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Abstract

Background: Delivery is a physiological process that may cause neurophysiological changes in the lumbosacral region.
Objectives: The current study aimed to compare motor control of the lumbosacral region and pelvic floor muscle strength and
performance in women with C-section and vaginal birth.
Methods: In this cross-sectional study, 120 prim parous women referring to healthcare centers in Karaj (Iran) during 2019 are stud-
ied. The participants were selected using convenience sampling. The motor control of the lumbosacral region was examined by four
clinical tests (standing bent, active straight leg raising, bent knee fall out, and knee lift abdominal test) using a pressure biofeedback
unit. Muscle strength and performance were measured using the Oxford scoring system and the PFPI-20 questionnaire, respectively.
Data were analyzed using independent t-test, Mann-Whitney, and Chi-square tests. Statistical significance was considered when P
value < 0.05.
Results: Based on the standing bent test, a significant difference was found between those in vaginal delivery and C-section groups
(P = 0.011). Also, the mean scores of muscular strengths (P = 0.009) and pelvic floor muscular function (P = 0.01) in the vaginal
delivery group were significantly higher than the C-section group.
Conclusions: the mean scores of pelvic floor motor control, pelvic floor muscular strength, and function in the C-section group
were higher than those in the vaginal delivery group. This study demonstrated the necessity of postpartum pelvic floor muscle
rehabilitation, especially in vaginal delivery.
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1. Background

The human musculoskeletal system gives us the ability
to move, which is mainly controlled by the central nervous
system (CNS). The interconnected network of the CNS con-
trols the stability and movements of the body (1). Motor
control is defined as the ability to control the posture and
movement for performing the daily activities, controlled
by the CNS. Several studies have investigated motor con-
trol and its association with pain and musculoskeletal dis-
orders (2-4). Based on the literature, musculoskeletal dis-
orders like low back pain are associated with poor mo-
tor control of the pelvic floor muscles (5). It also seems
that the acute and chronic pelvic floor pain is associated
with changes in the morphology and behavior of a num-
ber of muscles such as multifidus, transverse abdominis,

and deep trunk muscles (6).

Pelvic floor muscle health is important for women’s
overall health. Besides, disorders of pelvic floor muscle
negatively influence women’s quality of life (7). Pelvic floor
muscles and their associated tissues support the pelvic or-
gans and contribute to female sexual function, urinary and
fecal control processes, and posture control (8). Pelvic floor
muscles also contribute to proper lumbar muscle stability
(9), which its proper function is necessary for pelvic gir-
dle support. However, injuries may cause losing contrac-
tile ability (10). Several factors or mechanical stresses (e.g.
pregnancy, childbirth, and endocrine events) may change
the pelvic floor during the women’s life cycle, which may,
in turn, affect the urinary tract during pregnancy and
childbirth. Pregnancy and childbirth appear to be major
risk factors for developing pelvic floor disorders (11).
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The pelvic floor muscle dysfunctions include problems
in muscles such as fecal and urinary incontinence, pelvic
organ prolapse, sexual disorders, and chronic pain syn-
dromes. It seems that delivery is associated with decreased
pelvic floor muscle strength (12). Nowadays, special atten-
tion is paying to the effects of different delivery modes on
musculoskeletal (11, 13-15). One of the main consequences
of C-section is postoperative complications caused by dam-
age to abdominal muscles (16).

Based on the epidemiological data, compared to C-
section, vaginal delivery is associated with an increased
risk of urinary incontinence three to six months after de-
livery (14). However, the results on this issue are controver-
sial. Some studies have considered urinary incontinence
as a complaint that is associated with natural childbirth
(17), while others did not find it (18). Also, there may be a
significant difference between the two modes of delivery
concerning the pelvic floor muscular strength. de Abreu’s
et al. (19) reported that weakness of pelvic floor muscles
can cause low back pain among women. However, low back
pain after C-section may affect the stability and quality of
life in women, as some of them cannot even carry out their
daily activities (20).

