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Abstract
Introduction and hypothesis  The primary objective was to compare high- and low-frequency pelvic floor muscle training (PFMT) 
with the impact on urinary incontinence episode frequency over 1 week (IEF/week). The secondary objective was to compare the 
two groups with regard to pelvic floor muscle function, morphometry, incontinence quality of life, and patient global impression.
Methods  This was a randomised parallel controlled study. The setting was regional gynaecological and urological outpatient 
clinics. The subjects consisted of a sample of 86 women with stress urinary incontinence (SUI). Group A underwent high-
frequency PFMT and group B underwent low-frequency PFMT for 12 weeks. We recorded the IEF/week. The International 
Consultation on Incontinence Questionnaire Urinary Incontinence Short Form (ICIQ-UI SF) was used. Pelvic floor muscle 
function was evaluated using a perineometer. Pelvic floor muscle morphometry was evaluated with 3D/4D ultrasound. The 
Urinary Incontinence Quality of Life Scale (I-QoL) was used.
Results  Significant differences between group A and B after treatment (p<0.001) were noted in favour of group A in IEF/
week (group A 10.2±7.0/2.3±3.0 vs group B 9.3±4.7/6.3±4.9), in the ICIQ-UI SF (group A 9.7±3.0/3.7 ± 3.6 vs group 
B 9.9±3.2/9.4±3.4). Significant differences between groups A and B after treatment were noted in favour of group A for 
pelvic floor muscle function in terms of maximal voluntary contraction and its duration, and also for pelvic floor muscle 
morphometry in terms of a reduction of the hiatal area during rest, contraction, and the Valsalva manoeuvre.
Conclusions  High-frequency PFMT for 12 weeks significantly decreased IEF/week in comparison with low-frequency PFMT. 
In the high-frequency exercise group, women had significantly better pelvic floor muscle function, morphometry and quality 
of life than the low-frequency exercise group. 

Keywords  Pelvic floor exercises · High and low frequency · Pelvic floor muscle function · Morphometry · Life quality

Introduction

Stress urinary incontinence (SUI) is defined as a complaint 
of involuntary leakage of urine during physical activity 
or sports, sneezing or coughing due to increased intra-
abdominal pressure [1–4]. Regardless of age, 15–30% of 

women are negatively affected by urinary incontinence in 
all areas of their lives (i.e. physical, mental and social), 
with a consequent deterioration in their quality of life [4].

According to the International Continence Society (ICS), 
pelvic floor muscle training (PFMT) is the first-line method 
for the treatment of SUI [2]. PFMT is a method based on 
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scientific evidence, defined by the International Incontinence 
Society as repeated selective voluntary contraction and 
relaxation of specific pelvic floor muscles. It is important to 
train the strength and endurance of the pelvic floor muscles 
and to perform PFMT in the correct way [2, 3]. Based on 
scientific knowledge, it is recommended to perform stabili-
sation exercises with simultaneous activation of the pelvic 
floor muscles [5].

The dosage of pelvic floor exercises can be divided into 
mode of exercises, frequency, intensity, volume and duration 
of training. Mode of exercises are different positions dur-
ing exercises. Frequency of exercises is number of training 
sessions per week. Intensity of strength training is defined 
as the percentage of the repetition maximum. The training 
volume is the number of repetitions performed in a specific 
time period. Periodisation is planned variation in the training 
volume and intensity by altering muscle actions–isometric, 
concentric and excentric. The American College of Sport 
Medicine recommends evaluating the efficacy of various 
intensities, frequencies and durations of exercise [3]. There 
are a limited number of studies that have evaluated the dif-
ferent frequencies of PFMT in women with stress urinary 
incontinence. Maintaining the frequency of the exercises is 
very important for its effect. High frequency is a major bar-
rier to training adherence and compliance [6, 7].

Currently, there are a limited number of studies assessing 
the effect of PFMT with pelvic floor muscle morphometry 
using 3D/4D ultrasound [8, 9].

The 2D/3D ultrasound perineal approach is a non-invasive 
examination, but the probe is attached to the perineum. The 
standard midsagittal field of vision includes the symphysis 
pubis anteriorly, the urethra and bladder neck, the vagina, 
the cervix, the rectum and the anal canal. We can measure 
the bladder neck position, levator plate angle and anorectal 
angle. We can also measure the distance of the bladder neck 
from the symphysis and the distance between the symphy-
sis and the anorectal angle. Translabial ultrasound may be 
used to quantify ureterovaginal prolapse during the Valsalva 
manoeuvre. The inferior margin of the symphysis pubis is 
used as a reference line [10–12].

