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Abstract 
Background: Repetitive Peripheral Magnetic Stimulation (rPMS) is an 
established treatment for various musculoskeletal and neurological 
conditions. Despite its long-term use, rPMS technology in physiotherapy 
has seen little innovation, with the single-coil configuration remaining 
standard. Inspired by advances in transcranial stimulation, novel 
double-coil setups allowing adjustable angulation are now being 
introduced in physiotherapy and may offer improved targeting of common 
treatment areas. 

Methods: A review of selected 5,390 treatment records identified the four 
most commonly treated body areas and standard rPMS protocols. Based 
on this, 28 healthy volunteers assessed perceived intensity, comfort, 
penetration depth, and field homogeneity of single- and double-coil 
configurations. These results were compared with COMSOL simulations 
evaluating magnetic field distribution across various double-coil angles 
and in comparison to the conventional single-coil setup. 

Results: Application of single- and double-coil configurations to 
commonly treated areas - knee, lower back, shoulder, and hip - revealed 
notable differences in subjective therapy perception. Patients consistently 
rated the double-coil setup as more homogeneous and comfortable. 
Perceived intensity and penetration depth varied with coil angle: at 90° 
(knee), the double-coil was rated ~30% higher, while at 160° (lower back), 
the single-coil was perceived as more intense. COMSOL simulations 
confirmed that smaller coil angles in the double-coil configuration 
significantly enhance energy delivery, particularly at 4-5 cm depth. 

Conclusions: These experimental findings suggest that both the 
conventional single-coil and the novel double-coil configurations hold 
potential for physiotherapy applications. While the single-coil setup 
delivers higher intensity in superficial, anatomically flat regions, the 
angled dual-coil configuration generates a broader, more uniform field in 
planar areas and enables deeper, more focused stimulation in curved 
anatomical regions such as large joints. 

Keywords: Magnetic coil; Double coil; Single coil; Super inductive 
system Duo; 3D applicator; Magnetic energy; Comsol Multiphysics 

Introduction 
Repetitive Peripheral Magnetic Stimulation (rPMS), regarded as a modern 
successor to traditional electrotherapy, has gained increasing attention in 
recent years due to its enhanced therapeutic efficacy, greater patient 
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comfort, and minimal side effects [1]. This non-invasive 
technique utilizes time-varying magnetic fields to induce 
electric currents in peripheral tissues. In contrast to classical 
electrical stimulation, rPMS generate substantially higher 
peak magnetic field strengths, allowing for more effective 
neuromuscular activation while reducing stimulation-induced 
discomfort. The ability of magnetic fields to penetrate 
high-resistance tissues, such as skin and subcutaneous fat, 
helps to bypass cutaneous nociceptors and thus minimizes 
pain during treatment [2,3]. As a result, rPMS is emerging as 
a valuable tool in neurological and orthopedic rehabilitation, 
with promising applications in post-stroke motor recovery, 
reduction of spasticity, and pain management [4]. 

Despite more than three decades of rPMS use in 
physiotherapy, the design of stimulation applicators has 
remained largely uniform, with minimal exploration of 
multi-coil configurations or the use of mutually tilted coils. 
Current rPMS therapy typically relies on static stimulation 
delivered by a single, large coil positioned over the treatment 
area. From a technological perspective, however, this 
approach may be considered suboptimal. The high voltages 
and currents required to achieve effective magnetic nerve 
stimulation can result in significant thermal stress and 
overheating of the coil. This raises the question of whether a 
multi-coil design, optimized for specific anatomical regions, 
might provide a more efficient alternative. Rather than relying 
on a single source, deep tissue stimulation could instead result 
from the cumulative effect of overlapping magnetic fields 
generated by multiple coils. Improved control over magnetic 
field distribution may enhance stimulation efficacy while 
maintaining or even reducing energy consumption [5]. 