The pelvic floor muscles form the base of the abdomi-
nal cavity, and these muscles contract to maintain continu-
ity and contribute to the increased intra-abdominal pres-
sure during the different tasks. In healthy subjects, strong
voluntary contraction of the abdominal muscles is accom-
panied by the contraction of pelvic floor muscle activity
(8, 9). Therefore, pelvic floor muscles have a crucial role in
the stabilization of the spine. Studies have shown that de-
signing an exercise program for women before and during
the second half of the pregnancy can reduce the risk of low
back pain and other postpartum disorders (21).

It’s well documented that both types of delivery are
associated with changes in the lumbosacral region, due
to the different interventions performed on the abdomi-
nal and pelvic floor muscles, which may negatively affect
the function of these muscles and cause long-term conse-
quences regarding motor control. To the best of the au-
thor’s knowledge, no study is conducted on this issue so
far.

2. Objectives

Therefore, the present study aimed to investigate
whether pelvic floor motor control, muscular strength,
and function in women with a history of C-section and
vaginal delivery were different from each other or not?

3. Methods

In this cross-sectional study, 120 women referred to the
stations affiliated to the selected healthcare centers in the
western Alborz, Iran, during 2019 were recruited via con-
venience sampling. Based on a previous study (22), by us-
ing G*Power version 3.1, and considering α = 0.05 and β =
0.20 for independent t-test of pelvic floor muscle strength
(C-section = 2.05± 0.58, vaginal delivery = 1.46± 0.53), the
sample size was estimated as 24 subjects. To increase the
validity of the study, the sample size was increased to 120.

Before performing the assessments, all subjects partic-
ipated in a familiarization session. Informed written con-
sent was obtained from all participants. Participants were
ensured about the confidentiality of information. Also,
they were informed that they can withdraw from the study
at any time. After filling out the personal information form
and the questionnaire related to the inclusion and exclu-
sion criteria, the eligible subjects were identified. The in-
clusion criteria were being prim parous, being aged 18 to
35 years, at least one year between giving birth and getting
pregnant again and being pregnant. The exclusion criteria
were having a history of pelvic floor pain lasting more than
3 months, pelvic infection at the time of the study, lumbar
and pelvic surgery except for C-section, diseases such as MS,
diabetes, rheumatoid arthritis, heart disease, epilepsy, and
curettage.

The height and weight of all subjects were measured
using a standing scale and a Seca 700 caliper. The Persian
version of Pelvic Floor Distress Inventory-20 (PFDI-20) was
used to evaluate the pelvic floor muscle dysfunction. The
PFDI-20, including pelvic organ prolapse, urinary incon-
tinence, and fecal incontinence, was used. PFDI-20 con-
sists of 20 items categorized in three subscales to detect
the symptoms of the disease during the past three months:
a) Pelvic Organ Prolapse Distress Inventory-6 (POPDI-6), b)
Colorectal-Anal Distress Inventory 8 (CRADI-8), and c) Uri-
nary Distress Inventory 6 (UDI-6). The subscales are consid-
ering independent scales (23). The Persian version of PFDI-
20 was used in the present study, and its test-retest reliabil-
ity fell between 68 and 71% (24).

Pressure biofeedback Unit(PBU) (Chattanooga stabi-
lizer biofeedback (Australia)) device was used to evaluate
the motor control of the lumbopelvic area (25). To assess
motor control of the lumbopelvic area, the following four
clinical tests were used: Active straight leg Raising (ASLR),
Bent knee fall out (BKFO), Knee lift Abdominal test (KLAT),
and Standing bent (SB). The intra-rater reliability of us-
ing PBU in the examination of motor control of the lum-
bosacral region was reported from good to excellent (In-
tra Class Correlation, 0-.60-0.95) (25). All of the abovemen-
tioned clinical tests were performed following a previous
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study (26).
Based on previous studies, the Oxford Grading Scale

system was used to evaluate the pelvic floor muscular
strength (19). The study protocol was approved by the
Ethics Committee for biomedical research of the Uni-
versity of Social Welfare and Rehabilitation Sciences (ID:
IR.USWR.REC.1398.005). The statistical analyses were per-
formed using SPSS Version 20. The Kolmogorov-Smirnov
test was used to evaluate the normal distribution of data.
Independent t-test, Chi-square, and Mann-Whitney tests
were used to analyze the data. Statistical significance was
considered when P value < 0.05.

