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Abstract

Introduction: The aim of the study was to determine the ef-
fects of the pelvic floor muscle (PFM) training (PFM-T) in
combination with transverse abdominal (TRA) muscle acti-

vation (cPFM-T) in female urinary incontinence. Methods:

We enrolled nulliparous women in supine (SUG) (n = 22), sit-
ting (SIG) (n = 19), and control (COG) (n = 14) groups. We
conducted an 8-week cPFM-T programme. We examined the
effect of training on the parameters with the Kruskal-Wallis
test, the pairwise comparisons with the Mann-Whitney U
test, and the Wilcoxon rank test with the Bonferroni correc-
tion. Results: Before training, 15 participants reported occa-
sional urinary leakage. After cPFM-T, 7 participants reported
that urinary leakage had disappeared. Maximal isometric
contraction of the PFMs until fatigue improved significantly
in the SUG (p < 0.001) and SIG (p =0.015) groups but not sig-
nificantly in the COG group (p = 0.499). Holding time in-
creased in the SUG (p =0.972) and the SIG (p =0.717) groups
and decreased in the COG group (p = 0.132). The dynamic
endurance of the PFM improved significantly in the SUG
group (p < 0.001) but not in the SIG (p = 0.798) and the COG

(p=0.153) groups. The number of maximal fast contractions
within T min increased in both the SUG (p < 0.001) and SIG
(p = 0.813) groups and decreased in the COG group (p =
0.257). Relaxation improved significantly in the SIG group
(p = 0.011). TRA mucle thickness increased in both training
groups. Conclusion: Slow-twitch fibres of the PFM can be
trained effectively with PFM-T in both the body positions.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Worldwide, an estimated 20-30% of young women
have urinary incontinence (UI), making the frequency of
this condition a fundamental problem [1]. According to
Kegel, regular, specific strength training of the pelvic
floor muscles (PFMs) has a beneficial effect on female Ul
and pelvic organ prolapse [2].

The effectiveness of Kegel’s PEM-T exercises is classi-
fied by the International Consultation on Incontinence as
level “A” evidence in evidence-based medicine [3, 4]. Sev-
eral research groups have reported a co-contraction be-
tween the deep abdominal muscles and the PFM [5-8].
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Several studies have revealed significantly higher rest-
ing PFM activity in unsupported sitting than supported
sitting and in a standing posture than a supine position
[8-11]. Chmielewska et al. [11] reported a significant,
long-lasting contraction during unsupported sitting, due
to the superior recruitment by the sitting posture of the
sensorimotor control system to that by the supine posi-
tion. Sufficient evidence that regular PFM-T improves
the symptoms of incontinence has been reported (3, 12,
13]. However, only a few studies support the effect of the
coordination of the diaphragm, deep abdominal muscles,
and PFM on incontinence [14, 15].

Here, we aimed to investigate whether - based on
trunk muscle synergism - the condition and functioning
of the PFM would improve in the sitting and supine pos-
tures or in the control group during PFM-T with forced
exhalation. We hypothesized that the training position
affects the muscle gymnastic performance.

Materials and Methods

Participants

We enrolled 58 healthy, young (mean + SD: 21.27 + 1.46 years),
nulliparous women in this trial. We recruited them through an on-
line advertisement and then selected them for the training groups
and the control group by T.M. We divided them into 2 study groups
depending on the strength of the PEM and treated them with cPFM-
T in both the supine and sitting positions. The assessment comprised
1 phase: 3 repetitions of sustained 5-s voluntary PFM contraction
with 10-s relaxation. We calculated the mean of 3 contractions and
set the obtained values in ascending order. The 22 participants with
lower muscle strength (under 60 pV) comprised the SUG group and
the 22 participants with higher muscle strength (over 60 (V) formed
the SIG group. Only 19 participants however completed the pro-
gramme in the SIG group. We enrolled these 19 participants with
higher PFM tension (over 60 1V) in the SIG group because the PFM
must be stronger to resist gravity [16]. We created a control group
(n=14) (COG) comprising 7 persons with a PFM tension under 60
1V and 7 individuals with a PFM tension over 60 uV. The COG did
not change their lifestyles and did not undergo PFM-T. We included
in the study groups participants willing to participate in the study
and able to contract the pelvic floor and transverse abdominal (TRA)
muscles correctly. Participants were required to maintain their ev-
eryday activities (attending lessons, sport activities, and so on). Ex-
clusion criteria were known neurological or rheumatological diseas-
es and previous vaginal or abdominal surgery.

