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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Introduction: The separation of the two rectus abdominis 

muscles along the linea alba is termed diastasis of recti 
abdominis muscles (DRAM). DRAM is a common health 
problem in people that are both pregnant and postpartum. With a 
100% frequency at gestational week 35, it is extremely frequent 
during pregnancy. Control and function of the trunk are greatly 
influenced by the musculature of the abdomen. The existence, 
extent, and duration of DRAM have been connected to low back 
and pelvic discomfort however the relationship is not conclusive. 
It has been proven to weaken abdominal muscles and impair their 
functioning in lumbo-pelvic stability. Additionally, DRAM has 
been linked to pelvic floor dysfunction. The mechanical control 
and function of the abdomen can be compromised by diastasis 
recti, which compromises the abdominal muscles. This study 
examined the impact of abdominal exercises and neuromuscular 
electrical stimulation on the DRAM in postnatal females who 
underwent Caesarean section.

Material and Method: A total of 208 individuals, aged 
between 20 and 34, who had recti diastasis measuring more than 
2.5 cm, underwent screening. They were split into two groups at 
random. Group B only received abdominal exercises, whereas 
Group A received NMES in addition to their activities. For a 
period of 12 weeks, the intervention was given to both groups 
three times a week. Changes have been recorded before and 
after the intervention. The pressure biofeedback unit, measuring 
tape, and vernier caliper were employed to evaluate the outcome 
measures of inter-recti distance, abdominal muscle strength, 
and waist-hip ratio, respectively. 

Result: In every outcome, both groups had a highly significant 
(p<0.05) improvement. Furthermore, after 12 weeks, group A 
had improved in all measures with highly significant (p<0.05) 
intergroup comparisons.

Conclusion: In comparison to MNES alone, NMES can have 
a more significant effect on reducing DRAM in postpartum 
women when paired with abdominal Exercise.

Key words. Abdominal exercises, Diastasis recti abdominis 
muscle, Neuromuscular electrical stimulator, Postnatal females.
Introduction.

A diastasis of the rectus abdominis muscles (DRAM) occurs 
when the two rectus abdominis muscles split at the linea alba 
[1]. The uterine growth and hormonal changes that occur during 

pregnancy can cause the abdominal muscles, particularly the 
rectus abdominis muscles, to stretch. DRAM is a prevalent 
health issue among postpartum and pregnant individuals. The 
DRAM is more common in situations of repeated pregnancies, 
obesity, fetal macrosomia, flaccid abdominal muscles, and 
polyhydramnios in multiparous women [2,3]. Due to the baby's 
anterior location during pregnancy, women who have had 
numerous births, are multiparous, or have a narrow pelvis are 
more likely to experience DRAM [4]. At gestational week 35, 
it has a 100% global frequency, making it extremely frequent 
during pregnancy. It can persist for six weeks after delivery 
when the prevalence is between 50% and 60%, and for up to six 
months, when it is between 39% and 45%. [1]. The incidence 
of DRAM in Maharashtra is 68%, whereas it is 61.36 in India 
[4,5].

Reduced muscle strength and endurance, a diminished 
ability of the abdominal musculature to stabilize the pelvis, 
lumbopelvic, related pelvic floor dysfunction, and abnormal 
posture, and discomfort have all been linked to DRAM [2]. 
Severe DRAM has been linked to lumbar spine susceptibility 
and pelvic injury, as well as altered trunk mechanics, decreased 
altered posture, and pelvic stability [1].

