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Abstract

Introduction and hypothesis Despite exercise being the standard approach to diastasis recti abdominis (DRA) rehabilita-
tion, there is no consensus on the most effective exercise routine and adjunct modalities for reducing DRA and improving
functional parameters. The present study is aimed at investigating evidence for DRA rehabilitation in postpartum women,
as well as knowledge gaps and areas for future research.

Methods For this scoping review a systematic search was conducted in MEDLINE, AMED, CINAHL, Embase, ScienceDi-
rect, Scopus, and PEDro up to November 2022. Selection criteria included studies investigating exercise therapy interven-
tions both with and without adjunct modalities for postpartum DRA. Sample characteristics, diagnostic criteria, program
design, and outcome measures were recorded. Critical appraisal of clinical trials was performed using PEDro classification.
Results Twenty-eight studies were included: 14 clinical trials, 3 case series, and 11 observational studies. DRA exercises
that focused on deep and superficial muscles, pelvic floor muscles, respiratory maneuvers, functional exercises, or alternative
interventions (yoga, suspension training, hypopressive exercise) and adjunct modalities showed promising results in reduc-
ing the inter-recti distance and related dysfunction. However, there was great variability in diagnostic criteria and methods,
DRA severity, time post-birth, and exercise program design.

Conclusions Reviewed studies provide valuable insights into exercise therapy, but it is important to recognize their limita-
tions, as variability in diagnostic criteria, sample characteristics, and exercise program design hinder the generalizability
of the findings. Further high-quality research is needed to strengthen the evidence in this area and provide reliable recom-
mendations for clinical practice.
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Introduction

Diastasis recti abdominis (DRA) is a connective tissue
condition characterized by a separation of the two rectus
abdominis (RA) muscles along the linea alba (LA) due to
stretching and thinning. Separation is visible during an
abdominal contraction, appearing either like a bulge or
invagination through the midline of the anterior abdominal
wall [1]. DRA primarily affects women antenatally and
postpartum; prevalence varies between 66 and 100% in
the final trimester of pregnancy and up to 53% within 24
h of delivery [2, 3]. Natural resolution is reported during
the first 8 weeks postpartum, after which time spontaneous
resolution plateaus [2, 4, 5]. However, some researchers
suggest that recovery might still be ongoing at 6 months
postpartum [6], and, despite limited research, DRA is
found to be present in 36% of women at 12 months post-
natally [2, 3, 7].

Assessment and diagnosis of DRA are performed via
inter-recti distance (IRD) [5] measurement. Ultrasound
and calipers are recommended as the most reliable IRD
assessment methods [8, 9]. Currently, there is no con-
sensus about cut-off points for diagnosis, although some
researchers consider ultrasound measurements of 2.2-2.3
cm at the umbilicus level to be clinically important [5, 10].
Beer et al. [1], utilizing healthy nulliparous women, clas-
sified ultrasound-measured IRDs during rest with DRA if
>1.5 cm at the xiphoid, >2.2 cm at 3 cm above the umbili-
cus, and >1.6 cm at 2 cm below the umbilicus.

The abdominal wall plays a significant role in main-
taining posture, trunk and pelvic mobility and stability,
adequate breathing quality, and abdominal viscera support.
Stretching and thinning of the LA during gestation is a
result of connective tissue laxity and mechanical strain from
hormonal changes and greater intra-abdominal pressure [2,
11]. Abdominal bulging results from visceral protrusion
between rectus bellies, whereas abdominal invagination
results from linea alba posterior distortion. Both clinical
signs, evident in DRA, can cause significant aesthetic con-
cerns for postpartum women. Additionally, modifications in
muscle pull angles may alter body mechanics and impair the
ability of the abdominal muscle to generate force and the
ability of the fascia to transfer loads across the midline [12].
Although there is weak evidence on the effects of DRA on
trunk and pelvic dysfunctions or imbalances, some research-
ers claim that DRA-associated muscle changes may impair
abdominal muscle strength, modify breathing patterns, and
lead to low back or pelvic girdle pain, or other pelvic floor
disorders [10, 13-16].

According to the latest guidelines, DRA management
should be primarily conservative, and physiotherapy is
the gold standard approach [17]. Surgical intervention,
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involving the reduction of the IRD through plication of
the linea alba and anterior rectus sheath with or without
a mesh, is typically reserved for severe cases where con-
servative treatment fails, no further reduction is achieved,
or a concomitant symptomatic hernia is present [17, 18].
However, owing to surgical complications and the poten-
tial recurrence of DRA with subsequent pregnancies, a
conservative approach is generally recommended for at
least 6 months [17]. However, although rehabilitation
focusing on various exercises, including pelvic floor mus-
cle (PFM) exercises, transversus abdominis (TrA) exer-
cises, hypopressive abdominal training [19-22], etc., is
promising [21, 23], most studies are of low methodologi-
cal quality [24] and present great heterogeneity regarding
DRA severity, IRD measurement methods, cut-off points,
etc., thus indicating no consensus on a standardized reha-
bilitation protocol [24, 25]. Given the above limitations,
a scoping review was conducted to systematically map
research on therapeutic exercise and adjunct modalities
for DRA postpartum, with the objective of qualitatively
synthesizing their findings and comparing their designs.
The scoping review was aimed at addressing the following
research questions:

1. What are the current exercise interventions and adjunct
modalities utilized for DRA rehabilitation in postpartum
women?

2. What is the impact of exercise therapy and adjunct
modalities on IRD reduction and related functional out-
comes in postpartum women with DRA?

3. What are the existing knowledge gaps and limitations in
the current literature on DRA rehabilitation practices for
postpartum women?

