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Abstract

Introduction: SUIl is a common pelvic floor dysfunction in
middle-aged and elderly women, which has a serious
negative impact on the patient’s quality of life (QoL); pelvic
floor muscle training (PFMT) and electrical stimulation (ES),
as common non-surgical treatment modalities, have been
widely used in the management of SUI. However, there is
controversy about the effectiveness of the combined ap-
plication of these two interventions. For this reason, this
study evaluated the efficacy of PFMT combined with ES in
the treatment of SUI by meta-analysis. To systematically
evaluate the efficacy of PFMT combined with ES in im-
proving urinary incontinence symptoms, increasing pelvic
floor muscle strength, enhancing Qol, and improving
clinical symptoms, with the aim of providing more adequate
evidence to support clinical treatment. Methods: A literature
search was conducted in PubMed, Embase, Web of Science,
and Cochrane Library databases from database construction
to October 2024 to include RCTs and case-control studies
evaluating PFMT combined with ES for the treatment of SUI.
The Cochrane Risk Assessment Tool and NOS were used to

assess the quality of the included literature, and effect sizes
were calculated by random-effects model and fixed-effects
model, and the main outcome indicators included incon-
tinence symptoms, pelvic floor muscle strength, QoL, and
clinical symptoms. Results: Eight studies were ultimately
included, with a total sample size of 885 cases. Meta-analysis
showed that PFMT combined with ES was significantly
better than the control group on all outcome measures. The
combined effect size for improvement in urinary inconti-
nence symptoms was OR = 1.42 (95% Cl: 1.10, 1.85, p < 0.05),
the combined effect size for pelvic floor muscle strength was
OR = 1.55 (95% ClI: 1.20, 2.05, p < 0.01), the combined effect
size for QoL improvement was OR = 4.29 (95% Cl: 3.68, 4.99,
p < 0.0001), and the combined effect size for clinical
symptom improvement was OR = 1.35 (95% Cl: 1.05, 1.70, p <
0.05). Heterogeneity between studies was low (I? values
were less than 40%), indicating a high degree of consistency
in the effect of the combination treatment. Conclusion:
PFMT combined with ES showed significant benefits in
improving incontinence symptoms, enhancing pelvic floor
muscle strength, boosting Qol, and improving clinical
symptoms. Future studies should further standardize the
intervention parameters and extend the follow-up period to
fully assess the long-term effects of the combined
treatment. © 2025 S. Karger AG, Basel
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Introduction

Stress Urinary Incontinence (SUI) is a common uri-
nary dysfunction characterized by involuntary leakage of
urine in response to coughing, sneezing, exercise, or other
increased abdominal pressure [1, 2]. The pathogenesis of
SUI is closely related to impaired pelvic floor support
structures, bladder and urethral control, and its preva-
lence is high in adult females, especially in the post-
partum, menopausal, and elderly female populations [3].
According to statistics, about 30%-50% of women
worldwide will experience varying degrees of SUI during
their lifetime [4]. As urinary incontinence seriously af-
fects patients’ daily life, work, and social activities, many
of them suffer from psychological problems such as
embarrassment, anxiety, and even depression as a result,
which significantly reduces their quality of life (QoL).
Although SUT is more common in women, men, espe-
cially after undergoing prostate surgery, may also present
with similar incontinence symptoms. The etiology of SUI
in men is related to urethral sphincter dysfunction due to
surgical or neurological injury [5-7], and therefore, in-
terventions such as pelvic floor muscle training (PFMT)
and electrical stimulation (ES) are equally applicable in
the treatment of some male patients. Among conservative
treatments, PFMT is considered to be the treatment of
choice for SUI [8]. The main purpose of PEMT is to
enhance the supportive capacity of the pelvic floor tissues
through the patient’s voluntary contraction and exercise
of the pelvic floor muscle groups, which in turn improves
the urethra’s closure pressure and control and reduces the
incidence of urinary incontinence [9]. Several clinical
studies have confirmed the significant efficacy of PFMT
in improving the symptoms of patients with mild to
moderate SUI [10-12]. However, the efficacy of PEMT is
highly dependent on the patient’s compliance, training
skills, and ability to persist over time. As some patients
have difficulty in accurately perceiving and controlling
the contraction movements of the pelvic floor muscles, or
lack sufficient motivation to continue training, the actual
efficacy may not meet expectations [13]. To make up for
the shortcomings in PFMT treatment, ES has gradually
become another important conservative therapy for SUI
treatment. ES acts on the pelvic floor neuromuscular
system through low-frequency pulsed currents to induce
passive contraction of the muscles, which promotes the
restoration and enhancement of muscle function. ES is
particularly suitable for those patients who are unable to
independently control their pelvic floor muscles, who are
weak in muscle strength, or who lack the ability to actively
exercise [14, 15]. However, although ES can improve SUI
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symptoms to some extent, the efficacy of ES alone is
usually limited, especially when stronger muscle control
and long-term maintenance of the therapeutic effect are
required.

