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Abstract

Background: Radial shock wave therapy (RSWT) has increasingly been integrated into
treatment protocols for adhesive capsulitis. While associations with diabetes and other
systemic disorders are well documented, the role of obesity remains underexplored, par-
ticularly in relation to RSWT outcomes. Methods: Forty patients with adhesive capsulitis
completed a 10-day treatment protocol combining RSWT with conventional physiotherapy.
Pain (VAS), disability (SPADI), and range of motion (ROM) were assessed at baseline and
immediately after treatment. At one-month follow-up, VAS and SPADI were reassessed
alongside the Patient Global Impression of Change (PGIC). Correlations between body
mass index (BMI) and clinical outcomes were analyzed, and potential confounding effects
of comorbidities and affected-side dominance were examined. Clinical relevance was
assessed using minimal clinically important differences (MCID) and effect sizes (Cohen’s
d). Results: All clinical outcomes improved significantly post-treatment and at follow-up,
with most changes exceeding MCID thresholds and showing large effect sizes. Higher BMI
was significantly correlated with greater improvements in SPADI, VAS, shoulder extension,
and internal rotation. Most comorbidities were negatively associated with outcomes, ex-
cept neurologic conditions, which supported mobility improvement. Conclusions: RSWT
appears effective in alleviating symptoms of adhesive capsulitis. The observed association
between higher BMI and greater mobility improvement suggests potential benefits in
overweight and obese patients. These findings warrant further investigation.

Keywords: radial shockwave therapy; adhesive capsulitis; body mass index; treatment
outcomes; correlation

1. Introduction
Adhesive capsulitis—also referred to as frozen shoulder or arthrofibrosis—is a painful

and debilitating condition resulting from excessive scar tissue formation and adhesions
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around the glenohumeral joint [1,2]. It affects approximately 2% to 5% of the general
population and leads to progressive stiffness, pain, restriction of both active and passive
shoulder motion, and overall joint dysfunction [2,3].

There is a well-established correlation between upper limb functionality and inde-
pendence in both activities of daily living (ADLs) and instrumental activities of daily
living (IADLs), underscoring the broader impact of this condition on quality of life and
autonomy [4–6].

The typical clinical course of adhesive capsulitis is classically divided into three phases.
The initial painful phase, which typically lasts between 2 and 9 months, is characterized by
progressive shoulder pain, often more pronounced at night. During the subsequent freezing
phase—lasting approximately 4 to 12 months—pain may gradually subside; however, this
phase is marked by a significant loss of glenohumeral joint mobility. Finally, the thawing
phase, which may span 5 to 26 months, is associated with a gradual recovery of range of
motion and resolution of symptoms. If symptoms persist beyond this final phase, they are
generally mild, with pain remaining the most limiting factor [1,7]. Although spontaneous
resolution is possible, recovery is often incomplete without targeted intervention.

The treatment of adhesive capsulitis primarily focuses on pain management, with
physiotherapy remaining the cornerstone of conservative care. Traditional modalities such
as thermal agents, electrotherapy, therapeutic exercise, and manual therapy have been
widely used in musculoskeletal rehabilitation. In recent years, these have increasingly
been complemented by non-invasive physical agents, including radial extracorporeal shock
wave therapy (RSWT), high-intensity laser therapy (HIL), and capacitive–resistive electric
transfer therapy (TECAR), all of which have shown promising results. RSWT is believed to
promote revascularization, reduce inflammation, and stimulate connective tissue healing,
thereby improving shoulder mobility and reducing disability [1,8,9]. HIL, through deep-
tissue photothermal effects, may enhance analgesia and accelerate recovery by stimulating
cellular metabolism and microcirculation [10]. TECAR therapy, which modulates pain and
improves soft tissue extensibility via endogenous heat production, has also been associated
with favorable outcomes in shoulder disorders [11–15]. The effectiveness—and in some
studies, the superiority—of RSWT compared to conventional conservative treatments
has been demonstrated in several clinical trials [9,16–23]. In cases where non-invasive
management fails, patients are typically advised to consider corticosteroid injections or
surgical interventions such as capsular release [1].

Around 70% of affected individuals are women. Although the role of sex in the
etiology and development of adhesive capsulitis remains unclear, this disparity may be
associated with hormonal influences or immune system differences [1–3]. The mean age
of onset is approximately 55 years, which coincides with a stage of life when the general
population shows an increased incidence of systemic conditions such as diabetes mellitus
and thyroid disorders [22]. These, along with cerebrovascular disease, coronary artery
disease, autoimmune diseases, and Dupuytren’s disease, have been proposed as potential
risk factors for adhesive capsulitis. Other proposed associations include previous trauma,
HLA-B27 positivity, dyslipidemia, and prolonged immobilization of the glenohumeral
joint [2]. Notably, the non-dominant limb is more frequently affected, which may relate
to relative immobilization resulting from compensatory behaviors that typically favor
increased use of the dominant side [24].

