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Background: Diastasis rectus abdominis is a condition in which the rectus abdominis muscles separate and move laterally,
causing stretching of the linea alba tissue with weakness of the abdominal wall. Although it can lead to hernia of the abdominal
viscera, diastasis rectus abdominis is not a hernia in itself. This condition is common among women during pregnancy and the
postpartum period and can significantly affect their quality of life and their return to sports activity. Unfortunately, information on
the incidence, risk factors, prevention, and treatment of diastasis rectus abdominis are limited. Methods: We conducted a pilot
prospective observational study on 37 patients who practiced sports at high levels (at least 3 times a week with amateur/
competitive competitions) who underwent ultrasound measurements of the distance between the rectus abdominis muscles at the
level of the xiphoid process, supraumbilical, umbilical, and subumbilical at time (T0), after 2 months from the rehabilitation
protocol (T1), and then after 4 months of rehabilitation protocol (T2) from approximately 3 months after giving birth, and we saw
an early return to sport. Results: Our data analysis reveals that there is an initial decrease in diastasis during the first 2 months with
3 weekly physiotherapy activity sessions in all 4 measurements. One session takes place on site with physiotherapists, while the
other 2 are carried out at home using the rehabilitation protocol provided by the medical staff. At the 4-month follow-up, the
improvement was similar to the previous follow-up. Conclusion: Of the 37 women analyzed, 6 were referred to the surgeon; 2 for
hernias and 4 for diastases greater than 4 cm. The remaining women benefited from a conservative approach. Patients undergoing
the rehabilitation protocol showed improvements in all 4 measures, as well as their early return to sport.

Keywords: diastasis rectus abdominis (DRA), postpartum, ultrasound measurements, conservative approach, early return to sport

Key Points

+ A tailored rehabilitation protocol for diastasis rectus abdominis resulted in a significant reduction in inter-rectus distance
and facilitated an early return to sports in postpartum athletes.

+ Patients showed stable improvements in diastasis measurements after two months, maintained over four months, with
conservative physiotherapy integrating structured home and on-site sessions.

+ Out of 37 women analysed, six required surgical intervention, while the remaining successfully benefited from a
conservative approach, enhancing their recovery and quality of life.

Diastasis of the rectus abdominis muscle (DRAM) occurs
when the linea alba widens, resulting in an abnormal distance
between the abdominal muscles. Several possible causes include
high intra-abdominal pressure, for example, after childbirth in

Vita (& https://orcid.org/0000-0002-2834-3027

Donati https://orcid.org/0000-0003-4301-7569
Amouso {7 https://orcid.org/0000-0001-8267-2326
Stella & https://orcid.org/0000-0002-6590-9405
Miceli https://orcid.org/0000-0002-8714-8053
Faldini https://orcid.org/0000-0001-8152-4778

Tedeschi (roberto.tedeschi2@unibo.it) is corresponding author,
0000-0001-9037-4767

https://orcid.org/

pregnant women, obesity, or previous abdominal surgery.! The
normal distance between the rectus abdominis muscles is between
1.0 and 2.2 cm at rest, depending on the anatomical site of
measurement.23