Research has demonstrated that engaging in regular exercise 
before becoming pregnant, during pregnancy, and after giving 
birth can help lower the danger of having diastasis recti, as well as 
its size and likelihood of recurrence. This study's main objective 
is to identify the impact of abdominal muscular strengthening 
and facilitation training on the decrease of diastasis recti in 
postnatal women. By performing this, problems will be reduced, 
and functional status will be enhanced [6]. Despite the fact that 
DRAM is a severe and prevalent clinical disease, nothing is 
referred to as prevention or treatment [7]. Regular activity in the 
antenatal and prenatal phases of pregnancy helps to minimize 
the possibility of DRAM development and DRAM size, as 
well as helping to reduce the issues relating to the DRAM. 
Women with DRAM who are postpartum are also often advised 
abdominal workouts. In addition, cardiovascular workouts, 
external support (such as a tubigrip or corset), and posture 
and back care education are frequently utilized non-surgical 
therapies for women with DRAM [7]. NMES application has 
also increased dramatically in recent years. A small number 
of research look into how NMES affects the muscles of the 
abdomen. According to Alon et al. and colleagues, NMES to the 
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abdominal musculature strengthened the muscles by roughly 
14% to 22% and was well tolerated [1]. Additional measures, 
like belly bracing, have been used to assist in lowering DRA in 
postpartum females [8]. Kamal D.M. and Yousif A.M. have said 
that the postpartum population's DRAM recovery will be aided 
more by the use of NMES in the DRAM rehabilitation program. 
According to G. Alon et al., strengthening abdominal muscles 
may be best achieved by combining the effects of exercise and 
stimulation.

Thus, the primary objective of the research is to determine how 
neuromuscular electrical stimulation, in addition to abdominal 
exercises, affected the diastasis recti abdominis muscle in 
postnatal females who had Caesarean sections.
Methodology.

A randomized clinical trial was chosen for the study. 
Participants were selected from the OPD of obstetrics and 
gynecology from YCRH Hospital, Latur. A total of 208 
participants were screened. Using straightforward selection 
proforma appropriate to the inclusion and exclusion criteria, 198 
individuals were selected. Multiparous women with parity not 
exceeding four times, aged between 20 to 34 years with lower 
segment caesarean section, having more than 2.5 cm in diastasis 
recti measured by vernier caliper were included. Participants 
having abdominal or back surgeries and pregnancy-related 
complications, such as fetal macrosomia, polyhydramnios, 
hypertension or diabetes, spinal disorders, and abdominal skin 
diseases, were excluded.

A total of 198 participants who were selected as per inclusion 
criteria were randomized into two groups using sealed opaque 
envelopes after obtaining written informed consent from each 
participant. Group A contained 96 subjects, and Group B had 
102 subjects. The number of follow-ups in group A was 6, and in 
group B was 4 due to some reasons like illness, hospitalization, 
and loss of interest. Therefore, a total of 188 participants 
were analyzed at the end. Before starting the intervention, the 
participants signed consent forms and were given explanations 
of all the procedures involved in this investigation. The 
measurement was done for Inter-recti distance using a vernier 
caliper, abdominal strength using pressure biofeedback, and 
the waist-hip ratio using an inch tape prior to beginning the 
intervention. The abdominal exercise program was administered 
to group B, while the abdominal exercise program, along with 
neuromuscular electrical stimulation, was administered to 
group A. An abdominal exercise program was administered 
to subjects thrice a week for 12 weeks, and neuromuscular 
electrical stimulation was applied to subjects thrice a week for 
30 minutes for 12 weeks.
Abdominal exercise program:

The subjects of this program were split up into two groups, 
A representing the experimental group and B representing the 
control group. They were given exercise illustrations to ensure 
that they could perform the workouts at home on subsequent 
days. The exercises were provided in the supine position. The 
exercises included in the program were static abdominal exercises, 
sit-ups, u-seat exercises, reverse sit-ups, and pelvic clock exercises. 
Every workout was done 20 times during the interventions with 
each repetition increasing by four every week.

