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Abstract

Objectives: Urinary incontinence is an important condition that can affect both quality of life
and sexual function in women. This study aimed to compare the effects of pelvic floor muscle
training (PFMT) alone with PFMT combined with either biofeedback or radiofrequency
therapy on urinary incontinence and sexual function in women with urinary incontinence.

Materials and Methods: This randomized clinical trial included 45 women aged 35-55 years
with urinary incontinence and sexual dysfunction. Participants were allocated by block
randomization to three groups: PFMT alone, biofeedback combined with PFMT (BF +
PFMT), or radiofrequency combined with PFMT (RF + PFMT). The intervention ‘lasted 5
weeks, with three PFMT sessions per week in all groups. Biofeedback was provided-during all
treatment sessions in the BF + PFMT group, whereas the RF + PFMT group received
radiofrequency therapy once weekly in addition to PFMT. Urinary leakage; pelvic floor
muscle strength and endurance, ICIQ-VS, ICIQ-SF SCORE, FSFI, and treatment satisfaction
were assessed at baseline, immediately after treatment, and at the one-month follow-up.

Results: All three groups showed significant improvements in the assessed outcomes
following treatment (P < 0.01). However, the magnitude of improvement differed among the
interventions. Compared with the other groups, BF + PFMT produced greater improvements
in pelvic floor muscle strength (P < 0.001, n?p = 0.81),-pelvic floor muscle endurance (P <
0.001, n*p = 0.78), and urinary incontinence symptoms (P < 0.001, n?p = 0.91). In contrast,
RF + PFMT resulted in greater improvement-in sexual function, as measured by the FSFI (P <
0.001, n?p =0.73).

Conclusion: All three treatment approaches were associated with improvements in urinary
incontinence, pelvic floor muscle function, and sexual function. Adding biofeedback to PFMT
appeared to provide greater benefits for “urinary symptoms and pelvic floor muscle
performance, whereas combining PEMT with radiofrequency therapy appeared to have a
greater effect on sexual function.«Further studies with larger sample sizes are warranted to
confirm these findings.

Key words: Urinary Incontinence; Exercise Therapy; Biofeedback, Psychology;
Radiofrequency Therapy; Sexual Dysfunction, Physiological



Introduction

Urinary incontinence (Ul) refers to involuntary urine loss resulting from sphincter damage or
impaired neurological control of bladder function. (1, 2). Among Iranian women, its
prevalence has been estimated at 46%, and stress urinary incontinence is reported as the most
common form (3). Several factors have been associated with Ul, including age, obesity,
smoking, chronic diseases, pregnancy and childbirth, and gynecological surgery (4). Beyond
its high prevalence, Ul represents an important women’s health concern because it can have
substantial physical, psychological, and social consequences. It has been linked to poorer
quality of life, anxiety, depression, restrictions in social activities, lower self-confidence, and
sexual dysfunction (5-10). Despite these consequences, many affected women do_not seek
treatment because of embarrassment or concerns about social judgment, potentially allowing
symptoms to worsen and increasing the individual and social burden of the condition. (11,
12).

Urinary incontinence can also affect women’s sexual function-in Several ways. Leakage
during sexual activity, fear of urine loss during intercourse, embarrassment, and reduced self-
confidence may decrease sexual desire and satisfaction-and may-cause some women to avoid
sexual activity. Changes in pelvic floor muscle function, together with impaired vaginal blood
flow and lubrication, may also contribute to pain andpoorer.sexual function (13, 14). Studies
have reported a positive association between pelvic floor muscle strength and sexual function,
particularly among women with urinary incontinence. Located at the base of the pelvis, these
muscles are involved in maintaining urinary continence, supporting the pelvic organs, and
contributing to pleasurable and pain-free sexual-activity (15).

Given the broad impact of urinary incontinence, effective treatment approaches are needed.
Available options range from conservative interventions, including pelvic floor muscle
training (PFMT), biofeedback, and electrotherapy, to surgical procedures (16). PFMT is
widely recommended_as.the first-line conservative approach for urinary incontinence in
clinical practice guidelines. (17). By improving pelvic floor muscle strength, endurance, and
coordination, these exercises can enhance bladder neck support and contribute to better
urinary control. \Previous research has also indicated that PFMT may reduce urinary
incontinence severity and urine leakage and may have beneficial effects on sexual dysfunction
(18). However,, the response to PFMT alone is not uniform across patients, which has led to
the investigation of adjunctive approaches such as biofeedback and radiofrequency therapy. In
particular, \combining PFMT with biofeedback has been reported to provide greater
therapeutic benefits than PFMT alone (19).

Radiofrequency (RF) therapy has recently emerged as another treatment option for urinary
incontinence. By promoting collagen and elastin production, RF may contribute to improved
pelvic floor muscle function and greater stability of the bladder neck (20). Previous studies
have reported favorable effects of RF therapy, including higher patient satisfaction with
urinary incontinence treatment, reductions in urine leakage measured by the one-hour pad test
(21), improvements in pelvic floor muscle strength, and reductions in urinary and sexual
dysfunction (22). Biofeedback and RF differ in their therapeutic mechanisms, as biofeedback



involves active neuromuscular re-education, whereas RF primarily produces tissue
remodeling through collagen regeneration.

Despite the reported benefits of PFMT, biofeedback, and RF for urinary incontinence and
sexual dysfunction, few studies have directly compared these three approaches within the
same trial while assessing urinary, muscular, and sexual outcomes simultaneously. Evidence is
also limited regarding whether one intervention offers greater benefits in specific functional
domains.

