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Multiple sclerosis (MS) is an autoimmune central 
nervous system disease characterized with inflamma-
tion, demyelination, and axon damage. The spreading of 
plaques over time results in many signs and symptoms 

in the extremities and trunk.1 Particularly, insufficiency 
in maintaining body stability and impaired body con-
trol result in impaired balance and a decrease in physi-
cal performance.  
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ABS TRACT Objective: Loss of strength in abdominal muscles cau-
ses functional problems. Morphological features such as thickness and 
stiffness of the muscle give an idea about muscle strength. The morp-
hological features of the abdominal muscles of early/mild multiple scle-
rosis (MS) patients are unknown. The study aimed to compare the 
thickness and stiffness of the abdominal muscles of early/mild MS pa-
tients with healthy individuals. Material and Methods: Seventeen pa-
tients with MS between the ages of 19-56 years and 17 healthy 
individuals between the ages of 22-50 years participated in this study. 
The disability level was determined by the Expanded Disability Status 
Scale. Thickness and stiffness of lateral abdominal muscles consisting 
of external oblique (EO), internal oblique (IO) and transversus abdo-
minis (TrA) muscles were evaluated with ACUSON S3000 (Siemens 
Medical Solution, Mountain Wiew, CA, USA) ultrasonography device 
using linear ultrasonography probe (9L4, 4-9 MHz). The stiffness mea-
surements of the muscles were evaluated by shear wave elastography 
(SWE) method. Results: The thickness of the IO (p=0.892), EO 
(p=0.260), and TrA (p=0.865) muscles were similar in both groups. In 
addition, IO (p=0.317), EO (p=0.357), TrA (p=0.573) muscle stiffness 
were found to be similar in both groups. Conclusion: In early / mild 
MS patients, the thickness and stiffness of the IO, EO and TrA musc-
les were similar to healthy individuals. There was no change in the 
morphological features of the lateral abdominal muscles of early/mild 
MS patients. 
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ÖZET Amaç: Abdominal kaslarda görülen kuvvet kaybı fonksiyonel 
problemlere neden olmaktadır. Kasın kalınlığı ve sertliği gibi morfolo-
jik özellikleri kas kuvveti ile ilgili fikir vermektedir. Erken/hafif evre 
multiple skleroz (MS) hastalarının abdominal kaslarının morfolojik 
özellikleri bilinmemektedir. Bu çalışmanın amacı, erken/hafif evre MS 
hastalarının karın kaslarının kalınlık ve sertliğini sağlıklı bireylerle 
karşılaştırmaktır. Gereç ve Yöntemler: Bu çalışmaya, 19-56 yaş 
aralığında 17 MS hastası ve 22-50 yaş aralığında 17 sağlıklı birey 
katıldı. MS hastalarının özür düzeyi Genişletilmiş Engellilik Durum 
Ölçeği ile belirlendi. Eksternal oblik (EO), internal oblik (IO) ve 
transversus abdominis (TrA) kaslarından oluşan lateral abdominal 
kasların kalınlığı ve sertliği ACUSON S3000 (Siemens Medical Solu-
tion, Mountain Wiew, CA, USA) ultrasonografi cihazı ile lineer ultra-
sonografi probu (9L4, 4-9 MHz) kullanılarak değerlendirildi. Lateral 
abdominal kasların sertlik ölçümleri shear wave elastografi yöntemi ile 
değerlendirildi. Bulgular: Her iki grupta IO (p=0.892), EO (p=0.260), 
and TrA (p=0.865) kaslarının kalınlığı benzerdi. Ayrıca, her iki grupta 
IO (p=0.317), EO (p=0.357), TrA (p=0.573) kas sertliğinin de benzer 
olduğu bulundu. Sonuç: Erken/hafif evre MS hastalarında, IO, EO ve 
TrA kaslarının kalınlığı ve sertliği sağlıklı bireylerle benzerdi. 
Erken/hafif evre MS hastalarının lateral abdominal kaslarının mor-
folojik özelliklerinde değişim olmadığı tespit edildi. 
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The stability of the trunk is maintained by front 
side-abdominal muscles, back side-paraspinal mus-
cles, top part-diaphragm, and bottom part-hip muscles 
and pelvic floor muscles.2 Trunk muscles are impor-
tant for maintaining vertical posture and balance dur-
ing various functional activities, such as walking, and 
for controlling extremity movements.3,4 For all these 
functions to be performed and good body stability, the 
strength and endurance of the local and global ab-
dominal muscles, together with the neural control and 
adequate position sense, must be sufficient.5,6 In the 
assessment of the trunk muscle activation, elec-
tromyography (EMG), computed tomography (CT), 
and magnetic resonance imaging (MRI) have been 
used widely; however, there are no sufficient number 
of studies dynamically evaluating their mechanical 
and morphological characteristics. Ultrasound is an 
easy and reliable method to evaluate muscle mor-
phology. In addition, mechanical structures of the 
muscle, such as stiffness, can be evaluated with shear 
wave ultrasonography in a valid and reliable manner.7,8  

