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Abstract

Background: The occurrence of involuntary urine 
leakage significantly impairs the comfort of pa-
tients' life, negatively affects their social relations 
and deteriorate their health. Preventative treat-
ment, including pelvic floor muscle training, is 
suggested in the early stages of diagnostic and 
therapeutic management  

Aims: Pelvic floor muscle (PFM) exercises are a 
preventative treatment method for stress urinary 
incontinence. The aim of this systematic review 
and meta-analysis was to determine the treat-
ment effectiveness of pelvic floor muscle training 
in women with stress urinary incontinence.

Material and methods: Electronic academic data-
bases, PubMed and EbscoHost, were searched. A 
mean difference (MD) measure with 95% confi-
dence interval (CI) was used to assess the effect 
size. The pooled effect size of the meta-analysis 
was calculated for the random effect model. The 
I2 test was used to assess heterogeneity. Further-
more, Physiotherapy Evidence Database Scale 
was used to evaluate the methodological quality 
of randomized control trials.

Results: A total of 7 articles, out of 135 identified 
papers, met the inclusion criteria. Meta-analy-
sis revealed significant differences between the 
PFM training group and the group without ac-
tive treatment in terms of total vaginal pressure 
(perineometry) (MD: -3.35; 95% CI: -4.48 to -2.21; 
p<0.001), urine loss (measured by 1-hour pad test) 
(MD: -3.35; 95% CI: -4.48 to -2.21; p<0.001), and 
pelvic floor muscle strength (MD: 1.67; 95% CI: 1.41 
to 1.92; p<0.001).

Conclusion: PFM training is an effective form 
of treatment for stress urinary incontinence in 
women.
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Introduction

The prevalence of urinary incontinence in wom-
en is estimated to be between 25% and 45% [1]. 
The occurrence of involuntary urine leakage sig-
nificantly impairs the comfort of patients' life, 
negatively affects their social relations, leads to 
the abandonment or restriction of physical ac-
tivity, and, consequently, to the deterioration of 
their health.
The direct cause of stress urinary incontinence 
(SUI) is considered to be pelvic floor muscle weak-
ening [2]. The most important functions of the 
pelvic floor include supporting the pelvic floor 
organs and the abdominal cavity (especially in 
the habitual position), closing the urethral lumen, 
and participating in the creation of abdominal 
pressures [3]. The pelvic floor muscles condition 
the processes of micturition and defecation and 
stabilize the lumbar spine [4]. The main causes of 
pelvic floor muscle weakening include childbirth, 
lowering of the small pelvic organs, obesity, age, 
involutional changes in the lower urinary tract 
area associated with aging, hormonal imbalance, 
and heavy physical work [1, 2]. When the pelvic 
floor muscles are weakened in women with SUI, 
the paravesical part of the urethra is displaced 
beyond the abdominal pressure area, which dis-
turbs the pressure gradient within the lower uri-
nary tract and consequently leads to involuntary 
discharge of urine during the urine collection 
phase [5].
According to the International Continence Soci-
ety (ICS) recommendations, preventative treat-
ment, including pelvic floor muscle training, is 
suggested in the early stages of diagnostic and 
therapeutic management [6].

Aim

The aim of this critical review and meta-analy-
sis was to determine the treatment effectiveness 
of pelvic floor muscle exercises in women with 
stress urinary incontinence when compared to 
no form of treatment.

Material and methods

The research question was formulated according 
to the PICO model based on the updated Preferred 
Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) guidelines [7]. Population: 
women with stress urinary incontinence; Inter-
vention: pelvic floor muscle training (as mono-
therapy); Comparator: no therapy; Outcomes: the 
value of pressure in the vagina (measured with a 
manometric perineometer) during contraction of 
any pelvic floor muscle; the amount of urine that 
has leaked (as measured by a 1-hour pad test); 
strength and endurance of pelvic floor muscles, 
assessed using the Oxford scale based on the 
PERFECT scheme.

Academic research databases and literature 
search strategies
Articles were searched using electronic academic 
databases: PubMed and EBSCOHost. The follow-
ing keywords were used: ‘urinary stress inconti-
nence’, ‘stress incontinence’, ‘genuine stress in-
continence’, ‘pelvic floor muscle training’, ‘pelvic 
floor exercises’, ‘pelvic floor exercise’, ‘therapy’, 
‘treatment’, ‘women’, ‘female’, which were com-
bined in different configurations using AND, OR 
connectors. The bibliography of articles related 
to this topic was also analysed.

