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Abstract

Introduction: Very little attention has been paid to muscle architecture in the Sub-Saharan African environment, and the
rectus abdominis muscle, being a stabilising agent in the trunk, should not be left out. Considering the incidence of trunk
musculoskeletal discomfort, it is necessary to assess the rectus abdominis muscle.

Aim of the research: To assess the thickness of the rectus abdominis muscle in an apparently healthy adult population using
ultrasound and to evaluate its possible relationship with important anthropometric variables.

Material and methods: A total of 120 healthy subjects made up of 60 males and 60 females, who gave their written consent,
were recruited for this study. B-mode ultrasound was used to assess the rectus abdominis muscle. Anthropometric variables
were also assessed.

Results: The results show that the rectus abdominis thickness (RAT) was 14.68 +2.92 mm and 14.37 £2.74 mm for the right
(RRAT) and left (LRAT) sides, respectively. The males had significantly thicker muscles than the females (p = 0.004) and the
RAT correlated positively with age, weight, height, body mass index, body surface area, waist circumference, and conicity
index.

Conclusions: These results show robust myoanthropometric relationships that will assist surgeons in reconstructive pro-
cedures involving the muscle. They will also serve as a guidepost in the biomechanical assessment of the muscle in lifting
sports for an African population, in the study of muscle flaps, and in the general evaluation of trunk mass.

Streszczenie

Wprowadzenie: W Afryce Subsaharyjskiej bardzo mata uwage zwraca si¢ na architekture mie$ni, a mie$nia prostego brzu-
cha, ktdry jest czynnikiem stabilizujacym tutéw, nie powinno si¢ pomija¢. W przypadku wystepowania béléw kostno-mies-
niowych konieczna jest ocena mie$nia prostego brzucha.

Cel pracy: Ocena grubosci mige$nia prostego brzucha w pozornie zdrowej populacji oséb dorostych za pomoca badania
ultrasonograficznego oraz jej potencjalnego zwiagzku z waznymi danymi antropometrycznymi.

Materiat i metody: Badaniem objeto tacznie 120 zdrowych mezczyzn (60) i kobiet (60), od ktérych uzyskano pisemna zgo-
de. Ocene miesnia prostego brzucha przeprowadzono za pomoca badania ultrasonograficznego B-mode. Zebrano réwniez
dane antropometryczne.

Wyniki: Grubo$¢ mies$nia prostego brzucha (RAT) wyniosta 14,68 +2,92 mm i 14,37 +2,74 mm odpowiednio dla strony
prawej (RRAT) i lewej (LRAT). MezczyZni mieli istotnie grubsze mie$nie niz kobiety (p = 0,004), a warto$¢ RAT wykazywata
pozytywna korelacje z wiekiem, masa ciala, wzrostem, indeksem masy ciata, powierzchnig ciata, obwodem w talii i wskaz-
nikiem stozkowato$ci.

Whioski: Wyniki wskazuja na silne powiazania antropometryczne, ktére sa pomocne dla chirurgéw w przypadku zabiegéw
rekonstrukcji miesni. Stuzg one réwniez jako wskazéwka w ocenie biomechanicznej mie$ni w podnoszeniu ciezaréw w po-
pulacji afrykanskiej, w badaniu ptatéw mie$niowych oraz w ogélnej ocenie masy tutowia.
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Introduction

Skeletal muscle architecture is the primary deter-
minant of muscle function [1, 2]. The knowledge of
muscle architecture is of great practical importance in
understanding the relationship between muscle struc-
ture, force, and extension ability [3]. Muscle architec-
ture has been mainly characterised by fascicle length,
pennation angle, and the thickness of the muscle [4-6].