Innovations in coil design within the field of Transcranial 
Magnetic Stimulation (TMS) have increasingly focused on 
incorporating multi-coil arrays and adjustable angulation to 
improve targeting precision and magnetic field penetration. 
In addition to the traditional single-coil approach, figure-8 
coils and double-cone coils have been introduced. The 
double-cone coil consists of two coils positioned at an angle 
between 95° and 120°, a configuration that, according to 
existing evidence, enables deeper field penetration and thus 
facilitates stimulation of subcortical brain structures [6-8]. 
However, this increased depth of stimulation with 
double-cone coils has been associated with higher energy 
delivery, which can lead to increased patient discomfort [6]. 

In the field of physiotherapy and rehabilitation, similar 
research is virtually nonexistent. Goetz et al. have suggested 
the potential of novel coil geometries for use in rPMS; 
however, significant innovation in this area has yet to be 
translated into clinical practice [9]. Nevertheless 
physiotherapy and rehabilitation represent disciplines that 
demand adaptable technologies capable of addressing a wide 
range of indications and anatomical regions, where treatment 

must be tailored as precisely as possible to the specific body 
area and condition of each patient. The shape of the treated 
area, the depth of the target tissue, and the overall anatomical 
complexity can vary significantly between different body 
regions and among individual patients, making the 
established single-coil approach potentially insufficient for 
effective targeting in all cases. 

A novel double-coil applicator, capable of mutual tilting 
between coils, offers the first solution of its kind for adapting 
to different body areas. This study aims to compare the 
double-coil configuration with a conventional single-coil 
approach in treating the four most commonly targeted areas, 
based on subjective patient perception and theoretically 
calculated values of delivered magnetic energy. Impact of coil 
geometry on performance across commonly treated body 
regions, through a combination of clinical data analysis, 
volunteer-based assessments, and finite element simulations 
using COMSOL Multiphysics. 

Materials and Methods 
Analysis of treatment logs 

Out of a total of 7,932 device logs collected from multiple 
rehabilitation facilities, 5,390 therapy setting records were 
included for analysis. Records were excluded if they were 
incomplete, lacked information on the treatment area, or 
involved prematurely terminated therapy sessions. A list of 
the most frequently treated body regions was compiled, and 
the subsequent phase of the study - Experimental Procedure 
and Subjective Evaluation, described below - was applied to 
the four most common areas: knee, lower back, shoulder, and 
hip. Additionally, the most frequently used protocols were 
identified for each region. A detailed analysis of these records 
is provided in the Results section. The device logs did not 
contain any personally identifiable or sensitive data that 
would require patient consent for processing. 

Experimental procedure and subjective evaluation 
Adult healthy volunteers willing to participate were included 
in an experiment comparing the subjective intensity of 
stimulation using single-coil (Focused Field) and double-coil 
(3D) applicators, both part of the Super Inductive System Duo 
(BTL Industries, Ltd.). Exclusion criteria included pregnancy; 
the presence of implanted devices such as cardiac pacemakers, 
defibrillators, neurostimulators, electronic or metallic implants 
(including intrauterine devices containing metal); drug 
delivery pumps; or any history, pain or existing medical 
condition affecting the treated region. Individuals with a 
history of seizures, severe or life-threatening medical 
conditions, pulmonary or renal insufficiency, cardiac 
disorders, fever, malignant tumors, or decompensated 
hemorrhagic, coagulation, or cardiovascular disorders were 
also excluded from the study. The experiment was conducted 
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in accordance with the ethical principles outlined in the 
Declaration of Helsinki and its subsequent amendments. All 
participants were informed about the nature and purpose of 
the study and provided written informed consent prior to 
inclusion. 

Prior to the initiation of treatment, the participant was 
instructed to assume a supine, prone, or seated position, 
depending on the anatomical region targeted for therapy. 

For knee, shoulder, and hip treatments, a single-coil applicator 
was used on one limb and a double-coil applicator on the 
contralateral limb (Figure 1-3). For the lower back, each coil 
configuration was applied sequentially (Figure 4). The 
treatment order was randomly assigned using a coin toss, such 
that half of the participants received the single-coil applicator 
first, while the other half received the double-coil applicator 
first. Prior to the main stimulation, a preliminary pulse train - 
referred to as the targeting mode - was applied to the patient. 
This phase allowed for observation of the patient’s 
physiological response and collection of subjective feedback 
to ensure accurate positioning of the applicator. During the 
stimulation phase, both applicators were used at the same 
intensity for each participant. The same factory-preset 
therapeutic protocol was applied for both coil configurations. 

