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Introduction 

During pregnancy, abdominal muscles changes are observed, especially the rectus abdominis 
muscles which stretch and move apart from each other to make room for the developing baby [1]. 
This spacing is called the interrecti distance (IRD). It occurs at the linea alba whose width is greatly 
increased in late pregnancy and even several months after delivery despite the physiological recovery 
observed during the first postpartum weeks [2-4]. Beyond a certain threshold which varies according 
to the studies, this large IRD becomes pathological and is diagnosed as diastasis recti. In a recent study 
of Beninese postpartum women who gave birth 6 weeks to 6 months earlier, the defined threshold was 
23 mm at 5 cm above the umbilicus, with a diastasis recti prevalence of 46% [5]. A key objective of 
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Abstract
Background: Diastasis recti is defined as an interrecti distance (IRD) over 23 mm in Beninese postpartum 
women. Its prevalence is 46%. The Curl-up acutely reduces the IRD but it increases the linea alba distortion 
and it is considered to be hyperpressive. When Curl-up is combined with Diaphragmatic aspiration (DA) 
the intra-abdominal pressure is lower. Moreover, combining Curl-up with transversus abdominis activation 
is recommended to decrease the linea alba distortion. However, the effect of this DA combined with Curl-
up on the IRD is not known in postpartum women. 

Objectives: To study the acute effect of the DA combined with Curl-up, and of other abdominal exercises 
on IRD. 

Methods: Beninese postpartum women diagnosed with diastasis recti participated in this cross-sectional 
study. IRD was measured at 5 cm above umbilicus with an ultrasound in 6 conditions performed in random 
order: rest, DA, Curl-up, Drawing-in, DA+Curl-up, Drawing-in+Curl-up. Values were expressed as median 
± IQR and IRD was compared across these conditions using Friedman test and Wilcoxon test for post-hoc 
pairwise comparisons.

Results: Forty-nine women aged between 22 and 39 participated in this study. Compared to rest (26.7 ± 
9.5 mm), no significant IRD difference was observed during either DA (26.0 ± 8.5 mm) or Drawing-in (29.0 
± 10.0 mm), but IRD during Drawing-in was significantly larger than that during DA. Curl-up (18.7 ± 8.9 
mm), Drawing-in+Curl-up (22.9 ± 9.7 mm) and DA+Curl-up (21.8 ± 9.3 mm) decreased the IRD (p<0.001). 
This decrease was the largest during Curl-up (p<0.001). 

Conclusion: Compared to rest, DA and Drawing-in did not decrease IRD but their combination with Curl-
up slightly decreased IRD. Future studies are needed to investigate the acute effect of the combination of 
DA with Curl-up on the linea alba distortion.

Clinical Implication: Physiotherapists are regularly confronted with the management of the diastasis 
recti in postpartum women. DA combined with Curl-up can be used for management of diastasis recti in 
postpartum.

Keywords: Interrecti distance; Diaphragmatic aspiration; Hypopressive exercise; Curl-up; Ultrasound; 
Postpartum women; Benin
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postpartum rehabilitation is to reduce the IRD below the threshold 
of diastasis recti. No evidence-based guidelines have been formulated 
so far [6-8].

In the last few years, many studies have focused on the IRD 
reduction after a training program in postpartum women [9-17]. 
Various exercises have been proposed in the different protocols used. 
All protocols showed positive results in reducing the IRD. However, 
only one protocol compared two groups performing different 
programs and none of these studies proposed a control group. In 
addition, these protocols combined several exercises and the specific 
effect of each exercise is not known. Recently, three studies have 
showed a significant IRD decrease as a result of a training protocol 
focused on one exercise, specifically hypopressive exercise, Curl-up 
and Drawing-in [18-20]. The lack of a control group in Ramirez-
Jiménez et al. [20] study (hypopressive exercise), the small number 
of participants in Igwe, Okoye [18] study (Curl-up) and the fact that 
the participants in Tuttle et al. [19] study (Drawing-in) performed 
other activities (dance, walking, running) are limitations to these 
studies. In addition, these results have not yet been confirmed by 
other similar studies. 

The acute effect of abdominal exercises has also been investigated 
with very different results depending on the exercise. The Curl-up 
was repeatedly showed to significantly reduce the IRD whether 
in nulliparous, postpartum or parous women [21-27]. During 
Drawing-in, an IRD increase was observed in postpartum and 
parous women, the increase being sometimes statistically significant 
and sometimes not [21,24]. Two studies that examined hypopressive 
exercises reported no IRD change in men, nulliparous and 
postpartum women during these exercises [22,28].

