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Abstract
Aim: To investigate the relationship of the trunk and hamstring muscle thickness with balance and trunk control using ultrasonography in patients with acute 
stroke.
Materials and Methods: Trunk and hamstring muscle thickness (MT) was measured using ultrasonography. The Trunk Impairment Scale (TIS), functional reach 
test (FRT), forward and lateral functional reaching in a sitting position, and the Berg Balance Scale (BBS) were used to evaluate trunk balance.
Results: Twenty-two patients diagnosed with acute ischemic stroke were included in the study. Significant associations were observed between the following: 
the thickness of the EO (an abdominal muscle) and paretic side thickness of total abdominal muscles and the BBS, stretches, and the TIS (p = 0.039 r = 0.442); 
paretic side thickness of the RA and TrA muscles and the TIS and the BBS (p = 0.037 r = 0.488); paretic side thickness of the LM muscle and the stretches and 
the BBS (p = 0.049 r = 0.424). Among the hamstring muscles, the thickness of the BF muscle’s paretic and non-paretic sides showed a significant correlation 
with the TIS, the BBS, and the stretches (p = 0.037 r = 0.447).
Discussion: There was a relationship between the trunk muscles RA, TrA, EO, IO, and LM with only the paretic side regarding trunk control and balance in 
stroke patients. However, in the BF muscle, one of the hamstring muscles, this relationship was found to be on both the paretic and non-paretic sides. While 
designing rehabilitation programs, we think that it is important to consider this bilateral relationship of the hamstring muscle group with balance and trunk 
and to include this muscle group in trunk training.
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Introduction
Stroke is the second leading cause of death worldwide. Postural 
control and balance ability decrease due to sensory disorders, 
motor disorders, muscle weakness, and asymmetry resulting 
from any damage occurring in the central nervous system after 
stroke [1,2]. In addition, important structural and metabolic 
changes occur in skeletal muscles after stroke. Structural 
adaptive changes in the muscle tissue begin 4 hours after 
cerebral infarction. These changes may lead to a decrease in 
the number of motor units related to the impaired synaptic 
transmission of motor neurons innervating the muscles [3].
Trunk muscles are important both in stabilizing the body in 
a static state and in maintaining dynamic balance during 
all functional movements. Changes in trunk position and the 
weakness of trunk muscles after stroke are important causes of 
balance disorders in stroke patients [4, 5]. The body parts that 
control trunk movements on the support surface are the lower 
extremities. In particular, a relationship is observed between 
hip extensor, knee extensor, knee flexor, and ankle plane flexor 
muscle groups and balance [6]. Activating abdominal muscles 
in stroke patients improves balance and walking ability by 
increasing muscle thickness [7]. Studies show the relationship 
between ultrasound, which is commonly used in the literature 
and reliable in stroke patients, and balance and trunk tests, 
which are widely used in the clinic and are insufficient in 
both trunk and lower extremity muscles. This study aimed to 
determine the relationship between balance and trunk control 
problems in stroke patients with trunk and hamstring muscle 
architecture.

Material and Methods
Participants
Between February 2018 and July 2018, 22 patients diagnosed 
with ischemic stroke in the Neurology Department of Süleyman 
Demirel University, Faculty of Medicine, and hospitalized in 
the Neurology clinic of the hospital were included in the study. 
This study was single-center, prospective, cross-sectional, and 
non-blind. Patients who had a stroke for the first time, with 
acute post-stroke hemiparesis (or plegia), with a static sitting 
and standing balance for at least 10 seconds, and with a mini-
mental state score of at least 24 and above were included. 
Evaluations were made 3 days after hospitalization. During all 
tests, one person made the evaluations while the other person 
ensured the safety of the patient against the risk of falling. 
Ultrasonographic evaluation: A high-quality diagnostic B-mode 
ultrasound device (Aplio 500; Toshiba Medical Systems 
Corporation, Tochigi-ken, Japan) with a linear transducer in the 
range of 4-18 MHz was used for measurements. All evaluations 
were performed bilaterally on the paretic and non-paretic sides, 
accompanied by the same specialist radiologist and the same 
physiotherapist. English et al. stated that muscle ultrasound is 
a reliable method in patients with acute stroke [8].
Measurement of the Muscle Thickness 
Transversus Abdominis and Internal and External Oblique: The 
measurement was made by positioning the probe on the midline 
between the anterior axillary line, where the middle fibers of 
TrA and OI can be viewed simultaneously, and the iliac crest and 
lower rib (Figure1a), [9]. 