There exist studies in the literature utilizing ul-
trasonography in the evaluation of abdominal mus-
cles, namely, internal oblique (IO), external oblique 
(EO), rectus abdominis (RA), and transversus abdo-
minis (TrA) muscles, in asymptomatic populations, 
and in patients with low back pain.9,10 In previous 
studies, body muscle strength in MS patients has been 
evaluated with different clinical evaluation batteries; 
however, there is not enough  study evaluating body 
muscle thickness and stiffness with an objective 
method. The purpose of this study was to compare 
the thickness and stiffness of the abdominal muscles 
of early-/mild-stage MS patients and those of healthy 
individuals. The hypothesis of the study was: Trunk 
muscle thickness and stiffness of the early-/mild-
stage MS patients would be lower than those of the 
healthy individuals. Another hypothesis of the pre-
sent study was that decrease in thickness and stiff-
ness of the assessed muscles would be related to 
increase in disability status and disease duration.  

 MATERIAL AND METHODS 
INDIvIDuALS  
This case-control study was conducted at Hacettepe 
University (Ankara, Turkey). A total of 34 individu-

als (12 males, 22 females) between the ages of 19 and 
56 years (33.7±9.3 years) were selected for this study. 
The inclusion criteria were as follows: patients with 
a confirmed diagnosis of clinically definite MS by 
the McDonald criteria and physician-administered 
Expanded Disability Status Scale (EDSS) range of 1-
4.0.11 The exclusion criteria were: pregnancy, patients 
with acute attacks (three months prior to the study), 
and orthopedic  limitations of the trunk, such as back 
pain, scoliosis, or other neurological disorders.  A 
total of 34 participants were included in the study, 17 
in early-/mild-stage MS patients group and 17 in the 
healthy control group with matching ages and genders. 
This study was performed according the princi ples of 
the Decleration of Helsinki Approval and  was ap-
proved by the Ethics Committee at the University (Ap-
proval date and  number:13.07.2018-GO18/659-08) 

uLTRASOuND MEASuREMENT 
In the thickness and stiffness measurements of the ab-
dominal muscles, an ACUSON S3000 Ultrasound 
System (Siemens Medical Solutions, Mountain View, 
California, USA) along with a linear probe (9L4, 4-9 
MHz) was used. The dominant leg side during the rest 
position was used for all assessments. The leg of dom-
inance was determined by asking the participant to kick 
a ball. Thickness and stiffness measurements of the ab-
dominal muscle (IO, EO, and TrA) were performed in 
the supine position while the subjects’ arms were near 
the trunk and the legs were in extension (Figure 1 a,b,c). 
For abdominal muscle measurements, the dominant leg 
side of the umbilicus and a point 2 cm inside the mid-
axillary line was marked as a reference point.12 The 
measurement of the thickness of the abdominal mus-
cles was performed at a distance of 15 mm from the 
starting points of the muscles over a 2D ultrasound 
image. This point was approximately in the middle of 
the muscles. To assess the muscle thickness, longitudi-
nal ultrasound scanning of the muscles was performed 
using the B-mode of the ultrasound imaging device. 
Stiffness measurements were attained via the shear 
wave velocity of muscles and the results were calcu-
lated with a software program [Virtual Touch Imaging 
and Quantification (VTIQ); Siemens Medical Solu-
tion]. After taking the VTIQ image, range of images 
(ROIs), 0.5x0.5 mm boxes, were arranged in the direc-
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tion of the muscle fibers or tendon line. Average of used 
ROIs were used to calculate the SWV of assessed 
VTIQ image. Measurements were made three times 
and the average value was recorded as the stiffness and 
thickness values of the muscles. 

SAMPLE SIzE CALCuLATION  
The sample size calculation was made by the SPSS 
Sample Power 3.0 software (IBM Corporation, Ar-
monk, NY, USA).  Based on the calculations, it was 
found that a minimum of 15 participants were to be 
included for 80% power and 5% type-I error level to 
obtain a minimum clinically significant difference of 
0.8 mm for TrA thickness (assumed to decrease 20 
percent), when the average value in the control group 
was 3.8 mm, with a standard deviation of 0.8 mm.13 

STATISTICAL ANALYSIS 
A statistics software program (SPSS 21.0, Inc., an IBM 
Company, Chicago, IL, USA) was used for statistical 
analyses. The assessed variables were investigated 
using analytical and visual methods to determine if 
they were normally distributed. Demographic data and 
the ultrasonographic parameters were presented using 
median and minimum-maximum values. As the stiff-
ness and thickness values of the muscles were non-nor-
mally distributed, between-group comparisons were 
made with the Mann-Whitney U test. Correlations be-
tween assessed parameters in early-/mild-stage MS pa-
tients were investigated using Spearman’s test. A 
p-value of <0.05 was set as the significance level. 

