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Abstract

Background: Repetitive peripheral magnetic stimulation (rPMS) is a non-in-
vasive neuromodulatory approach used for chronic and acute pain. A novel
double-coil configuration allowing angled parallel stimulation has the poten-
tial to improve energy delivery to deeper joint structures. Materials and
Methods: Data from twenty-five patients with joint-related pain treated using
a double-coil rPMS configuration were retrospectively analyzed in a pilot ex-
ploratory framework. The primary aim was to assess feasibility and estimate
preliminary clinical effects. Outcome measures included pain intensity (VAS),
functional disability (PSFS), quality of life (SF-12), and subjective improve-
ment (PGIC), assessed at baseline and after completion of treatment. Results:
The double-coil rPMS approach was feasible across all treated joints (knee,
shoulder, elbow, hip). Improvements were observed across all outcome
measures, with pain decreasing by 65.71%, functional ability improving by
84.46%, and SF-12 physical and mental component scores improving by
52.03% and 27.87%, respectively. Large within-subject effect sizes were ob-
served, and most patients exceeded established minimal clinically important
difference thresholds. Conclusions: This retrospective pilot analysis supports
the feasibility of an adjustable double-coil rPMS configuration for large joints.
The findings indicate a clinically meaningful signal of benefit, but should be
interpreted as exploratory and used to inform future prospective, controlled
studies.
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1. Introduction

Joints are essential structures that enable human movement and daily function.
Any joint-related pain or dysfunction can significantly impair quality of life and
limit physical independence. Joint disorders are broadly categorized into degen-
erative and inflammatory conditions, both of which involve inflammation as a key
contributing factor to symptom development and disease progression [1]. Among
inflammatory joint diseases, rheumatoid arthritis (RA) is one of the most preva-
lent and severe, characterized by autoimmune-mediated synovial inflammation
and progressive joint destruction [2]. On the other hand, osteoarthritis (OA) is
the most common form of joint disease globally and is considered a multifactorial
degenerative disorder involving genetic, mechanical, metabolic, and biochemical
pathways. These complex mechanisms contribute to the progressive deterioration
of the synovial joint, particularly the articular cartilage, which is central to load-
bearing and frictionless movement [3]. Despite its degenerative nature, OA is in-
creasingly recognized as having a significant inflammatory component, especially
in the later stages, which exacerbates cartilage breakdown, synovial membrane
thickening, and pain perception [4]. While RA more commonly affects small
joints of the hands and feet, OA typically targets large, weight-bearing joints such
as the knees, hips, and shoulders. Both conditions are associated with chronic
pain, which remains the primary complaint of patients and a major contributor
to functional decline [1]. Globally, OA affected approximately 595 million people
in 2020, accounting for 7.6% of the world population [5]. The prevalence is ex-
pected to rise with global population aging. Nearly 40% of people over 70 years
suffer from knee OA, 80% experience movement limitations, and 25% report dif-
ficulty with routine daily tasks [6,1]. Although OA is frequently used as a repre-
sentative example due to its high prevalence, joint-related pain encompasses a
broader range of degenerative and periarticular conditions affecting large joints.
Current treatment of joint disorders primarily focuses on alleviating pain and
improving joint function. This includes both pharmacological management - such
as analgesic medications, topical analgesics, nonsteroidal anti-inflammatory
drugs, and intra-articular corticosteroid injections - and non-pharmacological
strategies. The latter include physical therapy to strengthen surrounding muscu-
lature, preserve joint mobility, weight reduction when appropriate, and compre-
hensive patient education [7]. When joint degeneration becomes severe and un-
responsive to conservative treatment, total joint replacement remains the last-line
intervention. In the United States, prevalence estimates from 2010 reported 0.83%
for total hip replacements and 1.52% for total knee replacements, with higher
prevalence in women. Among patients aged 80 and older, prevalence rises dra-
matically - up to 5.26% for hip and 10.38% for knee replacement surgeries [8].
These procedures have been shown to significantly reduce pain and restore func-
tion, enabling older adults to regain independence and quality of life [4]. How-
ever, not all elderly patients are ideal surgical candidates due to comorbidities,

frailty, or other factors. In addition, long waiting times for orthopedic surgery
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further emphasize the need for alternative treatment options. For example, in
some health systems, the average wait time for hip replacement reaches 348 days,
and 267 days for knee replacement, delaying access to definitive care and prolong-
ing patient suffering [9].

