
  
Journal of Pioneering Medical Sciences 
Received: December 27, 2025 | Accepted: June 16, 2026 | Published: August 05, 2026 
Volume 15, Issue 07, Pages 101-106 
 

DOI https://doi.org/10.47310/jpms2026150714  
 

101 

 

 
Effect of Structured 6-Inch Double Leg Raise Hold Exercises in 
Improving Abdominal Muscle Endurance and Functional 
Recovery of Women Following Lower-Segment Cesarean Section 
 
Dasarapu Indrani1, Shenbaga Sundaram Subramanian2*, Prathap Suganthirababu3, Jagatheesan Alagesan4, K. Himabindu5, 
MD. Varoof Basha6, Chalavadi Nagendra Babu7, Dubba Nagaraju8 and Kavitha Ramanathan9 
1-3Saveetha College of Physiotherapy, Saveetha Institute of Medical and Technical Sciences (SIMATS), India 
4School of Paramedical Allied and Health Care Sciences, Mohan Babu University, Tirupati, India 
5School of Health Sciences, The Apollo University, Murakambattu, Andhra Pradesh, India 
6GEMS College of Physiotherapy, Ragolu, Srikakulam, India 
7SIMS College of Physiotherapy, Guntur, India 
8NRI College of Physiotherapy, NRI Academy of Sciences, Andhra Pradesh, India 
9Department of Nursing, College of Medical and Health Sciences, Arabian Gulf University, Bahrai, India  
 
Author Designation: 2Professor 
 
*Corresponding author: Dr. Shenbaga Sundaram Subramanian (e-mail: subramanian.scpt@saveetha.com). 
 
©2026 the Author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0 

 
Abstract Objectives: Globally, the Lower Segment Cesarean Section (LSCS) was the most commonly performed abdominal 
procedure, with an incidence of 25%. It is an obstetric operative procedure where a surgical incision is made in the abdominal 
wall and the lower uterine segment to deliver the fetus. It is performed for maternal and fetal issues and at the mother’s request. 
This assessor-blinded, quasi-randomised controlled clinical trial aimed to evaluate, in a structured manner, the efficacy of 6-
inch Double Leg Raise Hold exercises compared with conventional postnatal exercises after LSCS. An odd-even sequence of 
quasi-randomisation was used for the assigned thirty women (15/group). Outcome assessment was blinded. The main outcomes 
were the Trunk Flexor Endurance Test (TFET) and the Postpartum Physical Function Scale (PPFS). Normality was tested with 
the Shapiro–Wilk test. Paired t-tests were used for within-group comparisons and independent t-tests for between-group 
differences. Cohen’s d and 95% confidence intervals were reported. Sample size was calculated using G*Power (80% power, α=0.05). Both groups improved trunk flexor endurance, but the intervention group was more effective in improving postpartum 
physical function outcomes. Structured 6-inch double-leg-raise hold exercises may be included in post-LSCS rehabilitation to 
improve trunk endurance and functional recovery. 
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INTRODUCTION 
The physiological state of women, characterised by 
progressive maternal adaptations to support the growing 
uterus, is called Pregnancy. It is defined by a gestational age 
of 40 weeks. The mode of delivery can be vaginal or lower-
segment cesarean section [LSCS]. Globally, the LSCS was 
the most commonly performed abdominal procedure with an 
incidence of 25% [1] It is an obstetric operative procedure 
where a surgical incision is made in the abdominal wall and 
the lower uterine segment to deliver the fetus, so it is known 
as Lower Segment Cesarean Section (LSCS) [2]. LSCS is a 
surgical procedure performed due to maternal and fetal 
issues and also at the request of the mother. After the LSCS 
procedure, most women experience discomfort or  pain  at 
the suture site, followed by Lower back pain, abdominal pain 

and pelvic floor muscle weakness [3]. LSCS is performed 
when a normal vaginal delivery is contraindicated for the 
mother and the fetus. This procedure carries its own risks for 
the mother and the baby [4]. The incidence of LSCS is 
increasing day by day in India and globally. A cross-
sectional study found rates of about 20% in public hospitals, 
38% in charitable medical institutions and 47% in private 
hospitals [5]. The period after delivery is known as the 
postnatal period, also called the fourth trimester, typically 
ending after 6-8 weeks, not the recovery period [6]. LSCS is 
one of the most commonly performed major abdominal 
operations in women in both affluent and low‐income 
countries. Rates vary considerably between countries and 
health services [7]. 
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There was a great rise in LSCS globally. It was also linked 
with morbidity; it was one of the most commonly done 
surgical procedures in pregnancy [8-10].  