Therefore, direct randomized comparisons are needed to clarify the relative effects of these
treatment approaches. The present study aimed to compare PFMT alone with. PFMT
combined with either biofeedback or RF in women with urinary incontinence, with-particular
attention to urinary incontinence and sexual function. We hypothesized that adding either
biofeedback or RF to PFMT would result in greater improvements in urinary- incontinence
symptoms and sexual function than PFMT alone.

Materials and Methods

The study protocol was approved by the Ethics Committee of the University of Social Welfare
and Rehabilitation Sciences (IR.USWR.REC.1403:113) and registered with the Iranian
Registry of Clinical Trials (IRCT20241014063359N1). This randomized clinical trial
recruited eligible women with urinary incontinence ‘and sexual dysfunction from the Women’s
and Obstetrics Center in Nurabad Mamasani, Fars Province, in 2024. Participants were
initially identified through convenience sampling and were subsequently assigned to the study
groups by random allocation.

The required sample size was determined based on the findings of Mezzana et al. (23),
published in 2022, using the ICIQ-SF score as the primary outcome. The calculation was
performed with 80% statistical power and a 95% confidence level for a one-tailed test to
detect significant changes over time. A total of 45 participants were therefore enrolled and
equally distributed among the three study groups.

Women were eligible for participation if they were 35-55 years of age and had urinary
incontinence diagnosed by a specialist physician as their primary clinical complaint, based on
standard. clinical and functional diagnostic criteria. Urinary incontinence was additionally
confirmed by a one-hour pad test showing more than 1 g of urine leakage (21). An abnormal
score on the Female Sexual Function Index (FSFI) was required to establish concurrent sexual
dysfunction and was considered an additional eligibility criterion (24).

Women were excluded in the presence of chronic degenerative disorders involving the
muscular or neural tissues, pelvic organ prolapse, active or recurrent urinary tract infection,
vulvovaginitis, atrophic vaginitis, or a copper intrauterine device (IUD). Other exclusion
criteria were pregnancy or childbirth during the preceding six months, type 1 or type 2
diabetes mellitus, psychiatric disorders, use of medications affecting urinary excretion,
previous surgical or pharmacological treatment for urinary incontinence, chronic disabling
conditions such as renal failure, and a cardiac pacemaker (25).
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Participants were withdrawn if they chose to discontinue participation, did not complete the
treatment sessions, or developed a change in clinical status that resulted in loss of eligibility
during the study.

Following eligibility assessment, participants were allocated to three groups using block
randomization with a block size of three and a 1:1:1 allocation ratio. An independent
researcher generated the allocation sequence using a computer-generated random number
table. To maintain allocation concealment, the sequence was placed in sequentially numbered,
opaque, sealed envelopes. These envelopes were not accessible to the investigator conducting
the interventions until the participant had been assigned to a group.

The three groups received either pelvic floor muscle training alone (PFMT); PFMT.combined
with biofeedback (BF + PFMT), or PFMT combined with radiofrequency therapy (RF +
PFMT). A sham radiofrequency group was not included because of ethical and practical
considerations.

Assessment

Written informed consent was obtained from all eligible. participants before enrollment. A
total of 45 women, with a mean age of 47.11 *+ 4.59 years, participated in the study.
Demographic information and medical history were documented for each participant. A
gynecologist subsequently performed a routine clinical examination to assess pelvic organ
prolapse and other functional disorders (26).Outcome measures were collected at three
assessment points: baseline, immediately following the final treatment session, and one month
after the intervention period.

Urinary leakage was quantified using the one-hour pad test in accordance with the standard
testing procedure (27). An increase in pad weight of more than 1 g during the one-hour
assessment was considered a-positive test.

Pelvic floor muscle. strength and endurance were evaluated with a Peritron 9300AV digital
perineometer (Peritron 9300AV, Australia) equipped with a pneumatic vaginal probe, with
results expressed in cmH:0. Participants were placed supine with the knees flexed and the
hips slightly abducted. After receiving instructions regarding the procedure, each participant
performed-a maximal voluntary pelvic floor muscle contraction lasting 3 seconds, with three
trials completed in total. They were instructed to contract the pelvic floor muscles as if trying
to stop urinary flow while avoiding activation of the abdominal, thigh, and gluteal muscles.
The evaluator visually monitored the abdominal, gluteal, and hip adductor muscles throughout
the assessment to identify unwanted muscle activity. A 30-second rest period was provided
between successive contractions. The mean of the three maximal contractions was used as the
measure of pelvic floor muscle strength.

For the endurance assessment, a target contraction corresponding to 60% of the participant’s
maximal pelvic floor muscle strength was calculated first. Participants were then asked to
sustain the contraction at this level until fatigue (28). Fatigue was defined as either failure to
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maintain the target contraction at 60% of the initial maximal strength or a clearly observable
reduction in contraction intensity.

Urinary incontinence severity and sexual function were assessed using the validated Persian
versions of the International Consultation on Incontinence Questionnaire—Short Form (ICIQ-
SF SCORE) (29), the International Consultation on Incontinence Questionnaire—\Vaginal
Symptoms (ICIQ-VS) (30), and the Female Sexual Function Index (FSFI) (31). The ICIQ-VS
includes subscales addressing vaginal symptoms, sexual matters, and the impact on quality of
life, whereas the ICIQ-SF SCORE was used to assess urinary incontinence severity and the
FSFI to evaluate sexual function. Treatment satisfaction was recorded immediately after the
intervention and again at the one-month follow-up using a Likert scale (32).

Participants received their intervention assignment through coded, sealed envelopes prepared
by a study collaborator. The outcome assessor and data analyst were blinded to group
allocation. Owing to the nature of the interventions, participant blinding.was not feasible.