The 3D/4D ultrasound perineal approach can show the 
levator hiatus area both at rest and in motion. It is examined 
at rest, at maximal voluntary contraction (MvC) and during 
the Valsalva manoeuvre. Subsequently, we can measure the 
anteroposterior dimension of the hiatus and the latero-lat-
eral dimension of the hiatus in centimetres. We can measure 
muscle thickness and objectively record avulsions or muscle 
thinning. It is possible to objectively measure the activation 
of the hiatus muscles during coughing. We can also observe 
the hiatal area during pelvic floor muscle function examina-
tion. Volume contrast imaging software allows us to work 
with images of the hiatal area, even after the examination is 
finished [8, 9, 13, 14].

The primary objective was to compare high- and low-
frequency PFMT with the impact on urinary incontinence 
episode frequency over 1 week (IEF/week). The secondary 
objective was to compare the two groups with regard to pel-
vic floor muscle function, morphometry, incontinence qual-
ity of life and patient global impression.

Materials and methods

The PELSTAB study was a randomised parallel controlled 
study with a 1:1 allocation that compared the effect of high-
frequency PFMT in group A and low-frequency PFMT in 
group B in a population of women with SUI. It was con-
ducted between May 2020 and January 2022 in Urogynae-
cology and Physiotherapy in Gynaecology and Urology, 
Clinic Centrum. The protocol was approved by the Ethics 
Committee of the self-governing region with the number 
3545/2020/ODDZ-06621 on 28 February 2020.

Participants

Patients with urinary incontinence (UI) from regional gynae-
cological clinics were recommended for PFMT. The diagno-
sis of UI was made by a gynaecologist based on a standard 
examination [1]. Patients signed an informed consent form 
and were enrolled in the randomised, parallel, intervention 
study of an independent researcher. All patients had a medi-
cal history obtained through a structured interview to obtain 
urological and gynaecological data. The pelvic floor was 
then examined by an experienced physiotherapist who was 
blinded to the SUI condition.

A total of 86 patients were enrolled in the study. Based 
on the inclusion and exclusion criteria, 71 patients were 
randomised 1:1 into groups A and B. The first patient 
serial numbers were assigned to the high-intensity exer-
cise group A and the second patient serial numbers were 
assigned to low-intensity exercise group B. We used simple 
software randomisation according to the serial numbers of 
the patients. The generated numbers were placed in sealed 
envelopes. Each envelope contained a group A or B code. 
The final sample consisted of 71 women, with 35 women 
in group A and 36 women in group B. Investigators were 
blinded to which groups the patients were assigned to. Three 
women did not complete the study owing to low adherence 
(Fig. 1).

Sample size calculation

We used an estimate based on a sample of women based 
on a test power of 0.80 and an alpha of 0.05 (type I error). 
According to the sample selection, we expected a decreased 
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incidence in SUI after PFMT from 25% to 10% according to 
incontinence episode frequencies per week. Success of the 
treatment was defined as a reduction of IEF of more than 
50%. The estimated number of women in group A was 34, 
and the estimated number of women in group B was 34, for 
a total of 68. We expected a 20% loss, so we enrolled a total 
of 86 women.

Inclusion criteria

The inclusion criteria were as follows: 

1.	 Women willing to provide written informed consent
2.	 Women over 18 years of age experiencing uncompli-

cated SUI
3.	 Score on the International Consultation on Urinary 

Incontinence Questionnaire ≥6 points
4.	 Symptoms of urinary incontinence for at least 3 con-

secutive months
5.	 Degree of pelvic organ prolapse, stage ≤ 2
6.	 Willingness to accept the randomisation process and 

fully participate in tests

Exclusion criteria

Exclusion criteria were as follows: 

	 1.	 History of anti-incontinence surgery in the past 12 months
	 2.	 History of pelvic prolapse repair or urethral surgery in 

the past 12 months

	 3.	 History of PFMT in the past 12 months
	 4.	 History of interstitial cystitis or bladder-related pain
	 5.	 Chronic severe constipation
	 6.	 Clinically significant renal or hepatic impairment
	 7.	 Clinically significant heart impairment
	 8.	 Pregnant, lactating or actively trying to become pregnant
	 9.	 Presence of urinary tract infection
	10.	 Use of rehabilitation aids (pessary, urethral plugs, vagi-

nal beads etc.)
	11.	 Not able to perform pelvic floor exercises and/or omit-

ting exercises
	12.	 Incomplete questionnaire
	13.	 Refusal to participate in the study
	14.	 Urinary incontinence medication

Stress urinary incontinence was confirmed by a positive 
score on the International Consultation on Incontinence 
Questionnaire Urinary Incontinence Short Form (ICIQ-UI 
SF) and a negative symptom score on the Overactive Blad-
der Questionnaire Symptom Score (OAB-q SS).

