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The Effect of Gaze Directions and Pressure Levels on longus colli 
and Sternocleidomastoid Thickness during Cranio-cervical flexor 
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젊은 성인에서 머리-목 굽힘근 운동 시 시선과 압력이 목긴근과 
목빗근의 근두께에 미치는 영향

차하리, 이병권, 서동권*

건양대학교 물리치료학과

Abstract  This study aimed to investigate the effect of changes in pressure levels and gaze directions on
deep neck flexor muscle thickness. Twenty-seven subjects participated in this study. Ultrasound imaging 
of the longus colli (LC) and sternocleidomastoid (SCM) were measured in four gaze directions (0°, 20°,
40°, 60°) and five pressure levels (20 mmHg, 22 mmHg, 24 mmHg, 26 mmHg, 28 mmHg) during 
cranial-cervical flexor (CCF) exercises. Repeated ANOVA was performed for analysis of muscle thickness
difference according to gaze direction and pressure levels in LC and SCM. Results: LC showed a 
significant difference between 0° and 20°, 0° and 40°, and 0° and 60° at pressures of 20 mmHg and 22 
mmHg (p<.05). SCM displayed a significant difference between 0° and 20°, 20° and 40°, and 40° and 60° 
at 28 mmHg (p<.05). In this study, it was found that setting the gaze direction to 20° for the CCF exercise
can increase the activation of LC and lower the activity of SCM to obtain the effect  of exercise. Based 
on the results of this study, it is hoped that the beneficial effects of the CCF exercise can be increased
by setting an optimal gaze direction in a clinical environment.

요  약  이 연구는 정상 성인에서 머리-목 굽힘 운동 시 시선의 각도와 압력이 깊은목굽힘근의 두께변화에 미치는 영향을
알아보고자 하였다. 본 연구에는 27명이 참여하였다. 머리-목굽힘 운동하는 동안 4가지(0°, 20°, 40°, 60°)의 시선과 
5가지(20mmHg, 22mmHg, 24mmHg, 26mmHg, 28mmHg)의 압력에서 목긴근과 목빗근의 근 두께는 초음파 영상
을 이용해 측정하였다. 시선 각도 및 압력변화에 따른 목긴근과 목빗근의 두께 변화를 비교 분석하기 위하여 반복측정분
산분석을 수행하였다. 본 연구결과, 목긴근은 20과 22mmHg에서 0°와 20°, 0°와 40°, 0°와 60°은 유의한 차이를 보였
으며, 20°에서 가장 근활성도가 높았다(p<.05). 목빗근은 28mmHg에서 0°와 20°, 20°와 40°, 40°와 60°은 유의한 차
이를 보였으며, 20°에서 가장 낮은 근활성도를 보였다(p<.05).  
본 연구에서 머리-목 굽힘 운동 시에는 시선의 방향을 20°로 설정하는 것이 목긴근의 활성화를 높이고, 목빗근의 근활성
도를 낮추어 운동의 효과를 얻을 수 있다는 것을 찾았다. 본 연구의 결과를 바탕으로 임상환경에서 머리-목 굽힘 운동
시에 시선 방향을 설정하여 운동의 효과를 증대시키길 바란다.
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1. Introduction

Among musculoskeletal disorders, neck pain is 
the most common[1,2]. With computers and 
mobile devices in widespread use in South Korea, 
the age group of complainants for cervical pain 
has gradually decreased, skewing towards 
younger generations[3]. In Korea, the internet 
usage rate is 78.4%, and the average computer 
usage time per week is 16.3 hours[4], which is 
reported to have an adverse effect on physical 
health[5]. Frequent use of electronic devices is 
one of the causes of neck pain, which is so 
common that 7 out of 10 adults experience it 
more than once in their lifetime, and more than 
one-third of them are chronically recurrent[6-8]. 
As such, neck pain causes restrictions and 
disabilities in daily activities, and increases 
medical costs such as hospital treatment. 
Efficient management of neck pain relieves 
symptoms, reduces relapse rate, and reduces 
medical costs[9].

The most important structures for muscle 
activity around the neck are the longus colli(LC) 
and longus capitis, which are located deep in the 
neck. These muscles perform similar functions 
dynamically to provide vertical stability of the 
neck and to support and hold the front bend of 
the cervical spine and each joint[10]. In chronic 
neck pain patients, there is high muscle fatigue 
of the neck flexor, high muscle activity of 
surface muscles, and atrophy of the deep neck 
flexor(DNF)[11,12]. Cranio-cervical flexor(CCF) 
exercise is said to be suitable for activating DNF 
muscles, such as the LC and longus capitis, and 
the activity of the neck surface muscles[13]. CCF 
is the most representative exercise that trains the 
muscle strength of the DNF[14-16], to precipitate 
the action of DNF, and to suppress the action of 
the surface neck bending muscles. Increasing the 
mobilization of the DNF reduces chronic neck 
pain and disability levels, and improves posture 
control[17-19]. 