 RESuLTS 
No statistically significant difference was observed 
between groups in terms of age (p=0.328), height 

(p=0.990), body mass (p=0.306), and body mass 
index (p=0.193). In both groups, the thickness of IO 
(p=0.892), EO (p=0.260), and TrA (p=0.865) was 
comparable. Similarly, comparable stiffness of IO 
(p=0.170), EO (p=0.357), TrA (p=0.573) (Table 1) 
was observed in both groups.  

The relationship analysis showed that both lat-
eral abdominal muscle thickness and lateral abdomi-
nal muscle stiffness were not related to the level of 
disability and disease duration (p>0.05) (Table 2).  

 DISCuSSION 
This study aimed to evaluate the changes in morpho-
logic and mechanical features of the abdominal mus-
cles of early-/mild-stage MS patients. The hypothesis 
of the study was that the thickness of the abdominal 
muscle would be decreased in early-/mild-stage MS 
patients. However, it was found that abdominal mus-
cle thickness was comparable in both groups. In ad-
dition, the stiffness of abdominal muscles, namely, 
IO, EO, and TrA, were similar in both groups. At the 
same time, it was determined that there was no rela-
tionship of the stiffness and thickness values of the 
lateral abdominal muscles of the MS patients with the 
EDSS levels and disease durations. 

The lateral abdominal wall is constituted of 
three different muscles: the oblique externus (OE), 
oblique internus (OI), and TrA. All of them have 
been widely examined by ultrasound imaging mostly 
in the resting position of the muscle, which is a rel-
atively simple and cost-effective tool allowing reli-
able assessment of the muscles in different 
populations14,15 In the current study  the resting thick-
ness measurements for all imaged muscles for con-

FIGURE 1: (a,b,c) Probe location and ultrasound imaging measurements.
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trol groups were similar to those obtained in other 
study16 but to our knowledge, there is one study in-
vestigating the changes in abdominal muscles thick-
ness in MS patients. It was reported in that study 
that, in parallel with our results, there was no signif-
icant difference between the groups in terms of mus-
cle thickness values in resting state in any of the 
muscles.17 However, there are some studies report-
ing changes in different populations with different 
pathological conditions. For example, İkozoe et al. 
found that TrA was significantly thinner in the de-
pendent elderly group (2.08±0.51) compared with 
the young group (4.32±1.49).18  In the same study, 
the thickness of the EO was significantly larger in 
the independent elderly group (4.79±1.75) compared 
to that of the dependent ones (2.76±1.03). Also, no 
significant difference was observed in IO thickness 
between the independent (5.66±1.58) and dependent 
elderly groups (4.68±1.67). In parallel with our re-
sults, Pinto et al. revealed that resting thickness of 
IO and TrA muscles were almost similar in healthy  
individuals and low back pain groups.13 The present 
study found that TrA and EO thickness were lower in 
MS patients compared to healthy individuals, but the 
decrease in TrA and EO thickness was not statisti-
cally significant. In addition, the difference in IO 
thickness was higher between these two groups, 
compared to that of the other muscles. However, 

there was no statically difference in abdominal mus-
cle thickness, such as EO, IO, and TrA, in the MS 
group in comparison to the control group. Different 
from our results, Yoosefinejad et al., who used dy-
namometers to measure muscle strength, found a sig-
nificant decrease in muscle strength of core muscles 
in MS patients compared to healthy individuals.19 
This outcome may be due to the condition that mus-
cle morphology in ambulatory MS patients in the 
early period is not affected, although they experience 
a decrease in the ability to produce force. The de-
crease in force production in early-/mild-stage MS 
patients may be related to neuromuscular efficiency. 

 Disability Level (EDSS) Disease Duration (year) 
 r value p value r value p value 
Stiffness 
Abdominal external oblique 0.232 0.370 0.336 0.188 
Abdominal internal oblique -0.018 0.945 0.210 0.420 
Transversus abdominis 0.262 0.309 0.119 0.648 
Thickness 
Abdominal external oblique -0.252 0.347 0.334 0.206 
Abdominal internal oblique 0.248 0.338 0.009 0.974 
Transversus abdominis -0.282 0.272 -0.210 0.938

TABLE 2:  Relationship between disability level and lateral 
adominal muscle stiffness and thickness in patients with multi-

ple sclerosis.

Abbreviations: EDSS:  Expanded Disability Status Scale; r: Spearman Correlation Co-
efficient. 

