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Abstract 

Background Rotator cuff tendinopathy (RCT) is a widespread musculoskeletal disorder and a primary cause of shoul-
der pain and limited function. The resulting pain and limited functionality have a detrimental impact on the overall 
quality of life. The purpose of this study was to perform a systematic review of the effects of extracorporeal shock 
wave therapy (ESWT) for RCT.

Methods The literature search was conducted on the following databases from inception to February 20, 2024: 
PubMed, Web of Science, the Cochrane Library, Scopus, MEDLINE, EMBASE, EBSCO, and China National Knowledge 
Infrastructure (CNKI) were checked to identify the potential studies exploring the effect of ESWT for the treatment 
of Rotator cuff tendinopathy (Calcification or non-calcification), control group for sham, other treatments (including 
placebo), without restriction of date, language. Two researchers independently screened literature, extracted data, 
evaluated the risk of bias in the included studies, and performed meta-analysis using RevMan 5.3 software.

Results A total of 16 RCTs with 1093 patients were included. The results showed that compared with the control 
group, ESWT for pain score Visual Analogue Scale/Score (VAS) (SMD = -1.95, 95% CI -2.47, -1.41, P < 0.00001), function 
score Constant-Murley score (CMS) (SMD = 1.30, 95% CI 0.67, 1.92, P < 0.00001), University of California Los Ange-
les score (UCLA) (SMD = 2.69, 95% CI 1.64, 3.74, P < 0.00001), American Shoulder and Elbow Surgeons form (ASES) 
(SMD = 1.29, 95% CI 0.93, 1.65, P < 0.00001), Range of motion (ROM) External rotation (SMD = 1.00, 95% CI 0.29, 1.72, 
P = 0.02), Total effective rate (TER) (OR = 3.64, 95% CI 1.85, 7.14, P = 0.0002), the differences in the above results were 
statistically significant. But ROM-Abduction (SMD = 0.72, 95% CI -0.22, 1.66, P = 0.13), the difference was not statistically 
significant.

Conclusion Currently limited evidence suggests that, compared with the control group, ESWT can provide better 
pain relief, functional recovery, and maintenance of function in patients with RCT.

Keywords Extracorporeal shock wave therapy, Rotator cuff tendinopathy, Shoulder, Rehabilitation, ESWT, Meta-
analysis
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Introduction
Rotator cuff tendinopathy (RCT) is a common shoulder 
condition and one of the primary causes of shoulder pain 
and functional impairment [1]. The incidence of RCT in 
individuals aged 60 and above is approximately 20% to 
50%, manifesting primarily as pain, limitations in daily 
activities, and reduced shoulder joint function [2, 3]. The 
etiology of RCT is multifactorial, and its pathogenesis 
is not fully understood. Common factors such as aging, 
overuse, mechanical shock, smoking, and family inher-
itance, and studies of familial susceptibility have shown 
that genetics also play a role in the pathogenesis of rota-
tor cuff disease [4]. Injury and degeneration are two com-
mon mechanisms of RCT. Most chronic shoulder pain 
is caused by repeated impingement of the rotator cuff at 
the acromion. The early manifestations are local edema 
of the rotator cuff Hemorrhage, which then develops into 
tendinitis with localized fibrosis [5, 6]. If the influencing 
factors persist for a long time, it will eventually lead to a 
tear of the rotator cuff [7]. Therefore, effective treatment 
of RCT is crucial for restoring shoulder function, alle-
viating pain, and enhancing patient’s quality of life. The 
treatment of RCT is mainly divided into surgical treat-
ment and non-surgical treatment [8]. Available evidence 
suggests that both physical therapy and surgery can sig-
nificantly improve patient-reported outcomes in symp-
tomatic patients with small-to-moderate full-thickness 
RCT [6]. At present, great progress has been made in the 
non-surgical treatment of RCT. Non-surgical treatment 
mainly includes (1) physical therapy; (2) subacromial 
closed injection; (3) non-steroidal anti-inflammatory 
drugs; and (4) Traditional Chinese medicine preparations 
and acupuncture [9]. However, none of the treatments is 
simple, effective and non-invasive.

