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Abstract: Background: Non-calcific supraspinatus tendinopathy (SNCCT) is a frequent
cause of shoulder pain, often associated with functional impairment and reduced quality
of life. Recent advancements in diagnostic imaging, including shear wave elastography
(SWE), provide quantitative data on tendon stiffness and thickness, facilitating more precise
evaluations. Extracorporeal shockwave therapy (ESWT) has emerged as a minimally
invasive and effective treatment for SNCCT, but its effects on tendon properties measured
through SWE require further investigation. Objective: This retrospective observational
study aimed to evaluate the impact of ESWT on supraspinatus tendon characteristics in
patients with SNCCT by assessing tendon thickness, SWE velocity, and clinical outcomes.
Methods: This observational study enrolled 39 patients with SNCCT, aged 30–75 years,
who received three ESWT sessions over 3 weeks. The intervention was delivered using a
Modulith SLK system at an energy level of 0.20 mJ/mm2 with 2400 pulses per session. SWE
and conventional ultrasound were used to measure tendon thickness and SWEv at baseline
(T0) and 6 months post-treatment (T1). Clinical outcomes were assessed using the Visual
Analog Scale (VAS), Constant and Murley Score (CMS), and modified Roles and Maudsley
scale. Data were analyzed using paired t-tests and correlation analyses. Results: At
baseline, affected tendons exhibited increased thickness (7.5 ± 0.9 mm) and reduced SWEv
(3.1 ± 0.7 m/s) compared to healthy tendons (4.5 ± 0.7 mm and 6.9 ± 1 m/s, respectively;
p < 0.05). Six months after ESWT, tendon thickness decreased significantly (6.2 ± 0.9 mm,
p < 0.05), and SWEv increased (5.7 ± 1.8 m/s, p < 0.05), indicating improved elasticity.
Clinical outcomes improved significantly, with the VAS scores decreasing from 6.5 ± 1.4 to
3.2 ± 2.1, the CMS score rising from 59.1 ± 17.3 to 78.2 ± 17.7, and the modified Roles and
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Maudsley scale improving from 2.3 ± 0.6 to 1.5 ± 0.8 (p < 0.05 for all). SWEv positively
correlated with the CMS (r = 0.4) and negatively with the VAS and the modified Roles and
Maudsley scale (r = −0.6 and r = −0.5, respectively). Conclusions: ESWT significantly
reduces tendon thickness and enhances elasticity, correlating with improvements in pain
and functional scores. SWE proved to be a reliable method for monitoring structural and
clinical changes in SNCCT. Further research, including randomized controlled trials, is
recommended to confirm these findings and explore longer-term outcomes.

Keywords: supraspinatus tendinopathy; extracorporeal shockwave therapy; shear wave
elastography; tendon thickness; SWE velocity; rotator cuff disorders; pain assessment;
functional recovery; shoulder; chronic tendinopathy

1. Introduction
The supraspinatus tendon is frequently implicated in shoulder pain and is commonly

affected by inflammatory conditions that lead to joint dysfunction [1–4]. This inflammation
is typically associated with pain, resulting in reduced functionality and performance [5–7].
Rotator cuff tendinopathy has a multifactorial origin involving both intrinsic and extrinsic
factors [8]. The diagnosis of supraspinatus-related issues is based on a combination of
patient history [9] and physical examination, with reliable tests including the drop arm test,
empty can test, full can test, and the shoulder lift-off sign [10]. To diagnose musculoskeletal
disorders, ultrasound and magnetic resonance imaging (MRI) are valuable [11–20], in
particular for identifying rotator cuff (RC) disorders [21]. In recent years, elastosonography,
and specifically shear wave elastography (SWE), has begun to be used to evaluate rotator
cuff pathologies, with a particular focus on the supraspinatus tendon [22,23]. To assess
the pain and functional status of patients with non-calcific supraspinatus tendinopathy
(SNCCT), evaluation scales such as the Visual Analog Scale (VAS), the Constant and
Murley Score (CMS), and the modified Roles and Maudsley scale are commonly employed,
as they are widely used to measure shoulder pain, functional capacity, and treatment
outcomes [24,25]. Additionally, a modified Roles and Maudsley scale was utilized to assess
functional outcomes more comprehensively by adapting it to better reflect subtle clinical
changes in SNCCT patients [26]. The VAS, CMS and modified Roles and Maudsley scale
are not only assessment tools but also prognostic predictors [27].

