
407

Copyright © 2024 Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license(https://creativecommons.org/licenses/by-nc/4.0/).
Noncommercial uses of the work  are permitted, provided the original work is properly cited.

Review Article

A Multidimensional Investigation of Diastasis Recti 
Abdominis Treatment and Assessment in Postpartum 
Women: A Systematic Review and Meta-Analysis

Elham Soleimanzadeh1 , Hakimeh Adigozali1* , Hanieh Salehi-Pourmehr2 , Morteza Ghojazadeh2 , Fariba Ghaderi1 , Jalal Ahadi1

1. Department of Physiotherapy, Faculty of Rehabilitation Sciences, Tabriz University of Medical Sciences, Tabriz, Iran. 
2. Research Center for Evidence-Based Medicine, Faculty of Medicine, Tabriz University of Medical Sciences, Tabriz, Iran. 

* Corresponding Author: 
Hakimeh Adigozali, Assistant Professor.
Address: Department of Physiotherapy, Faculty of Rehabilitation Sciences, Tabriz University of Medical Sciences, Tabriz, Iran. 
Tel: +98 (938) 9974445
E-mail: adigozalih@tbzmed.ac.ir, adigozalih@gmail.com

Introduction: Diastasis recti abdominis (DRA) is prevalent among postpartum women, with 
various physiotherapy treatments utilized. Despite the effectiveness of diverse DRA treatment 
methods and the importance of evaluating its levels and methods, limited attention has been 
given to this aspect. This study comprehensively investigates DRA, examining evaluation 
levels and methods, and assessing the efficacy of diverse physiotherapy interventions.

Materials and Methods: Online search was conducted in Cochrane, ProQuest, PubMed, 
Embase, Scopus, Web of Science, Google Scholar, and Magiran databases until the end 
of 2022, employing the population, intervention, comparison, and outcome framework 
(population = DRA, intervention = physiotherapy, comparison = control, and outcome = inter-
rectus-distance [IRD]). The JBI checklist and Cochrane Collaboration RoB 2.0 tool evaluated 
critical appraisal and bias risk. Meta-analysis was performed using the RevMan software.

Results: The study included 16 articles with 650 postpartum women. The findings revealed 
no significant differences in various measurement methods (P=0.25) and levels (P=0.10). 
Combination therapy demonstrated greater effectiveness than exercise alone in reducing IRD 
(P=0.04), with tape being particularly impactful (P=0.009).

Conclusion: Although sonography evaluation of IRD above the umbilicus is recommended, 
the study highlights the limitation of diverse measurement methods and levels in determining 
the optimal physiotherapy intervention. Despite the preference for combined interventions, 
especially tape alongside exercise for women with DRA, further research is essential due to 
limited evidence, aiming to provide greater insights into this issue.
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Introduction

iastasis recti abdominis (DRA) is defined 
as the separation of two bellies of the rec-
tus abdominis muscle (RAM) along the 
linea alba. This disorder is prevalent in 
pregnant women due to the effect of hor-

mones on connective tissues and biomechanical changes 
in pregnancy [1]. Some conditions, such as maternal age, 
frequent deliveries, maternal weight gain, overweight in-
fants, multiple pregnancies, and cesarean section can in-
crease the risk of DRA [2]. The prevalence of DRA in the 
last trimester of pregnancy and 12 months after delivery 
was reported to be 66% to 100% and above 36%, respec-
tively [1]. DRA can lead to a range of consequences dur-
ing and after pregnancy including back and pelvic pain, 
decreased strength and endurance of abdominal muscles, 
urinary and fecal incontinence, pelvic organ prolapses, 
and decreased quality of life [3-6]. 

There is a significant negative relationship between 
the strength of abdominal muscles and the presence of 
DRA in postpartum women [7, 8]. Strengthening the ab-
dominal muscles is likely to affect DRA and its conse-
quences, such as low back pain [9]. Various exercises in 
physiotherapy are usually prescribed to patients for this 
purpose. In addition to exercise therapy, other interven-
tions, such as tape, corsets, and neuromuscular electrical 
stimulation (NMES) may be effective in accelerating the 
healing process [10]. Combining exercise with other in-
terventions may likely cause higher intensities of force 
on abdominal muscles and lead to better results in im-
proving DRA. Furthermore, in some cases, the patient 
may not be able to do exercise and adjunct interventions 
are demanded. 

To evaluate DRA, the inter rectus distance (IRD) in-
dex is used, which is the distance between the two bulks 
of the RAM. There are various methods to evaluate the 
severity of these disorders. Clinical methods, such as 
finger width (FW), caliper, and imaging methods includ-
ing sonography, computed tomography-scan, and mag-
netic resonance imaging are used to measure IRD [11]. 
Among these methods, sonography and caliper have 
good to excellent reliability in IRD measurement [12]. 
However, even though sonography has no side effects, 
this method is time-consuming, depends on the operator, 
and interpreting its results requires skill [11]. On the oth-
er hand, other clinical methods like employing a caliper 
are cheap and easy to use [11]. So far, these two methods 
have not been compared to evaluate the extent of IRD 
changes after treatment. Diverse measurement methods 
may lead to differences in the study results and confu-

sion among therapists. In addition to the measurement 
method, the measurement site is also an important factor 
in the interpretation of the results. In the previous stud-
ies, IRD was measured above, below, and at the level of 
the umbilicus [13]. However, in most studies, the level 
of above umbilicus has been used; however, the amount 
of improvement at different levels is still unclear. Ac-
cording to different amounts of IRD along the linea alba, 
it may not be correct to compare the results of studies 
without considering the evaluation levels. Therefore, the 
comparison of different levels shows therapists which 
level is more responsive for treatment, helping them 
choose the best level for the assessment of IRD.

In 2023, a systematic review study was conducted by 
Weingerl et al. to determine the best conservative treat-
ment of DRA [14]. According to the study, tape causes 
a significant reduction in IRD. Also, combining NMES 
with exercise has beneficial effects in reducing IRD and 
there are conflicting results regarding the effects of the 
corset or abdominal belt. In the study, it has been men-
tioned that using different measurement methods and 
sites is the limitation in determining the best conjunct 
intervention in these patients. Although there are review 
studies about combination therapy in women with DRA 
[14, 15], the results concerning which intervention in 
physiotherapy can lead to improving this disease are still 
unknown, and it seems necessary to perform a new re-
view study in this field to clarify the treatment strategy 
in patients considering measurement method and assess-
ment location.

Accordingly, an ideal and specific physiotherapy treat-
ment protocol for postpartum women with DRA has not 
been provided, and some aspects of the treatment of these 
patients have not been assessed yet. Therefore, this sys-
tematic review study aimed at a multidimensional inves-
tigation of DRA, including the comparison of different 
measurement methods and levels, and the comparison of 
different types of physiotherapy interventions, as well as 
the effects of physiotherapy on secondary complications 
of this disease in postpartum women.

Materials and Methods

This systematic review with meta-analysis adhered to 
the guidelines outlined in the Cochrane Collaboration 
Handbook and the preferred reporting items for system-
atic reviews and meta-analysis statements. Approval for 
this study was obtained from the Ethics Committee of 
Tabriz University of Medical Sciences. The study pro-
tocol was registered in the PROSPERO database and 
assigned the registration number CRD42022382998. 
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The protocol has also been published [16]. The litera-
ture search encompassed electronic databases, including 
Cochrane, ProQuest, PubMed, Embase, Scopus, Web of 
Science, Google Scholar, and Magiran, covering clini-
cal trial studies in this domain until the conclusion of 
2022. Additionally, a manual search of references and 
related studies was conducted to ensure comprehensive 
coverage.

