and LHB Tenotomy; 11. Arthroscopic rotator cuff 
repair and LHBT Tenotomy; 12. Arthroscopic rotator cuff repair and LHBT Tenodesis; 13. Arthroscopic rotator cuff repair and subacromial decompression 
and LHBT Tenotomy

 

Fig. 1  Summary of studies identification and selection flow diagram
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between-designs inconsistency (Appendix 5.2). The effec-
tiveness of subacromial decompression combined with 
rotator cuff repair was superior to the standalone proce-
dure. The combination surgical treatment of platelet-rich 
plasma and autologous microfragmented lipoaspirate tis-
sue showed no improvement (Appendix 6.2.1).

Additional analysis
All details of the exploratory analysis of the transitiv-
ity assumption are summarized in Appendix 5.1 and 
Appendix 5.2. Apart from some outliers, the transitivity 
assumption was generally satisfied. Absence of hetero-
geneity and robustness of results were maintained even 
after excluding potential sources, such as the study by 
Carli et al. [53], as confirmed by the sensitivity analysis 
(Appendix 6.3). Furthermore, the corrected funnel plot, 
supported by Egger’s test (not significant, p = 0.402), sug-
gested the absence of small-study effects and publication 
bias. Similarly, excluding the study by Randelli et al. [54] 
regarding platelet-rich plasma in the pain score network 
yielded stable results. However, the corrected funnel plot 
in Appendix 6.2.2 and Egger’s test suggested potential 
superior interventions. The methodological quality was 
evaluated for all included trials. In both networks, some 
studies (5/16 in the functional score network and 4/9 in 
the pain score network) had a high risk of bias due to 
imperfect blinding, including two studies that compared 
surgical and physiotherapy interventions without blind-
ing. Additionally, some studies (5/16 in the functional 
score network and 2/9 in the pain score network) did 
not report methodological quality, while the remaining 
studies (6/16 in the functional score network and 3/9 in 
the pain score network) had complete methodological 
quality.

Discussion
Principal findings
This NMA, based on 16 studies, compared the effects 
of various arthroscopic procedures with physiotherapy 
on functional improvement and pain relief in degenera-
tive rotator cuff disease. The results indicated that phys-
iotherapy is indeed a clinically effective treatment with 
pain relief comparable to that of surgical intervention, 
and shoulder repair is necessary for functional improve-
ment, while other procedures or intra-articular injection 
therapies are not helpful.

Comparisons with previous studies
To date, studies comparing various arthroscopic com-
bined procedures have been extremely limited. A recent 
study integrated an of arthroscopic rotator cuff repair 
techniques with intra-articular injection therapy [55]. 
However, in that study, the interventions included over-
looked the concurrent arthroscopic procedures, affecting 

the accuracy of results, while also neglecting the complex 
intra-articular pathologies of chronic rotator cuff dis-
ease [56]. There are also studies that solely analyze the 
effectiveness of rotator cuff repair for degenerative rota-
tor cuff injuries [57], but they too overlook the complex 
intra-articular pathologies of chronic rotator cuff disease. 
We adopted strict criteria for the inclusion and exclusion 
of patients with chronic rotator cuff disease to clarify the 
degenerative process, excluding only a small subset of 
patients with trauma history that could affect symptoms. 
Assuming patients have varying degrees of degeneration 
such as inflammation, wear, and osteophyte formation in 
the subacromial bursa, long head of the biceps tendon 
[58], and subacromial surface in addition to the rotator 
cuff injury requiring repair, different combined proce-
dures can be considered for these different pathological 
changes [59]. Conducting NMAs on such complex cases 
involving multiple pathologies and combined treatment 
modalities synthesizes the most comprehensive evidence 
from randomized controlled trials, enabling a more 
robust and precise identification of the optimal treatment 
choice among various treatment options for patients [60].

Limitations
Firstly, we were unable to fully explore the reasons for 
heterogeneity due to the large number of covariates and 
limited number of studies with available data. Secondly, 
most studies lacked complete follow-up records, result-
ing in a wide range of follow-up durations ranging from 
1 to 120 months, which blurred the accuracy of analysis 
and introduced too many potential variables [61]. More-
over, some studies had missing allocation concealment 
and blinding, and since the most commonly used out-
come measure, the Constant score, inherently includes 
subjective results [62], this compromised the objectiv-
ity of the study conclusions to some extent. Thirdly, half 
of the studies involved arthroscopic procedures beyond 
clinical trial reporting, with varying standards (Appendix 
3) [63]. Although the minority maintaining a certain pro-
portion did not affect the outcome analysis, it indirectly 
confirms the unpredictability of lesions in chronic rotator 
cuff disease, often requiring intraoperative exploration to 
determine the specific procedure, which aligns with the 
original intent of this study. Despite this, indirect evi-
dence is consistent with existing direct evidence, and the 
detected inconsistency or heterogeneity does not affect 
the conclusions; thus, the current study appears reliable.

Clinical and research implications
The body of evidence that reflects varying surgical indi-
cations and treatment protocols still suggests that rotator 
cuff repair is the best option among arthroscopic sur-
geries. However, prudence is advised when considering 
additional combined surgical procedures. Simultaneous 
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biological treatments, such as platelet-rich plasma in con-
junction with rotator cuff repair, have not significantly 
improved the inflammatory degenerative environment 
[64]. Nevertheless, this finding contradicts the conclu-
sions in some studies [65]. We found that many of the 
sources that combined direct evidence in the data extrac-
tion process did not standardize several key factors, such 
as pathological changes and surgical indications, the wide 
range of follow-up durations, platelet-rich plasma prep-
aration methods [66], or rehabilitation protocols [21]. 
These variables are likely to have nonnegligible effects 
in some cases. Additionally, to include as many studies 
as possible and provide indirect evidence for a broader 
population, we had to include physiotherapy as a control 
group. All of these factors warrant further exploration. 
Recent studies have introduced diagnostic arthroscopy 
as an ideal intervention for future research, as it allows 
for precise intra-articular diagnoses and a more detailed 
classification of lesions while providing a valid control 
group [67, 68]. Furthermore, the limited available evi-
dence stems not only from the design of clinical research 
protocols [69] but also from the multifaceted interac-
tions within the shoulder joint [5]. For example, both 
the anterior impingement caused by the long head of the 
biceps tendon [70–72] and the inflammatory mediators 
in subacromial bursitis contribute to the progression of 
acromioclavicular joint disease [73]. Additionally, patient 
characteristics such as obesity [74] and other metabolic 
syndrome-related conditions (e.g., diabetes, hyperten-
sion, and hyperlipidemia) serve as risk factors by affect-
ing the supraspinatus artery and promoting the release of 
proinflammatory factors, which leads to oxidative stress 
and tendon pathology [58]. An elucidation of these vari-
ous mechanisms would reveal the complexity of rotator 
cuff disease and provide insights into its features [5].

Conclusion
The systematic review and NMA conducted in this study 
revealed that arthroscopic rotator cuff repair provides the 
greatest improvement in overall shoulder joint function, 
supported by substantial direct evidence. For pain relief, 
if surgery is necessary, concurrent subacromial decom-
pression should be considered; however, physiotherapy 
remains the preferred option. Further evidence is needed 
to yield more conclusive results.
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