
Introduction 
Globally, obesity is a major public health concern, with its 
prevalence rising in both developed and developing coun-
tries.[1] It is a condition linked to the development of 
numerous chronic and metabolic diseases, as well as mus-
culoskeletal disorders involving both inflammatory and 
mechanical components.[2] Musculoskeletal issues, partic-
ularly abdominal and lumbopelvic dysfunctions, are 
strongly associated with increased body mass index (BMI) 
and accumulation of adipose tissue, especially in the 
abdominal region.[3,4] Several studies have also reported a 
higher incidence of postural abnormalities in individuals 

with elevated BMI and obesity.[5] Furthermore, increased 
BMI has been associated with reduced trunk stability and 
decreased endurance of the trunk musculature.[6] Notably, 
obesity-related factors such as visceral adiposity, chronic 
systemic inflammation, increased adipokine production, 
vascular alterations, and elevated intra-abdominal pres-
sure may negatively impact the structural integrity of the 
abdominal wall.[7] 

Anatomically, the abdominal wall is composed of the 
skin, superficial fascia, muscles and their fascia, fascia 
transversalis, extraperitoneal fascia and peritoneum.[8] It 
performs multiple functions, including support for inter-
nal organs, facilitation of breathing, coughing, vomiting, 
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Abstract 

Objectives: Obesity can lead to structural alterations in the abdominal wall, which are important to assess for effective obe-
sity management. This study aimed to investigate the impact of obesity on abdominal wall morphology and the presence of 
diastasis recti abdominis (DRA) in women, as well as the correlation between body mass index (BMI) and abdominal wall 
parameters.  

Methods: Women were divided into two groups based on BMI: non-obese (BMI<30 kg/m², n=37) and obese (BMI≥30 kg/m², 
n=36). Using ultrasound, measurements were taken for umbilical subcutaneous adipose tissue (SCAT) thickness, abdominal mus-
cle thickness, linea alba (LA) distortion (using a distortion index formula) and width (using inter-rectus distance, IRD), and presence 
of DRA.  

Results: The obese group showed significantly greater umbilical SCAT thickness, distortion index scores, and IRD measured 
2 cm above the umbilicus compared to the non-obese group (p<0.05). No significant differences were observed in abdomi-
nal muscle thickness between the groups (p>0.05). The prevalence of DRA was higher in the obese group (33.3%) than in 
the non-obese group (10.8%) (p<0.05). Significant positive correlations were found between BMI and umbilical SCAT thick-
ness (p=0.610), distortion index scores (p=0.489), and IRD measured 2 cm above (p=0.359) and below the umbilicus 
(p=0.304) (p<0.05).  

Conclusion: Women with obesity exhibited increased umbilical SCAT thickness, greater linea alba distortion and width, and 
a higher prevalence of DRA compared to non-obese women. These findings suggest that elevated BMI may negatively influ-
ence abdominal wall morphology. Considering these morphological changes may be important in the clinical evaluation and 
management of obesity.  
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labor, micturition, and defecation, and contributes to 
trunk stability, mobility, and motor control of both trunk 
and extremities.[9] Age and gender related differences in 
the abdominal wall structure have also been document-
ed.[10] Morphological changes in the abdominal wall, 
reductions in muscle strength, and the presence of con-
ditions such as diastasis recti abdominis (DRA) can 
impair lumbopelvic stability, postural control, and 
abdominal organ support.[11] Optimal performance of 
these functions depends on the coordinated and func-
tional integrity of the abdominal muscles, fasciae, and 
the linea alba (LA).[9] 

Given the complexity of the abdominal wall, detailed 
examination of its structure is crucial.[12,13] Ultrasound 
imaging has gained popularity in both clinical assessment 
and rehabilitation of the abdominal muscles due to its abil-
ity to evaluate deep muscle morphology and DRA in a 
non-invasive manner.[14,15] It also offers valuable informa-
tion regarding the structure of the LA and the thickness of 
subcutaneous adipose tissue (SCAT), a key indicator of 
total body fat.[16,17] 

This study aimed to investigate the effects of obesity 
on abdominal wall morphology and the presence of DRA 
in women, as well as the correlation between BMI and 
abdominal wall structural parameters. The underlying 
hypothesis was that increasing BMI negatively affects the 
structural integrity of the abdominal wall in women.  