Search strategy

The search strategy based on the population, interven-
tion, comparison, and outcome framework with MeSH 
and entry keywords included the following items:

“Diastasis recti” OR “Diastasis recti abdominis” OR 
“Rectus diastasis” OR “Pregnancy” OR “Postnatal 
women” AND “Exercise Therapy” OR “Abdominal 
Exercises” OR “Transverse Exercises” OR “Core stabil-
ity exercises” OR “Pelvic floor exercises” OR “Noble 
technique” OR “Strength training” OR “Resistance 
training” OR “Endurance training” OR “Physiotherapy” 
OR “Rehabilitation” AND “Taping” OR “Neuromus-
cular electrical stimulation” OR “Manual therapy” OR 
“Postural training” OR “Physical activity” OR “Splint” 
OR “Corset” OR “Brace” OR “Adjunct intervention” 
AND “Diastasis recti width” OR “Inter rectus distance” 
OR “Pelvic floor dysfunction” OR “Quality of life” 
OR “Pain” OR “Caliper” OR “Ultrasonography” OR 
“Sonography” OR “Magnetic resonance imaging “ OR 
“Finger width” OR “CT-scan.”

Study selection

This systematic review specifically focused on ran-
domized controlled trial (RCT) studies assessing the 
impact of physiotherapy on diastasis recti abdominis 
(DRA). RCTs were chosen due to their elevated position 
in the evidence pyramid. The study population com-
prised women with DRA, and inclusion criteria encom-
passed studies incorporating at least one physiotherapy 
intervention within the study groups. Meanwhile, the 
exclusion criteria comprised studies involving cadavers 
and non-human subjects, those solely involving male 
participants, and studies lacking full-text availability in 
English or Persian.

To ensure rigor, a meticulous process was followed. 
Initially, duplicate studies were removed, and the re-
maining articles underwent a two-stage review. The first 
and second evaluators independently assessed titles and 
abstracts, followed by a comprehensive review of full 
texts for eligibility. Any uncertainties were clarified by 

contacting the respective article authors. Discrepancies 
between evaluators were resolved through discussion, 
resulting in the final selection of studies. Furthermore, 
the references of the chosen studies were scrutinized to 
identify and include pertinent studies in the analysis

Data extraction and quality assessment

The data from the included studies, such as sample 
size, intervention type, duration of intervention, IRD 
measurement method and level, outcome measurements 
such as IRD, pain, pelvic floor disability index (PFDI), 
Oswestry disability index (ODI), abdominal muscle’s 
function and quality of life, and results were extracted 
(Table 1).

The quality of the selected studies was obtained using the 
JBI evaluation checklist for RCT studies in two stages by the 
first and second evaluators to prevent the risk of bias. Dis-
agreements were resolved through discussion. Studies with 
less than 50% of positive answers were considered low qual-
ity. Meanwhile, 50% to 75% of positive answers were me-
dium quality, and above 75% of positive answers had high 
quality [17]. After the quality assessment conclusion, the ar-
ticles with a minimum score of 6 out of 12 were included in 
this study1. The JBI checklist has been approved by the JBI 
International Scientific Committee and is a reliable tool (kap-
pa = 0.713 between evaluators) to assess the methodological 
quality of studies [18]. In the JBI checklist, various items, 
such as using the correct randomization method, allocation 
concealment, baseline similar groups, participants, deliver-
ing treatment and assessor blinding, receiving the same basic 
intervention, completing the follow-up, intentions to treat, 
same measurement method in treatment groups, reliable 
measurement method, appropriate statistical analysis, and 
parallel groups are checked. The risk of bias was assessed by 
two independent reviewers using the revised Cochrane Col-
laboration Risk of Bias 2.0 tool [19]. This tool evaluates six 
domains, including sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of out-
come assessment, incomplete outcome data, selective report-
ing, and other types of bias. In this checklist, a high risk was 
considered when the analyzed studies showed a high risk of 
bias in at least one domain or had some concerns for mul-
tiple domains; uncertain risk was considered for studies with 
some concerns in at least one domain, but not at high risk of 
bias for any domain. A low risk was considered when stud-
ies showed a low risk of bias for all domains. After selecting 
the final studies, the preferred reporting items for systematic 
reviews and meta-analysis diagrams were drawn.

1. The JBI checklist consists of 13 questions; the fifth question was not ap-
plicable in this study and the final score was calculated from 12.
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Table 1. Study characteristics

Author/ 
Year Sa

m
pl

e 
Si

ze Age (y)

Q
ua

lit
y

Sc
or

e

Outcomes 

●Measurement 
Method

●Measurement 
Level (cm)

Intervention Duration Results
IRD (mm)

El-Kosery 
et al.,

2007 [23]

G1=10
G2=10
G3=10

20-28 6/12 P= IRD
S= -

● Caliper
● +4.5 U

G1: Static abdominal 
exercise, trunk curl up, 

posterior pelvic tilt, 
SLR, tupler technique;
G2: NMES (faradic for 
abdominal muscles, 

frequency: 50-100 Hz, 
30 min);

G3: G1+ G2 interven-
tions

3 × week
10 rep.
8 weeks

G1=-19.43
G2=-16.3
G3=-21.2

El-Me-
kawy et 

al.,
2013 [24]

G1=15
G2=15 25-35 6/12

P= IRD
S= Abd 
power

● Caliper
● Above U

G1: Abdominal corset;
G2: Static abdominal 

exercise, posterior 
pelvic tilt, trunk twist, 
reverse trunk twist, 

reverse sit-up

3 × week
20 rep.
6 weeks

G1=-5.6
G2=-10.50

Walton et 
al.,

2016 [32]

G1=5
G2=4 32.88 9/12 P= IRD

S= ODI, PFDI

● Caliper/Sonog-
raphy
● At U

G1: Core stability (pos-
terior pelvic tilt, kegel) 

+ plank exercise;
G2: Core stability (pos-
terior pelvic tilt, kegel) 

+ crunch exercise

3 × week
3 sets

10 rep.
6 weeks

G1=-1.17
G2=-4.34

Kamel & 
Yousif,

2017 [34]

G1=30
G2=30 29±3 11/12

S= IRD
P= Abd 

strength, 
power

● Sonography
● Above U

G1: Reverse trunk 
twist, sit up, reverse sit 
up, U-seat + NMES (for 
RAM, frequency: 80 Hz, 
duration: 0.1-0.5μs, on/

off: 5/10, 30 min)
G2: Reverse trunk 

twist, sit up, reverse sit 
up, U-seat

3 × week
20 rep.

 8 weeks

G1=-1.43
G2=-0.73

Izadi et 
al.,

2018 [21]

G1=16
G2=16 18-45 10/12 P= IRD

S= -
● Sonography
● +2 U/ -2 U

G1: Oblique abdominal 
muscles exercise

G2: No intervention

7 × week
20 rep.
6 weeks

G1=-7
G2=0

Tuttle et 
al.,

2018 [30]

G1=10
G2=8
G3=5
G4=7

32.03± 
4.33 10/12 P= IRD

S= PFDI
● Sonography

● +4.5 U

G1: TrA exercise
G2: Tape (4-7 × week 
X pattern above and 

below U)
G3: TrA exercise + tape

G4: No intervention

4-5 × week
12 weeks

G1=-9.4
G2=-1.9
G3=-8.8
G4=-3.9

Bobowik 
& Dabek,
2018 [26]

G1=20
G2=20 20-45 8/12 P= IRD

S= -
● FW

● -

G1: Positioning, head 
lifting

lower limb flexion and 
extension, 1 week tape

G2: No intervention

1 × daily
6 weeks

G1=-1.865
G2=-2.876

Gluppe et 
al.,

2018 [35]

G1=87
G2=88 29.8±1.4 10/12

P= presence 
of DRA

S= -

● FW
● +4.5 U/at U/ 

-4.5 U

G1: Pelvic floor muscles 
exercise, abdominal 

exercises, plank, sit up, 
straight sit up

G2: No intervention

1 × week
4 months

G1= (n=-10)
G2= (n=-9)