One of the promising non-invasive approaches for managing joint-related pain
is repetitive peripheral magnetic stimulation (rPMS). Unlike conventional low-
frequency magnetotherapy, rPMS delivers high-intensity magnetic pulses capable
of stimulating deep tissues and modulating neuromuscular activity [10]. Depend-
ing on stimulation parameters, rPMS can be used to promote muscle relaxation
or strengthening [11] [12]. Research to date has focused primarily on neurological
and spasticity-related conditions, such as stroke and cerebral palsy [11] [13].
However, there is a growing interest in its application to musculoskeletal condi-
tions, including joint disorders, although current clinical evidence remains lim-
ited and heterogeneous [14].

The proposed mechanisms of rPMS include intense muscle contractions that
may promote cellular responses, increased blood flow, and support tissue healing
[15]. It has also been hypothesized that rPMS may modulate pain through en-
hanced proprioceptive input. This input may influence the excitability of the cor-
ticospinal tract, particularly in fronto-parietal brain regions, and alter intracorti-
cal facilitation and inhibition within the primary motor cortex (M1) [16].

Recent studies have reported positive clinical outcomes of rPMS in patients
with knee OA [14] [15]. These studies most commonly used a standard single-coil
configuration with a circular coil positioned perpendicular to the treatment area.
Kamiue et al reported complete pain relief and significant functional improve-
ment of the lower limb following rPMS intervention in elderly patients with knee
pain. Similarly, Lee and Nam observed a statistically significant improvement af-
ter hip replacement surgery [17].

Experimental and modeling studies have explored a double-coil rPMS setup
designed to allow adjustable angulation between coils. These studies have sug-
gested potential benefits of this configuration for targeting large joints, possibly
through more effective and focused stimulation of deep tissues [18]. Building on
these theoretical findings, the present retrospective pilot analysis aimed to explore
the feasibility and preliminary clinical effects of the double-coil stimulation ap-

proach in the treatment of joint-related pain.

2. Materials and Methods
2.1. Study Design

This was a retrospective analysis of clinical data obtained from patients who un-
derwent rehabilitation treatment with double-coil rPMS for joint-related pain in
a private outpatient clinic. The study design and procedures were reviewed and
retrospectively approved by the local ethics committee Comitato Etico Territo-
riale Regione Calabria (319/2025, 29.12.2025). All participants had been fully in-

formed about the treatment protocol and potential risks as part of routine clinical

DOI: 10.4236/0jtr.2026.142004

35 Open Journal of Therapy and Rehabilitation


https://doi.org/10.4236/ojtr.2026.142004

V. D. Modica et al.

care, and had provided written consent for the use of anonymized data for re-
search and publication purposes. The study was conducted in accordance with the

ethical principles outlined in the Declaration of Helsinki.

2.2. Inclusion and Exclusion Criteria

Data were obtained from patients treated at a private outpatient physiotherapy
clinic specializing in musculoskeletal disorders. Eligible cases included adults who
had received rPMS therapy for acute or chronic pain in the knee, shoulder, hip,
or elbow associated with measurable functional limitation. Patients were required
to have adequate cognitive and physical capacity to provide informed consent and
to comply with the treatment protocol during routine care.

Exclusion criteria comprised pregnancy; the presence of implanted electronic
or metallic devices (e.g., pacemakers, defibrillators, neurostimulators, or metal-
containing intrauterine devices); use of active drug infusion systems; a history of
seizures or epilepsy; diagnosed malignancy; severe cardiovascular, pulmonary, or
renal disease; systemic infections or febrile states; and open wounds at the target
treatment site. Patients were also excluded if they had any unrelated neurological
or musculoskeletal condition that could interfere with outcome assessment. For
the present analysis, only patients fulfilling these eligibility criteria based on their

medical records were included.