Interventions

All participants completed 15 supervised PFMT sessions distributed over 5 weeks. Each
session consisted of 5-second isometric pelvic floor contractions followed by 5 seconds of
relaxation, initially performed as five sets of 10 repetitions. The number of repetitions was
increased by five repetitions each week. The .exercise program incorporated the faucet,
elevator, and controlled cough patterns. Exercise intensity was based on the participant’s
maximum tolerable voluntary contraction, ' and participants were instructed to avoid
recruitment of accessory muscles.during the exercises (33).

Participants assigned to the BF + PFMT group followed the same PFMT protocol while
receiving electromyographic (EMG) biofeedback simultaneously. Surface EMG probes from
the Pro.3 Channel EMG Biofeedback system (Mehrsam Knowledge-Based Company, Iran)
were positioned.at the 3 and 9 o’clock locations on the perineum to assist participants in
performing an appropriate pelvic floor muscle contraction. Muscle activity was displayed
visually on'the EMG monitor, allowing participants to progressively increase their contraction
level.»The biofeedback threshold was individualized according to each participant’s baseline
maximal voluntary contraction, with a target of increasing EMG activity by 10-20% relative
to baseline over the treatment period. Device settings were reassessed and recalibrated at
every session according to the participant’s performance.

The RF + PFMT group received five RF sessions during the same 5-week treatment period.
Each RF session was performed after completion of the PFMT exercises using a HIGGS
radiofrequency device (manufactured in Iran) in bipolar mode at a frequency of 1 MHz. An
intravaginal probe was used to deliver the treatment for 10 minutes, with the mean tissue
temperature maintained at 43°C. Output power was adjusted according to individual tolerance
to maintain the target temperature. The treatment parameters of 43°C and 10 minutes were
selected based on previous studies and commonly used vaginal RF protocols, which have
reported this temperature range as suitable for stimulating neocollagenesis without damaging
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surrounding tissues. A 10-minute treatment duration has likewise been described as a safe and
effective period for producing the intended therapeutic thermal effects (34). The probe
remained stationary throughout the procedure. RF treatment was stopped if the participant
experienced pain, discomfort, or excessive heat.

All treatment sessions were performed under direct clinical supervision. Attendance was
documented to monitor adherence, and all participants completed the full schedule of
treatment sessions (100% adherence). Before the study began, all devices were calibrated and
prepared in accordance with the manufacturers’ instructions.

Throughout the study, ethical requirements of the University of Social Welfare and
Rehabilitation Sciences and the principles of the Declaration of Helsinki were followed.
Participant confidentiality was maintained, study data were securely stored, and measures
were taken to minimize potential risks. A no-treatment control group. was not included
because of ethical considerations and the intention to avoid withholding standard treatment
from eligible participants.

Statistical Analysis

Continuous variables were summarized using mean. and standard deviation (SD) and
presented in tables and figures. Data normality was examined with the Shapiro-Wilk test,
which was considered appropriate given_ the relatively small sample size. Baseline
characteristics were compared across the three groups using one-way analysis of variance
(ANOVA).

Changes in outcome measures over-time and differences in these changes among the three
groups were examined using a two-way repeated-measures analysis of variance, including the
group X time interaction.-When significant effects were observed, pairwise comparisons were
performed with Bonferroni adjustment. Levene’s test was used to assess homogeneity of
variances, and Mauchly’s test was applied to evaluate the assumption of sphericity. When
sphericity was violated, the Greenhouse—Geisser correction was applied. Effect sizes were
expressed as partial eta squared (m?p), and 95% confidence intervals (95% CIs) were
calculated for the primary outcomes. Percentage improvement was determined from the group
mean values_using the relative change formula. Statistical significance was defined as a two-
sided p-value < 0.05. All statistical analyses were conducted using IBM SPSS Statistics
version 27, and graphs were prepared with GraphPad Prism version 10.4.

Results
Baseline Demographic and Clinical Characteristics of the Three Study Groups

Demographic characteristics, including age and body mass index (BMI), together with
baseline measurements of pelvic floor muscle strength and endurance, one-hour pad test
results, ICIQ-SF SCORE, the three ICIQ-VS subscales, and FSFI scores, are presented in
Table 1. All variables showed a normal distribution according to the Shapiro-Wilk test (p >
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0.05). One-way ANOVA revealed no significant differences among the three groups for any
of the baseline variables (p > 0.05), indicating comparable baseline characteristics across the
groups.

Analysis of the Main and Interaction Effects of the Independent Variables on the
Outcome Measures

A repeated-measures analysis of variance was used to examine the effects of intervention
group and assessment time, as well as their interaction, on pelvic floor muscle strength, pelvic
floor muscle endurance, the one-hour pad test, ICIQ-SF SCORE, the three ICIQ-VS
subscales, and FSFI. The corresponding results are provided in Table 2.

A significant group x time interaction was observed for all outcome measures(p < 0.05).
Because the interaction effects were significant, simple-effects analyses were subsequently
performed to examine changes over time within each treatment group and differences between
groups at each assessment point. Bonferroni adjustment was used to account for the increased
Type | error associated with multiple comparisons.

As reported in Table 3, scores for the one-hour pad test, ICIQ-SF SCORE, and all three ICIQ-
VS subscales were significantly lower immediately after.treatment and remained significantly
lower at the one-month follow-up than at baseline in all three groups (p < 0.001).

In contrast, pelvic floor muscle strength, pelvic floor muscle endurance, and FSFI scores
increased significantly after the“intervention and remained significantly higher at the one-
month follow-up compared with baseline in each of the three groups (p < 0.001).