Interventions

Both groups

Figure 2 shows a detailed description of the exercises.

1.	 Educational instruction with a model of the pelvis of the 
women and on the anatomy, physiology and function of 
the pelvic floor muscles; the exercises were explained.

Fig. 1   Enrolment flow diagram
Enrolled woman 

n=86 

Excluded 

Low adherence n= 2 

Group A 

n=35 

Group B 

n=36 

Random sampling  

1:1 

n=71 

Excluded 

Low adherence n=1 

Excluded 

Cystocele n=10 

Retrocele n=2 

Surgery n=3 
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Description

1. Education of woman in anatomy, physiology and the 

function of the pelvic floor muscles, correct posture and the 

correct understanding of the exercises.

2. Training pelvic floor muscles while lying on the back, 

on the abdomen, kneeling, sitting, standing and walking

Endurance training - a medium contraction of pelvic 

floor muscle: endurance 10 sec, relaxation 10 sec. 

Strength training - very strong contraction with the lift of 

pelvic floor muscles: endurance 5 sec, relaxation 5 sec.

Stabilization exercises with pelvic floor muscle 
activation

3. Diaphragmatic breathing and activation of musculus 
transversus abdominis
Diaphragmatic breathing during inhalation, followed by 

activation of the m. transversus abdominis during 

exhalation by drawing the navel to the spine while lying on 

the back and sitting. A deep breath with the fingers on the 

sides of the abdomen. During exhalation, pull the navel as 

far as possible towards the spine and contract PFM.

4. Stabilization during bridge
Exercise performance: 
Strength: while the pelvis is elevated, during exhalation,

contract the PFM to a maximum of 100%. When returning 

to the starting position, release the PFM. Repeat five times.

Endurance: during exhalation, contract the PFM to a 

maximum of 50% and raise the pelvis.Hold the PFM 

contraction as long as the pelvis does not fall down. 

Repeat the exercise ten times.

Fig. 2   Enrolment flow diagram

2052 International Urogynecology Journal (2023) 34:2049–2060



1 3

5. Diagonal stabilization
Exercise performance: Stretch one upper limb forward and 

the opposite lower limb backwards.

Exercise performance: 

Strength: when performing diagonal stabilisation, during 

exhalation, contract the PFM to a maximum of 100%. 

When returning to the starting position, release PFM. 

Repeat the exercise five times.

Endurance: when performing diagonal stabilisation, 

during exhalation, contract the PFM to a maximum of 

50% and maintain the contraction until returning to the 

starting position.

Repeat the exercise ten times.

6. Stabilization in the push-up
Exercise performance:

Strength: during push up execution, with exhalation, 

contract the PFM to a maximum of 100%. 

When returning to the starting position, release PFM. 

Repeat five times.

Endurance: during the exercise, with exhalation, contract 

the PFM to 50% and maintain the contraction until 

returning to the starting position.

Repeat the exercise ten times.

7. Stabilization during squat
Exercise performance:

Strength: during squat execution, with exhalation, 

contract the PFM to a maximum of 100%. 

When returning to the starting position, release PFM. 

Repeat five times.

Endurance: during the exercise, with exhalation, contract 

the PFM to 50% and maintain the contraction until 

returning to the starting position.

Repeat the exercise ten times.

8. Stabilization during side bridge
Exercise performance:

Strength: during side bridge execution, with exhalation, 

contract the PFM to a maximum of 100%. When returning 

to the starting position, release PFM. Repeat five times.

Endurance: during the exercise, with exhalation, contract 

the PFM to 50%

and maintain the contraction until returning to the starting 

position.

Repeat the exercise ten times.

Fig. 2   (continued)
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2.	 Mode of exercises are different positions during exer-
cises: training of the pelvic floor muscles in various 
positions, such as lying on the back, abdomen, side, 
kneeling, sitting, standing and walking.

3.	 Training of the pelvic floor muscles with static and 
dynamic stabilisation. Respiratory stereotype correction, 
exercises to activate the diaphragm and training of the 
transverse abdominis muscles, multifidus muscles and 
other deep muscles of the spine and upper and lower 
limbs with simultaneous activation of the PFMs. The 
PFMs were contracted during exhalation. Patients held 
the stabilisation exercises during exhalation (Fig. 2) [5].

