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Background: Stress urinary incontinence is common in women and can negatively affect quality of life. This study evaluated the
effects of pelvic floor muscle training alone and combined with high-intensity focused electromagnetic therapy on pelvic floor muscle
function, urinary symptoms, and quality of life.

Methods: This randomized controlled trial included 44 women with stress urinary incontinence, randomly assigned to either the high-
intensity focused electromagnetic therapy group or the pelvic floor muscle training group (22 per group). Both groups received
supervised pelvic floor muscle training three times weekly for 8 weeks. In addition, the high-intensity focused electromagnetic therapy
group received twice-weekly treatment for 6 weeks, with 28-minute sessions. The primary outcome measure was pelvic floor muscle
activity, assessed using surface electromyography biofeedback. The secondary outcome measures were urinary symptoms and quality
of life, evaluated using the Urogenital Distress Inventory-6, the International Consultation on Incontinence Questionnaire-Short Form,
and the King’s Health Questionnaire. Appropriate parametric and nonparametric tests were used for data analysis, and statistical
significance was set at p<0.05.

Results: No significant between-group differences were found at baseline (p>0.05). Both groups showed significant post-treatment
improvements in pelvic floor muscle function and urinary symptoms. In the high-intensity focused electromagnetic therapy group,
significant improvements were observed in electromyography parameters, UDI-6, and ICIQ-SF scores (all p<0.001). Improvements in
the pelvic floor muscle training group were also significant but less pronounced. After treatment, the high-intensity focused
electromagnetic therapy group showed significantly better outcomes than the pelvic floor muscle training group in electromyography
parameters, UDI-6, ICIQ-SF, and King’s Health Questionnaire total score (all p<0.03). After Holm correction, the HIFEM + PFMT
group showed significantly greater improvements than the PFMT group in Work Peak EMG activity, maximum voluntary contraction,
and UDI-6 scores, with large effect sizes (g = 1.41, 1.26, and —1.22, respectively; adjusted p < 0.035). Other outcomes did not remain
significant after adjustment for multiple comparisons.

Conclusion: Both pelvic floor muscle training alone and in combination with high-intensity focused electromagnetic therapy were
effective in women with stress urinary incontinence. However, the combined approach provided greater improvements in several
objective and subjective outcomes, suggesting that high-intensity focused electromagnetic therapy may be a useful adjunct to exercise-
based conservative treatment.
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Background

Urinary incontinence (UI) is a common health problem characterized by involuntary urine leakage, is more prevalent in
women, and can affect individuals of all age groups.'** Although it is not life-threatening, it may substantially reduce
quality of life by causing marked limitations in physical, psychological, social, and sexual domains. Stress urinary
incontinence (SUI) is defined by the International Continence Society as the complaint of involuntary loss of urine on
effort or physical exertion, or on sneezing or coughing.® Advanced age, female sex, parity, menopause, obesity, history of
pregnancy, genetic predisposition, smoking, chronic cough, and constipation are among the main risk factors associated
with the development of SUL*?

Urine leakage, the sensation of wetness, and concerns about unpleasant odor caused by Ul may lead to embarrass-
ment, loss of self-confidence, and social isolation in women.®” In the long term, this condition has been reported to be
associated with anxiety, psychological distress, and restrictions in social relationships.” The literature indicates that the
negative effects of Ul on quality of life are closely related not only to symptom frequency but also to psychosocial and
functional consequences.’

Conservative, pharmacological, and surgical approaches are available for the treatment of UI, and current clinical
guidelines recommend conservative methods as first-line treatment.® Conservative treatments include behavioral and
lifestyle modifications, pelvic floor muscle training (PEMT), electrical stimulation, and biofeedback.”'® PFMT aims to
improve urethral support by increasing the strength, endurance, and functional control of the pelvic floor muscles and is
considered the first-line physiotherapy approach for the treatment of UL'""® Cochrane systematic reviews have shown
that PFMT improves quality of life, reduces urine leakage, and increases treatment satisfaction in women with stress or
mixed UL"

In recent years, innovative treatment methods that stimulate the pelvic floor muscles through electromagnetic
fields have attracted increasing attention. Functional magnetic stimulation (FMS) is a non-invasive method approved
by the U.S. Food and Drug Administration in 1998 for pelvic floor muscle stimulation.'*'> Based on Faraday’s law of
electromagnetic induction, this method induces pelvic floor muscle contractions through neuromodulation of the
sacral nerve roots (S2-S4).'"'® Since it does not require skin contact and can be applied over clothing while the
patient remains seated, it has been described as a more comfortable approach than conventional electrical
stimulation.'®