2.3. Concomitant Care and Documentation of Co-Interventions

Due to the retrospective real-world nature of this analysis, patients were not ex-
plicitly instructed to avoid additional treatments or medication changes during
the intervention period. However, only patients for whom no concomitant thera-
pies or medication changes were documented in the clinical records during the
treatment period were included in the present analysis. Within the care provided
at the clinic, no additional therapeutic modalities or medications were adminis-
tered, and treatment sessions consisted exclusively of rPMS.

In routine clinical practice, therapists conduct structured dialogues with pa-
tients at each visit and systematically document ongoing or newly initiated treat-
ments outside the clinic, including analgesic or nonsteroidal anti-inflammatory
drug use, injections, physiotherapy, or exercise programs. Patients who reported
injtiation or modification of such concomitant interventions during the six-ses-
sion rPMS program were not included in the final dataset. Despite this precaution,
the influence of unreported co-interventions or natural symptom fluctuation can-

not be fully excluded.

2.4. Intervention Protocol

Stimulation was administered using a double-coil applicator with an adjustable
inter-coil angle (BTL Industries, Ltd.). The angle between the coils was individu-
ally set for each treated joint according to anatomical landmarks and soft-tissue

morphology. The aim was to optimally conform to the treated anatomical region
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and, whenever feasible, to maintain a mutual inter-coil angle close to 90°. Across
treatments, inter-coil angles typically ranged between 90° and 120°, with config-
urations near 90° most commonly used, as illustrated in Figure 1. The total dura-
tion of stimulation typically ranged between 10 and 15 minutes. Stimulation was
delivered using manufacturer-defined, indication-specific protocols integrated in
the device software, each consisting of multiple sequential phases with predefined
combinations of frequency, amplitude, and modulation patterns. Modulation pat-
terns were progressively adjusted from none or constant modulation to alternat-
ing, sinusoidal, or trapezoidal waveforms, with varying frequencies in the range

of 5 - 50 Hz and amplitudes set according to predefined ranges.

Figure 1. Treatment setup for treatment of the shoulder (left), hip (middle) and knee
(right) using a double-coil applicator with adjustable angulation.

Patients were typically treated in a supine lying position, with the affected joint
supported by a cushion if necessary to ensure comfort and stability (Figure 1).
The center of the applicator was placed directly above the most painful site, at
minimal distance from the skin surface, and in some cases the coils were posi-
tioned in light contact with the body. Stimulation intensity was individually ad-
justed during a configuration phase. Stimulation was initiated at a level at or
slightly above the individual sensory threshold and was gradually increased to-
ward the individual motor threshold. Motor threshold was defined as the intensity
at which muscle activation could begin to occur. The intensity was not routinely
increased beyond the level required to elicit visible muscle activation, and sus-
tained muscle contractions were not a therapeutic goal. The primary aim of in-
tensity adjustment was to elicit comfortable proprioceptive and sensorimotor
stimulation without inducing pain or excessive muscle contraction.

The stimulation protocol used in routine clinical practice was based on pain-
modulation principles derived from the gate control theory of pain. Frequency
modulation was applied in certain protocol phases to prevent tissue habituation
to the magnetic stimuli. Protocol selection and parameter progression followed a
standardized clinical framework based on the treated joint and primary therapeu-
tic goal (predominantly analgesia and functional improvement), while stimula-

tion intensity and minor adjustments were individualized to patient tolerance. In
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addition, the treatment was intended to support local blood perfusion and pro-
mote circulation, trophic effects, and tissue regeneration in the affected area. Each
patient typically received six treatment sessions, administered once weekly during

the intervention period.

2.5. Outcome Measures

Clinical data were extracted from patient records at two time points: prior to the

initiation of the rPMS treatment protocol and immediately after completion of the

six-session intervention. The following validated outcome measures, routinely
used in the clinic, were available to assess changes in pain, function, and quality
of life:

e Visual Analog Scale (VAS): Pain intensity was rated by patients ona 0 - 10
scale, where 0 indicated no pain and 10 indicated unbearable pain [19].

o Patient-Specific Functional Scale (PSFS): Each patient identified up to five
daily activities most limited by their musculoskeletal condition and rated their
ability for each on a 0 - 10 scale, with higher scores indicating less limitation
[20].

e 12-Item Short Form Health Survey (SF-12): This self-reported questionnaire
provided the Physical Component Summary (PCS) and Mental Component
Summary (MCS) scores, reflecting physical and mental aspects of health-re-
lated quality of life [21].

e Patient Global Impression of Change (PGIC): Perceived change following
treatment was assessed using a modified 6-item PGIC questionnaire covering
six domains (overall condition, physical activity, social activity, work-related
activity, mood, and pain). Responses ranged from 1 (“very much improved”)
to 7 (“very much worse”) with lower scores indicating greater perceived im-
provement [22].