Frozen shoulder has been increasingly recognized as a condition closely linked to
metabolic dysfunction, particularly a state of metabolic inflammation characterized by
low-grade chronic systemic inflammation driven by adipocytokines and insulin resis-
tance [25–27]. Obesity contributes to this pro-inflammatory milieu by promoting the
release of cytokines such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), and
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C-reactive protein (CRP), which may adversely affect both the synovial environment and
the fibrotic response within the joint capsule [28,29]. Recent evidence further suggests
the existence of a distinct metabolic phenotype of adhesive capsulitis, in which obesity
and metabolic syndrome play a central pathophysiological role, particularly through sys-
temic dysmetabolism and inflammation, even in younger patients [30,31]. Despite these
links, obesity remains underrepresented in clinical studies on adhesive capsulitis. Recent
large-scale cohort data from Korea suggest that obesity independently increases the risk of
adhesive capsulitis in younger adults (20–40 years), whereas in older individuals, the risk
appears to be significantly elevated only in the presence of metabolic comorbidities such
as diabetes and hyperlipidemia [32]. Regarding treatment outcomes, a study by Barbosa
et al. reported that diabetes was associated with poorer response to conservative care and
increased likelihood of surgical intervention. However, body mass index (BMI) alone did
not significantly influence treatment efficacy [33]. Moreover, a meta-analysis by Allgussin
et al. indicated that obesity may adversely affect postoperative shoulder outcomes, includ-
ing range of motion and pain [34]. Excess body weight may also contribute to reduced
physical endurance and prolonged recovery time during both the acute inflammatory
phase and the chronic fibrotic phase of adhesive capsulitis, further complicating rehabilita-
tion [35]. To date, the influence of obesity on the response to RSWT in adhesive capsulitis
remains unexplored.

From a physical therapy perspective, higher BMI may attenuate the penetration of
mechanical energy delivered via RSWT due to greater subcutaneous tissue thickness [36].
Additionally, excess body weight may also contribute to altered pain threshold and reduced
exercise tolerance, yielding prolonged recovery time during both the acute inflammatory
phase and the chronic fibrotic phase of adhesive capsulitis, further complicating rehabilita-
tion and overall treatment efficacy [35,37]. To date, the influence of obesity on the response
to RSWT in adhesive capsulitis remains unexplored.

The aim of this study was to evaluate the therapeutic effect of RSWT in patients with
adhesive capsulitis and to examine whether BMI influences baseline symptom severity or
clinical response to treatment.

2. Materials and Methods
2.1. Study Design and Ethical Considerations

This retrospective observational study was conducted at Coletina Clinical Hospital
in Bucharest between December 2024 and May 2025 and included 40 patients clinically
diagnosed with adhesive capsulitis. All participants were informed of potential risks and
benefits and provided written informed consent in accordance with institutional guidelines.
The study was approved by the Ethics Committee of Colentina Clinical Hospital (approval
number 16/27 July 2017), in accordance with the Declaration of Helsinki.

2.2. Participants

Inclusion criteria were as follows: age between 18 and 80 years; a clinical diagnosis of
adhesive capsulitis characterized by recurrent shoulder pain and functional limitation; and
an inadequate response to at least four weeks of pharmacological treatment, including oral
or local nonsteroidal anti-inflammatory drugs (NSAIDs) or muscle relaxants.

All patients were in the tardive subacute phase of adhesive capsulitis, with symptom
duration between 3 and 6 months—a stage typically associated with both pain and restricted
mobility. Prior to enrollment, patients had received pharmacological treatment only;
no physical therapy, injections, or other interventions were administered. Specifically,
no corticosteroid injection into the affected shoulder was permitted within the previous
six months, and no other intra-articular or periarticular injections had been performed. To



Biomedicines 2025, 13, 2117 4 of 17

enable subgroup analysis, only patients with a BMI ≥ 18.5 were included. Efforts were
made to ensure at least 10 participants in each BMI category: normal weight (18.5–24.9),
overweight (25.0–29.9), and obese (≥30.0) [32,38,39]. Exclusion criteria were the following:
clinical or imaging evidence of rotator cuff tear; age <18 or >80 years; prior surgery on the
affected shoulder; pregnancy; presence of pacemakers; coagulation disorders or ongoing
anticoagulant therapy; neoplastic or systemic inflammatory diseases; osteomyelitis; acute
bursitis; rheumatoid arthritis or other connective tissue disorders; corticosteroid injection
into the affected shoulder within the previous six months; and non-adherence to the
prescribed physiotherapy and kinesiotherapy protocol [40–42].

2.3. Interventions

All patients received a standardized conservative treatment program consisting of
ten consecutive daily sessions of conventional physiotherapy, which included transcuta-
neous electrical nerve stimulation, laser therapy, and magnetotherapy for analgesic and
anti-inflammatory purposes [10]. Patients were advised to follow home-based physical
therapy guidelines, including relative rest of the affected shoulder and pendulum exer-
cises to prevent capsular contracture. Additionally, each patient underwent five weekly
sessions of RSWT, administered using the Magnum applicator (BTL Industries Ltd., Prague,
Czech Republic).