In 2021, the US reported an increase in LSCS from 
20.7% to over 60% [11-13]. The UK report reported an 
increase from 14-40% [14] and globally, it was reported that 
there was a high incidence of 62.5% of emergency LSCS and 
37.5% elective LSCS [15]. Based on the psychometric 
properties, the outcome measures were selected for the 
study. The Trunk Flexor Endurance Test has its own 
reliability and validity; clinically, it’s a widely used tool for 
assessing the trunk flexors [16]. Evans et al. stated that it is 
very useful in evaluating the performance of core 
musculature. The Postpartum Functional Assessment Scale 
[17] was used to assess women’s functional status across the 
domains of mobility, self-care and child care. The literature 
shows that the PPFS has strong reliability and validity, 
which will help in utilising clinical research. Both 
instruments have demonstrated acceptable psychometric 
properties in previous studies of postpartum women and 
populations with abdominal and functional impairments. 
According to previous studies, the 6-inch Double Leg Raise 
hold exercise helps in improving core strength and stability 
[18], with an intention to provide good strength to abdominal 
muscles with less utilisation of time for LSCS women 6-inch 
Double Leg Raise hold exercise was selected. 

This study aimed to compare the effectiveness of 
traditional postnatal exercises and the 6-inch Double Leg 
Raise hold exercise to determine whether these exercises 
improve trunk flexor endurance and postpartum physical 
function in women after LSCS. We hypothesised that both 
groups may show improvement, but the Double Leg Raise 
hold intervention would provide superior functional 
recovery compared with traditional postnatal exercises. 

METHODS 
A Prospective, two-arm, assessor-blinded quasi-
randomised controlled clinical trial was conducted and 
participants were allocated using an odd-even sequence. 
Hence, the allocation was quasi-random rather than truly 
random. The outcome assessor was blinded, but the 
participants and treating therapists were not, given the 
nature of the exercise interventions (Figure 1). 

The study was clearly explained to the subjects and 
informed consent was obtained from them. Confidentiality 
was maintained throughout the study. Women aged 20 to 40 
years, primiparous mothers who underwent elective or 
emergency LSCS and had no complications during early 
mobilisation were included in the study. Postnatal women with 
complications, sedentary women and women who underwent 
NVD were excluded from the study. The outcomes used in the 
study were the Trunk Flexor Endurance Test (TFET) and the 
Postpartum Physical Function Scale (PPFS). After baseline 
assessment and confirmation of eligibility, participants were 
randomly allocated to either the Traditional Postnatal exercises 
(TP) group or the Double Leg Raise (DL) exercise group by 
an odd-even sequential allocation method. Participants were 
randomly allocated into groups based on the recruitment order, 
with odd-numbered participants assigned to the TP group and 
even-numbered participants allocated to the DLR group. 
Allocation concealment procedures were not formal (e.g. 
sealed opaque envelopes or centralised randomisation) as 
allocation was done in a predetermined sequence. So the study 
was considered a quasi-randomised controlled trial. All 
exercise sessions were delivered by the same physiotherapist 
who had clinical experience in women’s health physiotherapy, 
to ensure consistency of intervention delivery. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Consort Flow Diagram of Data Presentation 
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All subjects were divided into 2 groups using the odd-
even sampling method. Subjects were divided into 2 groups: 
Traditional Postnatal exercises (Group TP), the control 
group and Double Leg Raise Hold (Group DL), the 
experimental group, with 15 subjects in each group. Group 
TP was treated with traditional postnatal exercises and 
Group DL was treated with 6-Inch Double Leg Raise Hold 
exercises.  
 
Group TP 
After 8 weeks of the postpartum period, the subjects were 
instructed to perform upper- and lower-limb active range-
of-motion exercises, followed by transverse abdominis 
activation and Kegel exercises with a 5-10 second hold, 
repeated 10 times, gradually increasing the count to 100 
times. After 10 weeks, the subjects were allowed to 
perform the single-leg and double-leg abdominal presses. 
  