Group A

Frequency of exercises: high-frequency exercise group, i.e. 
12 weeks, five times a week for 30 min a day, with five ses-
sions of training with a physiotherapist, followed by con-
tinuation in the home environment [3]. The number of PFM 
contractions per week was 900. This means that the number 
of contractions was 5 times greater than in group B.

Group B

Frequency of exercises: low-frequency exercise group, i.e. 
12 weeks, twice a week for 15 min a day, with five sessions 
of training with a physiotherapist, followed by continuation 
in the home environment [3]. The number of PFM contrac-
tions per week was 180. During the 15-min training unit, 
group B did half the number of stabilisation exercises and 
contractions of PFMs compared with group A.

Description of sessions with a physiotherapist

First session with physiotherapist—comprehensive 
kinesiological examination of posture and the pelvis, 
examination of breathing patterns, examination of pel-
vic floor muscles with ultrasound, perineometer, vagi-
nal palpation and education regarding proper exercise.
Second session—explanation of the principle of exercise 
lying on the back, on the abdomen, on the side and kneeling.
Third session—explanation of the principle of exercise 
when sitting, standing and walking and during changes 
of positions.
Fourth session—correction of breathing patterns (rhythm, 
speed, length of exhalation and other aspects and stereo-
types) when lying on the back and when sitting—dia-
phragmatic breathing and activation of the musculus 
transversus abdominis.
Fifth session—practicing stabilisation exercises—stabi-
lisation during the bridge, diagonal stabilisation, stabi-
lisation in the push-up, stabilisation during squats and 
stabilisation during side bridges. With the accompanying 

strength and endurance activation of the pelvic floor mus-
cles during exhalation.

Patients had a notebook where they kept a detailed record 
of the frequency of exercises.

Measurements

All measurements were taken before treatment and after 12 
weeks of treatment.

Stress urinary incontinence was confirmed by a positive 
score on the ICIQ-UI SF and a negative symptom score 
on the Overactive Bladder Questionnaire Symptom Score 
(OAB-q SS). Both overactive bladder and urge urinary 
incontinence were excluded by the OAB-q.

SUI evaluation questionnaire

The ICIQ-UI SF was developed by the ICS. The first two 
questions monitor the frequency and quantity of leaked 
urine and the third question considers how urine loss affects 
daily life. The ICIQ-UI SF score is the sum of the score of 
all questions (0 = no leak; 1–5 = slight; 6–12 = moderate; 
13–18 = severe; and 19–21 = very serious). The Cronbach’s 
alpha reliability for this questionnaire is 0.95 [15, 16].

OAB evaluation questionnaire

The Overactive Bladder Questionnaire Symptom Score 
(OAB-q SS) on the symptoms of an overactive bladder in 
the past 4 weeks. It contains six questions on symptoms, 
giving a symptom score (0, without symptoms; 100, most 
symptoms). The Cronbach’s alpha of this questionnaire is 
0.90 [17, 18].

Primary measurements

The primary objective of our study was to evaluate change 
in urinary incontinence episode frequency over 1 week in 
the two groups.

Secondary measurements

The secondary objective was to compare the two groups 
with regard to pelvic floor muscle function, morphometry, 
incontinence quality of life and patient global impression.

Pelvic floor muscle function

Pelvic floor examination by perineometer

Perineometric pressure during a maximum voluntary con-
traction (MvC, cmH2O), MvC endurance in seconds, and 
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pelvic floor muscle relaxation in units of water column 
height (cmH2O) were measured. An 11-cm pressure probe 
was used, covered by a latex condom to which a lubricant 
was applied. Examination was carried out with an empty 
bladder in the lithotomy position. Each manoeuvre was per-
formed twice. The probe was inserted vaginally. Up to 10 
cmH2O there was a slight contraction, 10–30 cmH2O a mod-
erate contraction and 40–60 cmH2O a strong contraction. It 
is important to set the resting tone correctly after saturation 
introduction to 100 cmH2O [19].

The PERFECT scheme: P – Power. A five-point scale was 
used (0, no contraction; 1, weak contraction; 2, normal con-
traction; 3, strong contraction; and 4, very strong contrac-
tion). E – Endurance. The patient was asked to perform an 
MvC of the pelvic floor, and the contraction-weakening time 
was measured. Time was given in seconds, for a maximum 

of 10 s. R – Repetitions of contractions. The patient was 
requested to perform repeated MvCs for 3 s. The number of 
contractions to fatigue or a decrease in quality (up to 10 con-
tractions) was recorded. F – Fast contractions. The patient 
was requested to perform rapidly repeated MvCs lasting a 
maximum of 1 s each. The number of contractions to fatigue 
or quality decline (up to ten contractions) was recorded. We 
examined this scheme using vaginal palpation and a perine-
ometer (Peritron, Laborie, Mississauga, ON, Canada) [20].