RSWT sessions began at an energy level of 2.5–3.0 bar and were gradually increased
to a maximum of 6.0 bar over the first three sessions, depending on patient tolerance. The
frequency ranged from 10 to 15 Hz, with 2000 pulses delivered per session. Five weekly
sessions were administered. Prior to each application, coupling gel was used to optimize
energy transmission. Hyperalgesic areas were avoided to minimize discomfort. Treatments
were applied with the patient seated, shoulder abducted to 45◦, elbow flexed to 90◦, and
forearm supported on a flat surface.

2.4. Outcome Measures

Clinical outcomes were assessed using four validated instruments: the Shoulder
Pain and Disability Index (SPADI), the Visual Analog Scale (VAS) for pain, standardized
goniometric measurement of shoulder range of motion (ROM), and the Patient Global
Impression of Change (PGIC) scale [42–46].

SPADI, VAS, and ROM were evaluated at baseline and immediately after treatment,
while SPADI and VAS were reassessed at the one-month follow-up [47]. PGIC was assessed
only at the one-month follow-up. The primary outcome measures were SPADI and VAS,
selected for their relevance in capturing both pain intensity and functional limitation, which
are central to adhesive capsulitis.

2.4.1. Shoulder Pain and Disability Index (SPADI)

The SPADI was chosen as a primary outcome due to its established validity, reliability,
and responsiveness in patients with shoulder pathology. It comprises two subscales: pain
(five items) and disability (eight items), each rated on a 0–10 numerical scale. The total score
is expressed as a percentage, with higher values indicating greater impairment. SPADI has
demonstrated excellent internal consistency (Cronbach’s α > 0.90) and test-retest reliability
across a range of shoulder conditions, including adhesive capsulitis. Its responsiveness to
clinical change makes it particularly appropriate for short-term intervention studies such
as the present one.

2.4.2. Visual Analog Scale (VAS)

The VAS was used alongside SPADI to assess pain intensity. This unidimensional tool
consists of a 10 cm horizontal line anchored by “no pain” (0 cm) and “worst imaginable
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pain” (10 cm). Patients marked the point that best represented their current pain at rest.
The score was determined by measuring the distance in centimeters from the “no pain”
anchor. VAS is widely accepted for its simplicity, sensitivity to change, and relevance
in musculoskeletal pain research. It complements functional assessments like SPADI by
capturing the subjective experience of pain.

The combined use of SPADI and VAS provides a comprehensive evaluation of both
functional limitation and pain severity, enabling a nuanced assessment of RSWT’s therapeu-
tic effects in adhesive capsulitis. These instruments were applied at baseline, immediately
post-intervention, and—except for ROM—at one-month follow-up.

2.4.3. Patient Global Impression of Change (PGIC)

The PGIC was included as a complementary measure to capture patients’ subjective
perception of overall improvement. PGIC is a validated, single-item scale ranging from
1 (“no change or condition has worsened”) to 7 (“a great deal better and a considerable
improvement that has made all the difference”). It reflects the patient’s perspective on
change in symptoms, function, and quality of life since the start of treatment.

In adhesive capsulitis, where pain and disability significantly impact daily life, PGIC
offers valuable insight into the perceived effectiveness of treatment beyond clinical metrics.
Unlike condition-specific instruments such as SPADI or VAS, PGIC integrates physical,
emotional, and contextual domains, aligning with patient-centered care models. In this
study, PGIC was administered at the one-month follow-up to allow adequate time for
treatment effects to consolidate. Despite its subjectivity, PGIC has shown strong associa-
tions with functional recovery and patient satisfaction in musculoskeletal rehabilitation,
supporting its use as a global outcome indicator.

2.4.4. Range of Motion (ROM)

ROM was assessed to objectively evaluate joint mobility and functional restoration.
Assessment included five standard directions: flexion, abduction, extension, internal ro-
tation, and external rotation. These movements were chosen based on their consistent
impairment in adhesive capsulitis and their clinical relevance. Measurements were per-
formed by a single trained physiotherapist using a standardized universal goniometer and
a reproducible positioning protocol to ensure inter-session consistency.

Patients were assessed in a seated position with neutral trunk alignment and scapular
stabilization. Flexion and abduction were measured in the sagittal and frontal planes,
respectively. Extension, internal rotation, and external rotation were assessed with the arm
abducted to 90◦ and the elbow flexed at 90◦, following established orthopedic examination
guidelines. All movements were performed actively, with the best of three consistent trials
recorded. ROM values were expressed in degrees.

ROM was assessed at baseline and immediately after the intervention. Due to logis-
tical constraints, it was not reassessed at follow-up. However, immediate post-treatment
improvements in ROM were considered indicative of short-term functional gains. In
the context of adhesive capsulitis—where capsular contracture and muscle guarding re-
strict motion—goniometric ROM assessment remains a critical component of functional
evaluation. Together with SPADI, VAS, and PGIC, ROM measurements provide a multidi-
mensional view of clinical outcomes following RSWT.