According to these results, the Curl-up is the most studied 
exercise and has shown a systematic IRD reduction both acutely 
and during training. However, its practice in postpartum women 
raises reservations due to its suspected hyperpressive effect and to 
the observed increase in linea alba distortion [27]. A combination 
of Curl-up with the belly drawing-in showed a smaller linea alba 
distortion, but IRD reduction was also smaller or non-significant 
depending on the level of measurement [27]. Lee and Hodges 
[27] explained the smaller linea alba distortion by the transversus 
abdominis activation. Two recent studies showed that, during 
the hypopressive exercises prone by Caufriez [29], the transversus 
abdominis muscle was activated [30] and no linea alba distortion 
was observed [28]. We wondered whether an hypopressive exercise 
combined with Curl-up could also acutely reduce the IRD. A low 
intra-abdominal pressure and a moderate pelvic floor activation have 
recently been observed during the combination of Curl-up with a 
specific hypopressive exercise i.e., Diaphragmatic aspiration (DA) 
[31]. This DA+Curl-up combination appeared therefore to be a safe 
exercise for the pelvic floor but its acute effect on IRD is not known.

The aim of this study was to investigate the acute effect of 
DA+Curl-up and other abdominal exercises (Curl-up, DA, Drawing-
in, Drawing-in+Curl-up) on the IRD in Beninese postpartum 
women diagnosed with diastasis recti. 

Materials and Method

Study design

This cross-sectional study investigated the acute effect of 
DA+Curl-up and other abdominal exercises on the IRD in Beninese 

postpartum women and was conducted at the Clinique Universitaire 
de Médecine Physique et Réadaptation (CUMPR), in the Centre 
National Hospitalier Universitaire Hubert Koutoukou Maga 
(CNHU-HKM) in Cotonou (Benin). All participants received an 
explanation of the objectives and requirements for participation 
in the study and then completed a consent form. Experimental 
procedures were performed in accordance with the Declaration of 
Helsinki and were approved by the Ethics Committee of CUMPR 
(N°01-2020/MS/CNHU-HKM/CER/CUMPR).

Participants

The participants were postpartum women recruited from the 
patients attending the CUMPR from June 2020 to August 2021. 
To be included participants had to be aged between 18 and 40, have 
given birth more than 6 weeks and less than 6 months earlier, have 
an IRD of at least 23 mm measured at 5 cm above the umbilicus [5]. 
Women being pregnant, having given birth within the previous 6 
weeks or more than 6 months earlier, having undergone abdominal 
surgery within the previous 6 months excepted caesarean, and 
women who were unable to perform all the exercises correctly were 
excluded from the study. 

Protocol 

At the first appointment, information regarding age, parity, 
time elapsed since the last childbirth were collected, biometric data 
(height and weight), abdominal strength, abdominal endurance and 
IRD were measured. Participants who met the inclusion criteria 
were taught the different experimental conditions. If their ability to 
perform the conditions was insufficient, another appointment was 
scheduled to improve it. If it was satisfactory, an appointment was 
scheduled to collect data. At this data collection session, IRD was 
measured at 5 cm above the umbilicus during 6 conditions (Figure 
1): Rest (in supine position with arms alongside the body and knees 
bent); Curl-up (with hands towards the knees bent, lift the head 
and the trunk slowly to the tip of the scapula); Drawing-in (with 
arms alongside the body and knees bent, draw the belly in to bring 
the umbilicus closer to the spine); Diaphragmatic aspiration (DA) 
(with arms alongside the body and knees bent, exhale gradually 
through the mouth by draw-in the belly, then hold the breath and 
pull the abdomen upwards); Drawing-in+Curl-up (do Drawing-in 
and add Curl-up); DA+Curl-up (do DA and add Curl-up). Exercises 
were performed in a random order defined by the participant who 
selected a number between 1 and 9. Each number corresponded 
to a predefined order. The IRD was measured while the subjects 
maintained the final position at the end of each condition. Each 
exercise was performed twice. 

Data collection 

IRD measurement was performed by a physiotherapist who 
had 15 years of experience and trained in ultrasound measurement 
with one year of experience in the use of this tool. Ultrasound is 
a valid and reliable tool to measure the IRD [32-37]. The Intra-
Class Correlation Coefficient [95% confidence interval] for the IRD 
measurement above the umbilicus was 0.98 [0.92-0.99] in Chiarello, 
McAuley [32]. For this study, we used an ultrasound device Chison 
Eco, 5-11 MHz wideband Linear Probe. The participant was 
positioned supine, with bent knees. A mark was made at 5 cm above 
the upper edge of the umbilicus and measurements were made at this 
level. The examiner applied gel to the abdomen and placed the probe 
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transversely over the skin mark without any pressure [32,33]. The 
image was then captured and the IRD measured, on the screen with 
the ultrasound calipers, as the space between the two sheaths of the 
rectus abdominis muscle as described by Djivoh et al. [5].