Extracorporeal shock wave therapy (ESWT) has been 
widely used as a treatment method for musculoskeletal 
tendon disorders [10]. Biological effects of ESWT have 
been reported to include tissue regeneration, wound 
healing, angiogenesis, bone remodeling, and anti-inflam-
mation [11]. Its mechanism is similar to the cascade 
process triggered by mechanotransduction: mechani-
cal energy causes changes in the cytoskeleton, causing a 
response in the nucleus (such as the release of mRNA), 
thereby affecting various cellular structures such as mito-
chondria, endoplasmic reticulum, and intracellular vesi-
cles, enzymes Nootropic responses lead to improvements 
in the healing process [12]. Through ESWT coagulation, 
the adhesive tissue can be loosened to promote the rapid 
recovery of skeletal muscle injury and internal inflam-
mation, so the analgesic effect of ESWT is more obvious. 
In recent years, shock waves have achieved remarkable 
results in the treatment of RCT, with the characteristics 
of non-invasiveness and high safety. ESWT is widely 

used in the field of rehabilitation, especially for improv-
ing chronic pain and tendinosis. It has a good therapeutic 
effect [13]. Indeed, ESWT emerges as a viable option for 
the treatment of RCT.

At present, the efficacy of ESWT in the treatment of 
RCT is still controversial. Some studies have indicated 
that extracorporeal shock waves have a significant effect 
in reducing pain, improving function and promoting 
tissue repair in patients with RCT [14, 15], while other 
studies have reached the opposite conclusion [16, 17]. 
Danilo et  al.’s meta-analysis [18] found that, in short-
term follow-up, ESWT showed a slight improvement in 
shoulder pain compared to sham ESWT. ESWT was not 
superior to sham ESWT in improving functionality, and 
it was also not superior to other treatments in improv-
ing both shoulder pain and function. There is still contro-
versy regarding the effectiveness of ESWT, as there are 
few systematic reviews on the impact of extracorporeal 
shock waves on shoulder pain and function in patients 
with RCT, and the latest published studies are yet to be 
included. This study aims to systematically review and 
meta-analyze the effect of ESWT on shoulder pain and 
functional recovery in patients with RCT. The effective-
ness of clinical efficacy and its scientific basis, hoping to 
provide a reference for future research in this field based 
on the research results.

Methods
Study protocol
This systematic review was performed following Pre-
ferred Reporting Items for Systematic Reviews and 
Meta-Analyses 2020 guidelines (PRISMA 2020) [19] (see 
Supplementary Material 1) and has been registered at 
PROSPERO (Identification number: CRD42023441407).

Eligibility criteria
The inclusion criteria for this study encompassed all Ran-
domized Controlled Trials (RCTs) that assessed the effi-
cacy of ESWT in the treatment of RCT.

(1) Adult patients (18 years of age and older) with RCT 
will be included, consistent with clinical or radiographic 
findings, regardless of race, nationality, or course of dis-
ease. (2) RCTs comparing the effect of ESWT and other 
treatments (including placebo) for RCT. The experimen-
tal group was treated with ESWT and the control group 
was treated with a placebo ESWT or other treatments. 
(3) Outcome indicator: The main outcome indicator is 
the Visual Analogue Scale/Score (VAS), Secondary out-
come indicators are the Constant-Murley score (CMS), 
University of California Los Angeles score (UCLA), 
Range of motion (ROM), American Shoulder and Elbow 
Surgeons form (ASES) and Total effective rate (TER). (4) 
Without restriction of date and language.
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Exclusion criteria
(1) Non-randomized control trials; (2) Animal experi-
ments; (3) Incomparability between the intervention and 
control groups; (4) Letters, reviews, case reports, confer-
ence abstracts and comments. (5) if individuals who had 
a history of trauma or other conditions (partial or full 
rotator cuff tears, osteoarthritis, and adhesive capsuli-
tis), systemic inflammation, or associated neurological 
diseases.

Search strategy
The literature search was conducted on the following 
databases from inception to February 20, 2024: PubMed, 
Web of Science, the Cochrane Library, Scopus, MED-
LINE, EMBASE, EBSCO, and China National Knowl-
edge Infrastructure (CNKI) were checked to identify the 
potential studies exploring the effect of ESWT for the 
treatment of RCT. The search strategy uses the combina-
tion of subject words and free words, Boolean operators 
(AND or OR), and the search strategies of different data-
bases are slightly different. Search terms included “Rota-
tor cuff tendinopathy”, “Cuff Tendinopathy, Rotator”, 
“Rotator Cuff Tendinitis”, “Extracorporeal shock wave 
therapy”, “ESWT”, “Physical therapy modalities”, “Physi-
cal therapy”, “Randomized controlled trial,” “Controlled 
clinical trial,” “Randomized,” and “Trial.” Take Pubmed 
as an example, the specific retrieval strategy is displayed 
in Supplementary Material 2. Besides, the reference lists 
of eligible studies and relevant reviews were searched in 
case of possible missing articles.