Neuromuscular Electrical Stimulation:
A NMES unit was employed only to (group A) experimental 

group. In order to benefit from the enhanced muscle activation, 
the NMES was applied first, then abdominal workouts followed. 
For comfort and relaxation, each woman was instructed to 
empty her bladder prior to the start of the therapy session. 
Before applying NMES, the abdomen area is cleansed with 
alcohol. The rectus abdominis was stimulated bilaterally using 
the four large rectangular electrodes. The muscle's insertion 
was located at the outermost layer of costal cartilages number 
five, six, and seven as well as the anterior surface of the xiphoid 
process, whereas the muscle's origin was located in front of the 
symphysis pubis and at the anterior surface of the pubic crest. 
The electrodes were fastened in place using the sticky tape. The 
parameters of the study were as follows: a on: off ratio of 5s:10s, 
a frequency of 80 pulses/min, a pulse width of 0.1–0.5 ms, and 
a total stimulation time of 30 minutes. Increasing the intensity 
gradually until a strong, pleasurable muscle contraction was 
noticed. When using NMES, the individuals were advised to 
let their abdomen muscles relax. After intervention again, 
abdominal muscle strength by waist-hip ratio, pressure 
biofeedback unit, and inter-recti distance by vernier caliper 
were measured.
Statistical analysis:

A structural proforma was used to collect the data. Data 
entered into an MS Excel spreadsheet was examined using IBM 
USA's SPSS 23.0 edition. Poisson data was used to express 
qualitative data. Standard deviation and mean were used to 
express quantitative data. In order to determine whether or not 
the mean difference between groups is significant, the mean and 
SD between the pre and post-intervention in the same groups 
were compared using a paired t-test. To ascertain whether or 
not the mean difference between the groups is significant, the 
unpaired t-test was utilized to compare the mean and SD between 
two different groups. Standard deviation, mean, and standard 
error of mean were used to provide the descriptive statistics 
for each variable. A p-value of < 0.05 was deemed statistically 
significant, while a p-value of < 0.001 was considered highly 
significant. In group A, 6 dropouts and in group B, 4 dropouts 
were recorded. Therefore, 90 were analyzed in group A, and 98 
were analyzed in group B.
Results.

Changes in the inter-recti distance of subjects are summarized 
in Table 1. The paired sample t-test results show that there is a 
significant change in the inter-recti distance at 12 weeks in both 
groups (p<0.05). However, group A, which is the experimental 
group, performed better than group B, the control group. The 
table also shows the change of score at 10 weeks is 47.12% in 
Group A and 27.69% in Group B, indicating Group A improved 
more significantly than Group B.

Changes in the waist-hip ratio of subjects are summarized in 
Table 2. Results of the Paired sample t-test show that there is a 
significant improvement in the waist-hip ratio in both groups at 
12 weeks (p<0.05). However, the improvement in Group A is 
better than Group B. The change of scores from baseline to 12 
weeks is 7.6% in Group A and 2.22% in Group B, which indicates 
that group A improved more significantly than Group B.
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Results of the Paired sample t-test of abdominal muscle 
strength for groups A and B are presented in Table 3. The paired 
sample t-test results show that there is a significant improvement 
in abdominal muscle strength in both the groups at 12 weeks 
(p<0.05). However, the improvement in Group A is better than 
Group B. The change of scores from baseline to 12 weeks is 
19.01% in Group A and 15.87% in Group B, which indicates 
that group A improved more significantly than Group B.

Table 4 represents the results of the unpaired t-test, which 
explains the comparison between the Post Intervention Measures 
of Groups A and B (Graph 4). However, the experimental group 
was found to be more significant (p<0.05) than the control group 
in all the outcome measures at the end of 12 weeks.

Discussion.
During postpartum and the pregnancy period, diastasis recti 

abdominis is a prevalent medical issue [10,11] which eventually 
affects the ability of the abdominal muscles to produce force 
and work efficiently and would be the origin of certain 
illnesses, including cosmetic defects, psychological discomfort, 
lumbopelvic pain, physical discomfort like low back pain, 
bulging of abdominal wall, decreased muscle strength [12-14]. 
The current study aimed to identify the effects of abdominal 
exercise and neuromuscular electrical stimulation in reducing 
DRAM in postpartum women with lower segment caesarean 
section. When compared to the control group (group B), which 
underwent only abdominal exercises, the experimental group 
(group A), which received NMES in addition to abdominal 
workouts, revealed a highly significant improvement in inter-
recti distance, abdominal muscle strength, and waist-hip ratio.