2.5. Clinical Relevance of Outcomes

To assess the clinical relevance of the observed changes, minimal clinically impor-
tant differences (MCID) were considered for each outcome measure. According to pre-
vious studies, the MCID is estimated to be 8–13 points for the SPADI questionnaire [48],
1.5–2.0 points on a 10-point scale for the Visual Analogue Scale (VAS) [49], and approx-
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imately 10–20◦ for shoulder range of motion, depending on the specific movement as-
sessed [50,51]. In addition to MCID thresholds, the magnitude of change was further
evaluated using standardized effect sizes to support the practical relevance of the findings.

2.6. Baseline and Moderating Variables

BMI was recorded at baseline and categorized according to World Health Organization
guidelines: normal weight (18.5–24.9), overweight (25.0–29.9), and obese (≥30.0). Analyses
explored the relationship between BMI and baseline symptom severity (SPADI, VAS, ROM),
as well as its potential moderating effect on clinical improvement following treatment. In
addition to BMI, the influence of comorbidities and affected-side dominance (dominant vs.
non-dominant limb) on treatment outcomes was assessed. Comorbidities were extracted
from patient records and categorized into clinical domains based on the ICD-10 criteria and
clinical relevance. The following categories were defined:

• Musculoskeletal diseases (e.g., cervical/lumbar discopathies, tendinopathies, go-
narthrosis, osteoporosis, carpal tunnel syndrome, meniscal and knee ligament injuries,
scoliosis, epicondylitis, vertebral fractures, finger amputation, joint arthroplasties,
acromioclavicular arthrosis, coxarthrosis, polyarthrosis of the hand);

• Cardiovascular diseases (e.g., arterial hypertension, atrioventricular block, angina
pectoris, varicose veins);

• Digestive diseases (e.g., hiatal or inguinal hernia, hepatic steatosis);
• Endocrinologic diseases (e.g., thyroiditis);
• Infectious diseases (e.g., chronic hepatitis B);
• Metabolic diseases (e.g., dyslipidemia, diabetes mellitus, vitamin B1, D3, or folic

acid deficiency);
• Neurologic diseases (neuropsychiatric) (e.g., polyneuropathies, vertigo, demyelinating

lesions, anxiety, depressive syndrome, radiculopathies, syringomyelia);
• Renal diseases (e.g., chronic kidney disease, nephrolithiasis);
• Hematologic diseases (e.g., chronic anemia);
• Pulmonary diseases (e.g., asthma).

Comorbidities were analyzed as binary variables (presence/absence). A separate
variable was created to identify musculoskeletal conditions affecting the same upper limb
as the treated shoulder.

Additionally, potential associations between BMI categories and comorbidity domains
were explored to identify confounding relationships.

2.7. Sample Size Calculation

A minimum sample size of 8 participants was calculated to detect significant Pre–
Post changes in VAS scores. The following formula was used to achieve 80% statistical
power [52]:

Sample size =
2SD2 · (1.96 + 0.84)2

d2 ,

where effect size d = 1.5, standard deviation SD = 1.02 (based on Kim et al.) [53].
To enable subgroup analysis by BMI, at least 10 patients per category were targeted,

resulting in a final sample of 40 participants for this pilot investigation.

2.8. Statistical Analysis

Data were analyzed using a custom MATLAB script (MATLAB R2021a, The Math-
Works, Inc., Natick, MA, USA). Normality was assessed using the Shapiro–Wilk test, and
non-parametric tests were applied due to non-normal distributions (p < 0.05 for all vari-
ables). Descriptive statistics were reported as medians and interquartile ranges (IQR).
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Within-subject comparisons across time points were evaluated using the Friedman test,
with post-hoc Wilcoxon signed-rank tests and Bonferroni corrections. Additionally, Cohen’s
d was calculated to estimate the effect size of within-subject changes between pre- and
post-treatment values. The pooled standard deviation of baseline and post-treatment scores
was used in the denominator.

Associations between BMI and outcome variables (both baseline and change scores)
were analyzed using Spearman’s rank correlation and the Kruskal–Wallis test. The Mann–
Whitney U test was used to assess the impact of comorbidities and limb dominance on
clinical outcomes, as well as to compare BMI distributions between patients with and
without specific comorbidities.

For variables where initial correlation or group comparison suggested a potential
association with BMI (typically p < 0.10), multiple linear regression analyses were con-
ducted using BMI category as a categorical predictor (reference: normal weight). In cases
where the overall model showed a significant or near-significant effect (typically p < 0.10),
post-hoc analyses were performed to interpret individual group differences. Coefficients
representing overweight and obese patients were compared against the normal weight ref-
erence group to determine which subgroup primarily drove the observed effect. Statistical
significance was set at p < 0.05 (two-tailed).

