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Objective: The endurance and strength of deep neck flexor (DNF) muscles have a major role on the function and stability of the 
cervical spine. In recent years, there has been a lack of research that have investigated the muscle tone of the superficial neck 
muscles. The purpose of this study was to examine the relationship of between contraction ratio of the DNF and sternocleidomastoid 
(SCM) muscles, DNF endurance, and muscle tension of the neck muscles.
Design: Cross-sectional study.
Methods: Forty-seven subjects (male=20, female=27) participated in this study. The muscle tone of the upper trapezius (UT), 
SCM, and suboccipital (SO) muscle was measured using a contact soft tissue tone-measuring instrument. For the contraction ratio 
of the SCM and longus colli muscle, the thickness of the relaxation and maximum contraction state of the SCM and longus colli 
muscles were assessed using a diagnostic ultrasound measuring instrument and a pressure biofeedback unit. The deep neck flexor 
endurance test (DNFET) was performed in a cranio-cervical flexion posture. The correlations between the measured variables 
were investigated.
Results: The relationship between the DNFET and SO tone showed a significant negative correlation (p<0.05). The relationship 
between the DNFET and contraction ratio showed a significant positive correlation (p<0.01). There was no significant correlation 
between the DNFET and SCM and UT tone.
Conclusions: This study confirmed that there is a relationship between DNF endurance, DNF activation, and SO tone. The in-
formation on the results of this study may be used as a reference that can be actively applied in the clinical environment. 

Key Words: Endurance, Muscle tonus, Neck muscle, Ultrasonography

Introduction

In most modern people, the time spent in assuming a for-

ward head posture increases, which causes an overload to 

the soft tissues that support the neck, and as the amount of 

overload placed onto the neck continues, there is a greater 

negative effect on neck stability [1]. The forward head pos-

ture leads to weakening of the deep neck flexor and short-

ening of the suboccipital muscles, and promotes the elonga-

tion of the upper trapezius, and semispinalis capitis muscles, 

which can all lead to abnormal muscle activity in the flexor 

and extensor muscles [2,3]. Chronic forward head posture 

and minor damage accumulated in the neck cause mechan-

ical dysfunction and chronic neck pain, and has a high re-

currence rate [4]. Chronic neck pain is a decrease in activity 

and delayed activation of the deep neck flexor muscles, lead-

ing to a decrease in automatic feedforward, which subse-

quently leads to decreased neck stabilization and function 

[5,6]. The deep neck flexor and the suboccipital muscles are 

located in the deep part of the neck where they primarily 

maintain neck stability and work to create a normal align-

ment of the cervical spine, thus a normal posture of the neck 

[7]. The deep neck flexor muscle is composed of the deep 

longus capitis and colli, and is a muscle located deeper with-
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in the cervical vertebra than the sternocleidomastoid. It 

helps stabilize the cervical spine while the neck moves and 

and plays an important role in posture control [8-10]. The 

suboccipital muscles coantain a number of muscle spindles 

and maintains the stability of the cervical spine by control-

ling the rotational movements of the head and adjusting head 

posture [11]. Atrophy of the suboccipital muscles lead to a 

loss of balance, causing problems in postural stability [12].

An abnormal forward head posture restrains cervical spi-

nal flexion and increases the extension of the upper cervical 

spine, resulting in significantly shorter suboccipital mus-

cles, decreased activation of the long neck muscles, and sig-

nificant increase in the thickness of the sternocleidomastoid 

(SCM) compared to normal subjects [13,14]. The endurance 

of the deep neck flexor muscle directly affects the function 

of the cervical spine, and the strength of these muscles is im-

portant in maintaining the posture and stability of the neck 

[15-17]. In a previous study, it was confirmed that the endur-

ance and strength of the deep neck flexor muscles were de-

creased in patients with neck pain compared to normal sub-

jects [18,19]. In addition, through a study using ultrasound 

imaging, it was proved that there was a negative correlation 

between the deep neck flexors and the SCM in patients with 

neck pain [18,20].

As such, studies on the activity of the deep neck flexor and 

other cervical muscles have been actively conducted, and 

their correlation was verified through ultrasound images or 

superficial EMG studies. In a recent study, it was found that 

the degree of tension of the suboccipital muscles had a sig-

nificant correlation with the angle of the head and the verte-

brae, but did not have a significant correlation with the mus-

cle endurance of the deep neck flexor muscle [21].