4. Results

A total of 120 primiparous women participated in this
study. The demographic characteristics of both groups,
including age, height, weight, and age of the baby, birth
weight, and body mass index, are presented in Table 1.

The results of the independent t-test showed no statis-
tically significant difference between the two groups con-
cerning the mean scores of the ASLR, BKFO, and KLAT (P >
0.05) (Table 2). But in the SB test, based on the results of
the chi-square test, those in the vaginal delivery group had
a significantly lower mean motor control score than those
in the C-section group (value = 6.51, P = 0.011).

The Mann-Whitney test revealed a significant differ-
ence between the vaginal delivery and C-section groups
concerning the mean pelvic floor muscle function scores
(P < 0.05) (Table 3).

Also, there was a significant difference between the
two groups concerning the mean pelvic floor muscular
strength scores (P = 0.009) (Table 4).

5. Discussion

This study demonstrated a significant difference be-
tween the vaginal delivery and C-section groups concern-
ing the mean scores of pelvic floor motor control in ASLR
and SB tests, pelvic floor muscle function, and pelvic floor
muscular strength.

Based on the findings, the motor control impairment
score was higher in women with a history of vaginal de-
livery. Although no study to date has investigated this is-
sue, our results are in agreement with those of previous
studies on the association between pelvic floor motor con-
trol and LBP (27). In fact, normal postural control with-
out feeling fatigued and pain indicates the proper utiliza-
tion of the deep muscles that stabilize the body (28). Ac-
cordingly, in the present study, observed differences in

the results of ASLR and SB tests between the two deliv-
ery modes may be associated with the mechanisms of im-
proper spinal stabilization. During pregnancy, inserting
a constant strain on the pelvic floor and abdominal mus-
cles can alter the activity of the pelvic floor muscles, which
may affect timely response and proper pattern regulating
intra-abdominal pressure and spinal stabilization (28, 29).
It seems that vaginal delivery increases the risk of major
injuries to the pelvic floor muscles, compared to C-section;
therefore, women with a history of vaginal delivery may
show poorer motor control strategies. Hence, women with
a history of vaginal delivery are at increased risk of low
back pain. The results showed that pelvic organ prolapse,
fecal and urinary incontinence symptoms, and total pelvic
floor function scores were better in the C-section group
than the vaginal delivery group. According to the findings,
the rate of pelvic floor disorders in the vaginal delivery
group was higher than the elective C-section group, which
is consistent with the findings of previous studies (30, 31).
In this regard, it was found that vaginal delivery is associ-
ated with pelvic floor disorders, and the C-section delivery
has a protective effect on pelvic floor muscles compared
to vaginal delivery (13, 32, 33). Pelvic floor muscles pro-
vide several functions that can be categorized into three
categories: bladder control, participation in maintaining
intra-abdominal pressure, and pelvic and abdominal or-
gan support (34). The findings showed that in the C-section
group, pelvic floor disorders were less common than the
vaginal delivery group. These changes may be because of
pelvic floor muscle injuries such as puborectalis injuries
during labor, which can play an important role in support-
ing the pelvic diaphragm (35). On the other hand, a defect
or weakness in pelvic floor muscles may lead to altered con-
current abdominal muscle activity as well as pelvic and res-
piratory problems (36). Considering these findings, it can
be argued that women with a history of vaginal delivery
are at increased risk of postpartum complications, which
indicates the necessity of developing a comprehensive re-
habilitation program. It’s well proved that exercise after
pregnancy may reduce the incidence of pelvic floor disor-
ders (37).

