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Abstract

Background: Diastasis of  Rectus Abdominis (DRA) is a frequent problem that affects women during pregnancy and postpartum. 
The study aimed to investigate the effectiveness of  static and dynamic plank exercise on Inter-Recti Distance (IRD) in postpartum 
women.
Methods: This semi-experimental study included 30 postpartum women with DRA who were randomly divided into static plank 
(N=10), dynamic plank (N=10) and control group (n=10). Exercise groups implemented the plank exercise three times weekly 
for six weeks in Sari, Iran from April to May 2023. Ultrasound imaging was recorded to measure IRD in three locations, center 
of  umbilicus (reference point), three cm above and three cm below umbilicus. The analysis of  covariance (ANCOVA) was used 
to compare the effect of  static and dynamic plank exercise on IRD. 
Results: IRD significantly decreased in static (29 mm vs 27/4 mm, P=0.001) and dynamic (30.1 mm vs 27 mm, P=0.001) plank 
groups after exercise. IRD did not significantly differ between static and dynamic groups at post-test (P=0.420). However, the 
percentage of  the change was greater in dynamic (10.33%) compared with the static (5.51%) group. A significant difference was 
observed between the dynamic and control groups (P=0.001). 
Conclusion: The findings revealed that both types of  plank exercise could cause narrowing of  IRD in postpartum women. 
However, based on the percentage of  change, incorporating additional movements such as abduction and rotation in dynamic 
plank, which could produce more muscle activity, yielded greater reduction in IRD compared with static plank. 
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1. Introduction 

Diastasis of the Rectus Abdominal Muscles 
(DRA) is a usual complication during and after 
pregnancy which result in the rectus abdominis 
dissociation in the line of the linea alba (1). The 
incidence of Diastasis of the Rectus Abdominis 
Muscle (DRAM) is about 66% in women who 
are in their third trimester of pregnancy (2); 
however, some researchers reported 100% of 
pregnant women experiences DRA (3). It has 
been demonstrated that this situation usually 
occurs in the second trimester of pregnancy, 
and will be more obvious in the third trimester 
and proceed after delivery (2). DRAM is usually 
associated with weakness of abdominal muscles, 
pelvic floor malfunction, low back pain, pelvic 
pain, and urinary disorders (4, 5). Possible risk 
factors for DRA are increased weight, high 
levels of progesterone, relaxin, estrogen and 
mechanical pressures on abdominal wall by 
growing fetus (6). 

For diagnosing and assessing the existence of 
DRA, Inter-Rectus Distance (IRD) is measured 
(7). There are some methods for measuring IRD 
including ultrasound, caliper and palpation (8), 
among which ultrasound has the best reliability (9). 
There is no consensus about the limit to diagnosis 
DRA (10); however, the values more than 28 mm is 
considered clinically significant and normal values 
for IRD six months after delivery are between 17 
mm to 28 mm (3). 

There are various active and passive 
interventions for managing and reducing DRA. 
These interventions include functional activities, 
transversus abdominis and pelvic floor muscle 
activation, manual therapy and multifidus training 
(11). If the conservative treatment is not effective 
and great aesthetic and/or functional discomfort or 
hernia exist (12), surgery is usually considered (13).  

Exercise therapy is the most common 
conservative intervention for addressing DRA in 
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postpartum women (14-16). Abdominal exercise is 
often suggested as a main intervention for women 
with DRA (17). The most common exercises are 
those targeting transversus abdominis and pelvic 
floor muscles (18). 

Among abdominal exercise, plank is a form of 
the isometric exercise that could strengthen core 
muscles (19). Plank exercise is a whole-body exercise 
which could consume high calories and strengthen 
muscles in a short duration (20). Previous studies 
demonstrated that plank exercise is useful in 
IRD (14), enhancing strength and endurance (21), 
decreasing low back pain (22) and preventing falls 
(23). There are some variations of plank exercise 
including static, dynamic, stable surface, unstable 
surface and with devices which could impact 
abdominal muscles in a different way (24). In static 
exercise, the body held in static position with or 
without external resistance (sub-maximal muscle 
action) (25). In dynamic exercise, muscles produce 
force concentrically or eccentrically over time (26). 
It seems that dynamic exercise is more challenging 
for core musculature than just muscle static action 
as in static exercise (27). Previous studies has 
investigated the effects of dynamic and static core 
stabilization training on performance in field tests 
(27), dynamic balance, spinal stability and hip 
mobility (25); however, there is rare information 
about the effectiveness of dynamic and static plank 
exercise on IRD in postpartum women. Therefore, 
the present study aimed to examine the effectiveness 
of dynamic and static plank exercise on IRD in 
postpartum women. The first hypothesis in this 
study was that both plank exercise types (static and 
dynamic) would reduce IRD in women. The second 
hypothesis was that dynamic plank would be more 
effective in decreasing IRD in postpartum women.  

2. Methods

2.1. Study Design 

The study design was a semi-experimental 
including 3 groups of participants. Group A 
(exercise group) performed static plank exercise, 
group B (exercise group) performed dynamic 
plank exercise and group C (control group) did not 
receive any intervention. 