Muscle thickness can be described as the cross-sec-
tional diameter of the belly that extends from apo-
neurosis to aponeurosis. Its characterisation as part
of the muscle architecture cannot be overemphasised,
because of its role in the comparative assessment of
gross morphology of muscles [7]. Muscle thickness
is very important clinically in the assessment of at-
rophy and hypertrophy in neuromuscular diseases
[8], in the estimation of general muscle volume [9],
in the quantification of amyotrophic lateral sclerosis
[10], and in the categorisation of the intensity of rela-
tionship with activity levels in cerebral palsy [11]. In
the trunk, muscle thickness is used in the monitoring
of trunk strengthening exercises necessary for thera-
peutic alleviation of low back pain [12-15] and other
musculoskeletal disorders of the trunk.

The rectus abdominis (RA), as a flap-like muscle,
is an important postural muscle that plays a role in
movement and in stabilisation of the trunk. It helps
the lower ribs, especially during expiration. It com-
presses the abdomen, supports the viscera (intestine),
and is very important in weight lifting and other
sports. The muscle, as a myocutaneous flap, has been
used in numerous surgical reconstructions: in the re-
construction of scrotum [16]; reconstruction of the
breast [17, 18]; closure of sternal defects [19]; in head
and neck reconstructive surgery [20]; in the treatment
of enterocutaneous fistula [21]; in the correction of
pharyngoesophageal defects [22]; in soft tissue recon-
struction of the hand [23]; in treatment of complex
urethrovaginal fistulae [24, 25]; in the reconstruc-
tion of full-thickness thoracic wall defects [26], and
in the reconstruction of ankle and foot defects [27].
It is therefore obvious that detailed assessment of the
thickness of the rectus abdominis muscleis very im-
portant, given its background in these myocutaneous
reconstructive procedures.

Previous studies have tried to assess the thickness
of the rectus abdominis muscle (RAMT) in different
populations. Ikezoe et al. [28] reported that RAMT var-
ies with the age and inactivity of anindividual. This re-
port on the effect of age was also documented earlier by
other findings [29-32]. In a different assessment, Balius
et al. [33] reported that sportsmen had thicker muscles
than non-sportsmen, emphasising the effect of the de-
gree of activity/inactivity on muscle thickness. Also,
other factors like posture, nutrition, sex, and pregnan-
cy have been reported to affect the thickness of the rec-
tus abdominis muscle [31, 32, 34, 35].
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Anthropometric relationships of some abdominal
muscles have been assessed by some studies. Rostami
et al. [36] studied the relationship between the lateral
abdominal muscles (the transversus abdominis, inter-
nal oblique, and external oblique muscles) and body
mass index (BMI), abdominal skin fold thickness, and
waist circumference and opined that these relation-
ships were important in the assessment of fatness. Oth-
er studies, even though they were based on muscles of
the extremity, reported a relationship between muscle
thickness and some anthropometric variables and es-
tablished that these myoanthropometric relationships
were important in sex categorisation, anthropological
categorisation, and lean body mass [7, 37].

Despite these reports, no study has comprehensive-
ly established any sort of myoanthropometric relation-
ship using the rectus abdominis in our Sub-Saharan
African environment, and since the muscle flap forms
a reliable material in numerous reconstructive surger-
ies, it is absolutely necessary to assess the RAMT in an
apparently healthy adult population with a view to
creating and documenting information that will serve
as a normogram for the African population, as well as
a robust platform for comparison in clinical settings
and a guidepost to studies on the biomechanical in-
clinations of the muscle. The RAMT assessment will
be done using ultrasound (US). Most assessments of
muscles are done with the use of ultrasound because
real-time sonography enables in vivo muscle scanning
and offers an assurance for a realistic determination of
changes in muscle architecture [6, 38].

Material and methods
Study design

This study made use of B-mode ultrasound in
measuring the rectus abdominis muscle thickness
and was carried out within the Abakaliki metropolis,
Ebonyi State, Southeast Nigeria.

Study centre

The Lifescan Ultrasound Centre located at Felix
Memorial hospital, No. 6 Hilltop Road, Abakaliki, Eb-
onyi state, Southeast Nigeria was used. Patients from
within the Abakaliki metropolis, Ogoja Metropolis,
and beyond are received in this ultrasound and im-
aging centre. It is headed by a highly experienced ra-
diographer.

