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Abstract

Background Pilates is expected to have a positive effect on women with weakened abdominal muscles after child-
birth. Pilates may have a beneficial effect on the structure and function of the abdominal muscles in pregnant
women. Therefore, the objective of this study was to investigate the effects of Pilates on inter-recti distance, thickness
of the rectus abdominis, waist circumference, and abdominal muscle endurance in primiparous women.

Methods Thirty-five primiparous postpartum women were assigned to either the Pilates exercise group (n=20)

or the control group (n=15). Pilates was undertaken by the exercise group for 50 min/day, 5 days/week, for 4 weeks.
The control group maintained their daily activities without any intervention. The inter-recti distance was meas-

ured at three locations along the linea alba, and the thickness of the rectus abdominis was measured using ultra-
sound. Abdominal muscle endurance was measured using a repeated 1-min curl-up test. Waist circumference

was also measured.

Results The exercise group showed significant improvements from baseline in inter-recti distance, waist circumfer-
ence, and abdominal muscle endurance (p <0.05). The control group showed no significant improvement in these
variables. Compared with the control group, the exercise group showed significantly improved performance in terms
of inter-recti distance, waist circumference, and abdominal muscle endurance (p <0.05).

Conclusions The results of this study demonstrate that Pilates was effective in reducing inter-recti distance and waist
circumference and improving abdominal muscle endurance in primiparous postpartum women. Pilates is consid-
ered an effective exercise for improving muscle structure and function in primiparous postpartum women, helping

in the recovery from, and preventing, diastasis rectus abdominis.
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Background

Physical changes resulting from pregnancy include the
development of the mammary glandular tissue, breast
enlargement, and enlargement of the uterus to 5-6 times
its size before pregnancy, pushing the diaphragm upward
in the abdominal cavity, and ultimately reducing the
size of the thoracic cavity [1]. In addition, the mother’s
center of gravity changes, lordosis of the lumbar region
increases, and the binding between the ligament of the
sacroiliac articulation and the pubic bone is softened and
stretched under the influence of the hormone relaxin,
which makes the joints more flexible and improves move-
ment [2, 3]. These effects increase the pelvic cavity size
and make delivery easier [1-3]. Owing to the elasticity
changes in the connective tissue during pregnancy and
the fetus displacing abdominal organs, the mechanical
stress acting on the abdominal walls expands the linea
alba, and the rectus abdominis muscle begins to separate
from the 14™ week of pregnancy, increasing the most in
the third trimester, and continuing until childbirth [3-5].
Moreover, an increase in the inter-recti distance during
pregnancy lowers the stability of the pelvis by weakening
the abdominal muscles and reducing their control [6—
15]. This decrease in stability leads to dysfunction, pain,
and incorrect posture [6—15].

Diastasis rectus abdominis occurs when the inter-recti
distance becomes more than 2 c¢cm at one or more of
the navel levels or an upper or lower point of the navel.
It has been reported that it naturally recovers within
8 weeks after childbirth, whereas it has been reported
that in some cases, recovery was only 60.7% by 6 months
after childbirth and for others had not recovered even
after 1 year [6, 15-21]. A review on the management of
diastasis rectus abdominis cases suggested that two-
dimensional (2D) ultrasound imaging should be a reli-
able method for accurately diagnosing diastasis rectus
abdominis in women during the postpartum period [6,
15-18, 20, 21]. In addition, intuitive ultrasound imaging
feedback on the inter-recti distance while implementing
exercise programs has been shown to help enhance cor-
rect movement in postpartum women [6, 22]. Recently,
it was reported that ultrasound imaging was effective in
evaluating the effect of reducing the inter-recti distance
after a yoga exercise program [6].