Selection process
Two experienced researchers (XLX and QFS) indepen-
dently screened and evaluated the title and abstract of 
each study according to the established criteria, excluded 
unqualified literature, and then read the remaining full 
text and screened based on the previous content. Full 
text, determining criteria for eligible research. In case of 
disagreement, decisions were made by discussion with 
the corresponding author (GQC).

Data collection process
Two researchers (XWY and FH) independently con-
ducted data extraction. They used a pre-designed data 
collection form to record information including first 
author details, publication date, publication year, coun-
try of origin, study design, sample size, basic patient 
characteristics, intervention details for treatment and 
control groups, and primary and secondary outcomes. 
In cases where the above-mentioned data were incom-
plete, attempts were made to contact the article authors 
for additional information. When data were not reported, 

authors were emailed three times with one week in 
between attempts to clarify the information. In trials in 
which SD was not reported, the study will be excluded 
directly. Any disagreements during data extraction were 
resolved through discussions with a third researcher 
(GQC).

Study risk of bias assessment
Two researchers (XLX and QFS), independently evalu-
ated the methodological quality of each reviewed study 
using the Cochrane Risk of Bias tools 2.0 (ROB 2.0) to 
assess the risk of bias in randomized trials. Any discrep-
ancies between their assessments were resolved through 
discussion, or consultation with a third researcher (GQC) 
was sought if a consensus could not be reached. The 
methodological quality of the studies was assessed across 
several domains, including the randomization process, 
adherence to intended interventions, handling of missing 
outcome data, measurement of outcomes, and selection 
of reported results. Each of these domains was catego-
rized as Low risk, High risk, or Some concerns according 
to the ROB 2.0 criteria.

Statistical analysis
Review Manager software (RevMan 5.3) was used for 
data analysis. Continuous variables were diagnosed with 
the Standardized mean difference (SMD) and 95% Con-
fidence interval (CI), and the Odds Ratio (OR) was used 
for pooled analysis of dichotomous variables. SMD were 
classified as small (< 0.40), medium (between 0.41 and 
0.70), and large (> 0.70). Statistical heterogeneity between 
studies will be assessed using P and I2 values, with P < 0.1 
and I2 > 50% showing high heterogeneity, using a ran-
dom effects model. When heterogeneity is not signifi-
cant, a fixed effects model was used. If heterogeneity is 
high, subgroup analysis or meta-regression was per-
formed to explore sources of heterogeneity. Funnel plots 
were applied for the assessment of publication bias. The 
extracted data was input into the computer, reviewed, 
and independently analyzed by two researchers. The 
meta-analysis is set at P < 0.05 for the significance level.

Results
Study selection
A total of 927 studies were retrieved by retrieving each 
data, 638 of which were excluded according to the title 
and abstract. After removing duplicate results, the full 
text of 30 articles was checked. Following this, 13 articles 
were excluded for not meeting our inclusion criteria and 
17 articles were eligible for inclusion in the meta-anal-
ysis. The publication years of the included studies were 
from 2006 to 2023, the sample size is between 20—160. 
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The screening process and results of the literature are 
shown in Fig. 1.

Study characteristics
A total of 1131 patients with RCT were included in the 
17 included studies [20–36]. The research characteristics 
of each included study, encompassing the sample size in 
both the experimental and control groups, participant 
age, disease duration, type and dosage of extracorporeal 
shock wave therapy, intervention duration, as well as out-
come evaluation indicators are presented in Table 1.

Risk of bias in studies
All studies were assessed using the ROB 2.0. It was found 
that five studies were of low-risk bias [20, 22, 23, 25, 29], 
and twelve studies were conducted as controlled clini-
cal trials, raising concerns about potential bias in several 

criteria [21, 24, 26–28, 30–36]. The risk of bias assessed 
by the study are shown in Table 2.