High-intensity focused electromagnetic therapy (HIFEM), a more advanced form of functional magnetic stimulation,
has recently received increasing attention because it can generate deeper and stronger contractions in the pelvic floor
muscles. A recent meta-analysis highlighted the non-invasive nature of HIFEM, its ability to provide meaningful clinical
improvements even with short treatment sessions, and its ease of application as important innovative features. Unlike
low-intensity magnetic stimulation methods, HIFEM has been reported to activate both fast- and slow-twitch muscle
fibers simultaneously, resulting in more pronounced improvements in muscle strength and endurance. In addition,
HIFEM may be effective not only for symptom control but also for enhancing pelvic floor muscle awareness and
supporting the motor learning process. High-intensity electromagnetic therapy has recently been proposed as a non-
invasive treatment option that may stimulate pelvic floor muscle contractions. However, the current literature reveals
considerable heterogeneity in HIFEM protocols and outcome measures, and objective assessments of pelvic floor muscle
function remain limited. Therefore, further comparative studies using objective outcome measures are needed to clarify
its clinical effectiveness.'®

Although previous studies have investigated the effects of high-intensity electromagnetic therapy and pelvic floor
muscle training in women with stress urinary incontinence, evidence directly comparing these two interventions within
a randomized design remains limited. Moreover, few studies have used objective pelvic floor muscle activity assessed by
surface electromyography biofeedback as a primary outcome alongside patient-reported urinary symptoms and quality of
life measures. Therefore, the aim of this study was to compare the effectiveness of pelvic floor muscle training and high-
intensity electromagnetic therapy on pelvic floor muscle function, quality of life, and urinary parameters in women with
stress urinary incontinence.
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Methods

This study was designed as a randomized controlled clinical trial and was conducted at Medipol Acibadem Regional
Hospital between June 2024 and June 2025. The study protocol was approved by the Non-Interventional Clinical
Research Ethics Committee of Istanbul Medipol University (Decision No: E-10840098-202.3.02-2981). The study
was carried out in accordance with the principles of the Declaration of Helsinki. Written informed consent was obtained
from all participants before enrollment. The study was registered in the ClinicalTrials.gov database (Registration No:
NCT06450795).

A total of 44 women diagnosed with stress urinary incontinence who were followed at Medipol Acibadem Regional
Hospital and met the eligibility criteria were included in the study. The aim, scope, and treatment procedures of the study
were explained in detail to eligible participants by the principal investigator, and written informed consent was obtained.
The inclusion criteria were as follows: having a physician-confirmed diagnosis of stress urinary incontinence, being
between 20 and 65 years of age, having no history of recurrent vaginitis, having had no more than three urinary tract
infections within the previous year and no active urinary tract infection, and meeting the indications specified in the user
manual of the study device. The diagnosis of stress urinary incontinence was established by a physician prior to study
enrollment. Only women with a physician-confirmed diagnosis of stress urinary incontinence were included in the study.
The exclusion criteria were the presence of a cardiac implant or a history of untreated cardiac arrhythmia, the presence of
any metal implant in the body, vaginal or pelvic surgery within the last six months, childbirth within the last 12 weeks or
miscarriage within the last six weeks, any recent surgical intervention, receiving any concurrent treatment for urinary
incontinence, renal or hepatic failure, the presence of neurological or neuromuscular disease, or any contraindication
specified in the study device manual.

The sample size was calculated using G*Power software. The effect size was determined based on data from
a previous study evaluating pelvic floor muscle function and/or urinary incontinence-related outcomes in women with
urinary incontinence.?’ Based on an effect size of f = 0.229, 80% statistical power, and a significance level of 5%, and
considering a possible dropout rate of 10%, a total of 44 women were planned to be included in the study. Participants
were allocated into two groups of 22 each. (Figure 1) Randomization was performed using the sealed-envelope method.
Participants were assigned to the first or second group according to the number contained in the envelope they selected.
The envelopes were sealed and opaque to ensure allocation concealment before group assignment. Due to the nature of
the interventions, participants and therapists could not be blinded to group allocation.

The study was conducted with two groups. Group 1 (HIFEM) received pelvic floor muscle training and high-intensity
focused electromagnetic therapy (HIFEM), whereas Group 2 (PFMT) received pelvic floor muscle training only.

All participants underwent a baseline assessment. Participants in both groups were enrolled in a pelvic floor muscle
training (PFMT) program supervised by a specialist physiotherapist. The PFMt program was performed three days per
week for eight weeks, with each session lasting 30—45 minutes. In addition to PFMT, participants in the first group
received HIFEM treatment twice weekly for six weeks, with each session lasting 28 minutes. Accordingly, total
intervention time and treatment exposure were not identical between groups, as the first group received additional device-
based HIFEM sessions. This difference was inherent to the comparative intervention design and was considered when
interpreting the findings. All assessments were repeated after completion of the treatment period. For ethical reasons,
participants in the second group were offered HIFEM treatment after the completion of the study.