Between-Group Comparisens

The BF + PFMT group showed significantly greater improvement in urine leakage measured
by the one-hour pad- test (Figure 1), pelvic floor muscle strength (Figure 2), pelvic floor
muscle endurance (Figure 3), ICIQ-SF SCORE (Figure 4), the vaginal symptoms subscale of
the ICIQ-VS,(Figure 5), and treatment satisfaction (Figure 9) than either of the other two
groups. These between-group differences were observed both immediately after the
intervention and at the one-month follow-up (p < 0.05).

For sexual outcomes, the RF + PFMT group demonstrated significantly greater improvement
than the PFMT-alone and BF + PEMT groups in the sexual matters subscale of the ICIQ-VS
(Figure 6) and the FSFI (Figure 8) at both post-intervention assessments. Specifically, sexual
matters scores were significantly lower and FSFI scores were significantly higher in the RF +
PFMT group (p < 0.05).

The quality-of-life impact subscale of the ICIQ-VS also differed significantly between groups
(Figure 7). Both combination-treatment groups, BF + PFMT and RF + PFMT, had
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significantly lower scores than the PFMT-alone group immediately after treatment and at the
one-month follow-up (p < 0.05). These findings indicated statistically significant
improvements that were also considered clinically meaningful.

Clinical Outcomes

The reduction in urine leakage observed following treatment may have practical implications
for daily functioning, including a reduced need for absorbent pads and greater functional
independence. In the RF + PEMT group, the increase in FSFI scores reflected improvement
across several aspects of sexual function, including desire, arousal, and satisfaction. In
addition, gains in pelvic floor muscle strength and endurance were associated with better
voluntary muscle control and fewer urinary incontinence episodes during daily activities.

Evaluation of Initial and Final Percentage Improvements

Analysis of the percentage changes showed a different pattern across.outcome domains. The
BF + PFMT group achieved the greatest improvement in pelvic floor muscle function and
urinary continence, whereas the largest improvement in sexual function was observed in the
RF + PFMT group (Table 4).

Cost-Effectiveness Analysis (ICER)

According to the official 2025 tariffs of the Iranian Physiotherapy Association, the estimated
cost of 15 PFMT sessions was approximately. 6 million Iranian Tomans. The corresponding
cost for 15 sessions of PFMT. combined with biofeedback was approximately 13 million
Iranian Tomans, while the PFMT + RF protocol, consisting of 15 PFMT sessions and five RF
sessions, cost approximately 21 million Iranian Tomans.

Thus, the addition of biofeedback-approximately doubled the treatment cost compared with
PFMT alone, whereas combining PFMT with RF increased the cost to more than three times
that of PFMT alone.

Cost-effectiveness was assessed by considering the additional percentage improvement
achieved. relative to PFMT alone in relation to treatment cost. The greatest additional
improvement in urinary leakage was observed in the BF + PFMT group, with a 48% greater
improvement in the one-hour pad test than PFMT alone. For the sexual matters subscale of the
ICIQ-VS, the RF + PFMT group showed the greatest additional benefit, corresponding to a
43% greater improvement than PFMT alone.

For urinary leakage, each additional 1% improvement was associated with an estimated cost
of approximately 146,000 Iranian Tomans in the BF + PFMT group, compared with
approximately 738,000 Iranian Tomans in the RF + PFMT group. Overall, both combination
approaches produced greater improvements in urinary leakage than PFMT alone.
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For sexual dysfunction, the estimated cost for each additional 1% improvement was
approximately 330,000 Iranian Tomans in the BF + PFMT group and approximately 290,000
Iranian Tomans in the RF + PFMT group. An uncertainty analysis was not performed, which
represents a limitation of this cost-effectiveness assessment.

Discussion

The present randomized clinical trial examined the effects of a 5-week PFMT program
delivered either alone or together with biofeedback or radiofrequency therapy in women with
urinary incontinence and concomitant sexual dysfunction.

The differences observed among the three interventions may be understood in terms of their
distinct modes of action. PFMT relies primarily on repeated voluntary activation of the pelvic
floor muscles and is therefore expected to improve muscle strength. and endurance.
Biofeedback adds real-time information about muscle activity, which may facilitate more
accurate contraction and improve neuromuscular coordination and<motor learning. RF
therapy, in contrast, acts mainly at the tissue level through thermal stimulation, with effects
related to collagen production and local blood circulation..These differences may help explain
why the interventions showed different patterns .of benefit across urinary and sexual
outcomes.

Effects of PFMT Combined with Biofeedback or Radiofrequency Therapy, or Pelvic
Floor Muscle Training Alone, on Pelvic Floor Muscle Strength and Endurance

Pelvic floor muscle strength .and endurance increased significantly in all three groups
following the 5-week intervention, and these gains were still evident at the one-month follow-
up compared with baseline. The post hoc analyses indicated greater within-group
improvement in the BF+ PFMT group than in the other two groups. The between-group
analyses likewise showed. that participants receiving BF + PFMT had significantly greater
increases in both strength and endurance than those receiving PFMT alone or RF + PFMT,
both immediately after treatment and at one month.

These findings.are in line with previous research suggesting that adding biofeedback to PFMT
can enhance the effectiveness of pelvic floor exercises by improving the precision of muscle
contraction.and increasing muscle strength and endurance (35). Results reported by Wang et
al. (2024) (36) and Ferla et al. (2022) (37) are also consistent with the present findings.
However, Nunes et al. (2019) (38) and Hagen et al. (2020) (39) reported different results.