Subjective Measurements

In the study, before and after the training programme, we used
a self-administered questionnaire (online suppl. material File I;
see www.karger.com/doi/10.1159/000519590 for all online suppl.
material), based on 3 validated questionnaires (the King’s Health
Questionnaire, the Incontinence Impact Questionnaire and the
Urogenital Distress Inventory) [17]. We included in the question-
naire risk factors for UI (obstetric history, height and weight,
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stress, physical activity level, sport, vaginal and abdominal sur-
gery) and questions relating to the urinary tract and anal canal
(involuntary urinary leakage, cystitis, constipation) and sexual ac-
tivity (orgasm problems).

Objective Measurements

Vaginal Surface Electromyography

We measured changes in PFM activity with a vaginal surface
electromyographic (vsEMG) instrument (FemiScan™ Multi-
Trainer™; Mega Electronics, Kuopio, Finland), which measures
the electronic signals of PFM activity, using a sterile Periform™
intravaginal probe with vsEMG electrodes [7]. A correct voluntary
contraction of the PFM contributes to downward (posterior)
movement of the indicator [18]. We positioned a reference elec-
trode on the patients’ left forearm.

Procedure

We tested the participants in a lying position with the hips and
knees flexed, feet resting on a plinth, and knees supported to allow
the hips and PFM to relax [7]. We instructed the volunteers on the
proper placement of a FemiScan™ vsEMG probe in situ within the
vagina. PFM activities were measured in a supine position twice
(at 0 weeks and at 8 weeks). We displayed the vsEMG data as line
graphs, thus providing visual feedback for the participants, and
recorded the values in microvolts.

The participants performed 3 tasks:
1. PFM relaxation state for 30 s;
2. Maximal isometric contraction till fatigue: 1 maximum voluntary

tonic contraction of the PFM, held until fatigue, carried out once;
3. Dynamic endurance: fast, sudden maximum voluntary phasic

contractions of the PFM, performed for 1 min.

Transabdominal Ultrasound Measurement

We performed the TRA muscle measurements at the same time
as the vaginal measurements and PFM tasks. We measured the
degree of the change in the muscle thickness. We measured the
thickness of the TRA muscle, assessing it by ultrasound visualiza-
tion (Z.ONARE™ SP/musculoskeletal, 8 MHz, 35-mm curved lin-
ear array transducer) on the lateral abdominal wall [19]. The par-
ticipants were not allowed any movement of the hip and lumbar
spine. We acquired the following recordings: (1) the thickness of
the TRA muscle during PFM relaxation and (2) the TRA muscle
thickness during maximal isometric contraction till PEM fatigue.

Pelvic Floor Muscle Training

A physical therapist (T.M.) supervised the training and carried
out the evaluation. We also set up 1 control group (n = 14) (COG).
We divided the participants into 2 study groups depending on the
strength of the PFM and treated them with cPFM-T in both supine
(n=22) (SUG) and sitting (n = 19) (SIG) positions. The treatment
for the SUG and the SIG comprised 8 sessions, with a 1-h cPEM-T
session each week in a group and 15 min of individual home train-
ing, 6 times a week for a total of 8 weeks of treatment. Before the
cPFM-T, we instructed all participants in the anatomy of the PFM
and the lower urinary tract, the mechanism of continence, and un-
supported sitting posture. We discouraged the slumped sitting
posture since unsupported sitting postures require greater PFM
activity than supported sitting postures [9]. All training sessions
comprised warming up, gradual muscle strengthening, and relax-
ation exercises [20, 21].
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Table 1. Participant characteristics

Age, years

21.00 [20.00-22.00] (SUG)

21.00 [20.00-22.00] (SIG)
21.50[21.00-23.00] (COG)

Participants, n, (positions)

22 (SUQG)

19 (SIG)
14 (COG)

BMI, kg/m?

21.85[20.77-22.95] (SUG)

21.30[20.00-22.20] (SIG)
22.00[19.77-23.32] (COQG)

Participants doing regular physical 9 (SUG)
activity more than twice a week, n 9 (SIG)

5 (COQG)
BMI SUM (n = 55) SUG(n=22) SIG(n=19) COG(n=14)
Normal BMI 18-24 45 18 16 11
Overweight BMI 25-29 9 3
Underweight BMI < 18 1 1 0 0

Values are median [1st-3rd] quartiles for age and BMI and numbers of participants. BMI, body mass index; SUG,
the supine study group; SIG, the sitting study group; COG, the control group.

