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A B S T R A C T   

Aims: This study evaluated the activities of the Rectus Abdominis (RA) and Transversus Abdominis (TrA) muscles 
during abdominal bracing exercises (ABE) in different body positions. 
Methodology: Electrical activities of both components of the RA and TrA muscles were assessed respectively in 25 
obese females via surface electromyography during ABE in four (4) different body positions (crook lying, side 
lying, standing, and sitting). Each trial lasted for five (5) seconds with an hour rest period between trials. 
Results: Electrical activities of each of the right RA (p = 0.008) and TrA (p = 0.001) muscles significantly varied 
across the four trials. For the left components of the RA (p = 0.243) and TrA (p = 0.332) muscles, no significant 
differences were observed across trials. The highest muscular activities were recorded during the standing trial 
while the crook lying position resulted in the least muscular activities. 
Conclusion: For the best results, abdominal bracing exercises should be performed in a standing position. The 
efficacy of adopting these body positions for long-term rehabilitation purposes should be investigated in future 
studies.   

1. Introduction 

The abdominal muscles are extremely important for the support and 
containment of viscera, as well as for assisting the processes of expira
tion, defecation, urination, vomiting, and parturition (Kera and Mar
uyama 2005). They are also key components of the core muscles, 
popularly described as a ‘muscular box’ with the abdominals in the front 
paraspinal and gluteals in the back, the diaphragm at the top, and the 
pelvic floor on the bottom (Akuthota and Nadler, 2004). These muscles 
work collectively as a corset to support the spine and pelvis, thus 
maintaining postural stability (Sharon and Denise, 2008). Several con
ditions including pregnancy (Gilleard, 1996), chronic low back pain, 
abdominal strains (Suleiman 2001), and abdominal obesity (de Car
valho, 2019) have been reported to alter the structure and function of 
the abdominal muscles. 

Abdominal obesity, referring to abdominal fat mass with a waist 
circumference >102 cm for men and >88 cm for women is common in 
women and has been associated with declines in abdominal muscle 

strength (Buro, 2019; de Carvalho et al., 2019). The increased loading of 
the abdominal muscles by increasing abdominal fat usually translates to 
a reduction of core strength and endurance, postural stability, and other 
musculoskeletal disorders (Andrews and Turin, 2019). In addition, there 
could be alterations in the vascularity of these muscles, resulting in 
decreased blood supply, nutrient supply for the sustenance of muscle 
metabolic activities, diminished recovery efficiency, and rapid fatiga
bility (Cavuoto and Baum, 2014). Through other mechanisms, abdom
inal obesity affects muscular function by increasing the levels of insulin 
resistance (Gurudut et al., 2017). Obese and postpartum women with 
abdominal obesity are typically keen to get back to shape (Gunderson, 
2009), especially with the use of therapeutic exercises and lifestyle 
modifications (Kesztyüs et al., 2018). Such exercises are targeted at 
losing abdominal fat (Vispute et al., 2011), achieving core stability, 
strength, and endurance as well as reducing injury rates (Knapik et al., 
2004; Kiani et al., 2010; Sadoghi et al., 2012). A wide range of 
abdominal exercises is utilized for different purposes and at different 
stages of rehabilitation programs (Huxel and Anderson, 2013). 
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Nevertheless, Abdominal Bracing Exercises (ABE) are integral compo
nents of abdominal muscle training and core rehabilitation principles 
(Akuthota et al., 2008). It includes maximal voluntary co-contraction of 
the abdominal muscles and has been reported to be the most effective 
technique for achieving core stability (Monfort-Pañego et al., 2009a; 
Maeo et al., 2013) as well as a safer exercise option for most conditions, 
particularly in women at risk of developing diastasis recti abdominis 
(Werner and Dayan, 2019). Performance of ABE is achieved through the 
exertion of maximum sustained isometric contraction of the abdominal 
muscles as hard as possible. More recently, performing an abdominal 
bracing exercise, which includes activation of the transverse abdominis, 
has been recommended for both the general population (Liaw et al., 
2011) and women during pregnancy and after childbirth (Richardson 
et al., 2004; Mannion et al., 2008). 