Several factors may account for the greater improvement observed with BF + PFMT.
Biofeedback provides immediate visual or auditory information about pelvic floor muscle
activity, which can help patients recognize an appropriate contraction pattern and improve
neuromuscular coordination (40, 41). It may also allow more selective training of the pelvic
floor muscles and facilitate practice of different contraction phases, which could be
particularly relevant to endurance. In addition, repeated feedback during exercise may support
motor learning and help patients incorporate the acquired contraction strategy into everyday
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functional activities. The active role of the patient and the ability to monitor muscle
performance during training may further improve concentration, motivation, and accuracy
compared with a predominantly passive intervention such as RF. Thus, the emphasis of
biofeedback on voluntary activation and repeated task-specific practice may explain its greater
effect on pelvic floor muscle function in the present study (20).

Overall, although PFMT alone and PFMT combined with either biofeedback or RF improved
pelvic floor muscle strength and endurance, the addition of biofeedback produced the greatest
gains among the three approaches.

Effects of PFMT Combined with Biofeedback or Radiofrequency Therapy, or Pelvic
Floor Muscle Training Alone, on Urinary Incontinence

All three treatment approaches produced significant reductions in urine leakage, as measured
by the one-hour pad test, and in IC1IQ-SF SCORE immediately after treatment and at the one-
month follow-up compared with baseline (p < 0.001). Nevertheless; the post hoc analyses
showed greater within-group improvement in the BF + PFMT group. The between-group
comparisons further demonstrated that reductions in. both pad-test leakage and ICIQ-SF
SCORE were significantly greater with BF + PFMT than with PFMT alone or RF + PFMT at
both follow-up assessments (p < 0.001).

The magnitude of the observed effects was substantial. Partial eta squared values were 0.81
for pelvic floor muscle strength, 0.78 for muscle endurance, and 0.91 for urinary incontinence
symptoms, indicating large treatment effects that were not only statistically significant but
also clinically meaningful.

Improvements were also observed.in the ICIQ-VS vaginal symptoms and quality-of-life
impact subscales. PFMT alone and PFMT combined with either biofeedback or RF
significantly reduced both. subscale scores immediately after treatment and at the one-month
follow-up compared with ‘baseline. Post hoc analyses showed greater within-group
improvements in the. BF + PEMT group for both outcomes.

These. findings_ are consistent with those of Chiang et al. (2021) (42) and Dannecker et al.
(43), but differ from the results reported by Hagen et al. (2022) (39). Differences in
participant.characteristics, baseline symptom severity, treatment duration, exercise protocols,
and outcome measures may partly explain the inconsistent findings. Variation in adherence to
the exercise program and sociocultural factors may also have influenced the results across
studies.

Biofeedback may contribute to urinary symptom improvement by giving patients immediate
information about pelvic floor muscle activity and helping them distinguish an effective
contraction from inappropriate muscle activation. Repeated visual or auditory feedback may
improve neuromuscular coordination and make voluntary pelvic floor contraction more
accurate and consistent. In contrast, RF is largely a passive treatment and requires less active
motor participation during the intervention.
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The repeated practice supported by biofeedback may also promote motor learning and
stimulate sensorimotor pathways involved in voluntary pelvic floor control. Through this
process, changes in spinal and cortical sensorimotor networks may contribute to better
retention of the learned contraction pattern and potentially reduce symptom recurrence after
treatment (44). In addition, PFMT combined with biofeedback may influence bladder
sensation and detrusor overactivity, which could contribute to reductions in urinary urgency
and incontinence (42, 45, 46).

RF may improve urinary continence through a different pathway. Its effects are thought to
involve changes in tissue structure, including greater firmness and elasticity of. tissues
surrounding the urethra. Increased collagen synthesis and improved mechanical support of the
bladder neck may help reduce urine leakage, particularly in women with stress urinary
incontinence. Improvements in local blood circulation may also contribute to tissue function
and neuromuscular responsiveness (47). However, unlike biofeedback, RF does not directly
involve active motor learning, which may limit the persistence of some of its effects over
time.

Effects of PFMT Combined with Biofeedback or ‘Radiofrequency Therapy, or Pelvic
Floor Muscle Training Alone, on Sexual Function

All three treatment groups showed significant improvements in sexual outcomes. Compared
with baseline, the sexual matters subscale of the ICIQ-VS decreased significantly, while FSFI
scores increased significantly immediately after‘treatment and at the one-month follow-up.
The post hoc analyses showed that the RF + PFMT group achieved greater improvement in
FSFI scores than the other two groups. Between-group comparisons further demonstrated a
significantly greater increase in FSFI scores'in the RF + PFMT group than in the PFMT -alone
group immediately after treatment and than in both other groups at the one-month follow-up.
Similar findings were observed for the sexual matters subscale of the ICIQ-VS, for which the
RF + PFMT group showed. the greatest improvement and significantly lower scores than the
other treatment groups.

The present findings are consistent with those reported by Ghanbari et al. (2021) (22) and Fu
et al. (2023) (48), whereas Slongo et al. (2022) (49) reported findings that were not consistent
with those. of the present study. Differences in study populations, baseline symptom severity,
treatment duration, exercise protocols, and outcome measures may partly explain these
variations. Differences in adherence to the prescribed interventions and sociocultural
characteristics of the study populations may also have contributed to the divergent findings.

The greater improvement observed with RF + PFMT may be related to the effects of RF on
vaginal and vulvovaginal tissues. Bipolar RF generates thermal energy within these tissues,
which may stimulate collagen synthesis and tissue remodeling. Such changes may improve
the elasticity and structural properties of the vaginal mucosa and connective tissue and may
reduce vaginal atrophy-related symptoms that can interfere with sexual function. At the
molecular level, RF has been associated with activation of the transforming growth factor-beta
1 (TGF-B1)/Smad2 pathway, including increased TGF-B1 expression and Smad2
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phosphorylation. It has also been reported to increase tissue inhibitor of metalloproteinase-1
(TIMP1) expression while reducing matrix metalloproteinase-9 (MMP9) expression. These
changes may influence the balance between extracellular matrix remodeling and degradation
and may contribute to restoration of collagen architecture and mechanical support of the
pelvic tissues (50).