Materials and Methods

This scoping review was designed according to the Joanna
Briggs Institute Updated Guidelines of 2020 [26] and
also follows the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses—Scoping Review (PRISMA-
ScR) reporting guidelines [27, 28] (http://www.prisma-
statement.org/Extensions/ScopingReviews). The study
protocol was registered with OSF-Standard Pre-Data Col-
lection Registration on Open Science Framework (OSF)
(https://osf.io/hm2t4/?view_only=6f11dfcdfOee4e428520
81a6e49f9616). An electronic search was conducted
between March and November 2022 on databases such as
MEDLINE, CINAHL, Embase, ScienceDirect, Scopus,
and PEDro, for studies that satisfied the inclusion crite-
ria. Keywords were based on the Population, Concept, and
Context (PCC) framework and included the terms "DRA"
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or "diastasis recti" or "rectus abdominis diastasis" or "recti
divarication" and "postpartum women" or "parous women"
and "physiotherapy" or "physical therapy" or "exercise"
or "training" or "rehabilitation." Boolean logic (AND,
OR, and NOT) was employed to generate combinations of
search strings. The final search strategy for MEDLINE can
be found in Appendix 1.

Eligibility criteria included experimental studies (rand-
omized controlled trials [RCTs], controlled clinical trials
[CCTs], case series) or observational/descriptive studies
(cohorts, case—control, cross-sectional, longitudinal, pro-
spective studies) containing the above terms, articles pub-
lished in English and in full-text, without any limitations
regarding publication date. Exclusion criteria were single-
case studies, reviews, and clinical commentaries, studies
in which none of the study groups entailed exercise inter-
ventions, observational studies restricted solely to healthy
nulliparous subjects, and studies proposing finger-widths
or tape measures as IRD outcomes. Results were scanned
manually, and articles not complying with the above crite-
ria were excluded.

To increase consistency, all three reviewers participat-
ing in the study selection and data extraction studied the
PRISMA-ScR guidelines, agreed to the aforementioned
screening and data extraction method, and reviewed the
articles. Disagreements regarding study selection and data
extraction were resolved by consensus and subsequent
discussion amongst reviewers. Two reviewers developed
a data-charting form and independently charted data, dis-
cussed results, and modified data-charting accordingly.
Data were charted according to study design, and sample
characteristics, interventions, and outcomes were tabulated.
Summarized data are presented in Appendix 2. Data were
interpreted and summarized by the three reviewers.

Critical appraisal of RCTs was attained by PEDro clas-
sification for clinical trials. The two assigned reviewers inde-
pendently assessed and scored each scale’s item, considering
that total PEDro scores of 0-3 are considered “poor,” 4-5
“fair,” 6-8 “good,” and 9—-10 “excellent.” Disagreements
between the reviewers were settled with the help of a third
reviewer when necessary.

This scoping review was exempt from institutional review
board approval as it did not involve primary data collection
or human subjects. This study is part of a broader research
project approved by the Research Ethics Committee of the
University of Patras, with internal code 16192.

Results

The database search identified 454 records. After remov-
ing duplicates, 330 articles were eligible for screening.
Title and abstract screening removed another 255 records,

leaving 75 articles for full-text review. Four reports were
unavailable in full-text, and of the remaining 71, a total
of 43 were excluded (Fig. 1). Finally, 28 full-text articles
met the inclusion criteria: 14 clinical trials (13 RCTs, 1
CCT), 3 case series, and 11 observational/descriptive stud-
ies (cohorts, case—control, cross-sectional, longitudinal,
and prospective studies).

The reviewed studies had varying sample sizes (3—129)
and used different cut-off points for DRA diagnosis, such
as 2.0 cm [29-32], 2.2 cm [12], or 2.5 cm [33-37] above
the umbilicus during rest, and 1.5-3.0 cm above the umbil-
icus during a head-lift or curl-up [38—40]. Three studies
proposed cut-offs of two finger-widths at the umbilicus [21]
or anywhere in the midline [23, 41] during a head-lift and
subsequently assessed with ultrasound, whereas 12 studies
did not use any cut-off points [22, 37, 42-51]. Addition-
ally, IRDs varied broadly across studies (Fig. 2). Although
most samples had ultrasound-measured [12, 21-23, 30-34,
36,37, 41, 43, 46-51] or caliper-measured [29, 35, 38—40,
42-45, 521 IRDs between 2.5 and 5 cm, two studies [43,
47] encompassed IRDs <2.5 cm, whereas one case series
[52] included women with IRDs >7 cm. However, 7 stud-
ies [21, 23, 32, 34, 37, 45, 48] included postpartum women
with combined normal and borderline IRD, according to
established classification systems [1].

In clinical trials, the IRD was assessed under various
conditions, including rest [23, 33, 37, 47, 48], head-lift
[35, 38, 52], curl-up maneuver [29, 39, 40, 42-44], or
combinations [21, 45, 46]. Observational studies also uti-
lized combinations of rest and head-lift/curl-up maneu-
vers [30, 32, 49] with additional conditions, such as TrA
[12, 50, 51] and PFM contractions [31, 36], sit-ups [38],
leg raise or side planks [41], and abdominal hypopres-
sive exercises (AHEs) [22]. One study [34] provided no
information about the position/condition of patients dur-
ing the assessment.

Time postpartum varied broadly (Fig. 3), including
women who were between 6 h and 6 months postpartum [21,
23, 29, 33, 39, 40, 42, 48], less than 2 days postpartum [40,
42], less than 4 months postpartum [23, 33], between 1 week
and 6 months postpartum [21, 29, 39, 48], between 2 and 8
months postpartum [34, 44, 46], over 6 months postpartum
[45, 47, 52], whereas two studies [32, 43] enrolled women
at 3 months to 3 years postpartum.

