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Abstract
Introduction. To investigate fatiguability of abdominal muscles in women after natural childbirth and caesarean section com-
pared with a control group in the prone bridge (plank) test.
Methods. The study involved 11 women after natural childbirth, 8 women after caesarean section, and 8 women who had not 
been pregnant and had not given birth. After completing a personal questionnaire and qualification in a functional examination, 
the participants performed the prone bridge (plank) test. A 4-lead surface electromyograph was used for the study of rectus 
abdominis muscles and internal oblique/transversus abdominis muscles.
Results. There were no statistically significant differences between the right and left side of the body (p < 0.05). There were 
no differences in muscle fatigue parameters between the groups in the prone bridge test (p < 0.05).
Conclusions. Electromyographic parameters of abdominal muscles fatigue are similar in women after natural childbirth, women 
after caesarean section, and those who have not given birth. Caesarean section in asymptomatic women does not affect the 
deterioration of abdominal muscle strength in plank exercise.
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Introduction

The abdominal wall plays an important role in maintain-
ing posture, trunk and pelvic stability, respiration, trunk move-
ment, and support of the abdominal viscera. The functional 
roles of the abdominal muscles during pregnancy appear 
to be similar to those in the nonpregnant state and include 
trunk movement, pelvic stabilization, and restraint of the 
abdominal contents. Many women continue, or even begin, 
abdominal exercise programs during their pregnancies. In 
addition, others are often encouraged to resume abdominal 
exercises shortly after delivery [1]. During and after pregnancy, 
many women experience an increase in the inter-recti ab-
dominal muscle distance due to stretching and thinning of 
the linea alba, which occurs because of hormonal elastic 
changes of the connective tissue, mechanical changes placed 
on the abdominal wall by the growing foetus, and displace-
ment of the abdominal organs [2]. This may result in altered 
trunk mechanics, impaired pelvic stability, and changed pos-
ture, which leave the lumbar spine and pelvis more vulner-
able to injury [1]. After delivery, maternal abdominal muscle 
strength decreases and the fat ratio in the waist region in-
creases [3].

For these reasons, lumbopelvic pain is common during 
pregnancy. Although a large proportion of women recover 
within 1 month after delivery, a substantial percentage (5–8.5%) 
have persisting complaints even up to 2 years after delivery 
[4]. Biomechanical and anatomical studies have shown that 
transversely oriented muscles of the abdominal wall, espe-
cially the transverse abdominal muscle, in co-contraction with 

the pelvic floor, are the most suitable muscles to achieve com-
pression in the lumbopelvic area and reduce movement in 
the sacroiliac joint [5, 6]. Fast et al. [7] reported that abdomi-
nal muscles during the third trimester of pregnancy were 
weakened relative to the abdominal muscles of nonpregnant 
control subjects. Other researchers, when assessing abdomi-
nal muscles strength at 6 and 12 weeks after delivery, ob-
served no differences between women postpartum and nul-
liparous control subjects, despite evidence of incomplete 
musculoskeletal readaptation in the post-birth period [1].

Compared with delivery by caesarean section (CS), the 
morbidity rate of mothers after vaginal delivery (VD) is less, 
and their recovery period is shorter [8]. Physical activity is 
recommended for pregnant women because it plays an im-
portant role in reducing a potential risk of instrumental child-
birth and CS [9]. Delivery by CS generally decreases damages 
to the pelvic floor muscles (affecting urinary incontinence) but 
it damages abdominal muscles and can cause intestinal ob-
struction, chronic pelvic girdle pain, infertility, or difficulties due 
to repeated surgery. CS causes damage to the abdominal 
muscle resulting from surgery, with the additional possibility 
of adhesion [8]. The knowledge of the abdominal muscles’ 
morphological adaptations and their functional abilities, as 
well as of the relationship between muscle structural changes 
and functional ability is essential for the continued develop-
ment of prenatal and postnatal physical therapy programs.