Research eligibility criteria
For this critical review, only randomized con-
trolled trials designed to evaluate the effects of 
pelvic floor muscle training on symptoms of stress 
urinary incontinence in women were eligible.
The eligibility criteria were: (1) randomized control 
trials, (2) full text publication, (3) English or Polish 
language of publication, (4) studies in which pa-
tients in the experimental group received pelvic 
floor muscle training without any other form of 
therapy, (5) studies in which patients in the con-
trol group did not receive any form of preventive 
treatment for stress urinary incontinence. Stud-
ies that were conducted in women with mixed 
urinary incontinence were eligible for critical re-
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view when patients had predominant symptoms 
of stress urinary incontinence. Studies in which 
exercises were conducted in both groups and 
individually were eligible for the review. Publica-
tions in which patients in the experimental group 
participated in sEMG biofeedback or Pilates exer-
cises were excluded from the review.

Methodological quality assessment of rand-
omized control trials

The Physiotherapy Evidence Database (PEDro) 
scale was used to assess the methodological qual-
ity of randomized control trials [8]. The following 
categorization of research, depending on the sum 
of points obtained, was adopted: ≥ 7 – high meth-
odological quality of research, 4-6 points – medi-
um methodological quality of research, ≤ 3 – low 
methodological quality of research.

Meta-analysis

The meta-analysis was conducted for the follow-
ing variables: Vaginal pressure value (measured 
with a manometric perineometer); the amount of 
involuntarily leaked urine during the 1-hour pad 
test; strength and endurance of pelvic floor mus-
cles, assessed using the Oxford scale based on the 

PERFECT scheme. Measure of effect was used to 
assess the effect size: mean difference (MD). The 
pooled effect of the meta-analysis was calculated 
for the random effect model. A 95% confidence 
interval (CI) was used for all measurements. Het-
erogeneity analysis of effect size was conducted 
using the I² coefficient, which represents the per-
centage of true to combined variability: a level of 
25% was taken as low heterogeneity, 50% - mod-
erate heterogeneity, 75% - high heterogeneity. In 
all statistical analyses, a p < 0.05 level was taken as 
statistically significant. STATISTICA (Data Analy-
sis Software System), version 13.3, Suite Plus, was 
used to perform the meta-analysis procedure.

Results

An initial literature search was conducted based 
on adopted keywords listing 135 articles pub-
lished in the PubMed database, and 130 in the 
EBSCOhost database.  Based on the search strat-
egies for randomized controlled trials described 
previously, 7 articles were ultimately selected 
for critical review. The results of the literature 
search and selection based on PRISMA guidelines 
were graphically presented in Figure 1.

Figure 1. Flowchart on literature 
search and selection.

Records identified from:

 - PubMed (n = 135)
 - EBSCOhost (n = 130)

Records excluded based on 
title and abstract (n = 104)

Identification of studies via databases

Identification

Full test review - reports 
assessed for eligibility 

(n=31)

Studies included in review
(n =7)

Reports excluded based on 
the inclusion criteria (n=24)

Screening

Included
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One randomized clinical trial was of high methodological quality [9], six others were of moderate quality 
[10-15] (Table 1). The characteristics of the research eligible for review were provided in Table 2.
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A meta-analysis of the vaginal pressure values 
(measured with a manometric perineometer) in 
patients with SUI indicated a statistically sig-
nificant combined effect of therapy (MD: -3.35; 
95% PU: -4.48 to -2.21; p<0.001) in support of pel-
vic floor muscle training when compared to no 
preventative treatment (Figure 2). Measures of 
effects from the primary studies included in the 
meta-analysis have low levels of heterogeneity 
(I²=0%, p=0.98) (Figure 2).

The amount of urine that leaked during the 1-hour 
incontinence test was significantly less in wo-
men who exercised their pelvic floor muscles 
when compared to patients who did not receive 
any treatment (MD: -3.35; 95% CI: -4.48 to -2.21; 
p<0.001). No significant heterogeneity was found 
between studies (I²=0%, p=0.98) (Figure 3).