3. Results
A total of 40 patients with adhesive capsulitis were included in the study, comprising

25 women and 15 men. The median age of participants was 68.5 years (IQR: 54.3–73.0), and
the median BMI was 26.13 kg/m2 (IQR: 23.24–30.86). Based on WHO criteria, 14 patients
were classified as having normal weight, 12 as overweight, and 12 as obese.

All participants completed the treatment protocol and follow-up assessments. No
dropouts or therapy-related adverse events were reported, and the intervention was well
tolerated across all BMI categories.

Significant improvements were observed in SPADI and VAS scores immediately post-
treatment, with additional gains noted at one-month follow-up. These improvements
were confirmed by both the Wilcoxon signed-rank test and the Friedman test, indicating
consistent and robust effects over time (Table 1).

Table 1. Summary of treatment outcomes at baseline, immediately post-treatment, and at one-month
follow-up. Data are presented as median and interquartile range (IQR). The Wilcoxon signed-rank
test was used for pairwise comparisons between baseline and post-treatment values. For outcomes
assessed at three time points (baseline, post-treatment, and follow-up), the Friedman test was applied.
Statistically significant differences (p < 0.05) are shown in bold.

SPADI VAS

Pre-treatment 57.95 (29.03–73.80) 5 (4–6)

Post-treatment 27.30 (8.30–49.45) 2 (1.75–4.25)

∆ Pre–Post (%) −42.78 ± 41.88 −45.99 ± 33

1-month FU 9.25 (3.63–38.05) 1 (0–3)

∆ Pre–FU (%) −67.32 ± 27.08 −70.91 ± 34.51

Wilcoxon (Pre–Post) p < 0.001 p < 0.001

Wilcoxon (Pre–FU) p < 0.001 p < 0.001
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Table 1. Cont.

SPADI VAS

Friedman χ2 = 66.23
p < 0.001

χ2 = 64.79
p < 0.001

∆ Pre–Post (%) and ∆ Pre–FU (%) represent percentage changes from baseline to post-treatment and to follow-up,
respectively. For each patient, values were calculated as (Timepoint − Pre-treatment)/Pre-treatment × 100,
and the table reports the average change ± standard deviation across all patients. Negative values indicate
improvement for outcomes where lower scores reflect better status.

On the PGIC scale, patients reported a median score of 5.5 (IQR 4–6), indicating an
improvement ranging from moderate to substantial following treatment (Figure 1).

Figure 1. PGIC scores at follow-up. The bar chart illustrates the distribution of patient responses on
the 7-point PGIC scale, where 1 indicates “very much worse” and 7 indicates “very much improved”.

Additionally, all directions of shoulder range of motion demonstrated significant
improvement following completion of the treatment program (Table 2).

Table 2. Summary of ROM measurements performed at baseline and immediately after completion
of treatment program. Values are presented as median and interquartile range (IQR). The Wilcoxon
signed-rank test was used to compare pre- and post-treatment values. Statistically significant differ-
ences (p < 0.05) are indicated in bold.

Flexion Extension Abduction External Rotation Internal Rotation

Pre-treatment (◦) 160 (97.5–170) 45 (30–46.25) 110 (90–160) 80 (60–90) 45 (27.5–60)

Post-treatment (◦) 160 (120–170) 50 (45–60) 160 (110–170) 90 (77.5–90) 50 (43.75–80)

∆ Pre–Post (%) 9.14 ± 24.24 38.47 ± 82.85 23.01 ± 58.11 26.66 ± 63.57 66.03 ± 159.99

Wilcoxon p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001
∆ Pre–Post (%): calculated for each patient as (Post-treatment − Pre-treatment)/Pre-treatment × 100. The values
reported in the table represent the average percentage change ± standard deviation across all patients.

The progression of all monitored parameters, assessed at baseline, immediately af-
ter the treatment program, and at the one-month follow-up, is presented graphically in
Figure 2.
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Figure 2. Changes in SPADI score, VAS score, and shoulder range of motion (ROM) across measured
timepoints. Boxplots represent median, interquartile range, and outliers, with means indicated
by “×”.

Table 3 summarizes effect sizes and established MCID thresholds for each variable. All
monitored outcomes exceeded the MCID values reported in current literature, indicating
clinically meaningful changes.

Table 3. Effect sizes and clinical relevance of treatment outcomes. Cohen’s d values represent
the magnitude of change between pre- and post-treatment measurements. Clinical relevance was
assumed when the observed change exceeded published thresholds for MCID.

Parameter Cohen’s d Effect Size Interpretation Approximate MCID Change Exceeded MCID

Extension 1.86 Large 10–15◦ Yes

VAS 1.82 Large 1.5–2.0 points Yes

Flexion 1.77 Large 15–20◦ Yes

External rotation 1.27 Large 10–15◦ Yes

SPADI 1.26 Large 8–13 points Yes

Abduction 1.13 Large 15–20◦ Yes

Internal rotation 0.93 Medium–Large 10–20◦ Yes
Note. MCID values were based on the published literature for shoulder conditions and represent the minimum
change considered clinically meaningful by patients.