Assessments
The primary outcome measure was pelvic floor muscle activity assessed using surface electromyography biofeedback.
Assessments were performed at baseline and immediately after the intervention period. Secondary outcome measures
included urinary symptoms and quality of life, evaluated using the Urogenital Distress Inventory-6, the International
Consultation on Incontinence Questionnaire-Short Form, and the King’s Health Questionnaire.

Demographic and clinical characteristics of the participants, including age, height, body weight, body mass index
(BMI), educational level, occupation, smoking and alcohol use, history of chronic disease, and menopausal status, were
recorded using a structured data collection form.
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Figure | CONSORT flow diagram of participant enrollment, allocation, follow-up, and analysis.

The severity of urinary incontinence symptoms and their impact on quality of life were assessed using the
International Consultation on Incontinence Questionnaire—Short Form (ICIQ-SF), the Turkish validity and reliability of
which were established by Cetinel et al*' This questionnaire consists of six items evaluating the frequency, amount, and
type of incontinence, as well as its impact on daily life. The total score ranges from 0 to 21, with higher scores indicating
greater severity of incontinence. '

The impact of urinary symptoms on quality of life was assessed using the King’s Health Questionnaire (KHQ), whose
Turkish validity and reliability were established by Kaya et al** The KHQ consists of 32 items and includes two main
sections. The first section assesses general health perception and the impact of incontinence, whereas the second section
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evaluates quality of life across seven subdomains: role limitations, physical limitations, social limitations, personal
relationships, emotions, sleep/energy, and symptom severity. Scores obtained from the subscales range from 0 to 100,
with higher scores indicating poorer quality of life. In addition, the symptom severity scale is scored between 0 and 30,
with higher scores indicating increased symptom severity.?*

The Urogenital Distress Inventory—Short Form (UDI-6) was used to assess incontinence-related symptoms. This scale
consists of six items rated on a four-point Likert scale. The total score ranges from 0 to 18 and is converted into
a percentage score. Higher scores indicate a greater level of symptom-related distress. The Turkish validity and reliability
of the scale were established by Cam et al.**

Pelvic floor muscle activity was assessed using a dual-channel surface electromyography device (NeuroTrac Myoplus
4, Verity Medical Ltd., UK) according to the protocol described by Pekbay et al>* Before measurement, participants were
asked to empty their bladder and rectum. The assessment was performed in the supine crook-lying position. During the
assessment, the active electrode was placed around the anal sphincter, while the reference electrode was positioned over
the adductor muscle group on the medial aspect of the right thigh. Following the device’s auditory cues, participants were
instructed to perform a maximum voluntary contraction for 5 seconds, followed by 5 seconds of relaxation. A total of 10
repetitions were completed according to this protocol, and electromyographic signals corresponding to the contraction
and relaxation phases were recorded. Resting EMG values represented the average electromyographic activity recorded
during the relaxation phases of the assessment protocol and were obtained under standardized testing conditions for all
participants. The analyzed parameters were as follows:

e Work Average (uLV): Mean EMG activity across all contractions

e Average Deviation (LV): Mean variation in the EMG signal during the contraction period
e Pcak (1V): Highest contraction value recorded during the measurement

® Rest Average (uV): Mean EMG activity during the relaxation phase

Interventions

Pelvic Floor Muscle Training

All participants received a structured pelvic floor muscle training (PFMT) program consisting of both sustained and rapid
voluntary pelvic floor muscle contractions. The program was designed to target endurance-related and rapid response
components of pelvic floor muscle performance. Correct activation of the pelvic floor muscles was initially taught and
confirmed by a specialist physiotherapist using vaginal palpation.

The exercise program consisted of sets including 10 rapid contractions and 10 sustained contractions. For sustained
contractions, participants were instructed to maintain each contraction for 10 seconds, followed by a complete relaxation
phase. Participants performed the exercises three days per week for eight weeks, with three exercise sessions per day. The
training load was progressively increased, starting with one set during the first week and reaching a total of 10 sets by the
eighth week through gradual weekly increments.

The exercise program was progressed throughout the intervention period by increasing the number of sets and
introducing more challenging exercise positions. During the first week, exercises were performed in the supine position
with legs extended and in the crook-lying position. As training progressed, exercises were also performed in sitting and
standing positions to enhance motor control and functional performance. The reported 40—-45-minute duration repre-
sented the total duration of the supervised training session, including exercise instruction, supervised practice, technique
correction, and rest intervals. Pelvic floor muscle contractions were not performed continuously throughout the entire
session. Participants were also instructed to continue the prescribed exercises as a home exercise program throughout the
intervention period. All supervised exercise sessions were conducted by a specialist physiotherapist (Table 1).

