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ABSTRACT 

 
Background: Controversy exists around exercises that attempt to differentially activate the upper and/or 

lower portions of the rectus abdominis (RA) muscles in normal subjects. Objective: The purpose of this study 

was to assess the activation of the upper and lower portions of the RA muscles during a variety of abdominal 

muscle exercises in women having diastasis recti after normal vaginal delivery. Study design: Twenty eight 

multiparous (2-3 times) women after two months of normal vaginal delivery with the separation between two 

recti more than two fingers were selected from El Mataria Teaching Hospital. Electromyographic (EMG) 

activities of the upper and lower portions of the RA muscles, amount of separation between two recti, region 

of greatest separation and the presence of bulge of the abdomen were measured during curl up, posterior 

pelvic tilt, unilateral straight leg raising and double straight leg raising exercises. Results: Data revealed a 

statistically non significant difference in the muscle activity between the upper portions of the RA muscles, 

whereas there is a significant difference between the lower portions of the RA muscles across all exercises. 

Curl up exercise demonstrated a small difference between the two portions of the muscles while posterior 

pelvic tilt and double straight leg raising activated the lower portion than the upper portion of the RA 

muscles. There is no statistically significant change in the separation between two recti and bulge of the 

abdomen with all exercises except with performing double straight leg raising which represented a 

statistically significant increase in the separation as well as bulging of the abdomen. Conclusion: Posterior 

pelvic tilt and unilateral straight leg raising exercises is more strenuous than the curl up exercise on the 

lower portion of the RA muscles in women having diastasis recti after normal vaginal delivery but double 

straight leg raising should be avoided for such cases. 
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INTRODUCTION 

 

uring pregnancy the female body 

undergoes many hormonal and 

anatomic changes that affect 

muscloskeletal system. These 

changes may cause various musculoskeletal 

complaints, predisposing to injury or alter the 

course of the preexisting aliments
1,15

. 

No doubt that, the abdominal muscles 

suffers a lot during pregnancy due to severely 

overstretching of their muscle fibers around 

the growing uterus. For this reason, they 

usually seem flat, flabby and very weak 

immediately after delivery
9
. Because of this 

spinal stability is extensively affected by the 

lengthening of the abdominal muscles and the 

consequential changes in their ability to 

generate tension
16

. In which stretched and 

weakened abdominal muscles will not be able 

to support the back properly and this of course 

may cause severe backache
14

. 

Diastasis recti occurs commonly in 

pregnancy and its incidence rates of more than 

67%
2,23

 if the separation between upper and 

lower portion of them exceed 23cm 

D 
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(2fingers)
23

  and it is greater in multigravidae 

than primigravidae
2
, that takes 3-6 months 

after delivery to return to the pre-pregnant 

state when there is a good planned postnatal 

exercise program
20

. 

Nowadays there is a contradiction about 

which type of abdominal exercise is more 

effective to restore their function capability 

without any hazard for these weak muscles 

after delivery. As Callinan-Moore
3
, stated that 

concentric oblique (diagonal sit-ups) exercises 

should be avoided in late pregnancy and 

postnatally, for fear of increasing the diastasis. 

A recent study reported by Ellson and 

Bullock-Saxton
8
, indicated that the non-

resisted abdominal curl with rotation did not 

significantly increase the diastasis from its 

resting width. While Wohlfahrt et al.,
24

 

reported that slowly lift up to 30
0
 and lower 

extended leg to the bed can increase 

abdominal strength without any harmful 

effects. In addition, Richarson and Jull
21

 

reported that the isolated activation of the 

abdominal is achieved by asking the subject to 

slowly and gently draw the abdominal muscles 

for ten seconds particularly in the lower 

abdominal area. That resulted in a 

simultaneous isometric contraction of the 

multifidus posteriorly and this co-contraction 

assists in maintaining the neutral spinal 

posture. Also, Boissonnault and Blaschak
2
 

reported that dynamic trunk flexion exercise 

(trunk crul) should be avoided if there is a 

diastasis as it leads to bulging and loading on a 

weak muscle resulting in more weakness. 

As mentioned above there are many 

exercises techniques for strengthening the 

abdominal muscles postnatal
2,3,8,21,24

. 

Theoretically, there are many methods for 

strengthening the RA muscles in athletes. 

Many authors have postulated that exercises 

included movement of the trunk (curl up) 

could strength the upper portion of these 

muscles
19,22 

and exercises involved straight leg 

raising and posterior pelvic tilt could influence 

strength in their lower portions
4,21

, while 

others noting that trunk and/or raising lower 

limbs exercise create similar action potential 

within each portions of the RA muscles
12

. 