Participants

A total of 120 healthy subjects made up of 60 males
and 60 females, who gave their written consent, were
recruited for this study after are search information
sheet regarding the aims of the study, imaging proce-
dure, rights of the subjects, and safety of ultrasound
was given to each of them. They were selected from
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Figure 1. Line graph comparing RAT in RRAT, LRAT, and
ARAT among young adults

a pool of students at Ebonyi State University (EBSU),
who hail from Ebonyi State, Southeast Nigeria (Ebo-
nyians) and were between the ages of 19 and 30 years.

Criteria for selection of subjects

The age range of the participants was from 19 to
30 years. The subjects were all students of Ebonyi
State University (EBSU), who are Ebonyians without
any history of low back pain in the preceeding three
months, no history of performing core stability exer-
cises in the past three months [36], including all forms
of rigorous sports, and no potential metabolic diseases.
This is to avoid any possible effect of these ailments on
the musculoskeletal system. Also, none of the subjects
had ever been pregnant or was pregnant at the time of
the study, because pregnancy seems to affect the thick-
ness of the rectus abdominis muscle [35].

Prior to the conduction of the main study, a pilot
study was undertaken involving 6 subjects (12 RAM) to
identify any potential errors in the planned study layout.

Instrumentation

An ultrasound system with a 7.5-MHZ linear trans-
ducer (Siemens sonoline SL-1, 1998 model) was used
to measure the RAMT.

Scanning protocol

The subjects comprised 120 subjects, 60 males and
60 females. Each subject lay in a supine position while
the thickness of the RA was measured at 3 cm lateral to
the umbilicus (Figure 1). A 7.5-MHz ultrasound trans-
ducer was used to assess the RAMT on both sides. The
RAMT was measured accurately using on-screen calli-
pers, taking the distance between the inside edges of the
fascia.

To avoid inter-observer variability, the same investi-
gator took all the measurements. During the examina-
tion, care was taken to maintain the same standardised
position of the subjects and the exact location of the
transducer, which was held perpendicular to the skin
surface using the minimum pressure required to achieve
a clear image. To improve acoustic coupling, a water-sol-
uble transmission gel was placed over the scan head.

The activity of the abdominal muscle is modulated
by respiration, i.e. the thickness of the rectus abdominis
increases during expiration [31, 39, 40]. Therefore, read-
ings were taken at consistent points at the end of a re-
leased expiration (when the respiratory muscles were
relaxed).

Anthropometric measurements

Materials for the anthropometric measurements
include a calibrated weighing balance that was used
to measure the weights of the subjects while the
subject was standing erect with minimal clothing;
a wall-mounted stadiometer with movable headpiece
was used for the measurement of heights of subjects;
and a plastic measuring tape (60 inch/150 cm, made
in Shanghai, China) was used to assess abdominal
circumference at the level of the umbilicus with the
subject being in a relaxed state.

Body mass index

Body mass index (BMI) was calculated using the
formula BMI = weight (kg)/(height (m))>.

Conicity index

This was calculated using the formula designed by
Teylor et al. [41]:

Conicity index = waist circumference/
OMAy INAEX= 9109 x square root of weight/height).
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Body surface area

This was calculated by the formula below
Body surface area (BSA) = 0.007184 x W04
x HO721 [42].

Statistical analysis

The statistical package for the social sciences (SPSS)
software version 16.0 was used to analyse the generat-
ed data. Data was expressed as mean * standard devi-
ation. Student’s t-test was used to compare means, and
Pearson’s correlation was used to express relationships.

Ethical approval

In line with the Helsinki Declaration of 1989, eth-
ical approval was obtained from the Research/Ethics
committee of the Faculty of Basic Medical Sciences,
Ebonyi State University, Abakaliki, Southeast Nigeria.

Results

Table 1 above shows that values of age, height,
weight, BMI, BSA, WC, and CI are greater in males
than in females, except for the conicity index, which
is greater in females than in males (1134.68 in females
vs. 1125.66 in males). The line graphs in Figures 1 A
and 1 B show that the rectus abdominis thickness is

greater in males than in females. Its thickness is also
greater in the right side in males than it is in females.