Rectus Abdominis Muscle: The probe was placed 3 cm lateral to 
the umbilicus, and the measurement was taken at rest (Figure 
1b), [10]. 
Lumbar Multifidus Muscle: With the patient positioned in the 
prone position, the probe was placed longitudinally in the 
midline of the L4 spinal process. Then, it was moved slightly 
laterally and angled medially to obtain an image of the L4-5 
zygapophysis joint (Figure 1c), [11]. 
Hamstring Muscle: The distance between the lateral condyle of 
the femur and the greater trochanter was measured. A probe 
was placed to measure the midpoint of this distance [12].
Berg Balance Scale: In this 14-item test, which was made more 
difficult by reducing the support base, 4 points indicate the 
ability to complete the task independently, and 0 points indicate 
the inability to initiate the task [13].
Functional Reach Test: The test evaluates the limits of stability 
by measuring the maximum distance that the individual can 
reach forward in a fixed position. It was conducted 3 times, and 
the score was obtained by taking the average of the last two 
trials [14].
Forward and Lateral Functional Reach in Sitting Position: In the 
lateral reach test, the shoulder of the individual sitting on a 
chair without arm support was abducted by 90°, the elbow was 
in full extension, and the hand was in a fist position. Patients 
were asked to reach laterally as far as they could. The distance 
between the initial state and the final state was recorded. The 
mean of the last two measurements of the test, which was 
conducted 3 times, was recorded [15].
Trunk Impairment Scale: Static sitting balance, dynamic sitting 
balance, and trunk coordination were evaluated in the scale 
consisting of 17 parameters, and the parameters were scored 
between 0 and 3 [16].
Statistical Analysis
The IBM SPSS (Statistical Package for Social Sciences for 
Windows) Statistics 20.0 program was used in the statistical 
analysis, and any p-value less than 0.05 was accepted as 
statistically significant. Descriptive values are expressed as 
mean ± standard deviation. The Shapiro-Wilk test was used to 
examine the conformity of the data to the normal distribution. 
The Spearman correlation coefficient was used to examine the 
relationships between the measurements. According to the 
definition by Dancey and Reidy, the following classification was 
made for correlation coefficient (r): r = 0.1–0.3 weak correlation 
and r = 0.3−0.6 medium correlation [17]. The total sample size 
was 20 when the ‘power’ was set to 0.95 and the ‘probability 
of alpha error’ was 0.05 according to the correlation coefficient 
[4].
Ethical Approval 
This research was conducted by the Declaration of Helsinki. 
This study was approved by the Ethics Committee of Suleyman 
Demirel University (Date: 2018-01-10, No: 8).

Results
Twenty-two patients were included in the study, and 40.9% 
of the patients were female. Mostly, the dominant side of the 
patients was affected (81.8%), and the right lobe was affected 
in 54.5% of the patients. The clinical characteristics of the 
individuals are presented in Table 1. 



  Annals of Clinical and Analytical Medicine | 841

The relationship of muscle thicknesses with balance and trunk control

Relationship Between Trunk Muscles and Balance and Trunk 
Control in Patients with Acute Stroke
A statistically significant correlation was found between the 
paretic side RA muscle thickness of the patients and the BBS 
and the dynamic balance, coordination, and total score of the TIS 
(p=0.15 r=0.512, p=0.027 r=0.472, p=0.037 r=0.488, p=0.021 
r=0.488). A statistically significant correlation was only found 

between the nonparetic side RA muscle thickness and the BBS 
(p=0.026 r=0.426). A statistically significant correlation was 
found between the patients’ paretic TrA muscle thickness and 
their scores in all categories of the BBS and the TIS (p=0.014 
r=0.514, p<0.001 r=0.657, p=0.018 r=0.499, p=0.024 r=0.479, 
p=0.017 r=0.502). A statistically significant correlation was 
found between the nonparetic TrA muscle thickness and only 
the static score of the TIS (p=0.012 r=0.526). A statistically 
significant correlation was found between the paretic EO 
muscle thickness and the BBS, paretic and nonparetic lateral 
reach test results, and dynamic balance, coordination, and total 
score of the TIS (p=0.004 r=0.586, p=0.027 r=0.470, p=0.014 
r=0.516, p=0.010 r=0.536, p=0.011 r=0.531, p=0.039 r=0.442, 
p=0.006 r=0.564). A statistically significant correlation was 
found between paretic and nonparetic IO muscle thickness 
and lateral reach on the nonparetic side (p=0.021 r=0.488, 
p=0.041 r=0.440). A statistically significant correlation was 
found between paretic side LM muscle thickness and the BBS 
and bilateral reaches of the patients (p=0.038 r=0.455, p=0.049 
r=0.424, p=0.036 r=0.448). (Table 2).
Relationship Between Hamstring Muscles and Balance And 