Based on the respective therapeutic advantages of PEMT
and ES, more and more researchers have begun to explore
the effects of their combined application in recent years
[15-18]. The theoretical basis of the combined treatment is
that ES can enhance muscle responsiveness through passive
stimulation and help patients establish early pelvic floor
muscle function, while PEMT further improves muscle
strength and endurance through active contraction train-
ing, thus creating a synergistic effect that enhances the
overall therapeutic effect [16]. Especially for patients with
moderate-to-severe SUI or those who do not respond well
to monotherapy, combination therapy is expected to
provide more comprehensive and long-lasting symptom-
atic improvement. Despite the significant theoretical ad-
vantages of the combination of PEMT and ES, the evidence
on its actual clinical effects remains insufficient and there is
some variation in the results across studies. Therefore, it is
necessary to comprehensively assess the efficacy and safety
of combination therapy versus monotherapy in reducing
incontinence frequency, improving urine leakage, en-
hancing QoL, and strengthening pelvic floor muscles
through systematic review and meta-analysis by integrating
the data from existing randomized controlled trials (RCTs).
This will provide a more solid evidence-based basis for the
clinical treatment of SUI and help physicians to develop
more optimal treatment strategies.

Methods

Literature Search Strategy

Literature searches were conducted in PubMed, Em-
base, Web of Science, and Cochrane Library databases,
and the literature search was conducted from the time of
the construction of each database to October 2024 to
ensure that the study covered the latest clinical studies
and data. The search strategy combined subject terms
(MeSH Terms) and free terms to maximize the accuracy
and comprehensiveness of the search. Key search terms
included, but were not limited to, “Stress Urinary In-
continence,” “Pelvic Floor Muscle Training,” Electrical
Stimulation,” “Randomized Controlled Trial.” During the
search, keyword combinations were performed using
Boolean logical operators (AND, OR, NOT), e.g., (“Stress
Urinary Incontinence” OR “SUI”) AND (“Pelvic Floor
Muscle Training” OR “PFMT”) AND (“Electrical Stim-
ulation” OR “ES”).

Liet al.

G20z ¥snbny 90 uo 3senb Aq ypd-€€ L EYS000/9280ZE /ST Y760 1 APd-8joie/UIN/WOoo 1eBIeY//:d)Y Woly papeojumoq


https://doi.org/10.1159/000543133

Inclusion and Exclusion Criteria

Inclusion criteria included (1) the study was conducted
in patients with a definite diagnosis of SUI, regardless of age,
disease duration, or etiology; (2) the intervention was a
study of PEMT combined with ES treatment; (3) the control
group could be those who received PEMT alone, ES alone,
or no intervention; (4) the primary outcome indicators
included incontinence symptoms, pelvic floor muscular
strength, QoL, and clinical symptoms (ICIQ-SF score); and
(5) study results provided sufficient data for meta-analysis.

Exclusion criteria included (1) non-RCTs, cohort studies,
case reports, or review articles; (2) patients’ comorbidities
with other types of incontinence (e.g., urge incontinence or
mixed incontinence); (3) failure to provide complete in-
formation on the interventions or incomplete data that did
not allow for the extraction of key statistical indicators; and
(4) too short a follow-up period (less than 3 months) or low
quality of the study. The quality and consistency of the
included studies were ensured through strict screening
criteria to enhance the reliability of the results.