2.2. Participants 

We used convenient sampling method to recruit 

sixty postpartum women at six months to two 
years after childbirth from private sport clubs in 
Sari, Iran. Thirty women were excluded or declined 
to participate. A total of 30 women participated 
in the present study. G-power software was used 
to calculate sample size, given the mean and 
standard deviation of IRD for control=29.69±1.61, 
static plank=27.81±1.74 and dynamic plank 
group=27.62±2.13 (28), which revealed that 30 
participants is needed to achieve a statistical power 
of 0.80. We assigned each participant a number 
from 1 to 30 and then, by a random generator 
number, placed each participant randomly in static 
plank (n=10), dynamic plank (n=10) and control 
group (n=10) (Figure 1). The inclusion criteria 
were 1) 20 to 40 years of age; 2) IRD>2.5 cm; 3) 
vaginal delivery; 4) body mass index not exceeded 
30 kg/m2 and 5) six months to 2 years after child 
birth. The exclusion criteria were 1) cardiovascular, 
hypertension, diabetes mellitus diseases 2) a history 
of pelvic and abdomen surgery 3) neurological 
diseases and 4) more than 2 pregnancies. The study 
participants performed exercises in a private club 
in Sari, Iran from April to May 2023. 

The protocol of the study was approved by 
the Ethics Committee of Shahrood University of 
Technology, Shahrood, Iran. The study participants 
signed an informed consent.

2.3. Intervention 

The dynamic plank group consisting of 10 
participants performed four exercises including 
rotational plank, cross plank, spiderman plank and 
jack plank. The static plank group consisting of 10 
participants performed four exercises including 
forearm plank, palm plank, TRX plank and buso 
ball plank (Figure 2). The exercise intervention group 
performed for 6 weeks, three times a week, and each 
exercise session was 30 minutes. The level of difficulty 
of exercise increased based on sets, repetitions and 
times (Table 1). The exercise program for experimental 
groups was performed in physiotherapy clinic with 
direct supervision of two physical therapists. The 
control group received no intervention. 

2.4. Measurement of IRD

IRD was measured by Ultrasound (Supersonic 
aixplorer mach20, France). Ultrasound imaging 
(USI) is the gold standard and the most valid method 
for non-invasive IRD assessment (9). The images 
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were taken with participants in the lying back 
position with knees flexed to 90°, feet placed on the 
table and arms beside the body. Measurements was 
performed in three locations, center of umbilicus 

(as reference point), 3 cm over and 3 cm under 
umbilicus. The thickness of rectus abdominus was 
assessed by drawing a horizontal line in lateral 
direction (7) (Figure 3). The mean value of IRD was 

Figure 1: The figure shows the diagram of the study.

Figure 2: The figure shows the illustration of static and dynamic plank exercises.
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calculated from five images captured.

2.5. Statistical Analysis

Normality of the variables was examined by the 
Shapiro-Wilk test. The differences in IRD between 
the three groups were compared with ANCOVA 
and then post hoc Bonferroni was used to compare 
pairwise means. Within group differences (pre 
to post) were analyzed with paired t-test. Cohen 
d effect size (ESs) was calculated to measure 
group differences in dependent variable. ESs 
Interpretation was based on the recommendations 
reported by Cohen (29) to be weak (<0.5), moderate 
(0.5 to 0.79), and strong (>0.8). Statistical analysis 
was implemented by SPSS software version 22.0 
(SPSS Inc., Chicago, IL, USA).

3. Results

Thirty postpartum women with mean 
age=34.13±3.87, mean weight=73.23±6.72, mean 
height=164.16±5.46 and mean BMI=26.53±4.36 
participated in the present study. The demographic 
features of the study participants in the three 
groups are shown in Table 2.

There were significant differences in IRD 
from pre- to post-test for the two exercise 
groups (static, P=0.001 and dynamic, P=0.001). 
Specifically, IRD significantly decreased in the 
two exercise groups after plank exercise (Table 3).  
The examination of effect sizes indicates small 
and moderate effect for static and dynamic 
groups, respectively. 

Table 1: Exercise program for static and dynamic groups
Exercise group Static plank

Set * time(sec)
Dynamic plank
Set * reps

Week 1 2 * 10 2 * 6
Week 2 2 * 15 2 * 8
Week 3 3 * 20 3 * 10
Week 4 3 * 30 3 * 12
Week 5 4 * 45 4 * 15
Week 6 4 * 60 4 * 20

Figure 3: The figure shows an example of image to measure of IRD. IRD: Inter-Recti Distance

Table 2: Demographic features of the subjects
Static group Dynamic group Control group P value

Age (years) 32.40±2.95 34.30±3.37 35.70±4.55 0.152
Weight (kg) 73.40±6.95 71.57±5.54 74.72±7.84 0.612
Height (cm) 164.40±5.07 164.80±5.80 163.30±6.42 0.588
BMI (kg/m2) 25.57±2.19 26.87±5.60 27.15±5.52 0.467
Birth weight (kg) 3.15±0.16 3.02±0.11 3.09±0.14 0.562
BMI: Body Mass Index
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The results of ANCOVA indicated that with 
considering pre-test as covariate, there was 
significant difference in IRD between the groups. 
In Bonferroni post hoc analysis, a significant 
difference was seen between the dynamic and 
control groups (P=0.001) at post-test. However, 
significant difference was not observed in IRD 
between the static and control groups (P=0.087), 
and static and dynamic groups (P=0.420) at post-
test (Table 4).