GROUP Pre Post P-VALUE % 
CHANGE

A 3.31±0.43 1.75±0.33 0.0001 47.12
B 3.25±0.20 2.35±0.30 0.0001 27.69

Table 1. Comparison between Pre and Post intervention measures of 
Inter-Recti Distance.

GROUP Pre Post P-VALUE % 
CHANGE

A 0.91±0.02 0.84±0.02 0.0001 7.6
B 0.90±0.02 0.88±0.02 0.0001 2.22

Table 2. Comparison between Pre and Post intervention measures of 
Waist-Hip Ratio.

GROUP Pre Post P-VALUE % 
CHANGE

A 45.49±2.77 36.84±1.72 0.0001 19.01
B 45.22±2.32 38.04±1.62 0.0001 15.87

Table 3. Comparison between Pre and Post intervention measures of 
Abdominal Muscle Strength.

OUTCOME
MEASURE A B t p-value

Inter-recti distance 1.75±0.33 2.35±0.30 -11.19 0.0001
Waist-hip ratio 0.84±0.02 0.88±0.02 -11.37 0.0001
Abdominal muscle 
strength 36.84±1.72 38.04±1.62 -4.90 0.0001

Table 4. Comparison Between the Post Intervention Measures of 
Group-A And B.

Graph 1. Shows Comparison of Pre and Post Intervention Measures of 
Inter-Recti Distance.

Graph 2. Shows Comparison of Pre and Post-Intervention Measures 
of Waist-Hip Ratio.

Graph 3. Shows Comparison of Pre and Post Intervention Measures of 
abdominal muscle strength.

Graph 4. Shows Comparison between the post-intervention measures 
of Group A and B.
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Wendy L. Gilleard et al. stated in their study that the intervention 
for reducing inter-recti distance in postnatal LSCS women 
should be started after 8 weeks postnatal period to increase the 
ability of abdominal muscles to stabilize the pelvis, which has 
reduced during pregnancy and also during 8 weeks post-partum 
[14]. By taking reference to this study, we have conducted the 
treatment protocol 8 weeks post birth in our study. Along with 
this, DRAM heals best from the first day of life to eight weeks 
postnatally, after which time healing reaches a plateau [15]. 
Since it takes eight to twelve weeks to notice muscular growth 
after starting resistance training, the intervention process was 
prolonged for a total of twelve weeks for both the experimental 
and control groups [16].

The result of this investigation validates the theory of Dalia 
M. Kamel et al., who evaluated the impact of neuromuscular 
electrical stimulation (NMES) on postnatal women with DRAM 
who are recovering the strength of their abdominal muscles. 
Additionally, they discovered that the postnatal healing of 
the abdominal muscle benefited from the inclusion of NMES 
in the DRAM rehabilitation program. First of all, this study 
lends support to the hypothesis that examined and contrasted 
the effects of a program effects exercise of the abdominal 
muscles and/or faradic electrical stimulation on the intra-recti 
distance and pulmonary ventilation functions in women who 
had experienced diastasis recti after childbirth. They discovered 
that the combination of an abdominal muscle exercise program 
and neuromuscular electrical stimulation significantly reduced 
the postnatal women's inter-recti distance in comparison to the 
application of each treatment modality alone [16]. Alon G et 
al. Found when abdominal exercises and electrical stimulation 
combined together may prove the most effective method in 
improving abdominal muscle strength [11,17,18].