The objective of this study was to investigate fatiguability 
of abdominal muscles in women after VD and CS compared 
with a control group (CG) in the prone bridge (plank) test with 
the use of surface electromyography.
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Subjects and methods

Participants

Patients were recruited on a social networking site in 
a closed perinatal group, within 6–12 months after the birth. 
The study involved 11 women after VD, 8 women after CS, 
and 8 women who had not been pregnant and had not given 
birth (CG). The patients were informed about the examina-
tion procedure. The inclusion criteria in the group of women 
after VD were as follows: no pain in the lumbar, pelvic, or 
abdomen area; first pregnancy and childbirth without addi-
tional procedures such as ticks or vacuum; negative pain and 
mobility tests of the spine, hip, and knee joints; negative tests 
in physical examination (posterior pelvic pain provocation, 
long dorsal ligament test, Gaenslen test, Trendelenburg test); 
no diastasis recti abdominis according to the latest gynae-
cological examination. The inclusion criteria in the group of 
women after CS involved no pain in the lumbar, pelvic, or 
abdomen area; first pregnancy and childbirth; planned CS 
without complications; negative tests mentioned above in 
physical examination; no diastasis recti abdominis accord-
ing to the latest gynaecological examination. The inclusion 
criteria in CG were no pain in the lumbar, pelvic, or abdo-
men area; no pregnancies and childbirths; negative tests in 
physical examination. The exclusion criteria for all groups 
were the following: disagreement on participation; lumbar 
or sacral pain; pelvic pain; abdominal pain; 2 or more deliver-
ies; sudden CS; VD with additional procedures; positive tests 
in physical examination; problem with the proper performance 
of the motor task (plank).

Questionnaire

The participants completed a personal questionnaire con-
cerning socio-demographic and clinical data: age, method of 
pregnancy termination, type of work, and information on the 
occurrence of lumbosacral pain and urinary incontinence. 
The measurement of height, body weight, and body mass in-
dex was performed and supplemented in the questionnaire 
by a physiotherapist examining the patient.

Functional tests used in examination

Functional tests were performed by a person taking mea-
surements (physiotherapist) to exclude pain and mobility 
restrictions on the spine, hip, and knee joints (Table 1). The 
tests used in the examination were: spinal column mobility 
tests in the sagittal, frontal, and rotational plane in a standing 
position; passive hip joint mobility tests in the aforemen-
tioned planes; passive knee joint mobility test; posterior pelvic 
pain provocation tests; hip-lumbar ligament pain provoca-
tion test; Trendelenburg test; and Gaenslen test.

The examination was conducted by using a MyoTrace 400 
4-lead surface electromyograph (sEMG) manufactured by 
Noraxon Company, USA. The analyses of the results and data 
were recorded in the MyoResearch Master Edition software. 
Paediatric Bio Lead-Lok electrodes (produced by Vermed, 
Lendersdorf, Germany) with a diameter of 30 mm with Ag/
AgCl sensors were used in the study. Before applying the 
electrodes, the skin was cleansed with salicylic spirit to re-
duce its impedance. The cables were attached to the skin 
with a tape to minimize the movement of the electrodes. The 
electrodes were fixed during lying on the back and on both 
sides in the following sites:

1. Transverse abdominal/internal oblique muscle: 2 cm 
below the anterior superior iliac spine, in the lower medial 
direction [13].

2. Lower rectus abdominis muscle: middle point be-
tween the navel and pubic symphysis, 3 cm to the side [14].

The electrodes were attached at a distance of 2 cm from 
each other. The reference electrode was placed on the right 
iliac crest. Fast Fourier transform – unfiltered raw signal of 
sEMG analysed stepwise over the 15-second static plank 
contraction [15] – was used for fatigue analysis. The follow-
ing parameters were analysed: slope (regression line), inter-
cept values (Hz), and mean frequency difference between 
first 3 and last 3 period values (%).

Prone bridge (plank) test

The participants performed the prone bridge test (plank 
exercise). In the test, a mat with a marked point was needed 
to fix the eyes. The examined person took a position in the 
support on the forearms and toes. The eyesight was fixed 
on the point marked on the mat and the neck was in a neu-

Table 1. Functional tests in examination

Test Performance

Mobility of the spine in sagittal, frontal, 
rotational plane

Standing position, feet at hip width, hands along the trunk. Execution: flexion and extension  
of the trunk; lateral bending to the right and left; rotation to the right and left [10]

Mobility of the hips Supine position: passive examination of flexion, internal and external rotation, and abduction 
and adduction of the hip. Prone position: passive hip straightening test [10]

Mobility of the knees Supine position: passive examination of flexion and extension, internal and external rotation  
of the knees [10]