Keshwani 
et al.,

2019 [29]

G1=8
G2=8
G3=8
G4=8

18-35 10/12

P= IRD
S= PFDI, ODI,
abd strength, 

endurance

● Sonography
● +5 U/+3 U/ 

-3 U

G1: TrA exercise, bent 
knee leg lift in crook 
lying, eccentric trunk 

flexion, and progressive 
side plank exercise

G2: Abdominal corset 
(continuous)

G3: Exercises of G1+ 
abdominal corset 

G4: No intervention

1 × week
12 weeks

G1=-5.90
G2=-9.2
G3=-8.1

G4=-10.1
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Author/ 
Year Sa

m
pl

e 
Si

ze Age (y)

Q
ua

lit
y

Sc
or

e

Outcomes 

●Measurement 
Method

●Measurement 
Level (cm)

Intervention Duration Results
IRD (mm)

Thabet & 
Alshehri,
2019 [31]

G1=20
G2=20 23-33 10/12 P= IRD

S= HRQL
● Caliper
● +4.5 U

G1: Core exercise 
(abdominal bracing, 
plank, pelvic floor, 
diaphragmatic and 

isometric abdominal 
exercises) + traditional 

abdominal exercise 
(static abdominal 

contraction, posterior 
pelvic tilt, reverse sit 

up, trunk twist, reverse 
trunk twist)

G2: Traditional abdomi-
nal exercise

3 × week
8 weeks

G1=-8.30
G2=-4.85

Dave & 
AratiMa-
hishale,

2019 [36]

G1=15
G2=15 25-40 9/12 P= IRD

S= MMT

● Caliper/FW
● +2.5 U/at U/ 

-2.5 U

G1: Static abdomi-
nal exercise, head 

lifting, bridging, SLR, 
superman exercise + 

abdominal corset
G2: Static abdominal 
exercise, head lifting, 
bridging, SLR, super-

man exercise

4-5 × week
2-3 sets
8-12 rep
4 weeks

G1=-5.75
G2=-3.16

Yalfani et 
al.,

2019 [42]

G1=12
G2=12 20-40 10/12 P= IRD

S= VAS, ODI
● Caliper

● -4 U

G1: Drawing in, kegel, 
plank, crunch, dog bird, 

balance
G2: No intervention

3 × week
8 weeks

G1=-22.63
G2=-2.89

Mohamed 
et al.,

2020 [27]

G1=20
G2=20

28.47± 
2.12 10/12 P= IRD

S= -

● Sonography
● Above U/ 

below U

G1: Static abdominal, 
crunch, bridging

pelvic floor and oblique 
abdominal muscles 

exercise
G2: Exercises of G1 
+ tape (3 × week on 

cesarean section, RAM, 
and external oblique 

muscles,)

2 × week
3 sets

3-15 rep
8 weeks

G1=-1.40
G2=-4.5

Saleem et 
al.,

2021 [33]

G1=20
G2=20 30±4.15 11/12 P= IRD

S= ODI

● Caliper/ FW
● +4.5U/+2 U/ 

at U
-2 U/ -4.5 U

G1: Abdominal crunch 
+ kegel, gluteal exer-

cise, back strengthen-
ing

G2: Double SLR + kegel, 
gluteal exercise, back 

strengthening

3 × week
6 weeks

G1=-4.06
G2=-1.20

Awad et 
al.,

2021 [28]

G1=25
G2=25 23-35 11/12 P= IRD

S= -
● Sonography

● +4.5 U/ -4.5 U

G1: Progressive prone 
plank exercise + ab-

dominal corset, advice 
to the patient

G2: Abdominal corset, 
advice to the patient

3 × week
8 weeks

G1=-8.85
G2=-3.53

Lafram-
boise et 

al.,
2021 [25]

8 35.6±3.2 7/12 P= IRD
S= -

● Caliper
● +2 (inch) U/ 

at U/
-2 (inch) U

G1: Core exercise 
(bridging, plank, dead 
bug,), breathing, and 
awareness training
G2: No intervention

3 × week
12 weeks

G1=-4.30
G2=+0.2

Abbreviations: G: Group; P: Primary; S: Secondary; IRD: Inter rectus distance; U: Umbilicus; NMES: Neuromuscular electrical 
stimulation; rep: Repetition; ODI: Oswestry disability index; PFDI: Pelvic floor disability inventory; TrA: Transverse abdomi-
nis; FW: Finger width; DRA: Diastasis rectus abdominis; n: Number; VAS: Visual analog scale; HRQL: Health-related quality 
of life; MMT: Manual muscle testing; SLR: Straight leg rising; Abd: Abdominal.
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Statistical analysis

A statistical meta-analysis was conducted for stud-
ies employing similar interventions and outcomes, us-
ing Review Manager (RevMan) 5.4 statistical software 
(Cochrane Collaboration, London, UK). The mean dif-
ference between the two groups served as the effect size 
and was presented with 95% confidence intervals (CI) in 
the forest plot. Heterogeneity between studies was ex-
amined using the I2 index, with values exceeding 50% 
indicating heterogeneity. The random-effects model was 
applied in cases of heterogeneity, while the fixed-effects 
model was used for homogeneous studies. Publication 
bias was assessed through a funnel plot, and a signifi-
cance level of <0.05 was considered.

The meta-analysis specifically focused on studies in-
corporating exercise therapy alone in at least one trial 
arm. Comparisons were made between exercise therapy 
alone and exercise therapy combined with adjunct in-
terventions. Subgroups were defined based on the type 
of adjunct interventions. Additionally, a meta-analysis 
was conducted for the comparison between the effects 
of exercise therapy and non-intervention on IRD, with 
subgroups based on the measurement method. Within-
group meta-analysis was employed to investigate the ef-
fect of the measurement level in this study. Furthermore, 
a within-group meta-analysis was conducted to assess 
the impact of exercise therapy on ODI.

Results

Search results

The initial database search yielded 4152 studies, and 
after eliminating duplicates, the number was reduced to 
2896. An additional 5 relevant articles were identified 
through manual searches, bringing the final number of 
articles from both manual and electronic searches to 
2901. Upon scrutinizing titles and abstracts, 2884 stud-
ies were excluded from further consideration. Subse-
quently, 17 studies, comprising 15 in English and 2 in 
Persian, met all the inclusion criteria. Following a thor-
ough examination of the full-text articles, one study was 
excluded due to a low-quality score [20]. Consequently, 
the final analysis included 16 articles, with 14 in English 
and 2 in Persian authored by Izadi and Yalfani [21, 22]
(Figure 1). 

Quality assessment

The quality score of the selected studies assessed by the 
JBI checklist and the score of articles have been reported 

in Table 1. Four studies had moderate methodological 
quality [23-26], and other studies had high methodologi-
cal quality based on the JBI checklist [21, 22, 27-36]. 
The risk of bias in studies included in the meta-analysis 
is shown in Figure 1 and Figure 2. According to the find-
ings, the studies were characterized by a high risk of 
bias, with the color coding indicating a high risk as red 
(-), an unclear risk as yellow (?), and a low risk as green 
(+). Importantly, there were no discrepancies among as-
sessors in making these determinations.