Treatment options vary depending on the severity of the condition and whether tendon
tears are present. In recent years, the treatment of tendinopathies, particularly rotator cuff
tendinopathy, has been extensively explored through various methods. These include reha-
bilitative exercises, physical therapy, non-steroidal anti-inflammatory drugs, local injections,
prolotherapy, platelet-rich plasma, hyaluronic acid, botulinum toxin, kinesiotaping, laser
and thermal therapy, extracorporeal shockwave therapy (ESWT), and surgical interventions
followed by rehabilitation [28–35]. In recent years, ESWT has gained recognition as an
effective and safe approach to upper limb pain and managing supraspinatus tendinopathy
and other pathologies related to rotator cuff tears [36–39]. The increasing popularity of
ESWT is attributed to several factors: its high clinical success rate [40], the convenience of
minimal treatment sessions, brief therapy durations, cost efficiency, improved accessibility,
and the lack of significant activity restrictions during treatment. Despite treatment, some
patients may experience persistent symptoms or recurrence of supraspinatus tendinopathy,
negatively impacting their quality of life [41].
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Being able to carry out a more in-depth evaluation that is not subjective but based
on diagnostic findings could be crucial in guiding clinical decision-making. With this
perspective, our study assessed tendon stiffness using elastosonography, along with tendon
thickness, to provide a more comprehensive evaluation of these patients.

Compared to previous studies, this approach integrates SWE to quantitatively evaluate
tendon elasticity and thickness alongside clinical scales such as the CMS, the modified Roles
and Maudsley scale, and the VAS, providing a precise and objective correlation between
structural changes and functional improvements. This combined methodology enhances
our understanding of ESWT’s effects on tendon pathology, addressing current limitations
in the literature.

This study is a retrospective observational study aimed to evaluate the characteristics
of the supraspinatus tendon in patients with chronic SNCCT before and after ESWT treat-
ment. This evaluation incorporated clinical parameters, conventional gray-scale imaging,
and ultrasound elastography using SWE techniques.

2. Materials and Methods
2.1. Study Design and Population

This observational study follows the ethics of the Helsinki Declaration, approved by
La Sapienza University’s Institutional Review Board (Prot. 0000/2024—Approval Date:
14 February 2024). The STROBE checklist for observational studies was followed for this
study. All patients signed informed consent forms, and their data were anonymized.
Participants provided written consent prior to this study, including explicit agreement
on the processing of personal data for research purposes, with anonymization measures
ensuring privacy protection. The data of patients who received therapy were extracted
from a pre-existing dataset. SNCCT diagnosis was established through clinical symptoms,
physical examinations, and imaging studies. Eligibility was determined for all patients
meeting the following selection criteria: (1) age between 30 and 75 years. This age range
was selected as it represents a demographic group commonly analyzed in SNCCT and
frequently treated with ESWT in clinical practice [27]. Since biomechanical differences
related to age (such as tendon elasticity and healing response) may introduce variability,
a specific age stratification was performed, based on a previous study [42], to reduce
potential biases and ensure that baseline clinical characteristics and tendon properties
were comparable across the age groups, and no statistically significant differences were
found between the age groups at the baseline; (2) pain localized to the lateral aspect of the
shoulder, worsening with overhead activities; (3) localized shoulder pain; (4) symptoms
persisting for at least 3 months; (5) inclusion of both male and female patients; (6) reduced
shoulder range of motion; and (7) a positive rotator cuff tendinopathy test.