Posterior pelvic pain provocation test Supine position, hip bent up to 90° on the test side. A gentle pressure is applied  
to the bent knee along the long axis of the femur, while the pelvis is stabilized by the other 
hand of the examiner on the contralateral frontal upper iliac spine [11]

Long dorsal ligament test Lying on one side with the hips and knees bent. The test involves palpation  
of the longitudinal dorsal ligament [11]

Gaenslen test Supine position. Stabilization of the trunk by bending the opposite limb and stabilizing it  
to the trunk. The tested limb, outside the couch, is positioned in hyperextension [12]

Modified Trendelenburg test Standing position. Lifting one leg bent in hip and knee joints into 90° [11]

Surface electromyography
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tral position. The head, the spine, and the hips were aligned. 
The shoulders were above the elbows, forearms in the neutral 
position between pronation and supination. The feet were 
set at hip width. The participants maintained this position for 
15 seconds. If, during the test, the patient changed the posi-
tion of the pelvis (lifted or lowered from the alignment), the 
test was completed [16]. At the beginning, the patients per-
formed an initial test to become familiarized with the proce-
dure; afterwards, the prone bridge test was carried out 
3 times (each test took 15 seconds). After the command ‘up,’ 
the patient lifted the trunk and held the test by 15 seconds 
until the command ‘down’. The rest between the measure-
ments was 30 seconds. The command was the same for all 
of the participants.

Statistics

The Statistica 10.0 program was used for statistical analy-
sis. ANOVA with a post-hoc test served to evaluate the dif-
ferences between the groups. The differences between the 
right and left side of the body were assessed with Student’s 
t-test for dependent variables. Statistical significance was 
assumed at the level of p < 0.05.

Ethical approval
The research related to human use has complied with all 

the relevant national regulations and institutional policies, has 
followed the tenets of the Declaration of Helsinki, and has 
been approved by the Bioethics Committee of Wroclaw Medi-
cal University (opinion No.: KB – 321/2018).

Informed consent
Informed consent to participate in the study and to pro-

cess their personal data has been obtained from all individu-
als included in this study.

Results

The studied groups were not homogeneous in terms of 
age. Women in the CG were the youngest and women in the 
group after CS were the oldest (Table 2).

There were no statistically significant differences between 
the right and left side of the body (Table 3). Therefore, sEMG 
results for the right side of the body were used to analyse 
the differences between the groups.

There were no statistically significant differences in muscle 
fatigue parameters between the groups in the prone bridge 
test (Table 4), although the groups were not homogeneous 
in terms of age.

Discussion

After childbirth, women experience many problems with 
the locomotor system. Dysfunctions such as stress urinary 
incontinence, diastasis recti abdominis, or lumbar and pelvic 
girdle pain lower the quality of life and make it difficult for 
mothers to care about the newborn baby. The authors analys-
ing the activity of abdominal muscles focus on the necessity 
to choose appropriate exercises in the context of the above 
mentioned problems [17]. Much attention has been paid in 
the literature to the problem of rehabilitation of diastasis recti 
abdominis and urinary incontinence, as well as the construc-
tion of a pneumatic cylinder which creates proper abdomi-
nal pressure and conditions to support the internal organs 
and maintains adequate stiffness in the lumbar and sacral 
section [18–21]. However, there are scarce data comparing 
the activity of abdominal muscles in women after VD and 
CS when none of the above mentioned ailments occur. It is 
difficult to relate the results of tests to specific dysfunctions 
in the group of women after CS if the parameters of mus-
cles activity in painless women are not known.

Table 2. Characteristics of the groups

Characteristics
Group 1

mean (SD)
Group 2

mean (SD)
Group 3

mean (SD)
p  

(ANOVA)

Age (years) 28.09 (3.3) 31.62 (2.77) 25.12 (4.67) 0.005

Weight (kg) 58.5 (8.14) 55.8 (9.20) 60.06 (7.07) 0.592

Height (m) 1.66 (0.05) 1.65 (0.06) 1.70 (0.06) 0.121

BMI (kg/m2) 21.11 (2.23) 20.39 (2.57) 20.76 (2.91) 0.825

1 – group after vaginal delivery,  
2 – group after caesarean section 
3 – control group 
BMI – body mass index

Table 3. Differences between right and left side of the abdomen in fast Fourier transform fatiguability parameters in the tested groups