But, there is a lack of literature studying 

the effect of various types of exercise on the 

upper and lower portion of RA muscle 

recorded by EMG after normal vaginal 

delivery. So, the purpose of this study was to 

asses the activation of the upper and lower 

portions of the RA muscles during a variety of 

abdominal muscles exercises in women having 

diastasis recti after normal vaginal delivery. 

 

SUBJECTS, MATERIALS AND 

METHODS 

 

Subjects 

Twenty eight multiparous (2-3 times) 

women were recruited from El Mataria 

Teaching Hospital after two months of normal 

vaginal delivery. Their average age, weight, 

height and body mass index were 24.5years, 

62.6kg, 159.72cm, and 27.92kg/m
2 

respectively. All women had no history of 

chronic low back pain, previous abdominal 

surgery, heart disease, musculoskeletal 

dysfunction or any other contraindications  to 

exercise and did not take any medication that 

affect their EMG or performance of the 

exercise. 

The separation between the upper 

(between xiphoid process and umbilicus) or 

lower (between umbilicus and symphysis 

pubis) portions of the two recti was more than 

two fingers (i.e. There was a diastasis recti 

abdomini muscles)
23

 and the abdominal 

muscle power was less than score 3 and above 

score 1 according to Janda's muscle power 

score
25

 in all participated women and they did 

not participate at ante and/or postnatal exercise 
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program and were housewives. Informed 

consent to participate in the investigation was 

obtained from all of them. 

 

Instrumentation of EMG data recording 

EMG system is Biopac, TEL 100- 

MP400 system. It is HEWLE PAKARD, 

Pentium III, designed for Microsoft windows 

98. The data stored in MP unit and transferred 

to a computer and analyzed with 

acqknowledge version 3.7 that used to record 

muscle activities from the upper as well as 

lower portion of the right and left RA muscles 

at Motion Analysis Lab at Faculty of Physical 

Therapy, Cairo University. Skin preparation of 

the electrodes sites was performed using 

alcohol. Electrodes were placed parallel to the 

muscle fibers. Two pairs disposable silver 

chloride surface disc electrodes with a 

diameter of 1cm were placed in bipolar 

configuration symmetrically on each side of 

the abdomen with a center to center spacing of 

2.5cm in the following position: in the upper 

portion of the RA which was 3cm lateral to 

midline on the second to topmost rectus bead 

and in the lower portion which was 3cm lateral 

and 2cm inferior to the umbilicus. An earth 

electrode was placed on the 5
th

 to the 6
th

 rib of 

both sides
18

. 

The raw EMG signals were collected 

and band-pass filtered at 20Hz and 500Hz and 

was simultaneously digitized at 1KHz 

sampling rate and stored on memory card of 

the computer. The microcomputer converted 

the raw EMG signals into digital signals, 

which were then transformed into absolute 

value (full wave rectification). The signals 

were then normalized to amplitude obtained 

during each voluntary contraction. 

 

Procedures 

Women were taught how to perform the 

exercise. Warm up exercise for five minutes 

was adequately performed before recording 

EMG. After resting five minutes, each woman 

was asked to take the starting position to 

perform each exercise in which both hands 

were put under the lower back in an attempt to 

maintain constant position for spine. A set of 

five repetitions of each exercise was 

performed in which one repetition every three 

seconds (one second up, two seconds isometric 

hold without jerky movements and third 

second down). Hence after completion of the 

five repetitions of each exercises two minutes 

of rest was allowed. The average EMG activity 

was recorded for each exercise during the two 

seconds of the isometric hold which is 

expressed as a percentage of maximum 

voluntary contraction. 

Rectus diastasis test was performed for 

each woman before involving in this study to 

confirm that there was a separation between  

two recti more than two fingers as well as at 

the same timing of performing each exercise 

and recording of the EMG activity, in which 

the therapist were fitted the four fingers of 

each hand vertically across the linea alba, 

fingers of one hand placed midway between 

the xiphoid process and the umbilicus and the 

fingers of the other hand placed midway 

between the umbilicus and the symphysis 

pubis. The woman was started to perform the 

exercise while the therapist turned the fingers 

horizontally across the linea alba at two levels 

one above and the other below the umbilicus 

to assess the following: 

1- Amount of separation between two 

recti. 

2- Region of greatest diastasis. 

3- Bulge of the abdomen on recti 

contraction
23

. 