Group-DL 
After 8 weeks of the postpartum period, the subjects were 
instructed to perform upper- and lower-limb active range-of-
motion exercises, followed by transverse abdominis 
activation and Kegel exercises with a 5- to 10-second hold, 
repeated 10 times and the count was gradually increased to 
100 times. After 10 weeks, the subjects were allowed to 
perform the 6-Inch Double-Leg Raise Hold. 

A standardised intervention protocol was developed 
prior to participant recruitment, detailing exercise 
techniques, criteria for progression, duration, frequency 
and instructions for participants, which were the same till 
the end of the 8th week of the study. The only difference 
between the two intervention groups was the change 
during the 10th week baseline education and the follow-
up schedule was identical in both groups. Attendance 
records and exercise compliance logs assessed participant 
adherence during the intervention period. Adherence to 
the exercise programme was monitored throughout the 
study and participants were encouraged to complete all 
prescribed exercise sessions. There were no major 

protocol deviations during the study. All participants were 
treated according to the pre-defined study protocol and 
included in the final statistical analysis. No adverse event 
requiring modification or cessation of the intervention 
was reported. 
 

RESULTS 
In Table 1 baseline comparison between experimental and 
control groups. There were no statistically significant 
differences between groups for scores on the Trunk Flexor 
Endurance Assessment (TFEA) (Experimental: 28.27±5.07; 
Control: 27.80±5.09; p = 0.80) or the Postpartum Physical 
Function Scale (PPFS) (Experimental: 54.60±3.33; Control: 
54.33±3.56; p = 0.83). These results show that the groups 
were similar prior to the intervention. 

Table 2 indicates that both intervention groups had 
statistically significant improvements from baseline to post-
intervention. The experimental group in TFEA improved by 
41.07±10.04 points (t(14) = 15.843, 95% CI: 35.51-46.63, p 
<0.001), with a very large within-group effect size (Cohen's dz 
= 4.09). The control group also demonstrated improvement 
(36.53±3.80 points; t(14) = 37.274, 95% CI: 34.43-38.64, 
p<0.001) with an extremely large effect size (dz = 9.62). The 
experimental group showed a mean improvement of 40.73±4.01 
in PPFS (t(14) = 39.358, 95% CI: 38.51–42.95, p<0.001) and a 
Cohen's dz of 10.16. The control group showed a significant 
improvement with a mean change of 35.20±2.24 points (t(14) = 
60.795, 95% CI: 33.96–36.44, p<0.001) and an effect size of 
15.70. Generally, both interventions resulted in highly 
significant within-group improvements in trunk flexor 
endurance and physical function postpartum. 

The between-group comparison of change scores is 
shown in Table 3 Levene’s test for TFEA indicated 
unequal variances (F = 5.432, p = 0.027) and thus Welch’s 
independent t-test was used. The experimental group did 
better than the control group, but the difference was not 
statistically significant (t(17.923) = 1.636, 95% CI: -1.29 
to 10.36, p = 0.119). The   effect   size   between  groups 
was      moderate  (Cohen’s  d = 0.60,   Hedges’   g = 0.58). 

 
Table 1: Baseline Characteristics 

Outcome Experimental Mean±SD Control Mean±SD p-value 
TFEA (pre-intervention) 28.27±5.07 27.80±5.09 0.80 
PPFS (pre-intervention) 54.60±3.33 54.33±3.56 0.83 

Note. TFEA = Trunk Flexor Endurance Assessment, PPFS = Postpartum Physical Function Scale, SD = Standard Deviation. P-values are reported to three 
decimal places 

 
Table 2: Within-Group Comparisons 
Group and Outcome Mean Change±SD t(df) 95% CI Cohen's dz p-value 
Experimental group-TFEA 41.07±10.04 15.843 (14) 35.51,46.63 4.09 <0.001 
Control group-TFEA 36.53±3.80 37.274 (14) 34.43,38.64 9.62 <0.001 
Experimental group-PPFS 40.73±4.01 39.358 (14) 38.51,42.95 10.16 <0.001 
Control group-PPFS 35.20±2.24 60.795 (14) 33.96,36.44 15.70 <0.001 

