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Abstract 

Background Rotator cuff calcific tendinitis (RCCT) is a common shoulder disease whose main symptoms include 
shoulder pain, limited mobility, and calcification deposits in the shoulder. Traditional treatment methods have certain 
limitations, so finding new treatment methods has become the focus of research. Extracorporeal shock wave (ESW) 
and platelet-rich plasma (PRP) treatments have attracted much attention due to their non-invasive and tissue repair-
promoting properties; however, the efficacy of their combined treatment in RCCT remains unclear.

Methods This study is designed as a single-center, assessment-blind, randomized controlled clinical trial with three 
parallel groups. Sixty subjects will be recruited and randomly divided into the ESW group, PRP group, and ESW com-
bined with PRP group, in a 1:1:1 ratio. The entire intervention period is 4 weeks, and the follow-up period is 4 weeks. 
Outcomes will be measured at baseline (T0), after 1 week of intervention (T1), after 2 weeks of intervention (T2), 
after 4 weeks of intervention (T3), and after an additional 4 weeks of follow-up period (T4). The primary endpoint 
is the VAS score. Secondary endpoints are ASES, CMS, UCLA, and the location and size of calcified areas.

Discussion This study aims to evaluate the efficacy of ESW therapy combined with PRP in treating RCCT. We com-
pare the effects of single and combined treatments to explore their impact on disease symptoms, functional improve-
ment, and calcification regression. This provides a scientific basis for identifying more effective treatment options.

Trial registration ClinicalTrials.gov NCT06372600. Registered on April 17, 2024; version 1.

Keywords Extracorporeal shock wave, Platelet-rich plasma, Rotator cuff, Calcific tendinitis, Protocol, Randomized 
controlled trial

Introduction
Background and rationale {6a}
Rotator cuff calcific tendinitis (RCCT) is a prevalent 
shoulder disease, primarily characterized by calcific 
deposits in the rotator cuff tendons, notably the sub-
acromial tendon [1]. Most studies have found that the 
incidence rate is 2.7–22% [2–4]. The epidemiological 
characteristics of this disease indicate that it is relatively 
common in adults, with a higher incidence in women 
compared with men, especially in those aged 40 to 
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60 years [5, 6]. Bilateral involvement is common in RCCT 
and is generally not associated with manual labor [7]. 
Although its exact cause is not fully understood, research 
suggests that tendon degeneration, poor blood supply, 
and chronic inflammation may be key factors leading to 
tendon calcification [8]. The main clinical manifestations 
of RCCT are shoulder pain and limited movement, and 
these symptoms may lead to sleep disturbance, reduced 
work efficiency, and a significant decrease in quality of 
life [9, 10]. Furthermore, the natural history of the disease 
may involve multiple stages, from the formation of cal-
cifications to their eventual natural resorption, but this 
process may last for years and patients may suffer from 
ongoing pain and discomfort during this period [11, 12]. 
The main complications of RCCT include pain, adhesive 
capsulitis, rotator cuff tears, greater trochanter osteoly-
sis, and ossifying tendinitis [3]. Therefore, timely RCCT 
treatment is very important to relieve pain, prevent com-
plications, and help restore shoulder function.

Although RCCT is relatively common clinically, its 
treatment remains a challenging issue. Currently, there 
are various treatments for RCCT, with traditional treat-
ments including conservative treatment [13], physical 
therapy [14], drug therapy, and in extreme cases, surgi-
cal intervention [15]. However, these methods do not 
always achieve the desired results in a short period, and 
the high cost and many complications of surgery can be 
prohibitive for some patients. According to Hurt and 
Baker, non-surgical treatment can relieve symptoms in 
approximately 90% of patients [16]. With the continu-
ous advancement of medical technology, more and more 
non-invasive treatments have been introduced into the 
treatment field of RCCT [17].

ESW treatment is widely used due to its non-invasive 
nature and low risk of complications [18, 19]. Its func-
tions mainly include the following aspects: biomechani-
cal effect. The mechanical shock wave generated by 
ESW can be transmitted to the patient’s tissue to pro-
duce biomechanical effects. This mechanical stimula-
tion may help break up and break down the calcified 
material in the calcified area of the rotator cuff, promot-
ing its absorption and drainage [20]. Anti-inflammatory, 
ESW may work by reducing the inflammatory response. 
Mechanical shock waves may stimulate anti-inflamma-
tory responses in organisms, reduce local inflammation 
levels, and help reduce patients’ pain and discomfort [21]. 
Blood flow improves, and ESW may improve local blood 
circulation, increase the supply of oxygen and nutrients, 
and accelerate the repair and recovery of damaged tissues 
[22]. Neuromodulation, ESW may reduce patients’ pain 
perception by affecting the nervous system. This may be 
related to the impact of mechanical stimulation on nerve 
fibers and interference with pain transmission pathways 

[23]. Fibrosis and repair, ESW may stimulate fibrosis and 
repair processes in damaged tissues. Mechanical stimu-
lation may activate fibroblasts, promote collagen pro-
duction, and help repair damaged tendon tissue [24]. 
Biological effects at the cellular level, ESW may produce 
biological effects at the cellular level, including promot-
ing cell proliferation and increasing the release of growth 
factors, thus contributing to tissue repair and regenera-
tion [25, 26]. In RCCT patients, ESW helps break down 
calcification deposits within tendons by delivering high-
energy sound waves and may promote local blood circu-
lation and tissue repair [27].