Measuring muscle tone is an easy method for evaluating 

the state of the muscle and has a high reliability. As such, the 

deep neck flexor and suboccipital muscles are being actively 

studied by focusing on changes in activity, but studies inves-

tigating neck muscle tension, although it can be easily eval-

uated, are insufficient, 

Therefore, the purpose of this study was to investigate the 

relationship between the strength, endurance, and muscle 

activity of the deep neck flexor muscles and the tension of 

the adjacent cervical muscles, including the suboccipital 

muscles, and to search and provide objective information.

Methods
Participants

The number of study subjects was calculated using the 

G-power program, and 42 subjects were calculated by ap-

plying the effect size (Cohen’s d)=0.5, power=0.8, and sig-

nificance level=0.05. Considering the dropout rate, the num-

ber of study subjects was 47.

The subjects of this study were 50 male and female col-

lege students in their twenties who were enrolled in K 

University in D city and had no neck disease. The criteria for 

selection of the subjects were: those who were capable of 

full range of active joint motion in the neck without pain, and 

those who could maintain a supine position without pain for 

more than 20 minutes. The exclusion criteria were: those 

who have been medically diagnosed as a disease, those who 

had a concussion diagnosis record, those who had experi-

ence with back or neck spine surgery, and those who had par-

ticipated in a tug-pulling exercise program. Due to 3 subjects 

withdrawing from the study during the study period, data 

from 47 subjects were analyzed. 

Procedures

In this study, 47 subjects were presented with the ex-

perimental procedures and after explaining the purpose and 

method of this study, consent to participate in the experiment 

was obtained by receiving informed consent and personal 

information. This study was conducted with the approval of 

the Bioethics Committee of Konyang University (KYU- 

2019-299-01).

After receiving information on the general characteristics 

of the subjects, four measurements were performed. First, 

muscle tone of the upper trapezius (UT), sternocleidomas-

toid (SCM), and the suboccipital (SO) muscles were as-

sessed. Second, the diastolic and systolic muscle thickness 

of the oblique and long neck muscles were assessed using ul-

trasound images. Third, muscle endurance of the deep neck 

flexor muscles were measured. Each data was analyzed and 

the results were presented.

Outcome measure 

The muscle tone of the neck muscles was measured using 

a contact-type soft tissue analyzer (MyotonPRO, Estonia, 

Tallinn, 2014). Muscle tone was measured three times by 

having the ceramic part contacting the contact area at 90 de-

grees for each part, and after 3 measurements, the average 

value was set as the final measurement value, and a 
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Figure 1. Ultrasound imaging. SCM: sternocledoimastoid muscle,
DNF: longus colli muscle.

10-second break was provided between each measurement. 

Practice in the measurement process was conducted for 

one month to obtain consistent muscle tone measurements, 

and errors were minimized by maintaining the same posture 

and pressure. To measure the tension of the UT, the subject 

was asked to sit in a correct, upright posture with the legs 

placed out of the bed with their knees flexed to 90 degrees. 

The evaluator palpated the spinous processes and peaks of 

C7 and marked them with an aqueous marker at the central 

point that connects horizontally, and the point was measured 

using a contact-type soft tissue-measuring device. The sub-

ject was asked to lay supine on the bed in order to measure 

the tension of the SCM. The evaluator marked the central 

point connecting the mastoid process and the clavicle hori-

zontally with an aqueous marker, and then measured the ten-

sion using a contact soft tissue-measuring device. In order to 

measure the tension of the suboccipital muscles, the subject 

was asked to lay in prone position on a bed where the face 

could be placed. After adjusting the height of the subject’s 

face to make it inclined to 30 degrees in the shape of ‘ㄱ’, the 

evaluator palpated between the C2 spinous process and the 

central point of the back of the skull and marked it with a wa-

ter-based marker. The marked point was measured for ten-

sion with a contact-type playing tissue measuring instru-

ment. The measuring tool was established in previous stud-

ies to show high reliability (ICC 3,1>0.90) in terms of in-

tra-measurement reliability and (ICC 3,2>0.70) in terms of 

inter-day reliability [22]. 