A significant correlation was found between BMI and treatment-related improvement
in selected domains; however, no significant correlation was observed between BMI and
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baseline values for any of these parameters (Table 4). Spearman’s rank correlation confirmed
a significant relationship between higher BMI and greater improvement in internal rotation,
SPADI, and extension.

Table 4. Relationship between BMI and improvement in clinical outcome measures following
RSWT. Change scores were calculated as differences between baseline and either post-treatment or
1-month follow-up. Spearman’s rank correlation was used to assess the association between BMI and
continuous change scores. The Kruskal–Wallis test evaluated differences in treatment response across
three BMI categories (normal weight, overweight, and obese). Statistically significant values (p < 0.05)
are presented in bold.

Spearman Kruskal-Wallis

∆ Internal rotation ρ = 0.390
p = 0.014

H = 9.14
p = 0.010

∆ SPADI (Pre–FU) Rs = −0.339
p = 0.032

H = 6.06
p = 0.048

∆ Extension ρ = 0.327
p = 0.039

H = 4.39
p = 0.111

∆ VAS (Pre–Post) ρ = −0.107
p = 0.511

H = 8.75
p = 0.013

∆ VAS (Pre–FU) ρ = −0.037
p = 0.821

H = 2.41
p = 0.299

∆ Abduction ρ = 0.285
p = 0.075

H = 1.80
p = 0.407

∆ SPADI (Pre–Post) ρ = 0.222
p = 0.169

H = 4.8
p = 0.124

∆ External rotation ρ = 0.160
p = 0.313

H = 1.52
p = 0.467

∆ Flexion ρ = 0.115
p = 0.479

H = 0.72
p = 0.697

In addition, the Kruskal–Wallis test revealed statistically significant differences be-
tween BMI groups for changes in internal rotation, SPADI, and VAS. While improvements
in SPADI and internal rotation appeared to be more pronounced with increasing BMI, the
relationship between BMI and changes in VAS scores from pre- to post-treatment was less
consistent (Figure 3).

Figure 3. Changes in SPADI (Post–Follow-up), VAS (Pre–Post), and internal rotation stratified by
BMI group. Boxes represent interquartile ranges (IQR), horizontal lines denote medians, and “×”
symbols indicate group means.
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Linear regression models using BMI category as a categorical predictor revealed a
significant effect on ∆VAS (Pre–Post), with overweight patients showing less improvement
compared to normal-weight individuals (p = 0.008, R2 = 0.228). A trend toward statistical
significance was also observed for ∆SPADI (Pre–Post), ∆Abduction, and ∆Internal Rotation
(p = 0.078, 0.085, and 0.083, respectively), with BMI category explaining approximately
12–13% of the variance in these outcomes. Notably, ∆Extension showed a statistically signif-
icant association with BMI category (p = 0.035, R2 = 0.125), indicating greater improvement
in obese patients.

The overall findings suggest that BMI may influence the therapeutic response to RSWT,
particularly with respect to pain reduction and functional mobility.

The potential influence of comorbidities and affected-side dominance on treatment
outcomes was also explored. Selected comorbidity domains showed statistically significant
or clinically relevant associations with treatment response (Table 5). Several comorbidities
were associated with poorer improvements in pain (e.g., digestive, cardiovascular), function
(e.g., SPADI in musculoskeletal same-limb cases), or range of motion (e.g., flexion in
endocrine and metabolic disorders). Interestingly, the presence of neurologic comorbidities
was associated with greater improvement in internal rotation.

Table 5. Summary of comorbidity-related effects on treatment outcomes. Only variables with p < 0.1
are shown. Statistically significant values (p < 0.05) are presented in bold.

Factor Outcome Variable p-Value Effect

Neurology ∆ Internal rotation 0.003 More improvement

Musculoskeletal (same limb) ∆ SPADI (Pre–FU) 0.049 Less improvement

Digestive ∆ VAS (Pre–Post) 0.0621 Less improvement

Endocrinology ∆ Flexion 0.076 Less improvement

Metabolic ∆ Flexion 0.092 Less improvement

Cardiovascular ∆ VAS (Pre–FU) 0.095 Less improvement
Note. “Less improvement” refers to a lower median change in the outcome measure among patients with the
comorbidity compared to those without, whereas “more improvement” refers to a higher median change in
the outcome among patients with the comorbidity. “Musculoskeletal (same limb)” indicates a musculoskeletal
condition affecting the same upper limb as the treated shoulder.

To further explore the clinical profile of patients, it was investigated whether the pres-
ence of selected comorbidities was associated with differences in BMI. Patients with neuro-
logic (p = 0.029), metabolic (p = 0.037), and cardiovascular conditions (p = 0.044) were found
to have significantly higher BMI values compared to those without these comorbidities.