High-Intensity Focused Electromagnetic Therapy (HIFEM)

To strengthen the pelvic floor muscles, participants in the first group received high-intensity focused electromagnetic
therapy. A non-invasive device using HIFEM technology (BTL EMSELLA®™, BTL Industries Ltd., Czech Republic) was
used for treatment. The device is CE-certified under the European Union Medical Device Directive (93/42/EEC) and is
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Table | Progressive Pelvic Floor Muscle Training Program

Week Position Daily Sessions | Sets per Session
Week | | Supine with legs extended/crook lying 3 |
Week 2 | Supine with legs extended/crook lying; child’s pose 3 2
Week 3 | Supine with legs extended/crook lying; child’s pose; sitting 3 3
Week 4 | Child’s pose; sitting; standing 3 4
Week 5 | Supine with legs extended/crook lying; child’s pose; sitting; squatting 3 5
Week 6 | Supine with legs extended/crook lying; standing; sitting; squatting 3 6
Week 7 | Supine with legs extended/crook lying; standing; child’s pose; squatting; bridge 3 8
Week 8 | Supine with legs extended/crook lying; child’s pose; standing; sitting; squatting; bridge 3 10

suitable for clinical use in the conservative treatment of urinary incontinence. During HIFEM therapy, participants were
seated on a specially designed chair with the coil applicator integrated into the seat, and a focused electromagnetic field
was applied to the pelvic region. During the application, alternating electromagnetic fields of up to 2.5 Tesla depolarized
the pelvic floor motor neurons and induced supramaximal contractions of the pelvic floor muscles. This mechanism
enables selective and deep activation of the pelvic floor muscles.?>**°

HIFEM therapy was administered concurrently with pelvic floor muscle training for six weeks, twice weekly, with
each session lasting 28 minutes. The stimulation frequency was set between 10 and 50 Hz, and the intensity was
gradually increased to the maximum level tolerated by the participant. Throughout the treatment period, participants
received the intervention in a seated position while fully clothed. Participants did not perform voluntary pelvic floor
muscle exercises during HIFEM sessions. HIFEM was administered as a separate device-based intervention, while
PFMT was performed during supervised exercise sessions.

Statistical Analysis

Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) version 23.0. Data
distribution was assessed using the Shapiro—Wilk test, and the assumption of normality was further supported by
examining skewness and kurtosis values. For normally distributed variables, paired samples #-test was used for within-
group comparisons and independent samples #-test was used for comparisons between two independent groups. For non-
normally distributed variables, the Wilcoxon signed-rank test was used for within-group comparisons and the Mann—
Whitney U-test was used for between-group comparisons. Descriptive statistics were presented as mean and standard
deviation according to data distribution. Categorical variables were analyzed using the chi-square test and reported as
frequency and percentage. A p value of <0.05 was considered statistically significant. Change scores were calculated by
subtracting baseline values from post-treatment values for each outcome. Between-group comparisons of change scores
were used as the primary analytical approach to evaluate the comparative effectiveness of the interventions. Effect sizes
were reported as Hedges’ g, and 95% confidence intervals were calculated for between-group mean differences. To
reduce the risk of type I error due to multiple comparisons, Holm-adjusted p-values were additionally reported. Within-
group comparisons were considered supplementary and were not used as the main basis for interpretation.

Results

Descriptive data on age, height, body weight, body mass index, number of deliveries, age at menopause, presence of
chronic disease, medication use, smoking and alcohol consumption, and educational level are presented by group in
Table 2. No statistically significant differences were found between the groups in terms of these demographic and clinical
characteristics (p > 0.05).
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Table 2 Participants’ Demographic and Clinical Characteristics

Variables HIFEM Group | PFMT Group | p
Mean (SD) Mean (SD)

Age (years) 48.90 (7.17) 50.18 (7.51) 0.56
Height (cm) 158.63 (6.61) 159.18 (7.67) 0.80
Weight (kg) 81.04 (9.47) 77.36 (8.88) 0.19
Body Mass Index (kg/m?) 32.28 (4.08) 30.67 (4.18) 0.19
Number of births 3.09 (0.97) 3.22 (0.97) 0.64
Menopause age (years) 44.33 (2.14) 44.37 (1.31) 0.95
Categorical variables n (%) n (%)

Chronic disease (yes) 14 (64%) 13 (59%) 0.50
Medication use (yes) 10 (44%) 13 (59%) 0.27
Smoking (yes) 10 (44%) 13 (59%) 0.27
Alcohol use (yes) 3 (14%) 4 (18%) 0.50
Education — Primary school 14 (64%) 14 (64%) 0.62
Education — High school 8 (36%) 8 (36%) 0.62

Notes: Values are presented as mean (standard deviation) for continuous variables and
number (percentage) for categorical variables. Between-group comparisons were per-
formed using the independent t-test for continuous variables and the chi-square test for
categorical variables. Statistical significance was set at p < 0.05.