Parameters
Group 1 Group 2 Group 3

t p t p t p

Slope RA –0.8077 0.4380 –0.7289 0.4898 1.7806 0.1181

Slope IO/TrA –0.5279 0.60904 1.5270 0.1708 0.1078 0.917172

Intercept RA –0.4346 0.6730 –0.0110 0.9915 –1.6327 0.14655

Intercept IO/TrA 0.9412 0.36879 –1.1550 0.28609 0.0432 0.966741

Difference RA –0.8993 0.389616 –0.9443 0.37644 1.4942 0.17876

Difference IO/TRA –0.4163 0.6859 1.0212 0.341139 –0.3676 0.72400

1 – group after vaginal delivery, 2 – group after caesarean section, 3 – control group,  
RA – rectus abdominis muscle, IO/TrA – internal oblique/transversus abdominis muscles

Table 4. Differences between the groups  
in fast Fourier transform fatiguability parameters

Parameters F p

Slope RRA 58643 0.56408

Slope RIO/TrA 51066 0.606469

Intercept RRA 1.81374 0.18468

Intercept RIO/TrA 0.76982 0.474164

Difference RRA 0.277705 0.759921

Difference RIO/TrA 0.366444 0.697007

RRA – right rectus abdominis, RIO/Tra – right internal oblique/
transversus abdominis; F –Friedman’s ANOVA
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CS is currently performed in 40–50% of cases of women 
giving birth [22]. It is a procedure associated with a number 
of ailments, such as postoperative adhesions or scar endo-
metriosis. Additionally, abdominal fascia incision may lead to 
altered motor control and worse stability of the lower spine 
by disturbing the anticipatory function of the transverse ab-
dominal muscle [23, 24]. Plank exercise was used in this 
study to determine muscle fatigue and differences between 
women after VD and CS. It has been applied as a reliable test 
to evaluate the performance of selected muscles in static 
conditions. In the study, the groups were heterogeneous in 
terms of age. Women after CS gave birth to their first child 
later than those in the group after VD. Nevertheless, the analy-
sis of the test did not reveal any significant differences in the 
parameters of abdominal muscle fatigue. This may be due to 
a number of issues: 6 months is the recommended time to 
wait after CS for more intensive exercises of the abdominal 
muscles in order to obtain a full recovery of the abdominal 
wall [25]. In addition, the groups were examined without any 
pain, which could also affect the similar picture of the data. 
On the basis of the above results, it can be concluded that 
6 months after the delivery, the delivery type should not affect 
the parameters of abdominal muscles fatigue, so the 15-sec-
ond plank can be a valuable exercise to both evaluate the 
work of these muscles and strengthen abdominal muscles.

Pregnant women have numerous questions about the 
benefits and disadvantages of each type of birth [26]. There 
is a lack of studies to confirm the knowledge about the pos-
sible postnatal consequences for the core muscles, which 
may evoke fear of commencing fitness exercises [26, 27]. In 
addition, the pressure to return to the prenatal form as soon 
as possible is now widespread. Patients do not always know 
when they can start exercise or how intensive the physical 
effort should be to turn out beneficial for them [28, 29]. They 
fear that they will not be able to recover the abdominal muscle 
strength to the state before pregnancy or, on the contrary, 
they expect to return to full performance too quickly [30]. It 
is known that exercise in pregnancy may improve recovery 
of strength and endurance of the abdominal muscles after 
pregnancy and childbirth. Therefore, it seems so important to 
analyse the above topic in order to improve the conscious 
rehabilitation process enabling the recovery of strength and 
endurance of abdominal muscles after pregnancy and child-
birth. An appropriately selected rate of convalescence adapted 
to the type of labour seems to be the key issue constituting 
the basis for a full and optimal training cycle.

Limitations

The test should be repeated in groups with larger sample 
sizes to determine exactly whether the group of women after 
CS without pain can be defined as a normative group, and 
to compare the results of abdominal muscle tests in various 
dysfunctions. The investigated groups were not homogenous, 
which could have exerted an impact on the study results. It 
would be interesting to compare the above results with a group 
of women after CS with pain in the lumbar and sacral spine.

Conclusions

Electromyographic parameters of fatigue of the abdomi-
nal muscles are similar in women after VD, women after CS, 
and women who have not given birth. CS in asymptomatic 
women does not affect the deterioration of abdominal muscle 
strength in the 15-second prone bridge test.
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