Much attention has been paid to the analysis 
of deep neck muscles recently, it is still difficult 
to analyze the muscles of the spine located in the 
deep part. Although it is challenging to directly 
promote DNF or apply surface electromyography, 
ultrasonography can measure muscle contraction 
in real time as line-of-sight angle feedback. 
Various studies have recently been presented on 
ultrasound images of the Army near the neck of 
the heart. Greg et al(2005) observed that the 
activity of neck muscles varies depending on the 
height of the information medium[20], while the 
U.S. National Institute of Occupational Safety and 
Health and Canada's National Standards 
Association state that when the computer 
monitor is placed in a position that is tilted 
2-15° vertically from the line of sight, it can 
reduce the posture load of neck muscles[21,22].

CCF exercises increase pain control and 
function in the daily lives of neck pain patients. 
However, studies that identify a better degree of 
activation of DNF are insufficient, especially 
studies with an ocular focus, which are not 
actively conducted. The normal human field of 
vision is 60° to the nose, 90-95° to the ear, 50° 
to the top, and 70-75° to the bottom[10]. 
Turville(1998) compared the angles of 15° and 
40° of the line of sight from the horizontal of the 
eye to the center of the eye, because the range 
of eyes for each subject is different, In this 
experiment, the angle of the downward line of 
vision was set at 0°, 20°, 40°, and 60° with a 
maximum of 60° towards the ear. In this study, 
during CCF exercises using pressure 
bio-feedback equipment, the muscle thickness of 
the muscle groups involved in DNF changed 
depending on the direction, angle and pressure 
of the line of sight[22].

2. Method

2.1 Subjects
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A total of 30 participants(20 males, 10 females) 
were enrolled in this study. Of these, 3 were 
excluded. All subjects received a full explanation 
of the CCF exercise and then signed the 
agreement directly. The number of subject was 
set up through the G-power program. When we 
set the effect size to 0.6, the power to 0.95, and 
the significance level (α) to 0.05, the sample size 
for obtaining the difference between the two 
groups was calculated as 8/group. And the total 
number of participants was 27.

Spec. Age
(year)

Height
(cm)

Weight
(kg)

BMI
(kg/㎡)

Neck 
girth
(cm)

Male
(n=18)

24.77
±1.86

174.66
±5.19

73.01
±9.88

23.89
±2.78

38.35
±1.59

Female(n=
9)

24.11
±2.57

161.55
±4.30

52.60
±3.03

20.16
±.97

31.57
±1.00

Entire 
sample
(n=27)

24
±2.10

170
±7.93

66.21
±12.76

22.65
±2.92

36.09
±3.54

Table 1. Anthropometric data of the subjects 

2.2 Experimental procedures
2.2.1 CCF exercise of gaze directions and 

pressure levels
Subjects were placed in a neutral position so 

that the forehead and chin could be horizontal in 
the reclined position. The pressure biofeedback 
unit(Chattanooga, USA) was placed at the back of 
the target's neck and the pressure gauge was set 
to maintain a reading of 20 mmHg with the 
target sufficiently relaxed. There were a gaze to 
inferior, and the angles were fixed to 0°, 20°, 40°, 
and 60°. At this time, the angles were set by 
using a goniometer and a preformed angle 
plate(Fig. 1). The pressure feedback mechanism 
started at 20 mmHg and set a target of 28 mmHg. 
Each step was held for 10 seconds, and the 
pressure was sequentially increased by 2 mmHg, 
for a total of five steps, and an ultrasound 
imaging was performed. At this time, the subject 
pulled the jaw and pressed the pressure device 

under the neck. During each stage of muscle 
contraction, a 10-second rest period was 
provided so that the subject did not induce 
muscle tone. The angle of the line of sight was 
selected by using a support to fix the angle so 
that the subject could adjust the line of sight. At 
this time, the movement of the neck joint was 
restricted to allow only the movement of the 
gaze, and the measurer confirmed that the scale 
of the pressure biofeedback unit did not move.