Table 2. The relationship of the thickness of the abdominal and lumbar region muscles with balance and trunk control

Table 1. Clinical characteristics 

N %

Gender Female/ Male 9.13 40.9/ 59.1

Stroke Side Right/ Left 12.10 54.5/ 45.5

Dominant Side Right/ Left 18.4 81.8/ 18.2

Avg± SD Median (Min-max)

Age (y) 68.59±8.16 69 (52-82)

Days Poststroke 5.31±1.83 6 (3-7)

Height (cm) 169.4±8.33 170 (157-182)

Weight (kg) 79.09±6.44 81 (67- 90)

BMI (kg/ cm2) 22.43±1.24 22,6 (20.4-24.3)

MMS 25.72±2.32 27 (24-30)

TIS

Static (0-7) 6.18±1.62 6 (4-7)

Dinamic (0-10) 6.68±2.75 7,5 (5-10)

Coordination (0-6) 3.41±1.84 4 (3-6)

Total (0-23) 17.36±5.79 19,50 (12-23)

BBS (0-56) 38.64±15.07 41 (17-56)

FRT (cm) 15.93±9.69 17 (0-32)

FRT(SP)(cm) 24.51±10.55 25.80 (0-39.3)

Lateral FRT(SP) (cm)
Paretic 13.95±10.93 11.56 (0-35.7)

Non-paretic 19.20±9,33 20,80 (0-34,8)

Avg: Average, SD: Standard Deviation, Min: Minimum, Max: Maximum, Cm: Centimeter, Kg: 
Kilogram, BMI: Body Mass Index, TIS: Trunk Impairment Scale, BBS: Berg Balance Scale, 
FRT: Functional Reach Test, SP: Sitting Position

Muscle Thickness BBS FRT FRT (SP)
Lateral Reach TIS

Paretic Non-paretic Static Dinamic Coordination Total

RA MT (mm)

Paretic
R 0.512 0.311 0.176 0.314 0.339 0.189 0.472 0.488 0.488

P 0.015 0.159 0.433 0.155 0.123 0.399 0.027 0.037 0.021

Non-paretic
R 0.426 0.344 0.198 0.344 0.397 0.198 0.418 0.327 0.411

P 0.026 0.117 0.376 0.117 0.067 0.378 0.053 0.137 0.057

TrA MT (mm)

Paretic
R 0.514 0.374 0.405 0.323 0.405 0.657 0.499 0.479 0.502

P 0.014 0.087 0.062 0.298 0.061 <0.001* 0.018 0.024 0.017

Non-paretic
R 0.392 0.266 0.328 0.232 0.405 0.526 0.382 0.216 0.295

P 0.071 0.231 0.137 0.298 0.061 0.012 0.079 0.334 0.182

EO MT (mm)

Paretic
R 0.586 0.405 0.211 0.470 0.516 0.536 0.531 0.442 0.564

P 0.004* 0.062 0.346 0.027 0.014 0.010 0.011 0.039 0.006*

Non-paretic
R 0.412 0.232 0.193 0.296 0.419 0.397 0.365 0.294 0.357

P 0.057 0.299 0.389 0.182 0.052 0.067 0.095 0.184 0.103

IO MT (mm)

Paretic
R 0.410 0.198 0.224 0.374 0.488 0.305 0.381 0.291 0.383

P 0.058 0.378 0.316 0.086 0.021 0.167 0.080 0.189 0.079

Non-paretic
R 0.242 0.139 0.221 0.376 0.440 0.251 0.185 0.136 0.215

P 0.278 0.536 0.323 0.085 0.041 0.260 0.409 0.547 0.338

LM MT (mm)

Paretic
R 0.445 0.280 0.074 0.424 0.448 0.091 0.307 0.130 0.248

P 0.038 0.207 0.744 0.049 0.036 0.689 0.165 0.565 0.266

Non-paretic
R 0.065 -0.010 0.067 0.185 0.405 -0.069 -0.023 -0.229 -0.063

P 0.773 0.964 0.767 0.409 0.062 0.760 0.918 0.305 0.782

MT: Muscle Thickness, RA: Rectus Abdominis, TrA: Transversus Abdominis, EO: Eksternal Oblique, İO: İnternal Oblique, LM: Lumbal Multifidus, mm: Millimeter, BBS: Berg Balance Scale, FRT: 
Functional Reach Test, SP: Sitting Position, TIS: Trunk Impairment Scale, p<0,05  * :p<0,01, r: Spearman Correlation