Data Extraction

Data extraction for this meta-analysis was performed
by two independent researchers to ensure the accuracy
and consistency of the data. The extraction included the
following: (1) basic information of the study, including
the name of the first author, the year of publication, the
country or region, the type of study design, the sample
size, and the duration of follow-up; (2) characteristics of
the subjects, including the baseline characteristics such as
age, gender, duration of the disease, and the severity of the
SUIT; (3) interventions, including the specific protocols of
the PFMT (frequency of training, intensity, duration,
etc.), the ES parameter settings (stimulation frequency,
waveform, duration, etc.), as well as the treatment pro-
gram of the control group; (4) outcome indicators, mainly
extracted from the improvement of urinary incontinence
symptoms, changes in pelvic floor muscle strength, pa-
tients’ QoL scores, as well as the occurrence of adverse
reactions. If the results provided in the study were in-
complete or presented only through graphs and charts,
the original authors should be contacted for more data.
All extracted data were checked, and any disagreements
were resolved through discussion or by asking a third
investigator to arbitrate to ensure that the data were
accurate for subsequent analysis.

Evaluation of Literature Quality

The quality of the included literature was systemati-
cally assessed in this study. For case-control studies, The
Newcastle-Ottawa Scale (NOS) was used to score the
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studies in terms of selectivity, comparability, and expo-
sure assessment. NOS was a widely used quality assess-
ment tool that quantitatively scores each study out of 9
using preset criteria. The selectivity assessment included
the definition and selection of cases and controls
(maximum 4 points); the comparability assessment
considers whether confounders were controlled for
(maximum 2 points); and the exposure assessment ad-
dresses the accuracy of the information obtained as well
as whether blinding was performed (maximum 3 points).
All included case-control studies had a total score of 7 or
higher, indicating that they were of high quality in terms
of sample selection, exposure assessment, and measure-
ment of outcomes. The RCT's were evaluated for quality
using the Cochrane Risk of Bias Assessment Tool, which
assesses the risk of bias in terms of randomized sequence
generation, allocation concealment, blinding, incomplete
outcome data, and selective reporting.

Statistical Analysis

In this meta-analysis, statistical analyses were mainly
performed by Review Manager (RevMan) 5.4 software.
For dichotomous variables (e.g., urinary incontinence
cure rate or symptom improvement rate), effect sizes
were analyzed together using the relative risk (RR) and
its 95% confidence interval (CI); for continuous vari-
ables (e.g., pelvic floor muscle strength score, QoL score,
etc.), they were analyzed using the mean difference
(MD) or standardized mean difference (SMD) and their
95% confidence intervals were used for analysis. The
choice of effect sizes was determined based on how the
outcome variables were measured in each study. Het-
erogeneity was assessed by the I? statistic, with an I?
value above 50% suggesting moderate or high hetero-
geneity. If heterogeneity was low (I* < 50%), a fixed-
effects model was used for combined data analysis; if
heterogeneity was high (I > 50%), a random-effects
model was used, and potential sources of heterogeneity
were further sought by subgroup analysis or sensitivity
analysis. For possible publication bias, funnel plots were
used for assessment and statistically verified by Egger’s
test. The significance level was set at p < 0.05 with a two-
sided test.

Results

Results of Literature Screening

According to the predetermined search strategy, a total
of 343 documents were retrieved from PubMed, Embase,
Web of Science, and Cochrane Library databases in this
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Fig. 1. Schematic diagram of the literature screening process.

study. After removing duplicates, the remaining 314
articles were screened for title and abstract, and 225
articles that did not meet the research objectives were
excluded, while the remaining 89 articles were reviewed
in full text. After the review, 2 articles were excluded due
to unavailability of the full text, and the remaining 79
articles were excluded due to non-reporting of relevant
outcome indicators, insufficient follow-up time, or non-
compliance with the study methodology. Finally, 8 ar-
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ticles that met the inclusion criteria were included in the
meta-analysis. The literature screening process is shown
in Figure 1.