To assess clinical relevance, observed changes were compared with published
minimal clinically important difference (MCID) thresholds obtained from the
available literature for each outcome measure (VAS, PSFS, SF-12) [23]-[26]. Fi-
nally, the MCID responder rate (percentage of patients exceeding the respective
MCID threshold) was computed to quantify the proportion of clinically meaning-
ful improvements.

In addition to the clinical outcome evaluation, the analysis also explored the
feasibility of implementing the double-coil rPMS approach in routine physiother-
apy practice. Treating therapists had recorded notes related to the ergonomic as-
pects of coil positioning and setup feasibility for different joint regions, consider-
ing each patient’s anatomical characteristics. Any reported difficulties, limita-
tions, or inability to properly position the applicator were systematically extracted

from the treatment documentation.

2.6. Sample Size and Statistical Analysis

All statistical analyses were performed using GraphPad Prism version 10 for Win-
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dows (GraphPad Software, Inc.). Prior to hypothesis testing, the distribution of
each dataset was assessed using the Shapiro-Wilk test for normality. Variables that
violated the assumption of normality were analyzed using the non-parametric
Wilcoxon signed-rank test, while those with normally distributed residuals were
analyzed using a paired t-test. Statistical significance was defined as p < 0.05.
Given the exploratory nature and clinical heterogeneity of the dataset - which was
not limited to a single joint or indication - results were reported as both mean +
standard deviation (SD) and median with interquartile range (IQR) to capture
variability in the data.

In addition to conventional significance testing (p-values), effect sizes were cal-
culated to provide a more comprehensive estimate of the magnitude of within-
subject changes, considering the small sample size and high inter-individual var-
iability of the cohort. In this exploratory pilot context, effect size estimation was
prioritized to support interpretation of the clinical relevance and variability of ob-
served changes rather than to draw definitive efficacy conclusions. For normally
distributed outcomes, within-subject standardized effect sizes were expressed as
Hedges’ g, (small-sample-corrected Cohen’s d), whereas for non-normally dis-
tributed outcomes, the rank-biserial correlation (r) was reported. According to
conventional benchmarks, effect sizes of 0.2, 0.5, and 0.8 (for g,) or 0.1, 0.3, and
0.5 (for r) were interpreted as small, medium, and large, respectively. For each
outcome, 95% confidence intervals (CI) were calculated for the mean or median
change to express the precision of the estimated effects.

Given the retrospective and exploratory nature of this pilot study, no a priori
sample size calculation was performed. The present dataset comprised 30 consec-
utive patients, which was considered appropriate to support exploratory feasibility

and variability assessment of the double-coil rPMS protocol in clinical practice.

3. Results

Of the 30 identified patients, 25 completed all six treatment sessions and were
included in the primary analysis. Five patients were excluded due to incomplete
treatment or missing post-treatment outcome data; none were excluded because
of adverse events or treatment intolerance. The average age of the analyzed sample
was 48.96 * 18.02 years, and the group consisted of 19 females and 6 males. Base-
line clinical characteristics of the analyzed cohort are summarized in Table 1.

To assess the robustness of the findings from the primary analysis (n = 25), a
conservative sensitivity analysis was performed assuming no improvement (0%
change from baseline) in patients with missing post-treatment data. Under this
worst-case assumption, mean percentage improvements remained clearly positive
across all outcome measures, including pain intensity (-54.76%), functional abil-
ity (70.38%), and physical and mental components of quality of life (43.36% and
23.22%, respectively), supporting the stability of the main findings.