These proposed mechanisms should, however, be interpreted cautiously because much of the
available evidence regarding the molecular effects of RF comes from animal studies or
indirect evidence. Further clinical and histological studies in humans are needed to establish
whether these mechanisms directly account for the clinical effects observed in women.,

In addition to structural remodeling, RF may reduce vaginal laxity and thereby  improve
genital sensation, sexual satisfaction, and comfort during intercourse. The thermal effects of
RF may increase local blood circulation, potentially enhancing vaginal lubrication and genital
sensation and reducing vaginal dryness and dyspareunia. Previous studies have suggested that
bipolar RF may improve several domains of female sexual function, including desire, arousal,
lubrication, orgasm, satisfaction, and pain, particularly in postmenopausal“women and cancer
survivors with genitourinary syndrome of menopause (GSM) (48, 51).

Nevertheless, the effects of PFMT and biofeedback on sexual function should also be
considered. Strengthening the pelvic floor muscles may influence sexual function through
improved pelvic blood flow, greater voluntary muscle control, and enhanced neural
sensitivity. Biofeedback may provide an additional benefit by increasing awareness of pelvic
floor muscle activity and improving neuromuscular coordination, which may facilitate more
effective pelvic floor activation. during-sexual activity and contribute to greater sexual
satisfaction (42, 43).

Overall, the present findings suggest that although PFMT alone and PFMT combined with
either biofeedback or RF.can improve female sexual function, adding RF to PFMT may
provide greater benefits for sexual outcomes than the other two approaches.

Clinical Implications

From a clinical standpoint, these findings may help guide treatment selection according to the
patient's primary therapeutic needs. When urinary incontinence symptoms and pelvic floor
muscle performance are the main concerns, PFMT combined with biofeedback may be a more
appropriate option based on the findings of the present study. In contrast, when sexual
dysfunction is the predominant concern, combining PFMT with RF may offer greater benefit.
Treatment costs and access to the required equipment should also be considered when
selecting between these approaches.

Conclusion

The findings indicate that all three treatment approaches—PFMT alone, PFMT combined
with biofeedback, and PFMT combined with RF—were effective in improving urinary
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incontinence symptoms, pelvic floor muscle function, and sexual function. However, the
addition of biofeedback to PFMT produced greater improvements in urinary incontinence-
related outcomes and pelvic floor muscle performance, whereas combining PFMT with RF
resulted in greater improvements in sexual function. Because the study included a relatively
small sample and had a short follow-up period, these findings should be interpreted with
caution. Further research is required to confirm the observed differences among treatment
approaches.

Strengths and Limitations

One limitation of the study was the difficulty in recruiting women who had both urinary
incontinence and sexual dysfunction, partly because of cultural considerations: Urinary
incontinence, and particularly sexual dysfunction, may be sensitive issues associated with
stigma and reluctance to disclose symptoms. Such factors may delay treatment seeking,
contribute to underreporting of symptom severity, and introduce selection bias. Moreover,
women who agreed to participate may have differed from the broader. population of women
with urinary incontinence in terms of psychosocial characteristics, which may limit the
generalizability of the findings. These sociocultural factors should .therefore be taken into
account when interpreting the results.

Another limitation was the absence of a sham'intervention, particularly for the RF group,
which may have increased the possibility of performance bias. The relatively narrow age
range of 35-55 years also limits the extent toswhich the findings can be generalized to
younger or older women. In addition, the follow-up period was relatively short, and the
intervention protocols were evaluated-across different types of urinary incontinence.

Recommendations for Future Research

Future studies should consider using electromyography to obtain a quantitative assessment of
pelvic floor muscle strengthiand compare these measurements with the assessment method
used in the present.study. Additional research is also warranted in women with multiple
vaginal deliveries and in studies evaluating the combined use of RF and biofeedback.
Including a ~sham intervention group, particularly for RF, would strengthen the
methodological design and help distinguish treatment-specific effects from nonspecific
effects. Larger randomized clinical trials are also needed to further evaluate and confirm the
comparative effectiveness of these interventions.

Ethical Considerations
Compliance with Ethical Guidelines

All study procedures were conducted following approval from the Ethics Committee of the
Faculty of Rehabilitation, University of Social Welfare and Rehabilitation Sciences
(IR.USWR.REC.1403.113). Before enrollment, all participants were informed about the study
objectives and procedures and provided written informed consent.
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Table 1. Comparison of Baseline Characteristics Among the Three Study Groups

PEMT Group | BF+PFMT Group | RF+PFMT Group p
Mean Star.1d§rd Mean Stahd?rd Mean Stahd?rd Value
Deviation Deviation Deviation

Age £5.07 £YF £V.5Y 0.9 FYAY ¥.aA <A

Body Mass Index Yvay Y.¥5 Ya..v YAY YAY- YAF - Xf

One-Hour Pad Test Weight at 2 AN YA\ VY \fas - 5Y - 5A
Baseline

PRI [HEET e Shamuin 6L |- o FA0 | SOXT Foe | osYYY L IRRTN
Baseline

Pelvic Floor Muscle Endurance | -\, \Yaf £V AA WXV | BAYA \Y¥ .5
at Baseline

ICIQESERSCOREScore at VO.YY Y20 VO.XY Y04 yYAY Yy .Y
Baseline

ICIQ-VS Vaginal Symptoms | ., 804 | FeXV eYY | rax A )
Subscale Score at Baseline