Baseline Characteristics and Evaluation of Literature

Quality

In this meta-analysis, a total of 8 articles were in-
cluded, comprising 5 case-control studies and 3 RCTs.
The baseline characteristics of the studies are shown in
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Table 1. General information of the included literature

Author Study Sample  Male/ Mean age Intervention Duration of  Main outcome indicators
design  size female (range) follow-up
ratio, %
Dannecker et al. Case- N =120 0/100 45 years PFMT + EMG 7 years Incontinence symptoms,
[11] (2005) control (35-60 biofeedback Qol, pelvic floor muscle
years) strength
Eyjolfsdottir Case- N=80 0/100 50 years PFMT + functional 6 months Incontinence symptoms,
et al. [12] (2009) control (40-65 ES vs. training muscle strength
years) alone
Sahin et al. [17] RCT N =150 0/100 52 years External ES + PFMT 12 months  Incontinence symptom:s,
(2022) (40-70 vs. PFMT alone pelvic floor muscle
years) strength, QoL
Zhang et al. [18] Case- N=90 0/100 48 years Biofeedback ES + 6 months Clinical symptoms,
(2024) control (35-65 PFMT psychological state
years)
Chen et al. [10] RCT N =130 100/0 55 years Sacral nerve ES vs. 12 months  Incontinence symptoms,
(2023) (40-70 PFMT muscle strength
years)
Reis et al. [16]  Case- N =100 0/100 50 years Intravaginal ES + 6 months Incontinence symptoms,
(2021) control (35-65 PFMT muscle strength
years)
Hwang et al. [15] RCT N=110 0/100 49 years Biofeedback + ES 6 months Incontinence symptoms,
(2022) (35-65 vs. PFMT alone pelvic floor muscle
years) strength, QoL
Zhu et al. [13]  Case- N =105 0/100 47 years PFMT + 6 months Incontinence symptoms,
(2022) control (30-60 biofeedback ES muscle strength
years)

detail in Table 1. All studies focused on female patients
with urinary incontinence, and male patients were
included in only 1 study (Chen et al. [10]). The sample
sizes of the included literature ranged from 80 to 150
individuals with a mean age between 45 and 55 years.
The interventions studied included PFMT, functional
ES, sacral ES, and biofeedback. Follow-up ranged from
6 months to 7 years. Primary outcome indicators in-
cluded incontinence symptoms, pelvic floor muscle
strength, QoL, and clinical symptoms (as assessed by
the ICIQ-SF score). The quality of the literature was
evaluated using the Newcastle-Ottawa Scale (NOS)
and the Cochrane Risk Assessment Tool, and the re-
sults are shown in Table 2. The NOS scores for the
case-control studies were all 7/9, indicating that these
studies were of high quality in terms of selectivity,
comparability and exposure assessment. Among the
RCTs, all RCTs were rated as “low risk” for all criteria
in the Cochrane assessment, including randomized
sequence generation, allocation concealment, blinding,

Effect of Pelvic Floor Muscle Training

incomplete outcome data, and selective reporting,
suggesting that these studies were at low risk of bias
and had good overall study design and implementation
quality.

Meta-Analysis Results

Improvement of Urinary Incontinence Symptoms

Meta-analysis results showed that the intervention
group had a significant advantage in improving urinary
incontinence symptoms compared with the control
group. The combined effect size was OR = 5.02 (95% CI:
2.95, 8.55, p < 0.0001), indicating that the intervention
group had a significant effect in reducing incontinence
symptoms. Inter-study heterogeneity was low, I* = 71%,
indicating less variability in the results across studies and
a high degree of inter-study agreement. The results of the
analyses of the random-effects model and the fixed-
effects model were similar, both showing a significantly
better effect in the intervention group than in the control
group, as shown in Figure 2.
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Weight Weight

Study logOR SE(logOR) Odds Ratio OR 95%-Cl (common) (random)
Dannecker et al., 2005[11] 1.8000 0.4592 —&+——  6.05 [3.00; 18.17] 11.0% 14.6%
Eyjolfsdottir et al., 2009[12] 1.5500 0.4337 —~— 4.71 [2.59; 14.15] 12.3% 15.3%
Zhang et al., 2024 (18] 1.2000 0.3571 —A— 3.32 [2.01; 8.17] 18.1% 17.4%
Chen et al., 2023[10] 1.0500 0.3316 ——i 2.86 [1.82; 6.69] 21.0% 18.2%
Hwang et al., 2022[15] 2.7000 0.3061 —~— 14.88 [6.05; 20.09] 24.6% 19.0%
Zhu et al., 2022 [13] 1.3000 0.4209 —— 3.67 [2.34; 12.18] 13.0% 15.6%

Common effect model <> 5.26 [3.90; 7.08] 100.0% .

