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Background: The craniocervical flexion test (CCFT) was developed for the activation and en-
durance of deep cervical flexors. However, the muscle thickness and muscle thickness chang-
ing ratio of the sternocleidomastoid (SCM) and deep cervical flexor (DCF) muscles in subjects 
with and without forward head posture (FHP) have not been reported.

Objects: To determine the difference in thickness of the SCM and DCF muscles and the differ-
ence in the muscle thickness changing ratio between SCM, DCF, and DCF/SCM 20 mmHg and 
DCF/SCM 30 mmHg between subjects with and without FHP.

Methods: Thirty subjects with and without FHP were enrolled. The muscle thickness of the 
SCM and DCF was measured when maintained at a baseline pressure of 20 mmHg and a maxi-
mum pressure of 30 mmHg using a pressure biofeedback unit during the CCFT. Ultrasonog-
raphy was used to capture images of SCM and DCF muscle thickness during the CCFT, which 
was calculated using the picture archiving and communication system (PACS). 

Results: We observed a significant difference within the pressure main effect between SCM 
and DCF at a baseline pressure of 20 mmHg and a maximum pressure of 30 mmHg (p < 0.05). 
However, there was no significant difference in the muscle thickness and muscle thickness 
changing ratio for SCM and DCF during CCFT between subjects with and without FHP.

Conclusion: There was no significant difference in the muscle thickness recruitment pattern 
during CCFT in posture changes between subjects with and without FHP.

INTRODUCTION

Forward head posture (FHP) refers to the forward protrusion 

of the head with respect to the body based on the vertical pos-

ture line of the human body [1]. The FHP is the most common 

type of abnormal head posture and is defined when the upper 

cervical vertebrae (C1-C3) are extended and the lower cervical 

vertebrae (C4-C7) are identified as flexed [2,3]. An increase in 

FHP due to abnormal posture is associated with lengthening 

of the upper cervical flexor muscles, such as the longus colli 

(LCo) and longus capitis (LC), and the lengthening of the lower 

cervical extensor muscles, such as the semispinalis cervicis; 

C6/7-C2, T1-C4, and T1-C5 superficial multifidus; C5/6-C3 

and C6/7-C4 deep multifidus; and splenius cervicis [4,5]. In 

addition, increased FHP is associated with shortening of the 

upper cervical extensor muscles, such as the rectus capitis 

posterior minor and major, the obliquus capitis superior, and 

the semispinalis capitis, as well as shortening of the lower 

cervical flexor muscles, such as the sternocleidomastoid (SCM) 

and anterior and middle scalene [4,5]. FHP is characterized by 

poor body alignment and typical muscle imbalances and is a 

perpetuating factor in chronic neck pain [6].

The craniocervical flexion test (CCFT) is a strategy to activate 

the deep cervical flexor (DCF) muscles, such as the LCo and 

LC, and perform endurance through movements of the upper 

cervical flexion [7]. Subjects with neck pain have been shown 

to have higher muscle activity in the SCM and anterior sca-

lene during the CCFT than healthy subjects [7,8]. The SCM has 

upper cervical extension and lower cervical flexion moment 

arms, while the LCo and LC have upper cervical and lower 
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cervical flexion moment arms [9]. In the CCFT, patients should 

perform craniocervical flexion and increase DCF activation, 

but those with neck pain show compensatory actions, such as 

neck retraction and increase SCM activation [7].

Ultrasonography can measure muscle thickness, muscle fiber 

pennation, and muscle fiber length under static and dynamic 

conditions [10,11]. Ultrasound is a safe, non-invasive method 

that can measure changes in the thickness of superficial and 

deep muscles without crosstalk from adjacent muscles [10-12]. 

Ultrasonography has a high correlation with magnetic reso-

nance imaging (MRI) (intraclass correlation coefficients, ICC 

= 0.78 to 0.95), and its validity has been proven for measuring 

muscle thickness [13].

The CCFT has been used to test DCF activation and endur-

ance by gradually increasing the pressure by 2 mmHg from a 

baseline of 20 mmHg to a maximum of 30 mmHg [7]. In a pre-

vious study, the electromyography (EMG) amplitude of the DCF 

muscles was positively correlated with the incremental stages 

during the CCFT [14]. Jesus et al. [10] reported that healthy 

subjects showed a progressive increase in SCM and DCF mus-

cle thickness when the stage of the pressure biofeedback unit 

(PBU) was increased during the CCFT. However, subjects with 

neck pain show overactivation of the superficial cervical flexor 

muscles such as the SCM and AS during CCF due to impaired 

DCF activation [7,15]. This suggests that subjects with neck 

pain use an altered muscle strategy of the superficial and deep 

cervical flexors (DCFs) to perform the CCFT [15].