Abdominal muscle strength was measured using manual muscle 
testing according to Hislop et al. [38]. The participant was lying on 
the back with the knees bent and tried to lift the head and shoulders 
without moving the pelvis and the feet. The testing was rated from 0 
to 5 depending on the final position.

0: does not lift anything;

1: only lifts the head;

2: lifts the head and the upper part of the shoulders with the 
arms extended towards the knees;

3: lifts the head and shoulders up to the point of the scapula with 
the arms extended towards the knees;

4: lifts the head and shoulders to the point of the scapula with 
the arms crossed on the chest;

5: lifts the head and shoulders to the point of the scapula with 
the hands at the back of the neck.

Abdominal muscle endurance was evaluated using position 2 
of the manual testing described above. The participant maintained 
the position as long as possible. The measurement was expressed in 
seconds [39,40].

The abdominal skinfold was measured at 2 cm at the right 
of the umbilicus [41]. The measure was taken with ultrasound as 
the distance between the superficial part of the skin and the rectus 
abdominis muscle as described in previous study [5]. Biometric data 
(weight and height) were measured using a telescopic height scale 
(Seca 220). 

Statistical analysis 

For each condition, the average IRD value measured during two 
repetitions was used for statistical analysis using SPSS 27 software. 
Normality of distribution was assessed using Kolmogorov-Smirnov 
test. Due to non-normal distribution, non-parametric tests were 
used and the results were presented as median with interquartile 
range (IQR). The Friedman test was used to compare IRD across the 
6 conditions and the post hoc Wilcoxon test for related samples to 
identify specific differences. The level of significance was set at 5%. 
It was adjusted for post hoc test by dividing 0.05 by the number of 
pairwise comparisons. The effect size (r) was calculated by dividing 
the z statistic by the square root of the number of cases (n) [42].

Results

One hundred and twenty-one postpartum women responded to 
our request. Sixty-two women were excluded because of having an 
IRD of less than 23 mm and ten were excluded because they were 
unable to correctly perform the exercises after two appointments. 
Figure 2 shows the flowchart for the recruitment of participants. The 
characteristics of the forty-nine women who were enrolled in this 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Illustration of the different abdominal exercises performed.

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Participants recruitment flowchart.
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study are summarized in Table 1. They were aged (median ± IQR) 
30.9 ± 7.0 years old with BMI average 23.1 ± 6.1 kg/m2. Table 2 
presented the IRD for each condition. The IRD differed significantly 
among the 6 conditions: X2 = 208.9, ddl = 5, p<0.001. Compared 
to rest, no significant IRD change was observed during DA (p=0.1) 
and Drawing-in (p=0.08), but IRD was significantly larger during 
Drawing-in compared to DA (p=0.001). The IRD decreased 
significantly when Curl-up, Drawing-in+Curl-up and DA+Curl-up 
were performed (p<0.001). This decrease was larger during Curl-up 
than during the combined exercises (p<0.001). 

Discussion

Key findings

IRD values were measured 5 cm above the umbilicus with 
ultrasound in 49 Beninese postpartum women. Curl-up was the 
abdominal exercise during which IRD was the most reduced. 
Smaller significant IRD reductions were observed during Curl-up 
combinations with Drawing-in and DA. IRD was not modified 
during DA. A non-significant IRD increase was observed during 
Drawing-in practiced alone. 

Characteristics of the sample

This study included Beninese postpartum women who gave 
birth 6 weeks to 6 months earlier. Out the 121 women approached, 
59 were selected because they had an IRD greater than 23 mm, 
which corresponded to a diastasis recti prevalence of 49% very close 
to the prevalence (46%) observed in a recent study based on a similar 
population [5]. The participants in our study had a median strength 
of 3, similar to those reported in two other studies, one on a similar 

Beninese population [5], and the other on Chinese postpartum 
women [4]. According to Hislop et al. [38], an optimal strength 
corresponds to ratings of 4 and 5. This shows that postpartum 
women with diastasis recti have insufficient abdominal strength that 
deserves to be improved during the rehabilitation program. Similarly, 
compared to values measured in nulliparous women (65 to 117 
seconds) [4,39,40,43], endurance values measured in postpartum 
women are poor, respectively 56 seconds in this study, 55 seconds 
in a previous one [5], and much lower values (8 to 15 seconds) in 
the study of Liaw et al. [4]. In this last study, the selected position 
for endurance evaluation was the level 3 of the manual testing rather 
than the level 2 in the current study. 