For the measurement of the longus colli and SCM thick-

ness, the muscle thickness was measured in a contracted and 

relaxed state using an ultrasonic diagnostic instrument 

(Sonoview; Samsung, Seoul, Korea, 2017). Ultrasound 

measurements were performed using a stabilizer biofeed-

back unit to measure the diastolic pressures of 20 mmHg and 

systolic pressures of 22, 24, 26, 28, and 30 mmHg. Prior to 

ultrasonic measurement, the C5-6 segments were positioned 

to set the measurement location. It was marked with an aque-

ous marker at a location 2 cm lateral to the trachea. After 

that, the thickness of the SCM and longus colli muscles were 

measured three times at a pressure of 20, 22, 24, 26, 28, and 

30mmHg at that point, and the best resolution picture was 

selected. 

In the selected photos, the SCM was measured from the 

lower part of the subcutaneous tissue to the upper inner wall 

edge of the artery, and the deep neck flexor muscle was 

measured to the lower inner wall edge of the artery. The 

average value was set as the measured value based on the 

area with the greatest change of the three lines of thickness. 

The analysis value was calculated as the maximum con-

traction thickness of each individual/diastolic (20 mmHg) 

thickness=contraction ratio. For the measurement posture, 

the subject was placed on a bed with a cushion under the 

knee, with the hip joint and knee flexed and looking up at the 

ceiling. A biological feedback device was placed under the 

neck, and the subject was instructed to lift the pressure gauge 

so that they could see the pressure gauge directly. Before the 

measurement, cranio-cervical flexion posture education was 

conducted, ultrasound was used to measure the muscles 

while they were contracted and maintained in the chin pull 

posture for each pressure. A 30-second break was provided 

after each pressure measurement.  

In previous studies, the ultrasonic measurement method 

showed high reliability with ICC 0.83-0.89 [23]. In this 

study, the contraction ratio of the deep neck flexor muscle 

and the SCM with a pressure of 26 mmHg was used [20]. 

The endurance of the deep neck flexor muscles were meas-

ured through the deep neck flexor endurance test. Subjects 

were asked to lay in supine on a bed with a cushion under 

their knees to create hip and knee flexion. Subjects were 

asked to look up at the ceiling while a water-based marker 

was used to mark the skin wrinkles on the neck created from 

the vertical direction of the pull. Prior training was con-

ducted twice before measurement. As for the measurement 

method, the back portion of the subject’s head was lifted in 

a chin pulling state so that the subject’s back was slightly 

touched (about 2.5 cm). At this time, the subject was to 
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Table 1. General characteristic of subjects (N=47)

Subject Age (y) Weight (kg) Height (cm) BMI (kg/m2)

Male (n=20) 22.60 (2.09a) 79.16 (14.95) 175.80 (5.01) 25.59 (4.69)
Female (n=27) 20.19 (4.33) 56.94 (9.89) 161.67 (4.33) 21.73 (3.25)
Total (n=47) 21.21 (8.42) 66.40 (16.46) 167.68 (8.42) 23.37 (4.33)

Values are presented as mean (SD).

Table 2. Muscle thickness and contraction ratio of DNF and SCM (N=47) 

20 mmHg 22 mmHg 24 mmHg 26 mmHg 28 mmHg 30 mmHg

Male (n=20)
DNF (mm) 9.69 (1.64a) 10.28 (1.44) 9.63 (1.37) 9.71 (1.37) 9.86 (1.38) 9.79 (1.56)
D. ratio 1 1.075 (0.164) 1.006 (0.140) 1.008 (0.075) 1.026 (0.103) 1.012 (0.039)
SCM (mm) 8.27 (1.17) 8.13 (1.01) 8.20 (1.07) 8.23 (1.12) 8.25 (1.14) 8.26 (1.15)
S. ratio 1 0.986 (0.049) 0.993 (0.025) 0.997 (0.012) 0.998 (0.006) 0.999 (0.003)

Female (n=27)
DNF (mm) 7.85 (1.17) 7.85 (1.20) 7.25 (1.73) 7.66 (1.27) 7.87 (1.15) 7.97 (1.12)
D. ratio 1 1.007 (0.124) 0.933 (0.220) 0.985 (0.165) 1.011 (0.150) 1.024 (0.147)
SCM (mm) 6.30 (1.11) 6.32 (1.04) 6.25 (1.04) 6.31 (1.08) 6.29 (1.08) 6.27 (1.09)
S. ratio 1 1.008 (0.086) 0.996 (0.053) 1.002 (0.023) 0.999 (0.014) 0.997 (0.021)