Pelvic floor muscle morphometry with 3D/4D transperineal 
ultrasound

We used a Voluson-i BT11 ultrasound console, volume con-
trast imaging (VCI) software (GE Healthcare Austria, Zipf, 
Austria) and a RAB4-8-RS 3D/4D 4–8 MHz probe in the 

Fig. 3   a Hiatal area at rest, b hiatal area at maximal voluntary contraction, c hiatal area during the Valsalva manoeuvre

Table 1   Demographic 
characteristics

Group A, high-frequency exercise group, five times a week for 30 min per day
Group B, a low-frequency exercise group, twice a week for 15 min per day
ICIQ-UI SF International Consultation on Incontinence Questionnaire Urinary Incontinence Short Form, 
OAB-q SS Overactive Bladder Questionnaire Symptom Score
*t test
**Chi–squared test

Group A, N=35, 
mean ± SD or %

Group B, N=36, mean ± SD/% p

Age 41.7±8.3 39.1±9.7 0.23*
Education (high school/university) 45.7%/54.3% 52.8%/47.2% 0.55**
Menstruation (regular/irregular) 82.9%/17.2% 83.3%/16.6% 0.95**
Body mass index (kg/m2) 24.5±3.7 23.8±4.0 0.44*
Duration of difficulties with SUI (months) 23.8±27.0 23.36±18.3 0.93*
Number of childbirth(parity) 2.2±0.6 1.9±0.7 0.39*
Type of childbirth (no/vaginal/section) 5.7%/82.9%/11.4% 5.6%/83.3%/11.1% 0.99**
Child weight 3,450.3±544.4 3,585.8±511.0 0.28*
Incontinence episode frequency/week 10.2±7.0 9.3±4.7 0.53*
ICIQ-UI SF 9.7±3.0 9.9±3.2 0.76*
OAB-q SS 5.2±8.2 5.6±7.6 0.83*
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midsagittal plane. Examination took place with an empty 
bladder in the lithotomy position. The probe was placed lon-
gitudinally on the perineum. 3D/4D images of the hiatal area 
were taken at rest, at MvC and during the Valsalva manoeu-
vre (in centimetres squared). Subsequently, we measured the 
anteroposterior dimension of the hiatus and the latero-lateral 
dimension of the hiatus (in centimetres). Each manoeuvre 
was performed twice. This method has been tested for reli-
ability and shown to be very good [10–12]. The examina-
tions were performed by a trained urogynaecologist and 
physiotherapist (Fig. 3).

Pelvic floor muscle morphometry measures muscle tone 
and thickness and provides an objective measurement of 
avulsions. It is possible to measure the activation of the 
hiatus muscles during coughing. We can also examine the 
hiatal area during the PFM function examination. VCI 
software allows us to work with images of the hiatal area, 
even after the examination is finished. Translabial ultra-
sound may be used to quantify ureterovaginal prolapse 
during the Valsalva manoeuvre.

Pelvic floor muscle morphometry is a unique way for 
physiotherapists to visualise the PFMs after PFMT in 

Table 2   Statistical comparison 
of incontinence episode 
frequency (IEF/week and stress 
urinary incontinence symptoms 
between groups after 12 weeks 
of pelvic floor muscle training

T1, T2: time 1 – baseline: A n=35, B n=36; time 2 after 12 weeks: A n=34, B n=34
Group A, high-frequency exercise group, five times a week for 30 min per day
Group B, a low-frequency exercise group, twice a week for 15 min per day
ICIQ-UI SF International Consultation on Incontinence Questionnaire Urinary Incontinence Short Form
p value mixed design analysis of variance. Effect size is calculated based on partial eta squared (η2). 
According to Cohen, the small, medium and large effect sizes (η2) are classified as: 0.00 to 0.003, no effect; 
0.010 to 0.039, small; 0.060 to 0.110, medium; 0.140 to 0.200, large [23]

T1 T2 Effect size

Group Mean SD Mean SD p Partial eta 
squared (η2)

