
1. Introduction 

The process of accepting visual, sensory, 

somatic, vestibular sensory information to 

regulate posture, or integration with motor 

nerves can present problems with balance [1]. 

Lack of balance and muscle strength is known to 

impair the ability to perform daily activities 

(ADL), reduce the quality of life, and increase 

the risk of falls [2]. Balance can be defined as a 
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요  약  본 연구는 서 있는 자세에서 측정된 정적균형과 근육두께(배근육, 넙다리네갈래근)의 상관관계를 확인하였

다. 29명의 건강한 성인 29명이 본 연구에 참여하였으며, 근육두께와 정적균형을 측정하였다. 넙다리곧은근의 근

육 두께는 정적균형체중분포지수와 유의한 상관관계를 나타냈다. 그러나 다른 근육과의 유의한 관계는 발견되지 

않았다. 본 연구는 건강한 20대 남성만을 대상으로 하였으며, 그 결과를 다른 연령대에 일반화할 수 없었다. 본 

연구의 한계점으로는 근력과 시각이 측정되지 않아 연구의 정확성을 표현하고 결과를 일반화하기에는 무리가 있어 

보인다. 향후 연구에서는 대단위의 피험자 수를 대상으로 근력을 추가적으로 측정하여 연구를 진행할 필요가 있다.
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Abstract This study compares the correlation between muscle thickness (abdominal, quadriceps 

muscle) and how the muscle thickness affects the static balance when the static balance is measured 

in a standing position. The subjects of study were to select 29 subjects to find out what relationship 

muscle thickness had on the static balance when measuring muscle thickness and static balance. 

rectus femoris muscle thickness showed a significant correlation in statically balanced weight 

distribution index.  In this study, only healthy men in their twenties were selected, and the results 

could not be generalized to other age groups. As a limitation of this study, muscle strength and 

peripheral vision were not measured, so it seems difficult to express the accuracy of the study and 

generalize the results. In future studies, the number of subjects and muscle strength should be 

measured to proceed with the study.
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function that maintains the center of gravity 

within the base of support [3], Maintaining 

equilibrium in the body provides stability during 

postural changes, which is the most fundamental 

element for healthy daily life and purposeful 

activities [4]. For stable postural control, the 

ability to continuously maintain the body's 

center of gravity (COG) within the base of 

support is essential [5]. Balancing posture is 

essential for the successful performance of 

everyday life [6], Good postural balance 

improves control of spontaneous movements in 

daily life and sporting activities, resulting in 

improved athletic ability [7]. Postural Balance is 

an important basis for an individual's ability to 

perform movements and is a central factor in 

ensuring proper movement ability [8]. The trunk 

structure is designed to maintain an straight 

posture, absorb shock, and walk [9].

The side wall of the abdomen is composed of 

External Oblique Muscle (EO), Internal Oblique 

Muscle (IO), and Transverse Abdominal Muscle 

(TrA) [10], Abdominal muscle activation can 

increase the stability of spinal joints [11]. The 

external oblique muscle provide stability 

between body movements [12], It also plays a 

role in movement control, of which the 

transverse muscles play an important role in 

spinal control [13]. The quadriceps act as a 

dynamic stabilizer for the knee joint [14], It is a 

major muscle involved in knee extemsion [15]. In 

addition, it was observed that the activity of the 

quadriceps had a positive relationship with the 

stability of gait [16]. Among them, it was 

reported that the vastus medialis (VM) prevents 

the lateral subluxation of the knee, and the 

vastus lateralis (VL) pulls the knee bone upwards 

and later to provide joint movement and stability 

[17]. Therefore, strengthening the quadriceps 

muscle strength, that is, the thigh exercise, 

contributes the most to the knee load in the 

initial stage of walking [18]. Weakness of the 

quadriceps was significantly correlated with 

balance and walking ability [19].

Muscle thickness is an objective indicator of 

muscle hypertrophy and muscle atrophy, and is 

used as objective data for athlete training, the 

need for exercise rehabilitation of athletes and 

patients in general hospitals, and the results of 

the rehabilitation exercise process [20]. 