In recent years, autologous platelet-rich plasma (PRP) 
therapy has shown potential in promoting tissue repair 
and alleviating inflammation. PRP is a method of obtain-
ing platelet-rich plasma by extracting and processing the 
patient’s blood [28]. This platelet-rich plasma can be used 
for orthopedic surgery, cardiac surgery, sports injuries, 
plastic surgery, gynecology, urology, and cosmetic pur-
poses [29]. PRP therapy has become a hot topic in the 
treatment of joint diseases in recent years. Its advantage 
is that it can provide a large number of growth factors in 
a short period, accelerate cell proliferation and the for-
mation of new blood vessels, help improve the micro-
environment of local tissues, and improve self-healing 
capabilities [30, 31]. PRP contains a large amount of 
growth factors and cytokines and can be injected directly 
into damaged tendon tissue to promote cell prolifera-
tion and tissue regeneration. Healing time is prolonged 
in chronic tendinopathy because the tendon is relatively 
less vascular and the local blood flow to the muscle is 
less regulated. Therefore, the use of platelet-rich plasma 
(PRP) and proliferative therapy has recently become a 
treatment option for rotator cuff tendinopathy [32, 33]. 
Although the effectiveness of PRP in the treatment of 
tendon disorders is still under investigation, preliminary 
evidence suggests its potential value in the treatment of 
RCCT [34–36].

Objectives {7}
This study aims to evaluate the efficacy of ESW combined 
with PRP in the treatment of RCCT. We hypothesize that 
this combined treatment strategy will not only effectively 
break down calcific deposits within the tendon but also 
facilitate the natural repair process of the tissue, thereby 
improving the patient’s pain symptoms and functional 
status. By conducting this study, we anticipate providing 
more efficacious clinical solutions for the treatment of 
RCCT in the future.

Trial design {8}
This study is an exploratory, single-center, assessment-
blind, randomized controlled clinical trial with three 
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parallel groups: ESW group, PRP group, and ESW com-
bined with PRP group. Sixty subjects will be randomly 
assigned in a 1:1:1 ratio.

Methods: participants, interventions, 
and outcomes
Study setting {9}
Study population recruitment
The study population will be recruited from the Depart-
ment of Rehabilitation Medicine, Affiliated Hospital of 
Chengdu Sport University, Chengdu, China. The inclu-
sion and exclusion criteria for the study population will 
be as follows.

Eligibility criteria {10}
Inclusion criteria

(1) Comply with RCCT diagnostic criteria [6], aged 
between 40 and 60 years old.

(2) Persistent pain in the affected shoulder, obvious 
tenderness under the acromion and rotator cuff, 
examined by X-ray, CT, and MRI, it shows that 
there are one or more round-like high-density cal-
cium salt deposits near the greater tuberosity of the 
humerus.

(3) All are diagnosed for the first time.
(4) Complaints of severe pain in the shoulder joint, 

obvious pain at night, non-steroidal anti-inflamma-
tory drugs, and other conservative treatments are 
not effective.

(5) Agree to sign an informed consent form.

Exclusion criteria

(1) Combined with rotator cuff trauma, long head of 
biceps tendinitis, and other shoulder joint diseases.

(2) History of shoulder joint surgery.
(3) Shoulder joints with internal fixation.
(4) Shoulder joints combined with infections and 

tumors and other pathological changes.
(5) Combined with severe heart, liver, and renal insuf-

ficiency.
(6) Do not agree to participate in the study or fail to 

sign the informed consent form.

This study will be conducted at the Department of 
Rehabilitation Medicine, Affiliated Hospital of Chengdu 
Sport University (Chengdu, China). The research design 
flow chart is shown in Fig. 1. The research protocol fol-
lows the Standard Protocol Items: Recommendations 
for Intervention Trials 2013 [37]. The study schedule is 
shown in Fig. 2.

Who will take informed consent? {26a}
The fully trained designated researchers (WXF, JSY, CJH, 
XXL) who are present on-site will be responsible for 
obtaining informed consent from participants.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
This trial does not involve collecting biological specimens 
for storage.

Interventions
Explanation for the choice of comparators {6b}
The decision to undertake a comparative study of PRP 
and ESW combined with PRP stems from the com-
plementary advantages of both treatments. PRP’s rich 
growth factors promote healing, while ESW’s biological 
effects activate cellular activity. Their synergy enhances 
therapeutic outcomes, accelerates tissue repair, and may 
offer safer, more effective alternatives to surgical inter-
ventions for orthopedic conditions like non-unions and 
fracture healing.

Intervention description {11a}
The ESW group will receive ESW treatment, the PRP 
group will undergo PRP injection, and the ESW com-
bined with the PRP group will be administered ESW 
treatment in conjunction with PRP injection. Among 
these groups, the intervention site for ESW will be tar-
geted at the calcification pain point on the shoulder. For 
each session, 2 to 3 points will be selected, and a cou-
pling agent will be applied to enable the treatment head 
to conform to the skin, enabling both longitudinal and 
transverse treatment. The frequency will be preset at 4 
to 8  Hz, with a probe length of 15  mm, an intensity of 
1.5 mJ/mm2, and each treatment point will receive 2000 
to 2500 pulses. The handheld pressure will be adjusted to 
medium to high levels, culminating in a total of 6 treat-
ment sessions. For patients experiencing vague pain 
points or regional pain, the treatment will focus on the 
supraspinatus or infraspinatus tendon, in conjunction 
with the area of most severe pain.

The procedure for PRP injection will involve the fol-
lowing: (1) Blood sample collection: Samples will be 
drawn from the patient’s blood, typically via venipunc-
ture. (2) Platelet separation: Platelets in the blood will be 
concentrated through centrifugation and other methods 
to produce PRP. (3) PRP injection: The prepared PRP will 
be injected into the rotator cuff calcification lesion area 
under ultrasound guidance, aiming to enhance tissue 
repair and exert anti-inflammatory effects.

The ESW sessions will last for 20 min each. Following 
the ESW treatment, the combination group will rest for 
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half an hour before proceeding with the PRP injection. 
The treatment frequency for all groups mentioned will be 
once weekly for 4 consecutive weeks.

Criteria for discontinuing or modifying allocated 
interventions {11b}
Interventions will be discontinued if:

1. Worsening symptoms or discomfort after treatment.
2. Serious adverse reactions or complications.
3. Development of other serious diseases requiring 

emergency surgery.

4. Poor compliance with intervention.
5. Refusal to continue the study.
6. And if any other unforeseen serious side effects 

occur, the intervention will also be terminated.