Abdominal bracing is prescribed for performance in different starting 
positions, including supine and side-lying, standing, sitting, or quad
ruped as deemed accessible and comfortable for the client. In practice, 
the emphasis had been on exercises in prone and supine lying to 
strengthen different groups of spinal muscles (Kisner and Colby, 2007). 
In some other cases, clients are asked to perform trunk exercises in any 
position of choice, including, supine and prone lying, as well as stand
ing, sitting, and four-point kneeling. This flexibility in its performance 
has increased compliance with such exercises as it is possible for clients 
to perform them at any time and place (McGill, 2006). Most clinical 
protocols also combine different positions, and different exercise pro
grams for more efficacy (Hayden et al., 2005). 

However, there is limited evidence on how muscle activities may 
differ while performing abdominal bracing in different body positions. 
Snijders et al. (1995a, b) reported more activities of the abdominal 
muscles when abdominal exercises were performed in standing than 
sitting positions in postpartum women. Other previous studies (Beith 
et al., 2001; Chanthapetch et al., 2009) have also revealed some varia
tions in abdominal muscle recruitment during abdominal hollowing in 
different starting positions. More studies are needed to evaluate the role 
of starting positions on the recruitment of abdominal muscles during 
ABE. Many of these studies were conducted among postpartum women. 
It is also important to ascertain possible variations in abdominal muscle 
contractions, relative to starting positions in obese women. Therefore, 
this study evaluated the activities of selected abdominal muscles 
(transversus and rectus abdominis muscles) during ABE in different 
starting positions. These two muscles are considered important in ABE 
among other abdominal muscles given their role in diastasis recti 
(Acharry and Kutty, 2015; Hall and Sanjaghsaz, 2022), which justifies 
why this study is focused on only them. The findings from this study will 
therefore inform physiotherapists and other women’s health clinicians 
about choosing the appropriate ABE exercise parameters for this group 
of women. 

2. Materials and methods 

2.1. Participants 

Twenty-five healthy sedentary obese females (age: 22.72 ± 2.68 
years, body mass index: 31.55 ± 7.24 kg/m2; waist-hip ratio: 0.84 ±
0.08) voluntarily participated in this study. A preliminary power anal
ysis showed that a sample size of 25 participants were needed for the 
analysis of variance at degree of freedom (dfb) = 1, to achieve 96% 
(0.96) power with a moderate to a large effect size of 0.60 at an alpha 
level of 0.05 (Cohen, 1988). All participants gave written informed 
consent to the procedures as approved by the University of Nigeria 
Health Research Ethics Committee prior to the examination. The in
clusion criteria were non-pregnant, having no history of recti abdominis. 
The exclusion criteria were recent abdominal and/or thoracic surgeries, 
and neuromusculoskeletal conditions of the lower extremities, pelvis, or 
spine. 

2.2. Experimental procedure 

2.2.1. Preparatory phase 
On enrollment, participants were familiarized with the experimental 

procedures through verbal explanations and pictorial demonstrations of 
ABE in the four starting positions until they were satisfactorily 
orientated. 

Participants completed two sets of 5-sec maximum voluntary 
contraction (MVC) tests for muscles in the four different positions, with a 
2-min rest period between trials. Biofeedback on the activities of these 
muscles was examined and adequate prompting was given to properly 
educate the participants. 

2.2.2. Experiment protocol 
Participants performed the ABE by isometrically contracting their 

abdominal muscles through the action of pulling the umbilicus towards 
the spine. Verbal prompts were used to motivate them to sustain 
contraction for 5 s without cessation of breathing. 

Each participant adopted four starting positions during the exercise: 
A) left side-lying, B) crook lying C) sitting, and D) standing. To avoid 
fatigue and order effects, the sequence of performing trials varied per 
participant, as determined on a Latin square; an imaginary design used 
for randomizing treatment (Cryan et al., 2006). Exercise in each position 
was performed three consecutive times with a 10-s interval between 
each attempt and the mean values of the EMG reading were recorded. 

In the left side-lying position, participants turned onto their left side 
with a pillow placed under the head. The back was kept straight with 
both knees flexed to 90◦ and arms relaxed. For the crook position, they 
lay on their backs with a pillow placed under the head and shoulder. 
Ensuring contact between the lumbar region of the spine and the plinth, 
the knees were flexed to 90◦ with both feet resting flat on the surface. To 
achieve the sitting position, participants sat on a comfortable chair, back 
resting on the back support and both feet placed at 90◦ on a footstool. 
The standing position was carried out with participants standing erect, 
ears, shoulders, and hips aligned in an imaginary straight line. Both feet 
were pointed forward, hip-distance apart. 