Exercise program duration varied in most studies
between 6 and 12 weeks, except for one study [40], which
applied two exercise sessions during the first 24 h postpar-
tum (Appendix 2). Exercise frequency ranged from once
[34, 35, 37, 48], twice [22, 47], or three times weekly [29,
33, 39, 42-46, 52]. Twelve studies utilized home exercise
programs; 8 recommending daily exercise sessions [23,
32-35, 37, 42, 44], 2 [22, 43] recommending two or three
times per week, and 2 [46, 47] recommending regular
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Fig.2 Range of inter-recti distance (/RD; mm) found within the par- borderline DRA (6-22 mm). Certain studies featured a more diverse
ticipant population of each study. Notably, there is substantial vari- IRD range (6-50 mm), also encompassing women with moderate
ability across studies, with some including women with severe diasta- DRA. The bold, vertical line in the figure denotes the threshold for
sis recti abdominis (DRA; IRD >50 mm) and others including women classifying DRA according to the criteria established by Beer et al.
with smaller IRDs, which could be categorized as nonpathological or [1], with an IRD greater than 22 mm considered indicative of DRA
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Fig.3 Range of time postpartum per study (months) for participants
in each study, at the time of participant enrollment, indicating the
initiation of rehabilitation. Interestingly, most of the studies included
women who were within the first 6 months post-birth, a period during

exercise (as often as possible), without additional speci-
fications. Six studies [21, 29, 39, 45, 48, 52] provided no
information about home exercises. Exercise progression
was mentioned in 13 studies, including progression in rep-
etitions and sets [33, 34, 40, 43, 46], exercise complex-
ity [23, 37, 39, 45, 48], multi-parameter progression [32,
47], and 1 study [32] reported modifications according to
patients’ ability and performance, without providing exer-
cise progression details.

Quality of Included Studies

Among 14 RCTs/CCTs (Table 1), 9 were rated as good
quality [21, 23, 33, 34, 39, 44-47], 4 as fair [29, 42, 43,
48], and 1 as poor [40], scoring 6—8 points, 4-5 points, and
3 points on the PEDro scale respectively. All RCTs/CCTs
stated their purpose clearly, adequately described eligibil-
ity/selection criteria, and provided appropriate outcomes.
Participant samples varied and in all but 2 RCTs [34, 46]
sample size calculations were not provided. Case series and
observational studies were charted separately.

Contribution of Individual Exercises On IRD
Reduction

Abdominal Muscle Training
Abdominal muscle training was performed in 16 stud-

ies, with 10 utilizing exercises for RA muscles (crunches/
curl-ups [29, 39, 43, 47], sit-ups [33, 34], and posterior

which a spontaneous reduction of the inter-recti distance may overlap
with the intervention effect. Only three studies exclusively enrolled
women who were at least 6 months postpartum, whereas for some
studies the maximum time post-birth was 3 years

pelvic tilts [33, 34, 42-44, 47]), and 7 [33-35, 40, 42-44]
including exercises for oblique abdominals (trunk/Rus-
sian twists, twisted curl-ups, etc.; Appendix 2). Six stud-
ies included eccentric contractions [23, 33, 34, 43, 44,
47] (i.e., reverse sit-ups and reverse trunk twists). Eleven
studies [21-23, 32, 33, 37, 39, 40, 42, 44, 47] included
exercises activating TrA muscles, such as abdominal
drawing-in maneuvers/static abdominal contractions.
Exercise progressions included a combination of abdomi-
nal muscle control and distal extremity movements [23,
29, 32, 39, 45, 46].

Rectus Abdominis Training

Several studies (observational [22, 30, 41, 50] and
case—controls [49]) observed an immediate DRA closure
(above and below the umbilicus) during abdominal crunch/
curl-up maneuvers [30, 51] (Fig. 4). A fair-quality RCT
[43] reported statistically significant improvements in IRD
closure with “traditional” curl-ups compared with plank
exercises (Table 2). Another fair-quality RCT [29] found
abdominal crunches to be more effective than a double
straight leg raise exercise protocol for reducing IRD. In an
observational study [36], a head-lift maneuver seemed to
have a similar effect to a twisted curl-up exercise on IRD
reduction. Djivoh and De Jaeger [38], however, observed a
significant IRD decrease during curl-ups and sit-ups com-
pared with head-lifts. DRA reduction during curl-up in
women with vaginal deliveries and in those with cesarean
sections was found to be similar [50].
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PEDro score

Point measures
and variability

statistical compari-

Between- group
sons

Intention-to-
treat analysis

Therapist Assessor Adequate
blinding  follow-up

Subject
comparabil- blinding blinding

ity

Random Concealed Baseline

allocation allocation

Eligi-
bility

Table 1 PEDro classification score for the randomized controlled trials included

Study
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Transversus Abdominis Training

The TrA is the main component of most DRA protocols.
These contractions are guided by an abdominal drawing-
in maneuver (ADIM) following deep exhalation (Fig. 5).
Researchers investigating TrA contractions via ultrasound,
using the ADIM on DRA patients, found an immediate
IRD increase, attributed to the muscle’s transverse fibers
and pull angle [31, 36, 49-51] (Fig. 6), and tension of the
LA minimizing distortion [12]. In a good-quality RCT
[21], however, TrA exercises from various positions in
DRA women showed a significant IRD decrease after 12
weeks, compared with only the taping or the control group
(maintaining normal activity).

Co-Activation of Deep and Superficial Abdominal Muscles

In observational studies, researchers observed an IRD
increase with TrA pre-activation during curl-up compared
with no pre-activation [12, 49-51]. Lee and Hodges [12]
observed an IRD increase during ADIM compared with curl-
up and also noted LA distortion (anteriorly or posteriorly)
during curl-up, which was reduced with deep and superficial
abdominal co-contractions.