A 0 to 10 scale, where 0 represented the lowest and 10 the 
highest perceived value, was used in this study to evaluate 
subjective perceptions of stimulation intensity, depth of 
penetration, comfort, and homogeneity. Participants 
continuously assessed these parameters during the stimulation 
sessions. 

Given the pilot nature of the study, a sample size of 30 
participants was selected. Data processing and subsequent 
statistical analysis were conducted using a custom script 

Figure 1: Experimental setup for comparing subjective perceptions 
during knee stimulation using single-coil (left limb) and double-coil 
(right limb) configurations. 

Figure 2: Experimental setup for comparing subjective perceptions 
during shoulder stimulation using single-coil (left limb) and 
double-coil (right limb) configurations. 

Figure 3: Experimental setup for comparing subjective perceptions 
during hip stimulation using single-coil (left limb) and double-coil 
(right limb) configurations. 

Figure 4: Experimental setups for comparing subjective 
perceptions during low back stimulation using single-coil (left) and 
double-coil (right) configurations. 
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developed in the MATLAB environment. Since the Shapiro– 
Wilk test indicated a deviation from normal distribution, the 
results are presented as medians with interquartile ranges 
(IQR). Comparative analysis between the single- and 
double-coil configurations was performed using the 
non-parametric Mann–Whitney U test. A p-value of less than 
0.05 was considered statistically significant. 

Theoretical modeling and simulation 
For the purpose of theoretical calculation of the magnetic 
energy delivered by the single-coil and double-coil rPMS 
configurations with varying mutual tilt angles, a simplified 
finite element model was constructed. The model consisted of 
an array of spherical volumes with a radius of 1 mm, spaced 
6.7 mm apart. The coil models were based on the 
characteristics of commercially available rPMS applicators 
(Super Inductive System Duo, BTL Industries, Ltd.), as 
illustrated in Figure 5. The coil geometry in the model was 
explicitly modified to accurately reflect the physical 
configuration of the actual coils. To simplify the simulation, 
other components of the applicator were excluded, as they do 
not significantly influence the simulation results. 

Results 
Analysis of treatment logs 
The knee is the most frequently treated area, followed by the 
lumbar region, shoulder, and hip. The distribution of treated 
anatomical regions is illustrated in the pie chart presented in 
Figure 7. Table 1 summarizes the treatment protocols used for 
the four most commonly treated areas, along with their 
respective frequencies. Notably, three of these four 
regions-namely the knee, shoulder, and hip- are large joints 
that are commonly affected by arthrosis and other conditions 
requiring analgesic protocols. 

Figure 5: Single-coil (left) and double-coil (right) configurations, 
which served as the basis for the simulation models. Courtesy of 
BTL Industries, Ltd. Used with permission. 

Figure 7: Pie chart illustrating the distribution of individual body 
areas treated using rPMS. While the single-coil configuration was applied 

perpendicularly to the spherical array without any tilt, the 
double-coil configuration was simulated with progressive 
angular adjustments between the coils, ranging from 140° to 
90°. The total magnetic energy absorbed by individual 
spheres located at depths from 1 cm to 5 cm, in 1 cm 
increments, was calculated using the following formula: 

where Wm is the magnetic energy density, B is the magnetic 
flux density (in tesla) and H is the magnetic field strength (in 
A/m), and dV represents the differential volume element. 

The complete simulation setup implemented in the COMSOL 
Multiphysics environment is presented in Figure 6. 

Figure 6: Geometry of the spherical volumes array and location of 
stimulation coils for single (left) and double (right) coil 
configurations. 