Characteristics of the studies

Sixteen articles, totaling 650 postpartum women, were 
from 2007 to 2021. The age range of patients in the stud-
ies varied from 20 to 45 years. The type of delivery was 
vaginal in 7 studies [22-24, 28, 29, 34, 35], cesarean in 1 
study [27], cesarean and vaginal in 3 studies [32, 33, 36], 
and unknown in 5 studies [21, 25, 26, 30, 31]. The partici-
pants’ parity was 1 in 4 studies [24, 27, 29, 35], 1-3 in 7 
studies [21-23, 25, 30, 34, 36], and unknown in 5 studies 
[26, 28, 31-33]. The primary outcome in all studies ex-
cept that of Gluppe et al.’s study was IRD. In Gluppe et 
al.’s study, the prevalence of DRA has been reported [35]. 
The ODI was assessed in 3 studies [22, 32, 33], pain in 4 
studies [22, 30, 32, 33], abdominal muscle strength in 2 
[29, 36], endurance in 1 [29], and power in 2 studies [24, 
34], pelvic floor dysfunction based on PFDI in 2 studies 
[30, 31], and quality of life in 2 studies [31, 32]. The start 
time of intervention was varied in different studies, but in 
all studies it was postpartum. The measurement method 
was FW in 2 studies, caliper in 5 studies, sonography in 
6 studies, caliper and FW in 2 studies, and caliper and 
sonography in 1 study (Table 1). The applied interven-
tion was one of the types of abdominal, pelvic floor, or 
core stability exercises, as well as interventions such as 
NMES, tape, and corset (Table 1). The duration of the in-
tervention varied between 4 to 12 weeks. The data from 
the selected studies are summarized in Table 1.

Data synthesis and analysis

To maintain homogeneity for meta-analysis and con-
sider exercise therapy as a primary intervention for these 
patients, only studies incorporating exercise therapy alone 
in one of the study groups were included. The study by 
Gluppe et al. [35] was excluded from the meta-analysis 
due to the absence of IRD evaluation. Additionally, the 
studies by Awad et al. [28] and Bobowik and Dabek [26] 
were not included in the meta-analysis as they lacked an 
exercise therapy alone group. Gluppe et al.’s study demon-
strated a significant decrease in the number of patients af-
ter treatment (60%); however, the difference between the 
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intervention and non-intervention groups after treatment 
was not statistically significant [35]. Awad et al.’s study 
indicated that exercise therapy with a corset significantly 
reduced IRD compared to using a corset alone (P=0.001) 
[26]. Bobowik and Dabek’s study also showed that the 
combination of exercise therapy and tape significantly re-
duced IRD compared to non-intervention (P<0.001) [26]. 
In all meta-analyses conducted in this study, there was sig-
nificant heterogeneity between studies (P<0.05), leading 
to the utilization of the random-effects model.

Differences among measurement methods of in-
ter rectus distance following physiotherapy

Five studies were included in this analysis and the exer-
cise therapy group was compared with the control (non-
intervention) group. The forest plot is shown in Figure 2. 
Based on the random effects model, the mean of IRD in 
the exercise group was 6.95 mm lower than the control 
group (no intervention), implying that it was statistically 
significant (mean deviation [MD]=-6.95 mm; 95% CI, 
-13.98 to 0.07; Z=1.94; P=0.05).

In the sonography subgroup decrease in IRD was ob-
served (MD=-3.89 mm; 95% CI, -9.14 to 1.36). This 
decrease was more in the caliper subgroup (MD=-13.04 
mm; 95% CI, -27.87 to 1.79). There was no significant 
difference between the sonography and caliper sub-
groups (χ2=1.30, df=1; P=0.25, I2=23.0%).

Differences among measurement levels of inter 
rectus distance following physiotherapy

Six studies were included in this meta-analysis [21, 
25, 27, 30, 32, 34]. The studies were divided into three 
subgroups, each including three studies. In the above, 
below, and level of the umbilicus, IRD was decreased 
significantly after treatment (MD=-3.66 mm; 95% CI, 
-5.25 to -2.07; Z=4.52; P˂0.00001).

The highest decrease was observed above the umbilicus 
(MD=-5.03 mm; 95% CI, -9.85 to -0.21), and the lowest 
decrease was observed below the umbilicus (MD=-1.11 
mm; 95% CI, -1.39 to -0.83). The decrease in the level 
of the umbilicus was -4.05 mm (MD=-4.05 mm; 95% 
CI, -7.96 to -0.14). There was no significant difference 

Figure 1. Preferred reporting items for systematic reviews and meta-analyses diagram
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in the reduction of IRD after treatment at different levels 
(χ2=4.68; df=2; P=0.10; I2=57.3%).

The effectiveness of combination therapy (exer-
cise therapy + Neuromuscular electrical stimula-
tion/taping/corset)

In this analysis, exercise therapy was compared with 
combination therapy. The forest plot is shown in Figure 
3. After treatment, the mean of IRD in the combination 
therapy group was significantly lower than the exercise 
therapy group (MD=-1.89 mm; 95% CI, -3.69 to -0.08; 
Z=2.05; P=0.04).

In all subgroups of the corset, NMES, and tape, the 
amount of IRD in the combination group was signifi-
cantly lower than in the exercise therapy alone group. 
The more decrease was in the tape subgroup (MD=-2.91 
mm; 95% CI, -4.50 to -1.33), then the corset subgroup 
(MD=-2.55 mm; 95% CI, -5.07 to -0.02), and finally 
the NMES subgroup (MD=-0.70 mm; 95% CI, -0.87 
to -0.53). There was a significant difference between 
the corset, NMES, and tape subgroups (χ2=9.36; df=2; 
P=0.009; I2=78.6%).

The effect of physiotherapy on oswestry disabili-
ty index in postpartum women with diastasis recti 
abdominis

Three studies were included in this meta-analysis [22, 
32, 33]. Based on the random effects model, the mean of 
ODI in the exercise therapy group after treatment was 
3.25 units lower than before treatment, showing that this 

value was statistically significant (MD=-3.25; 95% CI, 
-5.93 to -0.58; Z=2.38; P=0.02).

Publication bias

The publication bias assessment was performed using 
the funnel plot (Figure 4), Begg’s, and Egger’s tests. Ac-
cording to the results, no publication bias was found by 
Egger’s and Begg’s tests (P=0.531; 95% CI, -5.83383 to 
9.49984).

 Secondary outcomes

Pain

Pain intensity was assessed in 4 studies. The results of 
the Yalfani et al. study showed that exercise therapy after 
8 weeks reduced pain intensity by 3.08 units based on 
a visual analog scale, which was statistically significant 
[22]. In the study by Saleem et al., the severity of low 
back pain was assessed based on ODI and decreased by 
3 to 5 units after treatment, which was statistically signif-
icant [33]. Also, according to Walton et al.’s study, pain 
intensity was assessed based on ODI and pain was de-
creased after treatment but the reduction was not statisti-
cally significant [32]. According to Tuttle et al.’s study, 
pain intensity was evaluated based on Roland-Morris 
disability questionnaire and pain was reduced by 1.6 
units, but the changes in this study were not statistically 
significant [30].

Figure 2. Forest plot: Differences in measurement methods of inter rectus distance in women with diastasis recti abdominis
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Abdominal muscles strength, endurance, and 
power

Muscle function was also examined in 4 studies. Ac-
cording to El-Mekawy et al.’s study, exercise therapy 
significantly increases the power of abdominal muscles 
(8.48 watts) [24]. The findings of Keshwani et al.’s study 
showed that exercise therapy increased muscle strength 
and endurance, but these changes were not statistically 
significant [29]. In the study by Dave and Arati Ma-
hishale, one unit of improvement in abdominal muscle 
strength based on manual muscle testing was seen after 

exercise therapy [36]. In the study by Kamel and Yousif, 
the average abdominal muscle power increased by about 
6 watts after exercise therapy, but the rate of the increase 
in power in the exercise-therapy group with electrical 
stimulation was 13 watts higher than in the exercise-
therapy alone group [34].

Pelvic floor dysfunctions

The effect of exercise therapy on pelvic floor dysfunc-
tions has been investigated in studies by Keshwani et al. 
[29] and Walton et al. [32]; in the study by Keshwani et 

Figure 3. Forest plot: Effectiveness of combination therapy on inter rectus distnace in women with diastasis recti abdominis

Figure 4. Funnel plot

Soleimanzadeh E, et al. Physiotherapy Treatment and Assessment of DRA. JMR. 2024; 18(4):407-420.