Eccentric Abdominal Muscle Training

Six studies [23, 33, 34, 42, 44, 47] proposed eccentric
abdominal contractions in their rehabilitation protocols.
Four of them [33, 34, 42, 44] included reverse sit-ups
and trunk twists, along with other concentric exercises. A
good-quality RCT [23] included a modified eccentric-based
sit-up from an upright seated position, which improved
muscle strength and reduced abdominal bulging. A fair-
quality RCT [42] showed an IRD decrease in the group
practicing eccentric exercises, whereas other good-quality
RCTs [33, 34, 44, 47] applied eccentric exercises in both
intervention and control groups.

Pelvic Floor Muscle Training

Pelvic floor muscle training (Fig. 7) was applied in ten
studies [22, 29, 32, 34, 39, 40, 42, 44, 45, 47]. Theodor-
sen et al. [31] found that both TrA and PFM increased
IRDs, whereas TrA and PFM co-contracting resulted in
the largest IRD increases. Gluppe et al. [36] found simi-
lar results infraumbilically. A good-quality RCT [34]
applied electromyographic biofeedback-assisted pelvic
floor muscle training (BAPFMT) along with abdomi-
nal exercises and neuromuscular electrical stimulation
(NMES) of the RA and found decreased IRDs after 6
weeks compared with abdominal exercises and NMES
only (control group).
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Respiratory Maneuvers/Controlled Breathing

Eight studies [21, 32-34, 39, 44, 45, 52] utilized a respira-
tory maneuver at the beginning of abdominal exercises
(such as drawing-in) or PFM exercises, to facilitate TrA
and PFM contractions.

Functional Exercises

Eight studies included functional exercises such as planks
[32, 39, 43-47], side planks [23, 37, 39], bridges [32, 37,
39, 45, 47], and squats [37, 39, 47]. IRD decreased signifi-
cantly across groups performing such exercises. A good-
quality RCT [44] found an exercise protocol containing
planks to be superior to “traditional” abdominal exercises
in decreasing IRD.

Alternative Exercise Therapy Interventions

Six studies proposed alternative exercises, such as electro-
myographic-biofeedback PFM exercises [34], suspension
training [39], yoga [48], AHEs [22, 35], and low-impact
aerobic and resistance training [32]. A fair-quality RCT
[48] found that a yoga exercise program significantly
reduced IRD postpartum, compared with a control group
practicing no exercise. A good-quality RCT [39] proposed
suspension training (suspension training system [STS])
with exercises from various positions against an isomet-
ric—isotonic core stabilization protocol proposed by Litos
[54] and a non-active control group. STS reduced IRD but
without significant differences between exercise groups. In
an observational study [22] AHEs from a supine position
narrowed IRD infraumbilically but tended to increase IRD
supraumbilically. In a case series [35], a protocol contain-
ing AHEs, oblique, and RA exercises was successful in
significantly reducing IRD after 9 weeks.

Other Interventions/Modalities

Nine studies used special modalities or equipment in their
exercise protocols, proposing abdominal binding with gar-
ments [23, 42-44, 46] or bandages/scarves [33, 52] dur-
ing exercise. In three RCTs [42, 43, 46] abdominal bind-
ing alone [42] or combined with stabilization exercises
[43, 46] effectively reduced IRD in DRA women. Thabet
and Alshehri [44] found that a core stabilization-focused
exercise program combined with traditional abdominal
exercises and abdominal binding was more effective than
traditional abdominal exercises alone in reducing IRD
and improving physical function. Similar effects were
described in Keshwani et al.’s RCT [23], where trunk
flexion strength was clinically meaningful at 12 weeks
of intervention for the abdominal binding and combina-
tion therapy (exercise and abdominal binding) groups, for
women starting the program at 3 weeks postpartum. In
an observational study [41], abdominal binding reduced
IRD during rest, but not during contractions (curl-ups and
drawing-in maneuvers). In a good-quality RCT [21] add-
ing elastic tape to the protocol did not improve exercise
results, whereas abdominal binding was more effective in
supporting the abdominal wall and decreasing IRD during
rest in an observational study [41]. In two good-quality
RCTs [33, 34], NMES was applied to promote maximal
abdominal contractions and in combination with exercise
reduced IRD and proved effective.

Contribution of Rehabilitation Interventions
to Other Outcome Measures

Apart from IRD reduction, DRA rehabilitation programs
also decreased the waist/hip ratio and increased abdominal
muscle efficiency (peak torque, maximum repetition total
work, and average power) [23, 42], especially when they

Fig.4 Abdominal muscle exercises (rectus abdominis focused) A.
Crunch exercise. The patient is positioned in supine with legs bent
and arms supporting the head. Then they are asked to dynamically
elevate their head and upper torso until their shoulder blades lift off
the surface. B. Curl-up exercise. Positioned in supine with bent legs