Results of syntheses
VAS
Fifteen studies [20–24, 26–29, 31–36] involving 1037 
patients used the VAS to assess the pain relief effect. The 
heterogeneity results showed that there was heteroge-
neity among the studies (P < 0.00001,  I2 = 91%), and the 
random effects model was used for meta-analysis. The 
results showed that there was a significant difference in 
pain reduction between the ESWT group and the con-
trol group (SMD = -1.94, 95% CI -2.47, -1.41, P < 0.00001) 
(Fig. 2).

CMS
Nine studies [21, 24–26, 28–30, 32, 35] involving 654 
patients used the CMS to assess the effect of shoulder 

Fig. 1 Flow diagram of the study selection process
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function. The heterogeneity results showed that there was 
heterogeneity among the studies (P < 0.00001,  I2 = 91%), 
and the random effects model was used for meta-analy-
sis. The results showed that there was a significant differ-
ence in the improvement of shoulder function between 
the ESWT group and the control group (SMD = 1.30, 
95% CI 0.67, 1.92, P <0.0001) (Fig. 3).

UCLA
Seven studies [25, 27, 29, 30, 33–35] involving 467 
patients used the UCLA to assess the effect of shoul-
der function. The heterogeneity results showed that 
there was heterogeneity among the studies (P < 0.00001, 
 I2 = 94%), and the random effects model was used for 
meta-analysis. The results showed that there was a sig-
nificant difference in the improvement of shoulder func-
tion between the ESWT group and the control group 
(SMD = 2.69, 95% CI 1.64, 3.74, P < 0.00001) (Fig. 4).

ROM
Four studies [27, 29, 33, 36] involving 211 patients used 
the ROM-Abduction to assess the Angle of motion of 
the shoulder joint. The heterogeneity results showed that 
there was heterogeneity among the studies (P < 0.00001, 
 I2 = 90%), and the random effects model was used for 
meta-analysis. The results showed that there was no 
significant difference in the improvement of shoul-
der abduction angle between the ESWT group and the 

control group (SMD = 0.72, 95% CI -0.22, 1.66, P = 0.13) 
(Fig. 5).

Three studies [27, 29, 33] involving 157 patients used 
the ROM-External rotation to assess the Angle of 
motion of the shoulder joint. The heterogeneity results 
showed that there was heterogeneity among the studies 
(P < 0.00001,  I2 = 90%), and the random effects model was 
used for meta-analysis. The results showed that there was 
a significant difference in the improvement of shoulder 
external rotation angle between the ESWT group and the 
control group (SMD = 1.00, 95% CI 0.29, 1.72, P = 0.02) 
(Fig. 5).

ASES
Three studies [23, 29, 30] involving 150 patients used the 
ASES to assess the effect of shoulder function. The het-
erogeneity results showed that there was low heterogene-
ity among the studies (P = 0.17,  I2 = 43%), and the fixed 
effects model was used for meta-analysis. The results 
showed that there was a significant difference in the 
improvement of shoulder function between the ESWT 
group and the control group (SMD = 1.29, 95% CI 0.93, 
1.65, P < 0.00001) (Fig. 6).

TER
Six studies [23, 28, 32–34, 36] involving 390 subjects 
reported the TER of RCT recovery. Meta-analysis 
showed that there was no heterogeneity among the 
studies (P = 0.85,  I2 = 0%), and there was a significant 