In the within-group pre- and post-treatment comparisons, the HIFEM group showed statistically significant improve-

ments after treatment in EMG-biofeedback parameters, including work average, work peak, maximum voluntary
contraction, and rest average, as well as in UDI, ICIQ-SF, and KHQ scores (p < 0.05). In the PFMT group, significant
improvements were observed in EMG-biofeedback parameters and in UDI and ICIQ-SF scores (p < 0.05). In addition,

for the KHQ, statistically significant post-treatment changes were found in all subdomains and in the total score except
for the physical limitation subdomain (p < 0.05) (Table 3).

Table 3 Within-Group Pre—Post Comparisons of EMG Parameters, Clinical Outcomes and KHQ

Subscale Scores

Variable Group Pre-Treatment Post-Treatment p
Mean (SD) Mean (SD)

Work Average (uV) HIFEM 749 (4.78) 20.54 (9.01) <0.001
PFMT 7.13 (5.09) 14.96 (10.76) <0.001
Work Peak (uV) HIFEM 16.44 (9.34) 38.85 (15.46) <0.001
PFMT 14.32 (10.11) 26.70 (16.70) <0.001
Maximum Voluntary Contraction (uV) HIFEM 42.35 (8.61) 75.59 (10.83) <0.001
PFMT 42.77 (10.35) 65.29 (13.63) <0.001
Rest Average (uV) HIFEM 0.87 (0.24) 0.57 (0.06) <0.001
PFMT 0.75 (0.21) 0.54 (0.13) <0.001
(Continued)
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Table 3 (Continued).

Variable Group Pre-Treatment Post-Treatment )
Mean (SD) Mean (SD)
UDI-6 (%) HIFEM 56.1 (17.0) 24.2 (10.5) <0.001
PFMT 54.0 3.2) 33.1 (8.6) <0.001
ICIQ-SF (score) HIFEM 10.27 (3.62) 4.04 (0.89) <0.001
PFMT 9.45 (4.23) 5.36 (1.89) <0.001
KHQ — General Health HIFEM 34.09 (12.30) 6.81 (11.39) <0.001
PFMT 36.12 (10.44) 12.44 (13.01) <0.001
KHQ - Incontinence Impact HIFEM 58.90 (27.14) 18.15 (19.83) <0.001
PFMT 61.22 (25.33) 27.40 (21.56) <0.001
KHQ - Role Limitations HIFEM 46.96 (28.92) 16.66 (17.05) <0.001
PFMT 48.11 (26.70) 22.35 (18.42) <0.001
KHQ - Physical Limitations HIFEM 26.49 (22.79) 5.30 (7.94) <0.001
PFMT 28.10 (21.36) 24.90 (20.11) 0.09
KHQ - Social Limitations HIFEM 26.76 (28.20) 7.57 (12.06) <0.001
PFMT 29.33 (24.18) 14.02 (15.77) <0.001
KHQ - Personal Relationships HIFEM 15.15 (24.61) 7.57 (14.29) 0.02
PFMT 16.40 (22.55) 13.22 (18.33) 0.11
KHQ — Emotions HIFEM 47.96 (22.31) 12.62 (12.50) <0.001
PFMT 45.20 (21.66) 18.35 (16.01) <0.001
KHQ - Sleep/Energy HIFEM 43.17 (23.94) 14.35 (14.77) <0.001
PFMT 41.66 (22.08) 20.44 (17.30) <0.001
KHQ - Severity Measures HIFEM 51.66 (21.47) 19.39 (12.83) <0.001
PFMT 49.80 (20.94) 25.66 (15.92) <0.001
KHQ - Total Score HIFEM 362.33 (124.76) 111.36 (64.79) <0.001
PFMT 376.22 (85.41) 154.49 (69.56) <0.001

Notes: Values are presented as mean (standard deviation). Between-group comparisons were performed using independent t-test
or Mann—Whitney U-test, as appropriate. Statistical significance was set at p < 0.05.

Before treatment, the HIFEM and PFMT groups were compared in terms of EMG-biofeedback parameters, severity
of urinary symptoms, quality of life, and the subdomains of the King’s Health Questionnaire. No statistically significant
differences were found between the groups in any of the parameters evaluated at baseline (p > 0.05) (Table 3).