@ Springer

and arms extended beside the hips, parallel to the bed, the patient is
instructed to curl their upper back and shoulders in a controlled way,
until their shoulder blades are off the bed while maintaining their
lower back in contact with the bed. The arms remain parallel to the
ground, reaching towards the feet
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Fig.5 Activation of the transversus abdominis (TrA) muscle. A.
The patient is instructed to take a deep breath keeping the abdomen
relaxed and then to fully exhale slowly. At the end of expiration,
the patient is asked to perform an abdominal drawing-in maneu-
ver (ADIM); to pull the belly button towards the spine and upwards
towards the thorax. The ADIM is considered to activate the deeper
abdominal muscles (transversus abdominis and internal oblique), thus
stabilizing the trunk. The physiotherapist can palpate deeper abdomi-
nal muscle activation on the lower abdominal wall, just medially
of the anterior superior iliac spine. As the patient gains better con-
trol of the deeper abdominal muscles, they can be instructed to self-

palpate muscle activation using two fingers. They are encouraged to
sustain the contraction while breathing and audibly counting up to 10
(10 seconds). In clinical practice, transversus abdominis (TrA) activa-
tion is commonly integrated with pelvic floor muscle activation, as
these muscle groups demonstrate a close collaborative relationship.
B. TrA activation with distal extremity movement is a progression of
the TrA activation exercise. After achieving a stable TrA contraction
for at least 10 seconds while breathing, the exercise can be advanced
by introducing movement in either the upper or lower extremities. As
the patient gains sufficient control, both upper and lower extremities
can be moved simultaneously, either in a parallel or crossed manner

External oblique i

muscle

Rib X Internal oblique muscle

Transversus Aponeurosis of
abdominis external oblique

muscle and :
apone Aponeurosis of

urosis internal oblique

:unten_or Arcuate line
perior Linea alba i

iliac spine
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Aponeurosis of interal
oblique (anterior and
postenor lamina)

Aponeurosis of

Lineaalba Rectus abdominis
external oblique

External oblique

=

Transversalis fascia

Aponeurosis of transversus abdominis Internal oblique

Parietal peritoneum Transversus abdominis

Aponeurosis of internal

Aponeurosis of oblique Lineaalba Rectus abdominis

external oblique External oblique

Transversalis fascia
Internal oblique

Ap of
Parietal peritoneum

Transversus abdominis

Fig.6 Anatomy of the abdominal wall. A. Anatomy of the abdominal
wall (external oblique, internal oblique, linea alba and rectus sheath
formed by the aponeuroses of the oblique and transversus abdominis
muscles). Rectus abdominis muscle is also illustrated within the rec-
tus sheath. B. cross-section of the abdominal muscles on i) upper
three-quarters of the rectus sheath (above the arcuate line) where
the anterior rectus sheath is formed by the aponeurosis of the exter-
nal oblique and the anterior lamina of the aponeurosis of the internal
oblique, while the posterior rectus sheath is formed by the posterior

were combined with NMES [33] or abdominal binding
[23]. In several RCTs, progressive and functional exercise
programs have been shown to increase physical function
[44], improve running speed for recreational runners with
DRA [37], increase abdominal muscle thickness (RA,

lamina of the aponeurosis of the internal oblique and the aponeuro-
sis of the transversus abdominis muscle ii) lower quadrant of the rec-
tus sheath (below the arcuate line) where the anterior rectus sheath
is formed by the aponeurosis of the external oblique, the anterior
and posterior lamina of the aponeurosis of the internal oblique and
the aponeurosis of the transversus abdominis muscle. Adapted from
Gray's Basic Anatomy, 3rd edition, Drake RL, Vogl W, Mitchell AW,
Abdomen, Pages 151-152, Copyright 2023, with permission from
Elsevier [License Number 5664341396354] [53].

TrA, external and internal oblique), improve trunk endur-
ance, reduce low back pain severity and disability [29],
and health and functional areas of the maternal quality-
of-life questionnaire [47]. PFM training using BAPFMT
combined with abdominal exercises and NMES of the
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Fig. 7 Activation of the pelvic floor muscles (PFMs). A. The patient
is lying in a relaxed supine position with the legs bent, outwardly
rotated and supported at the knees. They are then instructed to take a
deep breath while relaxing the abdomen and the pelvic floor muscles
and then to fully exhale while they contract the PFM. The physiother-
apist uses instructions like “ tighten the muscles around the vagina
and anus” or “tighten the muscles around the anus as if to stop pass-

RA also improved physical functioning and quality of life
(QoL) [34]. Progressive and functional exercise programs
[32, 39] improved lumbopelvic control and proprioception
impairment [39], low back pain intensity and disability
[32, 39], static and dynamic balance [39], and stress uri-
nary incontinence [32].

Discussion

Overall, based on this scoping review, there is evidence that
current rehabilitation practice is beneficial in several DRA-
related and functional parameters for women postpartum.
However, although researchers propose various exercises and
adjunct modalities, there is no agreement on what constitutes
the best approach.

Evidence on Exercise Prescription

Observational studies support the notion that deep trunk
muscle contractions are important in generating LA ten-
sion for supporting abdominal viscera and transferring
forces across the midline of the abdomen. Researchers
now agree that the ability to generate tension in the LA is
crucial for abdominal wall function and is more important
than complete DRA closure [12, 55, 56], whereas patient
functionality, neuromuscular control, and muscle capacity
to achieve force and form closure may be of greater clini-
cal value [21]. Systematic reviews [24, 25] support encom-
passing TrA contractions in DRA rehabilitation programs,
combined with upper and lower extremity exercises,
trunk rotations, and functional training in various loading

@ Springer

ing wind and then gently draw the anus up towards the back of the
pubic bone”. Palpation of PFM activation is performed using two fin-
gers over the labia majora, laterally to the vaginal opening. A towel
is commonly utilized for patient comfort during this procedure. B.
The patient is guided to self-palpate the contraction of the PFM and
maintain a contraction for 10 seconds (while breathing and audibly
counting to 10)

positions. Expert-based recommendations [56] report that
optimal isolated and synergistic contractions of inner unit
muscles and tension-free diaphragmatic breathing should
be prioritized during the immediate postpartum period for
DRA. Additionally, LA tension through TrA contraction
is suggested to generate a connective tissue remodeling
process, promoting DRA closure [23]. However, more
research in this area is required.