Interpretation

IEF/week A 10.29 7.09 2.35 3.04 0.001 0.059 Medium
B 9.31 4.78 6.38 4.97

ICIQ-UI SF A 9.71 3.08 3.71 3.68 0.001 0.401 Large
B 9.94 3.29 9.47 3.45

Table 3   Statistical comparison 
of pelvic floor muscle function 
between groups after 12 weeks 
of pelvic floor muscle training

T1, T2: time 1 baseline: A n=35, B n=36, time 2 after 12 weeks: A n=34, B n=34
Group A, high-frequency exercise group, five times a week for 30 min per day
Group B, a low-frequency exercise group, twice a week for 15 min per day
p value mixed design analysis of variance
Effect size is calculated based on partial eta squared (η2). According to Cohen, the small, medium and large 
effect sizes (η2) are classified as: 0.00 to 0.003, no effect; 0.010 to 0.039, small; 0.060 to 0.110, medium; 
0.140 to 0.200, large [23]

T1 T2 p Effect size

Group Mean SD Mean SD Partial eta 
squared 
(η2)

Interpretation

Perineometer, MvC, cmH2O A 17.58 9.93 27.17 11.26 0.007 0.106 Medium
B 16.32 15.76 17.70 16.26

Perineometer, MvC, time, s A 5.00 2.90 9.63 4.86 0.001 0.230 Large
B 4.21 3.92 4.95 3.75

PERFECT–power (1–5) A 2.29 1.01 3.90 1.42 0.001 0.234 Large
B 2.08 1.36 2.41 1.32

PERFECT–endurance, s A 4.31 2.63 9.24 4.19 0.001 0.253 Large
B 3.50 4.03 4.44 4.17

PERFECT–repetition (1–10) A 3.46 2.61 8.88 3.59 0.001 0.460 Large
B 2.39 1.97 3.44 2.21

PERFECT-fast (1–10) A 4.97 3.01 4.22 3.74 0.001 0.373 Large
B 5.53 2.75 5.06 2.78
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women with SUI. In future research, three-dimensional 
tomographic ultrasound imaging software and vaginal 
pressure profiles may be used in order to measure the 
effect of different types of PFMT.

Incontinence‑related quality of life

Urinary Incontinence Quality of Life scale

The Incontinence Quality of Life (I-QoL) scale is com-
posed of three subscales (avoidance and limiting behav-
iour, psychosocial impact and social embarrassment) and 
comprises 22 questions, with a total score within the range 
0 (worst quality of life) to 100 (best quality of life). The 
Cronbach’s alpha reliability of the I-QoL is 0.91–0.96 [21].

Patient Global Impression of Improvement scale

The Patient Global Impression of Improvement (PGI-I) scale 
evaluates the status of urination problems compared with the 
patient’s condition before treatment. Patient impressions are 
evaluated according to the following scores: 1, much better; 
2, moderately better; 3, a little better; 4, no change; 5, a little 
worse; 6, a lot worse; and 7, definitely worse [22].

All measurements were taken before treatment and after 
12 weeks of treatment.

Statistical analysis

Descriptive and analytical statistics were used for data analy-
sis. An unpaired t test was used to compare the experimental 
and control groups before training. Differences between the 

Table 4   Statistical comparison of pelvic floor muscle morphometry between groups after 12 weeks of pelvic floor muscle training in rest, during 
maximal contraction, during Valsalva manoeuvre 

T1, T2: time 1 baseline: A n=35, B n=36; time 2 after 12 weeks: A n=34, B n=34
Group A, high-frequency exercise group, five times a week for 30 min per day
Group B, a low-frequency exercise group, twice a week for 15 min per day
p value mixed design analysis of variance
Effect size is calculated based on partial eta squared (η2). According to Cohen, the small, medium and large effect sizes (η2) are classified as: 
0.00 to 0.003, no effect; 0.010 to 0.039, small; 0.060 to 0.110, medium; 0.140 to 0.200, large [23]

T1 T2 p Effect size

Group Mean SD Mean SD Partial eta 
squared (η2)

Interpretation

Rest
   Levator hiatus area, cm2 A 16.52 3.86 15.07 3.75 0.001 0.119 Medium

B 18.03 3.73 17.95 4.21
   Levator hiatus area, AP diameter, cm A 5.00 0.59 4.77 0.59 0.004 0.121 Medium

B 5.23 0.54 5.21 0.61
Levator hiatus area, LR diameter, cm A 4.64 0.55 4.43 0.55 0.004 0.121 Medium

B 4.85 0.50 4.84 0.86
Maximal contraction

   Levator hiatus area, cm2 A 14.13 3.29 12.07 3.32 0.001 0.185 Large
B 15.95 3.68 15.80 4.53