After treatment, the HIFEM and PFMT groups were compared in terms of EMG-biofeedback parameters, severity of
urinary symptoms, and quality-of-life outcomes. Statistically significant differences were found in favor of the HIFEM
group for all EMG parameters except rest average, as well as for most of the clinical scales (p < 0.05) (Table 4).

Between-group analyses showed greater improvements in several EMG parameters and urinary symptom outcomes in
the HIFEM + PFMT group compared with the PFMT group. After Holm adjustment for multiple comparisons, significant
between-group differences remained for Work Peak, maximum voluntary contraction, and UDI-6, favoring the HIFEM +
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Table 4 Between-Group Post-Treatment Comparisons of EMG Parameters, Clinical
Outcomes and KHQ Subscale Scores

Variable HIFEM Group PFMT Group p
Mean (SD) Mean (SD)

Work Average (uV) 20.54 (9.01) 14.96 (10.76) 0.02
Work Peak (uV) 38.85 (15.46) 26.70 (16.70) 0.0l
Maximum Voluntary Contraction (uV) 75.59 (10.83) 65.29 (13.63) 0.01
Rest Average (uV) 0.57 (0.06) 0.54 (0.13) 0.15
UDI-6 (%) 242 (10.5) 33.1 (8:6) <0.001
ICIQ-SF (score) 4.04 (0.89) 5.36 (1.89) 0.02
KHQ — General Health 6.81 (11.39) 15.90 (12.30) 0.01
KHQ — Incontinence Impact 18.15 (19.83) 27.27 (24.41) 0.14
KHQ - Role Limitations 16.66 (17.05) 13.63 (16.77) 0.54
KHQ - Physical Limitations 5.30 (7.94) 22.72 (24.42) <0.001
KHQ - Social Limitations 7.57 (12.06) 13.63 (14.91) 0.10
KHQ — Personal Relationships 7.57 (14.29) 4.54 (11.70) 0.44
KHQ — Emotions 12.62 (12.50) 18.68 (14.29) 0.02
KHQ — Sleep/Energy 14.35 (14.77) 18.17 (14.46) 0.19
KHQ — Severity Measures 19.39 (12.83) 13.33 (12.67) 0.09
KHQ — Symptom Severity 5.50 (2.32) 6.63 (2.08) 0.04
KHQ — Total Score 111.36 (64.79) 154.49 (69.56) 0.03

Notes: Values are presented as mean (standard deviation). Between-group comparisons were performed using

the independent t-test or Mann-Whitney U-test, as appropriate. Statistical significance was set at p < 0.05.

PFMT group. Although unadjusted analyses also suggested significant differences in Work Average, ICIQ-SF, KHQ-
General Health, KHQ-Physical Limitations, KHQ-Emotions, KHQ-Symptom Severity, and KHQ-Total Score, these
findings did not remain statistically significant after adjustment for multiple comparisons. Therefore, these secondary

and subdomain findings should be interpreted cautiously (Table 5).

Table 5 Between-Group Comparison of Baseline-to-Post-Treatment Change Scores in EMG Parameters, Urinary Symptoms, and

Quality of Life Outcomes

Variable HIFEM n | HIFEM A PFMT n | PFMT A Between-Group A Hedges g | p Holm-Adjusted p
Mean (SD) Mean (SD) Difference (95% CI)

Work Average (uV) 22 13.05 (5.40) 13 6.45 (6.28) 6.60 (2.27 to 10.93) 1.12 0.004 0.063

Work Peak (uV) 22 2241 (10.07) 13 8.70 (8.33) 13.71 (7.27 to 20.16) 1.41 <0.001 | 0.003

Maximum Voluntary Contraction (uV) | 22 33.24 (5.91) 13 24.79 (7.52) 8.44 (3.37 to 13.51) 1.26 0.002 0.035

Rest Average (uV) 22 -0.30 (0.27) 13 —0.20 (0.19) —0.10 (—0.26 to 0.05) -0.42 0.185 1.000

UDI-6 (%) 22 -31.82 (8.94) 22 —20.96 (8.56) —10.86 (~16.18 to —5.53) | —1.22 <0.001 | 0.003

ICIQ-SF (score) 22 -6.23 (3.02) 22 —4.09 (2.76) —2.14 (-3.90 to —0.38) -0.73 0.019 0.242
(Continued)
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Table 5 (Continued).