Materials and Methods 
A case-control study design was employed and all proce-
dures were conducted in accordance with the 
Declaration of Helsinki. The research was carried out in 
the Department of Radiology of Bilkent City Hospital. 
Written informed consent was obtained from all partici-
pants. 

Initially, 82 individuals were enrolled (non-obese 
group: n=42; obese group: n=40). In the non-obese group, 
five individuals were excluded due to unwillingness to par-
ticipate (n=2), neurological disorders (n=2), and spinal 
deformity (n=1), resulting in 37 participants (BMI=22.58 
[18.71–24.77] kg/m²). In the obese group, four participants 
were excluded (unwillingness to participate: n=2; abdomi-
nal surgery: n=2), resulting in 36 participants (BMI=30.70 
[30.00–38.67] kg/m²). Demographic data, surgical history, 
chronic conditions, and pain status were collected through 
face-to-face interviews. 

All measurements were performed in the morning, fol-
lowing a fasting period of at least 8 hours and avoidance of 
excessive fluid intake or physical activity. Height was mea-

sured using a portable stadiometer (in cm) while partici-
pants stood barefoot. Weight was measured using a digital 
scale (precision: 0.01 kg) with participants in light clothing 
and barefoot. BMI was calculated as weight divided by 
height squared (kg/m²). Participants were classified into 
two groups based on BMI: non-obese (BMI<30 kg/m², 
n=37) and obese (BMI≥30 kg/m², n=36).[18] 

Ultrasound assessments were performed using a Logiq 
S7 Expert device (General Electric, Canada) with a 9–11 
MHz linear transducer in B-mode by a radiologist experi-
enced in musculoskeletal imaging. All scans were conduct-
ed with participants in the supine hook-lying position, 
with pillows under their knees. 

SCAT was measured 5 cm above the umbilicus along 
the midline (Figure 1a). The transducer was positioned 
transversely, and the anteroposterior thickness from the 
skin to the LA was recorded.[17] 

Transverse images of the right and left rectus abdomi-
nis (RA) were obtained by placing the transducer lateral to 
the umbilicus until the RA was centered on the screen. 
Anteroposterior thickness was measured (Figure 1b). For 
the anterolateral abdominal muscles (external oblique 
[EO], internal oblique [IO], transversus abdominis [TrA]), 
the transducer was placed 10 cm lateral to the umbilicus 
and held perpendicular to the muscle layers (Figure 1c). 
Images were acquired at the end of quiet expiration to 
standardize measurements and minimize respiratory influ-
ence.[19] 

The measurement was performed at the midpoint 
between the umbilicus and the xiphoid process. The short-
est linear distance between the medial edges of the RA was 
calculated. The actual curved path of the LA was then 
traced, and the area between this path and the shortest dis-
tance was computed. The distortion index was calculated 
as the area divided by the shortest distance (distortion 
index=bounded area/shortest path).[16] 

Inter-rectus distance (IRD) measurements were evalu-
ated for the DRA. To standardize the measurement 
points, the skin marks were made on 2 cm above and 
below the umbilicus.[15,20] The transducer was placed trans-
versely on each mark. Images were taken 2 cm above and 
below the umbilicus at rest and during curl-up.[20] The 
resting IRD was recorded as the LA width. The occur-
rence of DRA was determined with a cut-off point of 
IRD>25 mm at 2 cm above or 2 cm below the umbilicus.[11] 

Sample size was calculated using G*Power (v3.0.10, 
Germany). Based on a pilot study of 10 participants, an 
effect size of 0.733 was determined from the SCAT mea-
surement. To achieve 80% statistical power at a=0.05, at 
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least 62 participants (31 per group) were required. 
Considering potential data loss (≥10%), a total sample size 
of at least 69 participants was targeted.  