Total (n=47)
DNF (mm) 8.63 (1.65) 8.88 (1.77) 8.26 (1.97) 8.53 (1.65) 8.72 (1.59) 8.75 (1.59)
D. ratio 1 1.036 (0.145) 0.964 (0.192) 0.995 (0.134) 1.017 (0.130) 1.019 (0.113)
SCM (mm) 7.14 (1.49) 7.09 (1.36) 7.08 (1.43) 7.13 (1.45) 7.13 (1.47) 7.12 (1.48)
S. ratio 1 0.999 (0.072) 0.995 (0.043) 1.000 (0.019) 0.999 (0.011) 0.998 (0.016)

Values are presented as mean (SD).
Ratio=(muscle thickness of each contraction pressure/muscle thickness of resting pressure), resting pressure=20 mmHg.
DNF: deep neck flexor, SCM: sternocleidomastoid muscle. 

Table 3. Muscle tone and endurance (N=47)

Male (n=20) Female (n=27) Total (n=47)

UT. tone (Hz) 17.82 (2.26a) 17.69 (1.50) 17.74 (1.84)
SCM. tone (Hz) 13.55 (1.38) 12.91 (0.90) 13.18 (1.16)
SO. tone (Hz) 15.20 (1.79) 16.68 (2.25) 16.05 (2.18)
Endurance (sec) 35.63 (18.37) 15.50 (7.98) 24.07 (16.63)

Values are presented as mean (SD).
UT: upper trapezius, SCM: sternocleidomastoid, SO: suboccipital 
muscle.

maintain the chin pulling position so that the marked line be-

tween the skin folds before the measurement did not fall off. 

The holding time was taken as a measured value. 

Measurements were performed after a 5-minute break 

was provided between each measurement. If the skin folds 

were widened or the position of the head maintained was 

changed, then the measurement process was terminated. 

The intra-measure reliability (ICC) of the deep neck flexion 

muscle endurance test varied from good to excellent, from 

0.82 to 0.91, and the inter-measurement reliability was 0.67 

to 0.78, showing a moderate to good level [9].

Statistical analysis

The data collected in this study were statistically proc-

essed using SPSS version 20.0 for Windows. Descriptive 

statistics were used to confirm the general characteristics of 

the subjects.

In this study, the Spearman analysis method of bivariate 

correlation analysis was used to confirm the correlation of 

each variable based on the normality test result. The stat-

istical significance level was set to 0.05 or less.

Results

Table 1 shows the general characteristics of the subjects 

of this study. Table 2 shows the muscle thickness and con-

traction ratio of the subject’s DNF and SCM for each pres-

sure, and Table 3 shows the average value of the study sub-

ject’s muscle tone and endurance. As a result of analysis of 
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Table 4. Correlation of the Endurance, Contraction Ratio, muscle tone (N=47)

Endurance UT. tone SCM. tone SO. tone
DNF ratio 

(26 mmHg)
SCM ratio 
(26 mmHg)

Endurance 1
UT. tone −0.052 1
SCM. tone 0.050 0.202 1
SO. tone −0.321* 0.059 0.153 1
DNF ratio (26 mmHg) 0.375** 0.243 −0.197 −0.076 1
SCM ratio (26 mmHg) 0.016 0.148 −0.099 0.148 0.007 1

Values are presented as Mean (SD).
UT: upper trapezius, SCM: sternocleidomastoid, SO: suboccipital muscle, DNF: deep neck flexor contraction ratio, SCM: sternocleidomastoid 
muscle contraction ratio. 
*p<0.05, **p<0.01.

the correlation between muscle contraction, muscle endur-

ance, and muscle tone of the study subjects, muscle endur-

ance showed a statistically significant negative correlation 

with the tension of the subocciptal muscles (p<0.05), and 

there was a statistically significant positive correlation be-

tween muscle endurance and contracility of the deep neck 

flexor muscle (p<0.01) (Table 4).

Discussion

The deep neck flexors play an important role in providing 

postural control and neck stability [10], and the contraction 

force and muscle endurance of the deep neck flexors show a 

significant correlation with those with neck pain [19]. In 

general, during the deep neck flexor muscle endurance test, 

the deep neck flexor muscle is activated, and the SCM and 

anterior scalene muscles become relative [24,25]. In addi-

tion, through studies using ultrasound imaging, it was 

proved that in patients with neck pain or subjects with for-

ward head posture, there was a negative correlation with the 

deep neck flexor muscle and the SCM [20].