Parameters Control group (n=17) Patients group (n=17) p value 
Median (Minimum-Maximum) Median (Minimum-Maximum)  

Age (years) 33 (22-50) 39 (19-56) 0.328 
Height (m) 1.66 (1.51-1.85) 1.67 (1.55-1.81) 0.990 
Body mass (kg) 64.80 (49.30-83.40) 70.70 (53.30-93.10) 0.306 
BMI (kg/m2) 23.34 (20.28-28.06) 24.72 (19.11-31.25) 0.193 
Gender (male/female) 11/6 11/6 - 
EDSS score - 2.50 (1-4) - 
Disease duration (year) - 5.00 (1-13) - 
Thickness of selected muscles (mm)  

Abdominal internal oblique 5.80 (9.90-3.10) 6.10 (3.40-10.70) 0.892 
Abdominal external oblique 4.10 (2.80-6.70) 4.05 (2.20-5.40) 0.260 
Transversus abdominis 3.00 (1.70-5.70) 2.90 (2.30-4.80) 0.865 

SWv of selected tissues (m/sec) 
Abdominal internal oblique 5.80 (3.10-9.90) 6.10 (3.40-10.70) 0.170  
Abdominal external oblique 4.10 (2.80-6.70) 4.05 (2.20-5.40) 0.357 
Transversus abdominis 3.00 (1.70-5.70) 2.90 (2.30-4.80) 0.563

TABLE 1:  Median (minimum-maximum) values of the assessed parameters.

Abbreviations: BMI: Body mass index; EDSS: Expanded Disability Status Scale; SWv: Shear Wave velocity.



It was reported that neuromuscular efficiency is re-
lated to maximal voluntary contraction, and it is de-
creased in individuals with low physical activity.20 
In the present study, evaluations were made in rest-
ing position and no extremity movement was in-
volved. The outcome that there was no difference in 
muscle thickness between MS patients and control 
groups may be associated with the fact that lateral 
abdominal muscles, specifically TrA, are responsi-
ble for stability during functional activities.21 In other 
words, it may be associated with the fact that the 
evaluations were made in resting position. The ob-
tained results suggest that task-oriented trainings 
should be considered rather than strength training 
programs in early-/mild-stage MS patients. 

The other hypothesis of this study was that ab-
dominal muscle stiffness would be lower in early-
/mild-stage MS patients compared to healthy 
individuals. Different from our hypothesis, we found 
no difference in muscle stiffness between MS patients 
and healthy individuals. In the literature, there are 
few studies evaluating the stiffness of the lateral ab-
dominal muscles by the shear wave elastography 
(SWE) method.22-24 Linek P. et al. used the SWE 
method to compare the stiffness of the concave and 
convex side lateral abdominal muscles in individuals 
with thoracolumbar scoliosis.22 Studies in neurologi-
cal diseases mostly include elastography evaluations 
of the upper extremity in poststroke individuals. To 
the best of our knowledge, this is the first study eval-
uating the stiffness of the lateral abdominal muscles 
in MS patients. Results are different in changes in 
muscle elasticity that is based on the development of 
spasticity following flask in early period of stroke. 
For example, chronic spasticity is largely connected 
with higher intramuscular adipose and connective tis-
sue resulting in higher echo intensity.25 Therefore, 
higher muscle stiffness occurring along with chronic 
spasticity is associated with transformations in tissue 
composition. To the extent of our knowledge, no pub-
lished study exists examining the stiffness of abdom-
inal muscles in MS patients. No difference was found 
between MS patients and healthy individuals, which 
may be attributed to the fact that the participants were 
early-/mild-stage MS patients and they did not have 
spasticity.  

In the literature, in order to better understand the 
lateral abdominal muscle morphology and to deter-
mine potential confusions, the relationship between 
the disease and disability level as well as the demo-
graphic features such as age, gender, body mass, and 
body height are examined.26,27 In our study, it was 
found that there was no relationship of lateral ab-
dominal muscle stiffness and thickness measure-
ments with EDSS levels and disease duration. We 
think this may be related to the short duration of the 
disease and low disability level. 

Study limitations: This study has a few limita-
tions. Firstly, MS patients with early-/mild-stage dis-
ability were included in this study. Therefore, the 
results would be different in MS groups with severe 
disability. Secondly, all evaluations in the present 
study were carried out in the resting position. In fur-
ther studies, evaluations may be carried out during 
activity, especially for the lateral abdominal muscles.   

 CONCLuSION  
The obtained results suggest that abdominal muscle 
morphology may not have changed in early/mild 
stage MS. In addition, stiffness of abdominal muscles 
in early-/mild-stage MS patient was similar to healthy 
individuals. It was thought that the decrease in trunk 
muscle strength may not be related to morphology 
and mechanical properties of these muscles, and it 
may be related to neuromuscular interaction in 
early/mild-stage MS patients. Consequently, in reha-
bilitation of the early-/mild-stage MS patients, exer-
cises that increase neuromuscular control may be 
more meaningful than exercise approaches that in-
crease strength. 
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