Experimental procedure and subjective evaluation 
Of the 30 volunteers recruited, 28 completed the experimental 
therapy (mean age 33.32 ± 4.64 years; 11 men and 17 
women). One participant withdrew due to anterior cruciate 
ligament (ACL) reconstruction of the left knee, and another 
due to acute low back pain. Overall, the therapies were well 
tolerated, with no reports of adverse effects or significant 
discomfort. The results of the subjective assessments 
regarding the perception of sensations during stimulation with 
single and double coil configurations are summarized in Table 
2. 

The results demonstrate that subjective perceptions of 
specific indicators vary significantly across treatment areas. 
For the knee, stimulation using the double-coil configuration 
yielded statistically significant improvements in perceived 
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Knee 1624 

Arthrosis 423 

Analgesia - chronic 219 

Analgesia - acute 178 

Gonalgia - chronic 158 

Circulation and trophic improvement - chronic 115 

Healing enhancement - acute 113 

Healing enhancement - chronic 95 

Tendinopathy 68 

Distortion - subacute 52 

Swelling reduction 48 

Gonalgia - acute 45 

Muscle regeneration 39 

Other 71 

Lumbar area 590 

Lumbosacral syndrome - chronic 151 

Analgesia - acute 111 

Analgesia - chronic 104 

Lumbosacral syndrome - acute 81 

Myalgia - chronic 67 

Muscle relaxation 45 

Other 31 

Shoulder 520 

Analgesia - chronic 137 

Tendinopathy 93 

Bursitis - acute 68 

Arthrosis - chronic 65 

Calcification - extraarticular 48 

Impingement syndrome 42 

Circulation and trophic improvement - chronic 37 

Other 30 

Hip 511 

Arthrosis - chronic 142 

Analgesia - acute 93 

Calcification - extraarticular 58 

Impingement syndrome 55 

Muscle relaxation 49 

Analgesia - chronic 45 

Healing enhancement - acute 42 

Other 27 

Table 1: The four most frequently treated anatomical regions using 
rPMS and the corresponding frequencies of applied treatment 
protocols. 

Single 
coil 

Double 
coil % Δ 

Mann-Whitney 
U test  (P < 

0.05) 

Knee 

Intensity 4 (1) 7 (2) 30.95% (9.82%) <0.001 

Comfort 6.5 (2.25) 8 (2.25) 11.11% (19.05%) 0.13 

Penetration 
depth 5 (2) 7 (1.25) 33.33% (22.32%) <0.001 

Homogeneity 6 (2) 9 (3) 33.33% (33.73%) <0.001 

Low back 

Intensity 6 (1) 4 (1) -50.00% (55.00%) <0.001 

Comfort 5.5 (3) 7.5 (3) 26.79% (18.33%) <0.001 

Penetration 
depth 7 (2) 6 (1) -7.14% (34.17%) 0.294 

Homogeneity 7 (2) 8 (3.25) 13.39% (13.89%) 0.019 

Shoulder 

Intensity 5.5 (1) 6 (1) 14.29% (32.14%) 0.029 

Comfort 6 (1) 8 (2) 22.22% (19.49%) <0.001 

Penetration 
depth 7 (1) 7 (1) 12.50% (16.67%) 0.009 

Homogeneity 6 (0.25) 9 (0.25) 33.33% (8.33%) <0.001 

Hip 

Intensity 6 (4) 9 (6) 18.33% (28.57%) 0.024 

Comfort 4 (1) 8 (2) 35.42% (13.84%) <0.001 

Penetration 
depth 4 (1) 6.5 (1) 14.29% (25.89%) 0.004 

Homogeneity 4 (1.25) 9.5 (1) 41.43% (17.50%) <0.001 

%Δ: Percentage change calculated as the average of individual 
participants’ reported percentage differences 

Table 2: Summary of the results reflecting participants' subjective 
perceptions during the actual therapy sessions. The values are 
presented as median (interquartile range). P-values less than 0.05 
were considered statistically significant. 
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this difference did not reach statistical significance. These 
findings are illustrated in the box plot presented in Figure 9. 