As such, while ultrasound imaging and surface EMG 

studies are being actively conducted, studies confirming the 

correlation between muscle contraction force and muscle 

endurance have been lacking despite the high reliability of 

muscle tone studies. Therefore, in this study, the relationship 

between the muscle thickness of the deep and thin neck mus-

cles and the muscle endurance and muscle tone of the deep 

neck muscles was examined.

The contact-type soft tissue measuring instrument used in 

this study is a non-invasive measuring instrument that can 

quickly and easily measure the relaxation and tension of 

muscles and soft tissues without pain, and it has the advant-

age of being able to measure the UT, SCM, and suboccipital 

muscles in a variety of positions [26,27]. The deep neck 

flexor muscle endurance test is a reliable, cost-effective, and 

useful clinical tool for the prevention and treatment of neck 

pain [17,28]. A diagnostic ultrasonic measuring device was 

used to measure the muscle thickness to determine the con-

tractile force of the deep flexor and SCM muscles. The diag-

nostic ultrasound meter is a non-invasive test method per-

formed at a low cost and a wide range of applications, and is 

the most basic test method among muscle imaging tests. In 

addition, there is an advantage that it is possible to observe 

the muscles in real time and to measure the state of relaxa-

tion and contraction of the muscles [20]. In this study, the 

contraction ratio of the deep neck flexor and the SCM was 26 

mmHg. A study by Ishida et al. [20] reported that the effi-

ciency of measuring the activity of the deep neck flexor and 

SCM muscless was high at 26 mmHg and 28 mmHg.

As a result of this study, muscle endurance showed a sig-

nificant positive correlation with the contractility of the deep 

neck flexor muscle (p<0.01). There was no correlation with 

the SCM contraction force.

A recent study suggested that the deep neck flexor muscle 

endurance had a significant correlation, and the SCM mus-

cle had no correlation, supporting the results of this study 

[18].

In the previous study, the endurance of the deep neck flex-

or muscle was significantly decreased in persons with for-

ward head posture compared to the normal persons [29].

Javanshir et al. [19] reported that the thickness of the 

SCM muscle of subjects with neck pain was smaller than 

that of the normal subjects. In this way, it can be seen that 

when there is neck pain, muscle contraction and muscle en-

durance are reduced at the same time compared to normal 
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people. Considering this reason, it can be seen that there is a 

positive correlation with the contractile forces of the deep 

neck flexor and muscular endurance.

As a result of this study, there was a significant negative 

correlation between muscle endurance and muscle tone of 

the subocciptal muscles, and the contractile force of the deep 

neck flexor muscles was not significantly correlated with the 

tension of the SCM and suboccipital muscles.

In a previous study, the forward head posture decreased 

the flexion of the head and cervical spine, resulting in de-

creased activation of the deep neck flexor and shortening of 

the suboccipital muscles [2].

Most of the shortened muscles were reported to have ele-

vated muscle tone [30]. In a previous study, patients with 

chronic neck pain showed a decrease in the activity of the 

pectoral muscles and an increase in the activity of the pec-

toral muscles in the deep neck flexor endurance test [31,32]. 

The pectoralis tendon is not attached to the cervical vertebra, 

but overactivation of the pectoralis tendon causes the upper 

cervical spine to extend and the inferior cervical spine to flex 

[33,34]. Comprehensive results of previous studies support 

the results that the lower the deep neck flexion muscle en-

durance, the higher the muscle tone of the suboccipital 

muscles.

The limitations of this study are as follows. First, it is dif-

ficult to generalize because the recruitment of candidates is 

limited to one university. Second, since this study included 

subjects in their twenties, additional research is needed that 

includes subjects of various age groups. There is the hope 

that research will be conducted on various populations in the 

future by supplementing these limitations, and additional re-

search is necessary for patients with neck pain or subjects 

with forward head posture.

This study was conducted to study the correlation be-

tween muscle endurance of the neck, muscle contraction of 

the deep neck flexor and the SCM muscles, and the muscle 

tone of the UT, suboccipital and SCM muscles. As a result of 

this study, there was a positive correlation between muscular 

endurance and contractile force of the deep neck flexor mus-

cles, and a negative correlation was found between muscular 

endurance and muscle tone of the suboccipital muscles.

Based on the results of this study, further studies examin-

ing the tension of the deep neck flexors and circumferential 

muscles in patients with forward head posture and neck pain 

are necessary. The results of this study may serve as useful 

information that can be utilized in a clinical environment.
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