To diagnose DRAM, there must be a separation of more than
2 cm between the rectus abdominis muscles at one or more points
on the linea alba, including the navel or 4.5 cm above or below it or
a visible bulge with tension.** Generally, separation of the rectus
abdominis is more frequent in the supraumbilical region and is
related to the mother’s age and body mass index.® The interrectal
distance (IRD) can vary from 2 to 3 cm in width and from 2 to 5 cm
in length up to 20 cm in width.* Accurate and reliable measure-
ments of interrectus distance are significant, as it has been proposed
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that unusual IRD and weakening of the linea alba could be a factor
in lumbopelvic dysfunction and urogynecological disorders, such
as pelvic organ prolapse and urinary and fecal incontinence.”
Various methods for diagnosing this condition have been reported
in the literature.® IRD is typically examined in 2 ways: at rest (with
the abdominal muscles relaxed) and during activation of the
abdominal muscles, holding air in the abdomen to check for a
possible increase in DRAM.® Furthermore, the contraction or
expansion of the linea alba during physical activity (showing a
change in IRD compared with rest) is thought to offer valuable
information on its ability to transmit forces generated by muscles in
the lateral abdominal wall. This insight can help determine the
suitability of interventions. It is believed that the narrowing or
widening of the linea alba during sporting activity (ie, the change in
IRD from rest) provides information on its functional capacity to
transmit forces generated by the muscles of the lateral abdominal
wall.® It has been suggested to determine the appropriateness of
specific interventions.® Initially, palpation was the method used to
measure IRD. However, current literature points out that subcuta-
neous fat and excessive abdominal flaccidity can interfere with
measurements and that finger width can vary from person to
person, making palpation an unreliable method for diagnosing
DRAM. Digital calipers have also been reported as a measurement
method,'® but ultrasonography is now the gold standard for
noninvasive assessment of IRD,* and is more responsive to
changes in IRD than palpation,? the traditional method of evalu-
ating IRD. The rectus abdominis muscle is critical for maintaining
good posture, stability of the trunk and pelvis, breathing, move-
ment of the trunk, and support of the organs in the abdomen.*® For
these reasons, DRAM may contribute to chronic low back paini#*s
and impacts quality of life.’® An accurate diagnosis is critical in
determining the best treatment plan to resolve diastasis. Abdominal
diastasis can be treated conservatively, postoperatively, or preven-
tively (the latter is used during pregnancy). If the diastasis is less
than 4 cm and there are no hernias, rehabilitation may be recom-
mended as a conservative treatment. The indication for surgical
treatment of DRAMSs in the absence of associated ventral hernia is
still controversial, but those larger than 4 cm or with hernias are
usually treated surgically.'” The physiotherapist should prepare
patients for surgery and help them recover their global functions
before and after surgery.'®-2! Therefore, it is essential to carefully
consider the most effective rehabilitation approach. Few studies
have been conducted in the literature on appropriate therapeutic-
rehabilitation protocols. This study aims to develop an effective
and easy-to-follow rehabilitation plan for DRAM treatment and
early return to sports. It will help medical professionals provide
patients with an appropriate rehabilitation program after accu-
rately diagnosing DRAM through clinical and ultrasound (US)
examinations.??3

Material and Methods

Study Population

From January 2023 to December 2023, we enrolled 37 postpartum
patients practicing high-level sports (at least 3 times a week with
amateur/competitive competitions) who underwent US measure-
ment of the distance between the rectus abdominis muscles at of the
xiphoid, supraumbilical, umbilical, and subumbilical process at the
time (TO), after 2 months of rehabilitation protocol (T1), and then
after 4 months of rehabilitation protocol (T2) starting from approx-
imately 3 months after giving birth. Some patients were referred to

us by their family doctor or gynecologist, while others came to us
casually for lower back pain and abdominal swelling. None of the
women were pregnant at the time of the examination, and none had
abdominal wall abnormalities, such as deformed surgical scars, or
extensive fibrosis that could interfere with the US measurement.
We recorded the following data: age, height, weight, months from
birth, body mass index, nulliparous, or previous pregnancy, sports
activity, and return to sport (Table 1). The study received approval
from our Institutional Review Board at the Alma Mater Studiorum
—University of Bologna. All patients provided informed consent
in accordance with our institution’s data collection and disclosure
policy. Further ethical review was deemed unnecessary as no
personally identifiable information was collected or stored.

Examination Protocol and Data Analysis

The evaluation of rectal diastasis was performed by 2 operators
with, respectively, 20, and 8 years of experience in US. Both
operators had received specific training for this assessment. The
Sonoscape * 3 Pro US system was used, equipped with high-
frequency and broadband linear transducers. The frequency of the
transducer was adjustable according to the thickness of the subcu-
taneous layer, although it was generally set to 10 to 14 MHz.
During the examination, patients lay supine on the bed with their
head supported by a thin pillow with legs extended. The entire
abdomen was exposed from the pubic symphysis to the xiphoid
process. IRD was measured with patient in a resting position or
head-lift posture at the following 4 locations: at the xiphoid
process, 2 cm below the umbilicus, at the umbilicus, and 3 cm
above the umbilicus (Figures 1, 2, and 3).2* During the measure-
ments, the patient was supine and measurements were taken with
the patient with a relaxed abdomen, or, under pressure. We
measured the IRD 3 times in each position and used the average
value. We took care to avoid excessive pressure on the abdominal
surface by using the transducer to prevent contraction reflexes. We
recorded the interrectal width, that is, the distance between the
medial border of the 2 rectus muscles.?