Exclusion criteria included: (1) significant atrophy or weakness of any shoulder girdle
muscle; (2) a history of shoulder surgery; (3) recent use of corticosteroids or nerve blocks;
(4) presence of a tumor in the treatment area; (5) pregnancy; and (6) coagulation disorders.
All eligible patients completed a demographic and clinical questionnaire that assessed
age, gender, and scales administered at T0 and at T1 after 6 months from ESWT were
the modified Roles and Maudsley scale, VAS score, and CMS and the ultrasonographic
evaluation of the thickness and the SWEv of the supraspinatus tendon at baseline and at
T1. A flow diagram of this study is shown in Figure 1.
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Figure 1. Flow diagram of this study.

2.2. Intervention

The study protocol used was in line with the current state of the art in treating
supraspinatus tendon with ESWT performed by the principal authors with the Modulith
SLK system (Storz Medical, Tagerwilen, Switzerland), with an electromagnetic extracor-
poreal shockwave generator equipped with an in-line ultrasound positioning system on
the target zone at 2 cm from the insertion point of the supraspinatus tendon on the greater
tuberosity (Figure 2). All treatments were conducted without local anesthesia. Participants
received ESWT while lying supine on a bed, with the affected arm positioned in adduction,
the elbow flexed at 90 degrees, and the hand placed under the ipsilateral gluteus. The
ESWT protocol consisted of 0.20 mJ/mm2 energy, 2400 pulses, and a frequency of 6 Hz,
administered once a week for 3 consecutive weeks [43]. Patients were treated with three
sessions of ESWT once a week. Clinical and ultrasound evaluations were performed at
the baseline (T0) when patients underwent the first ESWT treatment and at 6 months (T1)
after the end of ESWT treatment. The VAS, CMS, and modified Roles and Maudsley scale
were administered before treatment and at 6 months after the end of the ESWT. All patients
completed a 24-week follow-up (T1).

2.2.1. Outcomes Ultrasound Evaluation

The outcome data were collected by a physiatrist. The Visual Analog Scale (VAS)
comprises a 100 mm horizontal line, with “no pain” denoted at the left end (score: 0) and
“pain as severe as possible” at the right end (score: 10). Patients were instructed to place a
hatch mark on the line corresponding to their current pain level during their most painful
movement. The VAS score was subsequently determined by measuring the distance in
millimeters between the left endpoint and the patient’s mark [24].

To assess symptom severity and patient functionality, the CMS score questionnaire
translated and validated for Italian was applied [44]. This is a 100-item instrument used
to provide a clinical assessment of the shoulder in terms of pain severity (maximum score
of 15), the ability of the patient to perform activities of daily living (maximum score of 20),
active range of motion (maximum score of 30), and shoulder strength (maximum score
of 25). On this scale, a score of 0 indicates that the patient has intense pain and is unable
to perform activities of daily living using the shoulder in question. The maximum score
of 100 indicates that the patient is pain-free and able to execute all the activities of daily
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living. This instrument is a compound score containing four subscales: two self-reported
subscales and two scales administered by an external rater. Normal values are between 70
and 90 points [45].
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Figure 2. Schematic representations of the tendon where ESWT was administrated (arrow red).

The modified Roles and Maudsley scale was used to evaluate the patient’s pain in
relation to normal daily activities. The modified Roles and Maudsley scale of 1 represented
excellent quality of life (i.e., no symptoms; unlimited walking ability without pain; patient
satisfied with the treatment outcome [when assessed after RSWT or placebo]), 2 represented
good quality of life (i.e., ability to walk more than 1 hour without pain; symptoms substan-
tially decreased after treatment; patient satisfied with the treatment outcome); 3 indicated
acceptable quality of life (i.e., inability to walk more than one hour without pain; symptoms
somewhat better and pain more tolerable than before treatment; patient slightly satisfied
with the treatment outcome); 4 indicated poor quality of life (i.e., inability to walk without
severe pain; symptoms not better or even worse after treatment; patient not satisfied with
the treatment outcome) [26].