Strategies to improve adherence to interventions {11c}
At the end of each weekly treatment session, regular fol-
low-up phone calls and appointment reminders will be 
employed as strategies to enhance patient compliance. 
During these interactions, patients’ treatment experi-
ences will be discussed, and they will be reminded of 

Fig. 1 Study design diagram
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the importance of adhering to the prescribed treatment 
regimen.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
Implementing will not require alteration to usual care 
pathways (including the use of any medication) and these 
will continue for both trial arms.

Provisions for post‑trial care {30}
Free treatment will be provided for any intervention-
related hazards such as needle infections associated with 
PRP injections.

Outcomes {12}
Outcome measures

Primary outcomes The primary outcome measure 
will be the patient’s shoulder pain after treatment, using 
the Visual Analog Scale (VAS), a common assessment 
tool used to quantify pain levels. It is assessed by asking 

patients to mark on a straight line the location of their 
current pain sensation. VAS is a simple yet effective tool 
for capturing and recording a patient’s subjective assess-
ment of pain sensation.

Secondary outcomes The secondary evaluation results 
are as follows:

American Shoulder and Elbow Surgeon’s Form, 
ASES

The American Shoulder and Elbow Surgeons (ASES) 
standardized shoulder assessment form is a widely used 
tool in the orthopedic field to evaluate shoulder function. 
It is designed to provide a comprehensive assessment of 
the patient’s shoulder condition, including pain, function, 
and range of motion. The ASES table is commonly used 
by orthopedic surgeons and physical therapists to evalu-
ate and monitor patients with shoulder disease or those 
undergoing shoulder surgery [38].

Fig. 2 Flow chart of the intervention plan of the study
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Constant-Murley Shoulder Score, CMS

The Constant-Murley Shoulder Score (CMS) is a com-
monly used tool to evaluate patients’ shoulder function. 
It was proposed by French surgeons Michel Constant 
and Maurice Murley in 1987 to evaluate the function and 
pain of the shoulder joint. The total score is pain score 
(15 points) + functional score (20 points) + mobility score 
(40 points) + strength score (25 points), with a maximum 
total score of 100 points [39].

The University of California at Los Angeles, UCLA

The University of California at Los Angeles (UCLA) 
Shoulder Rating Scale is a commonly used tool for 
assessing shoulder function and symptoms. This rating 
scale is designed to assess various aspects of shoulder 
health and is frequently used in clinical and research set-
tings. Mainly include pain assessment, functional assess-
ment, active and passive range of motion assessment, 
strength assessment, and patient satisfaction. Each com-
ponent is scored individually, and the cumulative score 
provides an overall assessment of shoulder function. The 
UCLA Shoulder Joint Rating Scale is important for track-
ing changes in patients’ shoulder conditions over time, 
monitoring treatment results, and guiding rehabilitation 
efforts [40].

The size and shape of calcification lesions

We will use ultrasonography to evaluate the size and 
shape of mixed calcification in the calcified area of RCCT.

The above indicators will be evaluated and analyzed in 
each group before treatment, 1  week, 2  weeks, 4  weeks 
after treatment, and 4 weeks of follow-up.

Participant timeline {13}
Participants will be assessed at baseline (T0), after 1 week 
(T1), 2 weeks (T2), 4 weeks (T3), and at 4 weeks of fol-
low-up (T4). The participant timeline is outlined in the 
SPIRIT figure (Fig. 2).

Sample size {14}
According to the sample size calculation formula and 
combined with previous research, we estimated the effect 
size to be 0.5. The effect size F = 0.5 was selected based 
on both clinical significance and prior research studies in 
similar contexts. The choice of effect size in clinical tri-
als often balances between detecting a clinically mean-
ingful difference and maintaining statistical power with 
a feasible sample size. Clinical assumption basis clinical 
significance: An effect size of 0.5 is generally considered 

to represent a moderate effect in clinical research. For 
the Visual Analog Scale (VAS) used to assess shoulder 
pain, a moderate effect would translate to a noticeable 
and clinically meaningful improvement in patients’ pain 
levels post-treatment, which is both relevant and impact-
ful in the context of treating rotator cuff calcific tendini-
tis (RCCT). Reference for effect size: A systematic review 
by Oudelaar et  al. [41] on needle aspiration of calcific 
deposits for RCCT demonstrated effect sizes ranging 
from moderate to large in terms of pain reduction and 
functional improvement. This supports the selection of 
F = 0.5 as a reasonable estimate for our study’s effect size. 
Primary outcome using VAS Yes, the selected effect size 
of F = 0.5 specifically pertains to the primary outcome, 
which is the patient’s shoulder pain assessed using the 
Visual Analog Scale (VAS) after treatment. The VAS is a 
widely recognized and validated tool for measuring pain 
intensity, and an effect size of 0.5 represents a moder-
ate but clinically significant improvement in pain levels, 
which aligns with our study objectives.

The sample size was calculated using G*power 3.1, the 
significance level was α = 0.05 (two-tailed), the estimated 
effect size was F = 0.5, power (1 − β) = 80%, and the num-
ber of groups = 3. We calculated the total sample size 
to be 48 people, and considering sample attrition, we 
planned to recruit 60 people.

Recruitment {15}
The study population will be recruited from the Depart-
ment of Rehabilitation Medicine, Affiliated Hospital of 
Chengdu Sport University, Chengdu, China.

Assignment of interventions: allocation
Sequence generation {16a}
Random numbers generated by the SAS V.9.0 program.

Concealment mechanism {16b}
An independent, non-participating research assistant 
will place random numbers into opaque envelopes and 
open them in the assigned order.

Implementation {16c}
An independent research assistant will generate the allo-
cation sequence and assign participants to interventions.

Assignment of interventions: blinding
Who will be blinded {17a}
Throughout the entire trial process, blinding will be 
employed for data collectors, statisticians, evaluators, 
and telephone follow-up personnel.
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Procedure for unblinding if needed {17b}
Unblinding will be permissible only in cases of medical 
emergencies.