Any woman can feel both TRA muscle and PFM activity at the
medial anterior superior iliac spina (ASIS) because the initial in-
travaginal pressure is predominated by PFM activity and the later
increase in pressure is produced by the combined activation of the
PEM, the RA, the internal oblique muscle (IO), and the TRA mus-
cle [22].

1. In the first 4 weeks of cPFM-T, all study groups (n = 41) did
exercises in the supine position with the hip and knees flexed,
feet resting on the plinth, a hip width apart.

2. Inthesecond 4 weeks, the participants performed exercises, but
while the SUG group (n = 22) did exercises in the supine posi-
tion with the hips and knees flexed, feet resting on the plinth,
the SIG group (n = 19) did exercises while sitting upright with-
out support, with feet resting on the plinth.

Statistical Analysis

We examined the effect of training on the parameters with the
Kruskal-Wallis test. We performed the pairwise comparisons with
the Mann-Whitney U test and the Wilcoxon rank test with the Bon-
ferroni correction. We performed all statistical analyses using R sta-
tistical program (version 3.5.1; R Foundation for R statistical comput-
ing). We considered values of p < 0.05 to be statistically significant.

Results

Questionnaire Results

The participants were between 18 years and 25 years
old, with a body mass index (BMI) of 19.77 kg/m?-23.32
kg/m?. Online supplementary material File 1 presents the
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questionnaire form, and we list the characteristics of par-
ticipants in Table 1.

At the beginning of the training programme, 15 par-
ticipants (4 SUG, 8 SIG, and 3 COG participants) com-
plained of urinary leakage during stress (coughing). After
the training programme, urinary leakage disappeared in
7 participants (3 SUG and 4 SIG participants), while the
symptoms of the COG remained unchanged. All partici-
pants experienced the leakage of a few drops of urine but
rarely urinary loss (first degree SI).

Women with a sexual partner (n = 31) reported posi-
tive changes in their sexual life after the training pro-
gramme. Twenty participants (10 SUG, 8 SIG, and 2 COG
participants) complained of air flow to the vagina in un-
usual positions. After the training programme, only 5
participants (2 SUG, 1 SIG, and 2 COG participants) re-
ported unchanged conditions. Six participants (3 SUG
and 3 SIG participants) suffered from constipation, which
was in all cases resolved by the end of the training pro-
gramme.

Electromyographic and Ultrasound Results

We present the data in Table 2 and Figure 1. The maxi-
mal isometric contraction of the PFM till fatigue improved
significantly in both study groups; however, after cPFM-T,
this increase was higher in the SUG group. The tonic con-
traction of the PFM improved in the COG group, but the
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Table 2. PFM activity while resting and during tonic and phasic contractions in COG, SIG, and the SUG groups as

well as the thickness of TRA muscle during isometric contraction of PFM until fatigue and in a relaxed state

Before training After training p value
median [Q;-Qs]

Maximal isometric contraction of PFM till fatigue (tonic), uv

COG 56.25 [44.23-83.62] 58.65 [54.27-89.07] 0.499

SIG 91.20 [63.55-124.20] 115.60 [84.50-131.80] 0.015

SUG 42.90[27.73-53.42] 59.00 [50.10-73.85] <0.001
Holding time of PFM, s

COoG 21.25[14.58-27.50] 17.00 [12.50-19.41] 0.132

SIG 17.00 [12.75-27.50] 19.50 [15.50-23.00] 0.717

SUG 19.50 [16.50-29.75] 21.25[13.25-28.62] 0.972
Dynamic endurance of PFM (phasic), uV

coG 88.16 [62.84-97.22] 77.05[60.23-87.83] 0.153

SIG 122.00[95.30-142.20] 115.16 [94.68-128.42] 0.798

SUG 53.15[35.61-64.28] 70.97 [56.10-83.80] <0.001
Repetitions of fast contractions of PFM (repetitions), n

COG 33.00[29.25-36.00] 31.00 [29.25-33.75] 0.257

SIG 29.00 [22.00-39.00] 30.00 [23.00-35.50] 0.813

SUG 26.00[21.75-33.50] 32.00[27.25-39.75] <0.001
Relaxation state of PFM, uv

COG 8.60 [6.48-17.98] 10.55 [3.85-19.40] 0.851

SIG 21.40 [8.35-27.05] 12.40 [3.00-19.45] 0.011

SUG 13.40[9.20-20.75] 13.25[6.83-18.50] 0.465
TRA muscle during relaxation state of PFM, cm

COG 0.38[0.33-0.44] 0.31[0.27-0.34] 0.209

SIG 0.26 [0.23-0.32] 0.26 [0.23-0.31] 0.717

SUG 0.28 [0.26-0.31] 0.27 [0.25-0.31] 0.422
TRA muscle during maximal isometric contraction of PFM till fatigue, cm