2.2.2. Ultrasound Evaluation

All the examinations were performed by a musculoskeletal physician with 10 years of
experience in imaging and more than 24 months of experience in ultrasound elastography,
using a Toshiba Aplio 500 machine (Canon Medical System Europe BV) equipped with a
multi-frequency 5–18 MHz linear probe. The patients were positioned supine to ensure
a consistent and relaxed posture. The shoulder was placed in a neutral position with
slight external rotation, and participants were instructed to rest their involved hand on
the ipsilateral posterior hip, with the humerus in extension. The ultrasound transducer
was placed on the anterior aspect of the shoulder, perpendicular to the supraspinatus
tendon and just anterior to the anterior–lateral margin of the acromion to capture both
the supraspinatus tendon and long head of the biceps tendon laterally in short axis. The
transducer was tilted medial/lateral to ensure the biceps tendon was visualized and
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maximum tendon thickness was obtained in short axis. Three positions along the tendon
were measured for thickness in millimeters (mm) at 10, 15, and 20 mm lateral to the
reference point of the lateral point of hyperechogenicity of the biceps tendon (Figure 3).
The average of three measures was taken due to the irregular thickness of the tendon [46].
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Figure 3. Supraspinatus tendon thickness in the short-axis (transverse) image; the average of three
tendon thickness measures taken at 10, 15, and 20 mm lateral to the biceps tendon (#A).

SWE was performed immediately following the B-mode ultrasound examination using
a system equipped with shear wave elastography capabilities. The shear wave elastography
velocity (SWEv) was recorded in meters per second (m/s). The transducer was oriented
in the longitudinal plane of the supraspinatus tendon, ensuring clear visualization of the
tendon fibers near the insertion site. Five circular regions of interest (ROIs), each with a
diameter of 3 mm [47], were placed within the insertional supraspinatus tendon. The ROIs
were evenly distributed across the tendon tissue to capture representative measurements.
Particular attention was given to avoiding areas with visible artifacts or irregularities on
the propagation map. For each ROI, the SWE system automatically calculated the SWEv,
and the mean value of these five measurements was recorded as the elasticity value for the
supraspinatus tendon, as shown in Figure 4.
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Figure 4. ROI measurements on shear wave elastography velocity (SWEv) images in 55-year-old
woman with chronic non-calcific supraspinatus tendinopathy (SNCCT).

2.3. Statistical Analysis

A power analysis was conducted using G*Power (v.3.1.9.2, developed by Franz Faul
and colleagues at the University of Kiel, Germany) to ensure an adequate sample size for
detecting a meaningful effect. Drawing on the study by Riaz S et al. [48], we aimed for
a statistical power of 90% to identify a 1.5-point difference in the VAS score, employing
a two-tailed t-test with Bonferroni corrections. The precision level was determined with
a standard deviation (SD) of 1.5 points [49]. A confidence level of 95% (α = 0.05) and an
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effect size of 0.93 were used to estimate the magnitude of practically significant differences.
Based on these parameters, a minimum sample size of 21 participants was calculated as
sufficient. In our study, we included 39 patients, which exceeds the required minimum
sample size to detect statistically significant differences. While we acknowledge that a
relatively small sample size may limit the generalizability of our findings, it is important to
emphasize the exploratory nature of this study and its aim to provide preliminary insights
into the effects of ESWT on SNCCT.

All statistical analyses were performed using SPSS version 28 (IBM Corp, Armonk, NY,
USA). The normality of the data was confirmed using the Shapiro–Wilk test. Continuous
variables were reported as means ± standard deviations (SDs), and categorical variables
were presented as frequencies and percentages. Descriptive statistics (mean and standard
deviations) were used to describe the characteristics of the outcome variables before and
after intervention using paired samples t-tests to provide an understanding of the data.