Data collection and management
Plans for assessment and collection of outcomes {18a}
Standardized assessment tools (VAS, ASES, CMS, 
UCLA) will be used. Two data managers who are not 
part of the study group and will be unaware of group 
assignments will be responsible for data entry and data-
base establishment. All raw data related to the study 
will be stored at the Affiliated Hospital of Chengdu 
Sport University and uploaded to the clinical trial regis-
try in real time.

Plans to promote participant retention and complete 
follow‑up {18b}
To ensure participants remain engaged in the study 
and complete follow-up visits, the following detailed 
participant retention and follow-up plans have been 
developed:

1. Regular reminders and communication: Regularly 
remind participants of upcoming study visits and 
assessment times via phone calls, text messages, or 
emails. Send reminder messages 1  week and 1  day 
before each visit to ensure participants remember 
their appointments.

2. Personalized follow-up scheduling: Offer flexible 
visit times based on participants’ schedules to facili-
tate their attendance. Provide home visits or remote 
video follow-up options for participants who have 
difficulty coming to the hospital.

Data management {19}
Data will be entered into Microsoft Excel and analyzed 
using SPSS 26.0. Double data entry and regular audits 
will ensure data quality.

Confidentiality {27}
Participant information will be stored securely and 
anonymized before analysis. All records will be securely 
stored for at least 10 years after the study to safeguard 
patient privacy.

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
See above {26b} there will be no biological specimens 
collected.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
Repeated measures ANOVA will be used for primary 
and secondary outcomes. Bonferroni method for pair-
wise comparisons. Primary outcome: Pain level using 
the Visual Analog Scale (VAS).

Secondary outcomes: American Shoulder and Elbow 
Surgeons (ASES) score, Constant-Murley Shoulder 
Score (CMS), University of California at Los Angeles 
(UCLA) Shoulder Rating Scale, and size and shape of 
calcification lesions measured by ultrasonography.

Interim analyses {21b}
There will be no interim analysis in this study.

Methods for additional analyses (e.g., subgroup analyses) 
{20b}
Subgroup analyses will be performed based on demo-
graphic characteristics.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
When the lost-to-follow-up rates fall below 25%, an 
intention-to-treat analysis will be performed, and 
missing values will subsequently be imputed using the 
group mean via single imputation procedures.

Plans to give access to the full protocol, participant‑level 
data, and statistical code {31c}
Relevant information may be provided upon request by 
the corresponding author.

Oversight and monitoring
Composition of the coordinating center and trial steering 
committee {5d}
At the start of the investigation, a steering committee 
will be established to oversee the trial. This commit-
tee will be led by the principal investigator (PI) and 
will consist of a small group to ensure efficient over-
sight of the trial’s operations. The steering commit-
tee will meet weekly with the research team to discuss 
the study’s progress and recommend countermeasures 
if deviations from the predetermined trial plan occur. 
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This regular interaction will ensure that any issues are 
promptly addressed and the trial remains on track.

Composition of the data monitoring committee, its role 
and reporting structure {21a}
In this research project, due to its small scale, control-
lable risks, and the absence of direct involvement in 
high-risk factors, there is no need to establish a data 
monitoring committee. Nonetheless, the project team 
ensures that all procedures comply with internal review, 
safeguard subject safety, and meet ethical and regulatory 
requirements.

Adverse event reporting and harms {22}
This study will monitor and report injection-related 
adverse events (AEs), such as needle-related infections, 
to the ethics committee during the treatment of RCCT. 
We will document the location, severity, treatment pro-
cess, and recovery time of each AE and assess the causal 
relationship between the AE and the intervention. AEs 
will be used as safety outcome measures to evaluate the 
safety of the intervention.

Frequency and plans for auditing trial conduct {23}
The following measures will be put in place to ensure rig-
orous monitoring and auditing of trials:

(1) Project Management Group

 Meeting frequency: The Project Management Group 
will meet bi-weekly to review trial conduct, assess 
progress, and address any operational issues. 
These meetings will focus on ensuring adherence 
to the trial protocol and addressing any deviations 
promptly.

(2) Trial Steering Group (TSG)
 Meeting frequency: The TSG will meet quarterly 

throughout the trial period. These meetings will 
involve a thorough review of trial conduct, partici-
pant recruitment, and overall study progress. The 
TSG will provide strategic guidance and make deci-
sions on any necessary protocol amendments or 
other significant issues.

(3) Independent Data Monitoring and Ethics Commit-
tee (IDMEC):

 Meeting frequency: The IDMEC will convene semi-
annually to review the conduct of the trial, monitor 
data quality, and ensure ethical standards are main-
tained. They will assess safety data, and interim 
results, and recommend whether the trial should 
continue as planned or if any modifications are nec-
essary.

These regular meetings and reviews by the Project 
Management Group, TSG, and IDMEC will ensure con-
tinuous monitoring and effective oversight of the trial, 
maintaining the highest standards of scientific and ethi-
cal integrity.

Plans for communicating important protocol amendments 
to relevant parties (e.g., trial participants, ethical 
committees) {25}
In this study, any protocol amendments will be com-
municated to all relevant parties through the following 
official channels:

(1) Ethical committees: Protocol amendments will 
be submitted to the relevant ethical committees 
for review and approval. Notification will include 
detailed descriptions of the proposed changes and 
the rationale behind them. Approval from the ethi-
cal committees will be required before implement-
ing any changes.

(2) Trial participants: Trial participants will be 
informed of significant protocol amendments 
through direct communication, which may include 
letters, emails, or in-person discussions during their 
next study visit. Participants will be provided with 
an updated consent form if the amendments affect 
their participation or the information they need to 
make an informed decision.

(3) Clinical trial registry: Approved protocol amend-
ments will be promptly updated in the clinical trial 
registry to ensure transparency and public accessi-
bility.

(4) Sponsor and funder: The study sponsor and funder 
will be notified of any protocol amendments 
through formal written communication, includ-
ing detailed documentation of the changes and 
their impact on the study. This communication 
will ensure that the sponsor and funder are fully 
informed and can provide their input or approval as 
required.

(5) Trial steering committee (TSC) and data monitor-
ing committee (DMC): Both the TSC and DMC will 
be informed of any protocol amendments during 
their regular meetings or through interim reports, 
ensuring continuous oversight and alignment with 
the trial’s objectives.