Figure 1. 1a. Muscle thickness of transversus abdominis and 
internal and external oblique, 1b. Muscle thickness of rectus 
abdominis, 1c. Muscle thickness of lumbar multifidus
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Trunk Control in Patients with Acute Stroke 
A statistically significant correlation was found between the 
patient’s paretic BF muscle thickness and overall balance and 
trunk control (p<0.000 r=0.825, p=0.003 r=0.607, p=0.028 
r=0.469, p<0.000 r=0.701, p=0.003 r=0.608, p=0.003 r=0.606, 
p<0.000 r=0.799, p<0.001 r=0.656, p<0.00o r=0.739). A 
statistically significant correlation was found between patients’ 
nonparetic BF muscle thickness and the BBS, FRT, paretic 
side and non-paretic side reach distances, and all parameters 
of the TIS (p<0.001 r=0.650, p=0.030 r=0.462, p=0.008 
r=0.547, p=0.037 r=0.447, p=0.029 r=0.466, p<0.001 r=0.636, 
p=0.009 r=0.545, p=0.004 r=0.585). There was no significant 
relationship between SM and ST muscle thickness and balance 
parameters (p>0.05) (Table 3).

Discussion
This study was conducted to determine the relationship 
between trunk and hamstring muscle architecture and trunk 
control and balance in stroke patients. In patients with acute 
ischemic stroke, it was found that paretic side thickness of 
the trunk muscles RA, TrA, EO, and LM and both paretic and 
nonparetic side thickness of the hamstring muscles, especially 
BF muscle, were associated with balance and trunk control. 
Another main result was that the lower extremity muscles 
showed bilateral relations, while the trunk muscles showed only 
one-sided relations on the paretic side.
Trunk muscles play an important role in regulating posture 
and providing balance in movements against gravity, such as 
sitting and standing, and in movements for reaching [18]. Trunk 
muscles are very important in performing activities of daily 
living and ensuring functionality. Therefore, it is important to 
restore the strength of the trunk and lower extremity muscles 
to increase the level of independence in post-stroke patients 
and to adapt them to daily life more quickly. 
Karatas et al. stated that the weakness of trunk muscles in 
unihemispheric stroke patients negatively affected balance, 
stability, and functionality [5]. The study by Kim et al. showed 
that BBS, TUG, and trunk control test results in patients 
with acute stroke were significantly different between the 

paretic and nonparetic sides [4]. Muscle weakness affects 
balance negatively, as stated in studies. TrA and IO muscles 
play an important role in stabilizing the lumbopelvic region 
and providing functional movement. The contribution of the 
superficial abdominal muscles (RA, EO, and partially IO) to 
spine stability is related to their ability to produce moments 
of flexion, lateral flexion, and rotation, and thus these muscles 
control external forces by the elongation of the spine in lateral 
flexion or rotation. TrA, on the other hand, acts as a stabilizer 
by making postural arrangements before taking action [19]. The 
TrA muscle, together with IO, increases the internal abdominal 
pressure and is the first muscle to contract in the lumbar 
region. Therefore, when movement occurs in the extremities or 
the trunk, TrA is important in stabilizing the trunk [20]. At the 
same time, the fact that the EO muscle thickness is associated 
with the function of lateral reaching towards the paretic and 
nonparetic side, unlike other muscles, is compatible with the 
literature. 
It was seen in the present study that the TIS, which we used 
to evaluate trunk control, and the muscle thickness of the TrA, 
EO, and RA muscles were related. Yoon et al. administered a 
strengthening program for core muscles with two different 
training programs, and in both treatments, the TrA, IO, and EO 
muscle thickness increased, and improvements were observed 
in BBS as well as the TIS [21].
Trunk stability training has beneficial effects on abdominal 
muscles, balance, and mobility in stroke patients (7).
Park et al. observed improvements in EO and TrA muscle 
thickness in healthy individuals to whom they gave core 
stabilizer muscle strengthening exercises. It was stated that 
static and dynamic balance increased significantly in the 
group with changes in the TrA muscle [22]. In our study, it was 
seen that the TrA muscle, together with the EO muscle, was 
associated with all parameters of the TIS. In another study 
conducted on subacute stroke patients, it was found that 
posterior trunk muscles were significantly associated with 
trunk balance and ambulatory function after stroke, but there 
was no significant relationship between anterior trunk muscles 
and functional ability [23]. This inconsistency with our results 