In the case of the lumbar region, single-coil stimulation was 
perceived as more intense, with differences reaching up to 
50%. However, comfort ratings and perceived field 
homogeneity favored the double-coil setup, both with 
statistically significant differences. Although the single coil 
was associated with greater perceived depth of penetration, 

During stimulation of both the shoulder and hip regions, all 
evaluated parameters favored the double-coil configuration, 
with statistically significant differences observed in 
comparison to the single-coil setup. The most pronounced 
improvements were reported in perceived field homogeneity, 
followed by treatment comfort. In contrast, perceived intensity 
and penetration depth showed only modest differences 
between the two configurations, particularly when compared 
to the more substantial effects noted during knee stimulation 
(Figure 10,11). 

intensity, depth of penetration, and field homogeneity, without a 
reduction in participant-reported comfort compared to the 
single-coil configuration. For parameters showing statistical 
significance, percentage differences exceeded 30%. These 
outcomes are depicted in the box plot in Figure 8. 

Figure 8: Box plots illustrating the distribution of measured values for intensity, depth of penetration, field homogeneity, 
and comfort during knee stimulation with single-coil and double-coil configurations. Boxes represent the interquartile range 
(IQR), with the horizontal line indicating the median and the cross mark denoting the mean value. Whiskers extend to the 
minimum and maximum values. 

Figure 9: Box plots illustrating the distribution of measured values for intensity, depth of penetration, field homogeneity, 
and comfort during low back stimulation with single-coil and double-coil configurations. Boxes represent the interquartile 
range (IQR), with the horizontal line indicating the median and the cross mark denoting the mean value. Whiskers extend to 
the minimum and maximum values. 
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Figure 10: Box plots illustrating the distribution of measured values for intensity, depth of penetration, field homogeneity, and comfort 
during shoulder stimulation with single-coil and double-coil configurations. Boxes represent the interquartile range (IQR), with the horizontal 
line indicating the median and the cross mark denoting the mean value. Whiskers extend to the minimum and maximum values. 

Figure 11: Box plots illustrating the distribution of measured values for intensity, depth of penetration, field homogeneity, and comfort during 
hip stimulation with single-coil and double-coil configurations. Boxes represent the interquartile range (IQR), with the horizontal line 
indicating the median and the cross mark denoting the mean value. Whiskers extend to the minimum and maximum values. 
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Theoretical modeling and simulation 
The results of the COMSOL simulation are numerically 
presented in Table 3. These results demonstrate that the angle 
between the coils in the double-coil configuration 
significantly influences the magnetic energy absorbed in the 
modeled tissue. While the single-coil setup generates higher 
magnetic energy at all depths compared to the double-coil 

configuration with a 140° inter-coil angle, the situation 
changes markedly at smaller angles. At 120° and particularly 
at 90°, the double-coil configuration delivers significantly 
higher energies beyond a depth of 3 cm. At 90°, the 
double-coil setup already exceeds the single-coil energy by 
nearly 57% at a depth of 2 cm, with the difference increasing 
to 247% at 4 cm. 

Depth Single coil Double coil 140° %Δ Double coil 120° %Δ Double coil 90° %Δ 

1 cm 3.50E-04 1.64E-04 -53.14% 2.19E-04 -37.43% 3.31E-04 -5.43% 

2 cm 1.85E-04 9.43E-05 -48.97% 1.46E-04 -21.00% 2.90E-04 56.93% 

3 cm 6.82E-05 4.96E-05 -27.27% 8.39E-05 23.02% 2.00E-04 193.26% 

4 cm 3.31E-05 2.49E-05 -24.77% 4.38E-05 32.33% 1.15E-04 247.43% 

 5 cm 1.69E-05 1.22E-05 -27.81% 2.16E-05 27.81% 5.80E-05 243.20% 

Table 3: Magnetic energy (in joules) absorbed by the modeled tissue following stimulation using either a single-coil configuration or a 
double-coil setup with varying inter-coil angles. The results highlight the influence of coil geometry on energy delivery at different tissue 
depths. 

Figure 12: Bar graph comparing COMSOL simulation results for individual coil configurations at specified tissue depths. 