The craniocervical flexion exercises is a low-load training 

program that trains from a baseline pressure of 20 mmHg to 

a maximum pressure of 30 mmHg without the dominant use 

of superficial muscles [16]. A previous study reported that in-

dividuals with FHP demonstrated significantly increased SCM 

thickness compared to those without FHP during the CCFT 

[17]. The changes in muscle thickness are correlated with am-

plitude of the EMG signal [18]. This means that more change 

in muscle thickness express more muscle EMG activity, and 

quantifying muscle thickness changes may indirectly represent 

muscle function [18,19]. However, no studies have compared 

the muscle thickness and muscle thickness changing ratio for 

the SCM and DCF muscles when performing the CCFT between 

subjects with and without FHP. Therefore, the purpose of this 

study was to compare the muscle thickness and muscle thick-

ness changing ratio of the SCM, DCF, and DCF/SCM during 

CCFT in subjects with and without FHP. We hypothesized that 

subjects with FHP would demonstrate greater muscle thickness 

and muscle thickness changing ratio in the SCM and less mus-

cle thickness and muscle thickness changing ratio in the DCF.

MATERIALS AND METHODS

1. Subjects

This study was conducted at Wonju H Hospital. In total, 30 

healthy subjects aged 20–40 years with and without FHP were 

recruited (with FHP = 15, without FHP = 15). Subjects with FHP 

were defined as those with a craniovertebral angle (CVA) of < 

50° [20]. The characteristics of the participants are shown in 

Table 1. The inclusion criteria were subjects without neck pain 

who could understand the purpose of the study and perform 

CCFT. The exclusion criteria were a history of fractures in the 

neck and shoulder region, non-structural abnormalities of the 

spine, and neck or shoulder pain. The research protocol was 

approved by the Institutional Review Board of Yonsei Univer-

sity (IRB no. 1041849-202109-BM-141-01). The study process 

was explained to all the subjects prior to the study, and all 

subjects signed an informed consent form.

2. Instrumentation

1) Craniovertebral angle

The CVA was measured between the horizontal line drawn 

by the skin overlying the C7 spinous process and a line joining 

the midpoint of the tragus of the ear [17,21]. An adhesive re-

flex marker was attached to the spinous process of C7 [21]. To 

evaluate the posture of the standing subject’s neck and head, 

a digital camera (Samsung Galaxy A9, Samsung, Seoul, Korea) 

was set perpendicular to the ground and pointed directly at the 

lateral aspect of the subject’s shoulder 1.5-m away to minimize 

parallax error [2,21,22]. Next, the principal investigator asked 

the subject to flex and extend their neck three times, with the 

front of the face assuming a natural posture [2]. The CVA was 

Table 1.Table 1. Characteristics of the subjects (N = 30)

Variable With FHP (n=15) Without FHP (n=15) p-value

Age (y) 28.0 ± 5.0 30.1 ± 3.0 0.467
Height (cm) 162.3 ± 29.1 168.1 ± 9.0 0.186
Weight (kg) 73.7 ± 16.9 64.1 ± 13.8 0.097
CV angle 45.6 ± 3.3 53.9 ± 1.9 0.001*

Values are presented as mean ± standard deviation. FHP, forward head 
posture; CV angle, cranio-vertebral angle. *Significant difference (p < 
0.05).
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measured using a digital camera, and ImageJ imaging analysis 

software (National Institutes of Health, Bethesda, MD, USA) 

was used to calculate the CVA.