4. Discussion 

The present study investigated the effectiveness 
of two distinct plank exercise (static and dynamic) 
over a period of six weeks at six months to two years 
postpartum in 30 women diagnosed with DRA. 

According to our results, IRD significantly 
decreased in both static and dynamic groups after 
six weeks intervention. This finding supports 
our first hypothesis. Previous studies have 
demonstrated the effect of core muscle exercise 
(4, 30), plank exercise (14), abdominal crunch and 
draw-in exercise, (31) on IRD. The adaptations 
in the abdominal muscles induced using plank 
exercise can explain reduction in IRD. It has been 
demonstrated that abdominal exercises could 
activate further motor units inside muscle fibers, 
use fast twitch (FT) and slow twitch (ST) fibers and 
greater amount of FT fibers boosts muscle force. 
Furthermore, core exercise could enhance muscle 
power and endurance by influencing the metabolic 
demand of the targeted muscle force (32). It has 
been shown that performing plank exercise in 
challenging condition improve abdominal muscle 
activation (33). In our study, the static group 

performed two plank exercises on the Bosu ball 
and TRX which could increase the demand on 
abdominal muscles. 

The second hypothesis of the study was that 
dynamic plank exercise would be better than static 
plank for decreasing IRD; however, our findings 
did not support this hypothesis. IRD did not differ 
significantly between the dynamic and static plank 
groups. It should be noted that the percentage of 
change and effect size for the dynamic group was 
more than the static group (10.33% vs 5.51%, 0.55 
vs 0.28, respectively). The index of effect size based 
on Cohen d shows a moderate and small effect 
for the dynamic and static groups in decreasing 
IRD respectively; thus, if we consider practical 
significance compared with statistical significance, 
it seems that dynamic plank was more effective 
than static plank. It has been demonstrated that 
additional limb movement and incorporating 
perturbation to trunk and lower extremities 
improve abdominal muscles activation during 
plank exercise (34). Kim and colleagues showed 
that adding bilateral and unilateral hip adduction 
during plank would significantly increase all 
abdominal muscle activity in contrast with usual 
plank exercise (35). Yoon and co-workers stated 
that incorporating hip adduction and abduction 
during bridge exercise, in comparison with the 
bridge exercise alone, induced significantly more 
activity in the rectus abdominis, internal oblique 
and multifidus muscles (36). One explanation is 
that adding limb movement outer base of support 
would destabilize the trunk and could increase 
contralateral abdominal muscle activation to keep 
neutral condition of trunk (37). In our study, the 
dynamic group added hip flexion, abduction and 

Table 3: Paired t-test for difference in IRD within groups
Group Pre-test Post-test P %change ES

Mean (mm) ±SD Mean(mm) ±SD
Control 30.00±5.08 29.50±4.38 0.213 1.60 0.10
Static plank 29.00±5.62 27.40±5.70 0.001* 5.51 0.28
Dynamic plank 30.10±6.08 27.00±5.19 0.001* 10.33 0.55
*Indicates significant deference from pre to post in IRD. IRD: Inter-Rectus Distance; SD; Standard Deviation; ES; Effect size; mm: 
Millimeter

Table 4: Pairwise comparison of IRD in three groups with Bonferroni post hoc test
Pairwise comparisons Mean difference P ES
Control-static 2.1 0.087 0.41
Control-dynamic 2.5 0.001* 0.52
Dynamic-isometric 0.40 0.42 0.07
*Indicates significant difference between dynamic and control group at posttest. IRD: Inter-rectus distance; ES: Effect size
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rotation movements during plank exercise which 
could result in greater activity in abdominal 
muscles and more decrease in IRD compared with 
static plank exercise. 

4.1. Limitations

There were some limitations in our study. It 
is difficult to generalize the results to a larger 
population because of our small sample size. The 
exercise program was performed in short duration 
and future studies could examine the effect of long-
term exercise program (more than 10 weeks) on 
IRD. The absence of pre-pregnancy measurement 
of IRD influences the interpretation of the results. 
Psychological factors, such as self-confidence, may 
influence the ability of women to perform exercise.

5. Conclusion

According to our results, it seems that both 
types of plank exercise (static and dynamic) 
reduce IRD in postpartum women. No significant 
difference was seen between the effectiveness of 
static and dynamic plank exercise in decreasing 
IRD. However, based on the percentage of change 
and effect size index, it seems that dynamic plank 
with incorporating some additional movements 
such as hip adduction, abduction and rotation 
could result in greater reduction in IRD compared 
with static plank exercise. 
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