The feasibility of the double-coil rPMS applicator was confirmed across all an-

atomical regions, with no cases of setup failure or inability to apply stimulation
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due to joint structure or patient discomfort. All patients tolerated the intervention

well, and no adverse events or relevant discomfort were recorded that would have

interfered with treatment delivery.

Table 1. Baseline clinical characteristics of the analyzed cohort.

Characteristic
Treated joint
Knee
Shoulder
Elbow

Hip

Primary clinical condition

Degenerative joint conditions

Tendinous/periarticular disorders

Post-traumatic conditions

N (%)

11 (44%)
7 (28%)
4 (16%)

3 (12%)

15 (60%)
7 (28%)

3 (12%)

All evaluated outcome measures demonstrated statistically significant improve-

ments between baseline and post-treatment assessments, with all comparisons

reaching p < 0.001 (see Table 2). The largest mean change was observed in the

PSES, where patients reported an average improvement exceeding 80%, reflecting

a substantial reduction in activity-related disability following rPMS treatment.

Table 2. Summary of clinical outcome measures analyzed at baseline and after completion

of the treatment protocol. Statistical significance was determined using paired #tests for
normally distributed data (VAS, PSFES, SF-12 PCS) or the Wilcoxon signed-rank test for
non-normally distributed data (SF-12 MCS) at a threshold of p < 0.05. Analyses are based
on patients who completed the treatment protocol and had complete baseline and post-

treatment data (n = 25).

Baseline Post-treatment p (<0.05)
mean * SD 5.84 +2.15 2+1.61
VAS <0.001
median (IQR) 6 (3) 2(2)
mean * SD 4.86 + 1.58 7.68 + 1.35
PSFS <0.001
median (IQR) 5(2) 7.5(2)
mean + SD 3246 £9.22 46.53 *+ 8.56
SE-12 PCS <0.001
median (IQR)  28.38 (12.14) 48.33 (10.4)
mean + SD 45.05 £ 10.9 54.83 £ 6.35
SF-12 MCS* <0.001
median (IQR)  48.36 (20.41) 55.97 (3.15)

VAS = Visual Analog Scale; PSFS = Patient-Specific Functional Scale; SF-12 PCS = Short
Form-12 Physical Component Summary; SF-12 MCS = Short Form-12 Mental Component

Summary; IQR = Interquartile Range; SD = Standard Deviation.
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Additional analyses summarizing the magnitude and clinical relevance of the
observed changes are presented in Table 3. All evaluated outcomes showed large
within-subject effect sizes, while the proportion of patients exceeding the MCID
approached or surpassed the 70% threshold for most parameters. For the SF-12
MCS, the MCID responder rate reached approximately 60%, consistent with a

moderate level of improvement in mental health-related quality of life.

Table 3. Summary of within-subject changes, effect sizes, and clinical significance across
outcome measures following double-coil rPMS therapy. Data are presented as mean change
* standard deviation (SD) with 95 % confidence intervals (CI) for normally distributed
outcomes (VAS, PSFS, SF-12 PCS) and as median change [interquartile range, IQR] with
95% CI for non-normally distributed data (SF-12 MCS). Effect sizes are expressed as
Hedges’ g, for normally distributed variables and rank-biserial correlation () for non-nor-
mal data. The table also reports percentage change relative to baseline, the corresponding
minimal clinically important difference (MCID) threshold, and the proportion of patients
who exceeded the MCID. Analyses are based on patients who completed the treatment
protocol and had complete baseline and post-treatment data (n = 25).

Mean A + SD [95 % CI] %A Effectsize MCID % = MCID
VAS -3.84+£2.12[-2.97,-4.71] -65.71 1.76 >2 points 84%
PSES 2.83 £ 1.86 [2.06, 3.6] 84.46 1.47 >2 points 68%
SF-12 PCS 14.07 £10.59 [9.7, 18.44] 52.03 1.29 =5 points 76%

SF-12 MCS 7.6 (3.5-12.5) [2.6, 12.8] 27.87 0.88 =5 points 60%

VAS = Visual Analog Scale; PSFS = Patient-Specific Functional Scale; SF-12 PCS = Short
Form-12 Physical Component Summary; SF-12 MCS = Short Form-12 Mental Component
Summary; IQR = Interquartile Range; SD = Standard Deviation; %A = Mean percentage
change across the study cohort.