2) Ultrasonography

Ultrasonography was used to capture SCM and DCF muscle 

images from a baseline pressure of 20 mmHg to a maximum 

pressure of 30 mmHg during CCFT [10]. A 7.5-MHz transducer 

was placed longitudinally parallel to the right trachea, ap-

proximately 5-cm from the midline. In this position, the ul-

trasonography image allowed proper visualization of the SCM, 

DCF, right carotid artery, vertebral lamina, and SCM boundary 

(benchmark). Contraction of the SCM and DCF was identified, 

and the clearest screen was captured and saved [10,17]. The 

thicknesses of the SCM and DCF were calculated after trans-

mitting the image to a picture archiving and communication 

system (PACS) and a medical image storage and transmission 

system. The muscle thickness was calculated from the superfi-

cial to deep boundaries of the SCM. The DCF muscle thickness 

was calculated from the inferior border of the carotid bound-

ary to the superior border of the echogenic vertebral laminae 

[10,17]. The average value was calculated by making three 

lines at 1, 2, and 3 cm from the middle of the measurement 

image to the right (Figure 1). The muscle thickness changing 

ratio during CCFT was expressed as the ratio of muscle thick-

ness change to muscle thickness at a baseline pressure of 20 

mmHg [10]. The muscle thickness changing ratio of the SCM, 

DCF, DCF/SCM 20 mmHg, and DCF/SCM 30 mmHg were cal-

culated as follows: 1) SCM thickness changing ratio- SCM 30 

mmHg/SCM 20 mmHg, 2) DCF thickness changing ratio- DCF 

30 mmHg/DCF 20 mmHg, 3) DCF/SCM thickness changing 

ratio 20 mmHg- DCF 20 mmHg/SCM 20 mmHg, and 4) DCF/

SCM thickness changing ratio 30 mmHg- DCF 30 mmHg/SCM 

30 mmHg. In this study, we measured muscle thickness chang-

ing ratio for SCM 30 mmHg/SCM 20 mmHg, DCF 30 mmHg/

DCF 20 mmHg, DCF/SCM 20 mmHg, and DCF/SCM 30 mmHg 

between subjects with and without FHP. The muscle thickness 

changing ratio of SCM, DCF, and DCF/SCM can be used as a 

valuable measurement to compare muscle performance at a 

baseline pressure of 20 mmHg and maximum pressure of 30 

mmHg between subjects with and without FHP.

3. Experimental Procedure

The subject assumed a hook-lying position with flexion of 

the hip at 45° and knee at 90° in the supine position. The 

PBU unit was placed behind the upper cervical region and 

inflated to a baseline pressure of 20 mmHg by the principal 

investigator (Figure 2). The principal investigator asked the 

subjects to perform an upper cervical flexion movement from 

a baseline pressure of 20 mmHg to a maximum pressure of 30 

mmHg during the CCFT. Preliminary practice was conducted 

to control the subject’s craniocervical flexion speed and pos-

ture. Craniocervical flexion contraction was maintained for 10 

seconds when a baseline pressure of 20 mmHg to a maximum 

pressure of 30 mmHg was reached [7,10,14].

4. Statistical Analysis

The Kolmogorov–Smirnov Z-test was used to verify the nor-

mality of the data. Two-way repeated-measures analysis of 

variance (ANOVA) was applied to identify significant differenc-

es between groups (with and without FHP) and within pressure 

(20 mmHg and 30 mmHg) in the muscle thickness and muscle 

thickness changing ratio of SCM, DCF, and DCF/SCM. Two-

Figure 2.Figure 2. (A) Pressure biofeedback unit. (B) Measurement set-up.

A B

Figure 1.Figure 1. Ultrasonography image. SCM, sternocleidomastoid; DCF, deep 
cervical flexor.

SCM

DCF
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way repeated-measure ANOVA was conducted to compare the 

muscle thickness changing ratio for baseline pressure of 20 

mmHg and maximum pressure of 30 mmHg between groups 

with and without FHP, as well as the interaction effect (pres-

sure x groups). When statistically significant differences were 

found, an independent t-test was used to determine between-

group differences, and a paired t-test was used to determine 

within-pressure differences. Additionally, an independent t-

test was used for comparison between groups of each muscle 

contraction ratio, such as SCM 30mmHg/SCM 20mmHg and 

DCF 30mmHg/DCF 20mmHg. All statistical analyses were per-

formed using SPSS software (ver. 18.0; IBM Co., Armonk, NY, 

USA). The averages and standard deviations were calculated for 

all variables. Statistical significance was set at p < 0.05.

RESULTS

A statistically significant difference main effect was observed 

in the muscle thickness of the SCM and DCF within pressure (20 

and 30 mmHg). In subjects with and without FHP demonstrated 

progressive increase in the muscle thickness of SCM and DCF 

with increasing pressure at a baseline pressure of 20 mmHg 

to maximum pressure of 30 mmHg during CCFT (Tables 2, 3). 

However, there were no significant differences between the 

groups (Tables 2, 3). In the Table 4, there were no significant 

difference between groups for SCM 30 mmHg/SCM 20 mmHg 

and DCF 30 mmHg/DCF 20 mmHg. Additionally, there were no 

significant main or interaction effects on the muscle thickness 

changing ratio for the DCF/SCM 20 mmHg and DCF/SCM 30 

mmHg (Table 5).

