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Abstract
Background: Scoliosis is common in students with a prevalence of 1-2% in teenagers and more than 50%
in adults ≥ 60 years. The aim was to compare the abdominal and multi�dus muscles size in adults with
and without scoliosis.

Methods: Forty men with and without scoliosis were recruited. The Visual Analogue Scale and the
Oswestry Disability Questionnaire were used to evaluate the pain intensity and functional disability in the
patients’ group, respectively. Subjects were asked to lie down in a supine position with their knees bent to
measure abdominal muscles using sonography. The linear transducer was placed vertically on the
anterolateral abdominal wall to record images of the abdominal muscles (Transversus abdominis,
internal oblique, external oblique). To assess the lumbar multi�dus muscle size, the curvilinear head was
used horizontally on the multi�dus muscle at the L5-S1 level in a prone lying position.

Results: No signi�cant difference was found between the two groups for demographic variables. A
signi�cant difference was found between the healthy subjects and patients with scoliosis for right and
left abdominal and multi�dus muscles size (p<0.05). No signi�cant difference was reported between the
two sides of the convexity and concavity on muscles size in patients with scoliosis (p>0.05).

Conclusions: According to the results, patients with scoliosis had smaller abdominal and lumbar
multi�dus muscles size, but no signi�cant differences were found between the muscle size of the
concave and convex sides in the scoliosis group. Future work is needed to support the �ndings of the
current study.

Background
Scoliosis is a three-dimensional impairment of the vertebral column with deviations in the sagittal and
frontal planes, which is usually coupled with vertebral rotation (1). This presents during the childhood or
adolescent and could be accompanied by congenital deformity of one or more vertebrae, fracture or
dislocation of the vertebrae, lower limb length discrepancy, and poor posture (due to pain or muscular
spasm) (2). Scoliosis is common in students (3) with a prevalence of 1–2% in teenagers and more than
50% in adults ≥ 60 years (4). Despite previous reports regarding equal incidence of scoliosis in female and
male children, the prevalence seems to rise in females with age, as by the age of 10 the ratio of female to
male (with scoliosis) is 6 to 1, respectively (5).

Trunk muscle imbalance caused by impairment leads to contracture of the muscles on the concave side
and stretch on the convex side. In other terms, it may cause asymmetry in the vertebral column muscles
(6), which in turn results in lateral deviation and kyphosis (7). Previous studies demonstrated changes in
the abdominal muscles and bilateral erector spine activation pattern in patients with scoliosis. In the
convex side muscle activation increases, resulting in an increase in the thoracic erector spine muscle in
all directions (7, 8). The asymmetric forces inserted on the vertebral column (e.g. in gymnastics and ballet
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dancers) coupled with loose ligamentous may disturb vertebral balance mechanism and consequently,
incident and progression of scoliosis (9). In patients with scoliosis cross sectional view of muscle �bers
reported to be thicker in the concave side compared to the convex side, in the thoracic as well as the
thoraco-lumbar, and the lumbar regions (10). The above-mentioned �ndings need more support through
further investigation on the role of muscle function in pathogenesis of scoliosis. To date, several methods
have been used to assess the vertebral muscles such as Electromyography (EMG) (11, 12), Magnetic
resonance imaging (MRI) (13), and Sonography (14−16). Among these tools, sonography has been
established as a repeatable, available, non-expensive, and non-invasive tool, with live images which could
be used to measure the cross section, antero-posterior, and lateral dimensions, as well as the shape of the
muscle (17). Measurement of the muscular dimensions is a valuable index to assess muscle’s
characteristics (18).

Evidences support that vertebral muscle stabilizers play an important role in dynamic and segmental
control of the vertebrae. Therefore, weakness, atrophy, and functional impairments of these muscles
could result in vertebral instability. Additionally, asymmetries in the stabilizing muscles size may lead or
exaggerate spinal deviations and �nally scoliosis. Considering the high prevalence of this impairment
and its consequences and the lack of enough evidence on the measures and dimensions of the
abdominal and multi�dus muscles in this group of patients. The current study was designed to
investigate the size of abdominal (transverse abdominis = TrA, internal oblique = IO and external oblique = 
EO) and lumbar multi�dus muscle in patients with scoliosis compared to the healthy controls, using
ultrasonography.

Methods
Forty men with and without scoliosis (20 healthy and 20 patients) were recruited for the purpose of this
study. All subjects were informed about the aims and the procedures of the study and signed informed
consent form if they were willing to take part in the study. Ethical approval was received from the ethical
committee of University of Social Welfare and Rehabilitation.

Patients with scoliosis were men between ages of 20 – 50, clinically and radiographically diagnosed with
scoliosis and low back pain due to scoliosis by a spine surgeon and were referred to the USWR outpatient
clinic. Healthy controls were selected from men between 20 – 50 years, without any history of low back
pain and scoliosis. The general exclusion criteria for all groups were a history of sacroiliac joint
dysfunction, respiratory/rheumatologic/neurologic disorders, fracture/dislocation of the spine, metabolic
diseases, spondylolysis/spondylolisthesis, and being allergic to sonography gel. The above-mentioned
information was collected subjectively through a self-administered questionnaire.