Furthermore, a combination of deep and superficial
abdominal contractions proved to be safe and effective
in tensing the LA without further separating the rectus
muscles [12]. Introducing trunk flexion exercises early
postpartum is necessary, as most women perform RA-
dominant tasks that increase abdominal pressure dur-
ing daily activities and infant care. Retraining patients
in generating and maintaining LA tension in static tasks
with inner-unit and then combining them with outer-unit
contractions in more dynamic exercises (such as trunk
flexion and rotation) would be desirable. However, exer-
cise progression should be individualized according
to the patient’s needs, function, and progress. Interest-
ingly, many protocols [29, 33-35, 42-44, 47, 52] intro-
duce outer-unit targeting exercises (curl-ups, sit-ups, and
trunk twists) early postpartum, without providing infor-
mation about patients’ ability to generate tension in the
LA. Moreover, in several protocols [21, 22, 29, 42, 44]
no information is provided about exercise progression or
adequate loading capacity. Future studies could include
specific clinical/functional tests for assessing patients’
function and readiness to progress (maintain and transfer
load) to more difficult exercises.
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According to Dufour et al. [56] inner unit muscle
retraining should also include PFM exercises, which are
the gold standard approach to urinary incontinence [57]
and are also proposed for DRA rehabilitation programs
[58]. However, there is conflicting evidence regarding
their effect on IRD [24, 34]. Observational studies [31,
36] have found PFM contractions almost as effective as
TrA contractions for tensing the LA, whereas a co-con-
traction between them was found to be the most effec-
tive. Gluppe et al. [58], studying PFM training, found no
significant differences in IRD reduction compared with
control at 6 months post-intervention; however, the IRD
reduction of the control group could have been due to
spontaneous DRA resolution during early postpartum and
not necessarily due to PFM ineffectiveness (as rehabili-
tation was initiated early). Nevertheless, adding electro-
myographic BAPFMT to abdominal exercises and NMES
for RA was superior in decreasing IRD than abdominal
exercises and NMES alone in an RCT [34], and it may be
that muscle adaptations could be the result of sufficient
PFM loading through electromyographic-biofeedback.

Various researchers have proposed eccentric abdominal
contractions [23, 33, 34, 42, 44, 47]. Unfortunately, most
protocols encompass eccentric exercises in both interven-
tion and control [33, 34, 44, 47] groups; thus, no clear con-
clusions can be drawn. Eccentric muscle contractions are
superior to concentric or isometric ones regarding muscular
adaptations, such as strength [59], muscle mass [60], and
structural arrangement [61] (muscle bundles’ length and
pennation angles). Moreover, eccentric exercise can acti-
vate type II muscle fibers [59] and produce greater forces
than concentric, resulting in easier load transfers [62]. Thus,
eccentric contractions may be more suitable for the early
postpartum period when abdominal muscles may be less
effective at generating force. Although eccentric training
has generally been extensively studied, its effect on the RA
muscle or the DRA is as yet unknown. Indeed, researchers
hypothesize that eccentric RA contractions might improve
strength and muscle alignment, promote connective tissue
remodeling, and reduce IRD [23, 47].

Several rehabilitation protocols encompass respiratory
exercises, where diaphragmatic breathing or respiratory
maneuvers are performed to facilitate a co-contraction
of deep trunk muscles. Researchers suggest that the dia-
phragm contributes to spinal stability, working synergis-
tically with TrA and PFMs to increase intra-abdominal
pressure where necessary [63—65]. Several studies uti-
lizing diaphragmatic exercises in patient populations
and trunk dysfunctions reveal alterations in diaphragm
morphology and function [66—70], correlations between
diaphragm thickness and walking pace [71] or balance

deficits [72, 73]; thus, supporting its trunk-stabilizing and
functional role. Diaphragm parameters (thickness, excur-
sion, etc.) have never been studied postpartum, and their
role in DRA rehabilitation remains unknown, despite the
strong recommendations for diaphragmatic rehabilitation
for deeper abdominal muscle contractions [21, 32-34, 39,
44, 45, 52].

Alternative types of exercise, despite a scarcity of
research, also appear effective. Suspension training was
equally as effective as isometric—isotonic exercises for reduc-
ing IRD, improving lumbopelvic control and proprioception,
static and dynamic balance, back pain, and disability [39].
Yoga was also effective in decreasing IRD in mild DRA
[48]. AHEs were found to have a similar effect to a TrA
contraction, increasing IRD and tensing the LA [22]. AHEs
are believed to facilitate deeper abdominal and PFM con-
tractions while reducing intra-abdominal pressure, relaxing
the diaphragm, and elevating the pelvic viscera [22]. Two
case series [35, 74] also reported promising results regarding
IRD closure. However, it is suggested that AHEs should be
prescribed with caution [75, 76] as TrA activation through
AHESs may in fact increase intra-abdominal pressure, putting
more strain on the PFM.

Evidence on Adjunct Modalities

Several complementary interventions and modalities have also
shown encouraging effects. Combined NMES with exercise
significantly reduced IRD and increased abdominal muscle
strength (peak torque, maximum repetition total work, and
average power) compared with exercise alone [33].