Fig. 1. Pressure biofeedback unit(A) and CCF(B)  

2.2.2 Measurement of muscle thickness
Ultrasound imaging was measured of LC and 

sternocleidomastoid(SCM) using ultrasonography 
device(SAMSUNG, South of Korea, 2017), 
according to previous studies[23]. The probes 
were linear type B and a 7.5 MHz transducer was 
used. The measurement level was adapted to the 
fifth cervical spine(C5)[24]. At this level, DNF, 
including the LC, were visible. For this purpose, 
the second and third fingers of the subject were 
stretched and placed on the upper part of the 
laryngeal prominence and the third fingertip was 
marked with an oil pen. This point is 1.5 cm 
below the laryngeal projection and corresponds 
to the fifth cervical vertebra. This point was 
placed at the centerline of the transducer and 
the transducer was placed at a right angle to the 
longitudinal axis of the subject’s neck to obtain 
across-sectional image. The muscle in the upper 
part of the image is the SCM, the lower muscle 
is the LC, the carotid artery is in the upper 
border of the DNF. There is a vertebral lamina at 
the lower border of DNF. When measuring the 



한국산학기술학회논문지 제22권 제2호, 2021

662

anteroposterior distance(APD) of the LC and 
SCM, the muscle furthest away from the 
anteroposterior distance of the muscle was 
analyzed, based on the inside of the muscle 
fascia. Thickness was measured 3 times, and the 
mean value was used for data analysis(Fig. 2). 
Since the thickness of the muscle is different 
between the individual incisors, the muscle 
thickness of the resting muscle was 
determined[(muscle thickness of the contraction 
- muscle thickness at rest)/muscle thickness at 
rest] to analyze the state of the muscle through 
ultrasonic waves[25-27].

Fig. 2. Ultrasound imaging of LC and SCM thickness
during Deep Cervical Flexor exercise. LC:
longus colli, SCM: sternocleidomastoid.

2.3 Analysis method
In this study were analyzed using SPSS ver. 

20.0 program for data collected. Muscle thickness 
differences, according to gaze angle and pressure 

level in the LC and SCM, were compared using 
repeated measures ANOVA. The group - intervening 
factor was set as the angle, the grouping factor 
was set as the independent variable, and the 
thickness of the muscle was set as the dependent 
variable. Least Significance Difference(LSD) was 
used for post-test analysis. Corresponding T-tests 
were used to compare the difference between 
the lower and the lower gaze. The statistical 
significance level was set at .05 or less.

3. Results

3.1 Thickness variation of LC according to 
gaze direction and pressure levels

LC on 20 mmHg was going thicker when the 
subjects inferior gaze angle is going higher. 
pressure on 22 and 24 mmHg, LC shown two 
peak value on 20° and the 40°. When the 
pressure on 26 and 28 mmHg, the highest 
thickness of LC was on gaze angle 20° and after 
that if the angle goes higher the muscle thickness 
was changed to thinner the before(Table 2). 
There was no difference in the between-subjects 
effect of gaze angles. But, there was a statistically 
significant difference in the within-subjects 
effect within the group of pressure levels(p<.05). 

Spec.
pressure levels (n=27)

20
mmHg

22
mmHg

24
mmHg

26
mmHg

28
mmHg

gaze

0° 0.22
±0.13

0.23
±0.13

0.31
±0.13

0.27
±0.13

0.28
±0.13

20° 0.35
±0.18

0.38
±0.18

0.37
±0.17

0.35
±0.18

0.30
±0.14

40° 0.36
±0.15

0.36
±0.17

0.32
±0.13

0.32
±0.12

0.30
±0.14

60° 0.37
±0.16

0.39
±0.16

0.34
±0.19

0.30
±0.13

0.28
±0.14

p-
value

Between-subjects effect F=681.026, p=.60

Within-subjects effect F=10.218* p=.002

Interaction effect F=6.956**, p=.001

*p<.05, **p<.01

Table 2. Comparison of LC muscle thickness in four 
gaze directions and pressure levels
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The interaction effect of angle and pressure 
was statistically significant(p<.01). When we 
compared the angles and pressure between 
pressure groups, in the case of 20 mmHg and 22 
mmHg, there was a significant difference 
between 0° and 20°, 0° and 40°, and 0° and 
60°(p<.05; Fig. 3). When the pressure was 24 
mmHg and 26 mmHg, there was a significant 
difference when the angle of inferior gaze was 0° 
and 20°(p<.05; Fig. 3). There was no significant 
difference in pressure at 28 mmHg.

Fig. 3. Comparison of LC thickness by gaze direction
and pressure levels

3.2 Thickness variation of SCM according to 
gaze direction and pressure levels

Variation of the SCM at 20 mmHg pressure the 
thickness of the muscle was going thicker when 
the subjects inferior gaze angle is going higher. 
but on pressure 22 to 28 mmHg, the thickness of 
SCM was thinner on 20° and after that if the 
angle goes higher the muscle was changed to 
thicker(Table 3). There was no difference in the 
between-subjects effect of gaze angle. There was 

a statistically significant difference in the 
within-subjects effect within pressure level 
groups(p<.01). There was no statistically 
significant difference in the interaction effect 
between angle and pressure. When we compared 
the angles and the pressure between pressure 
groups, the pressure difference at 28 mmHg was 
significant between 0° and 20°, 20° and 40°, and 
40° and 60°(p<.05; Fig. 4). There was no 
significant difference in the remaining pressures.