Data were collected at 3 different time points: baseline TO, T1
after 2 months of abdominal diastasis rehabilitation protocol, and T2
after 4 months of rehabilitation protocol. The rehabilitation protocol
included the same series of exercises for all patients, performed
three times a week with each session lasting 1 hour. One session was
conducted at the physical therapy office, while the remaining two

Table 1 Anamnestic Data of the 37 Postpartum
Women Involved

Characteristics Mean (SD)
Age, y 34.3 (2.3)
Height, cm 163.4 (2.7)
Weight, kg 65.3 (3.5)
Body mass index 22.45 (3.6)
Months from birth 5.3 (2.6)
Sports activity, %
Padel 27.1
Swimming 24.3
Running 216
Tennis 18.9
Golf 8.1
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Figure 1 — Starting point: baseline ultrasound images of diastasis rectus abdominis. This composite image captures the transformative journey of
postpartum women undergoing a rehabilitation protocol for diastasis rectus abdominis, illustrated through ultrasound images at different stages: baseline,
2-month, and 4-month check-ups. Each section of the image represents a specific area of focus—xiphoid, supraumbilical, umbilical, and subumbilical—
showcasing the gradual improvement and reduction of the interrecti distance. Through the visual progression, we witness the effectiveness of the
rehabilitation plan, highlighting the critical role of targeted physiotherapy and home exercises in facilitating a swift and effective return to prepregnancy
abdominal integrity and sports activity. This visual narrative not only underscores the importance of early diagnosis and intervention, but also celebrates
the resilience and strength of postpartum women in their recovery journey.
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Figure 2 — Progress unveiled: ultrasound images after 2 months of rehabilitation.
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Figure 3 — Significant milestone: ultrasound images following 4 months of dedicated rehabilitation.
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were performed at home using a prescribed exercise protocol
provided by us (Supplementary Material [available online]).
Statistical analysis was performed using the Kruskal-Wallis
test and Fisher exact test using GraphPad Prism (version 8.0,
GraphPad software). Statistical significance was set at a P <.01.

Results

Between January 2023 and December 2023, out of the 43 women
who were studied, 6 were recommended to undergo surgery (3 for
hernias and 3 for diastases greater than 6 cm). We ultimately
enrolled 37 postpartum patients participating in high-level sports
who underwent US measurement of the distance between the rectus
abdominis muscles at the xiphoid, supraumbilical, umbilical, and
subumbilical levels at that time (TO0); after 2 months of rehabilita-
tion protocol (T1); and then after 4 months of rehabilitation
protocol (T2).

The 37 people enrolled had an average age of 34.3 (2.3),
average height of 163.4 (2.7), average weight of 65.3 (3.5), and
average body mass index of 22.45 (3.6) and 25 women (67%) were
nulliparous, while 18 women (32.5%) had already had a previous
pregnancy; 10 women practiced padel (27.1%), 9 were swimmers
(24.3%), 8 runners (21.6%), 7 tennis players (18.9%), and 3 golfers
(8.1%). By implementing our rehabilitation protocol, a return to
sport occurred 5.4 (2.9).

As regard, the measurements carried out at all US levels, a
reduction in diastasis was found in the first 2 months postprotocol;
then, in the following 2 months, the improvement remained
unchanged on all values (Tables 2 and 3).

Discussion

This study investigates the effectiveness of a carefully designed
rehabilitation protocol tailored for patients with DRAMs in the
postpartum phase, particularly focusing on those engaged in high-
level sports activities. The protocol was crafted with the aim of
reducing the IRD and facilitating a safe return to athletic pursuits.
The results demonstrate a substantial decrease in IRD following

2 months of rehabilitation, with these improvements sustained over
a 4-month follow-up period.*

The rehabilitation protocol implemented in this study was
based on structured exercises that emphasize controlled breathing,
core stability, and gradual progression in difficulty. Each exercise
began with a focus on proper breathing techniques, where parti-
cipants inhaled with a relaxed pelvic floor and then activated the
pelvic floor during a prolonged exhalation. This method was
crucial for engaging the transverse abdominis muscle, which is
vital for reducing IRD and stabilizing the abdominal wall.®26-2
The core stability exercises targeted the deep core muscles, par-
ticularly the transverse abdominis, to restore tension across the
linea alba. These exercises were designed to be low-impact,
initially with progression toward more dynamic and functional
movements as participants developed strength and control. The
program allowed for the gradual introduction of more challenging
exercises as participants’ core strength improved. This progression
was critical for ensuring that the abdominal wall was not over-
stressed, which could potentially exacerbate DRAM.13:30:31