   Levator hiatus area, AP diameter, cm A 4.62 0.55 4.26 0.58 0.001 0.179 Large
B 4.90 0.59 4.86 0.72

   Levator hiatus area, LR diameter, cm A 3.99 0.48 3.67 0.50 0.000 0.179 Large
B 4.23 0.51 4.20 0.62

Valsalva manoeuvre
   Levator hiatus area, cm2 A 18.30 4.57 15.52 4.49 0.001 0.245 Large

B 21.08 4.78 20.83 4.96
   Levator hiatus area, AP diameter, cm A 4.23 0.53 3.88 0.56 0.001 0.248 Large

B 4.54 0.51 4.51 0.54
   Levator hiatus area, LR diameter, cm A 4.91 0.61 4.51 0.66 0.001 0.248 Large

B 5.28 0.60 5.24 0.63
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control and experimental groups pre- and post-intervention 
were assessed using a generalised linear model and repeated-
measures mixed-design analysis of variance (ANOVA; 
significance level, t<0.05); partial eta-squared (η2) effect 
sizes were calculated. According to Cohen’s specifica-
tion for ANOVA analysis, effect sizes were classified as 
follows: η2=0.00–0.003, no effect size; η2=0.010–0.039, 
small effect size; η2=0.060–0.110, medium effect size; and 
η2=0.140–0.200, large effect size. We used an intention-
to-treat analysis. The calculations were performed in IBM 
SPSS Statistics for Macintosh, Version 28.0 (IBM, Armonk, 
NY, USA).

Results

The final sample consisted of 71 women, with 35 women in 
group A and 36 women in group B. The cohort consisted of 
women with SUI, with an average age of 41.7 years in group 
A and 39.1 years in group B. No significant differences were 
observed in demographics between the two groups in terms 
of age, education, menstrual cycle, BMI, duration of dif-
ficulties with SUI, average number and type of childbirth, 
foetal weight, number of incontinence episodes per week, 
average number of sanitary pads used per day, ICIQ-UI SF 
score or OAB-q SS. PFM prolapse was not present. None 
of the women had undergone anti-incontinent or prolapse 
surgery (Table 1).

All measurements were taken before treatment and after 
12 weeks of treatment.

No significant differences between groups A and B were 
observed in the pre-treatment parameters. After treatment, 
significant differences between groups A and B were noted 
in favour of group A (p<0.001) in the number of inconti-
nence episodes per week. In group A, there was a reduc-
tion in IEF by 7.9 per week and in group B there was a 
reduction in IEF by 2.9 per week. In group A, there was a 
reduction in ICIQ-UI SF score of 6.0 points and in group 
B there was a reduction of 0.5 points (Table 2).

After treatment, significant differences (p<0.001) between 
groups A and B were noted in favour of group A in pelvic 
floor muscle function assessed by perineometer, in terms of 
MvC (in cmH2O) and its duration in seconds, as well as by the 
parameters of the PERFECT scheme (power of MvC, endur-
ance of MvC, number of repetitions of MvCs for 3 s, number 
of fast MvCs for 1 s assessed by perineometer; Table 3).

After treatment, significant differences (p<0.001) 
between groups A and B in favour of group A were also 
recorded by pelvic floor muscle morphometry assessed 
using 3D/4D ultrasound, i.e. a reduction in the levator 
hiatus area during rest, contraction and the Valsalva 
manoeuvre (in centimetres squared), and a reduction in 
the levator hiatus (antero-posterior, AP) and (left-right, 
LR) diameters in centimetres (Table 4). The hiatus size 
was 16–18 cm2 at rest and 18–21 cm2 during the Valsalva 
manoeuvre.

Table 5   Statistical comparison of urinary incontinence quality of life between groups after 12 weeks of pelvic floor muscle training

T1, T2: time 1 baseline: A n=35, B n=36; time 2 after 12 weeks: A n=34, B n=34
Group A, high-frequency exercise group, five times a week for 30 min per day
Group B, a low-frequency exercise group, twice a week for 15 min per day
p value mixed design analysis of variance. Effect size (ES) will be calculated based on partial eta squared (η2). According to Cohen, the small, medium 
and large effect sizes (η2) are classified as: 0.00 to 0.003, no effect; 0.010 to 0.039, small; 0.060 to 0.110, medium; 0.140 to 0.200, large [23]

T1 T2 p Effect size

Group Mean SD Mean SD Partial eta 
squared (η2)

Interpretation

I-QoL total score A 61.75 19.56 91.41 10.20 0.000 0.499 Large
B 57.92 18.60 64.20 16.69