Ultrasonography (US) is an imaging test that 

allows high-frequency sound waves to be sent 

from the surface of the human body to the 

inside of the body and reflected from the inside 

of the body to be imaged so that not only the 

structure of organs but also movement can be 

observed in real-time [21]. This is a very easy 

and convenient imaging test that does not use 

harmful radiation to the human body and can be 

examined quickly and painlessly. Ultrasound 

devices can generally be used in a variety of 

clinical environments, and can be applied to the 

evaluation of various skeletal muscle groups, and 

can continuously measure the diameter and area 

of muscle cross-sections next to the bed [22]. US 

images proved to be an effective mode for 

studying normal and pathological skeletal 

muscle [23,24]. This is because it enables reliable 

and non-invasive investigation of muscles in 

both normal and pathological conditions [25]. 

Musculoskeletal ultrasound have been widely 

used to characterize muscles architecturally and 

morphologically [26.27]. 

There have been many studies on the 

correlation between the abdominal muscles (TrA, 

EO, IO) and the static balance, but few studies 

on the correlation between the quadriceps 

muscle (VL, VM, rectus femoris; RF) and the 

static balance have been conducted. Therefore, 

in this study, we will try to find out what kind of 

relationship is appears to between static balance 

and muscle thickness by connecting the 



quadriceps and the abdominal muscle.

2. Methods

2.1 Participants and design

The subjects of this study were healthy adult 

males (age: 24.45±1.38 years, height: 

176.41±4.89 cm, weight: 78.41±11.89 kg) 

enrolled in S university located in A city, 

Chungnam, and had no physical defects 

affecting the weight distribution of both lower 

extremities within the last 6 months. For healthy 

adult male students without G-power program 

3.1.9.4 version, Exact in the test family, and 

Correlation: Bivariate normal model for the 

Statistical test were selected. The correlation p H 

1 was 0.5, the a err prob was 0.05, the power 

(1-B err probe) was 0.8, and the correlation p H0 

was 0, and 29 patients were calculated. 

Exclusion criteria were those with abdominal 

pain, breathing discomfort, and those with 

difficulty in balance due to musculoskeletal 

problems. Prior to participating in this study, 

subjects were given a single-blind test, without 

explaining the contents and purpose of the 

study, but provided only enough explanations on 

the order of the experiment, the stability of the 

study, and the protection of human rights, and 

participated in the experiment. It was carried 

out after receiving consent to. This study was 

conducted with the approval of the Institutional 

Bioethics Committee of Sunmoon University 

(SM-202005-025-2). 

2.2 Measurement

In this study, the static balance was measured 

with a balance meter (Tetrax balance system, 

Sunlight Inc., Israel), and muscle thickness was 

measured and compared using an US (eZono 

3000 portable ultrasound, Germany) device with 

a 4 cm probe and frequency of 6-10 MHz 

(eZono Linear Probe, Germany).

The thickness of 6 kinds of muscles were 

measured with ultrasonography: abdominal 

muscles (TrA, EO, IO) and quadriceps muscles 

(RF, VL, VM). For the RF, an ultrasound head was 

placed in the transverse direction at 50% of the 

patella in the anterior iliac spine of the thigh. 

The vastus medialis draws a line in front of the 

thigh, from the anterior hip bone to the center 

of the patella, parallel to the upper part of the 

patella, and places an ultrasound head at the 

point where the two lines meet. The angle of the 

ultrasound head was changed according to the 

muscle texture of the vastus medialis until the 

muscle texture came out parallel. The vastus 

lateralis was measured by drawing a line 

between the femoral antagonist and the lateral 

upper part of the femur, and placing an 

ultrasonic transducer in the longitudinal 

direction at a point at 50% of the line. For the 

external oblique muscle, a parallel line was 

drawn based on the navel, and the ultrasound 

head was placed at a position that was moved 

2.5cm outward, and the head was slowly moved 

so that the muscle was parallel to the ultrasound 

image. For the internal oblique muscle, a 

parallel line was drawn based on the navel, and 

the ultrasound ceramic was placed in a position 

that was moved 2.5cm outward, and the ceramic 

was slowly moved so that the muscle was 

parallel to the ultrasound image. For the 

transverse abdominal muscle, a parallel line was 

drawn based on the navel, and the ultrasound 

catheter was placed at a position that was 

moved 2.5cm outward, and the head was slowly 

moved so that the muscle was positioned 

parallel in the ultrasound image. 