COG 0.63 [0.61-0.74] 0.49 [0.45-0.57] 0.007

SIG 0.51[0.38-0.63] 0.56 [0.41-0.75] 0.231

SUG 0.53[0.44-0.73] 0.58 [0.46-0.68] 0.570

Values are median [1st-3rd] quartiles for isometric contractions, resting of the PFM and the TRA muscle and
phasic contractions of the PFM. SUG, number of participants in the supine study group; SIG, number of participants
in the sitting study group; COG, number of participants in the control group; PFMs, pelvic floor muscles; TRA, trans-

verse abdominal.

improvement was not significant (p = 0.499). Although in
both study groups, the holding time of the maximal iso-
metric contraction of the PFM till fatigue and the thickness
of the TRA muscle during the maximal isometric contrac-
tion of the PFM till fatigue both increased, these changes
were not significant (Fig. 1b). The latter parameter de-
creased significantly in the COG (Fig. 1c; Table 2).

On the other hand, while the strength of the maximal
fast contractions of the PFM within 1 min increased sig-
nificantly in the SUG, it decreased in the SIG and the
COG; this decrease however was not significant (Fig. 2a).
In both study groups, the number of maximal fast con-
tractions within a minute increased, but the increase was
significant only in the SUG group. This parameter de-
creased in the COG group (Table 2; Fig. 2b).

Synergism between Abdominal and Pelvic
Muscles

In both study groups, the values for relaxation of the
PFM decreased, but the decrease was significant only in
the SIG group (p = 0.011). This value increased in the
COG group (Fig. 3a). The thickness of the TRA muscle
during relaxation of the PFM decreased in the SUG group
(p = 0.422) and the COG group (p = 0.209) but not in the
SIG group (p = 0.717). Neither of these changes were sig-
nificant (Fig. 3b; Table 2).

Discussion
Our study demonstrated that an 8-week period of cP-

FM-T with forced exhalation, performed by young nul-
liparous women in both the supine posture and the sitting
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posture, using trunk muscle synergies, is effective in im-
proving cases of incontinence. Furthermore, the holding
period, rapid reaction and resting function of the PFM,
and the thickness of TRA muscle improved due to both
the modification of the body position and exhalation
technique. Improvements in the holding function of the
PFM were significant in both the supine position and the
sitting position, but improvements in the rapid reaction
of the PFM were significant only in the supine position,
while those in the resting function of the PFM were sig-
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nificant only in the sitting position. The thickness of the
TRA muscle improved in both the supine and sitting po-
sitions.

Assessments of the PFM can be used to determine
which structural or functional features are deficient and
to inform the design of subsequent training regimens to
address these dysfunctions [24]. Sapsford [23] advocated
a new approach to the rehabilitation of Ul - motor re-
learning for diaphragmatic, deep abdominal muscles, and
the PFM, rather than selective muscle strengthening.
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Thompson et al. [25] suggested careful monitoring of
Sapsford’s complex rehabilitation training because ab-
dominal muscles are more active than PFMs in symptom-
atic women. These results suggest that a coordinated ap-
proach involving both deep abdominal muscles and PFM
is necessary.

The correct breathing technique is very important in
PEM-T. The diaphragm is a respiratory muscle partici-
pating in the stabilization of the lumbar spine by enhanc-
ing abdominal pressure [26], which in turn stabilizes the
lumbar spine. Hodges et al. [27] reported synergism be-
tween the diaphragm and the TRA muscle. We also uti-
lized this synergism by forced exhalation in our study.

Neumann and Gill [6] suggested that the activation of
deep abdominal muscles is essential for an effective con-
traction of the PFM because their continent participants
were unable to contract the PFM effectively while main-
taining relaxation of the TRA muscle and the IO. Simi-
larly, Madill and McLean [22] found that the patterns of
abdominal muscle activity appear to occur due to volun-
tary PEM contractions in healthy continent women.

As a representation of vaginal closure force, the iso-
metric contraction was considered to be greater in the
supine than in the standing position. Subsequent studies
however have determined that women are able to per-
form equally strong PFM contractions in either body po-
sitions [7, 8, 11].