4. Discussion
The present study demonstrated statistically significant improvements across all eval-

uated outcome measures following the RSWT treatment protocol. These findings are
consistent with previous studies reporting that RSWT exerts beneficial effects on pain,
functional capacity, disability, and shoulder mobility. However, direct quantitative compar-
isons between studies remain challenging, given the heterogeneity in study design, patient
populations, and treatment protocols. Nevertheless, the magnitude of clinical improvement
observed in this cohort falls within the range reported in the existing literature on RSWT ef-
ficacy. Additionally, most observed changes exceeded MCID thresholds and demonstrated
large effect sizes, further supporting the practical relevance of the outcomes.

Importantly, the strong association between baseline pain levels and both functional
limitations and clinical recovery trajectories is consistent with findings from other reha-
bilitation domains, including post-surgical and respiratory programs, where validated
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scoring systems have demonstrated similar patterns of alignment between pain reduction,
improvement in range of motion, and global recovery status [54]. This reinforces the role of
pain not only as a key symptom but also as a predictive marker of functional restoration,
further justifying the use of integrated instruments such as SPADI and VAS in assessing
treatment outcomes in adhesive capsulitis.

For instance, Kim et al. reported smaller post-treatment gains in VAS scores and
shoulder abduction compared to those observed in our cohort. Conversely, they noted
greater improvement in shoulder flexion, likely attributable to more limited baseline
mobility [53]. Similarly, other studies involved participants with severely limited baseline
flexion (88–106◦) and elevated pain levels, leading to proportionally greater post-treatment
improvements [20,22,23]. Nevertheless, despite undergoing therapy, participants in these
studies did not reach the baseline flexion value of 160◦ observed in the present cohort.

Seyam et al. reported superior results in SPADI, flexion, abduction, and external
rotation. This discrepancy may be explained by differences in patient characteristics,
including a younger average age (45.3 ± 8.7 years), a small sample size (n = 15), and the
inclusion of exclusively diabetic individuals [18,55].

Although both obesity and diabetes are recognized as risk factors for adhesive cap-
sulitis, their specific influence on RSWT outcomes remains insufficiently investigated [32].
Based on available evidence, one might expect obesity to negatively impact treatment
effectiveness [33,34]. Interestingly, our findings challenge this assumption, as patients with
obesity demonstrated greater improvements in specific outcome measures compared to
those with normal BMI.

This observation was further explored using regression models with BMI category as
a predictor. While this supplementary analysis did not identify consistent effects across all
outcomes, it supported a potential trend: patients with obesity appeared to achieve greater
improvements in objective range of motion parameters, whereas overweight individuals
tended to report less favorable subjective outcomes in pain perception.

One possible explanation for this discrepancy is that patients with higher BMI may
have exhibited more limited baseline mobility, which could have amplified relative Pre–
Post changes in range of motion. In contrast, the observed reduction in pain relief among
overweight individuals may reflect heightened mechanical loading of periarticular struc-
tures, subclinical inflammation, or altered nociceptive processing associated with excess
adiposity. These factors could contribute to persistent discomfort despite improvements in
joint function, particularly in individuals with intermediate metabolic burden [56].

Although correlation analyses did not reveal a significant association between BMI and
baseline ROM, the greater relative improvements observed among obese patients suggest
that baseline restriction alone does not account for the observed effect. Interestingly, while
several comorbidities—particularly endocrine, metabolic, and musculoskeletal conditions
involving the treated limb—were linked to poorer ROM or SPADI outcomes, higher BMI
exhibited an opposite pattern in selected ROM domains. Moreover, patients with neurologic
comorbidities experienced the greatest improvements in internal rotation, indicating that
not all comorbidities are detrimental to rehabilitation outcomes.

These findings suggest that the relationship between BMI and treatment response may
involve distinct soft tissue characteristics—such as increased stiffness, altered hemody-
namics, or localized fibrosis—rather than being solely driven by systemic disease burden.
In neurologic patients, tissue rigidity resulting from disuse or spasticity may enhance
responsiveness to the mechanical decompression and perfusion effects of radial shockwave
therapy (RSWT) [57].

This observation may represent a form of the so-called “obesity paradox”, where indi-
viduals with elevated BMI show unexpectedly favorable responses to certain therapies. In
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this context, increased adiposity might influence local tissue architecture or metabolic reac-
tivity in a way that enhances the therapeutic effects of RSWT, particularly in neurologically
affected limbs [58].

Furthermore, the findings may reflect a distinct clinical phenotype of frozen shoulder
associated with systemic dysmetabolism. Increasing evidence links the condition to low-
grade inflammation and insulin resistance. From this perspective, patients with obesity
could exhibit enhanced healing responses to therapies targeting fibrotic and hypovascular
tissues—not purely due to biomechanical effects, but potentially also due to metabolically
influenced repair mechanisms. This hypothesis remains speculative and would require
direct investigation of inflammatory markers and body composition [59].

For subjective pain outcomes, digestive and cardiovascular comorbidities were as-
sociated with less improvement, aligning with the trend observed among overweight
individuals in the regression model. This consistency supports the notion that systemic or
metabolic burden—potentially including elevated BMI—may play a role in modulating
pain perception and the analgesic response to RSWT.