The static balance was measured from the 

standing position, and the measurement 

equipment is a balance meter. The Stability 

Index (ST) is an index that indicates overall 



stability by measuring the degree of movement 

of the posture on four force measuring plates, 

and evaluates the subject's ability to control and 

compensate for postural changes. The lower the 

stability index, the better the stability. The 

Weight Distribution Index (WDI) shows the 

distribution of weight given from four force 

plates. If one force plate is loaded with 1/4 of 

the weight, the weight distribution ratio is the 

best. The larger the weight distribution index is, 

the poorer the weight distribution rate is, and if 

it is too low, it means excessive stiffness.      

             

2.3 Experimental procedures

In the static balance measurement, the eyes 

were directed forward in a standing position, 

and no equipment other than measuring 

instruments was placed to prevent dispersal of 

the eyes during the balance measurement, and 

the static balance on both sides of the subject 

was measured on the scaffold. The muscle 

thickness was measured using Ultrasonography 

to measure the muscle thickness of the 

abdominal muscles (TrA, EO, IO) and quadriceps 

muscles (RF, VL, VM). The quadriceps and 

abdominal muscles were measured in the supine 

position, and the abdominal muscle was 

measured with exhalation in the supine position.

The experimenter of this study applied water 

gel to the test site of the subject's abdominal 

muscle and quadriceps muscle so that the 

ultrasound could be transmitted well, and the 

tester was carried out in close contact with the 

test site. If there was any abnormality in the 

body or the study subject complained that it was 

difficult, the experiment was stopped 

immediately. The overall research process is as 

follows.               

2.4 Statistical analysis

SPSS version 22.0 was used for the analysis of 

the research data, and measured the static 

balance (Tetrax) in the standing position and the 

muscle thickness (Ultrasonography) in the supine 

position to find out the correlation between the 

static balance and muscle thickness Analysis was 

performed using the Pearson correlation 

coefficient. The statistical significance level was 

set to P = 0.05.

3. Results 

Results of correlation analysis was represented 

in Table 1. The muscle thickness of TrA was 

4.34±0.82, and there was no significant 

difference in WDI and ST (P > 0.05) due to the 

correlation in static balance. The muscle 

thickness of EO was 7.43±1.22, and there was 

no significant difference in WDI and ST as a 

correlation with static balance (P > 0.05). And, 

the IO muscle thickness was 9.76±1.48, and 

there was no significant difference in WDI and 

ST as a correlation with static balance (P > 0.05).

4. Discussion

There is a problem with balance in the 

process of receiving visual, sensory, and 

vestibular system from the vestibular system to 

control posture, or in integration with motor 

neurons [1]. Lack of balance and muscle strength 

has been shown to impair the ability to perform 

activities of daily living(ADL), lower the quality 

of life, and increase the risk of falls [2].

The purpose of this study was to find out 

whether there is a correlation between the 

muscle thickness of the abdominal and 

quadriceps muscles and the static balance. As a 

result of this study, there was a correlation 

between the muscle thickness of RF and WDI of 

static balance. In addition, there was no 

correlation between the muscle thickness and 



the static balance of the quadriceps muscle 

except for the abdominal muscle and RF. 

Therefore, the main result was that WDI in static 

balance showed a significant result in the 

muscle thickness of RF, and other muscles 

except RF showed no significant result.