Based on the bar chart illustrating the delivered magnetic 
energy at various tissue depths for different coil 
configurations (Figure 12), it is evident that the double coil 
90° configuration delivers a comparable amount of energy at 
a depth of 5 cm as the single coil does at 3 cm. This 
observation suggests that the double coil 90° is capable of 
reaching significantly deeper tissue layers with equivalent 
energy output. Specifically, this represents a 67% increase in 
penetration depth, indicating a substantial advantage in 
reaching deeper targets while maintaining therapeutic 
intensity. 

Discussion 
This study provides a comprehensive analysis of the potential 
of a novel double-coil rPMS configuration with an adjustable 
inter-coil angle for stimulating commonly treated anatomical 
regions. Log data analysis indicated that large joints, such as 
the knee and hip, may benefit from bilateral stimulation - a 
capability inherently offered by the double-coil design. This 
was confirmed through a subjective evaluation in healthy 
volunteers, where all assessed parameters (intensity, comfort, 
depth, and homogeneity) favored the double-coil 
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setup for the knee, shoulder, and hip, though with varying 
magnitudes of difference. In contrast, during lower back 
stimulation, the single-coil configuration was perceived as 
more intense, while the double-coil maintained superior 
comfort and homogeneity. 

These findings were further supported by COMSOL 
Multiphysics simulations, which demonstrated that 
decreasing the angle between the coils significantly increased 
magnetic field intensity at greater tissue depths. The 
underlying mechanism lies in the dual-source nature of the 
double-coil setup. Unlike the single-coil, where field strength 
rapidly diminishes with depth, the opposing fields of the 
double-coil overlap and accumulate in deeper layers, 
enhancing total energy delivery. Additionally, the double-coil 
produces a broader and more uniform field, contributing to a 
more homogeneous stimulation experience. 

This deeper, more even stimulation is particularly beneficial 
for targeting large joints and deeper structures such as the 
cruciate ligaments and articular cartilage in the knee. Such 
improvements in field targeting could enhance the therapeutic 
potential of rPMS in treating osteoarthritis and connective 
tissue-related pain syndromes. Variations in perceived 
stimulation across large joints may be attributed to differences 
in tissue depth, anatomical curvature, and the slightly larger 
inter-coil angles used [10,11]. In the case of the knee, it is 
generally necessary to set the double-coil applicator at a 
mutual angle of 90° for nearly all patients. However, for the 
shoulder and hip regions, the angle can vary between 90° and 
120°, depending on the patient’s body composition. 

The more intense perception of single-coil stimulation in the 
lower back is likely due to the flat surface necessitating a wide 
angle between the double-coil setup. This explanation is 
supported by COMSOL simulation results, which 
demonstrated higher magnetic energy at all monitored depths 
for the single-coil configuration - even at a mutual double-coil 
angle of 140°. However, the use of the double-coil setup 
cannot be considered entirely unsuitable for this region. 
Volunteers reported greater comfort and a more homogeneous 
treatment experience with the double-coil stimulation, which 
may be attributed to the broader area being stimulated at a 
lower intensity. This configuration may be particularly 
appropriate for conditions that do not require precise targeting 
of a specific muscle, but rather benefit from the activation of 
multiple muscle groups to promote general muscle relaxation 
[12]. Furthermore, the double-coil setup may be better suited 
for individuals who are extremely thin or sensitive and who 
may not tolerate single-coil stimulation well [13,14]. 

Comparing the findings of the present study with existing 
literature is challenging due to the lack of similarly 
comprehensive analyses. Nonetheless, studies involving 

both TMS and rPMS have reported that tilting the coils to 
conform to the anatomical characteristics of the treated area 
can enhance the effectiveness of deep stimulation [6-9]. 
Despite these parallels, a direct comparison is not feasible 
due to differences in methodologies and coil configurations 
across studies. 