DISCUSSION

The present study compared the muscle thickness and mus-

cle thickness changing ratio for the SCM and DCF during the 

CCFT between subjects with and without FHP. We hypothe-

sized that during the CCFT, the participants with an FHP would 

show greater muscle thickness and muscle thickness changing 

Table 2.Table 2. Within (20 and 30 mmHg) and between (with and without FHP) differences in muscle thickness of the SCM (cm)

Pressure With FHP Without FHP
Within-pressure
main effect (p)

Between-group 
main effect (p)

Within x between 
interaction effect (p)

20 mmHg 0.76 ± 0.14 0.79 ± 0.17 0.001* 0.716 0.899
30 mmHg 0.89 ± 0.22 0.91 ± 0.24

Values are presented as mean ± standard deviation. FHP, forward head posture; SCM, sternocleidomastoid. *Significant difference (p < 0.05).

Table 3.Table 3. Within (20 and 30 mmHg) and between (with and without FHP) differences in muscle thickness of the DCF (cm)

Pressure With FHP Without FHP
Within-pressure
main effect (p)

Between-group 
main effect (p)

Within x between 
interaction effect (p)

20 mmHg 1.23 ± 0.24 1.26 ± 0.32 0.001* 0.951 0.273
30 mmHg 1.37 ± 0.26 1.34 ± 0.38

Values are presented as mean ± standard deviation. FHP, forward head posture; DCF, deep cervical flexor. *Significant difference (p < 0.05).

Table 4.Table 4. Comparison of the muscle thickness changing ratio for SCM 30/20 mmHg and DCF 30/20 mmHg between subjects with and without FHP

Pressure With FHP (n=15) Without FHP (n=15) t p-value

SCM 30/20 mmHg 1.17 ± 0.22 1.17 ± 0.25 0.05 0.96
DCF 30/20 mmHg 1.12 ± 0.11 1.07 ± 0.13 1.26 0.22

Values are presented as mean ± standard deviation. SCM, sternocleidomastoid; DCF, deep cervical flexor; FHP, forward head posture.

Table 5.Table 5. Within (DCF/SCM 20 mmHg and DCF/SCM 30 mmHg) and between (with and without FHP) differences in muscle thickness changing ratio

Pressure With FHP Without FHP
Within-pressure 
main effect (p)

Between-group 
main effect (p)

Within x between 
interaction effect (p)

20 mmHg 1.66 ± 0.44 1.64 ± 0.41 0.144 0.732 0.637
30 mmHg 1.60 ± 0.39 1.52 ± 0.40

Values are presented as mean ± standard deviation. DCF, deep cervical flexor; SCM, sternocleidomastoid; FHP, forward head posture.
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ratio of the SCM. However, the results showed no significant 

difference in the muscle thickness of the SCM and DCF be-

tween subjects with and without FHP. Additionally, there was 

no significant difference in the muscle thickness changing ra-

tio of the SCM 30 mmHg/SCM 20 mmHg, DCF 30 mmHg/DCF 

20 mmHg, DCF/SCM 20 mmHg, and DCF/SCM 30 mmHg.

FHP progressively shortens the anterior scalene and SCM 

due to excessive head protrusion in the vertical reference line 

[23]. In addition, when the suboccipital muscles are shortened 

due to FHP, the length of the DCF muscles increases, and the 

length-tension curve changes require more torque from the 

LCo and LC during craniocervical flexion [24]. Changes in the 

length-tension curve result in “stretch weakness” [25]. The 

CCFT is a satisfactory clinical method for evaluating the per-

formance of the LC in synergy with the LCo [26]. As the CCFT 

pressure increases, the muscle recruitment patterns of the 

SCM and DCF are measured using ultrasonography [10]. In this 

study, the muscle thickness of the SCM and DCF increased as 

the CCFT pressure increased between subjects with and with-

out FHP, but there was no significant difference between the 

groups in the muscle thickness and muscle thickness changing 

ratio for SCM and DCF.

In this study, there was no significant difference in the DCF 

muscle thickness and DCF muscle thickness changing ratio at 

a baseline pressure of 20 mmHg and a maximal pressure of 30 

mmHg between subjects with and without FHP. In a previous 

study, the DCF thickness was shown to be reduced in subjects 

with FHP compared to those without FHP [27]. In a previous 

study, the muscle thickness of the LCo in the resting state, 

contraction state (50% of maximal isometric contraction of 

craniocervical flexion), and thickness change between subjects 

with and without FHP were measured using ultrasonography 

[19]. Participants performed craniocervical flexion movements 

while push on the inferior load cell placed on their chin in a 

sitting position [19]. The results of a previous study showed 

greater muscle thickness change of LCo during craniocervical 

flexion in subjects without FHP compared subjects with FHP 

[19]. This can be explained by the fact that the FHP translated 

forward in relation to a vertical reference line [2,22,27], as well 

as the disuse of the DCF muscles in daily living and overuse 

of the SCM muscle in neck flexion movements [19]. For SCM, 

there was no significant difference in the SCM muscle thick-

ness and muscle thickness changing ratio between subjects 

with and without FHP. Previous studies have argued the im-

portance of the initial head position of the CCFT in minimiz-

ing superficial muscle activity in subjects with FHP [17]. When 

the forehead and chin of the subject with FHP are on the hori-

zontal line, the DCF is shortened, and the SCM is overactivated 

during the CCFT [17].