The mean rectus abdominis thickness in young
adult Nigerians is 14.52 +2.72 mm. The thickness
of the RAM in both sexes shows that the right sides
are significantly higher than the left sides (p < 0.05).
Even in the general population, RAT was still thicker
in males than in females (p < 0.05), as can be seen in
the Table 2. These values corroborate the outcome of
Figures 2 and 3.

Table 3 shows the difference between right rectus
abdominis thickness (RRAT) and left rectus abdom-
inis thickness (LRAT) in the general population, in
males and in females. The difference in thickness be-
tween the right and left sides was not significant in
the general population (p = 0.132). However, in males
the RRAT was significantly greater than the LRAT (p <
0.05). This significant level of difference was not seen
in females (p = 0.272), who presented thicker LRAT
than RRAT (Table 4).

Pearson’s correlation coefficient test showed that
there was significant correlation between the RAT
and age, weight, height, BMI, BSA, and CI (p < 0.5), as
shown in the Table 5.

Discussion
Trunk musculoskeletal disorders, especially low
back pain, have become common among different oc-

Table 1. Descriptive statistics for assessed anthropometric variables

Anthropometric variables

Age [years] 23.62 +2.49
Height [m] 1.70 +0.089
Weight [kg] 66.58 +10.78
BMI [kg/m?] 22.94 +2.83
BSA [m?] 1.77 +0.18

WC [cm] 76.74 £6.90

1128.81 + 56.68

Cl (conicity index)

General population (both sex)

Male Female
23.92 +6.01 23.05 +2.16
1.74 £0.072 1.63 £5.07
69.85 +9.23 60.50 +11.03
23.00 +2.27 22.84 £3.72

1.84 +0.15 1.65 +0.17
77.54 +6.01 75.25 +8.26

1125.66 +£58.81 1134.68 £53.40

g ! RN .
Figure 2. The machine and subject while measuring the
thickness of the rectus abdominis
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cupational groups. Trunk muscle biomechanics have
been employed in the management of some of these
disorders. The rectus abdominis muscle cannot be left
out since it contributes greatly in stabilising the trunk.

The thickness of the Rectus abdominis muscle
was assessed in a young adult population, and the re-
sults showed a mean thickness of 14.52 +2.72 mm for
the entire population and 15.24 +2.58 mm and 13.19
+2.51 mm for male and female subjects, respectively.
The RAMT values obtained in this study are higher
than the results from previous studies. Rankin et al.
[30] reported a mean thickness of 10.2 £1.60 mm for
the right RAM using ultrasound. Kim et al. [43] re-
ported RAT at the level of the Xiphoid processas 9.58
+2.11 mm and 9.73 £2.06 mm for the right and left
sides, respectively. They also reported a thickness of
10.26 £1.83 mm and 10.26 £1.85 mm for right and left
sides, respectively, at the level of the umbilicus in an
adult female population. These observed disparities

Table 2. RAT in young adults
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might be associated with environmental, racial, and
ethnic factors. Another important factor may be due
to the degree of physical activity of our subjects, hav-
ing used relatively active adults at the peak of muscle
development.

Generally, these values are of clinical importance
in reconstructive surgeries involving the muscle.
Phillips et al. [44] proposed that a proper thickness of
the muscle when used in myocutaneous flap recon-
structive surgeries is important for safe elevation and
gives an insight into the functionality of the major
supplying arterial pedicles. Consequently, reduced
muscle thickness may be an indication of the setting
in of muscle wasting following possible damage to the
supplying pedicles with an associated reduction in its
functional role in the trunk. On the other hand, a thin
RAM will naturally leave the pedicles unprotected
and prone to damage during extraction of myocuta-
neous flaps. Thus, information on the thickness of the