Postnatal exercise is effective for the recovery of elas-
ticity in the abdominal walls, pelvis, and muscles that
increase during delivery, as well as for weight loss and
alleviation of anxiety and depression [23-25]. This has a
positive effect on physical fitness [24, 25]. Although dia-
stasis rectus abdominis is a common and important clini-
cal problem in women after childbirth, little is known
about its prevention or management [26]. However,
regular exercise before pregnancy prevents and alleviates
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diastasis rectus abdominis during pregnancy [26]. In
addition, abdominal muscle strengthening exercise pro-
grams are prescribed for diastasis rectus abdominis;
however, the effect of nonsurgical treatment, includ-
ing exercise programs, on the prevention and reduction
of diastasis rectus abdominis is unclear. Nevertheless, a
core-based abdominal muscle-strengthening exercise
program including a drawing-in movement that activates
the transverse abdominis and internal abdominal oblique,
an abdominal crunch that lifts the upper body by con-
tracting the rectus abdominis muscle, and curl-up with
transverse abdominis movement was shown to relieve
linea alba distortion and reduce the inter-recti distance
[4, 7-9, 12—15, 18, 27-29]. Therefore, it has been dem-
onstrated that abdominal muscle strengthening exercise
programs after giving birth, based on breathing and core
training, improved the reduction of inter-recti distance
when evaluated using ultrasound imaging [6].

Recently, there has been increasing interest in Pilates
because of its effect on reshaping the body and improv-
ing physical fitness. Pilates, similar to yoga, are exercise
programs that connect the deep muscles of the anterior
abdominal wall and pelvic floor through breathing, and
provide stability to the uterus with coordinated move-
ment of the limbs [24, 30—34]. In addition, it was con-
firmed that the muscles of respiration and the anterior
abdominal wall were activated after eight weeks of Pilates
application in post-partum women [32]. Therefore,
Pilates is expected to positively affect women with weak-
ened abdominal muscles after childbirth. However, there
is a lack of research on the application of Pilates in post-
partum women, and no studies have revealed its effects
on diastasis rectus abdominis. Therefore, it is impor-
tant to study the effects of Pilates on the structure and
function of abdominal muscles in postpartum women
by investigating the reduction of the inter-recti distance
and various other factors using ultrasound imaging.
This study aimed to provide basic data from primipa-
rous women who recovered from or prevented diastasis
of the rectus abdominis through performing Pilates, by
investigating the effects on inter-recti distance, rectus
abdominis muscle thickness, waist circumference, and
abdominal muscle endurance.

Methods

Participants

This study used snowball sampling because of difficul-
ties in recruiting participants. Using this method, we
recruited 45 primiparous women living in Seoul and
Gyeonggi-do, South Korea. The number of participants
required was calculated using G*Power 3.1. There was
an expected group difference of 1%, a power of 0.8, and
an alpha level of 0.05, indicating that 17 subjects were
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required per group. Allowing for a conservative drop-
out rate of 20%, we recruited 23 and 22 participants for
the exercise and control groups, respectively. The inclu-
sion criteria of the study subjects were women who were
between 2 and 12 months postpartum and had vaginal
delivery, or cesarean delivery with a Pfannenstiel incision
at gestation between 37 and 42 weeks. Through a pre-sur-
vey, this study excluded those whose newborns weighed
2.5 kg or less at delivery, had more than one birth, had
a multiple birth, had spinal deformities, underwent spi-
nal surgery for low back pain, had diabetes or hyperten-
sion, had neurological or respiratory disorders, and had
medical complications. All subjects were informed in
advance about the requirements and objectives of the
study and their right to withdraw from the study at any
time, even after the study had begun, owing to personal
circumstances. Subsequently, participants voluntarily
submitted informed consent forms. During the exercise
program, three people from the exercise group and seven
people from the control group were eliminated, and 20
people from the exercise group and 15 people from the
control group completed the exercise program and were
included as the final analysis subjects (Fig. 1).
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Study procedure

This study used a pretest—posttest control group design
with two groups. Subjects who met the inclusion criteria
submitted a written consent form before the study, had a
pre-examination three days before the start of the study,
had four weeks of exercise, and had a post-examination
the day after the end of the study. For pre- and post-
evaluation, the inter-recti distance and rectus abdominis
muscle thickness were measured using portable ultra-
sound to check for structural changes in the abdominal
muscles. In addition, the waist circumference was meas-
ured with a tape measure, and the abdominal muscle
endurance was measured through a dynamic abdominal
muscle endurance test.

Exercise intervention
In this study, the control group maintained daily life
activities without intervention, whereas the exercise
group performed the Pilates exercise program. Two
Pilates instructors and former physiotherapists guided
the exercises.

In the exercise group, the Pilates exercise program was
performed for 50 min per session, five sessions a week

[ Enrollment ]

Assessed for eligibility (n=45)

Excluded (n=0)

+ Not meeting inclusion criteria (n=0)
>+ Declined to participate (n=0)

+ Other reasons (n=0)

| Randomized (n=45) |

!