RF muscle thickness and WDI were 

correlated. Boudarham et al. The study of (2014) 

reported that RF plays an important role in 

maintaining balance, and this may support the 

results of this study [29]. Yang et al. According 

to the study results of (2016), it was reported 

that RF was helpful in controlling excessive 

weight bearing and was consistent with previous 

studies [28]. And Cassio et al. According to the 

study of (2017), it was reported that RF is both 

joint muscles that play the role of hip flexors 

and knee extensors, and that it can play a role 

in maintaining balance during static work, which 

is consistent with previous studies [27]. The 

preceding paper, Watanabe et al. According to 

the study of (2016) local neuromuscular control 

of the RF muscle plays a role in minimizing the 

unexpected knee expansion joint moment 

caused by RF muscle activation during the swing 

phase [33]. It is thought that RF is closely related 

to the gait function.

In this study, no significant correlation was 

found for the muscle thickness of RF in static 

balance with the rest of the muscles except WDI 

in static balance. In this study, the abdominal 

muscle was measured by the same method. 

According to a study by Gong (2013), the muscle 

thickness of the abdominal muscles including 

TrA affects the stability of balance [34]. Since 

the subject of this study is a normal person, all 

ST in the NO state were measured in the optimal 

state. As a result, I think that there was no 

significant difference in the result value. As a 

result, it was reported that it could be due to the 

effect of muscle imbalance due to the difference 

in muscle activity ratio for each subject [31]. 

And the preceding paper, Arroyo et al. 

According to a study in (2018), it was reported 

that the time to lying down immediately after 

taking an ultrasound image affects the muscle 

thickness, cross-sectional area, and echo 

intensity [30]. When taking an ultrasound image, 

the measurement time was different for each 

subject, so I think it had an effect on the muscle 

thickness. In a static posture, the body's center 

of mass moves slowly with small vibrations due 

to small external forces acting on the body, and 

more requirements apply to all balance control. 

It is thought that it is influenced by visual input 

in NO posture, somatosensory and vestibular 

organ input, and balance has an important 

influence on visual input and activities of daily 

living. And Hrysomallis et al. (2006) reported that 

low vision caused problems in spatial recognition 

and object recognition, resulting in reduced 

balance ability and increased risk of falls [32].

RF is a two-joint muscle. Therefore, it can 

affect both hip and knee joint control, which is 

important for postural control. Similar to 

previous studies [35] that found that hip flexor 

weakness increases the risk of falls, the 

correlation between RF and WDI can be used as 

a useful index when evaluating the balance of 

the elderly who have problems due to weakening 

of the lower extremity muscles or patients with 

balance problems in clinical practice. 

Furthermore, it is a useful index that can 

improve the patient's quality of life as it is used 

as objective data such as the patient's need for 

motor rehabilitation and the results of the 

rehabilitation exercise process.

As a limitation of this study, only healthy 

male adults in their twenties were selected, and 

the results could not be generalized with other 

age groups, and muscle strength was not 

measured. Since all ST in the NO state were 



measured for normal people, it is difficult to 

measure an accurate value. In addition, since 

the sensory and motor nerves are different for 

each subject, it is difficult to accurately measure 

and generalize the study. In future studies, I think 

that further research is needed to compensate for 

these limitations and target more subjects.

5. Conclusion

The purpose of this study was to investigate 

the relationship between the static balance and 

the muscle thickness of the abdominal and 

quadriceps muscles in a young adult male in 

their twenties. In a standing position, the eyes 

were opened and the static balance was 

measured, and the muscle thickness of the 

abdominal muscles and quadriceps muscles were 

measured through an ultrasound device.

According to the results of this study, there 

was a correlation between the muscle thickness 

of RF and WDI in static balance, and the 

measured muscles except RF did not have a 

significant relationship. Therefore, in the 

correlation between the static balance and the 

muscle thickness of the abdominal and 

quadriceps muscles, it was found that the muscle 

thickness of RF had a positive effect on the 

static balance. It is significant in presenting the 

direction of static balance and muscle thickness 

in clinical practice in the future, and studies 

comparing the correlation using ultrasound and 

balance meter should be conducted continuously.
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