There is some evidence that abdominal binding can
reduce IRD and improve muscle function. These effects,
however, cannot be attributed solely to abdominal bind-
ing, as in several studies patients also performed exer-
cise [33, 43, 44, 46], and in others, patients were only a
few days/weeks postpartum [23, 42] (where spontaneous
resolution usually occurs). Some researchers speculate
that abdominal support garments provide protection for
collagen formation during exercise and support optimal
muscle position for better performance and tissue remod-
eling [23]. Others, however, recommend their use with
caution, as they may increase intra-abdominal pressure
and put a strain on PFMs [57]. Currently, there is not
enough evidence to support the use of elastic tape in DRA
rehabilitation. Although taping may be helpful as a pro-
prioceptive stimulus for deep abdominal contractions dur-
ing activities that increase intra-abdominal pressure [21],
abdominal binding is considered superior for abdominal
wall support and IRD reduction compared with taping
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[41]. Considering the lack of evidence, we suggest that
abdominal support garments are only introduced accord-
ing to individual needs (i.e., following cesarean section,
poor intra-abdominal control, etc.).

Evidence on Other Outcomes

Exercise therapy was also effective in improving other out-
comes and parameters. Low back pain severity and disabil-
ity [29, 39], physical functioning, and QoL were improved
in several studies [34, 44, 47]. Comparable results are pre-
sented in previous studies, where improvements in function,
perceived pain [54], and quality of life were reported [19].
Exercise programs were also effective in improving stress
urinary incontinence [32] and increasing running speed in
recreational runners [37].

Exercise program efficacy seems to be independent of the
rehabilitation setting. Supervised online exercise therapy
was equally effective in increasing abdominal muscle thick-
ness (RA, TrA, and obliques) and static trunk endurance as
live sessions [47]. Moreover, unsupervised online therapeu-
tic exercise (through videos) was also effective in reducing
IRD, low back pain, and stress urinary incontinence [32].
However, unsupervised rehabilitation may prevent thera-
pists’ ability to provide correcting cues and may also pre-
vent compliance tracking.

Limitations of the Studies Included

Methodological quality was relatively moderate across
studies, with 8 of them graded as borderline good quality
according to PEDro [21, 23, 33, 39, 44-47], making it
challenging to draw definite conclusions. Sample sizes
were also relatively low across studies, whereas only 2
undertook a prior power analysis [34, 46]. There was
significant variability in inclusion criteria and assess-
ment methods, with no consensus on predefined cut-off
points for DRA diagnosis and assessment conditions
(resting, head-lift, or curl-up). Researchers included
women with variable DRA, ranging from minimal/bor-
derline [21, 34, 37, 43, 45, 47, 48] to mild and severe
[23, 35, 39] IRD, according to established classifica-
tions [1, 3], thus potentially biasing the effectiveness
of rehabilitation. The timing of exercise initiation was
variable, with women enrolling immediately after birth
[40] to more than 6 months or 1 year postpartum [32, 35,
37, 43]. Early rehabilitation, however, could bias results
owing to the natural resolution occurring during the first
months postpartum [2, 4, 5], which could perhaps justify
the IRD reduction across control groups [21, 40, 48],

@ Springer

thus limiting the credibility of the studies. Nevertheless,
greater IRD reductions favoring the intervention groups
could indicate that focused exercise early postpartum
could further enhance this natural effect. Exercise dura-
tion and frequency were also variable among studies.
Although 2020 Swedish National Guidelines [17] recom-
mend a 6-month rehabilitation training before consider-
ing surgery, guidelines on exercise duration for DRA are
not well established. According to the American College
of Sports Medicine Guidelines [77], strength training
for healthy individuals should include at least 2—4 sets
of 8—12 repetitions per set of 60-70% of one-repetition
maximum (1-RM), for at least 2-3 days per week with
progressive exercise intensity over time. Postpartum
PFM training protocols also suggest at least 12 weeks’
duration for optimal muscle adaptations to occur [78].
However, several studies do not follow these guidelines
[33, 34, 40], and only a third of them [23, 32, 37, 39,
43-48] propose progressions of isolated muscular and
functional exercises (i.e., planks, bridges, squats, etc.),
which are necessary for distinct neuromuscular, func-
tional and fascial adaptations. Also, several studies [21,
22,29, 35, 42, 44] fail to provide information about exer-
cise prescription, such as training load and progression.
Thus, it is reasonable to assume that the inability to reach
statistical significance in DRA-related outcomes in some
of these studies could be the result of a low training load
and/or duration.

Study Limitations

This scoping review was designed with the objective
of systematically mapping rehabilitation interventions,
applied to treat DRA during the postpartum period;
however, it may have some limitations. In particular,
the exclusion of non-English-language publications
may introduce bias in study selection, whereas variabil-
ity in diagnostic criteria, exercise program design, and
assessment methods among the studies included may
limit generalizability. Additionally, the lack of statisti-
cal comparison of results and the qualitative synthesis of
findings may limit the reviewers’ ability to draw defini-
tive conclusions. The inclusion of observational studies
alongside clinical trials may further introduce biases and
make it challenging to draw definitive conclusions about
the long-term effectiveness of the interventions. More-
over, the review's focus on exercise interventions may
overlook other potential approaches for DRA rehabilita-
tion, such as manual therapy techniques or other adjunct
therapies applied as a single treatment. The inclusion of
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observational studies [12, 30, 49, 51] that involve het-
erogeneous populations, such as pregnant and nullipa-
rous women or men with DRA along with postpartum
women, while complying with the predefined eligibility
criteria (inclusion and exclusion), is a notable limita-
tion of this scoping review. Although these studies may
offer valuable insights for DRA patients from different
populations, their inclusion could hinder the generaliza-
tion of the results. The decision to include these studies
was based on their potential contribution to the review's
objectives, even though they did not exclusively focus on
postpartum women with DRA. However, it is important to
recognize this limitation while interpreting the outcomes
of the review. Further research focusing specifically on
postpartum women with DRA could help to provide more
targeted and relevant evidence for clinical practice in this
population. Despite these limitations, this scoping review
serves as a valuable resource for understanding the cur-
rent state of research on DRA rehabilitation postpartum
and identifying areas for further investigation and evi-
dence-based practice.