L

\s Allocation )i y

Allocated to intervention (n=23)
+ Received allocated intervention (n=23)

Drop out

Allocated to control (n=22)
+ Received routine care(no intervention)(n=22)

Reinstatement (n=1)
Pregnancy (n=1)

Move (n=1)

Reinstatement (n=5)
Pregnancy (n=1)

Move (n=1)

| o |

Analysed (n=20)

Fig. 1 Experimental procedure

Analysed (n=15)
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for a total of four weeks, in which they performed group
exercises three times a week and a self-exercise program
twice a week. The self-exercise program consisted of
movements learned during group exercise. After detail-
ing the sequences, repetitions, and sets, the researcher
sent a message containing a list of movements, photos,
and videos to the participants on the day of the self-exer-
cise. After each self-exercise session, the researcher asked
the participants to report via messaging whether the
exercises were fully completed, and encouraged partici-
pants to complete at least seven out of eight self-exercise
sessions.

This study designed a Pilates exercise program to sta-
bilize the waist and pelvic area and improve muscular
endurance through use each week after childbirth, which
ultimately aimed to restore the thoracic, abdominal, and
pelvic muscles that became loose during pregnancy and
the areas affected by surgery during cesarean section and
vaginal delivery. The program was structured around the
Pilates mat exercise program, which has been reported
to decrease the inter-recti distance and be effective in
strengthening the rectus abdominis muscle, considering
the tension of the linea alba (Table 1).

The Pilates exercise program consisted of 10 min of
warm-up, 30 min of the main exercise, and 10 min of
warm-down. The positions during the exercise were
taken in the order of the supine, prone, lateral recum-
bent, quadruped, and sitting positions. All exercises were
performed with the trunk and pelvis stabilized using alert
torso breathing and deep stabilizer muscles. The move-
ments were modified and re-applied if the participant
experienced pain or physical discomfort [24, 30—34].

Table 1 Pilates program for Primiparous women
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Based on performing breathing exercises for respira-
tory muscles and abdominals to stabilize the pelvis in
each posture, the Pilates exercise program included the
hundred single-leg stretch for abdominals, back and hip
extensors after isometric contraction of the abdominal
muscles, and included curl-up, diagonal curl-up, and
criss-cross after contraction of the transverse abdominis.
In addition, the Pilates program used lumbar stabiliza-
tion exercises such as a pelvic clock, toe tap, pushing
knee, bridge, single leg bridge in supine position, double
knee off, alternate arm and leg lift in quadruped position,
inside leg lift, double leg lift, side push up, mermaid, and
side bend to strengthen the abdominal oblique muscle
(Fig. 2).

Exercise intensity was controlled using Borg’s rating of
perceived exertion (RPE). To set up the initial exercise
intensity, the subjects were informed of the RPE con-
cept and requested to provide feedback by expressing
their subjective intensity on a scale of 1-20. The program
was then adjusted on an average basis with a moderately
weak-intensity of RPE 10-12. Every Friday, the subjec-
tive RPE was checked for each participant, and this was
reflected in the composition of the exercise program for
the following week. After an adaptation period of one
week before starting, the Pilates exercise program was
started with an RPE of 10—12 points (moderately weak)
in weeks 1-2 and gradually increased to an RPE of 12-14
points (somewhat strong) in week 3 and RPE 14-16
points (strong) in week 4 by increasing the difficulty of
movements according to the principle of progressive
overload. One set was conducted, with each set consist-
ing of repeating the motion maintained for 5-10 s, up to

Week Week 1 Week 2 Week 3 Week 4
Intensity RPE10~12 RPE10~12 RPE12~14 RPE 14~16
Supine position breathing breathing breathing Breathing
pelvic clock pelvic clock pelvic clock pelvic clock
toe taps toe taps toe taps toe taps
pushing knee pushing knee bridge bridge
bridge bridge curlup diagonal curl up
curlup curl up diagonal curl up hundred
diagonal curl up hundred one leg stretch
hundred one leg stretch Crisscross
one leg stretch single leg bridge single leg bridge
Prone position breathing breathing breathing breathing
Side-lying position inside leg lift inside leg lift double leg lift side push up
double leg lift side push up
Quadruped position breathing breathing breathing breathing
pelvic clock pelvic clock double knee off alternate arm & leg lift
alternate arm & leg lift
Sitting position breathing breathing breathing breathing
mermaid mermaid side bend 1 side bend 2