Our results of the CCFT showed no significant difference in 

the muscle thickness and muscle thickness changing ratio for 

SCM and DCF between subjects with and without FHP. The 

possible reasons for this observation are as follows: 1) Previ-

ous studies recruited subjects with moderate FHP (CVA < 43.2°) 

[17], but we recruited subjects with a slight degree of FHP (CVA 

< 49.1°) [21], which may explain the lack of significance at a 

baseline pressure of 20 mmHg and maximum pressure of 30 

mmHg. 2) We did not recruit participants with neck pain. Pre-

vious studies do not support the relationship between sagittal 

neck posture in a sitting posture and neck pain [28]. Addition-

ally, FHP was significantly correlated with the neck pain scale 

in adults and older adults, and adults with neck pain showed 

increased FHP compared with asymptomatic adults [29]. In 

this study, as the CCFT was performed in healthy subjects 

without neck pain, it is thought that posture did not affect the 

craniocervical flexion movement pattern. 3) In this study, the 

muscle thickness of the SCM and DCF increased with increas-

ing pressure during the CCFT. Low-load craniocervical flexion 

exercises can effectively train DCFs [7], but patients with neck 

pain show high EMG amplitudes in the SCM and AS [16]. Reha-

bilitation of patients with neck pain requires effective training 

through low-load craniocervical flexion exercises to increase 

DCF muscle activation and decrease SCM muscle activation 

[16]. This low-load exercise is considered necessary for coor-

dination between the deep and superficial flexors in patients 

with neck pain [16]. 4) Finally, It would have been difficult to 

accurately detect muscle thickness using ultrasonography com-

pared to EMG amplitudes that detect the superficial and DCF 

muscles. Therefore, it is possible that there is no significant 

difference in SCM thickness between subjects with and without 

FHP.

Ultrasound is useful as a clinical evaluation tool because it 

can show changes in muscle thickness through real-time feed-

back [10,11] and allow for muscle thickness change measure-

ment between SCM and DCF during the CCFT [10]. A previous 

study argued that mechanical compression of the surrounding 

muscles reduces the thickness of the DCF during CCFT be-

cause the DCF muscle has a smaller cross-sectional area than 
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the superficial cervical flexor muscles [10]. Changes in muscle 

thickness measured using ultrasonography can help detect 

muscle contraction patterns [19]. However, the reliability of a 

noninvasive and objective assessment of the muscle thickness 

recruitment patterns of the SCM and DCF measured by ultra-

sonography would be requires further study [10].

The present study has some limitations. First, the study sub-

jects consisted of healthy adults in their 20s and 30s. There-

fore, the results cannot be generalized to the overall popula-

tion. Second, as we did not recruit subjects with neck pain, the 

results cannot be generalized to this population. Third, CVA 

does not represent the shape of the cervical spine radiology 

[30]. Therefore, subject evaluation between subjects with and 

without FHP according to the CVA needs to be improved.

CONCLUSIONS

Our results confirmed that there was no significant differ-

ence in muscle thickness for SCM and DCF or muscle thick-

ness changing ratio for SCM 30 mmHg/SCM 20 mmHg, DCF 

30 mmHg/DCF 20 mmHg, DCF/SCM 20 mmHg, and DCF/SCM 

30 mmHg during the CCFT between subjects with and without 

FHP. Significant differences were demonstrated only with pro-

gressive increase in the SCM and DCF muscle thickness with 

increasing at a baseline pressure of 20 mmHg to maximum 

pressure of 30 mmHg. However, there was no significant dif-

ference in the muscle thickness recruitment pattern between 

subjects with and without FHP. It is considered that the differ-

ence in CVA does not necessarily affect the craniocervical flex-

ion movement pattern between the subjects with and without 

FHP. Therefore, postural changes due to slight differences in 

CVA between subjects with and without FHP require monitor-

ing to improve muscle recruitment patterns during CCFT.
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