In the patients’ group the Visual Analogue Scale (VAS) (19) and the Oswestry Disability Questionnaire
(ODQ) (20) were used to assess the pain intensity and functional disability, respectively.
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The portable ultrasonic diagnosis equipment, model LEO-3000D1 (XuZhou LEO Medical Equipment, Co.,
Ltd) was applied to measure the thickness of abdominal and multi�di muscles. For measurement of
antero-lateral abdominal wall’s muscle thickness, subjects were asked to lie down in a supine position
with knees bent. The sonography transducer (linear head) was placed vertically on the anterolateral
abdominal wall, midway between the 12th rib and the anterior superior iliac crest (21, 22). Images were
recorded, when a clear picture of all three lateral abdominal muscles (TrA, IO and EO)) was obtained
(Figure 1).

To assess the lumbar multi�dus muscle, participants were positioned in prone lying, with a pillow placed
under the abdomen to minimize the lumbar lordosis.  Detection of spinous processes (L5-S1) was
determined manually using the iliac crests as a landmark. The curvilinear head was used horizontally on
the multi�dus muscle at the L5-S1 level, which is proved to have the best view (23). The image of the
multi�dus muscle thickness is shown in Figure 2.

Statistical analysis

Statistical analysis was performed using SPSS software (version 20, Chicago: SPSS Inc). Descriptive
statistics were used to report demographic and clinical characteristics of subjects. Shapiro-Wilk test was
used to assess the normal distribution of desired variables. An independent t-test was applied to evaluate
possible differences between the two groups. To assess the relationship between variables, a Pearson
Correlation Coe�cient was employed. The level of signi�cance was set at P<0.05.

Results

Demographic characteristics and muscle thickness were provided in Table 1.   Using

Shapiro-Wilk test, the two groups were homogenous at baseline for demographic variables

and the distribution of variables was normal.

Mean and standard deviation of demographic variables and abdominal and multifidus

muscles size in healthy and patient groups are shown in Table 1.
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Table 1. Mean and standard deviation of demographic variables and muscles sizes in healthy and patient groups

Patient Healthy Variables
Range Mean (SD) Range Mean (SD)

Demographic variables

20-50 35.3 (9.1) 21-49 33.7 (8.2) Age (year)
160-180 170.7 (5.1) 182-164 172.3 (5.0) Height (cm)

55-87 69.8 (7.7) 60-95 74.0 (9.3) Weight (kg)
20.5-31.8 24.2 (2.5) 21.2-30.7 23.0 (2.8) BMI (kg/m2)

10.28 16.3 (2.5) N/A N/A Deviation degree ( )

Muscles size (cm)
0.30-0.46 0.46 (0.11) 0.48-0.80 0.61 (0.09) RtTrA
0.30-0.73 0.47 (0.10) 0.45-0.73 0.60 (0.08) LtTrA
0.86-1.23 0.86 (0.16) 0.73-1.97 1.30 (0.35) RtIO
0.57-1.26 0.85 (0.16) 0.78-1.94 1.31 (0.32) LtIO
0.55-0.75 0.55 (0.09) 0.55-1.13 0.75 (0.15) RtEO
0.42-0.78 0.55 (0.09) 0.50-0.91 0.74 (0.10) LtEO
0.92-1.90 1.63 (0.19) 1.50-2.77 2.01 (0.31) RtMF (cm2)
0.93-1.90 1.64 (0.19) 1.54-2.01 1.97 (0.26) LtMF (cm2)

RtTrA=Right Transversus Abdominis; LtTrA=Left Transversus Abdomini; RtIO=Right Internal Oblique; LtIO=Left
Internal Oblique; RtEO=Right External Oblique; LtEO=Left External Oblique; RtMF=Right Multifidus; LtMF=Left
Multifidus

 

In Table 2, the results of an independent t-test to assess the probable difference between

healthy and patient groups on abdominal and multifidus muscle size were demonstrated.

The results (Table 3) indicated a significant difference between healthy subjects and those

suffering from scoliosis in terms of right and left abdominal and multifidus muscles size

(p<0.05 in all instances).

 

Table 2. Mean difference of the abdominal and multifidus muscles size between healthy and

patient groups (n=20)
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P-value t-value Mean difference Variables (cm)  

0.02 2.24 0.14 RtTrA  

0.03 2.16 0.12 LtTrA  

0.00 5.01 0.43 RtIO  

0.01 5.70 0.46 LtIO  

0.01 3.93 0.20 RtEO  

0.02 3.15 0.18 LtEO  

0.02 4.65 0.38 RtMF (cm2)  

0.02 4.52 0.33 LtMF (cm2)  

RtTrA=Right Transversus Abdominis; LtTrA=Left Transversus Abdomini; RtIO=Right Internal Oblique; LtIO=Left
Internal Oblique; RtEO=Right External Oblique; LtEO=Left External Oblique; RtMF=Right Multifidus; LtMF=Left
Multifidus

   

Possible differences on the abdominal and multifidus muscles size between the convexity

and concavity sides in patients with scoliosis using paired t-test are shown in Table 3. The

results (Table 3) demonstrated no significant difference between the two sides of the

convexity and concavity on muscles size in patients with scoliosis (p>0.05 in all instances).