October 2024, Volume 18, Number 4

https://jmr.tums.ac.ir/index.php/jmr


416

al., the PFDI increased by 2.3 units [29]. Meanwhile, in 
this study, the highest amount of improvement in pel-
vic floor dysfunctions was observed in the group that 
received corsets (19.3 units). In Walton et al.’s study, no 
significant effect of exercise therapy was observed on 
urinary distress inventory (P=0.111) and pelvic organ 
prolapse distress inventory (P=0.138), but the effect of 
exercise on the colorectal anal distress inventory was 
significant in women with DRA (P=0.042) [32].

Quality of life

Quality of life was examined in studies by Walton et al. 
[32] and Thabet and Alshehri [31]. The findings of Wal-
ton et al.’s study showed that exercise therapy increased 
the quality of life of women with DRA based on ODI 
but the amount of change was not significant (P=0.383) 
[32]. The study by Thabet and Alshehri showed that core 
stability exercises combined with traditional abdominal 
exercises significantly increased quality of life (5.25 
units) based on the physical functioning scale, but tradi-
tional abdominal exercises alone did not cause a signifi-
cant change in the quality of life of women with DRA 
(0.25 units) [31].

Discussion

This systematic review study aimed at a multidimen-
sional investigation of DRA in terms of comparing dif-
ferent measurement methods and levels of IRD, and the 
effectiveness of various physiotherapy interventions in 
postpartum women with DRA.

Assessing the severity of IRD in women with DRA with 
different measurement methods and at different locations 
is one of the main limitations of studies to draw a single 
conclusion, making the task of comparing the results dif-
ficult. In this study, the effect of exercise therapy on IRD 
with the measurement method (sonography and caliper) 
subgroups was assessed  (Figure 1). The results of the 
five included studies [21, 22, 25, 29, 30], in the meta-
analysis revealed that the IRD decreased significantly af-
ter treatment and the caliper showed a further reduction 
of IRD (9.15 mm) compared to the sonography, but the 
difference between them was not significant. Previous 
studies have demonstrated that both sonography and cal-
iper have good reliability in assessing IRD [11, 12]. Al-
though there is no significant difference between the two 
methods, sonography is recommended over caliper due 
to its greater accuracy and use in all people. Sonography 
is the golden standard of IRD measurement [37] and is 
a real-time, precise, objective, and safe tool to measure 
IRD [11]. On the other hand, the caliper is dependent on 

the person’s ability to contract and may not be usable 
in obese people. Therefore, the use of sonography as a 
more accurate and objective tool is recommended. Since 
all of the studies included in this analysis had a high risk 
of bias (Figure 1), this result should be considered with 
caution. Furthermore, there was no significant difference 
in the amount of IRD after treatment among different 
levels in the patients. The highest amount of improve-
ment was observed at the above umbilicus (-5.03 mm), 
which might be related to less subcutaneous fat and more 
reliable measurements in this area [38]. The amount of 
improvement at the level of the umbilicus was -4.05 mm 
and below the umbilicus was -1.11 mm. In fact, due to 
the presence of less fat above the umbilicus, the RAM 
bulks are easier to palpate and the measurement is more 
accurate. The effect of the measurement level of IRD has 
not been investigated in previous systematic review stud-
ies. This meta-analysis was performed for the first time 
to make more confident decisions about the treatment 
protocol of these patients, but because of small sample 
size (n=6), we could not determine definite conclusions 
and it is suggested that more studies be conducted in this 
field. Nevertheless, since the observation of bulks of 
RAM is easier and measurement is more reliable at the 
level above the umbilicus, it may be better for therapists 
to perform their assessment of IRD at this level.

The results of previous studies showed that regardless 
of the type of exercise, exercise reduces IRD. During ex-
ercises, the activation of the abdominal muscles causes 
a mechanical load on the linea alba [39]. This mechani-
cal load may stimulate the formation of collagen and its 
alignment and then increase the ability of linea alba to 
transfer load in the midline and reduce the stress on it [29, 
40]. Another cause of IRD reduction can be hypertrophy 
of abdominal muscles following exercise therapy [34].

Although exercise therapy is one of the main physio-
therapy interventions in these patients, the use of other 
conservative interventions may also facilitate the treat-
ment. In this study, exercise therapy was compared with 
combination therapy (exercise therapy + adjunct inter-
vention) [23, 27, 29, 30, 34, 36]. Adjunct interventions 
included tape, corset, and NMES, and it was found that 
if exercise is combined with other non-invasive interven-
tions, it will lead to a greater reduction in IRD (MD= 
-1.89 mm). 

Additionally, in this analysis, studies were divided into 
three subgroups based on the type of second interven-
tion: Tape, NMES, and corset. The amount of improve-
ment was significant in all subgroups. The difference be-
tween the subgroups was also significant and the highest 
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rate of reduction of IRD was in the tape subgroup (-2.91 
mm), then the corset subgroup (-2.55 mm), and finally 
the NMES subgroup (-0.70 mm). The recent systematic 
review study by Weingerl et al. [14], also confirms these 
results and shows that combining exercise with tape or 
NMES has better results in patients with DRA; however, 
their study showed that there was conflicting evidence 
about the effectiveness of corsets [30]. In Weingerl et 
al.’ study, the comparison between the effectiveness of 
tape, NMES, and the corset was not performed. Adjunct 
interventions may improve muscle function and pro-
prioception, and act as a biofeedback for the transverse 
abdominis muscle. Significant improvement following 
combination intervention compared to exercise therapy 
alone may be due to higher intensities of force exerted 
on the muscles, which leads to further strengthening 
[27]. The motor units are activated by the stimulation of 
the skin receptors by the tape which affects the excit-
ability of the central nervous system [27]. The alteration 
of muscle strength by tactile input through the skin is 
widely known [27]. In addition, tape probably increases 
the recruitment of motor units and increases bioelectrical 
activity and muscle strength [27]. The use of NMES also 
increases the motor signals from the central nervous sys-
tem to muscles and causes the muscles to contract [23]. 
The corset also acts as a biofeedback and may cause co-
activation of the flexor and extensor muscles of the trunk 
thus increasing the stability of the spine [24]. Based on 
the findings of our study, using tape along with exercise 
can reduce IRD more. Due to the small number of stud-
ies (n=6), and considering that all the included studies 
were at a high risk of bias (Figure 2), this conclusion 
should be considered with caution. Further high-quality 
studies are demanded to be conducted to take into ac-
count the importance of this issue in facilitating the heal-
ing process in these patients.

The results of the present study manifested that physio-
therapy reduces low back pain, and disability, improving 
the function of abdominal muscles and quality of life in 
postpartum women with DRA, nevertheless, pelvic floor 
dysfunctions were not improved in these women.

As mentioned earlier, following the occurrence of 
DRA, the function of the abdominal muscles was dis-
rupted [3-6]. The results of the included studies showed 
that physiotherapy may improve the strength, endurance, 
and power of the abdominal muscles in women with 
DRA. Findings from a systematic review by Gluppe et 
al. also confirm that exercise therapy improves abdomi-
nal muscle strength in these patients [15]. Physiotherapy, 
especially exercise therapy, improves neuromuscular 
control and increases coordination between muscles, ac-

tivating the slow and fast fibers in the skeletal muscle, 
therefore improving muscle function [22].

According to the results of this review, the intensity of 
disability based on the ODI score significantly was re-
duced after physiotherapy. The ODI measures pain, dis-
ability, and quality of life, has good to excellent reliabil-
ity, and internal agreement [41], and has not been studied 
in previous systematic reviews of women with DRA. An 
increase in lumbopelvic stability and activation of sen-
sory inputs and nerve receptors following physiotherapy 
improves an individual’s performance in daily activities 
and reduces pain and disability, thus reducing the ODI 
score [32, 42].