A certain limitation of this study lies in the simplicity of the 
proposed spherical model, which, due to its anatomical 
abstraction, does not represent any specific tissue type and is 
therefore unsuitable for assessing absolute magnetic energy 
values. However, for the purpose of relative comparisons 
between different rPMS coil configurations at varying depths, 
it remains acceptable - though its applicability to specific 
anatomical structures is inherently limited. While the results 
of both the experimental and simulation components are 
largely consistent and support the potential utility of the novel 
double-coil configuration in physiotherapy, its therapeutic 
efficacy must be validated through future clinical studies 
focused on specific indications. These studies should 
particularly target large joints and deeper tissue structures, 
where the benefits of the double-coil design appear most 
promising. 

Although this study does not provide direct clinical evidence, 
it highlights the theoretical potential of the adjustable 
double-coil setup and suggests a valuable direction for future 
innovation in rPMS technology within physiotherapy. 

Conclusions 
These experimental and simulation findings indicate that both 
the conventional single-coil and the novel adjustable 
double-coil configurations have potential applications in 
physiotherapy. The single-coil setup is particularly effective 
for delivering high-intensity, focused stimulation to superficial 
tissues over anatomically flat areas. In contrast, the 
double-coil design, by allowing coil angulation, generates a 
broader and more uniform magnetic field over planar regions. 
This results in less focal but more comfortable and 
homogeneous stimulation, which may be advantageous for 
generalized muscle activation or in sensitive patients. 
Moreover, by narrowing the inter-coil angle, the double-coil 
configuration can achieve greater field strength at deeper 
tissue levels, making it especially suitable for stimulating 
irregular anatomical structures like large joints that require 
multi-directional and deeper targeting. These characteristics 
position the double-coil setup as a versatile and promising tool 
for advancing rPMS-based physiotherapeutic interventions, 
particularly in managing conditions involving deep or 
complex musculoskeletal structures. 
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Post-Traumatic 
Osteoporotic Shoulder 
Intensive rPMS Therapy Using a Novel Double-Coil Approach for Shoulder 
Osteoporosis: A Case Report with Functional and Radiological Monitoring 

Vincenzo Di Modica 
Director, Rehabilitation Center, BioSalus, Surdo di Rende, Italy 

• A 76-year-old woman with a history of untreated osteoporosis and a surgically treated humeral head fracture 
presented with persistent pain and functional limitations of the right shoulder. She underwent an intensive 2-month 
rehabilitation program combining the novel Dual-field applicator and a Dynamic applicator. 

• Shoulder pathology clinical tests (Yocum, Neer, Napoleon, Lift Off, Palm Up, Patte, Jobe, Hawkins), pain (Visual 
Analog Scale – VAS), range of motion (goniometry), muscle strength (MRC scale), and anatomical changes (MRI) 
were evaluated. 

• A 70° improvement in active flexion and abduction, improvement in all, and complete resolution of 6 out of 8 
pathological clinical signs - findings confirmed by MRI and full restoration of sleep. 
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Simultaneous Use of Two 
Applicators in Low Back Pain 
Effectiveness of a Combined Dual-field applicator and Hand-held applicator for 
Chronic Low Back Pain: An Observational Study with Comparative Literature 
Analysis 
Vincenzo Di Modica1, Miloš Barna2 

1  Director, Rehabilitation Center, BioSalus, Surdo di Rende, Italy 
2 Head of the rehabilitation medicine clinic Barna Medical, Barna Medical, Prague 

• 38 patients with chronic low back pain underwent 9 treatment sessions combining the Dual-field applicator and 
a manual Dynamic applicator, scheduled 3 times per week. 

• Pain intensity (VAS – Visual Analog Scale), disability (ODI – Oswestry Disability Index), physical and mental 
health status (SF-12) and self-reported improvement (PGIC – Patient Global Impression of Change) were 
evaluated. 

• A literature analysis was conducted to compare the observed outcomes with those reported for conventional 
coil configurations. 