 

Exercise descriptions 

- Trunk Curl-up: from crock lying 

position (in which both hips as well as 
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knees were flexed and feet were rested on 

the plinth), each woman raised the neck 

and trunk to the point where the scapula is 

lifted from the plinth while curling the rib 

cage toward the pelvis and hold for two 

seconds in this position and repeated this 

task. 

- Posterior pelvic tilt: from crock lying 

position, each woman isometrically 

contrac the abdominal muscles  to roll the 

pelvis backwards while pulling the pubic 

symphysis up towards the chest with the 

lumbar region touch the plinth and hold for 

two seconds in this position and repeated 

this task. 

- Unilateral straight leg raising: from half 

crock lying position (in which one lower 

limb was in extension and other limb was 

flexed hip, knee and foot was rested on the 

plinth), each woman was raised her 

straight leg up 30cm off the plinth and hold 

for two seconds in this position and 

repeated all previous tasks with the other 

lower limb again. 

- Double straight leg raising: from supine 

lying position, each woman was raised 

both straight legs up as possible as she can 

but not more than 25cm off the plinth and 

hold for two seconds in this position and 

repeated this task. 

 

Data and statistical analysis 

The mean percentage of maximum 

voluntary contraction of the five repetition of 

each exercise, per subject and per portion of 

the RA was used for making calculations. 

Also, the amount of separation, area of 

greatest separation and bulging of the 

abdomen was used for comparison between 

the exercises. The ratios and absolute 

difference between upper and lower portion of 

the RA was found for each task within each 

subject. A paired t test and one way repeated 

measures analysis of variances (ANOVA) 

were used to assess differences between tasks 

and differences between upper and lower 

portions of the RA muscles as well as amount 

of separation, area of greatest separation and 

bulging of the abdomen. The level of 

significance (P<0.05) was used. 

 

RESULTS 

 

The physical characteristics of all the 

participated women in this study are presented 

in table (1). 

 
Table (1): Physical characteristic of all women. 

Variables Range (minimum-maximum) Mean ± S.D. 

Age(Years) 20 - 27 24.5±3.45 

Height (cm) 156 – 164 159.72±24.78 

Weight (Kg) 60 - 70 62.6±7.56 

Body mass index (Kg/m
2
) 25 - 28 27.92±2.34 

Separation between two recti (Fingers) 

  Above umbilicus 

  Below umbilicus 

 

>  2   -   4 

>  2   -   4 

 

3.03±0.78 

3.42±0.56 

 

Table (2) represents the average group 

activity for each exercises and muscles as well 

as the average difference between the muscle 

segments for each exercise, paired t test 

revealed a statistically non significant  

(P>0.05) difference as there was a small ratio 

between the upper and lower RA muscle 

during trunk curl-up exercise but the 

difference was statistically significant increase 

(P<0.05) in the activity on the lower portion 
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than the upper portion of the RA muscles in 

posterior pelvic tilt and either unilateral  or 

double straight leg raising exercises, (fig. 1). 

The ANOVA test revealed a statistically 

non significant difference (f= 1.202, P>0.05) 

in the activity between upper portion of the 

RA muscles, while there was a statistically 

significant differences (f = 6.802, P< 0.05) 

between lower portion of the RA muscles 

across all exercises. 

 

 
Table (2): Average muscle activity and difference between RA muscle portions in all women having 

diastasis recti after normal vaginal delivery. 

 

Exercises 

Percentage of RA muscle activity (%) 

Upper RA portion Lower RA portion 

Difference between 

upper and lower RA 

activity 

T value 
Level of 

significance 

Trunk curl-up 35.44±13.2 34.04±13.15 1.40 1.032 P>0.05 

Posterior pelvic tilt  33.21±14.9 42.63±17.18 9.42 2.164 P<0.03 

Unilateral straight 

leg raising 
33.96±12.9 40.12±14.12 6.16 2.036 P<0.05 

Double straight leg 

raising  
34.32±13.8 44.75±16.15 10.43 2.358 P<0.01 

 

Fig. (1): Average muscle activity at upper and lower portions of RA muscle during exercises in all women 

having diastasis recti after normal vaginal delivery. 