Muscle Thickness BBS FRT FRT (SP)
Lateral Reach TIS

Paretic Nonparetic Static Dynamic Coordination Total

BF MT (mm)

Paretic
r 0.825 0.607 0.469 0.701 0.608 0.606 0.799 0.656 0.739

p <0.000* 0.003* 0.028 <0.000* 0.003* 0.003* <0.000* <0.001* <0.000*

Non-paretic
r 0.650 0.462 0.350 0.547 0.447 0.466 0.636 0.545 0.585

p <0.001* 0.030 0.110 0.008* 0.037 0.029 <0.001* 0.009* 0.004*

SM MT (mm)

Paretic
r 0.051 0.082 0.087 0.011 -0.097 -0.016 -0.048 -0.007 -0.091

p 0.822 0.718 0.700 0.962 0.667 0.944 0.833 0.976 0.688

Non-paretic
r 0.063 0.052 0.014 -0.053 -0.180 -0.076 -0.033 -0.005 -0.091

p 0.781 0.818 0.952 0.815 0.424 0.736 0.885 0.984 0.688

ST MT (mm)

Paretic
r 0.039 0.026 0.059 0.098 0.075 0.052 -0.13 0.097 0.074

p 0.865 0.908 0.794 0.665 0.738 0.819 0.954 0.668 0.742

Non-paretic
r 0.159 0.193 -0.004 -0.001 0.016 0.184 0.132 0.243 0.223

p 0.479 0.390 0.985 0.996 0.942 0.413 0.557 0.276 0.318

MT: Muscle Thickness, BF: Biceps Femoris, SM: Semimembranous, ST: Semitendinous, mm: Millimeter, BBS: Berg Balance Scale, FRT: Functional Reach Test, SP: Sitting Position, TIS: Trunk 
Impairment Scale, p<0,05*: p<0,01, r: Spearman Correlation

Table 3. The relationship of the thickness of the hamstring muscles with balance and trunk control
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suggests that the patients participating in this study were 
affected by the deteriorated central nervous system before 
changes in musculature occurred, as they were in the acute 
phase at the time of assessment.
To determine instability in the sagittal and frontal planes, 
Slijper et al. analyzed individuals while standing on a stable 
force platform and an unstable plank. According to the results 
of the analysis, there was an expected increase in the activity of 
the tibialis anterior, biceps femoris, erector spinae, and rectus 
abdominis when standing on an unstable surface [24].
One of the important outcomes of the present study is the 
necessity of focusing on bilateral approaches, which are 
thought to contribute to the training of the BF muscle, which 
plays an active role during sitting, standing up, and standing 
functions, which are the preparation stage for the patient 
before walking, in the creation of rehabilitation programs for 
the lower extremities. While there are no studies in the literature 
assessing the relationship between BF muscle thickness and 
functionality, studies are showing that the thickness of the 
quadriceps muscle, which is one of the lower extremity muscles, 
has an important role in providing functionality. Nozoe et al. 
investigated the relationship between daily step count, physical 
function, and quadriceps muscle thickness in patients with 
subacute stroke during hospitalization for rehabilitation. Muscle 
thickness was found to be associated with the level of physical 
function [25].
Limitations
One of the limitations of the study was that we could only reach 
patients in the acute phase, as it was a cross-sectional study. 
Studies with larger samples are needed to make generalizations. 
The other limitation of the study was the lack of a control 
group with which we can compare stroke patients with healthy 
individuals of similar age and characteristics because, in the 
literature, studies including healthy and stroke patients have 
reported that the unaffected side is weaker in stroke patients 
compared to healthy individuals. Therefore, there is a need for 
studies with a larger patient population and a control group 
consisting of healthy individuals.
Conclusion 
It was found in the present study that trunk control, and balance 
were related with the RA, TrA, EO, IO, and LM muscles only 
on the paretic side in stroke patients, while this relationship 
was with both the paretic and nonparetic side of the hamstring 
muscles. Studies supporting this relationship are available 
in the literature. It has also been stated that the training of 
these muscles has positive effects on balance and that these 
muscles have an important role in daily life activities. Balance 
disorders and muscle weakness in post-stroke patients may 
cause patients to be unable to carry out activities of daily living 
independently. We think that this bilateral relationship of the 
BF muscle, one of the hamstring muscles, with balance and the 
trunk should be taken into consideration, especially during the 
development of rehabilitation programs for trunk training.
Scientific Responsibility Statement: The authors declare that 
they are responsible for the article’s scientific content, including 
study design, data collection, analysis and interpretation, 
writing, some of the main line, or all of the preparation and 
scientific review of the contents, and approval of the final 

version of the article.
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