IRD during Curl-up 

At 5 cm above umbilicus, we observed a significant IRD decrease 
during Curl-up. This confirms that the Curl-up acutely decreases 
the IRD, whatever the measurement tool (ultrasound or calipers), 
the population (nulliparous, postpartum or parous women) and the 
measurement level above umbilicus [21,23-27,44]. The reduction of 
IRD during Curl-up can be explained by the straightening of the left 
and right rectus abdominis muscles from their arc-like orientation at 
rest [27]. Despite this systematic IRD reduction effect, the practice 
of Curl-up alone is not recommended due to its distortion effect on 
the linea alba [27,45]. Its combination with Drawing-in is rather 
advised in order to benefit from both the IRD reduction during 
Curl-up and the reduction of linea alba distortion during transversus 
abdominis activation.

IRD during Drawing-in and combination with Curl-up 

IRD during Drawing-in (29.0 mm) was larger than during 

Table 1. Characteristics of the women in the study (n = 49).

Variables Values (Median ± IQR)

Age (years) 30.9 ± 7.0

Parity (child) 2 ± 1

Time since the last delivery (weeks) 18 ± 13

BMI (kg/m2) 23.1 ± 6.1

Skinfold (mm) 12.4 ± 9.3

Strength (0 – 5) 3 ± 1

Endurance (sec) 56±39

Abbreviations: IQR: Interquartile Range; BMI: Body Mass Index.

Table 2. Interrecti distance at 5 cm above umbilicus during the six conditions (n = 49).

Conditions

IRD (mm) Pairwise comparisons 
(Compared to Rest)

Median IQR p-value r

Rest 26.7 9.5 - -

Curl-up*⸸ 18.7 8.9 < 0.001 0.6

Drawing-in 29.0 10.0 0.08 0.1

DA⸸ 26.0 8.5 0.1 0.1

Drawing-in+Curl-up*⸸ 22.9 9.7 < 0.001 0.3

DA+Curl-up*⸸ 21.8 9.3 < 0.001 0.4

Abbreviations: IRD: Interrecti Distance; IQR: Interquartile Range; DA: Diaphragmatic Aspiration. *Significant difference compared to Rest; 
⸸Significant difference compared to Drawing-in; p<0.05. r(effect size) = 𝑧𝑧 √𝑛𝑛⁄  
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rest (26.7 mm) but this increase was not statistically significant. 
Published data regarding the effect of Drawing-in on IRD reported 
IRD increases either significant or not depending on the studies. 
Under umbilicus, significant IRD increases were systematically 
observed (references et population ?). Above umbilicus, both 
significant (reference) and non-significant (reference) IRD increases 
were reported in parous and postpartum women. Further studies are 
needed to clarify the acute effect of Drawing-in on the IRD.

During Drawing-in combined with Curl-up, a significant IRD 
reduction was observed contrary to the result of a previous study 
[44]. In that previous study, IRD was measured using calipers 
and the reference position was Head-lift rather than rest because a 
minimal rectus abdominis muscle contraction is required for IRD 
measurement with the calipers. This small contraction reduced IRD 
during Head-lift [21] which can explain the difference in results. Lee 
and Hodges [27] also observed a significant IRD reduction between 
rest and transversus abdominis activation combined with Curl-up at 
U point (just above umbilicus). 

IRD during DA and combination with Curl-up

In our study, IRD did not change significantly during DA 
compared to rest, consistent with the results of two recent studies, 
one in postpartum women [28] and the other in men and nulliparous 
women [22]. The authors of this last study explained the lack of 
effect by the involuntary activation of transversus abdominis during 
hypopressive exercises, contrary to its voluntary activation during 
Drawing-in which increases the IRD below the umbilicus [21,24]. 
The effect of voluntary or involuntary activation of the transversus 
abdominis muscles on the IRD needs to be more investigated. In 
our opinion, the lack of difference between rest and DA could be 
explained by an IRD increase during the DA first phase (Drawing-
in) followed by an IRD decrease during the second phase (aspiration 
phase - see DA instructions in Protocol). This hypothesis is 
supported by the observation that IRD was significantly smaller in 
DA compared to Drawing-in. During DA, IRD was reduced when 
the abdomen was pulled up during the aspiration, probably because 
the two rectus abdominis muscles come closer to each other due to 
the stretching of their fibers. Diaphragmatic aspiration performed 
without any belly Drawing-in could therefore potentially result in 
a significant IRD reduction. This should be further investigated 
bearing in mind that Drawing-in has been showed to reduce the 
linea alba distortion. 