(6) Documentation and reporting: Any deviations 
from the protocol will be fully documented using a 
breach report form. These reports will be reviewed 
by the Project Management Group and included in 
the trial master file.
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Dissemination plans {31a}
Results will be published in peer-reviewed journals and 
presented at scientific conferences. In addition to pub-
lishing the results in peer-reviewed journals and present-
ing them at scientific conferences, we will also prepare a 
lay summary of the results for the patients involved in the 
study. This summary will be written in plain language to 
ensure that it is easily understandable by non-specialists. 
A clear and concise summary of the study results will be 
prepared. This summary will highlight the main find-
ings, their significance, and any potential implications for 
patient care or future research. The lay summary will be 
distributed to all study participants through appropriate 
channels, such as mailed letters, emails, or during follow-
up visits.

Discussion
The importance of treating RCCT 
The significance and importance of treating RCCT is to 
improve the patient’s quality of life, reduce pain, pro-
mote recovery, and avoid chronic progression. One of 
the main symptoms of RCCT is shoulder pain, espe-
cially during activity [41]. This can severely impact the 
patient’s daily life, including work, household chores, and 
leisure activities. With effective treatment, pain can be 
reduced and the patient’s quality of life improved. RCCT 
may cause injury and dysfunction of the rotator cuff ten-
dons. Prompt treatment can help reduce inflammation, 
promote tissue repair, and improve shoulder joint func-
tion, allowing patients to move more freely. Untreated 
RCCT may lead to chronic inflammation and progres-
sion, ultimately affecting rotator cuff structure and func-
tion. Prompt treatment can help halt the progression of 
the disease, reduce the risk of chronic disease, and avoid 
complications. RCCT may cause complications such 
as rotator cuff tendon tears. With treatment, the risk of 
these complications can be reduced and the patient’s 
recovery success rate improved.

Clinical significance and theoretical basis of ESW treatment
ESW therapy has important clinical significance in the 
treatment of RCCT. This treatment modality delivers 
high-energy sound waves to the damaged area, destroy-
ing calcification deposits and promoting local blood cir-
culation. Theoretically, this could help reduce pain and 
improve joint function [42]. According to multiple stud-
ies, ESW can effectively reduce the size of calcifications 
within tendons, reduce pain scores, and improve shoul-
der joint range of motion [43, 44]. However, the thera-
peutic effect of ESW may be affected by factors such as 
the type of calcification, the energy level of the shock 
wave, and the frequency of application. Different stud-
ies have reported inconsistent efficacy, possibly due to 

differences in these variables. In addition, the mechanism 
of action of ESW is not limited to mechanical destruc-
tion of calcification, but may also involve biochemical 
reactions, such as promoting the release of inflammatory 
mediators, which all contribute to tissue self-repair and 
regeneration.

Clinical application and theoretical basis of PRP treatment
PRP therapy has attracted much attention in recent years 
in the treatment of tendon diseases. The growth factors 
and cytokines rich in PRP are thought to promote the 
healing and regeneration of damaged tendons. These 
growth factors, such as platelet-derived growth fac-
tor (PDGF) and transforming growth factor-β (TGF-β), 
play important roles in cell proliferation, differentiation, 
and collagen synthesis [45]. In the treatment of RCCT, 
the application of PRP aims to directly promote the 
repair of damaged areas by providing these growth fac-
tors [46]. Clinical studies have shown that PRP treatment 
can significantly reduce pain and improve joint func-
tion [47]. Nonetheless, the effects of PRP treatment vary 
among studies, which may be related to the PRP prepa-
ration method, injection technique, and patient-specific 
conditions.

Potential advantages of combined treatment with ESW 
and PRP
The combination of ESW and PRP in the treatment of 
RCCT can theoretically play a dual role. First, ESW 
reduces calcification deposition through physical means, 
providing a more favorable treatment environment for 
PRP. Secondly, the growth factors of PRP can directly act 
on damaged tendons to promote tissue repair and regen-
eration. The advantage of this combined treatment strat-
egy is that it not only targets the symptoms of the disease 
(such as pain and functional limitations) but also targets 
the tissue damage during the pathological process. This 
comprehensive treatment approach may improve effi-
cacy, shorten recovery time, and reduce the likelihood 
of recurrence. However, the final effect of this combined 
treatment approach needs to be verified through rigorous 
clinical trials.

In this study, we discuss the advantages of combination 
therapy, including its non-invasive, synergistic effects, 
and possible long-term effects. We also explore some 
possible limitations, such as individual differences, cost, 
and accessibility issues. By fully understanding this treat-
ment option, we can better guide patients to choose the 
treatment that is best for their condition. We will dis-
cuss and analyze the results in detail from the following 
aspects. First, to interpret the results, we analyze the dif-
ferences between the treatment group and the control 
group on major variables, including pain scores, shoulder 
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joint function, and calcification absorption. Explain pos-
sible reasons for these differences, such as the biological 
effects of ESW and PRP treatments. Second, compare 
with previous studies, compare our results with pre-
vious relevant studies, and discuss the consistency or 
differences. If there are conflicting results, explore pos-
sible reasons such as different study designs and sample 
characteristics. Third, efficacy and clinical significance, 
discussing the practical application and significance 
of the research results in clinical practice. If the treat-
ment group performs better, the potential efficacy of 
ESW combined with PRP treatment in RCCT patients 
is emphasized. Fourth, limitations and future research 
directions: explore the limitations of our study, such as 
sample size and follow-up time. Possible directions for 
future research are proposed, such as larger-scale rand-
omized controlled trials and long-term follow-up. Fifth, 
a discussion of methods and techniques discusses the 
advantages and limitations of the ESW and PRP treat-
ments we employed in our study. Explore possible ways 
to improve or optimize treatment options. Sixth, implica-
tions for clinical practice explore how our research can 
provide new insights into the treatment of RCCT and 
guide clinical practice. Finally, a summary briefly sum-
marizes the main findings of the study and reiterates the 
importance of the study and its clinical contribution.