Finally, to verify the correlation of the ultrasonographic outcomes with clinical scale
outcomes, correlational analyses were performed. Bivariate correlations were performed to
assess the relationships between variables; specifically, Pearson’s correlation was applied
for continuous variables. A cut-off for correlations was considered as follows: values
between 0.3 and 0.7 indicated a moderate positive linear relationship, while values between
−0.3 and −0.7 indicated a moderate negative linear relationship [50].

3. Results
3.1. Patient Demographic and Clinical Characteristics

Between February 2022 and September 2024, 39 eligible patients with chronic SNCCT
were evaluated and accepted to participate. The baseline demographic and clinical charac-
teristics of patients are reported in Table 1.

Table 1. Comparison of baseline variables and outcomes measures before and after treatment.
Values are reported as mean ± standard deviation for continuous variables and as distribution for
categoric variables.

Variable Value

Age (years) 61 ± 12.8
Gender (Male/Female) 17/22
VAS T0 6.5 ± 1.4
VAS T1 3.2 ± 2.1
CMS T0 59.1% ± 17.3%
CMS T1 78.2% ± 17.7%
RM T0 2.3 ± 0.6
RM T1 1.5 ± 0.8
Thickness affected side T0 7.5 ± 0.9
Thickness affected side T1 5.3 ± 1.3
Thickness healthy side T0 4.5 ± 0.7
SWEv affected side T0 3 ± 0.7
SWEv affected side T1 5.7 ± 1.8
SWEv healthy side T0 6.9 ± 1

VAS: Visual Analog Scale; CMS: Constant and Murley score; RM: Roles and Maudsley scale; SWEv: shear wave
elastography velocity (m/s).

3.2. Outcome Measures Results

At baseline, the affected side showed a thickened supraspinatus tendon compared
with the healthy side (7.5 ± 0.9 vs. 4.5 ± 0.7 mm) (p < 0.05). Table 2 shows the B-mode and
elastographic results at baseline and after ESWT treatment at T1. Six months after ESWT, the
thickness of the symptomatic side decreased from the baseline (7.5 ± 0.9 vs. 6.2 ± 0.9 mm)
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(p < 0.05). Six months after ESWT, the affected side showed a thickened supraspinatus
tendon compared with the healthy side (5.2 ± 1.3 vs. 4.5 ± 0.7 mm) (p < 0.05).

Table 2. B-mode and elastographic evaluation at baseline and after ESWT treatment.

Symptomatic
SSP T0

Symptomatic
SSP T1 95% C.I. Healthy SSP T1 p-Value

Supraspinatus
Thickness 7.5 ± 0.9 6.2 ± 0.9 −0.9 to −1.6 4.5 ± 0.7 <0.05

SWEv (m/s) 3.1 ± 0.7 5.7 ± 1.8 3.2 to 2.1 6.9 ± 1 <0.05
Data presented as median (range). T0: baseline, T1: 6 months after treatment. SSP: supraspinatus tendon; SWEv:
shear wave elastography velocity.

At baseline, the affected side showed lower supraspinatus tendon SWEv compared
with the healthy side (3.1 ± 0.7 vs. 6.9 ± 1 mm) (p < 0.05). Six months after ESWT, the
SWEv of the symptomatic side increased from the baseline (3.1 ± 0.7 vs. 5.7 ± 1.8 mm)
(p < 0.05). Six months after ESWT, the affected side showed lower supraspinatus tendon
SWEv compared with the healthy side (5.7 ± 1.8 vs. 6.9 ± 1 mm) (p < 0.05).

The baseline average for the VAS, CMS and modified Roles and Maudsley scale were,
respectively, 6.5 points with ± 1.4 SD, 59.1 points with ± 17.3 points SD, and 2.3 points
with ± 0.6 SD (Table 3). At the last follow-up at T1, the VAS, CMS and the modified Roles
and Maudsley scale had an average of, respectively, 3.2 points with ± 2.1 SD, 78.2 points
with ± 17.7 points SD, and 1.5 points with ± 0.8 SD.