Status (gender) RAT [mm] RRAT [mm] LRAT [mm]
Both sex (Listwise) 14.52 +2.72 14.68 +2.92 14.37 +2.74
Male 15.24 £2.58 15.59 £2.79 14.90 +2.55
Female 13.19 +2.51 12.99 +2.41 13.39 +2.85
Range 9.1-20.5 9.8-21.0 8.2-20
Table 3. Comparison between sexes
Gender N Mean Standard deviation T Df Valueofp Decision
Rectus abdominis thickness right:
Male 39 15.59 2.79 3.61 58 0.001** Sig.
Female 21 12.99 2.41
Rectus abdominis thickness left:
Male 39 14.90 2.55 2.09 58 0.041* Sig.
Female 21 13.39 2.85
Rectus abdominis thickness general:
Male 39 15.24 2.58 2.97 58 0.004* Sig.
Female 21 13.19 2.51
Tables 4. Paired samples statistics and test
N Mean Standard deviation T Df Value of p Decision
15t Pair 1.53 59 0.132 Not sig.
(general population):
RRAT 60 14.68 2.92
LRAT 60 14.37 2.73
2" Pair (male): 3.09 38 0.004 Sig.
RRAT 39 15.59 2.79
LRAT 39 14.90 2.55
31 Pair (female): -1.13 20 0.272 Not sig.
RRAT 21 12.99 241
LRAT 21 13.39 2.85
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Table 5. Correlation between RAT and anthropometric variables
Assessed parameters Age Weight Height BMI BSA Waist Rectus Rectus Rectus
circumference abdominal abdominal abdominal
thickness  thickness thickness
-right - left average
Age Correlation 1 0.501** 0.139 0.545**  0.450** 0.569** 0.456** 0.375** 0.434**
Value of p < 0.001 0.291 <0.001 <0.001 < 0.001 < 0.001 0.003 0.001
N 120 120 120 120 120 120 120 120 120
Weight Correlation  0.501** 1 0.684** 0.785**  0.989** 0.814** 0.606™* 0.413** 0.533**
Value of p < 0.001 <0.001 <0.001 <0.001 < 0.001 < 0.001 0.001 < 0.001
N 120 120 120 120 120 120 120 120 120
Height Correlation  0.139 0.684** 1 0.090 0.781** 0.391** 0.374** 0.280* 0.342**
Value of p 0.291 < 0.001 0.492 < 0.001 0.002 0.003 0.030 0.008
N 120 120 120 120 120 120 120 120 120
BMI Correlation 0.545**  0.785**  0.090 1 0.691** 0.780** 0.492** 0.317* 0.424**
Value of p < 0.001 <0.001 0.492 < 0.001 < 0.001 < 0.001 0.014 0.001
N 120 120 120 120 120 120 120 120 120
BSA Correlation 0.450** 0.989** 0.781** 0.691** 1 0.773** 0.593** 0.409** 0.524**
Valueof p < 0.001 <0.001 <0.001 <0.001 < 0.001 < 0.001 0.001 < 0.001
N 120 120 120 120 120 120 120 120 120
Waist Correlation 0.569**  0.814** 0.391** 0.780** 0.773** 1 0.580** 0.446** 0.536™*
circumference \ieofp <0001 <0001 0002 <0001 < 0.001 < 0.001 <0.001  <0.001
N 120 120 120 120 120 120 120 120 120
Rectus Correlation 0.456** 0.606™* 0.374** 0.492** 0.593** 0.580** 1 0.849™* 0.964**
?ﬁl‘:ﬁg‘e':fl_ Valueofp <0.001 <0001 0003 <000l <0.001 < 0.001 <0001  <0.001
right N 120 120 120 120 120 120 120 120 120
Rectus Correlation 0.375** 0.413** 0.280* 0.317* 0.409** 0.446** 0.849** 1 0.959**
?ﬁgﬁﬂ';:“_ Valueofp 0003 0001 0030 0014  0.001 < 0.001 < 0.001 < 0.001
left N 120 120 120 120 120 120 120 120 120
Rectus Correlation  0.434**  0.533** 0.342** 0.424** 0.524** 0.536** 0.964** 0.959** 1
?ﬁl‘:ﬁg‘e':fl_ Valueofp  0.001 <0001 0008 0001  <0.001 < 0.001 <0001  <0.001
average N 120 120 120 120 120 120 120 120 120

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed)

rectus abdominis muscle is clinically very important
and can be helpful to the surgeon [45].