Note. TFEA = Trunk Flexor Endurance Assessment, PPFS = Postpartum Physical Function Scale, SD = Standard Deviation, CI = Confidence Interval, df = 
degrees of freedom; dz = paired-samples standardised mean difference. Values reported by the statistical software as 0.000 are presented as p<0.001 

 
Table 3: Between-Group Change (Welch) 

Outcome Levene’s F (p-value) Welch’s t (df) 95% CI Cohen’s d Hedges’ g p-value 
TFEA 5.432 (0.027) 1.636 (17.923) -1.29,10.36 0.60 0.58 0.119 
PPFS 2.684 (0.113) 4.666 (21.982) 3.07,7.99 1.70 1.66 <0.001 

Note. TFEA = Trunk Flexor Endurance Assessment, PPFS = Postpartum Physical Function Scale, CI = Confidence Interval, df = degrees of freedom. The 
PPFS p-value is reported to four decimal places because it is below 0.001 
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Table 4: Summary of Effect Size 
Outcome Within-group dz: experimental Within-group dz: control Between-group d Hedges’ g 
TFEA 4.09 9.62 0.60 0.58 
PPFS 10.16 15.70 1.70 1.66 

 
Homogeneity of variance for PPFS was met, as shown by 
Levene’s test (F = 2.684, p = 0.113). The experimental 
group showed significantly greater improvement than the 
control group (t(21.982) = 4.666, 95% CI: 3.07-7.99, 
p<0.001). Effect size was large, with Cohen’s d being 1.70 
and Hedges’ g being 1.66. 

Table 4 presents the effect sizes for the two outcomes. 
Both groups had extremely large within-group effect sizes for 
TFEA and PPFS, demonstrating substantial improvements 
following interventions. The between-group analysis revealed 
a moderate effect for TFEA (d = 0.60; Hedges' g = 0.58), 
which was not statistically significant and a large between-
group effect for PPFS (d = 1.70; Hedges' g = 1.66), indicating 
a greater improvement in postpartum physical function in the 
experimental group compared to the control group. 

Baseline TFEA and PPFS scores did not differ 
significantly between the experimental and control groups 
(ps>0.05), indicating comparable groups before 
intervention. Paired-samples t-tests demonstrated significant 
improvements in both groups for TFEA and PPFS (all 
ps<0.001). Between-group analyses were performed on 
change scores. Because Levene's test indicated unequal 
variances for TFEA change scores, Welch's independent-
samples t-test was used. The experimental group showed a 
greater mean improvement than the control group; however, 
the difference was not statistically significant, t(17.923) = 
1.636, p = 0.119, 95% CI [-1.29,10.36], g = 0.58. For PPFS, 
Welch's t-test demonstrated significantly greater 
improvement in the experimental group than the control 
group, t(21.982) = 4.666, p<0.001, 95% CI [3.07,7.99], g = 
1.66, indicating a large between-group effect. 
 
DISCUSSION 
Important muscles affected after LSCS. The transversus 
abdominis is an important deep core muscle that acts as a 
stabiliser. The power was lost and the Rectus abdominis 
became weak due to incision pain and tissue separation. 
Internal and external obliques are affected due to maternal 
changes. The pelvic floor muscles, primarily the levator ani 
group, were also indirectly affected. The multifidus, also 
known as the lumbar stabiliser, can weaken due to core 
disconnection. All the muscles lose power during the LSCS 
procedure. Surgical incision cuts were made through the 
abdominal fascia and skin layers, reflex inhibition of 
abdominal activation, reduction of its use in pregnancy, 
inactivity during the postpartum period due to Diastasis recti, 
altered breathing pattern and improper postural habits. 
Among all the muscles, the transversus abdominis, the 
primary stabiliser of the core musculature, is very important 
to restore strength first. If the muscles are not strengthened 
properly, there is a risk of developing back pain or increased 
lumbar lordosis and of losing stability during walking and 
bending, which can also reduce balance and coordination. 

Weak abdominal muscles can also cause urinary 
incontinence, pelvic organ prolapse and other issues, so it is 
very important to strengthen them. 