Table 3. Mean and standard error of Visual Analog Scale (VAS) Scores, Roles and Maudsley (RM)
scores and Constant and Murley Scores of patients with chronic non-calcific supraspinatus tendinopa-
thy after treatment with extracorporeal shockwave therapy (ESWT).

VAS Score VAS
95% C.I.

Constant and
Murley Score

CMSs
95% C.I.

Roles and
Maudsley Scale

RM
95% C.I.

Baseline T0 6.5 ± 1.4 −2.4 to −3.7 59.1 ± 17.3 23.9 to 14.3 2.3 ± 0.6 −0.3 to −0.9
Follow-up T1 3.2 ± 2.1 78.2 ± 17.7 1.5 ± 0.8

Data presented as median (range). T0: baseline, T1: 6 months after treatment. CMSs: Constant and Murley score;
RM: Roles and Maudsley scale.

To evaluate whether the elastographic technique yields different results compared to
functional outcome measures, a bivariate Pearson correlation was performed. A significant
statistical negative correlation was found between SWEv and the VAS score at T1 (r = −0.6;
p < 0.05) and between SWEv and the modified Roles and Maudsley scale at T1 (r = −0.5;
p < 0.05), and a significant statistical positive correlation was found between SWEv and the
CMS score at T1 (r = 0.4; p < 0.05).

A significant statistical positive correlation was found between thickness and the VAS
score at T1 (r = −0.65; p < 0.05) and between SWEv and the modified Roles and Maudsley
scale score at T1 (r = −0.6; p < 0.05), and a significant statistical negative correlation was
found between thickness and the CMS score at T1 (r = 0.5; p < 0.05).

3.3. Safety

Throughout this study, participants did not experience or report any significant ad-
verse effects related to the therapies.

4. Discussion
In our study, symptomatic supraspinatus tendons demonstrated significantly lower

SWEv values compared to asymptomatic ones, indicating that they were “softer” or “less
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elastic”. Regarding elastography values, our findings for the supraspinatus tendon align
with previously reported data for the Achilles tendon [51] and the insertional region of the
supraspinatus tendon [52]. This observation is further supported by our results regarding
an increased thickness of symptomatic tendons compared to their healthy contralateral
counterparts, which predominantly exhibited an edematous appearance. In contrast, the
asymptomatic, healthy contralateral tendons were generally thinner. These findings suggest
the presence of less rigid, edematous tissue in patients with supraspinatus tendinopathy,
aligning with previously reported data in the literature [53–55]. Therefore, our observation
that supraspinatus tendinopathy is characterized by increased tendon thickness and re-
duced SWE values aligns with previous findings regarding the common extensor tendon.
Specifically, studies on lateral epicondylitis have demonstrated a similar pattern, with the
affected side showing greater thickness and lower SWE values compared to the healthy
side [56]. These observations reinforce the validity of SWE as a diagnostic and monitoring
tool across different anatomical regions. SWEv effectively describes the structural alter-
ations in the supraspinatus tendons caused by tendinopathy, consistently showing lower
values in affected tendons compared to healthy asymptomatic ones [52]. This result may be
interpreted as reduced elasticity on the affected side, likely due to degenerative processes
such as collagen breakdown, fibroblastic hypertrophy, matrix degradation, and vascular
ingrowth, as observed in the connective tissue of cadaveric surgical biopsies [57–59]. These
changes reflect the potential of ESWT to induce structural and functional recovery in
tendons affected by chronic tendinopathy.