 

Table (3) represented the average group 

activity for each exercises and muscles as well 

as the average difference between the 

separation, region of greatest diastasis and 

bulging of the abdomen with each exercise, 

paired t test revealed a statistically non 

significant  (P>0.05) difference as there was a 

small ratio between performing rectus diastasis 

test at the upper and lower portions of the RA 

muscles during trunk curl-up, posterior pelvic 

tilt and unilateral straight leg raising exercises 

but the difference was statistically significant 

increase (P<0.05) in the separation, region of 

greatest diastasis and bulging of the abdomen  

either above or below the umbilicus with  

double straight leg raising exercises, (fig. 2). 
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Table (3): Rectus diastasis test and difference between RA muscle portions in all women after normal 

vaginal delivery. 

 

Exercises 

Rectus diastasis test 

Separation between two 

recti (Fingers). 

Region of greatest 

diastasis (Numbers) 

Bulge of the abdomen 

(Numbers) 

Above 

umbilicus 

Below 

umbilicus 

Above 

umbilicus 

Below 

umbilicus 

Above 

umbilicus 

Below 

umbilicus 

Trunk curl-up 2.95±0.59 2.89±0.66 2 0 2 0 

Posterior pelvic tilt  2.65±0.45 2.87±0.54 0 0 0 0 

Unilateral straight leg raising 3.10±0.98 3.22±0.68 5 6 5 7 

Double straight leg raising  3.34±0.47 3.65±0.76 28 28 28 28 

 

Fig. (2): Amount of separation between upper and lower portions of RA muscle during exercises in all 

women having diastasis recti after normal vaginal delivery. 

 

DISCUSSION 

 

The results of the present study 

demonstrate that for all exercises there was a 

statistically significant difference between the 

upper and lower portions of the RA muscles 

except for trunk curl-up exercise when the 

EMG signals were normalized and spinal 

posture was controlled. Comparing of the 

results of this investigation with the results 

from similar studies was difficult as there is no 

previous studies performed on the same 

sample i.e. women with diastasis recti after 

normal vaginal delivery. For this reason, an 

explanation of some methodological and 

anatomical aspects may be helpful to relate the 

present results. So, the great interelectrode 

distances are preferred
5
 as well as the speed of 

the performance of the exercise seems to be an 

influential factor when recording EMG 

activity at the muscle
10

. For this reason, in the 

present study EMG recordings were taken on 

the RA muscle on each side at each portion 

(upper and lower) and the speed of the 

performance of the exercise was controlled 

during data collection. However, other 

investigations
10,12,21 

related the activity 

recorded in the RA muscles from standardized 

distances from the umbilicus and did not take 

the speed of the performance into 

consideration
13,21

. These two aspects could 

have been sources of bias in the results of 

those investigators. 
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Theoretically, sit-up and trunk curl up 

exercises are practiced for strengthening the 

upper RA muscles, and either unilateral or 

double straight leg raising as well as posterior 

pelvic tilt exercises for strengthening the lower 

RA muscles. The justification for this regimen 

has not frequently been stated, but in (1998)
7
 

anatomical evidence indicating separate 

innervations to the different portions of the RA 

muscles i.e. segments innervated indenpently 

suggests that the possibility exists for 

differential recruitment to occur. 

The sample of this study involved 

women with diastasis rect i.e. who had low 

level of physical activity thus, this last 

methodological aspect in the present study 

made the information about the topics studied 

in the previous researches
10,12,19,21 

more 

difficult to be related. 

The results of this study showed that the 

use of trunk curl –up exercise did not 

significantly affect the motor action potential 

MAP obtained from upper versus lower 

portion of the RA muscles. This result did not 

support the findings of Sarti et al.,
22

 and 

Carman et al.,
4
.   In comparison Richarson & 

Jull,
21

 found that posterior pelvic tilt exercise 

was more strenuous on the lower RA muscles 

than on the upper RA muscles. This finding 

was confirmed our results, while Lehman and 

his associated  (2001)
18 

found no difference in 

the two portions of RA muscles during trunk 

curl-up and straight leg raising exercises. 

Hence, the existence of small difference 

between the two portions of the RA muscles in 

this study especially for the trunk curl-up 

exercise could be related to the normalization 

of the EMG technique which is important in 

recording MAP
17

. Thus, the differences 

founded when performing other form of 

exercises were actually dependent on the 

activation of the muscles with the performed 

exercise. Also, all women had a BMI less than 

28 kg/m
2
 which mean low subcutaneous tissue 

that optimizing the magnitude of EMG signal 

collection
6
. So, all of the above results 

confirmed that the ability to perform the 

exercise was an influential factor rather than 

the level of physical activity. 