Pelvic floor dysfunction may occur in these patients due 
to the disruption of synergy between abdominal muscles 
and pelvic floor muscles. Meanwhile, the findings of our 
systematic review indicate that physiotherapy has no 
significant effect on pelvic floor dysfunctions in women 
with DRA. The systematic review study by Gluppe et 
al. also confirmed this result [15]. For the treatment of 
pelvic floor dysfunctions in women with DRA, it may 
be necessary for the physiotherapy directly to focus on 
strengthening and retraining the pelvic floor muscles, 
while most studies in this review have focused on the 
abdominal muscles in these patients.

According to the findings of the present study, physio-
therapy is likely to increase the quality of life of women 
with DRA. Physiotherapy can play an effective role 
in reducing back and pelvic pain due to increasing the 
stability of these areas. Following the improvement of 
function and reduction of pain and disability, an increase 
in quality of life is expected. The systematic review of 
Benjamin et al. also showed that exercise therapy re-
sulted in a 79% physical and a 48% psychological im-
provement in the quality of life according to the 36-item 
short-form health survey questionnaire [43]. Therefore, 
physiotherapy, especially exercise therapy seems to be 
beneficial in improving the quality of life of women with 
DRA, but the type of exercise is also important. The re-
sults of some studies included in our systematic review 
show that exercises, such as plank and core stability 
exercises are more effective than traditional abdominal 
exercises in improving the quality of life [31, 32]. The 
reason for this difference is not clear properly and future 
studies need to investigate this factor.

Conclusion

Due to the high prevalence of DRA and its effect on the 
quality of life in women, it is necessary to have a specific 
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protocol for its evaluation and treatment. Although there 
was no significant difference between the different as-
sessment levels and methods of IRD, it might be better for 
therapists and researchers to use sonography as the golden 
standard of assessment, as well as the level of the above 
umbilicus as a more reliable level in the evaluation. Also, 
according to the evidence of available publications, in the 
physiotherapy of these patients, the use of adjunct interven-
tions, especially the tape along with exercise, may increase 
the recovery of postpartum women with DRA, but due to 
the high risk of bias of the included studies, these conclu-
sions should be considered with more caution. 

Study limitations

This study faced some limitations and its results should be 
used with caution. No blinding of the patient or examiner, 
small sample size, low quality, and no intention to treat in 
some of the studies were the limitations of the included stud-
ies in the present study. The heterogeneity of the studies in 
terms of the type of delivery, parity, type of exercise, and lan-
guage limitation (English and Persian studies only) makes it 
difficult to achieve a single protocol in these patients. Also, 
due to the small number of RCT studies to compare exercise 
therapy with non-intervention and combination therapy, thor-
ough conclusions cannot be drawn. Therefore, it is necessary 
to overcome these limitations in future studies.

Ethical Considerations

Compliance with ethical guidelines

This study was approved by the Ethics Committee of Ta-
briz University of Medical Sciences (Code: IR.TBZMED.
REC.1400.241).

Funding

This research received no specific grant from any fund-
ing source.

Authors' contributions

Conception and design: Elham Soleimanzadeh and 
Hakimeh Adigozali; Searching the databases: Morteza 
Ghojazadeh and Fariba Ghaderi; Study selection: Elham 
Soleimanzadeh and Hakimeh Adigozali; Data extrac-
tion: Elham Soleimanzadeh; Quality assessment: Elham 
Soleimanzadeh, Hakimeh Adigozali, and Hanieh Sale-
hi-Pourmehr; Meta-analysis: Hanieh Salehi-Pourmehr; 
Drafting of the Article: Elham Soleimanzadeh and Ha-
kimeh Adigozali; Final Approval of Article: Hakimeh 
Adigozali.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

The authors thank Tabriz University of Medical Sci-
ences for supporting the present study.

References

[1] Benjamin DR, Frawley HC, Shields N, van de Water ATM, 
Taylor NF. Relationship between diastasis of the rectus ab-
dominis muscle (DRAM) and musculoskeletal dysfunctions, 
pain and quality of life: A systematic review. Physiotherapy. 
2019; 105(1):24-34. [DOI:10.1016/j.physio.2018.07.002] [PMID]

[2] Sperstad JB, Tennfjord MK, Hilde G, Ellsrtom Engh M, 
Bo K. Diastasis recti abdominis during pregnancy and 12 
months after childbirth: Prevalence, risk factors and report 
of lumbopelvic pain. British Journal of Sports Medicine. 2016; 
50(17):1092-6. [PMID]

[3] Emanuelsson P, Gunnarsson U, Dahlstrand U, Strigard 
K, Stark B. Operative correction of abdominal rectus dia-
stasis (ARD) reduces pain and improves abdominal wall 
muscle strength: A randomized, prospective trial compar-
ing retromuscular mesh repair to double-row, self-retain-
ing sutures. Surgery. 2016; 160(5):1367-75. [DOI:10.1016/j.
surg.2016.05.035] [PMID]

[4] Zhoolideh P, Ghaderi F, Salahzadeh Z, Adigozali H, Azgha-
ni MR, Jafarabadi MA, et al. The relationship between static 
standing posture and common pelvic floor disorders. Mus-
cles, Ligaments and Tendons Journal. 2021; 11(1):77-82. [Link]

[5] Blyholder L, Chumanov E, Carr K, Heiderscheit 
B. Exercise behaviors and health conditions of run-
ners after childbirth. Sports Health. 2016; 9(1):45-51. 
[DOI:10.1177/1941738116673605] [PMID]

[6] Spitznagle TM, Leong FC, Van Dillen LR. Prevalence of dia-
stasis recti abdominis in a urogynecological patient popula-
tion. International Urogynecology Journal and Pelvic Floor 
Dysfunction. 2007; 18(3):321-8. [DOI:10.1007/s00192-006-
0143-5] [PMID]

[7] Gunnarsson U, Stark B, Dahlstrand U, Strigard K. Correla-
tion between abdominal rectus diastasis width and abdomi-
nal muscle strength. Digestive Surgery. 2015; 32(2):112-6.
[DOI:10.1159/000371859] [PMID]

[8] Liaw LJ, Hsu MJ, Liao CF, Liu MF, Hsu AT. The relationships 
between inter-recti distance measured by ultrasound imag-
ing and abdominal muscle function in postpartum women: 
A 6-month follow-up study. The Journal of Orthopaedic and 
Sports Physical Therapy. 2011; 41(6):435-43. [DOI:10.2519/
jospt.2011.3507] [PMID]

[9] Ostgaard HC, Zetherström G, Roos-Hansson E, Svanberg 
B. Reduction of back and posterior pelvic pain in pregnancy. 
Spine. 1994; 19(8):894-900. [DOI:10.1097/00007632-199404150-
00005] [PMID]

Soleimanzadeh E, et al. Physiotherapy Treatment and Assessment of DRA. JMR. 2024; 18(4):407-420.