This study evaluated the effectiveness of Double Leg 
Raise Hold exercises versus traditional postnatal exercises 
on trunk flexor endurance and postpartum physical function. 
The results indicated a significant improvement in the DL 
group compared with the TP group, suggesting that 
abdominal strengthening exercises play a major role in 
enhancing abdominal muscle strength, thereby improving 
endurance and physical function in the postpartum period. 
There was greater improvement in the DL group, enhancing 
activation of deep core muscles, including the transversus 
abdominis, rectus abdominis and the pelvic floor, which 
often lose power during LSCS [19]. The 6-inch double-leg 
raise hold provides an isometric contraction of the muscles, 
making it a safer exercise after any surgery. This kind of 
exercise provides muscle endurance and neuromuscular 
control more effectively than traditional exercises. The 
literature suggests that structured postnatal exercises, 
primarily targeting the core muscles, support postpartum 
recovery and improve abdominal muscle strength compared 
with generalised exercises. Dhupkar and Pandit [3] also 
reported improved functional recovery [20] among post-
LSCS women through structured group-based exercises. 
Moreover, Yadav et al. [21] stated that physiotherapy 
interventions involving relaxation and strengthening 
exercises primarily improve functional activity and quality 
of life in postpartum women with LSCS.  

The current study also shows a marked improvement in 
the DL group, evidenced by strengthening of all abdominal 
muscles, as measured by the trunk flexor endurance test and 
the postpartum functional scale. In the PPFS, there was an 
improvement in scores, suggesting an enhanced ability to 
perform activities such as mobility, self-care and infant 
handling, which are very helpful in the daily life of a 
postpartum mother.6-inch double-leg raise exercises were 
explained clearly, with the benefits of progressive overload 
[22] and the role of sustained muscle action in helping re-
establish abdominal strength following a surgical procedure. 
The findings of this study are consistent with prior studies 
documenting the benefits of structured postpartum core 
strengthening for abdominal endurance and functional 
recovery following LSCS. The current results are consistent 
with earlier randomised studies demonstrating 
improvements in trunk endurance and physical function 
following progressive stabilisation exercises. 

The improved results in the Double Leg Raise (DLR) 
group were attributed to the prolonged isometric contraction 
of the transversus abdominis, rectus abdominis and internal 
and external oblique muscles, which enhanced 
neuromuscular control and trunk stability [23,24]. Isometric 
activation of the muscles improves motor-unit recruitment, 
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muscular endurance and feed-forward activation of the core 
musculature, thereby improving lumbopelvic stability by 
minimising excessive movement across healing abdominal 
tissues after LSCS [25,26,27]. Increased activation of the 
deep abdominal musculature facilitates optimal load transfer 
through the trunk, thereby improving postural control and 
functional performance during postpartum recovery 
[26,28,29]. The present study results were consistent with 
previous studies reporting significant improvements in 
abdominal endurance, trunk stability and functional recovery 
after cesarean delivery with structured postpartum core-
strengthening programs [29,30]. Similarly, prior randomised 
controlled trials investigating progressive core stabilisation 
and abdominal strengthening exercises have shown 
significant improvements in trunk endurance, pain reduction 
and physical function among postpartum women, supporting 
the effectiveness of targeted rehabilitation interventions 
following LSCS [30-32]. In the current study, statistically 
significant improvement in trunk flexion endurance and 
postpartum physical function was seen after the intervention. 
However, statistical significance does not necessarily mean 
clinical relevance. The observed improvements in TFET and 
PPFS scores suggest meaningful functional benefits for 
postpartum women, as enhanced trunk endurance and 
physical function may facilitate better performance of daily 
activities, improve mobility and support recovery following 
lower segment cesarean section. Thus, the interpretation of 
the results should take into account both the statistical 
significance and the clinical relevance of the observed 
functional improvements. The significant between-group 
difference in PPFS scores indicates a greater improvement 
in postpartum physical function in the intervention group. 
These findings may indicate that the specific exercise 
approach contributed not only to improved muscle 
endurance but also to enhanced functional performance and 
recovery-related activities during the postpartum period. 
 
CONCLUSION 
The findings of this study indicated that both interventions 
of exercise improved the endurance of trunk flexors and 
postpartum physical function after lower segment cesarean 
section. Both groups improved trunk flexor endurance; 
however, the intervention group was more effective in 
improving postpartum physical function outcomes. The 
results suggest that the intervention may have clinical utility 
as part of postpartum rehabilitation. 

External validity and generalisability may be limited 
due to single-centre recruitment. To confirm the present 
results across different populations, further multi-centre 
studies with larger sample sizes are suggested. 
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