ICIQ-VS  Sexual  Matters | . 7.22 | 37.67 6.48 | 38.87 581 | 0.52
Subscale Score at Baseline

ICIQ-VS  Quality of Life | 4 1.68 7.73 1.98 7.73 1.71 | 0.97
Subscale Score at Baseline

FSFI Score at Baseline YAXA £.X) YY.YA O.AD VV.FA AARY <A
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Table 2. Main and Interaction Effects of Group (Intervention Type) and Assessment Time on the Study Outcome

Measures
Mean Partial eta
Df F P val
square squared alue
One-Hour Main Effect of Group Y f.-v YAA < e )Y
Pad Test Main Effect of Time Y YAVY EZARY AR >
Weight Group x Time Interaction ¥ Y.fv yya. <) e\
Pelvic Floor Main Effect of Group Y YYy- £\ YAA- - ¥y >
Muscle Main Effect of Time Y YFAY FYY.. ¥ A e \>w
Strength Group x Time Interaction ¥ YAY.-V Qf.f4 < A \>u
Pelvic Floor Main Effect of Group 2 29.80 6.25 .y 0.003*
Muscle Main Effect of Time 2 25.91 579.29 -.Ay >
Endurance | Group x Time Interaction 4 3.36 75.21 - YA \>%
Main Effect of Group Y ARARAY DAY AR &
ICIQ-SF . .
Main Effect of Time Y yay..y VoF.NY Wals e\ >
SCORE ! !
Group x Time Interaction ¥ fA.-0 1Yv.aa /AD NP
ICIQ-VS Main Effect of Group i OFYAF YAy - X0 oo o Y
Vaginal Main Effect of Time Y WEE | yrev s .ay >
Symptoms
Subscale Group x Time Interaction ¥ YAV .XO yiaa <) o\
Score
ICIQ-VS Main Effect of Group Y AADFA AP EA YA >
Sexual Main Effect of Time Y YFAY.-A AYAFA Y >
Matters
Subscale Group x Time Interaction - Y.y Yfa..) < AY >
Score
ICIQ-VS Main Effect of Group Y £5.FY ANY .Y oo )
Quality — of Main Effect of Time Y YYY.OF) FE- AA Y >
Life Subscale
Score | Group x Time Interaction ¥ 1o.Y4 AR -0 V>
Main Effect of Group Y Vaf.AQ Y..v < AY \>%
FSFI Main Effect of Time Y OVY.OA f.a.¥f K\ \>%
Group x Time Interaction ¥ yy.yf VAR .y N>
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Table 3. Pairwise Comparisons of the One-Hour Pad Test, Pelvic Floor Muscle Strength, Pelvic Floor Muscle
Endurance, and ICIQ-SF, ICIQ-VS, and FSFI Scores Across Different Assessment Time Points Within Each

Study Group
n | 107
LT (?;?d fid
Assessment Time Group | Differe | Confide P value
Devi | nce
nce .
ation | Interval
) PFMT < OA- . ¥F 0.33-0.82 | +.ce\>%
Immediately
Post- BF+PFMT A Ay VFO-Y.YP oo \D%
One-Hour Pad Test Intervention ™ ormt | - 4 X YRV ST
. Baseline
Weight PEMT - FOA - OF 0.15-0.76 | #e..-#
- ihemi BF+PFMT | YA~ A VEF-YXE | e \Dn
Follow-up
RF+PFMT Voo - ¥y YY-1YY oo \D%
PEMT YY) 1Y _‘;6767_ SRR P
| iatel - _\Vry-
Pn;g:_edlate y BF+PFMT | -10.8) YooA s>k
. -\ FY
Intervention
- V.fa-
. RF+PFMT e Ne \.£Y EREAP2
Pelvic Floor Muscle . -0.FY
Strength Baseline 39
9 PFMT -3.75 2.97 -5.39 - oo \DH
-2.1
- YVYY-
1-Month BF+PFMT | -V4.Y yaf oo \DH
Follow-up VA7
—a.y\-
RF+PFMT -Y.AA yv.¥ oo\
-7.0F
-0.74 —
PFMT -6.14 2.1 e\
6 3 | .05
; - \yg -
Ln;ggedlately BF+PFMT | -\.4¢ e ISR
i -YAD
Intervention
— VV'
Baseline -+
Endurance
PEMT -7.45 3.18 -0.59 - oo \>uH
-0.93
-\Month BF+PFMT | -Y.F0 < A EAR 2R 08 I BRSO P2
Follow-up B _. 9y
RF+PFMT | V.- A <YV SRR
-\.¥¥
. PFMT 2.4 05 YEZA-Y N CREAPL
Immediately
Post- BF+PFMT | YV.¥Y <A YAY =FAY | coo\>%
Intervention RE+PEMT Y V.8 YVYY -VYOF | veeion
ICIQ-SF SCORE | Baseline PFMT 3.13 0.83 THU-YEY | eeeN>n
AAY-
= bt BR+PEMT | 4.0V V.8 coe\>H
Follow-up VY
RF+PFMT fyy VY Y.2A-F.AA oo \Dn
ICIQ-VS-  Vaginal Immediately | prmT 3.33 1.04 | YVOYA | eeev>w
Baseline Post-
Symptoms Intervention BF+PFMT | V¥AY AR VWY cee\>w
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\VEXY