Other results from this study reveal that the RAMT
in males was significantly thicker than those of fe-
males (Table 3; p < 0.05). This is another manifestation
of sexual dimorphism, which in this case is a conse-
quence of male masculinity as a result of hormonal
attributes and, possibly, a higher degree of physical
activity. In line with our findings, Kanehisa et al. [29]
earlier reported the effect of sex on the thickness of
the abdominal muscles, which may indicate the de-
gree of force generation and sexual dimorphism.
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The results also showed that there was no signif-
icant difference between the RRAT and LRAT in the
sample population and in female subjects. Howev-
er, the RRAT was greater than the LRAT in the male
subjects (Table 5). This significant difference in males
could be a result of their postural tilt, which initiates
a greater thickness inclined to the right side, follow-
ing prolonged phases of high degrees of physical ac-
tivity. It could be called masculinity-induced lateral-
ity of the muscle. The non-significant difference in
the female subjects may be due to a possible lack of
forceful activity associated with femininity.
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Table 6. Correlation between RAT and conicity index

Parameter Conicity index

N Pearson correlation P
Age 60 0.269* 0.038
Weight 60 0.145 0.271
Height 60 0.073 0.577
Waist circumference 60 0.652** < 0.001
Rectus abdominal 60 0.232 0.074
thickness —right
Rectus abdominal 60 0.260* 0.045
thickness — left
Rectus abdominal 60 0.255* 0.049
thickness — average
BMI 60 0.131 0.318
BSA 60 0.136 0.300

Correlation is significant at the 0.05 level (2-tailed)

Pearson’s correlation coefficient showed a high
degree of connectivity between the RAT and the as-
sessed anthropometric variables: age, height, weight,
BMI, BSA, WC, and CI (Tables 4 and 5). The correla-
tion with age is in line with the findings of Kanehisa
et al. [29], and this clearly infers the effect of age on
the thickness of RAM. Its relationship with weight
could be explained in its trunk stabilising role asso-
ciated with the weight of the trunk. Its extent in the
anterior abdominal wall obviously contributed to its
significant relationship with the height of the sub-
jects, and because of these relationships with weight
and height, it is significantly associated with the BMI
and BSA. Its relationship with WC and CI may indi-
cate its position in the anthropometric assessment of
the trunk, bearing in mind the connection between
WC, CI, and intra-abdominal adipose tissue thick-
ness, subcutaneous adipose tissue thickness as report-
ed by Njoku [46], and in the evaluation of fatness as
reported by Rostami et al. [36].

The myoanthropometric relationships observed
in this study are the first set of relationships of the
rectus abdominis muscle reported for a Sub-Saharan
African population. Hence, its novelty in this envi-
ronment will initiate investigations of the clinical
and biomechanical aspects of the muscle with regards
to its role in lifting sports among Africans. Since the
value of RAT in this study is seen to be higher than
previously reported values, it is necessary to explore
possible biomechanical and sports-related advantages
that could be associated with these results in our envi-
ronment. The reported myoanthropometric relation-
ships could also be used in the assessment of trunk
mass and the muscle’s possible role in the mechanical
aspects of respiration.

Ogugua Augustine Egwu, Ukoha Ukoha Ukoha, Lasbrey A. Asomugha, Sylvester Okorie

Conclusions

Males have a significantly higher RAMT than
females. The values of RAMT seen in this study are
higher than those of previous studies. The RAMT cor-
relates positively with age, weight, height, BMI, BSA,
WC, and CI. These myoanthropometric relationships
will serve as a guidepost in the clinical and biome-
chanical assessment of the muscle and its role in the
assessment of trunk mass and stability in an African
population.
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