The distribution of individual outcome measures is illustrated in Figure 2 using
box-and-whisker plots. The figures clearly depict a reduction in VAS and an in-
crease in PSFS and SF-12 following the intervention.

Individual-level changes in pain intensity relative to the no-change line and the
MCID threshold are illustrated in Figure 3.

Subjective global improvement, as assessed by the PGIC score, also indicated
robust treatment response. Due to the non-normal distribution of PGIC data
(confirmed by the Shapiro-Wilk test), results were reported as median (IQR). The
median PGIC score was 2.00 (0.67), corresponding to the “much improved” cat-
egory. Overall, 23 patients (92%) reported functional improvement on the PGIC
scale, whereas 2 patients (8%) perceived no change. This suggests that, across all
evaluated domains - including overall condition, physical and social activity,
mood, and pain - participants perceived substantial benefit from the intervention.
The distribution of individual PGIC scores is illustrated in Figure 4.

Descriptive analyses stratified by treated joint (knee versus other joints) sug-
gested comparable baseline profiles and consistent improvement patterns across

outcome measures. Given the limited sample size, stratified analyses were not
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Figure 2. Changes in outcome measures between baseline and post-treatment: pain (VAS) - top, Patient-
Specific Functional Scale (PSFS) - middle, and SF-12 physical (PCS) and mental (MCS) scores - bottom.
Each plot displays the distribution of scores using a box-and-whisker format, illustrating the change
across the study cohort.
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Figure 3. Individual change plot for pain intensity (VAS) showing baseline versus post-treatment scores in patients
completing the treatment protocol (n = 25). The black diagonal line represents no change (y = x), and the red line
indicates the minimal clinically important difference (MCID, >2-point reduction). Each point represents an individual
patient. Points located below the black line indicate pain reduction, and points below the red line indicate improve-
ments exceeding the MCID threshold.
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Figure 4. Distribution of Patient Global Impression of Change (PGIC) scores reported after the in-
tervention. The histogram illustrates the frequency of individual ratings across the seven-point PGIC
scale.

extended to all individual joint or primary indication subgroups and are presented

for descriptive purposes only.

4. Discussion

The present retrospective pilot analysis suggests the feasibility of using a double-
coil rPMS applicator for the treatment of large joints and indicates a potential
signal of benefit in terms of pain reduction, functional improvement, and en-
hanced quality of life. The magnitude and clinical relevance of the observed
changes were supported by the calculated effect sizes and MCID responder rates.
All evaluated outcomes demonstrated large within-subject effect sizes, suggesting
clinically relevant changes beyond statistical significance alone. In addition, a ma-
jority of patients exceeded the MCID across outcome measures, supporting the
clinical relevance of the observed changes.

These findings are broadly consistent with the existing literature on rPMS.
However, direct comparisons remain limited due to the heterogeneous nature of
the dataset and the variability in protocols and outcome measures used across
published trials. For instance, Lee and Nam reported an average 45% reduction in
pain following a 20-session intervention in patients with knee OA [15]. In con-
trast, Kamiue et al observed a complete elimination of pain after just 12 sessions
of rPMS in an elderly population [14]. Due to differences in intervention param-
eters, sample characteristics, and assessment tools across studies, direct compari-
sons of functional outcomes are not feasible. Therefore, the above comparisons
are descriptive only and should not be interpreted as evidence of superiority or
equivalence between protocols.

Building on previously published theoretical modeling, the double-coil rPMS
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setup used in this study has been hypothesized to offer enhanced stimulation
depth and efficiency, particularly for large joints. This added benefit is primarily
attributed to the spatial configuration of the two coils, which - when positioned at
an angle approaching 90° - may be constructive field interaction and energy con-
vergence at depths of approximately 4 - 5 cm. This results in a more effective stim-
ulation of deep musculoskeletal structures compared to standard single-coil con-
figurations, where the magnetic field intensity declines progressively with depth.
It has been estimated that, at a depth of 4 cm, the field strength generated by the
double-coil configuration could exceed that of the single-coil setup by up to 247%
[18]. These modeling findings should be regarded as hypothesis-generating and
not as direct explanations of the observed clinical effects.