The SWEv values increased from baseline, highlighting its utility in detecting im-
provements in supraspinatus tendons, which is in agreement with conventional ultrasound
findings. In past studies, a reduction in the supraspinatus tendon thickness, along with
clinical symptom improvement, was reported following the therapies [60,61]. In recent
years, multiple studies have established that SWE is an effective method for distinguish-
ing diseased tendons from healthy ones, with diseased tendons exhibiting significantly
lower stiffness [42,62–64]. Beyond merely identifying “healthy” versus “diseased” tendons,
SWE provides valuable diagnostic insights by quantitatively assessing the extent of ten-
don impairment [65]. These quantitative data, which complement conventional B-mode
ultrasound findings, make SWE a dependable tool for visualizing clinically significant
tendon damage.

Our findings have practical implications for the clinical management of supraspinatus
tendinopathy. SWEv and tendon thickness emerge as useful biomarkers for monitoring
disease progression and therapeutic response. These parameters provide objective insights
into tendon health and can complement traditional clinical evaluations such as the VAS
and modified Roles and Maudsley scale.

In our study, 6 months after ESWT therapy, we observed improvements in pain
assessed via the VAS and function evaluated through the modified Roles and Maudsley
scale and CMS score. These improvements were correlated to both an increase in SWEv
and a reduction in the thickness of the supraspinatus tendons. The potential influence
of the placebo effect cannot be entirely excluded, as improvements in pain and function
may partially stem from patient expectations and therapeutic interaction [66]. However, it
is important to note that ultrasound evaluations, such as those using SWE, are objective
measures and are not influenced by placebo effects. These findings may be associated
with the synthesis of new collagen and the subsequent restoration of connective tissue
characteristics following ESWT treatment, as described by Vetrano et al. [67]. Additionally,
the effects of ESWT on tissue—activating a neovascularization process [68], amplifying
growth factor activity and protein synthesis to stimulate collagen production and tissue
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remodeling [69]—suggest that stem cells in the tendon may have been influenced by this
therapy, triggering beneficial effects, as highlighted by previous research [70,71].

The limitations and constraints of SWE have been highlighted [72], particularly when
assessing tendon structure, emphasizing the need for a systematic and structured approach.
However, some studies have demonstrated that SWE outperforms conventional ultrasound
in terms of specificity, sensitivity, and accuracy for diagnosing tendinopathy [72].

5. Strengths and Weaknesses of this Study
Despite these promising results, several limitations must be acknowledged. This

study’s retrospective design may introduce selection bias, as only patients who completed
the full course of treatment were included in the analysis. Furthermore, the lack of a
control group limits the ability to definitively attribute the observed improvements to the
interventions alone. Future randomized controlled trials and comparisons with healthy
individuals would be necessary to confirm these findings and establish a causal relationship.
Future studies with larger cohorts [73] are warranted to confirm and further validate
our results.

Limits of this preliminary study are the use of contralateral healthy side tendons as a
control, the small sample size, and the fact that despite the long-term effects of ESWT, we
did not follow these patients long enough to evaluate the recurrence rate. Further longer-
term follow-up studies are mandatory. Selection bias is inherent in the retrospective design,
as this study included only patients who completed the full course of treatment, potentially
leading to an overestimation of the observed effects. The external validity is diminished as
our sample only encompasses a particular geographical region [74]. Moreover, with the
advancement of artificial intelligence and machine learning methods, future studies should
explore this aspect, especially in physical and rehabilitation medicine and tendinopathies,
as previously developed studies [75,76].

Overall, this study contributes to the growing body of evidence supporting the use of
ESWT for SNCCT. Future studies should focus on long-term outcomes, the potential for re-
lapse, and the exploration of other adjunctive therapies to enhance treatment effectiveness.

6. Conclusions
In conclusion, SWE seems to be a useful elastographic technique to assess supraspina-

tus tendon elasticity and its alteration in chronic non-calcific supraspinatus tendinopathy.
Furthermore, on the basis of the correlation with pain and functional scales, this tech-
nique appears useful in addition to conventional ultrasound for monitoring the efficacy
of treatment, providing quantitative data. However, further prospective evaluations on
a larger population and randomized controlled trials are warranted to confirm these
promising results.
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