I-QoL avoidance and limiting behaviour score A 61.16 19.37 90.90 9.95 0.000 0.468 Large
B 58.07 18.66 65.25 16.90

I-QoL psychosocial impacts score A 63.09 20.31 91.99 11.04 0.000 0.515 Large
B 57.56 18.64 63.15 16.76

I-QoL social embarrassment score A 60.28 20.07 91.17 10.59 0.000 0.483 Large
B 58.33 18.67 64.41 16.82

PGI-I A 1.68 0.53 0.000 0.697 Large
B 3.38 0.60
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After treatment, significant differences between group 
A and B were noted in favour of group A (p<0.001) in 
the PGI-I subjective improvement scale, quality of life 
assessed by the I-QoL total score, avoidance and limit-
ing behaviour score, psychosocial impact score and social 
embarrassment score (p<0.001). The PGI-I scale of sub-
jective improvement indicated that group A felt that their 
condition was “much better”, and group B felt “a little bet-
ter” (Table 5).

Discussion

A regimen of daily PFM exercises along with stabilisation is 
more likely to significantly reduce IEF/week than twice-weekly 
exercises. After treatment, significant differences were noted 
in favour of high-frequency PFMT (group A) regarding the 
number of incontinence episodes per week and the symptoms 
of SUI.

A regimen of daily PFM exercises along with stabilisa-
tion was more likely to significantly improve PFM function 
and morphometry than twice-weekly exercises. Significant 
differences were noted in favour of group A regarding pel-
vic floor muscle function assessed using a perineometer in 
terms of MvC and its duration, endurance and fast contrac-
tions. Significant differences in favour of group A were also 
recorded in PFM morphometry by 3D/4D ultrasound regard-
ing a reduction in the levator hiatus area during rest, con-
traction and the Valsalva manoeuvre, and a reduction in the 
levator hiatus antero-posterior and latero-lateral diameters.  
If the condition of the patient improves after high-intensity 
PFMT, they may subsequently be able to reduce the exercise 
dose and continue with low-intensity PFMT for a long time.

The stated results confirmed that the mentioned improve-
ments also had a positive impact on the quality of life and 
subjective improvement.

Bø et al. [24] examined the correlation between vaginal 
resting pressure, pelvic floor muscle strength, endurance 
and levator hiatus area in 300 pregnant nulliparas. Strong 
pelvic floor muscle contraction correlated slightly with 
lower levator hiatus area. Increased resting tone correlated 
with decreased levator hiatus area.  After high-frequency 
PFMT in group A, a significant reduction in levator hiatus 
area during rest, contraction and the Valsalva manoeuvre 
was noted.

Albrich et  al. [25] assessed the correlation between 
2D/3D ultrasound examination and pelvic floor muscle 
contractility in 114 women. Here, positive correlations 
were found between bladder neck elongation and reduc-
tion of the symphysis–levator distance, and reduction of 
the levator hiatus area and palpable vaginal examination of 
muscle strength. Our diagnostic procedure included vagi-
nal palpation, palpation of the muscles in three layers to 

detect painful points and diagnose avulsions (neither of 
which was present), and the Valsalva manoeuvre to detect 
prolapses.

Cacciari et al. [8] evaluated PFM morphometry and func-
tion after 12 weeks of PFMT in 362 elderly women with 
urinary incontinence. The women trained 5 times a week, fol-
lowed by 3 times a week for 9 months. Immediately after 12 
weeks, significant improvements in pelvic floor muscle mor-
phometry were observed when coughing and during contrac-
tion. These improvements persisted after a year of exercise.

Strengths and limitations

The strengths of the study are the objective measurement of 
the PFM function using a perineometer and utilisation of pel-
vic floor muscle morphometry by 3D/4D ultrasound, and the 
use of standardised measuring tools, including ICIQ-UI SF. 
A limitation is the impossibility of using other measurement 
devices, such as a dynamometer or vaginal pressure profile. 
These tools are still in development and in preparation for 
use in clinical practice. It is unknown whether these changes 
persist in the long term.

Another limitation is that this was not a multicentre study.

Conclusions

High-frequency PFMT with stabilisation for 12 weeks sig-
nificantly decreases IEF/week in comparison with low-fre-
quency PFMT.

In the high-frequency exercise group, women had sig-
nificantly better PFM function and morphometry and 
life quality compared with the low-frequency exercise 
group.

Pelvic floor muscle morphometry by 3D/4D transperineal 
ultrasound is a unique way of visualising PFM function.
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