2.2.3. Evaluation of muscle activity 
Surface electromyography (EMG) was utilized to measure the two 

components of the lower Rectus Abdominis (RA) and Transversus 
Abdominis (TrA), respectively. 

Before electrode placement, the skin surface was prepared by thor
oughly cleaning with an alcohol swab to minimize skin impedance. Pairs 
of disposable Ag/AgCl surface electrodes (Verity Medicals, UK) with 
dimensions of 10 × 1 mm and an inter-electrode distance of 1 cm were 
used. The electrodes were placed at the center of the muscle belly in line 
with the muscle fibers according to previous studies. Specifically, the 
electrodes for the RA muscle were positioned 8◦ from vertically in an 
inferomedial direction and centered on the muscle belly near the 
midpoint between the umbilicus and pubic symphysis and 3 cm lateral 
from the midline (Escamilla et al., 2010; Imai et al., 2010). The elec
trodes for the TrA muscle were placed approximately midway between 
the rib cage and the iliac crest, 20 mm medial to the anterior superior 
iliac spine (Imai et al., 2010; McCook et al., 2009; Chon et al., 2012). The 
reference electrode was placed over the sternum. 

EMG input signal activities were recorded using a data collection 
system (Neuro Trac Myoplus 2, Verity Medicals, UK). The signals were 
amplified and sampled at 1000 Hz. Using the Neurotrac software. 

2.3. Data analysis 

Data were virtually expressed with the root-mean-square of each 
muscle normalized and expressed as a percentage of the peak root-mean- 
square during each trial (%MVC). 

Descriptive statistics of mean and standard deviation were used to 
summarize data. The %MVC values of each muscle were analyzed with 
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repeated-measures one-way Analysis of variance (ANOVA) design to 
identify differences across the four exercise trials. All statistical tests 
were performed at the 0.05 level of probability (p < 0.05), using the 
Statistical Package for Social Sciences software (SPSS, version 23.0, 
SPSS Inc., Chicago, IL, USA). 

3. Results 

Table 1 summarizes the participants’ general characteristics with 
their mean age, BMI, and waist-hip ratio as 22.72 ± 2.68 years, 31.55 ±
7.24 kg/m2, and 0.84 ± 0.08 respectively. Comparisons of percentage 
maximum voluntary contraction (%MVC) values of the abdominal 
muscles revealed significant differences in the right TrA (p < 0.008) and 
RA (p < 0.001) muscles across the four trials of ABE. However, the left 
components of RA (p < 0.243) and TrA (p < 0.332) muscles did not 
significantly vary in their activities across trials (Table 2). In ascending 
order, the starting positions of ABE elicited muscular activities in the 
TrA and RA in the following order: crook lying, side lying, sitting, and 
standing positions. 

The Post-Hoc analysis (Table 3) compares right RA and TrA muscle 
activities across trials. It shows that in the right RA, the EMG activity 
during supine lying was significantly different from the activity during 
standing (p = 0.038) and sitting (p = 0.027). Also, in the right TrA 
muscles activities, there are significant differences between the standing 
positions and the side-lying (p =<0.001), and between the standing 
position and the supine lying (p = 0.024), as well as between the sitting 
position and the side-lying (p = 0.002). 

4. Discussion 

The study findings revealed that all four starting positions could 
facilitate TrA and RA contraction at varying intensities during ABE. This 
is clinically valuable as physical activity has been shown in the literature 
to help in maintaining optimal muscle mass and strength, which are 
important predictors of core stability (Hsu et al., 2018), safe and effec
tive mobility (Aartolahti et al., 2020) and reduces muscle fat infiltration 
(Goodpaster et al., 2008). 

Standing, sitting, crook and side-lying positions have been proposed 
as useful positions to activate the deep abdominal muscles during ABE. 
The activities of the TrA and RA muscles during ABE in all four positions 
suggest that these positions are appropriate for performing ABE. These 
positions have been adopted for core strengthening exercises in clinical 
settings (Richardson and Jull, 1995; O’Sullivan, 2000). One caveat to 
this conclusion is that the baseline values of the muscle activities were 
not documented at rest to enable more reliable comparisons with the % 
MVC values of each specific position. 