This study was the first to investigate the acute effect, on the 
IRD, of the combination of the DA with Curl-up, a rather complex 
movement requiring several learning sessions. This combination 
significantly reduced IRD compared to rest but this reduction 
was smaller than that observed during Curl-up alone. The same 
combination, unlike the Drawing-in+Curl-up combination, has 
recently been showed to promote less increase in intra-abdominal 
pressure and more pelvic floor muscles activation than Curl-up alone 
[31]. Combining DA with Curl-up appears therefore promising 
regarding postpartum rehabilitation as it seems to combine the 
positive effects of each exercise, IRD reduction due to Curl-up and 
intra-abdominal pressure reduction due to DA. Its acute effects 
on the linea alba distortion deserves to be studied, as well as its 
training effects on abdominal muscles strength and endurance, IRD 
reduction and linea alba stiffness. 

Strength

This study investigated the acute effect of the combination of the 
Diaphragmatic aspiration with the Curl-up on the interrecti distance 
in postpartum women. Hypopressive exercises are increasingly 
offered to postpartum women, but their effects on the interrecti 
distance remain very little explored. Specifically, the combination 
of Diaphragmatic aspiration with Curl-up had never been studied 
before. This combination reduced the interrecti distance. Its effects 
on other aspects of abdominal function (strength, endurance, 
circumference, linea alba stiffness and distortion...) and pelvic floor 
(tonus, strength, endurance, urinary incontinence, organ prolapse...) 
deserve to be studied in the future.

Our study is focused on postpartum women diagnosed with 
diastasis recti and the selection was done using the IRD threshold 
developed from a population with similar characteristics [5]. The 
6 exercises were performed in random order with standardized 
instructions. Ultrasonography has been shown to be a reliable and 
valid method to assess IRD [32-37], and the physiotherapist who 
conducted the measurements was trained for the use of this tool. All 
participants were trained in the various exercises of the study before 
data collection.

Limitation 

The interrecti distance measurement was performed at a 
single level at 5 cm above umbilicus and only in supine position 
in this study, although the effect of exercises varies depending on 
the measurement level and position according to published data 
[21,23,24,27,30]. Then the results of this study cannot be applied 
to other measurement levels and positions. The inclusion criteria 
(IRD >23mm) were chosen considering the preliminary results of 
a previous study [5]. Further analysis of the data from this study 
showed that even women with an IRD smaller than 23 mm could 
be diagnosed with diastasis recti if they had a slack linea alba, an 
abdominal strength less than 3 and an abdominal endurance below 
60 seconds. The inclusion of these women in the current study would 
possibly have allowed for a normal distribution of the data and the 
use of parametric statistical tests more likely to result in significant 
differences between exercises [46,47].

Clinical implications

Physiotherapists are regularly confronted with the management 
of the diastasis recti in postpartum women [48,49]. They resort 
to various exercises including Curl-up which is quite controversial 
because it has been shown to increase the linea alba distortion 
[27] and to be one of the exercises practiced by women suffering 
from pelvic floor disorders [50-52]. As an alternative, Drawing-
in and hypopressives exercises are recommended in postpartum 
[27,29,53], although their effects on the diastasis recti are not clearly 
known. This study brings arguments in favor of the combination 
of Diaphragmatic Aspiration with Curl-up that acutely reduces the 
interrecti distance in postpartum women diagnosed with diastasis 
recti. The acute effects observed in this study encourage the initiation 
of a randomized clinical trial focused on the training effects of this 
combination on the interrecti distance. 

Conclusion

This study investigated the acute effect of various abdominal 
exercises on the interrecti distance in Beninese postpartum women at 
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5 cm above umbilicus. The Diaphragmatic Aspiration had no effect 
on the interrecti distance. The interrecti distance was increased during 
Drawing-in and this increase was non-significant in comparison to 
rest but significant compared to Diaphragmatic Aspiration. The 
combination of Curl-up with Diaphragmatic aspiration or with 
Drawing-in slightly decreased the interrecti distance compared to 
rest but less than the decrease observed during Curl-up alone. These 
combinations deserve to be more studied to clarify their acute effect 
on the linea alba and their training effect on abdominal and pelvic 
floor function.
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