Finally, through this study, we hope to open up a new 
way for the treatment of RCCT; provide patients with 
more effective, safe, and personalized treatment options; 
and also provide experience and inspiration for future 
research on similar diseases. In this era of continuous 
technological advancement, we are committed to bring-
ing better medical services to patients and promoting the 
continuous development of medicine through scientific 
research.

Limitations
First, it is difficult to blind participants and intervention 
deliverers because they know what intervention is taking 
place. Second, short-term follow-up may not adequately 
assess long-term effects and potential complications. 
Long-term effects and safety are important aspects in 
assessing the effectiveness of a treatment. Finally, there is 
a certain degree of subjectivity in pain scores and other 
scores, which may have a certain impact on the results.

Trial status
Recruitment status: Not yet recruiting.

Trial registration date: April 17, 2024.
Date recruitment began: March 1, 2025.
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Abbreviations
RCCT   Rotator cuff calcific tendinitis
ESW  Extracorporeal shock wave
PRP  Platelet-rich plasma
VAS  Visual Analog Scale
ASES  American Shoulder and Elbow Surgeons
CMS  Constant-Murley Shoulder
UCLA  University of California at Los Angeles
PDGF  Platelet-derived growth factor
TGF-β  Transforming growth factor-β

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13063- 024- 08407-z.

Supplementary Material 1.

Acknowledgements
None.

Authors’ contributions {31b}
WXF, XXL, and TZG conceived the trial protocol. All authors participated in 
collecting relevant information and data. WXF and XXL drafted and revised the 
manuscript, which all authors read and approved for submission.

Funding {4}
This study will be supported by the Medical Science Research Project of Hebei 
Province with grant number 20201405.

Availability of data and materials {29}
Data will be available from the corresponding author upon reasonable 
request.

Declarations

Ethics approval and consent to participate {24}
This study will adhere to the Helsinki Declaration as revised in 2000 and to 
institutional and national regulations in China. This trial protocol was reviewed 
and approved by the Ethics Committee of Chengdu Sport University (2023–
181). All participants will sign informed consent prior to inclusion in the study.

Consent for publication {32}
The participant information materials and informed consent form are available 
from the corresponding author on request.
Competing interests {28}
The authors declare that they have no competing interests.

Received: 16 April 2024   Accepted: 16 August 2024

References
 1. Philips T, Dejonghe M, Petre D. Arthroscopic treatment of calcific tendini-

tis without rotator cuff repair using prospectively collected results. Acta 
Orthop Belg. 2023;89(2):195–200.

 2. Čota S, Delimar V, Žagar I, Kovač Durmiš K, Kristić Cvitanović N, Žura N, 
Perić P, Laktašić Žerjavić N. Efficacy of therapeutic ultrasound in the treat-
ment of chronic calcific shoulder tendinitis: a randomized trial. Eur J Phys 
Rehabil Med. 2023;59(1):75–84.

 3. Merolla G, Bhat MG, Paladini P, Porcellini G. Complications of calcific 
tendinitis of the shoulder: a concise review. J Orthop Traumatol. 
2015;16(3):175–83.

 4. Albano D, Coppola A, Gitto S, Rapisarda S, Messina C, Sconfienza LM. 
Imaging of calcific tendinopathy around the shoulder: usual and 

https://doi.org/10.1186/s13063-024-08407-z
https://doi.org/10.1186/s13063-024-08407-z


Page 11 of 12Wang et al. Trials          (2024) 25:616  

unusual presentations and common pitfalls. Radiol Med (Torino). 
2021;126(4):608–19.

 5. Caliskan E, Eren I, Aslan L, Koyuncu O, Seyahi A, Demirhan M. Intraosse-
ous calcific tendinitis of the rotator cuff yields similar outcomes to those 
of intratendinous lesions despite worse preoperative scores. Knee Surg 
Sports Traumatol Arthrosc. 2022;30(7):2485–91.

 6. Merolla G, Singh S, Paladini P, Porcellini G. Calcific tendinitis of the rotator 
cuff: state of the art in diagnosis and treatment. J Orthop Traumatol. 
2016;17(1):7–14.

 7. Darrieutort-Laffite C, Blanchard F, Le Goff B. Calcific tendonitis of 
the rotator cuff: from formation to resorption. Joint Bone Spine. 
2018;85(6):687–92.

 8. Lorbach O, Haupert A, Berger C, Brockmeyer M. Clinical and structural 
results of rotator cuff repair compared with rotator cuff debridement 
in arthroscopic treatment of calcifying tendinitis of the shoulder. Am J 
Sports Med. 2021;49(12):3196–201.

 9. Uhthoff HK, Loehr JW. Calcific tendinopathy of the rotator cuff: 
pathogenesis, diagnosis, and management. J Am Acad Orthop Surg. 
1997;5(4):183–91.

 10. Cheong LA. Acute calcific tendinitis of the longus colli muscle masquer-
ading as acute meningitis: a case report and review of the literature. 
Cureus. 2023;15(8):e43400.

 11. de Witte PB, van Adrichem RA, Selten JW, Nagels J, Reijnierse M, Nelissen 
RG. Radiological and clinical predictors of long-term outcome in rotator 
cuff calcific tendinitis. Eur Radiol. 2016;26(10):3401–11.

 12. Chianca V, Albano D, Messina C, Midiri F, Mauri G, Aliprandi A, Catapano 
M, Pescatori LC, Monaco CG, Gitto S, et al. Rotator cuff calcific tendinopa-
thy: from diagnosis to treatment. Acta Biomed. 2018;89(1-s):186–96.

 13. Desmeules F, Boudreault J, Dionne CE, Frémont P, Lowry V, MacDermid 
JC, Roy JS. Efficacy of exercise therapy in workers with rotator cuff tendi-
nopathy: a systematic review. J Occup Health. 2016;58(5):389–403.

 14. Elsodany AM, Alayat MSM, Ali MME, Khaprani HM. Long-term effect 
of pulsed Nd:YAG laser in the treatment of patients with rotator cuff 
tendinopathy: a randomized controlled trial. Photomed Laser Surg. 
2018;36(9):506–13.