Table 2 The risk of bias of RCTs included and evaluated through Rob 2.0

Author, year Randomization process Deviation 
from intended 
interventions

Missing 
Outcome 
data

Measurement of 
the outcome

Selection of the 
reported result

Overall

Shao 2023 Low risk Low risk Low risk Low risk Low risk Low risk

Xi 2022 Some concerns Low risk Low risk Low risk Low risk Some concerns

Fatima 2022 [24] Low risk Some concerns Low risk Low risk Low risk Some concerns

Xu 2022 Some concerns Some concerns Low risk Low risk Low risk Some concerns

Zhang 2021 Some concerns Some concerns Low risk Low risk Low risk Some concerns

Luo 2021 Some concerns Some concerns Low risk Low risk Low risk Some concerns

Zhu 2021 Low risk Some concerns Low risk Low risk Low risk Some concerns

Zheng 2020 Low risk Some concerns Low risk Low risk Low risk Some concerns

Zhao 2020 Some concerns Some concerns Low risk Low risk Low risk Some concerns

Tian 2020 Some concerns Some concerns Low risk Low risk Low risk Some concerns

Duymaz 2019 [22] Low risk Low risk Low risk Low risk Low risk Low risk

Chen 2018 Low risk Low risk Low risk Low risk Low risk Low risk

Su 2018 Low risk Some concerns Low risk Low risk Low risk Some concerns

Xie 2017 Some concerns Some concerns Low risk Low risk Low risk Some concerns

Wang 2013 Low risk Some concerns Low risk Low risk Low risk Some concerns

Galasso 2012 [25] Low risk Low risk Low risk Low risk Low risk Low risk

Cacchio 2006 [20] Low risk Low risk Low risk Low risk Low risk Low risk
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difference in the effective rate of RCT treatment 
between the ESWT group and the control group 
(OR = 3.47, 95% CI: 1.84, 6.56, P = 0.0001), indicating 
that the ESWT group intervention is more effective 
than the control group (Fig. 7).

Subgroup analysis
Subgroup analysis was carried out according to the 
intensity of the shock wave in each study, and those 
with a shock wave intensity less than or equal to 0.1mj/
mm2 were divided into one group, and those with an 

Fig. 2 Forest plot of VAS on shoulder pain

Fig. 3 Forest plot of CMS on shoulder function

Fig. 4 Forest plot of UCLA on shoulder function
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intensity greater than 0.1mj/mm2 were divided into a 
group. Subgroup analysis of VAS and CMS indicators 
was performed.

VAS by intensity
Among the VAS indicators, 4 studies [20, 21, 29, 33] 
involved 252 patients with shock wave intensity less than 

or equal to 0.1mj/mm2, and 4 studies [23, 26, 28, 36] 
involved 232 patients with shock wave intensity greater 
than 0.1mj/mm2. There was a statistically significant dif-
ference between the experimental group and the control 
group using a shock wave intensity of 0.1mj/mm2 or less 
(SMD = -1.70, 95% CI -2.57, -0.84, P = 0.0001,  I2 = 88%). 
The difference between the experimental group and the 

Fig. 5 Forest plot of ROM on shoulder function

Fig. 6 Forest plot of ASES on shoulder function

Fig. 7 Forest plot of TER on shoulder function
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control group using shock wave intensity greater than 
0.1mj/mm2 was statistically significant (SMD = -1.65, 95% 
CI -2.73, -0.57, P = 0.003,  I2 = 92%) (Fig. 8).

CMS by intensity
Among the CMS indicators, 3 studies [21, 25, 29] 
involved 120 patients with shock wave intensity less 
than or equal to 0.1mj/mm2, and 2 studies [26, 28] 
involved 140 patients with shock wave intensity greater 
than 0.1mj/mm2. There was a statistically significant 
difference between the experimental group and the 

control group using a shock wave intensity of 0.1mj/
mm2 or less (SMD = 0.93, 95% CI 0.55, 1.31, P < 0.00001, 
 I2 = 0%). The difference between the experimental 
group and the control group using shock wave inten-
sity greater than 0.1mj/mm2 was statistically significant 
(SMD = 0.98, 95% CI 0.26, 1.70, P = 0.008,  I2 = 76%) 
(Fig. 9).

According to each type of shock wave, which can be 
divided into radial-ESWT (r-ESWT) and focused-ESWT 
(f-ESWT). Subgroup analysis of VAS and CMS indicati-
ors was performed.

Fig. 8 Subgroup by strength–Forest plot of VAS on shoulder pain

Fig. 9 Subgroup by strength–Forest plot of CMS on shoulder function
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VAS by type
Among the VAS indicators, 11 studies [20, 22–24, 
26–29, 31, 34, 35] involved 739 patients with r-ESWT, 
and 4 studies [21, 32, 33, 36] involved 298 patients with 
f-ESWT. There was a statistically significant differ-
ence between the experimental group and the control 
group using r-ESWT (SMD = -1.94, 95% CI -2.39, -1.48, 
P < 0.00001,  I2 = 84%). The difference between the experi-
mental group and the control group using f-EAWT was 
statistically significant (SMD = -1.97, 95% CI -3.65, -0.30, 
P = 0.02,  I2 = 97%) (Fig. 10).

CMS by type
Among the CMS indicators, 7 studies [24–26, 28–30, 35] 
involved 472 patients with r-ESWT, and 2 studies [21, 
32] involved 182 patients with f-ESWT. There was a sta-
tistically significant difference between the experimental 
group and the control group using r-ESWT (SMD = 1.11, 
95% CI 0.45, 1.77, P = 0.001,  I2 = 90%). The difference 
between the experimental group and the control group 
using f-ESWT was statistically significant (SMD = 1.95, 
95% CI 0.10, 3.79, P = 0.04,  I2 = 96%) (Fig. 11).