RPE Rating of perceived exertion
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Breathing Pelvic clock Toe tap Pushing knee
(1~4 week) (1~4 week) (1~4 week) (1~2 week)
Bridge Curl up Diagonal curl up Single leg bridge
(1~4 week) (1~3 week) (2~4 week) (3~4 week)

A

Hundred
(2~4 week)

One leg stretch
(2~4 week)

Breathing
(1~2 week)
— )

Criss cross

(4 week)

Breathing
(1~4 week)

k

Inside leg lift
(1~2 week)

o

Double leg lift
(2~3 week)

Side push up
(3~4 week)

Breathing
(1~4 week)

Pelvic clock

(1~2 week)

A

Double knee off
(2~3 week)

Arm & leg lift
(3~4 week)

Breathing
(1~4 week)

Mermaid

(1~2 week)

Side bend 1
(3 week)

Side bend 2
(4 week)

Fig. 2 Pilates exercise program

10 times. A break of 45-60 s was provided between each

exercise.

Outcome measures
Assessment of inter-recti distance and thickness

A review on the management of diastasis rectus
abdominis cases suggested that 2D ultrasound imaging

should be a reliable method for accurately diagnosing dia-
stasis rectus abdominis in women during the postpartum
period [6, 15-18, 20, 21]. To assess the inter-recti dis-
tance, various methods can be used, such as measuring
two points, including the navel and the midpoint between
the navel and xiphisternum; measuring three points,
including the point at 2 or 5 cm above the navel, the point
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2 or 5 cm below the navel, and the navel; and measuring
four points, including the points at 5 cm above the navel,
2 cm above the navel, and 2 cm below the navel, and the
navel [7, 17, 20, 28]. Since diastasis rectus abdominis
appears differently depending on the location of each
rectus abdominis muscle, and most symptoms occur at
the navel level, it is important to measure the navel and
its surroundings by location. In addition, the longitudinal
width of the linear probe of the portable ultrasound 2D
B-mode used in this study was 1.5 cm [3]. Considering
these, this study measured three points, at 4.5 cm above
the navel, at 4.5 cm below the navel, and directly below
the navel. In the supine position, the participants placed
the soles of their feet on the floor with their legs bent, a
pillow under their head, and both arms extended next to
the trunk. For the measurements, the linear probe was
located transversely along the linea alba in the midline
of the trunk, and measurements were made at the three
points in the abdominal muscle relaxation position while
exhaling. In addition, the inter-recti distance was meas-
ured at the median point connecting the boundaries of
the fascia of the rectus abdominis muscle on both sides
[16, 20] (Fig. 3). All measurements were performed by a
specially trained examiner, and the mean value of three
repeated measurements was used as the measurement
value in conjunction with Digital Imaging and Commu-
nication in Medicine (DICOM). The reliability within
the examiner measuring the inter-recti distance by ultra-
sound showed an intra-class correlation coefficient (ICC)
of 0.72-0.91 during abdominal relaxation [20, 21, 29].
To evaluate structural changes in the abdominal mus-
cle, the thickness of the rectus abdominis muscle was
measured using a curved probe in portable ultrasound
2D B-mode. The measurement positions were the same
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as those used to measure the inter-recti distance. The
curve-type probe was located transversely along the linea
alba in the midline of the trunk, and measurements were
made at the navel’s lower point in the abdominal muscle
relaxation position while exhaling. The thickness of the
rectus abdominis muscle was measured as the line con-
necting perpendicularly between the upper boundary
point, which is shown as a white image at an inner point
of 2.0 cm concerning the right rectus abdominis muscle
and the lower boundary point of the fascia. One exam-
iner performed all measurements, and the mean value
of three measured images was used as the measurement
value in conjunction with DICOM [20, 21, 29].

Assessment of waist circumference and abdominal muscle
endurance

Waist circumference was measured at the navel, using a
tape measure with the subject in an upright position [35].
The subject stood upright with both hands crossed over
the chest, while the examiner stood in front of the sub-
ject, and accurately positioned the tape measure using
the cross technique. The subject breathed naturally with
her arms down, and measurements were taken while
relaxing and exhaling. The measurement units were in
centimeters and recorded to the first decimal place.