 15. González-Martín D, Garrido-Miguel M, de Cabo G, Lomo-Garrote JM, 
Leyes M, Hernández-Castillejo LE. Rotator cuff debridement compared 
with rotator cuff repair in arthroscopic treatment of calcifying tendinitis 
of the shoulder: a systematic review and meta-analysis. Rev Esp Cir Ortop 
Traumatol. 2023;S1888–4415(23):00187–X.

 16. Hurt G, Baker CL Jr. Calcific tendinitis of the shoulder. Orthop Clin North 
Am. 2003;34(4):567–75.

 17. Zhao F, Wu J, Wang D, Li P, Tian W, Li W, Chai B, Zhang Y. The effect of sub-
acromial decompression on the curative effect of arthroscopic treatment 
of shoulder calcific tendinitis. Front Surg. 2022;9:1043794.

 18. Arirachakaran A, Boonard M, Yamaphai S, Prommahachai A, Kes-
prayura S, Kongtharvonskul J. Extracorporeal shock wave therapy, 
ultrasound-guided percutaneous lavage, corticosteroid injection and 
combined treatment for the treatment of rotator cuff calcific tendi-
nopathy: a network meta-analysis of RCTs. Eur J Orthop Surg Traumatol. 
2017;27(3):381–90.

 19. Fatima A, Ahmad A, Gilani SA, Darain H, Kazmi S, Hanif K. Effects of high-
energy extracorporeal shockwave therapy on pain, functional disability, 
quality of life, and ultrasonographic changes in patients with calcified 
rotator cuff tendinopathy. Biomed Res Int. 2022;2022:1230857.

 20. Burton I. Combined extracorporeal shockwave therapy and exercise for 
the treatment of tendinopathy: a narrative review. Sports Med Health Sci. 
2022;4(1):8–17.

 21. Pellegrino R, Di Iorio A, Brindisino F, Paolucci T, Moretti A, Iolascon G. 
Effectiveness of combined extracorporeal shock-wave therapy and hya-
luronic acid injections for patients with shoulder pain due to rotator cuff 
tendinopathy: a person-centered approach with a focus on gender differ-
ences to treatment response. BMC Musculoskelet Disord. 2022;23(1):863.

 22. Shao H, Zhang S, Chen J, Wen A, Wu Z, Huang M, Yao W, Lin Z, Liu C, 
Jin Z, et al. Radial extracorporeal shockwave therapy reduces pain and 
promotes proximal tendon healing after rotator cuff repair: randomized 
clinical trial. Ann Phys Rehabil Med. 2023;66(4):101730.

 23. Vitali M, Naim Rodriguez N, Pironti P, Drossinos A, Di Carlo G, Chawla 
A, Gianfranco F. ESWT and nutraceutical supplementation (Tendisulfur 
Forte) vs ESWT-only in the treatment of lateral epicondylitis, Achilles 

tendinopathy, and rotator cuff tendinopathy: a comparative study. J Drug 
Assess. 2019;8(1):77–86.

 24. Ko JY, Siu KK, Wang FS, Wang CJ, Chou WY, Huang CC, Kuo SJ. The 
therapeutic effects of extracorporeal shock wave therapy (ESWT) on the 
rotator cuff lesions with shoulder stiffness: a prospective randomized 
study. Biomed Res Int. 2020;2020:6501714.

 25. Abo Elyazed TI, Al-Azab IM, Abd El-Hakim AAE, Elkady SM, Afifi RMM, 
Obaya HE. Effect of high-intensity laser therapy versus shockwave 
therapy on selected outcome measures in osteoporotic long-term 
hemiparetic patients: a randomized control trial. J Orthop Surg Res. 
2023;18(1):653.

 26. Kamonseki DH, da Rocha GM, Mascarenhas V, de Melo OJ, Pogetti LS. 
Extracorporeal shock-wave therapy for the treatment of non-calcific rota-
tor cuff tendinopathy: a systematic review and meta-analysis. Am J Phys 
Med Rehabil. 2024;103(6):471–9.

 27. Lanza E, Piccoli F, Intrieri C, Muglia R, Politi LS, Borroni M, Castagna A, 
Sconfienza LM. US-guided percutaneous irrigation of calcific tendi-
nopathy of the rotator cuff in patients with or without previous external 
shockwave therapy. Radiol Med (Torino). 2021;126(1):117–23.

 28. Everts P, Onishi K, Jayaram P, Lana JF, Mautner K. Platelet-rich plasma: new 
performance understandings and therapeutic considerations in 2020. Int 
J Mol Sci. 2020;21(20):7794.

 29. Gupta S, Paliczak A, Delgado D. Evidence-based indications of platelet-
rich plasma therapy. Expert Rev Hematol. 2021;14(1):97–108.

 30. Raeissadat SA, Ghazi Hosseini P, Bahrami MH, Salman Roghani R, Fathi M, 
Gharooee Ahangar A, Darvish M. The comparison effects of intra-articular 
injection of platelet rich plasma (PRP), plasma rich in growth factor 
(PRGF), hyaluronic acid (HA), and ozone in knee osteoarthritis; a one year 
randomized clinical trial. BMC Musculoskelet Disord. 2021;22(1):134.

 31. Celikten M, Sahin H, Senturk GE, Bilsel K, Pulatkan A, Kapicioglu M, Sakul 
BU. The effect of platelet-rich fibrin, platelet-rich plasma, and concen-
trated growth factor in the repair of full thickness rotator cuff tears. J 
Shoulder Elbow Surg. 2024;33(5):e261–77.

 32. Peng Y, Du L, Yang B, Fan D, Jia S, Zheng C. Efficacy of platelet-rich plasma 
and platelet-rich fibrin in arthroscopic rotator cuff repair: a systematic 
review and meta-analysis. PM R. 2023;15(12):1643–53.

 33. Ah MS. Sazlina SG: Platelet-rich plasma for rotator cuff tendinopathy: a 
systematic review and meta-analysis. PLoS One. 2021;16(5):e0251111.