Reporting biases
Funnel plot was drawn for the studies on VAS with more 
outcome indicators in the included studies. Most of the 

VAS studies were distributed within the 95% CI range of 
the inverted funnel plot. The results show that the distri-
bution is vertically symmetrical, indicating that the publi-
cation bias is small (Fig. 12).

Discussion
RCT is one of the most common musculoskeletal 
degenerative diseases of aging. The etiology is com-
plex and diverse, with varying clinical treatment 
approaches. The best treatment method is still uncer-
tain. Surgical treatment has the possibility of second-
ary infection, and conservative drug treatment is also 
prone to various adverse reactions, especially for the 
elderly, who have a higher risk of drug use [37]. There-
fore, it is particularly important to choose a safer and 
more effective treatment method for elderly patients 
with RCT. Extracorporeal shock waves transmit sound 
waves to the affected area through the skin. As a non-
invasive treatment, it has been gradually used in the 
treatment of RCT in recent years. The main mecha-
nism of action includes: extracorporeal shock wave can 
directly use the mechanical effect generated between 
the local mechanical vibration effect and cavitation to 
cause changes in human tissues and cells, stimulate 
blood vessel expansion, and promote regeneration of 
tendon and soft tissue [38]. inhibit the high-frequency 

Fig. 10 Subgroup by type–Forest plot of VAS on shoulder pain



Page 16 of 20Xue et al. BMC Musculoskeletal Disorders          (2024) 25:357 

pulse emitted by pain receptors and the transmission of 
pain signals, improve the water and electrolyte circula-
tion and the metabolism of the treatment area, evacu-
ate local inflammation, and then reduce the load and 
relieve pain, improve the function of the shoulder joint 
and increase the ROM of the shoulder joint [39].

To the best of our knowledge, this study represents 
the first meta-analysis focusing on the impact of ESWT 
on pain and function among patients with RCT. Our 
findings indicate that the noninvasive nature of ESWT 
renders it an efficacious treatment modality for alleviat-
ing pain and enhancing function following RCT. These 
results offer the most robust current evidence regard-
ing the utilization of ESWT in RCT, drawing from 
available randomized controlled trials. Specifically, our 

analysis reveals that ESWT significantly reduces shoul-
der pain and enhances function post-RCT. However, 
the improvement in shoulder abduction ROM does not 
exhibit statistically significant differences compared to 
the control group. Subgroup analyses further demon-
strate that ESWT remains effective in mitigating shoul-
der pain and enhancing shoulder function, irrespective 
of the administered energy dose.

The goals of RCT treatment are pain control and main-
tenance of function. Once pain is under control, the 
function can be maintained with exercises to increase 
ROM and strengthen the rotator cuff. This meta-anal-
ysis demonstrated the superiority of ESWT in terms of 
clinical pain relief and recovery of shoulder function. 
Results regarding ESWT on RCT were similar to a pre-
vious study by Fatima et al., in which pain was reduced 
and the effect was maintained for 12  weeks. Although 
the mechanism by which ESWT improves pain effects is 
unclear, it has been suggested that ESWT produces oscil-
lations in tissues that improve microcirculation and met-
abolic activity [40]. The immediate pain reduction after 
ESWT can be explained by the results of overstimulation 
analgesia [41]. Furthermore, gender may also influence 
the effectiveness of ESWT in pain relief. In a retrospec-
tive study examining the subjects influenced by RCT, it 
was observed that among individuals undergoing ESWT 
alone, males reported higher benefits in pain relief com-
pared to females [42].