Normality of distribution was assessed using visual and 
analytical methods. Data were presented as mean ± stan-
dard deviation (9± SD), median (min–max), and frequency 
(n, %) for normally distributed, non-normally distributed, 
and categorical variables, respectively. Between-group 
comparisons were performed using the t-test or Mann–
Whitney U test for numerical variables, and Chi-square 
test for categorical data. The Spearman correlation test 
was applied to evaluate relationships between BMI and 
abdominal wall parameters. Correlation strength was cat-
egorized as: very weak (<0.2), weak (0.3–0.5), moderate 
(0.6–0.7), strong (0.8–0.9), and very strong (=1).[21] 
Statistical analyses were conducted using IBM SPSS 
Statistics (v22.0, Armonk, NY, USA). A p-value <0.05 was 
considered statistically significant. 

Results 
The age distribution between the obese and non-obese 
groups was comparable, with no statistically significant 

difference observed (p>0.05), except for BMI (Table 1). 
As presented in Table 2, significant differences were 
observed in specific abdominal wall parameters between 
the groups. Umbilical SCAT thickness, distortion index 
scores, and IRD measured at 2 cm above the umbilicus 
were significantly higher in the obese group compared to 
the non-obese group (p<0.05). However, no significant 
differences were found between the groups regarding the 
thickness measurements of the RA, EO, IO, and TrA mus-
cles (p>0.05). The prevalence of DRA was also higher in 
the obese group. Specifically, DRA was observed in 33.3% 
(n=12) of women in the obese group and in 10.8% (n=4) of 
women in the non-obese group, representing a statistical-
ly significant difference in DRA occurrence between the 
two groups (p<0.05). 

Correlation analysis revealed a positive weak to moder-
ate association between BMI and several abdominal wall 
parameters. Specifically, BMI was positively correlated 
with umbilical SCAT thickness (rho=0.610, p<0.001), the 
distortion index scores (rho=0.489; p<0.001) and the IRD, 
measuring at 2 cm above (rho=0.359; p=0.002) and below 
the umbilicus (rho=0.304; p=0.009). No significant corre-
lations were found between BMI and the thickness values 

Figure 1. Ultrasound imaging showing measurements. (a) Umbilical SCAT measurement; (b) RA muscle thickness; (c) EO, IO and TrA muscle thick-
ness. EO: external oblique; IO: internal oblique; RA: rectus abdominis; SCAT: subcutaneous adipose tissue; TrA: transversus abdominis.

a b c

Table 1  
The features of the groups.

 Non-obese group Obese group 
Features (n=37) (n=36) p-value 

Age (years, X±SD) 35.11±9.22 38.81±10.76 0.122 

BMI (kg/m2, median (min-max)) 22.58 (18.71–24.77) 30.70 (30.00–38.67) <0.001* 

*p<0.05. SD: standard deviation; max: maximum; min: minimum; X: mean.



of the abdominal muscles, including RA (Right (R)= 0.399, 
Left (L)=0.264), EO (R=0.877, L=0.095), IO (R=0.506, 
L=0.110), and TrA muscles (R=0.178, L=0.260) was 
found. 

Discussion 

Obesity, which may alter the structural integrity of the 
abdominal wall, remains a major public health concern. 
In the current study, obese women demonstrated signif-
icantly greater umbilical SCAT, IRD, LA distortion and 
width, as well as a higher occurrence of DRA compared 
to non-obese women. These findings were further sup-
ported by weak-to-moderate positive correlations 
between body mass index (BMI) and umbilical SCAT 
thickness, LA distortion, and IRD measurements. In 
contrast, no significant differences or correlations were 
observed in the thickness of abdominal muscles between 
the groups. 