From a biophysical perspective, increased subcutaneous fat implies a longer acoustic
path from the skin to the target tissue, which could lead to increased energy dissipation and
reduced transmission efficacy [60]. Nonetheless, the observed positive correlation between
BMI and treatment response suggests that additional factors may be involved.

An alternative explanation for the observed correlation may lie in the protocol used to
adjust RSWT intensity, which was tailored to each patient’s pain tolerance. This individ-
ualized approach could have allowed patients with higher BMI—who may present with
reduced mechanical sensitivity—to tolerate greater pressure levels. The device permitted
intensity settings of up to 6 bar, and it is plausible that obese individuals were able to reach
higher therapeutic thresholds more easily. Given the known pain sensitivity associated with
adhesive capsulitis, reaching optimal intensity levels is essential for effective treatment.

Although a definitive clinical relationship between pressure settings and tissue pene-
tration depth has yet to be established, it is reasonable to hypothesize such a link. Existing
studies suggest that higher RSWT pressures are associated with greater energy delivery
and improved clinical outcomes [61,62]. In obese patients, deeper tissue penetration may
be necessary to reach the fibrotic capsule effectively, and increased pressure could help
overcome the damping effect of subcutaneous fat. When combined with better pain toler-
ance, this may result in more efficient energy transmission and thus improved therapeutic
responses. These hypotheses warrant further investigation, ideally through studies directly
measuring RSWT intensity, penetration depth, and clinical outcomes across BMI categories.

The principal limitation of this study is the lack of a control group, which precludes
differentiation between treatment-induced and spontaneous improvements. In addition,
ROM was not reassessed at follow-up, limiting conclusions regarding the durability of
functional gains. Nonetheless, available evidence supports RSWT efficacy in adhesive
capsulitis, and spontaneous resolution typically occurs over a prolonged, multi-year period.
A reduction exceeding 40% in SPADI and VAS scores over a 10-day protocol is unlikely to
reflect natural recovery alone [63]. Moreover, the clinical relevance of these improvements
was supported by effect size calculations and comparison to published MCID thresholds.

The potential role of RSWT intensity as a mediator of treatment response—particularly
in relation to BMI—underscores the importance of documenting and statistically adjusting
for treatment parameters in future studies. Although tailoring therapy to individual
tolerance is standard practice, accounting for anatomical variability (e.g., subcutaneous fat,
muscle thickness) could enhance the interpretability of treatment effects.

While the sample size of 40 was sufficient to detect significant within-subject changes,
subgroup analyses by BMI would benefit from larger, more balanced cohorts. Inclusion
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of underweight individuals may also provide a more comprehensive perspective on BMI-
related treatment effects. Future studies should also consider integrating comorbidity
burden and affected limb dominance as covariates, even if their independent effect appears
limited, to better control for potential confounding.

Future studies could incorporate musculoskeletal ultrasound to quantify local subcuta-
neous fat and evaluate its influence on energy delivery. Such objective measurements may
help personalize RSWT protocols and improve treatment outcomes in obese patients—a
group frequently affected by adhesive capsulitis and often less responsive to conventional
or surgical interventions [33,34].

Despite its limitations, the present study offers valuable preliminary insights into the
potential interaction between BMI and RSWT effectiveness in adhesive capsulitis. These
findings may inform the design of future trials aimed at optimizing treatment strategies for
distinct patient subgroups.

5. Conclusions
The present study suggests the effectiveness of RSWT in alleviating pain, disability,

and range of motion limitations in patients diagnosed with adhesive capsulitis. Improve-
ments across all evaluated outcomes were not only statistically significant but also clinically
meaningful, as demonstrated by large effect sizes and consistent exceeding of MCID thresh-
olds. The observed positive association between BMI and selected treatment outcomes
suggests that RSWT may represent a particularly effective and well-tolerated non-invasive
therapeutic option for individuals with obesity—a subgroup frequently affected by adhe-
sive capsulitis and often showing reduced responsiveness to both conventional conservative
interventions and surgical procedures. Importantly, BMI was not associated with worse
baseline clinical status, supporting the interpretation that greater improvements reflect a
true treatment effect rather than regression to the mean. While most comorbidities were
linked to poorer clinical outcomes, notably in domains of pain and function, neurologic co-
morbidities were associated with greater improvements in internal rotation. This raises the
possibility that enhanced responsiveness in obese patients may be partially modulated by
neurologic factors or by mechanical and tissue-related characteristics more prevalent in this
subgroup. Further studies are warranted to explore how body composition, neuromuscular
status, and systemic health interact to shape the therapeutic response to RSWT.

Further research is warranted to elucidate the underlying physiological mechanisms
and to confirm the true extent of BMI’s impact on RSWT responsiveness, with a view
toward refining treatment protocols and optimizing patient-specific rehabilitation strate-
gies. While limited by its retrospective design and sample size, this study generates new
hypotheses regarding BMI-related responsiveness to RSWT, which should be tested in
future controlled trials.
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