Various etiologies of RCT including rotator cuff tendo-
nitis, partial rotator cuff tears, adhesive capsulitis, sub-
scapular bursitis, and complex regional pain syndrome 

Fig. 11 Subgroup by type–Forest plot of CMS on shoulder function

Fig. 12 Funnel plot for comparison of VAS between the two groups
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are thought to lead to antifibrotic, anti-inflammatory, 
and pain-modulating effects [43]. Since RCT includes an 
inflammatory response, ESWT can eliminate inflamma-
tory factors in the patient’s body, relieve pain, promote 
the early recovery of shoulder joint function, and improve 
the curative effect. Ko et al. employed a single session of 
high-energy extracorporeal shockwave therapy (ESWT) 
with long-term follow-up and demonstrated its efficacy 
in improving the functional outcome of rotator cuff 
lesions accompanied by shoulder stiffness. These findings 
suggest that ESWT represents a simple, effective, and 
non-invasive treatment option for such a condition [44]. 
Similar results were also observed in other studies, with 
significant improvement in pain reduction and shoulder 
function in the ESWT group compared with the sham 
group [45, 46]. In addition, the adverse effects of ESWT 
were dose-dependent and usually limited to temporary 
increases in pain and local reactions, such as swelling, 
erythema, petechiae, or small hematomas, and no serious 
adverse events were reported [47].

Extracorporeal shock waves can also effectively loosen 
adhesion tissue and relieve soft tissue spasms, thereby 
increasing the ROM of the shoulder joint. The results of 
the Meta-analysis showed that the ROM of external rota-
tion of the two groups was significantly improved com-
pared with that before treatment, and the experimental 
group was significantly better than that of the control 
group, but the difference in the ROM of abduction was 
not statistically significant. Firstly, consider that this may 
be related to the fact that extracorporeal shock waves 
can effectively improve pain, thereby improving the 
patient’s exercise time and effect. Secondly, it may also 
be because extracorporeal shock waves can damage local 
tissues, promote the production and accumulation of 
repair factors, and accelerate the vascularization of rota-
tor cuff ischemia. regeneration, thereby speeding up the 
repair process and improving the stability of the shoul-
der joint [48, 49]. In short, extracorporeal shock waves 
can not only effectively improve the pain of RCT, but also 
improve the ROM of joints more effectively. Admittedly, 
the improvement in some symptoms in the control group 
may have been the expected result of the natural healing 
process.

In a meta-analysis by Steuri et al., ESWT was found to 
be more effective than sham ESWT in improving func-
tion, pain, and active ROM. Studies have shown that 
ESWT at doses equal to or greater than 0.28  mJ/mm2 
is more effective in improving shoulder function and 
reducing pain [50]. In another related study, the experi-
mental group received ESWT in addition to conventional 
PT intervention, while the control group only underwent 
conventional PT intervention. Patients receiving ESWT 
treatment demonstrated a significant improvement in 

shoulder function compared to the control group [22]. 
A study comparing ESWT with a placebo treatment also 
showed a statistically significant improvement in out-
comes for the ESWT group [51]. In this study, the control 
group also showed pain improvement after the interven-
tion, but the pain improvement was negligible compared 
with the ESWT group, where the difference was statisti-
cally significant.

However, in a study comparing placebo ESWT with 
ESWT in patients with subacromial pain syndrome with 
supervised exercise, there were no significant differ-
ences in primary or secondary outcomes (VAS, CMS) 
between the two treatment groups. These results suggest 
that ESWT has no additional effect on supervised exer-
cise in this patient group in the short, medium, or long 
term. Analyzing causes with negative outcome expecta-
tions, frequent use of pain medication, not working from 
baseline, marital status (single), low self-reported gen-
eral health, and participation in infrequent supervised 
exercise classes all predicted poor SPADI results after 
one year [52]. In a study comparing placebo ESWT and 
ESWT to RCT, Kolk et  al. found that VAS, CMS, and 
SST scores improved significantly in both groups at 3 and 
6 months after treatment, compared with placebo at low 
doses ESWT does not appear to be effective in reduc-
ing symptoms in patients with chronic rotator cuff tend-
initis. Therefore, a beneficial effect of ESWT in patients 
with shoulder tendonitis could not be demonstrated [53]. 
These results support a previous study by Schmitt et al. 
ESWT did not improve CMS, SPADI, or pain in patients 
with noncalcified cuff tendonitis [54].