Abdominal fat comprises subcutaneous, pre-peri-
toneal, and visceral components, with visceral fat being 
particularly implicated in cardiometabolic risk.[22] 

Various techniques, such as skinfold calipers, computed 

tomography (CT), magnetic resonance imaging (MRI), 
and ultrasound, have been employed to quantify abdom-
inal fat.[17,23,24] Few studies, however, have examined 
umbilical SCAT thickness in relation to BMI. Kim et 
al.[25] using CT, reported a positive correlation between 
BMI and SCAT thickness, independent of age or surgi-
cal history. Similarly, Torun et al.[17] also found that 
there was a positive correlation between BMI and umbil-
ical SCAT thickness, measured with ultrasound. In our 
study, it was seen that women in the obese group had 
high umbilical SCAT and also there was a positive cor-
relation between BMI and umbilical SCAT thickness. 
Our findings are in agreement, suggesting that BMI can 
serve as a reliable proxy for umbilical SCAT thickness. 

Assessing abdominal muscle thickness provides 
insight into potential morphological adaptations of mus-
cle tissue.[26] However, previous studies have yielded 
inconsistent results regarding the relationship between 
BMI and abdominal muscle thickness. Tahan et al.[27] 
evaluated the correlation between BMI and abdominal 
muscle thicknesses in healthy individuals (age range of 
18–44 years) with ultrasound imaging. It was reported 
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Table 2  
The abdominal wall structure parameters of the groups.

Non-obese group Obese group 
X±SD X±SD 

Median (min-max) Median (min-max) 
n (%) n (%)  

Abdominal wall structures (n=37) (n=36) p-value 

Subcutaneous adipose tissue (mm)  

Umblical SCAT 15.20±5.28 20.02±5.21 <0.001* 

Abdominal muscle thickness (mm)  

RA_R 6.28±1.32 6.61±1.56 0.338 

RA_L 6.02±1.35 6.40±1.47 0.250 

EO_R 2.70 (1.30–6.40) 2.65 (1.70–8.50) 0.934 

EO_L 3.00 (1.10–4.50) 2.85 (1.90–5.60) 0.331 

IO_R 5.10 (3.50–9.30) 5.10 (3.20–8.50) 0.320 

IO_L 5.04±1.26 5.41±1.56 0.270 

TrA_R 2.60 (2.00–4.50) 2.80 (2.00–4.70) 0.158 

TrA_L 2.50 (1.50–4.30) 2.55 (2.00–4.10) 0.332 

Linea alba distortion and width (mm)  

Distortion index 0.053 (0.025–0.487) 0.077 (0.028–0.875) 0.005* 

IRD_2 cm above umbilicus 12.20 (3.70–34.20) 17.00 (3.20–47.40)  0.032* 

IRD_2 cm below umbilicus 4.60 (1.80–20.20) 5.10 (1.30–32.30) 0.200 

DRA  

Absent 33 (89.2) 24 (66.7)  
0.020*

 

Presence 4 (10.8) 12 (33.3) 

*p<0.05. DRA:diastasis recti abdominis; EO: external oblique; IRD: inter-rectus distance; IO: internal oblique; L: left, R: right; RA: rectus abdominis; SCAT: subcutaneous 
adipose tissue; TrA: transversus abdominis.



that although a positive correlation was found between 
the BMI and the thickness of EO and RA muscles, no 
correlation was seen between the BMI and the thickness 
of TrA and IO muscles. Springer et al.[10] similarly noted 
a positive correlation between the BMI and the thickness 
of lateral abdominal muscle, measured by ultrasound 
imaging, in healthy individuals (age range of 18–45 
years). Saranteas et al.[7] found reduced abdominal mus-
cle thickness in elderly obese individuals, compared to 
younger non-obese subjects (age=75 (70–83) years) was 
lower than that of young non-obese people (age=35 (28–
38) years). Our study revealed no significant differences 
or correlations in muscle thickness between groups, 
potentially attributable to variations in age distribution. 
Previous research by Khan et al.[28] suggested that 
abdominal muscle thickness may increase with obesity 
until the fourth decade of life, followed by a decline. 
Additionally, as in prior studies, we assessed raw muscle 
thickness values without normalizing for body mass, 
which may have confounded results. Future studies 
should consider allometric scaling[29] to better interpret 
muscle adaptations. 