Figure 2. Forest plot for vaginal 
pressures measured with peri-
neometer results in pelvic floor 
muscle training and no-treatment 
groups.

Figure 3. Forest plot for the amo-
unt of involuntarily leaked urine 
measured by the 1-hour pad test 
results in the pelvic floor muscle 
training and no-treatment groups.
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Pelvic floor muscle strength (as maximal free con-
traction), assessed using the Oxford scale based 
on the PERFECT scheme, was significantly gre-
ater in women who exercised pelvic floor muscles 
when compared to women in the control group 
(MD: 1.67; 95% CI: 1.41 to 1.92; p<0.001), with low 
heterogeneity of the primary studies included in 
the meta-analysis (I²=0%, p=0.71) (Figure 4).

Pelvic floor muscle endurance, as expressed by 
the time to sustain the maximum contraction, 
was significantly greater in women with stress 
urinary incontinence from the experimental gro-
ups when compared to women from the control 
groups (MD: 6.54; 95% CI: 0.33 to 12.74; p=0.03). 
No significant heterogeneity was found between 
studies (I²=73.16%, p=0.053) (Figure 5).

Figure 4. Forest plot for pelvic flo-
or muscle strength (as maximum 
free contraction) based on the 
Oxford scale results in the pelvic 
floor muscle training and no-tre-
atment groups.

Figure 5. Forest plot for pelvic 
floor muscle endurance based on 
the Oxford scale results in pelvic 
floor muscle training and no-tre-
atment groups.
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Discussion

Statistical analysis revealed that the combined 
effect on change in vaginal pressure, amount 
of urine that leaked during 24-hour period, and 
pelvic floor muscle strength (as assessed by the 
Oxford scale) was statistically significant (p<0.05) 
when comparing pelvic floor muscle exer-
cise-based therapy with no preventative treat-
ment in patients with SUI. Heterogeneity analysis 
of effect size revealed a low level of heterogeneity 
for all three variables; hence a strong conclusion 
can be made that pelvic floor muscle exercises 
increase vaginal pressure and pelvic floor mus-
cle strength, leading to a reduction in involuntary 
urinary discharge.
Kegel exercises are the basis of Urogynecological 
Physiotherapy. The analysis revealed that 14.5% of 
women did not know what Kegel exercises were, 
while 85.5% of them have heard of this improve-
ment method [16]. When exercising the pelvic 
floor muscles, it is important to tighten them in 
an isolated method without simultaneously ac-
tivating the abdominal muscles, femur muscles, 
and gluteal muscles [17]. 
However, the underlying methodology of pelvic 
floor muscle training has not been yet systema-
tized [18]. The differences between the conducted 
studies mainly concern the duration of contrac-
tion and relaxation of the pelvic floor muscles, 
the number of contractions, the adopted exercise 
position, and the duration of training (Table II). A 
recent meta-analysis [19] showed that regardless 
of the training protocols used, pelvic floor muscle 
exercises significantly reduce urine leakage in the 
pad test in women with SUI. However, the best 
treatment results were obtained when the train-
ing program lasted from 6 to 12 weeks and includ-
ed more than 3 exercise sessions per week of < 45 
min duration. Another critical review confirmed 
higher treatment effectiveness of pelvic floor 
muscle training conducted under the supervision 
of a qualified physiotherapist when compared to 
training with occasional medical supervision [20].

The pelvic floor muscles are approximately 70% 
composed of red, slow-contracting fibres in 
which oxidative metabolism predominates; the 
remaining 30% of fibres are white, fast-contract-
ing that work mainly under anaerobic conditions 
[21]. Therefore, it is important to choose a train-
ing technique for the pelvic floor muscles that en-
gages both types of muscle fibres. PFM exercises 
should target multiple aspects: improving senso-
rimotor performance, increasing both maximal 
contractile force, and muscle endurance - the 
ability to maintain a prolonged contraction with-
out the signs of fatigue. Treatment also should aim 
to improve contraction velocity and coordination 
skills, such as alternating activity and relaxation 
of the PFM [3].

Conclusions

Pelvic floor muscle exercises are an effective form 
of therapy for women with SUI. Pelvic floor mus-
cle training increases pelvic floor muscle strength 
and intravaginal pressure, leading to less involun-
tary urine discharge.
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