October 2024, Volume 18, Number 4

https://jmr.tums.ac.ir/index.php/jmr
https://en.tbzmed.ac.ir/
https://en.tbzmed.ac.ir/
https://en.tbzmed.ac.ir/
https://en.tbzmed.ac.ir/
https://doi.org/10.1016/j.physio.2018.07.002
https://pubmed.ncbi.nlm.nih.gov/30217494/
https://pubmed.ncbi.nlm.nih.gov/27324871/
https://doi.org/10.1016/j.surg.2016.05.035
https://doi.org/10.1016/j.surg.2016.05.035
https://pubmed.ncbi.nlm.nih.gov/27475817/
https://www.mltj.online/the-relationship-between-static-standing-posture-and-common-pelvic-floor-disorders/
https://doi.org/10.1177/1941738116673605
https://pubmed.ncbi.nlm.nih.gov/27742879/
https://doi.org/10.1007/s00192-006-0143-5
https://doi.org/10.1007/s00192-006-0143-5
https://pubmed.ncbi.nlm.nih.gov/16868659/
https://doi.org/10.1159/000371859
https://pubmed.ncbi.nlm.nih.gov/25766128/
https://doi.org/10.2519/jospt.2011.3507
https://doi.org/10.2519/jospt.2011.3507
https://pubmed.ncbi.nlm.nih.gov/21289454/
https://doi.org/10.1097/00007632-199404150-00005
https://doi.org/10.1097/00007632-199404150-00005
https://pubmed.ncbi.nlm.nih.gov/8009346/


419

[10] Berg-Poppe P, Hauer M, Jones C, Munger M, Wethor C. Use 
of exercise in the management of postpartum diastasis recti: A 
systematic review. Journal of Women's Health Physical Ther-
apy. 2022; 46(1):35-47. [DOI:10.1097/JWH.0000000000000231] 

[11] van de Water AT, Benjamin DR. Measurement methods to 
assess diastasis of the rectus abdominis muscle (DRAM): A 
systematic review of their measurement properties and me-
ta-analytic reliability generalisation. Manual Therapy. 2016; 
21:41-53. [DOI:10.1016/j.math.2015.09.013] [PMID]

[12] Soleimanzadeh E, Adigozali H, Ghaderi F, Ghanavati T, 
Ghojazadeh M, Salehnia F. Reliability and validity of clinical 
and imaging methods in the assessment of the diastasis recti: 
A systematic review. Koomesh. 2022; 24(4):434-50. [Link]

[13] Keshwani N, Hills N, McLean L. Inter-rectus distance 
measurement using ultrasound imaging: Does the rater mat-
ter? Physiotherapy Canada. Physiotherapie Canada. 2016; 
68(3):223-9. [DOI:10.3138/ptc.2015-36] [PMID]

[14] Weingerl I, Kozinc Z, Sarabon N. The effects of conserva-
tive interventions for treating diastasis recti abdominis in 
postpartum women: A review with meta-analysis. SN Com-
prehensive Clinical Medicine. 2023; 5(1):10. [DOI:10.1007/
s42399-022-01353-4] [PMID]

[15] Gluppe S, Engh ME, Bø K. What is the evidence for abdom-
inal and pelvic floor muscle training to treat diastasis recti ab-
dominis postpartum? A systematic review with meta-analy-
sis. Brazilian Journal of Physical Therapy. 2021; 25(6):664-75. 
[DOI:10.1016/j.bjpt.2021.06.006] [PMID]

[16] Soleimanzadeh E, Adigozali H, Salehi-Pourmehr H, Gha-
navati T, Ghaderi F. Physiotherapy interventions and assess-
ment methods for diastasis recti abdominis in postpartum 
women: A systematic review protocol. Muscles, Ligaments 
and Tendons Journal. 2023; 13(3):456-62. [DOI:10.32098/
mltj.03.2023.15] 

[17] Emerito TM, Silva JAS, Furlan RMMM. Use of kinesiology 
tape for pain relief in the treatment of temporomandibular 
disorders: A systematic review with meta-analysis. Audiol-
ogy: Communication Research. 2022; 27:e2631. [Link] 

[18] Grants L, Powell B, Gessel C, Hiser F, Hassen A. Gait defi-
cits under dual-task conditions in the concussed adolescent 
and young athlete population: A systematic review. Interna-
tional Journal of Sports Physical Therapy. 2017; 12(7):1011-22. 
[DOI:10.26603/ijspt20171011] [PMID]

[19] Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, 
Page MJ, et al. Cochrane handbook for systematic reviews 
of interventions. New Jersey: John Wiley & Sons; 2019. 
[DOI:10.1002/9781119536604] 

[20] Pereira C, Sutar A, Ghodey S. To study the added effect of 
modified dynamic core stability plank exercise program on 
diastasis recti abdominis closure and pelvic floor disability :A 
pilot study. International Journal of Allied Medical Sciences 
and Clinical Research. 2018; 6(2):313-20. [Link]

[21] Izadi F, Khalkhali Zaviyeh M, Akbarzadeh Baghban A. 
[Structural response of abdominal muscles to six weeks of 
strengthening training in women with diastasis recti (Per-
sian)]. The Iranian Journal of Obstetrics, Gynecology and 
Infertility. 2018; 21(9):71-82. [DOI:10.22038/ijogi.2018.12137] 

[22] Yalfani A, Bigdeli N, Gandomi F. [Effect of isometric-iso-
tonic exercises of core stability in women with postpartum 
diastasis recti and its secondary disorders (randomized con-
trolled clinical trial) (Persian)]. Journal of Health and Care. 
2020; 22(2):123-37. [DOI:10.52547/jhc.22.2.123] 

[23] El-Kosery SM, Abd El-Aziz A, Farouk A. Abdominal mus-
cles exercise program and/or electrical stimulation in postna-
tal diastasis recti. Bulletin of Faculty of Physical TherapyCairo 
University. 2007; 12(2):237-46. [Link]

[24] El-Mekawy HS, Eldeeb AM, El-Lythy MA, El-Begawy AF, 
editors. Effect of abdominal exercises versus abdominal sup-
porting belt on post-partum abdominal efficiency and rectus 
separation. International Journal of Medical and Health Sci-
ences. 2013; 742-46. [Link]

[25] Laframboise FC, Schlaff RA, Baruth M. Postpartum exer-
cise intervention targeting diastasis recti abdominis. Interna-
tional Journal of Exercise Science. 2021; 14(3):400-9. [PMID]

[26] Bobowik PZ, Dabek A. Physiotherapy in women with dia-
stasis of the rectus abdominis muscles. Advances in Rehabili-
tation. 2018; 32(3):11-7. [DOI:10.5114/areh.2018.80964] 

[27] Mohamed H, Yousef A, Kamel HE, Oweda K, Abdel-
sameaa G. Kinesio taping and strength recovery of post-
natal abdominal muscles after cesarean section. Egyptian 
Journal of Physical Therapy. 2020; 4(1):13-9. [DOI:10.21608/
ejpt.2020.41427.1016] 

[28] Awad E, Mobark A, Zidan AA, Hamada HA, Shousha T. 
Effect of progressive prone plank exercise program on dia-
stasis of rectus abdominis muscle in postpartum women: A 
randomized controlled trial.  Journal of Human Sport and 
Exercise. 2021; 16:S395-.S403. [DOI:10.14198/jhse.2021.16.
Proc2.24] 

[29] Keshwani N, Mathur S, McLean L. The impact of exercise 
therapy and abdominal binding in the management of diasta-
sis recti abdominis in the early post-partum period: A pilot 
randomized controlled trial. Physiotherapy Theory and Prac-
tice. 2021; 37(9):1018-33. [PMID]

[30] Tuttle LJ, Fasching J, Keller A, Patel M, Saville C, Schlaff 
R, et al. Noninvasive treatment of postpartum diasta-
sis recti abdominis: A pilot study. Journal of Women's 
Health Physical Therapy. 2018; 42(2):65-75. [DOI:10.1097/
JWH.0000000000000101] 

[31] Thabet AA, Alshehri MA. Efficacy of deep core stability 
exercise program in postpartum women with diastasis recti 
abdominis: A randomized controlled trial. Journal of Muscu-
loskeletal & Neuronal Interactions. 2019; 19(1):62-8. [PMID]

[32] Walton LM, Costa A, LaVanture D, McIlrath S, Stebbins 
B. The effects of a 6 week dynamic core stability plank exer-
cise program compared to a traditional supine core stability 
strengthening program on diastasis recti abdominis closure, 
pain, oswestry disability index (ODI) and pelvic floor disabil-
ity index scores (PFDI). Physical Therapy and Rehabilitation. 
2016; 3(1):3. [Link] 

[33] Saleem Z, Khan AA, Farooqui SI, Yasmeen R, Rizvi J. Ef-
fect of exercise on inter-recti distance and associated low 
back pain among post-partum females: A randomized con-
trolled trial. Journal of Family & Reproductive Health. 2021; 
15(3):202-9. [DOI:10.18502/jfrh.v15i3.7139] [PMID]

Soleimanzadeh E, et al. Physiotherapy Treatment and Assessment of DRA. JMR. 2024; 18(4):407-420.