To measure abdominal muscle endurance, the subjects
supported their feet on the floor while bending their knee
and hip joints in the supine position. The head rested on
a pillow that fitted the height of the head, and the palms
were placed on the ground with the arms extended. After
lifting the head and shoulders 30-40° from the floor,
the subject lifted and held their hands for an additional
8 ¢cm and then returned to the original position so that
the shoulders touched the floor. At this point, the chin

Thickness of RA

Inter-recti distance of RA

Fig. 3 Measurement of inter-recti distance and thickness of rectus abdominis by ultrasound. RA: Rectus abdominis, LA: Linea alba, IRD: Inter-recti

distance
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remained horizontal, not pointing up. After setting the
metronome to hold at 40 beats per minute, the subject
started at the first beat and returned to the next beat.
The number of times the subject performed the task
was counted, in which the cycle of raising the torso and
returning to the original position was considered once.
If the participant’s shoulders did not touch the ground
when returning or if they could not match the speed of
the metronome beats, they were instructed to stop the
movement. The reliability of within-examiner measure-
ment of abdominal muscle endurance showed an ICC of
0.89 [36].

Data analysis

The Shapiro—Wilk test was used to confirm the general
characteristics of the subjects and the normality test for
the variables, while the chi-square test and independent
samples t-test were used for the intergroup homogene-
ity test. Changes in the dependent variables before and
after the Pilates exercise program were analyzed using a
paired t-test. An independent samples t-test was used to
compare the effects between the groups. The statistical
significance (a) of all data was set at 0.05.

Results

Comparative analysis of the general and physical charac-
teristics of the 20 subjects in the Pilates exercise group
and the 15 subjects in the control group at the baseline

Table 2 General characteristics of subjects
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showed that the two groups had no significant differ-
ences (p>0.05) in age, height, weight, body mass index,
neonatal weight, months of pregnancy at childbirth,
delivery method, inter-recti distance, rectus abdominis
muscle thickness, waist circumference, or abdominal
muscle endurance, indicating that the two groups were
homogeneous (Tables 2 and 3).

In the exercise group, there were significant changes
after the intervention in inter-recti distance, waist cir-
cumference, and abdominal muscle endurance (p <0.05),
but no difference was observed in the rectus abdominis
muscle thickness. In the control group, no significant
changes were observed in any of the variables during the
study period (Table 4). The exercise group showed a sig-
nificant reduction in the inter-recti distance compared to
the control group (p<0.05). Regarding waist circumfer-
ence, the exercise group showed a significant reduction
compared to the control group (p<0.05). In addition,
the exercise group showed a significant improvement in
abdominal muscle endurance compared with the con-
trol group (p<0.05). However, rectus abdominis muscle
thickness was not significantly different between the two
groups (Table 5).

Discussion

Recently, many studies have verified the effectiveness
of various exercise programs for relieving symptoms
of the rectus abdominis muscle after childbirth [4, 6,

Variable Exercise group (mean+SD) Control group (mean+SD)  t/X? p
Age (year) 34.10+£2.94 33.87+£391 0.202 0.841
Height (cm) 163.40+4.00 162.00+5.95 0.832 0411
Weight (kg) 56.54+4.69 56.80+6.86 -0.133 0.895
BMI (kg/mz) 2117145 21681273 -0.720 0.496
Neonatal weight (kg) 3.24+0.37 3.26+0.32 0.201 0.842
Postpartum period (Month) 6.45+2.23 5.73+2.69 0.861 0.395
Natural childbirth / caesarean section (n) 10/ 10 10/5 0.971 0.339
BMI Body mass index, SD Standard deviation
Table 3 Physical characteristics of subjects
Variable Exercise group Control group t p
(mean*SD) (mean*SD)
IRD Above 4.5 cm the navel 1.27+041 1.06+042 1498 0.144
Navel 1.77+0.52 1.48+0.52 1.623 0.114
below 4.5 cm the navel 1.19+053 0.94+042 1.504 0.142
Thickness of RA 1.03+0.88 0.98+0.09 1.728 0.093
Waist Circumference 83.18+556 85.68+7.18 -1.165 0.252
Abdominal Endurance 11.00+6.74 8.00+5.98 1.367 0.181

IRD Inter-recti Distance
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Table 4 Comparison between before and after intervention in each groups

Variable Before (mean +SD) After (mean+SD) t(p)