The PFM is a striated muscle, with two-thirds of its fi-
bres being type I (slow-twitch fibres), responsible for the
resting tone of the levator muscle and one-third of its fi-
bres type II (fast-twitch fibres), responsible for sudden,

Synergism between Abdominal and Pelvic
Muscles

fast but powerful contractions. The activity of the slow
fibres is necessary for the resting potential and the reten-
tion of urine and stool, while the fast fibres are responsible
for resistance during sudden abdominal pressure [28]. We
monitored the activity of these 2 fibre types (retention and
rapid function) in our study with vsEMG measurements
and trained both types in weaker and stronger PFM-T.

The holding function of the PFM is important for the
patients — that is, they need to be able to get to the toilet
in time before their urine starts leaking. The quality of
breathing plays an important role in PFM training. In our
study, we activated the TRA muscle and voluntary con-
traction of the PFM with strong exhalation techniques
during both measurements and training. Using biofeed-
back (ultrasound investigations and vsEMG curves), we
visualized the co-contraction of the 2 muscles. Our
vsEMG findings indicate that the static isometric con-
traction force of the PFM increased significantly in both
study groups, and the holding time of static isometric
contraction of the PEM increased slightly, with forced ex-
halation. In the COG, the static strength of the PFM in-
creased slightly, but this increase was not significant and
was characterized by a short retention time. The COG
claimed that this parameter decreased significantly be-
cause, during our study, they had spent much more time
in a sitting position and were therefore in an enforced
inactive lifestyle. Another study obtained similar results
for musculus multifidus [29].

Hung et al. [14] investigated the effects of combining
voluntary PFM and deep abdominal muscle training in
different body positions. Chmielewska et al. [11] mea-
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sured the rapid activity of the PFM with vsEMG in the
supine position and in the sitting position, finding no sig-
nificant differences between the PFM average peak am-
plitudes in the investigated positions, while we found
these values to be significantly improved in the supine
position. In our study, only in the supine position did the
strength and repetition of dynamic fast contractions in-
crease or significantly - in the sitting position - changes
in dynamic fast contractions were not significant. The fast
activity of the PFM is responsible for resistance during
sudden abdominal pressure. In the COG, dynamic
strength and repetition decreased and did not manifest
significant changes.

Capson et al. [8] and Chmielewska et al. [11] measured
the relaxation tone of the PFM in the supine and sitting po-
sitions. They deduced that gravity forces increase the pres-
sure on the PFM in the vertical position, increasing its tone
and leading to a higher resting activity of the PFM in the
sitting position than in the supine position. During our
measures, the SIG participants found it easier to relax in the
horizontal position. Based on our results, practising relax-
ation exercises can be beneficial not only in the horizontal
position but also in the vertical position. Improvement in
the relaxation ability of the PFM is also a beneficial result
because, especially during urination, for a healthy, normal
urination mechanism, it is necessary to consciously relax
the PFM. The relaxation state of the PFM improved sig-
nificantly due to gravity forces only in the SIG.

We observed that the conditioning capabilities of the
PFM improved in the SUG group during the training (cP-
FM-T). The ability to sustain isometric contractions im-
proved significantly, while holding time also improved,
but this improvement was not significant. There was also
a significant improvement in dynamic endurance and
repetitions. Therefore, we recommend a more intense
strengthening of the TRA muscle in the horizontal body
position.

In the case of the SIG, the maximal isometric contrac-
tion of the PFM till fatigue also improved significantly,
together with the holding time, but the latter improve-
ment was not significant. Thus, even more intense TRA
muscle activation is required in the vertical position as a
reliance on the enhanced gravitational forces caused by
the lumbopelvic posture or on the activated TRA muscle
induced by strong exhalation is insufficient to induce the
necessary changes in the functioning of the TRA muscle.

In the case of the COG, all parameters decreased by rea-
son of sedentary lifestyle. We also established that young
nulliparous women might also be affected by urinary leak-
age (27%), as confirmed by the results of Haslam [1].
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In the case of the SUG group, both training exercises
and measurements were performed in the supine posi-
tion, whereas the SIG group participants were measured
in the lying position but performed all the exercises in the
sitting position. We recommend that during cPFM-T,
isometric and relaxation tasks should be performed both
in the supine and sitting positions.

According to Sapsford [5], the antigravity posture re-
quires more intense PFM activity. Furthermore,
Chmielewska et al. [11] reported a significant difference
between the sustained 1-min contraction of the PFM in
the supine position and sitting position, while we found
that the maximal isometric sustained contraction of PFM
till fatigue significantly improved both in the supine posi-
tion and sitting position.

Group training and individual training, according to
recent research, are equally effective, and group training
is more cost-effective without limitation [30]. Further-
more, due to differences in knowledge and behaviour,
physiotherapist-guided training can help and motivate
patients in persistent PEM-T [31].
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