Variable HIFEM n | HIFEM A PFMT n | PFMT A Between-Group A Hedges g | p Holm-Adjusted p
Mean (SD) Mean (SD) Difference (95% CI)
KHQ — General Health 22 —27.27 (10.66) 22 —18.18 (15.78) —9.09 (—17.32 to —0.86) —0.66 0.031 0.344
KHQ — Incontinence Impact 22 —40.75 (20.43) 22 -36.36 (22.79) —4.39 (—17.56 to 8.78) -0.20 0.505 1.000
KHQ — Role Limitations 22 —30.30 (18.28) 22 —27.27 (28.89) -3.03 (-17.82 to 11.76) -0.12 0.680 1.000
KHQ — Physical Limitations 22 —21.20 (17.19) 22 —5.30 (26.91) —15.89 (-29.71 to —2.08) | —0.69 0.025 0.304
KHQ - Social Limitations 22 —19.19 (17.55) 22 —14.14 (23.55) —5.05 (—17.72 to 7.62) —-0.24 0.425 1.000
KHQ — Personal Relationships 22 —7.57 (14.30) 22 —15.15 (24.62) 7.57 (—4.76 to 19.91) 037 0.221 1.000
KHQ — Emotions 22 —35.34 (15.58) 22 —26.25 (21.56) —9.09 (-20.57 to 2.39) -0.47 0.117 1.000
KHQ - Sleep/Energy 22 —28.82 (13.78) 22 —31.06 (23.74) 2.24 (-9.66 to 14.13) 0.11 0.704 1.000
KHQ - Severity Measures 22 —32.27 (23.26) 22 —37.42 (21.92) 5.15 (-8.60 to 18.90) 0.22 0.454 1.000
KHQ — Symptom Severity 22 —7.55 (3.58) 22 —6.59 (4.28) —0.95 (—3.36 to 1.45) -0.24 0.427 1.000
KHQ — Total Score 22 —-250.97 (79.72) | 22 —221.73 (62.64) | —29.24 (-72.93 to 14.46) | —0.40 0.184 1.000

Notes: Values are presented as mean change * standard deviation unless otherwise stated. Change scores were calculated as post-treatment minus baseline values.
Between-group comparisons were performed using Welch’s independent samples t-test. Effect sizes are reported as Hedges’ g, and 95% confidence intervals are presented
for between-group mean differences.

Abbreviations: HIFEM, high-intensity electromagnetic therapy; PFMT, pelvic floor muscle training; EMG, electromyography; UDI-6, Urogenital Distress Inventory-6; ICIQ-
SF, International Consultation on Incontinence Questionnaire-Short Form; KHQ, King’s Health Questionnaire.

Discussion

In this study, the effects of pelvic floor muscle training alone and pelvic floor muscle training combined with high-
intensity focused electromagnetic therapy were evaluated in women with stress urinary incontinence. The findings
suggest that both interventions were associated with improvements in pelvic floor muscle function, urinary symptoms,
and quality of life. However, when the results were interpreted primarily according to between-group change score
analyses, the additional benefit of HIFEM appeared to be most evident in selected EMG parameters and UDI-6 scores.

The effectiveness of PFMT in the treatment of SUI is strongly supported in the literature. Systematic reviews and
meta-analyses have shown that PFMT, either alone or in combination with other conservative methods, reduces the
frequency of urine leakage and improves quality of life.">*” Programs that include isolated and repeated pelvic floor
muscle contractions and are performed with sufficient frequency and duration appear to be particularly effective.'® The
PFMT protocol used in the present study, which included both slow and rapid isolated contractions and was maintained at
a consistent weekly frequency with gradual progression, is in line with the characteristics recommended in the literature.
Accordingly, improvements observed in both groups are consistent with previous evidence supporting PFMT as a first-
line conservative treatment approach for women with stress urinary incontinence.

Nevertheless, the literature indicates that the response to PFMT may be limited in some cases and that additional
neuromuscular facilitation may be needed.?’-*® In this context, magnetic stimulation-based approaches have emerged as
a complementary option to pelvic floor muscle training. Sham-controlled randomized studies have shown that magnetic
stimulation provides improvements beyond placebo effects in the number of incontinence episodes, pad test outcomes,
and quality of life in women with urinary incontinence.?>**>° In addition, the non-invasive nature of these methods, their
high level of patient comfort, and the possibility of administration over clothing have been reported as important
advantages.”