There may be several explanations for these inconsist-
ent results, such as the high number of variables in the 
ESWT application (frequency, pressure, treatment inter-
val, etc.), the large heterogeneity of the reported treat-
ment regimens, and the large variation in shock wave 
intensity. The reliability of blinding in each study is 
questionable, and although ESWT has been extensively 
studied, the exact mechanism by which ESWT reduces 
tendon-related pain is unknown. Theoretical benefits are 
promoting tissue healing and breaking down calcifica-
tions. The intensity of ESWT is measured by energy flux 
density (EFD), which is generally divided into low-energy, 
intermediate-energy, and high-energy shockwave ther-
apy, and may also affect the outcome of the treatment. 
Currently, there is no consensus on the exact dividing 
point between low-energy and high-energy shockwaves. 
In general, an EFD of less than 0.08  mJ/mm2 corre-
sponds to low energy, while an EFD of a high-energy 
extracorporeal shock wave is greater than 0.28 mJ/mm2. 
Although the dose–response relationship between low-
energy and high-energy ESWT has not been established, 
studies have shown that high-energy ESWT (> 0.28  mJ/
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mm2) is more likely than low-energy ESWT (< 0.08  mJ/
mm2) to improve shoulder joints in patients with chronic 
calcific tendinopathy function and pain relief [55]. The 
advantage of high-energy ESWT is that it is widely appli-
cable in out-of-hospital settings and is relatively inexpen-
sive. The clinical effect is good, and the treatment has no 
serious side effects and long-term complications. Gener-
ally, however, patients require multiple ESWT treatments 
to achieve these results. Therefore, further research is 
needed to better understand the relative efficacy of these 
treatments.

Previous research findings indicate that both f-ESWT 
and r-ESWT are superior to placebo in alleviating pain 
and improving knee joint function [56]. In this study, we 
conducted a subgroup analysis based on the type of shock 
wave, revealing that both rESWT and fESWT groups 
exhibited superior improvements in VAS and CMS 
compared to the control group. However, Raffaello et al. 
found, in their investigation of the safety and efficacy of 
fESWT and rESWT in Lateral elbow tendinopathy (LET) 
symptoms and wrist extensor strength, that both fESWT 
and rESWT could potentially improve LET symptoms. 
ESWT appears to be an effective alternative to conven-
tional therapeutic modalities for treating pain, disability, 
and muscle injuries associated with LET. Nonetheless, 
rESWT seems to be less effective and requires more time 
for pain relief and functional recovery [42, 57]. There-
fore, further research is needed to compare the effects of 
rESWT and fESWT specifically in the context of RCT.

Prospects
Since extracorporeal shock wave is still a relatively new 
treatment method, many aspects of ESWT for RCT still 
need further clinical research and improvement, includ-
ing the determination of the dose of shock therapy and 
the formulation of a unified treatment prescription. 
Therefore, further research and clinical trials may be 
required to elucidate the ideal parameters conducive 
to ESWT. The efficacy and safety of ESWT for RCT 
still need further research and clinical trials to confirm. 
Accumulating more scientific evidence will help clarify 
its strengths and limitations in specific cases. The treat-
ment of RCT is an individualized process, and treatment 
plans need to be formulated according to the specific 
conditions of patients. Future research will pay more 
attention to individualized treatment methods. Doctors 
should consider the patient’s condition, symptom sever-
ity, physical condition and other factors, and choose the 
most appropriate treatment based on the latest clini-
cal guidelines and research results. Additionally, ESWT 
may be combined with other treatments, such as physi-
cal therapy, medication, or surgery, for better results. 
In addition to treatment, future research may pay more 

attention to the prevention and rehabilitation of RCT. It 
is possible to reduce the incidence of RCT through pre-
ventive measures such as strengthening exercise, improv-
ing posture, and avoiding overuse. At the same time, the 
rehabilitation program for RCT will also be further opti-
mized to improve the effect of rehabilitation and prevent 
recurrence.

Limitations
There are certain limitations in this study: (1) There are 
differences in the brand, and intensity (For example, the 
energy of rESWT is relatively weaker, with a broader 
range of wave propagation. The energy of fESWT is 
stronger but concentrated within a smaller area, enabling 
deeper penetration into tissues) and the dose of extra-
corporeal shock waves used in each study, may affect the 
accuracy of the results. (2) Some studies did not use cor-
rect random allocation and concealment methods, which 
may cause selection bias. (3) Due to language limitations, 
we only included Chinese and English literature. There-
fore, to obtain conclusive evidence, we need to expand 
the sample and include studies in more languages.

Conclusions
In summary, the current evidence supports the effective-
ness of ESWT for the clinical efficacy of shoulder pain 
and functional recovery in patients with RCT. ESWT 
provided better pain relief, functional recovery, and 
maintenance compared with controls. ESWT may be a 
promising approach for the treatment of RCT. Due to the 
limited quality and number of included trials, additional 
high-quality prospective clinical studies are needed to 
verify these conclusions.
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