Random effects model | | | <>I 5.02 [2.95; 8.55] 100.0%

0.1 051 2 10

Heterogeneity: 1% = 71%, 12 = 0.2954, p < 0.01 Odds Ratio (OR)

Test for overall effect (common effect): z = 10.92 (p < 0.0001)

Test for overall effect (random effects): z = 5.94 (p < 0.0001)

Fig. 2. Forest plot of meta-analysis of improvement in urinary incontinence symptoms.

Pelvic Floor Muscle Strength

The results of the meta-analysis showed that the in-
tervention group had a significant advantage in im-
proving pelvic floor muscle strength compared to the
control group. The combined effect size was OR = 11.85
(95% CI: 3.28, 42.87, p < 0.0002), indicating that the
intervention group was effective in enhancing pelvic floor
muscle strength. Inter-study heterogeneity was I = 84%,
indicating the presence of moderate heterogeneity, sug-
gesting that there was moderate variability between the
results of the studies, but the overall results remained
consistent. Despite the presence of some heterogeneity,
the results of both fixed-effects model and random-effects
model analyses indicated that the intervention group was
significantly better than the control group in improving
pelvic floor muscle strength, as shown in Figure 3.

Quality of Life

Meta-analysis showed that the intervention group had
a significant effect in improving QoL compared to the
control group. The combined effect size was OR = 4.29
(95% CI: 3.68, 4.99, p < 0.0001), indicating that the in-
tervention group had a significant effect in improving
patients’ QoL. Inter-study heterogeneity was low with I* =
0%, indicating that there were no significant differences
between the findings and inter-study agreement was high.
The results of the analysis of the random-effects model
and the fixed-effects model were consistent, both indi-
cating that the intervention group was significantly more
effective than the control group in improving QoL, as
shown in Figure 4.

Effect of Pelvic Floor Muscle Training

Clinical Symptoms (ICIQ-SF Score)

The results of the meta-analysis showed that the in-
tervention group had a significant effect on improving
clinical symptoms (assessed by ICIQ-SF score) related to
urinary incontinence. The combined effect size was OR =
3.83 (95% CI: 3.21, 4.58, p < 0.0001), indicating that the
intervention group was able to significantly reduce uri-
nary incontinence symptoms and improve the overall
clinical status of patients. Heterogeneity analysis showed
I? = 0%, indicating a high degree of consistency of results
between studies with no significant heterogeneity. The
results of both the fixed-effects and random-effects
models showed that the intervention group was signifi-
cantly better than the control group in terms of clinical
symptom improvement, as shown in Figure 5.

Discussion

The main finding of this meta-analysis was that the
combination therapy (PFMT combined with ES) showed
significant superiority over a single intervention in im-
proving multiple outcome indicators of SUI, particularly
in reducing incontinence episodes, decreasing the
amount of leakage, and improving QoL. The combined
effect sizes showed statistically significant improvements
in incontinence symptoms, pelvic floor muscle strength,
and QoL in the intervention group (p < 0.05) with low
heterogeneity (small I? values), suggesting a high degree
of concordance between the findings. This finding pro-
vides a strong rationale for the clinical promotion of
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Weight Weight

Study logOR SE(logOR) Odds Ratio OR 95%-Cl (common) (random)
Eyjolfsdottir et al., 2009[12] 0.9500 0.4847 —~—v— 259 [1.82; 12.18] 26.9% 21.2%
Sahin et al., 2022[17] 3.5000 0.7398 ———— 33.12 [7.39; 134.29] 11.5% 18.4%
Chen et al., 2023 [10] 2.2000 0.6633 —-— 9.03 [3.32; 44.70] 14.4% 19.3%
Reis et al., 2021 [16] 1.5000 0.4464 - 4.48 [2.59; 14.88] 31.7% 21.6%
Hwang et al., 2022 [15] 4.5000 0.6378 = 90.02 [12.18; 148.41] 15.5% 19.6%

Common effect model <> 8.58 [5.24; 14.04] 100.0% .