The analgesic effect of rPMS is believed to arise from multiple, complementary
mechanisms. One of the earliest and most widely cited is the gate control theory
of pain, which posits that non-nociceptive afferent input from peripheral stimu-
lation can inhibit the transmission of pain signals at the spinal level [27]. However,
this mechanism primarily explains short-term pain modulation occurring during
active stimulation, rather than the longer-lasting effects observed after treatment
completion. Beyond its short-term effects, rPMS may trigger longer-lasting changes
by activating proprioceptive pathways and modulating brain activity. This can en-
hance excitability in the primary motor cortex and related networks, supporting
reorganization of motor and sensory functions and contributing to improved
movement control and pain relief over time. [28] [29]. In addition to these central
mechanisms, peripheral effects also contribute. Rhythmic muscle contractions in-
duced by rPMS may increase local circulation, enhance oxygen delivery, and sup-
port tissue recovery [30]. The combination of changes in the brain and local effects
in the body may help explain the pain relief and improvements in movement and
quality of life.

The improvements observed in pain, function, and quality of life following the
rPMS treatment protocol are not unexpected in light of the existing, albeit limited,
clinical evidence. Considering the relatively low number of sessions (six), the mag-
nitude of improvement appears notable. Nevertheless, the retrospective single-
arm design remains the main limitation of this study and precludes causal infer-
ence. Although inclusion was restricted to patients without documented concom-
itant therapies or medication changes during the intervention period, the ob-
served improvements may still reflect non-specific effects such as placebo re-
sponses, regression to the mean, or spontaneous symptom variation. While ther-
apists routinely documented patient-reported co-interventions as part of standard
clinical practice, unreported treatments cannot be entirely ruled out. Any residual
confounding would likely affect individual cases rather than systematically bias
outcomes across the entire cohort.

The absence of a control group, together with the relatively small sample size
and clinical heterogeneity of the included patients in terms of treated joints and

underlying diagnoses, further limits the generalizability of the findings. However,
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this heterogeneity was intentional and appropriate for a pilot feasibility analysis,
as it allowed the confirmation that the double-coil applicator can be ergonomi-
cally adapted to all commonly treated joint areas. In addition, outcomes were as-
sessed only from baseline to completion of the treatment program, and no follow-
up data were collected after the final session. Consequently, it remains unclear
whether the observed improvements represent transient post-treatment effects or
are sustained over time. Addressing both the durability of treatment effects and
the specificity of the intervention will therefore require future prospective studies
with an appropriate follow-up period, ideally extending at least one month beyond
the final treatment session.

Confirmation of potential added value of the tilted double-coil configuration
compared with standard single-coil or fixed figure-8 setups will require prospec-
tive randomized studies with sham or active comparator arms. Future studies may
benefit from focusing on a specific joint and indication, such as knee OA, which
remains one of the most prevalent causes of joint-related disability in the elderly.
Demonstrating increased efficacy of the double-coil configuration in this popula-
tion could offer an important non-invasive alternative to delay surgical interven-
tion or serve as a bridge therapy during long preoperative waiting periods.

Despite its limitations, this study provides initial real-world clinical data sup-
porting the use of an adjustable double-coil rPMS setup for the treatment of large
joints. Further prospective and controlled studies are warranted to directly com-
pare this approach with established rPMS protocols and determine its potential

added value in musculoskeletal rehabilitation.

5. Conclusions

This retrospective pilot analysis supports the feasibility of a novel double-coil
rPMS configuration for the treatment of large joints, including the knee, shoulder,
hip, and elbow. Clinically meaningful improvements were observed in pain, func-
tional disability, and health-related quality of life, as reflected by large effect sizes
and high MCID responder rates across all evaluated outcomes. These findings
should be interpreted as exploratory, and further research is required to assess
clinical efficacy and to directly compare this approach to existing single-coil and
figure-8 rPMS configurations. Nevertheless, the present results provide initial
real-world data that may inform the development and design of future controlled

studies investigating innovative neuromodulation strategies for large joint pain.
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