Recent studies have suggested that approaches using higher-intensity electromagnetic fields may have beneficial
effects on pelvic floor muscle activation. In randomized and comparative studies with different designs, magnetic
stimulation applications have been reported to reduce symptom severity, improve quality of life, and increase pelvic
floor muscle awareness.”' > Assessments performed using objective methods such as electromyography and ultrasono-
graphy have also suggested that these treatments may be associated with neuromuscular changes in addition to subjective
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symptom improvement.***® High-intensity focused electromagnetic therapy has attracted increasing attention because it
may induce repeated involuntary contractions in the pelvic floor muscles. Previous randomized controlled, sham-
controlled, and observational studies have reported that HIFEM applications may reduce symptom severity, improve
quality of life, and enhance pelvic floor muscle function in women with stress or mixed urinary incontinence.?%*¢-*=7
However, the current literature remains heterogeneous in terms of stimulation protocols, treatment duration, session
frequency, outcome measures, and comparator groups. Therefore, further randomized comparative studies using objective
outcome measures are needed to clarify the clinical role of HIFEM.

The findings of previous studies suggest that even short-term HIFEM protocols may be associated with improvements
in pelvic floor muscle activity and clinical outcomes.’***” These findings are also supported by recent evidence
syntheses. A recent systematic review and meta-analysis reported that non-invasive HIFEM significantly reduced urinary
incontinence symptoms, improved quality of life, and increased patient satisfaction. The same study also emphasized
ease of application and high patient tolerability as major advantages of HIFEM, while simultaneous activation of fast-
and slow-twitch muscle fibers was proposed as a possible mechanism underlying gains in muscle strength and
endurance.*® However, because muscle fiber recruitment and neuromuscular activation patterns were not directly
assessed in the present study, such physiological mechanisms should be interpreted cautiously and considered as possible
explanations rather than definitive conclusions.

The direct comparison of HIFEM technology combined with PFMT versus a structured PFMT program alone in the
present study helps address an important gap in the literature. Most previous studies have compared magnetic stimulation
with sham or passive control groups, and studies directly comparing HIFEM-supported interventions with PFMT in the
field of stress urinary incontinence remain limited. In the present study, the use of surface EMG-biofeedback as an
objective assessment method for pelvic floor muscle function is a methodological strength, particularly because many
previous studies have relied primarily on subjective symptom scales. Nevertheless, the findings should be interpreted
cautiously because of the limited sample size and the short-term nature of the follow-up.

The interpretation of the findings was primarily based on between-group differences in change scores rather than
within-group improvements. Although both groups showed improvements from baseline, the adjusted between-group
analyses indicated that the additional effect of HIFEM was most evident in selected EMG parameters and UDI-6 scores.
After adjustment for multiple comparisons, significant between-group differences remained for Work Peak, maximum
voluntary contraction, and UDI-6 scores, favoring the HIFEM group. Other outcomes showed favorable unadjusted
differences; however, these did not remain statistically significant after Holm correction. Therefore, findings from
secondary outcomes and KHQ subdomains should be interpreted cautiously.

In addition to statistical significance, the clinical relevance of the observed changes should be considered.
Improvements in urinary symptom scores, particularly UDI-6 and ICIQ-SF, were interpreted in relation to previously
reported minimal clinically important difference values where available. This approach is important because statistically
significant differences may not always correspond to clinically meaningful improvements from the patient perspective. In
the present study, the greater improvement in UDI-6 in the HIFEM group suggests a potentially meaningful reduction in
urinary symptom burden; however, this finding should be confirmed in larger randomized trials with longer follow-up
periods.

This study has several limitations. First, the sample size was relatively small, which may limit statistical power and
the precision of effect estimates. Second, the data were obtained from a single center, which may limit the general-
izability of the findings. Third, there was no separate group to evaluate the isolated effects of HIFEM; therefore, the
independent contribution of HIFEM could not be determined. Fourth, participants and therapists could not be blinded due
to the nature of the interventions. This may have introduced performance bias, particularly for subjective outcomes such
as self-reported urinary symptoms and quality of life. Fifth, total intervention time and therapist contact were not
identical between groups because the HIFEM + PFMT group received additional device-based treatment sessions. Sixth,
adherence to the home-based PFMT program was not systematically recorded; therefore, the extent to which participants
fully complied with the prescribed exercise program could not be objectively evaluated. Finally, only short-term post-

treatment outcomes were assessed, and the long-term sustainability of the observed improvements remains unclear.
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This study compared pelvic floor muscle training alone with pelvic floor muscle training combined with adjunct high-
intensity focused electromagnetic therapy in women with stress urinary incontinence. The findings suggest that adding
HIFEM to PFMT may provide additional short-term benefits in selected pelvic floor muscle activity parameters and
urinary symptom outcomes. However, given the relatively small sample size, lack of participant and therapist blinding,
unequal intervention exposure, absence of systematic adherence monitoring, and short-term follow-up, these results
should be interpreted cautiously. Further larger-scale randomized controlled trials with longer follow-up periods,
standardized adherence monitoring, and balanced comparator designs are needed to confirm the clinical effectiveness
of HIFEM as an adjunct to PFMT.
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