RF+PFMT \td e \AREA oo \D%
PFMT 4.93 1.66 FoV-0.A0 e \Du
V4.0-
_ BF+PFMT Y..Aqy Y.OV e\ D%
yMonth 'y v
Follow-up
Vev-
RF+PFMT VY 1.0 e \DH
AR Y4
PFMT 3.6 0.98 Y.o0-FOF BRI
. AANO-
Immediately BF+PFMT | \-.-8 YA e \>H
Post- VYYY
Intervention \5as
RF+PFMT \4.. 8 Y.YA e \Dx
ICIQ-VS-  Sexual Baseline YV\N%
Matters PEMT 5.4 235 | FoASN | eeerow
\Y.00-
BF+PFMT \Y.£ VAA s \Du
-\Month be o5
Follow-up
YY.OM
RF+PFMT | YO.AF Y s \Du
YANY
. PFMT 1.2 0.77 < YY-\£Y SRR T
Immediately
Post- BF+PFMT A4 < AY YAF-F.-0 o \>H
ICIQ-VS- Quality of Intervention RF+PFMT | Y.-# < A YOV-Y.O0 | ccoeV>%
. Baseline
Life PEMT 512 155 | V.YY-YAQ | eeer>u
=UATT BF+PFMT | O.VY VXY FA-FFY | coe\>w
Follow-up
RF+PFMT o.¥ <) f.AR-0A oo \DH
- eee\>
PFMT 1.33 0.88 \Aeme AF \>%
Immediately 0.+ 0--
Post- BF+PFMT | -f.YA \.YY vy REAP T
Intervention i
- -AOO-
RF+PFMT -Y.AQ V.Y CREAPL
FSFI | Baseline Y.YY
PFMT -2.54 1.58 V.- -Y.FY- o e\
- =Y.ov-
_yMonth BF+PFMT | -#.¥4 VA% o oo \DH
Follow-up i
- YA
RF+PFMT -\ .AY Y.Y? EREA P2
9.0%
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Table 4. Initial and Final Percentage Improvement in Outcome Variables Among the Three Study Groups

Initial Percentage | Final Percentage
Group
Improvement Improvement
PFMT -22.31 -17.62
One-Hour Pad Test
BF+PFMT -63.82 -65.45
Weight
RF+PFMT -YFAF -Yvas
PFMT 6.11 6.16
Pelvic Floor Muscle
BF+PFMT 24.34 30.14
Strength
RF+PFMT AR \Y.2F
PFMT 11.33 13.66
Pelvic Floor Muscle
BF+PFMT 31.95 40
Endurance
RF+PFMT AR VASY
PFMT -15.25 -19.89
ICIQ-SF SCORE BF+PFMT -48.06 -62.47
RF+PFMT -YY.¥7 -¥VA
PFMT -8.91 -13.18
ICIQ-VS- Vaginal
BF+PFMT -37.09 -51.99
Symptoms
RF+PFMT -V V.AD -YAYY
PFMT -9.96 -14.94
ICIQ-VS- Sexual SE+PEMT yryy vey-
Matters
RF+PFMT -fa.-7 -£5.00
PFMT -15.78 -28.02
ICIQ-VS- Quality of BE+PEMT f5 v VEAY
Life
RF+PFMT -T.0A ~-FA.AD
PFMT 7.24 13.81
FSFI BF+PFMT Yoxy YY.OVY
RF+PFMT fo.00 sYY
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one-hour-pad-test
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Before After Follow-up
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3= s
¢ ]
= ]

0- | I

Figure 1. Comparison of One-Hour Pad Test Weight at Baseline, Immediately Post-Intervention, and at the 1-
Month Follow-up Among the Three Study Groups (Mean £ SD)

Pelvic-Floor-Muscle-Strength
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Before After Follow-up

Figure 2. Comparison of Pelvic Floor Muscle Strength at Baseline, Immediately Post-Intervention, and at the 1-
Month Follow-up Among the Three Study Groups (Mean + SD)
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Pelvic-Floor-Muscle-Endurance
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Figure 3. Comparison of Pelvic Floor Muscle Endurance at Baseline, Immediately. Post-Intervention, and at the
1-Month Follow-up Among the Three Study Groups (Mean £ SD)
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25—
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B3 RF+PFMT
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[=]
Q
0 10-
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Before After Follow-up

Figure 4. Comparison of ICIQ-SF Scores at Baseline, Immediately Post-Intervention, and at the 1-Month
Follow-up Among the Three Study Groups (Mean + SD)
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ICIQ-VS-Vaginal-Symptoms

*
50
ok * x mm PFMT
I_k**
40— -I[ * 5k = BF+PFMT
| B RF+PFMT
30—
20— L
10 =
0- I

1 1
Before After Follow-up

Score

Figure 5. Comparison of ICIQ-VS Vaginal Symptoms Subscale Scores at. Baseline, Immediately Post-
Intervention, and at the 1-Month Follow-up Among the Three Study Groups (Mean +.SD)

ICIQ-VS-Sexual-Matters
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Figure 6. Comparison of ICIQ-VS Sexual Matters Subscale Scores at Baseline, Immediately Post-Intervention,
and at the 1-Maonth Follow-up Among the Three Study Groups (Mean + SD)
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Figure 7. Comparison of ICIQ-VS Quality of Life Subscale Scores at Baseline, Immediately Post-Intervention,
and at the 1-Month Follow-up Among the Three Study Groups (Mean + SD)
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i = BF+PFMT
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S
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w
T T
Before After Follow-up

Figure 8. Comparison of FSFI Scores at Baseline, Immediately Post-Intervention, and at the 1-Month Follow-up
Among the Three Study Groups (Mean + SD)
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Satisfaction-Likert-Scale
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Figure 9. Comparison of Treatment Satisfaction Scores Based on the Likert Scale'lmmediately Post-Intervention
and at the 1-Month Follow-up Among the Three Study Groups (Mean + SD)
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