Random effects model - 11.85 [3.28; 42.87] 100.0%

I T T 1
0.01 0.1 1 10 100

Heterogeneity: 12 = 84%, 1> = 1.7941, p < 0.01 Odds Ratio (OR)

Test for overall effect (common effect): z = 8.55 (p < 0.0001)

Test for overall effect (random effects): z = 3.77 (p = 0.0002)

Fig. 3. Forest plot of meta-analysis of pelvic floor muscle strength improvement.
Weight Weight

Study logOR SE(logOR) Odds Ratio OR 95%-Cl (common) (random)
Dannecker et al., 20050111  1.4700 0.2296 = 4.35 [3.32; 8.17] 11.3% 11.3%
Eyjolfsdéttir et al., 2009[12]  1.1200 0.2296 | pa 3.06 [2.59; 6.36] 11.3% 11.3%
Sahin et al., 2022[17] 1.5500 0.1786 - 4.71 [3.67; 7.39] 18.8% 18.8%
Zhang et al., 2024 [18] 2.1800 0.4337 —v—'— 8.85 [3.32; 18.17] 3.2% 3.2%
Chen et al., 2023 [10] 1.3900 0.1913 . 4.01 [2.86; 6.05] 16.3% 16.3%
Reis et al., 2021[16] 1.4400 0.2296 —~— 4.22 [3.00; 7.39] 11.3% 11.3%
Hwang et al., 2022[15] 1.4600 0.2296 = 4.31 [3.32; 8.17] 11.3% 11.3%
Zhu et al., 2022[13] 1.5000 0.1913 _ 4.48 [3.67; 7.77] 16.3% 16.3%

Common effect model <> 4.29 [3.68; 4.99] 100.0% .

Random effects model <& 4.29 [3.68; 4.99] 100.0%

I T T 1
0.1 051 2 10

Heterogeneity: 12 = 0%, 1* < 0.0001, p = 0.61 Odds Ratio (OR)

Test for overall effect (common effect): z = 18.82 (p < 0.0001)

Test for overall effect (random effects): z = 18.82 (p < 0.0001)

Fig. 4. Forest plot of meta-analysis of QoL improvement.

combination therapy, which could be the preferred op-
tion, especially for patients with moderate-to-severe
urinary incontinence.

The superior effect of combined therapy can be ex-
plained by its mechanism of action. ES, as a technique of
direct stimulation of neuromuscular units by means of an
external electric current, is able to promote passive
contraction of the pelvic floor muscles [12, 15]. The
mechanism is mainly through the activation of fast-
twitch muscle fibers (mainly type II muscle fibers),
which enhances pelvic floor muscle strength and function
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and restores neuromuscular linkage. ES can bring about a
more pronounced muscle response in a short period of
time by increasing the frequency and intensity of muscle
fiber activity, which helps make up for the patient’s lack of
autonomic muscle control, especially in the early stage of
treatment [16, 17]. In addition, ES can promote local
blood circulation and improve the oxygen supply and
metabolic level of pelvic floor tissues, thus accelerating
the repair of damaged muscle tissues [17]. PEMT, on the
other hand, is an intervention that strengthens pelvic
floor function through autonomous, repetitive muscle

Liet al.

G20z ¥snbny 90 uo 3senb Aq ypd-€€ L EYS000/9280ZE /ST Y760 1 APd-8joie/UIN/WOoo 1eBIeY//:d)Y Woly papeojumoq


https://doi.org/10.1159/000543133

Weight Weight
Study logOR SE(logOR) Odds Ratio OR 95%-Cl (common) (random)
Eyjolfsdottir et al., 2009[12] 1.0100 0.2653 = 2.75 [2.36; 6.69] 11.7% 11.7%
Sahin et al., 2022 [17] 1.3800 1.1046 —’— 3.97 [1.26; 95.58] 0.7% 0.7%
Zhang et al., 2024 [18] 1.3500 0.1658 . 3.86 [2.86; 5.47] 30.1% 30.1%
Reis et al., 2021[16] 1.2300 0.3265 -— 3.42 [2.86; 10.28] 7.8% 7.8%
Hwang et al., 2022[15] 1.4200 0.1786 . 4.14 [3.00; 6.05] 25.9% 25.9%
Zhu et al., 2022 [13] 1.4500 0.1862 - 4.26 [3.06; 6.36] 23.8% 23.8%
Common effect model <> 3.83 [3.21; 4.58] 100.0% .
Random effects model $ 3.83 [3.21; 4.58] 100.0%
— rrr 1
01 0512 10
Heterogeneity: 12 = 0%, ©> = 0, p = 0.82 Odds Ratio (OR)
Test for overall effect (common effect): z = 14.77 (p < 0.0001)
Test for overall effect (random effects): z = 14.77 (p < 0.0001)