Implications for Research

The identified limitations in the included studies lead to
important implications for future research in postpartum
DRA rehabilitation. Future studies should focus on rig-
orous designs, adequate sample sizes, and standardized
diagnostic tools and criteria to strengthen the evidence.
Prioritizing functional outcomes as well as IRD reduction
and adhering to muscle-strengthening principles in exer-
cise protocols is essential. Most importantly, aligning with
expert recommendations and guidelines will standardize
research practices and lead to more robust evidence for
clinical decision making.

Additionally, research including women over 6 months
postpartum may be essential for advancing our under-
standing of effective DRA rehabilitation. Interestingly,
access to postpartum rehabilitation services varies widely
around the world. In some health care systems, women can
start rehabilitation after medical clearance, often around
6 weeks postpartum, whereas in other systems, rehabili-
tation is not standard unless a woman reports a specific
issue, leading to delayed access. However, women tend
to seek help for persistent dysfunction, especially upon
returning to pre-pregnancy activities, which can extend
up to 6 or more months postpartum. Understanding DRA
recovery beyond 6 months post-birth, a timeframe more
realistic in various regions, is crucial. This perspective
provides a clearer view of the true effects of exercise and

adjunct interventions by eliminating the concurrent impact
of spontaneous resolution, thus aiding researchers and
clinicians in improving their ability to provide accurate
recommendations and guidelines. Specific guidelines and
clinical recommendations are vital, particularly in regions
with limited access to post-birth rehabilitation. Enhancing
communication and collaboration among researchers and
health care professionals can expedite women's access to
essential women’s health services.

Clinical Implications

This review suggests that exercise therapy, including
abdominal strengthening and deep trunk stabilizer exer-
cises, can effectively reduce IRD and improve DRA-related
dysfunction postpartum. However, interventions should
also be aimed at improving muscle strength and functional
ability because full IRD recovery may not always occur.
Proper intra-abdominal pressure management is critical,
and patients should be taught to engage their deep trunk
muscles during exercise and daily activities. Health care
professionals should adhere to evidence-based training
principles and consider incorporating various modalities
such as electromyographic biofeedback, NMES, abdomi-
nal binders, or taping to optimize outcomes. Timing of
rehabilitation interventions should also be considered, and
individualization of rehabilitation programs based on DRA
severity, individual goals, and possible coexisting dysfunc-
tions is crucial. Further research is needed to better under-
stand the mechanisms by which exercise may reduce IRD
and delineate specific exercise prescription parameters for
DRA rehabilitation.

Additionally, in this review we seek to provide
insights to clinicians specializing in women's health
regarding available options for the rehabilitation of
DRA. Women with DRA are usually underdiagnosed,
resulting in many patients being recommended by non-
qualified professionals to engage in nonspecific physi-
cal exercises that may further strain the abdominal wall.
Furthermore, there is a misconception that DRA is pri-
marily a cosmetic issue, underestimating its functional
impact or potential associated dysfunctions [79]. A
recent study revealed that women who were concerned
with their abdominal appearance post-partum are most
likely to seek advice on treatment through social media
[80]. Improved communication among health care pro-
fessionals is crucial for providing women with access
to evidence-based women's health services. Physi-
cians involved in women’s health, obstetricians, and
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urogynecologists should be well-informed about evi-
dence-based rehabilitation interventions, suggesting
conservative and effective solutions, guiding women to
make informed choices and avoid unnecessary invasive
procedures when possible.

Conclusions

This scoping review provides valuable insights into post-
partum DRA rehabilitation, suggesting that exercise
therapy might be an effective approach for treating DRA
and improving overall function. However, the study also
sheds light on several limitations, including methodo-
logical variability, heterogeneous inclusion criteria, and
lack of adherence to evidence-based exercise principles.
These limitations highlight the need for more standardized
and rigorous research on this topic. Additionally, further
investigation is required to understand the mechanisms of
IRD reduction and establish specific exercise prescription
parameters. Health care professionals should consider a
more holistic but still individually tailored approach to
DRA reduction, including progressive functional exer-
cises, breathing exercises with PFM training, and indi-
vidualized inner- and outer-unit abdominal training. By
addressing these gaps, future research can contribute to
evidence-based guidelines that enhance the overall quality
of care for postpartum women with DRA.

@ Springer

Appendix 1: search strategy and results

Search strategy PubMed (MEDLINE)

1. Topic diastasis recti abdominis: "Diastasis,
Muscle"[Mesh] OR ("diastasis recti"[Text Word])
OR ("rectus abdominis diastasis"[Text Word]) OR
("abdominal separation "[Text Word]) OR (DRA[Text
Word]) OR (DRAM[Text Word]) OR ("diastasis recti")
OR ("rectus abdominis diastasis") OR ("abdominal
separation ") OR (DRA) OR (DRAM) OR ("inter-recti
distance")

2. Topic physiotherapy: "Exercise Therapy"[Mesh:NoExp]
OR (physiotherapy[Text Word]) OR ("physical
therapy"[Text Word]) OR (exercise*[Text Word])
OR (rehabilitation[Text Word]) OR ("conservative
treatment'[Text Word]) OR (physiotherapy) OR ("physi-
cal therapy") OR (exercise*) OR (rehabilitation) OR
("conservative treatment") OR (physiotherap*) OR
(program*) OR (training) OR (contraction*) OR ("con-
servative treatment")

3. Topic postpartum: "Postpartum Period"[Mesh:NoExp]
OR (postpartum[Text Word]) OR (parous[Text Word])
OR (postpartum[Text Word]) OR (parous[Text Word])
OR (postpartum) OR (parous)

4. #1 AND #2 AND #3
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