The results of this study showed that the 

use of trunk curl –up, posterior pelvic tilt and 

unilateral straight leg raising exercises did not 

significantly affect the amount of separation 

between two recti at upper or lower part of 

them as well as they did not produce any 

bulging of the abdomen when performed. But 

double straight leg raising exercise increased 

the separation between recti and bulging of the 

abdomen.  These results confirmed by the 

study of Wohlfahrt et al.,
24

 who reported that 

slowly lift up to 30º and lower extended leg to 

the bed can increase abdominal strength 

without any harmful effects. On the other 

hand, Boissonnault & Blaschak
 2

, reported that 

dynamic trunk flexion exercise (trunk-crul) 

should be avoided if there is a diastasis as it 

leads to bulging and loading on a weak muscle 

resulting in more weakness. Thus, the physical 

therapist deal with women having diastasis 

recti after delivery should monitor the effect of 

abdominal exercises on the diastasis by 

palpating the muscle and prescribe exercises 

accordingly and place more emphasis in 

exercise prescription on restoring the 

abdominal muscles strength. 

 

Conclusion 

As a conclusion trunk-crul up, posterior 

pelvic tilt and unilateral straight leg raising 

exercises could influence the different portions 

of the RA muscles in women with diastasis 

recti after normal vaginal delivery. In addition, 

women wanting more strenuous exercise on 

the lower RA muscles should select the 

posterior pelvic tilt safely as well as unilateral 
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straight leg raising exercise but double straight 

leg raising should be avoided for such cases. 
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الملخص العربي 
 

النشاط العضلي للطرف العلوي والسفلي لعضلتي البطن الطوليتان أثناء تمرينات البطن لدى سيدات عندهن تباعد بين 
عضلتي البطن الطوليتان بعد الوالدة الطبيعية 

 
.  هناك جدل حول مدى تنشٌط التمرٌنات للطرف العلوي و السفلً لعضلتً البطن الطولٌتان فً األشخاص األصحاء:مقدمة 

تهدف هذه الدراسة إلى تقٌٌم مدى التنشٌط الحادث للطرف العلوي و السفلً لعضلتً البطن الطولٌتان أثناء عمل تمرٌنات : هدف الدراسة  
. بعد الوالدة الطبٌعٌة (دٌاستازز)متنوعة للبطن لدى سٌدات عندهن تباعد بٌن عضلتً البطن الطولٌتان 

 2أكثر من )لدٌها تباعد بٌن عضلتً البطن الطولٌتان  ( مرات3-2) سٌدة متكررة الحمل 28 اشترك فً هذه الدراسة :تصميم الدراسة 
و قد تم تقٌٌم أقصى تباعد بٌنهما و كذلك وجود بروز فً البطن أثناء . من مستشفى المطرٌة التعلٌمً بعد شهرٌن من الوالدة الطبٌعٌة (إصبع

. أداء تمرٌنات البطن المختلفة مثل ثنى الجذع و مٌل الحوض للخلف و رفع إحدى الساقٌن مستقٌمة و رفع الساقان مستقٌمتان معا 
 أظهرت النتائج انه مع جمٌع تمرٌنات البطن ال ٌوجد أي اختالف ذو داللة معنوٌة فً نشاط الطرف العلوي لعضلتً البطن  :النتائج 

وعلٌه فان تمرٌن ثنى الجذع قد اظهر تغٌر قلٌل جدا فً النشاط فٌما . الطولٌتان و لكن هناك اختالف معنوي فً نشاط الطرف السفلً لهما
بٌن طرفً العضلة و لكن مٌل الحوض للخلف و رفع الساق منفردة أو مزدوجة فقد أظهرتا نشاط كبٌر جدا فً الطرف السفلً عن الطرف 
العلوي لعضلتً البطن أما مقدار التباعد و بروز البطن فلم ٌظهر أي فروق ذات داللة إحصائٌة إال عند عمل تمرٌن رفع الساقٌن مستقٌمٌن 

. معا
 فان تمرٌنات مٌل الحوض للخلف ورفع ساق واحدة مستقٌمة ٌمكن أن تزٌد من قوة الجزء السفلً لعضالت البطن عن تمرٌن ثنى :الخالصة 

الجذع عن استخدامه مع سٌدات عندهن تباعد بٌن عضلتً البطن الطولٌتان بعد الوالدة الطبٌعة ولكن رفع الساقٌن مستقٌمتٌن معا ٌجب من 
. عدم استخدامه فً مثل هذه الحاالت

. الوالدة الطبٌعة - تمرٌنات عالجٌة– رسم العضالت - (دٌاستازز) تباعد عضلتً البطن الطولٌتان:الكلمات الدالة 
 