From the results, TrA and RA EMG activities varied across starting 
positions and were highest in the standing position. Previous studies 
have reported different findings regarding variations in muscle activities 
relative to changing starting positions. Our findings corroborated Mew 
(2009) which recorded increased thickness of TrA muscle while per
forming abdominal hollowing in standing, as compared to the crook 
lying position. On the contrary, abdominal muscle activities also varied 
among crook lying, prone lying four-point kneeling, and wall support 

standing positions with crook and prone lying positions facilitating TrA 
and internal oblique activities better than the four-point kneeling and 
wall support standing positions (Chanthapetch et al., 2009). This 
consistently supports Beith et al. (2001) which reported higher activities 
in the TrA and internal oblique muscles during prone lying, as compared 
to four-point kneeling positions (although the differences were not sta
tistically significant). Urquhart et al. (2005a, b) also reported more 
isolated TrA activities in crook lying better than in the prone lying 
position. 

Considering the above, it is obvious that starting position influences 
abdominal muscle activation during core strengthening exercises. 
However, the mechanisms of variations in muscular activities vary 
among these studies, including ours. Our findings revealed that per
forming ABE in erect positions (standing and sitting) elicited more 
muscular activities, as compared to reclined positions (side and crook 
lying). While this finding supports Mew (2009), it disagrees with other 
studies (Chanthapetch et al., 2009; Beith et al., 2001). Chanthapetch 
et al. (2009) posit that variations in abdominal muscle activities among 
crook lying, prone lying four-point kneeling, and wall support standing 
starting positions might be explained by the differences in the amount of 
support provided in each position. In their opinion, higher muscular 
activities in lying positions may be attributed to the fact that the trunk is 
supported, eliminating co-contraction of back and leg muscles with 
increased concentration on the abdominal muscles, unlike in the 
kneeling and standing positions. However, we share different views on 
this explanation. In erect positions, the contralateral trunk muscles at 
the back are consistently active to maintain the erect position of the 
spine. Recruiting the abdominal muscles during ABE in such erect po
sitions will most likely require more muscle fibre recruitment to counter 
the antagonistic effect of the back muscles. Thus, there is an increased 
co-contraction mechanism of the trunk muscles while performing ABE in 
erect positions, as compared to the reclined positions that are charac
terized by increased trunk support. In addition, greater effort is required 
for effective abdominal muscle contraction in erect positions, resulting 
from the direction of gravitational force pressure on the structures of the 
abdomen (Madill and McLean, 2008). These mechanisms may likely 

Table 1 
General characteristics of the participants (n = 25).  

Variables Mean ± std Minimum Maximum 

Age (years) 22.72 ± 2.68 18.00 28.00 
Heights (m) 164.96 ± 4.31 154.00 172.00 
Weight (kg) 88.70 ± 7.47 77.00 106.00 
BMI(kg/m2) 32.64 ± 2.33 30.00 38.50 
Waist Circumference (cm) 95.12 ± 9.04 71.00 112.00 
Hip Circumference (cm) 114.42 ± 12.94 100.00 164.00 
Waist Hip Ratio 0.84 ± 0.08 0.59 1.08 

BMI = body mass index, Std = standard deviation. 

Table 2 
Comparisons of normalized abdominal muscle activities across the four experi
mental trials.  

Muscles Side- 
lying 

Crook 
lying 

Standing Sitting f-value p- 
value 

Right 
RA 

33.04 ±
18.21 

30.25 ±
19.02 

39.26 ±
19.05 

30.28 ±
14.38 

5.010 0.008* 

Left RA 29.75 ±
19.88 

23.84 ±
14.79 

31.18 ±
16.38 

30.93 ±
21.37 

1.496 0.243 

Right 
TrA 

24.23 ±
13.83 

32.88 ±
18.28 

46.24 ±
18.51 

36.96 ±
14.47 

11.214 0.001* 

Left TrA 30.77 ±
16.84 

28.44 ±
19.23 

35.40 ±
20.24 

35.68 ±
18.36 

1.203 0.332 

RA = rectus abdominis TrA = transversus abdominis; * indicates significance at 
p < 0.05. 

Table 3 
Bonferroni Post-hoc results showing pairwise comparisons of right rectus 
abdominis and transverses abdominis muscles across trials.  

Test conditions Side lying Supine lying Standing Sitting 

Right Rectus Abdominis muscle 
Side lying – 1 1 1 
Supine lying   0.038a 1 
Standing    0.027a 

Right Transversus abdominis muscle 
Side lying  0.301 <0.001 0.002 
Supine lying   0.024 1 
Standing    0.200  

a The mean difference is significant at the 0.05 level. 
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elicit greater feedback from the abdominal muscle stretch receptors, 
raising the excitability of their motor-neuron pools with increased 
muscle fiber recruitment (Beith et al., 2001). 