IRD Above 4.5 cm the navel Exercise group 1.27+0.41 0.97+0.51 -3.725(0.001)"
Control group 1.06+042 1.00+042 -1.180(0.258)

Navel Exercise group 1.77+0.52 1.16+0.56 -4.913(0.001)"
Control group 1.48+0.52 1.30+0.39 -1.905(0.077)
below 4.5 cm the navel Exercise group 1.19+0.53 0.53+0.15 -6.503(0.001)"

Control group 094+042 0.84+040 -1.996(0.066)

Thickness of RA Exercise group 1.03+0.88 1.06+0.15 1.187(0.250)
Control group 0.98+0.09 1.00+£0.09 1.318(0.209)

Waist Circumference Exercise group 83.18+556 80.33+5.89 -4.156(0.001)"
Control group 85.68+7.18 85.13+691 -0.861(0.404)

Abdominal Endurance Exercise group 11.00+6.74 19.55+1.23 5.474(0.001)"
Control group 8.00+5.98 9.27+831 0.921(0.372)

IRD Inter-recti Distance, RA Rectus abdominis, SD Standard deviation

“p<0.05

Table 5 Comparison of mean difference between groups

Variable Exercise group (mean =SD) Control group (mean +SD) t(p)

IRD 4.5 cm above the navel (cm) -0.30+£0.36 -0.06+0.19 -2.346(0.025)"

IRD below the navel (cm) -061+0.55 -0.18+0.37 -2761(0.011)"

IRD 4.5 cm below the navel (cm) -065+045 -0.10+0.19 -4.474(0.001)"

Thickness of RA (cm) 0.03+0.11 0.02+0.05 0.412(0.683)

Waist Circumference (cm) -2.85+3.07 -0.55+249 -2.445(0.020)"

Abdominal Endurance(number) 855+6.99 1274532 3.500(0.001)"

IRD Inter-recti Distance, RA Rectus abdominis, SD Standard deviation
"p<0.05

7, 9, 12-15, 29, 37, 38]. In previous studies, diasta-
sis rectus abdominis was gradually relieved over time,
and the inter-recti distance naturally recovered within
eight weeks in most cases [3, 16]. Therefore, this study
recruited subjects 2—12 months after childbirth to reduce
the influence of factors that might affect natural postna-
tal recovery, and to ensure the homogeneity of general
and physical characteristics between the intervention
and control groups. The aim of the study was to test the
effectiveness of a Pilates exercise program for the recov-
ery and health care of women after childbirth. It has been
shown that the quantitative evaluation of the inter-recti
distance by ultrasound imaging is reliable, valid, and a
simple method to diagnose diastasis rectus abdominis
early after childbirth [17, 19]. Furthermore, intuitive
feedback on changes in inter-recti distance using ultra-
sonic image evaluation may strengthen the instructions
of the exercise program [17, 19]. Therefore, this study
measured the inter-recti distance and rectus abdominis
muscle thickness using ultrasonic imaging to evaluate the
changes of the rectus abdominis, and measured waist cir-
cumference and abdominal muscle endurance to check

health management effects before and after the applica-
tion of the Pilates exercise program [21].

Targeting primiparous women 2-12 months postpar-
tum, this study included an exercise group of 20 par-
ticipants undertaking a Pilates exercise program and a
control group of 15 participants who maintained daily
life without intervention. A comparative analysis of the
changes after the intervention period showed a reduc-
tion in the inter-recti distance, waist circumference, and
abdominal muscle endurance in the exercise group com-
pared to the control group. However, there was no signif-
icant difference in muscle thickness between the exercise
and control groups.

In a previous study that applied an abdominal and pel-
vic floor muscle exercise program to women after child-
birth, the inter-recti distance was significantly different
between the exercise and control groups [15], supporting
the results of this study. It is postulated that these positive
results from our study can be attributed to the applica-
tion of the Pilates exercise program, involving 20 sessions
over 4 weeks, leading to abdominal muscle contraction,
which caused a reduction in the abdominal horizontal
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diameter and subsequently generated a horizontal force
that reduced the inter-recti distance. In a previous study
that applied a breathing and core-based abdominal mus-
cle strengthening exercise program for a total of 24 ses-
sions with a frequency of three sessions per week for
eight weeks, the overall inter-recti distance was signifi-
cantly reduced [6]. In contrast, a study that applied a total
of 12 sessions with a frequency of one session per week
for 12 weeks as an exercise program found no significant
reduction in the inter-recti distance below the navel com-
pared to the control group [6]. Considering these results,
it is believed that the weekly frequency of the applied
exercise program and the total number of sessions should
affect the reduction in inter-recti distance [15, 35].