 34. Gula G, Ketenci A. Treatment of calcific tendinitis of the rotator cuff with 
platelet-rich plasma injection: a case report. Agri. 2019;31(2):107–10.

 35. Verhaegen F, Brys P, Debeer P. Rotator cuff healing after needling of a 
calcific deposit using platelet-rich plasma augmentation: a randomized, 
prospective clinical trial. J Shoulder Elbow Surg. 2016;25(2):169–73.

 36. Oudelaar BW. Huis In ’t Veld R, Ooms EM, Schepers-Bok R, Nelissen R, 
Vochteloo AJH: Efficacy of adjuvant application of platelet-rich plasma 
after needle aspiration of calcific deposits for the treatment of rotator 
cuff calcific tendinitis: a double-blinded, randomized controlled trial with 
2-year follow-up. Am J Sports Med. 2021;49(4):873–82.

 37. Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gøtzsche PC, Krleža-Jerić 
K, Hróbjartsson A, Mann H, Dickersin K, Berlin JA, et al. SPIRIT 2013 state-
ment: defining standard protocol items for clinical trials. Ann Intern Med. 
2013;158(3):200–7.

 38. Tolis KE, Galanos AA, Fandridis EM, Soultanis KC, Triantafyllopoulos IK. 
Validity and reliability of the Greek version of the American Shoulder 
and Elbow Surgeons standardized shoulder assessment form. JSES Int. 
2021;5(3):601–7.

 39. Vrotsou K, Ávila M, Machón M, Mateo-Abad M, Pardo Y, Garin O, Zaror 
C, González N, Escobar A, Cuéllar R. Constant-Murley Score: systematic 
review and standardized evaluation in different shoulder pathologies. 
Qual Life Res. 2018;27(9):2217–26.

 40. Thamyongkit S, Wanitchanont T, Chulsomlee K, Tuntiyatorn P, 
Vasaruchapong S, Vijittrakarnrung C, Saengpetch N. The University of 
California-Los Angeles (UCLA) shoulder scale: translation, reliability and 
validation of a Thai version of UCLA shoulder scale in rotator cuff tear 
patients. BMC Musculoskelet Disord. 2022;23(1):65.

 41. Oudelaar BW, Huis In ’t Veld R, Schepers-Bok R, Ooms EM, Nelissen R, 
Vochteloo AJH. Prognostic factors for the outcome of needle aspira-
tion of calcific deposits for rotator cuff calcific tendinitis. Eur Radiol. 
2020;30(7):4082–90.

 42. Lee HW, Kim JY, Park CW, Haotian B, Lee GW, Noh KC. Comparison of 
extracorporeal shock wave therapy and ultrasound-guided shoulder 



Page 12 of 12Wang et al. Trials          (2024) 25:616 

injection therapy in patients with supraspinatus tendinitis. Clin Orthop 
Surg. 2022;14(4):585–92.

 43. Wu KT, Chou WY, Wang CJ, Chen CY, Ko JY, Chen PC, Cheng JH, Yang YJ. 
Efficacy of extracorporeal shockwave therapy on calcified and noncalci-
fied shoulder tendinosis: a propensity score matched analysis. Biomed 
Res Int. 2019;2019:2958251.

 44. Malliaropoulos N, Thompson D, Meke M, Pyne D, Alaseirlis D, Atkinson 
H, Korakakis V, Lohrer H. Individualised radial extracorporeal shock wave 
therapy (rESWT) for symptomatic calcific shoulder tendinopathy: a retro-
spective clinical study. BMC Musculoskelet Disord. 2017;18(1):513.

 45. Kabiri A, Esfandiari E, Esmaeili A, Hashemibeni B, Pourazar A, Mardani M. 
Platelet-rich plasma application in chondrogenesis. Adv Biomed Res. 
2014;3:138.

 46. Collins T, Alexander D, Barkatali B. Platelet-rich plasma: a narrative review. 
EFORT Open Rev. 2021;6(4):225–35.

 47. Kwong CA, Woodmass JM, Gusnowski EM, Bois AJ, Leblanc J, More KD, 
Lo IKY. Platelet-rich plasma in patients with partial-thickness rotator cuff 
tears or tendinopathy leads to significantly improved short-term pain 
relief and function compared with corticosteroid injection: a double-
blind randomized controlled trial. Arthroscopy. 2021;37(2):510–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Effect of extracorporeal shock wave combined with autologous platelet-rich plasma injection on rotator cuff calcific tendinitis: study protocol for a randomized controlled trial
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Introduction
	Background and rationale {6a}
	Objectives {7}
	Trial design {8}

	Methods: participants, interventions, and outcomes
	Study setting {9}
	Study population recruitment

	Eligibility criteria {10}
	Inclusion criteria
	Exclusion criteria

	Who will take informed consent? {26a}
	Additional consent provisions for collection and use of participant data and biological specimens {26b}

	Interventions
	Explanation for the choice of comparators {6b}
	Intervention description {11a}
	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}
	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for post-trial care {30}
	Outcomes {12}
	Outcome measures

	Participant timeline {13}
	Sample size {14}
	Recruitment {15}

	Assignment of interventions: allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Assignment of interventions: blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Data collection and management
	Plans for assessment and collection of outcomes {18a}
	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}
	Confidentiality {27}
	Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in this trialfuture use {33}

	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Interim analyses {21b}
	Methods for additional analyses (e.g., subgroup analyses) {20b}
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data {20c}
	Plans to give access to the full protocol, participant-level data, and statistical code {31c}

	Oversight and monitoring
	Composition of the coordinating center and trial steering committee {5d}
	Composition of the data monitoring committee, its role and reporting structure {21a}
	Adverse event reporting and harms {22}
	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments to relevant parties (e.g., trial participants, ethical committees) {25}
	Dissemination plans {31a}

	Discussion
	The importance of treating RCCT
	Clinical significance and theoretical basis of ESW treatment
	Clinical application and theoretical basis of PRP treatment
	Potential advantages of combined treatment with ESW and PRP

	Limitations
	Trial status
	Acknowledgements
	References