Alternatively, some contradictory results have been 
demonstrated. Agata Michalska et al. evaluated various 
treatment methods for diastasis recti abdominis. Numerous 
interventions were covered in these trials, such as education, 
training on appropriate lifting and postural training and mobility 
techniques, Tupler's method workouts with or without abdominal 
splinting, Pilates, functional training, manual therapy involving 
myofascial release, soft tissue mobilization, and abdominal 
taping and bracing, as well as an abdominal exercise program 
that included strengthening the transversus abdominis and 
the rectus abdominis muscles. There is currently no evidence 
pertaining to the most appropriate and successful regimen for 
therapeutic abdominal workouts. The author stated that it is 
impossible to prove a connection between DRA and ailments 
such as lumbopelvic discomfort or pelvic floor dysfunction. 
Taking into view there is still insufficient understanding 
regarding risk factors, possible repercussions, efficient means 
of preventative therapy, and the need to perform future studies 
in this sector.

Since type II fibres are only recruited during high intensity 
voluntary contraction, it is known that electrical stimulation-
induced muscular contraction helps to activate a large proportion 
of type II muscle fibres in comparison to voluntary activities 
at comparable intensity [19]. As well as the reduction in waist 
circumference and, accordingly, in waist-hip ratio after the 

application of neuromuscular electrical stimulation along with 
abdominal exercise program as therapeutic exercises results in 
the burning of glycogen, fat as well as other nutrients stored in the 
muscle [20,21]. Pascoal AG et al. stated that the improvement in 
inter-recti distance was significantly higher in the experimental 
group, including postpartum women who performed isometric 
contraction of abdominal muscles as compared to a control 
group with rest [22]. Taking into account the above references, 
the experimental group shows highly significant improvement 
in all the outcome measures as compared to the control group.

This study included 188 postnatal women with lower-segment 
caesarean section. The mean age of the control group in our study 
was found to be 25.38, and the mean age of the experimental 
group was 25.31, as prevalence is found to be higher between 
the age group of 20-25 [5]. The BMI of the control group was 
found to be 26.73, and the experimental group was 27.06. 
Highly Significant difference was found within and between the 
experimental group and the control group by the independent 
t-test and paired t-test, respectively. Results showed that NMES 
with abdominal exercises was responsible for improving inter-
recti distance, waist-hip ratio, and abdominal muscle strength. 
The hypothesis that NMES assists in activating the larger (type 
II) nerve fibers at comparatively modest levels of stimulation 
can account for the experimental group's superiority over the 
control group [15] and influences the motor cortex excitability 
[21]. Moreover, because NMES stimulates nerve fibres spread 
throughout the muscle, it helps to activate deep muscle fibres 
at comparatively lower training intensities. In addition, 
electrical stimulation of the muscles helps to activate a greater 
percentage of type II muscular fibres than does voluntary 
exercise at a same intensity [19], because only high-intensity 
voluntary contractions help to activate type II muscle fibers 
[14]. As electrical stimulation has the ability to improve muscle 
performance, It is well acknowledged and consistently shown 
in both clinical practice and research studies [22]. Patricia Mota 
et al., hypothesized that abdominal muscle contraction helps 
to reduce the horizontal abdomen diameter that ultimately 
generates horizontal force, causing approximation of both 
rectus abdominis [12].

For further discussion to summarize, neuromuscular electrical 
stimulation with abdominal exercises is an effective treatment 
protocol with respect to inter-recti distance, abdominal muscle 
strength, and waist-hip ratio.
Conclusion.

This study's findings demonstrated that integrating 
neuromuscular electrical stimulation into abdominal exercises 
can significantly enhance postpartum women's abdominal 
muscle strength, decrease the waist-hip ratio, and reduce the 
inter-recti distance. It assists in the recovery of postpartum 
abdominal efficiency and the strengthening of abdominal 
muscles. According to our findings, the recovery of the abdominal 
muscles will benefit from the inclusion of neuromuscular 
electrical stimulation in the Diastasis Recti Abdominis Muscle 
Rehabilitation program and useful in reducing complications 
regarding diastasis recti postnatally.
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