October 2024, Volume 18, Number 4

https://jmr.tums.ac.ir/index.php/jmr
https://doi.org/10.1097/JWH.0000000000000231
https://doi.org/10.1016/j.math.2015.09.013
https://pubmed.ncbi.nlm.nih.gov/26474542/
https://brieflands.com/articles/koomesh-152752
https://doi.org/10.3138/ptc.2015-36
https://pubmed.ncbi.nlm.nih.gov/27909371/
https://doi.org/10.1007/s42399-022-01353-4
https://doi.org/10.1007/s42399-022-01353-4
https://pubmed.ncbi.nlm.nih.gov/36466120/
https://doi.org/10.1016/j.bjpt.2021.06.006
https://pubmed.ncbi.nlm.nih.gov/34391661/
https://doi.org/10.32098/mltj.03.2023.15
https://doi.org/10.32098/mltj.03.2023.15
https://www.scielo.br/j/acr/a/ZPWRQDmCfDcfFLmjW5zcLPc/?format=pdf&lang=en
https://doi.org/10.26603/ijspt20171011
https://pubmed.ncbi.nlm.nih.gov/29234553/
https://doi.org/10.1002/9781119536604
https://ijamscr.com/ijamscr/article/view/516
https://doi.org/10.22038/ijogi.2018.12137
https://doi.org/10.52547/jhc.22.2.123
http://lib.pt.cu.edu.eg/22-Soheir%20July%202007.pdf
https://www.semanticscholar.org/paper/Effect-of-Abdominal-Exercises-versus-Abdominal-Belt-El-Mekawy-ElDeeb/0a305c723f506cdd252299859a7f4a093957d133
https://pubmed.ncbi.nlm.nih.gov/34055160/
https://doi.org/10.5114/areh.2018.80964
https://doi.org/10.21608/ejpt.2020.41427.1016
https://doi.org/10.21608/ejpt.2020.41427.1016
https://doi.org/10.14198/jhse.2021.16.Proc2.24
https://doi.org/10.14198/jhse.2021.16.Proc2.24
https://pubmed.ncbi.nlm.nih.gov/31642725/
https://doi.org/10.1097/JWH.0000000000000101
https://doi.org/10.1097/JWH.0000000000000101
https://pubmed.ncbi.nlm.nih.gov/30839304/
https://www.researchgate.net/publication/301270728_The_effects_of_a_6_week_dynamic_core_stability_plank_exercise_program_compared_to_a_traditional_supine_core_stability_strengthening_program_on_diastasis_recti_abdominis_closure_pain_oswestry_disabilit
https://doi.org/10.18502/jfrh.v15i3.7139
https://pubmed.ncbi.nlm.nih.gov/34721612/


420

[34] Kamel DM, Yousif AM. Neuromuscular electrical stimu-
lation and strength recovery of postnatal diastasis recti ab-
dominis muscles. Annals of Rehabilitation Medicine. 2017; 
41(3):465-74. [DOI:10.5535/arm.2017.41.3.465] [PMID]

[35] Gluppe SL, Hilde G, Tennfjord MK, Engh ME, Bø K. Ef-
fect of a postpartum training program on the prevalence of 
diastasis recti abdominis in postpartum primiparous wom-
en: A randomized controlled trial. Physical Therapy. 2018; 
98(4):260-8. [DOI:10.1093/ptj/pzy008] [PMID]

[36] Dave H, AratiMahishale M. Effect of structured abdominal 
exercise programme on diastasis of rectus abdominis mus-
cle in postpartum women-an experimental study. Journal of 
Sports and Physical Education. 2017; 6(3):07-15. [Link]

[37] Keshwani N, Mathur S, McLean L. Validity of inter-rectus 
distance measurement in postpartum women using extended 
field-of-view ultrasound imaging techniques. The Journal of 
Orthopaedic and Sports Physical Therapy. 2015; 45(10):808-
13. [DOI:10.2519/jospt.2015.6143] [PMID]

[38] Iwan T, Garton B, Ellis R. The reliability of measuring the 
inter-recti distance using high-resolution and low-resolution 
ultrasound imaging comparing a novice to an experienced 
sonographer. New Zealand Journal of Physiotherapy. 2014; 
42(3):154-62. [Link] 

[39] Lee D, Hodges P. Behaviour of the Linea Alba during 
a curl-up task in diastasis rectus abdominis: A new inter-
pretation with clinical implications. Physiotherapy. 2015; 
101:eS580-eS1. [Link]

[40] Buckwalter JA, Grodzinsky AJ. Loading of healing bone, 
fibrous tissue, and muscle: Implications for orthopaedic 
practice. The Journal of the American Academy of Ortho-
paedic Surgeons. 1999; 7(5):291-9. [DOI:10.5435/00124635-
199909000-00002] [PMID]

[41] Smeets R, Köke A, Lin CW, Ferreira M, Demoulin C. 
Measures of function in low back pain/disorders: Low back 
pain rating scale (LBPRS), oswestry disability index (ODI), 
progressive isoinertial lifting evaluation (PILE), quebec 
back pain disability scale (QBPDS), and roland-morris dis-
ability questionnaire (RDQ). Arthritis Care & Research. 2011; 
63(S11):S158-S73. [DOI:10.1002/acr.20542] [PMID]

[42] Yalfani A, Bigdeli N, Ahmadi MR. [Effectiveness of ab-
dominal strengthening exercises in the treatment of diastasis 
recti in postpartum period (Persian)]. The Scientific Journal of 
Rehabilitation Medicine. 2019; 8(4):280-90. [Link]

[43] Benjamin DR, van de Water AT, Peiris CL. Effects of ex-
ercise on diastasis of the rectus abdominis muscle in the an-
tenatal and postnatal periods: A systematic review. Physi-
otherapy. 2014; 100(1):1-8. [DOI:10.1016/j.physio.2013.08.005] 
[PMID]

Soleimanzadeh E, et al. Physiotherapy Treatment and Assessment of DRA. JMR. 2024; 18(4):407-420.

October 2024, Volume 18, Number 4

https://jmr.tums.ac.ir/index.php/jmr
https://doi.org/10.5535/arm.2017.41.3.465
https://pubmed.ncbi.nlm.nih.gov/28758085/
https://doi.org/10.1093/ptj/pzy008
https://pubmed.ncbi.nlm.nih.gov/29351646/
https://www.iosrjournals.org/iosr-jspe/papers/Vol-6Issue3/Series-1/B06030715.pdf
https://doi.org/10.2519/jospt.2015.6143
https://pubmed.ncbi.nlm.nih.gov/26304645/
https://nzjp.org.nz/nzjp/article/view/94
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lee+D%2C+Hodges+P.+Behaviour+of+the+Linea+Alba+during+a+curl-up+task+in+diastasis+rectus+abdominis%3A+A+new+interpretation+with+clinical+implications.+Physiotherapy.2015%3B+101%3AeS580-eS1.+&btnG=
https://doi.org/10.5435/00124635-199909000-00002
https://doi.org/10.5435/00124635-199909000-00002
https://pubmed.ncbi.nlm.nih.gov/10504356/
https://doi.org/10.1002/acr.20542
https://pubmed.ncbi.nlm.nih.gov/22588742/
https://medrehab.sbmu.ac.ir/article_1100699_249aeef4f157e79b8580fcd3684882ea.pdf
https://doi.org/10.1016/j.physio.2013.08.005
https://pubmed.ncbi.nlm.nih.gov/24268942/