The LA is formed by the aponeuroses of the EO, IO 
and TrA. The structural characteristic of LA ensures 
core stability under abdominal muscle tension and con-
tributes transmit loads between the sides of the abdomi-
nal wall.[8] LA dysfunction is associated with pathologies 
such as hernias, low back pain, and reduced quality of 
life.[30] The tension, width and thickness of LA may 
change with increased intra-abdominal pressure (obesity 
etc.), pregnancy or abdominal surgery. In addition, the 
LA structure is related to the abdominal muscles activa-
tion.[30] In the study of Fan et al.,[31] it was observed that 
the LA thickness did not change compared to nulli-
parous women in different birth types (vaginal and 
cesarean section) and the LA width is increased in 
women who had cesarean section compared to nulli-
parous women. Fredon et al.[32] found that there was a 
positive correlation between the LA width and the BMI 
in both men and women. Grossi et al.[33] investigated the 
amount of collagen in the LA of obese people and com-
paring with non-obese cadavers. It was seen that the 
amount of collagen in the LA above the umbilical region 
in the morbidly obese people was smaller than in the 
non-obese cadavers. According to the authors' knowl-
edge, no study was found examining the correlation 
between BMI and LA distortion related to tension or 
stiffness. In our study, it was also found that women in 

obese group had higher LA width and distortion than 
women in non-obese group. As a results of our study, it 
was seen that as the BMI increased, the LA width 
increased and the LA tension decreased. These findings 
may be due to increases in intra-abdominal pressure with 
obesity. In obesity rehabilitation, the LA width and dis-
tortion, important in the stability of the abdominal wall, 
should be evaluated and supported by different treat-
ment approaches such as exercises. 

DRA is prevalent among adult women and is influ-
enced by factors such as obesity, pregnancy, and 
metabolic disease. Wu et al.[34] and Doubkova et al.[35] 

both identified a significant association between higher 
BMI and increased DRA risk. Our findings align with 
these results, as a higher prevalence of DRA was 
observed among obese women. It is plausible that clini-
cal subtypes of obesity (e.g., sarcopenic obesity or viscer-
al adiposity) exacerbate LA separation by compromising 
muscular support or increasing intra-abdominal tension. 
Therefore, obesity prevention may serve as a means of 
reducing DRA prevalence, though further investigation 
into these obesity subtypes is warranted.However, more 
detailed studies are needed on these issues.  

This study has several limitations. First, obesity was 
defined solely by BMI, which may not reflect clinical 
subtypes such as sarcopenic or metabolically healthy 
obesity.[18] Second, subgroup analyses based on obesity 
severity were not performed, though such stratification 
may yield further insights into the structural changes 
observed. Third, only women were included to ensure a 
homogeneous sample; hence, the findings may not be 
generalizable to men. Lastly, as this was a single-center 
study, future multi-center investigations with broader 
demographics are recommended. 

Conclusion 

This study demonstrates that obese women exhibit sig-
nificantly greater umbilical SCAT thickness, LA distor-
tion, and DRA occurrence compared to non-obese 
women, while abdominal muscle thickness remains unaf-
fected. These findings suggest that elevated BMI may 
negatively impact the structural integrity of the abdomi-
nal wall. Therefore, comprehensive obesity management 
should incorporate not only weight reduction strategies 
but also physiotherapy interventions—such as exercise 
and taping—to improve LA function and reduce DRA 
risk. 
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