 

Table 3. Mean difference of the abdominal and multifidus muscles size between convexity

and concavity sides in patient with scoliosis (n=20)

P-value t-value Mean difference Variables (cm)

0.61 0.51 0.01 TrA

0.20 1.30 0.03 IO

0.37 0.90 0.01 EO

0.39 0.87 0.01 MF (cm2)

TrA=Transversus Abdominis; IO=Internal Oblique; EO=External Oblique; MF=Multifidus

Discussion
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The aim of this study was to compare the lateral abdominal muscle thickness and cross-sectional area of
multi�dus between individuals with and without scoliosis. Previous research demonstrated that
abdominal and multi�dus muscle thickness is decreased in patients with low back pain compared to their
healthy peers. In a study conducted by Zapata et al, deep paraspinal muscle thickness (T8, L1, and L4
levels) were compared between teenagers with and without idiopathic scoliosis (24). Results showed that
muscle thickness in all three levels were higher at the concave side in subjects with scoliosis, compared
to the healthy subjects, which is in line with the �ndings in the current study (24). They also reported an
increased muscle thickness at the concave side of patients with scoliosis compared to the convex side in
both T8 and L1 levels (24). This �nding was not consistent with the results of the current study and this
difference might be might be attributed to some methodological differences between the two studies
such as different sample size, age difference between participants of the two studies, as well as different
multi�dus levels of assessment. In the current study the L5-S1 level was studied and, in the study
conducted by Zapata et al, the L1 and L4 levels were investigated.

Kim et al, assessed the activity of the transverse abdominus muscle in maximum exhale, and compared
the results between patients with chronic low back pain and healthy controls (25). Results demonstrated
that although transverse abdominus muscle thickness was different in both resting and contraction in
patients with chronic back pain compared to the controls, muscle activation changes were not
signi�cantly different. Also, the level of atrophy of the transverse abdominus muscle in patients with
chronic back pain was variable. Observed differences in muscle thickness and activation of transverse
abdominus in this group of patients might be due to possible changes in movement pattern and not
necessarily in the excitability of motor neurons (25). Pain can affect muscle activation and may result in
movement control impairments. Therefore, the morphologic changes in transverse abdominus muscle,
might be responsible for the beginning of movement control impairments and subsequent back pain (25).

In a study by Whittaker et al, carried out on patients with and without Lumbo-pelvic pain, abdominal
muscle (TrA, IO, EO, and rectus abdominus) thickness and surrounding soft tissue were assessed using
ultrasonography. Only the rectus abdominus muscle thickness was shown to be signi�cantly less in
patients with lumbo-pelvic pain compared to the healthy controls (26). This �nding was not consistent
with current results, which might be due to the fact that patients experienced low back pain (due to
scoliosis) in this study compared with acute low back pain of those in Whitaker et al, study.

Wallwork et al, investigated lumbar multi�dus muscle size during contraction, as well as the ability of the
muscle for maximum voluntary isometric contraction, using ultrasonography in subjects with and without
back pain (27). They reported a signi�cantly smaller cross section area for multi�dus muscles at L5 level
in patients with back pain compared to the healthy controls. They also reported that the percentage of
muscle thickness during contraction was signi�cantly less in low back pain patients compared to the
healthy controls (27). Similarly, Hides et al, reported signi�cant decrease in cross sectional view of the
multi�dus muscle at the L4-L5 level in patients with back pain compared to the healthy controls, which
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was accompanied by an increase in the maximum asymmetry at L5 level in patients with unilateral pain
(28).

Previous �ndings demonstrated that abdominal and lumbar multi�dus muscle thickness as well as
muscle activity is decreased in patients with low back pain and those with scoliosis compared with
healthy subjects.

Conclusions
In conclusion, results from the current study indicate that the thickness of abdominal muscles (including
the transverse abdominis, internal oblique and external oblique) and cross-sectional area of lumbar
multi�dus were smaller in patients with scoliosis compared with healthy subjects. No signi�cant
differences were found between the muscle thickness in the concave and convex sides in the patients
with scoliosis. However, further study is needed to support the �ndings of the current study.

Abbreviations
EMG:electromyography; MRI:magnetic resonance imaging; TrA:transverse abdominis; IO:internal oblique;
EO:external oblique; USWR:university of social welfare and rehabilitation; VAS:visual analogue scale;
ODQ:oswestry disability questionnaire; RtTrA:right transversus abdominis; LtTrA:left transversus
abdominis; RtIO:right internal oblique; LtIO:left internal oblique; RtEO:right external oblique; LtEO:left
external oblique; RtMF:right multi�dus; LtMF:left multi�dus; MF:multi�dus; SD:standard deviation.
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Figure 1

The image of the abdominal muscles thickness
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Figure 2

The image of the multi�dus muscle thickness