In a study that analyzed the thickness and changes in
the rectus abdominis, transverse abdominis, external
oblique, internal oblique, multifidus, and erector spinae
muscles for six weeks, significant improvements were
observed in all muscles [32]. In our study, muscle thick-
ness increased after four weeks in both the exercise and
control groups, although the increase was not statisti-
cally significant, and there was no significant difference
between the groups. Previous studies have suggested a
minimum period of six weeks to change the thickness in
the abdominal muscle. Our study intervention was only
for four weeks, which may have been too short a period
to elicit a significant change through the Pilates exercise
program.

During pregnancy, the level of free fatty acids in the
blood increases 2—4 times, and approximately 3.5 kg of
fat accumulates [39]. Waist circumference is considered
a measure of abdominal obesity, and a pregnant woman’s
weight increases during pregnancy [23, 39]. Aerobic exer-
cise is a direct method of burning body fat, and anaerobic
exercise is a method of increasing basic metabolism to
reduce body weight and fat [23, 39]. Nonetheless, regular
and continuous exercise, regardless of the type, reduces
body fat in both obese and normal individuals [23, 39].
Other studies have shown that after a 12 week Pilates
exercise program by mothers who underwent natural
births, the exercise group showed a significantly greater
decrease in waist circumference than the control group
without exercise [10, 24, 30, 31, 33, 34]. In this study,
the exercise group showed a significant decrease after
four weeks. In the control group, waist circumference
decreased, but the difference was not statistically signifi-
cant. Natural recovery was believed to have occurred in
the control group.

Childbearing women naturally experience a decrease in
muscular endurance owing to anatomical and physiologi-
cal changes, including hormonal changes. When a previ-
ous study compared postpartum women at the 6™ month
after childbirth with non-postpartum women, there was
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a significant difference in the muscular strength of trunk
rotation, static endurance of trunk flexion and rota-
tion, and dynamic endurance of trunk flexion and rota-
tion. Moreover, there was a correlation between reduced
inter-recti distance and improved function of abdominal
muscles [18]. In this study, a significant improvement in
muscular endurance was observed in the exercise group.
The control group also showed improvement, but the
difference was not statistically significant. There was
a significant difference between the two groups. After
the Pilates exercise program, the inter-recti distance
decreased and muscular endurance improved.

This study investigated the effects of a Pilates exer-
cise program based on breathing and core training on
inter-recti distance, rectus abdominis muscle thickness,
waist circumference, and abdominal muscle endurance
in women who had undergone their first childbirth. The
study showed that the Pilates exercise program signifi-
cantly improved the inter-recti distance, waist circumfer-
ence, and abdominal muscle endurance in primiparous
women, and the Pilates exercise program is recom-
mended as a way to recover from or prevent diastasis of
the rectus abdominis in postpartum women.

However, this study had some limitations. Since the
study was conducted in women at an average of five
months after childbirth, it is still necessary to pro-
vide a quality randomized controlled trial that demon-
strates that the Pilates exercise program can reduce the
inter-recti distance early in the puerperium, taking into
account the individual’s natural recovery. In addition, this
study was limited to showing the relationship between
the change in inter-recti distance and physical function
changes, such as rectus abdominis muscle thickness,
waist circumference, and abdominal muscle endurance
[6, 11, 27, 29]. In future studies, it will be necessary to
measure the degree of deformation of the linea alba and
the inter-recti distance in parallel to increase reliability
when evaluating the symptoms of separation of the rec-
tus abdominis muscles. To apply the systematic Pilates
exercise program to women after childbirth, the effect of
the long-term postnatal exercise program should be veri-
fied, and the influence of daily lifestyle or posture on the
exercise program should be further studied.

Conclusion

The results of this study are consistent with those of a
previous study. Based on the improvement in inter-recti
distance, waist circumference, and abdominal muscle
endurance, the Pilates exercise program, which strengthens
the abdominal muscles based on breathing and core train-
ing, is recommended as an effective exercise for improving
muscle structure and function in primiparous women to
recover from or prevent diastasis rectus abdominis.
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