The above depicts that in lying positions, there may be reduced re
quirements for spinal stabilization as such positions is regarded as 
relaxing positions (Jesenský et al., 2016). Also, lying positions, partic
ularly in crook positions that involve knee and hip flexion, usually re
sults in a more neutralized lumbar lordosis and may be considered more 
relaxing, as compared to erect positions (Monfort-Pañego et al., 2009a, 
b). Another important factor may be the end range of muscle relaxation 
and its subsequent concentric contraction in varying body positions. 
According to Véle (1995), abdominal muscles do not achieve maximum 
relaxation in lying positions and as such may not achieve effective 
shortening in return. This may explain the reduced electrical activity of 
these muscles recorded in the two lying positions. 

These variations in %MVC values across the four starting positions 
suggest that for better clinical outcomes, ABE should be prescribed and 
performed in erect positions. O’Sullivan (2000) previously suggested 
that reclined (prone and supine lying) and four-point kneeling positions 
should only be used for related exercises if an isolated contraction 
cannot be achieved in weight-bearing positions such as sitting or 
standing. 

Despite the marginal changes observed in all the studied muscles, 
EMG activities of the left TrA and RA muscles did not vary significantly 
among the four starting positions. While the right TrA and RA muscles 
showed significant variations in their activities across starting positions, 
the left components did not. The explanation for this variation in sta
tistical outcomes is not immediately obvious from the results. We also 
observed that for most trials, activities in the right components of each 
muscle were higher than in the left components. This finding may be 
attributable to limb dominance which is a contributing factor to 
muscular activities and strength. Several studies (Maly et al., 2016; Park, 
2013; Maeo et al., 2013) have proposed that all things being equal, 
muscles on an individual’s dominant side exhibit more strength than 
their contralateral counterparts. Kim et al. (2011) suggested a 
leg-dominance effect on trunk muscle activity when they observed that 
all their participants who were right-leg dominant demonstrated 
stronger muscle contractions in the right muscle groups, as compared to 
the left while during a unilateral single-legged hold exercise. In our 
study, all the participants were right-handed, thus the explanation for 
the predominant strength in the right muscle groups, as compared to the 
left side. 

However, the application of these findings should be considered 
considering the limitations in the use of surface EMG electrodes to re
cord EMG activity from the TrA muscle. Despite the adoption of rec
ommended electrode placement guidelines for the TrA muscle, needle 
electrodes would have yielded more valid findings than surface elec
trodes because of the reduced interaction of the related muscles in that 
region. Secondly, certain factors that could have influenced the ABE 
such as the postural analysis of the prospective subjects were only 
grossly measured for all participants with apparently healthy postural 
conditions, and a mix of primiparous and multiparous were considered 
equally in the analysis. Despite these limitations, the strength of this 
study’s findings is in its novel findings regarding how muscle activities 
may differ while performing abdominal bracing in different body posi
tions among Nigerian postpartum women where data were previously 
unavailable. To further improve the clinical applications of these find
ings, future studies could focus on obese females with existing muscu
loskeletal dysfunctions of the trunk region as this will better elucidate 
the mechanisms of muscular activity changes in such conditions. The 
presence of pain may alter the ability of participants to contract their 
abdominal muscles and an additional change in the starting positions 
may further cause differences in the activation of the muscles (Key 
2013). 

5. Conclusions 

This study has implications for the utilization of ABE in the core 
rehabilitation of obese females in clinical practice. The results suggest 
that all four positions can facilitate EMG activity in TrA and RA muscles. 
Specifically, more effective outcomes of ABE will be achieved in erect 
positions, including standing and sitting positions, as compared to 
reclined or lying positions. Therefore, abdominal muscle rehabilitation 
should be facilitated in positions of greater function, such as standing 
and sitting. 

Clinical relevance  

• Abdominal bracing exercises are adopted for core stabilization in the 
management of obesity.  

• This study finding showed that abdominal bracing exercise is most 
effective in the standing position. 

• However, a combined body posture is recommended for better out
comes and safety.  

• The body positions for long-term rehabilitation purposes should be 
assessed and prescribed according to individual presentation. 
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