• All patients experienced subjective improvement, along with better mental and physical health scores. 
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SUPER INDUCTIVE 
SYSTEM DUO 

Upper and Lower 
Limb Joint Disorders 
A Novel Double-Coil rPMS Approach for Treating Joint Disorders of the Upper 
and Lower Extremities: A Pilot Study 

Miloš Barna1, Vincenzo Di Modica2 

1 Head of the rehabilitation medicine clinic Barna Medical, Barna Medical, Prague 
2 Director, Rehabilitation Center, BioSalus, Surdo di Rende, Italy 

• 25 patients with upper and lower limb joint disorders underwent 6 treatment sessions using the Super 
Inductive System DUO device, scheduled 3 times per week. 

• Pain (VAS – Visual Analog Scale), functional ability (PSFS – Patient Specific Functional Score), physical and 
mental health status (SF-12), and self-reported improvement (PGIC – Patient Global Impression of Change) 
were evaluated. 

• All patients experienced subjective improvement, along with better mental and physical health scores. 
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* For visual comparison purposes, the Physical and Mental health scale (0–100) was rescaled to a 0–10 range. 
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Hip pathology clinical tests (McCarthy’s, Faddir, Faber, Wartenberg (Pinwheel), C-sign), pain (Visual Analog 
Scale – VAS), muscle strength (MRC scale), and anatomical changes (RTG) were evaluated. 

• 

• A 39-year-old woman presented with severe coxalgia and functional limitation of the left hip, ongoing for 
two years. She reported inability to walk long distances or maintain an upright position for extended periods. 
Conservative management, including medication and physiotherapy, had been ineffective. 

• She was diagnosed with femoroacetabular impingement and underwent a 1-month rehabilitation program 
combining a novel Dual-field applicator and a Dynamic applicator. 

Simultaneous Use of Two 
Applicators in Hip Impingement 
A Novel Combined Dual-Field Applicator and Hand-Held Applicator for 
Femoroacetabular Impingement: A Case Report 

Vincenzo Di Modica 
Director, Rehabilitation Center, BioSalus, Surdo di Rende, Italy 
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Patient positioning with dual-field applicator (left) and pre-treatment X-ray showing femoroacetabular 
impingement (right) 



Dual-Field Stimulation Depth 
Finite Element Analysis in COMSOL of Single- vs. Double-Coil Repetitive Peripheral 
Magnetic Stimulation Targeting Knee Cartilage and Ligaments 

Submitted to Journal of Clinical and Diagnostic Research 
Barbora Vrbová1, Jitka Malá2 

1 Doctoral graduate of the Faculty of Electrical Engineering, Department of Electromagnetic 
2 Department of biomedicine, Faculty of Physical Education and Sport, Charles University, Prague, Czech Republic 

• A computer-simulated knee joint model was used to compare magnetic energy distribution between the Super 
Inductive System ELITE (single-coil) and Super Inductive System DUO (double-coil). 

• Cartilage models measured energy buildup, while ligament models assessed penetration depth. 
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Dual-Field Stimulation 
Intensity Perception 
Comparison of Single- and Double-Coil RPMS Configurations in Physiotherapy: 
Perception and Field Distribution in Commonly Treated Areas 
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2 Department of Biomedicine, Faculty of Physical Education and Sport, Charles University, Prague, Czech Republic 
3 Head of the rehabilitation medicine clinic Barna Medical, Barna Medical, Prague 

Highlights 

SUPER INDUCTIVE 
SYSTEM DUO 

Difference in Delivered Energy at Different Depths 

-5% 
57% 

193% 

247% 

1 cm 

Single coil Double coil 

2 cm 3 cm 

Depth 

243% 

4 cm 5 cm 

M
ag

ne
tic

 e
ne

rg
y (

J) 

36% 67% 

• 28 healthy subjects tested both Super Inductive System ELITE (single-coil) and Super Inductive System DUO 
(double-coil). 

• Subjective ratings of perceived intensity, comfort, penetration depth, and field homogeneity were compared with 
COMSOL multiphysics simulations of magnetic-field distributions across varying double-coil angles, with the 
single-coil configuration serving as the reference. 

• The double-coil surpasses the single-coil in magnetic energy beyond 2 cm depth, delivering up to 247% more 
energy. 
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