Moreover, the results showed a significant difference
between vaginal delivery and C-section groups concerning
pelvic floor muscular strength. The pelvic floor muscles
are rich in slow-twitch muscle fibers. Tonic contraction of
the slow twitch-fibers protects the urinary tract and pre-
vents excessive pressure on the connective tissues during
routine activities in the standing position (38). The find-
ings of this study also showed that pelvic floor muscles in
the vaginal delivery group are weaker than those in the C-
section group, which is consistent with the findings of pre-
vious studies (15, 22, 39). It seems that vaginal delivery may
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Table 1. Demographic Characteristics of Participants (n=59 for the Vaginal Delivery Group and n=61 for the C-Section Group)

Variable Natural Delivery Cesarean Section P Value

Mean ± SD Max Min Mean ± SD Max Min

Age(year) 28.15 ± 4.62 35 20 28.48 ± 3.76 35 21 0.717

Height (cm) 161 ± 5.96 175 150 160.50 ± 5.83 173 148 0.648

Weight (kg) 63.32 ± 12.44 96 42 66.76 ± 11.33 109 46 0.120

Baby weight (kg) 3.31 ± 0.84 7 1.80 2.97 ± 0.67 4.1 0.9 0.016

Baby age (year) 1.92 ± 0.86 4 1 1.79 ± 0.99 4 1 0.429

BMI (weight/height2) 24.49 ± 4.75 36.31 16.18 25.94 ± 4.38 39.59 18.39 0.091

Table 2. Results of the Independent t-test on Comparing the Lumbopelvic Motor Control in Women with a History of Vaginal Delivery or Cesarean Delivery

Variable Delivery Mean ± SD t P Value

Active straight leg Raising Natural 46.18 ± 6.18 1.73 0.086

C-section 43.99 ± 7.59

Knee lift Abdominal Natural 64.89 ± 14.90 -0.20 0.840

C-section 65.53 ± 19.28

Bent knee fall out Natural 53.77 ± 7.56 1.93 0.056

C-section 51.30 ± 6.57

Table 3. The Results of the Mann-Whitney Test on Comparing Pelvic Floor Muscle Function in Women with a History of Vaginal Delivery or c-Section

Variable Delivery Mean ± SD Z P Value

Pelvic Organ Prolapse Distress Natural 8.12 ± 9.89 -2.118 0.034

C-section 5.42 ± 9.47

Colorectal-Anal Distress Natural 8.20 ± 12.48 -2.083 0.037

C-section 3.91 ± 7.86

Urinary Distress Natural 14.23 ± 14.23 2.846 0.04

C-section 8.78 ± 15.66

Pelvic Floor Distress Natural 30.57 ± 28.57 -3.330 0.01

C-section 18.12 ± 27.81

Table 4. The Results of the Mann-Whitney Test on Comparing Pelvic Floor Muscular Strength Between the Two Groups

Variable Delivery Number of participants in each grade Z P Value

0 1 2 3 4 5

Pelvic floor muscular strength Natural 0 3 16 20 16 4 -2.630 0.009

C-section 0 3 6 17 28 7

lead to postpartum injuries and reduced pelvic floor mus-
cular strength (40). However, Li et al. found no associa-
tion between urinary incontinence and pelvic floor mus-
cular strength (41). Based on the results of this study and
given that urinary incontinence in women may be a con-
sequence of decreased pelvic floor muscular strength, an
appropriate exercise regimen can greatly improve postpar-
tum complications caused by muscle weakness.

The results of this study may be criticized in some ways.

To assess pelvic floor muscular strength, tools like the peri-
neometer are more accurate than Oxford scoring methods;
therefore, the authors recommend using this tool in future
studies to increase the validity of the findings. This was
a cross-sectional study, and such a framework cannot be
used to determine the possible associations between the
aforementioned findings and future musculoskeletal dis-
orders. Also, only women with a history of single child-
birth were investigated in the present study. Therefore, the
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findings might not be generalizable to all delivery modes
or women with multiple births. Finally, women who had a
difficult vaginal delivery were excluded from the study, so
the results may not be generalizable to these individuals.
Moreover, the birth weight of children was higher in the C-
section group than the vaginal delivery, so the results may
have been affected by this variable.

In conclusion, this study demonstrated that women
with a history of C-section had better pelvic floor mo-
tor control, muscular strength, and function scores than
women with a history of vaginal delivery. Therefore, it
seems that special attention should be paid to the health
of the pelvic floor area after vaginal delivery.
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