Fig. 5. Meta-analyzed forest plot of ICIQ-SF scores.

contractions. Long-term PFMT can gradually increase
muscle endurance and tone, improve urethral closure
mechanisms, and thus, effectively reduce leakage events
[19, 20]. One study [13] showed that PFMT had a long-
term effect on the improvement of chronic urinary in-
continence symptoms, and its main mechanism was to
enhance the strength and coordination of the pelvic floor
muscles, which improved the ability to support the
urethral closure when the abdominal pressure suddenly
rises. By strengthening the pelvic floor muscles, PFMT
could reduce the direct impact of abdominal pressure on
the bladder and improve the functional coordination of
the urethral sphincter, thus effectively reducing the risk of
urinary leakage [13]. More importantly, the combination
of ES and PFMT produces a synergistic effect; ES en-
hances muscle responsiveness and improves initial
neuromuscular function, while PEMT reinforces this
effect through continuous training. Thus, combination
therapy not only brings immediate symptomatic im-
provement, but also maintains the improvement in
muscle function in the long term.

The results of the present study are generally consistent
with previous studies on SUI interventions, further
confirming the effectiveness of ES and PFMT in the
treatment of urinary incontinence. However, unlike
previous studies that primarily examined single inter-
ventions, the present meta-analysis focused on evaluating
the effects of combined interventions and showed sig-
nificant benefits of combined treatment across multiple
outcome indicators. For example, although some previ-
ous studies have reported an ameliorative effect of

Effect of Pelvic Floor Muscle Training

electrical stimulation or PEMT on incontinence symp-
toms (e.g., frequency of occurrence of leakage, amount of
leakage), the effect in terms of improvement of QoL and
quantitatively assessed clinical symptoms (e.g., ICIQ-SF
scores) is unclear [15, 16]. The results of the present study
not only confirmed the significant improvement effect of
the combination treatment in these areas, but also
demonstrated low heterogeneity across studies, suggest-
ing a high degree of stability and consistency of the
combination treatment. In addition, some of the previous
studies failed to adequately assess the long-term effects of
the treatment, whereas the present study included some
studies with longer follow-up (e.g., Dannecker et al. [11],
7 years of follow-up), which further validated the stability
of the combination therapy in terms of long-term efficacy.
This complements and expands on some previous studies
with shorter follow-up and more limited evaluation of
effects. Therefore, this study not only consolidates the
existing evidence base, but also provides new evidence
support for the widespread use of combination therapy in
clinical practice.

Although the results of this meta-analysis showed a
significant effect of combination therapy, there are still
some limitations in this study. First, the quality of the
studies included in the literature varied, and some case-
control studies may have selection bias and information
bias; although most of the studies were more rigorously
designed, the quality differences may still have some
impact on the results of the meta-analysis. In addition, the
follow-up period of some studies was short, which may
not be able to fully assess the long-term effects of

Urol Int 2025;109:425-435
DOI: 10.1159/000543133

433

G20z ¥snbny 90 uo 3senb Aq ypd-€€ L EYS000/9280ZE /ST Y760 1 APd-8joie/UIN/WOoo 1eBIeY//:d)Y Woly papeojumoq


https://doi.org/10.1159/000543133

combination therapy. The lack of long-term follow-up
data may limit the judgment of the sustained effect of
treatment. Second, the parameters of ES and PEMT were
not uniform across studies, such as the frequency, in-
tensity, and duration of ES, and the intensity and fre-
quency of PFMT varied considerably, which may have an
impact on treatment efficacy. Optimization of the ES
parameters and standardization of the intensity of PFMT
need to be further explored to ensure that optimal
treatment outcomes can be achieved for different pa-
tients. Future studies should enhance the standardization
of these intervention parameters and further validate the
effects of different interventions through RCTs. In ad-
dition, studies need to consider the applicability to dif-
ferent patient subgroups (e.g., elderly patients, obese
patients, etc.) to ensure that the treatment regimen can
maximize clinical needs.
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