Spec.
Level of neck pressure

20
mmHg

22
mmHg

24
mmHg

26
mmHg

28
mmHg

gaze

0° 0.24
±0.15

0.29
±0.15

0.30
±0.13

0.32
±0.13

0.35
±0.12

20° 0.25
±0.12

0.25
±0.12

0.27
±0.12

0.30
±0.13

0.31
±0.12

40° 0.26
±0.12

0.29
±0.13

0.31
±0.17

0.31
±0.15

0.33
±0.15

60° 0.26
±0.12

0.29
±0.11

0.30
±0.13

0.34
±0.11

0.38
±0.14

P-
value

Between-subjects effect F=.544, 
p=.653

Within-subjects effect F=42.336 
p=.001**

Interaction effect F=745, 
p=.523

*p<.05, **p<.01

Table 3. Comparison of SCM muscle thickness in 
levels of cervical pressure according to 
four different eye directions              

(n=27)

Fig. 4. Comparison of SCM muscle thickness 
variation by gaze direction on 28 mmHg. 

4. Discussion

CCF exercise promotes DNF activation, 
inhibits SCM activation, and is effective in 
restoring function[12]. CCFT is generally 
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performed while looking slightly downward[15]. 
In this study, we tried to find the most 
appropriate gaze direction and pressure levels to 
increase the efficiency of CCF exercise. 

In this study, it was confirmed that LC and 
SCM activation changed according to the gaze 
direction and pressure levels during CCF 
exercise. LC on 20 mmHg and 22 mmHg showed 
that thickness change was gradually increased as 
gaze direction increased. At 20 mmHg and 22 
mmHg, values of 20°, 40°, and 60° were 
significantly increased compared to that at 0°. 
And LC showed the highest value at 20° on 22, 
24, 26, and 28mmHg pressure levels except 
thickness at 60° on 22mmHg. As a result, LC 
showed the highest value at 20° regardless of 
pressure in asymptomatic individuals. This is 
consistent with the report that computer 
monitors placed in a position 17-20° vertical to 
the line of sight, can reduce the postural load of 
the neck muscles[28]. And LC and eye movement 
muscles maintain the head position and adjust 
the postural balance in real time[31]. These 
studies support the results of this study.

On the other hand, SCM showed the smallest 
value at 20° and the highest value at 60° on all 
pressure levels. At 28 mmHg, the mean value was 
higher at all angles and there was a significant 
difference between 0° and 20°, 20° and 40°, and 
40° and 60°. Only at 20° was the mean value of 
muscle thickness lower compared to other 
angles. This may be supported by the results of a 
study showing that the muscle contraction 
capacity of the DNF muscle decreases in the 
post-pressure stage of CCF exercises[29]. And in 
the previous study, when the computer monitor 
is in the gaze direction below 40°, the activity of 
SCM is increased caused by the head tilt angles 
are increased compared to when the computer 
monitor is below 15° [22]. In addition, in a study 
comparing the gaze directions above 45°, 90° 
and below 45° for SCM activation during CCFT, 
below 45° showed the lowest activity [32]. These 

studies support the results of this study. 
Based on these results and the results of this 

study, the surface muscles cause neck pain under 
excessive tension[30]. When the CCF exercise is 
accompanied by moderate pressure, placing the 
gaze direction 20° the degree of tension in the 
surface muscle, which may relieve neck pain, and 
increases the thickness of the DNF.

In the present study, it was found that the 
change of gaze direction can activate the DNF 
muscles and limit the activation of the SCM. It 
was possible to cause muscle contraction without 
much pressure depending on the direction of the 
muscle, gaze direction and head-neck movements in 
healthy individuals. In patients with neck pain or 
difficulty adjusting head-neck movements, the 
angle and direction of gaze can be set during 
treatment to prevent neck muscle damage. As a 
limitation, this study was conducted in 
asymptomatic individuals. The ccf exercise is for 
people with neck pain in clinical environments. 
In a future study, I hope that the study will be 
conducted on patients with neck pain.

5. Conclusion

This study compared the changes in muscle 
thickness of LC and SCM according gaze direction 
and pressure levels during CCF exercises. LC 
showed the highest value and SCM smallest at 
20° all pressure levels. Therefore we would be 
recommended to set the gaze direction 20° for 
CCF exercise in a clinical environment, and 
future studies should be conducted to investigate 
the effects of CCF exercise for neck pain. 
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