Clinicians should consider this protocol when treating patients
with mild to moderate DRAM, particularly those eager to return to
high-intensity activities. The structured approach, focusing on
breathing, core stabilization, and progressive load, is adaptable
to various severity levels of DRAM. Given that the majority of
participants in this study had DRAM measurements close to the
diagnostic threshold (just above 2 cm), the program proved effec-
tive in these less severe cases.* This suggests that the rehabilitation
protocol may be especially beneficial for individuals with milder
forms of DRAM, where conservative management is more likely to
yield positive outcomes. However, in cases of more severe DRAM,
where the IRD exceeds 4 to 5 cm, the effectiveness of this program
may be limited. In such instances, a combination of surgical
intervention and rehabilitation might be necessary to achieve
optimal outcomes. Future studies should explore the effectiveness
of this protocol across different severities of DRAM to provide
more tailored clinical recommendations.

While the results of this study are encouraging, the relatively
small sample size and lack of a control group limit the generaliz-
ability of the findings. Additionally, the follow-up period may not

Table 2 Measurements of Rectus Abdominis Diastasis at Baseline Level and 2 and 4 Months
After Rehabilitation Treatment With Hypopressive Gymnastics Protocol

Patients Baseline 2 mo 4 mo P
Xiphoid process, cm 0.92 (0.3) 0.68 (0.2) 0.65 (0.3) <01
Supraumbilical (3 cm up umbilical) 2.1 (0.49) 1.92 (0.37) 1.88 (0.23) <01
Umbilical, cm 3.02 (0.7) 2.85 (0.4) 2.88 (0.27) <01
Subumbilical (2 cm down umbilical) 1.9 (0.4) 1.6 (0.36) 1.55 (0.45) <01
Table 3 Effect Size Calculation Between Time Points for Different Measurements

T0 T1 T2 TO T1 T2 Cohen d Cohen d Cohen d
Measurement mean mean mean SD SD SD (TO - T1) (M1 -T2) (TO - T2)
Xiphoid process, cm 0.92 0.68 0.65 0.3 0.20 0.30 0.94 0.12 0.90
Supraumbilical (3 cm up umbilical) 2.10 1.92 1.88 04 0.37 0.23 0.47 0.13 0.67
Umbilical, cm 3.02 2.85 2.88 0.7 0.40 0.27 0.30 -0.09 0.26
Subumbilical (2 cm down umbilical) 1.90 1.60 155 04 0.36 0.45 0.79 0.12 0.82

Note: This table shows the calculated Cohen d effect sizes between the different time points (TO — T1, T1 — T2, and TO — T2) for each measurement. The effect size is a
measure of the clinical significance of the observed changes, with values typically interpreted as small (0.2), medium (0.5), and large (0.8).
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fully capture the long-term sustainability of the rehabilitation
outcomes. Expanding the study to include a larger, more diverse
population, and incorporating a control group would help validate
these findings. Moreover, extending the follow-up duration could
provide insights into the long-term efficacy of the rehabilitation
program in managing DRAM.

In conclusion, this study significantly contributes to the ongo-
ing discussion on DRAM management in postpartum women,
particularly athletes. The documented success of this bespoke,
conservative rehabilitation protocol in reducing IRD, and support-
ing a timely return to sports, underscores its potential as an effective
treatment strategy. Nonetheless, the need for a holistic understand-
ing of DRAM management, especially in more severe cases,
remains critical. Continued research, particularly studies with
larger sample sizes and more diverse populations, is essential to
optimizing treatment protocols and improving patient outcomes in
DRAM management.

Conclusions

Of the 43 women studied, surgery was recommended for 6 (3 for
hernias and 3 for diastases greater than 6 cm). The remaining 37
patients underwent a rehabilitation protocol that led to improve-
ments in the IRD measured by US. These improvements were
observed as early as 2 months after starting treatment and continued
to remain stable after 4 months. Patients also reported an improve-
ment in their body perception and overall quality of life, and a rapid
return to sport. Although the study had some limitations, such as
the small sample size, it suggests that an appropriate rehabilitation
protocol can effectively manage nonsurgical abdominal diastasis
and support a timely return to daily activities and sports. Further
studies with larger numbers of patients are needed to confirm these
findings.
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