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Abstract.	 [Purpose] The present study aimed to examine the correlation between rounded shoulder posture, neck 
disability indices and the degree of forward head posture. [Subjects and Methods] Subjects aged 19–24 years were 
selected for this study, and the craniovertebral angle was used to measure the degree of forward head posture in the 
standing and seated positions. Vernier calipers were used to measure rounded shoulder posture in the supine posi-
tion, and neck pain and functional disability were assessed using neck disability indices. [Results] Angle and neck 
disability indices in both standing and sitting posture positions exhibited a significant inverse relationship. How-
ever, no significant correlation was detected between the craniovertebral angle and rounded shoulder posture for 
the standing and sitting posture positions. [Conclusion] In conclusion, it was demonstrated in the present study that, 
depending on the degree of forward head posture, changes were detected in the neck disability indices. However, 
even an increase in the forward head tilt angle did not lead to rounded shoulder posture. Therefore, maintaining 
proper posture may prevent postural pain syndrome, functional disability, and postural deformity.
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INTRODUCTION

Poor posture is common during adolescence, and the popularization of personal computers has led to sustained and 
frequent periods of sitting behind monitors, and visual display terminal syndrome1). Long-term use of smart phones exposes 
individuals to cumulative trauma disorder caused by maintaining the same posture for long periods of time2). The weight of 
the head takes up 1/7 of the body weight; therefore, maintaining a still position with the head leaning forward exerts 3.6 times 
more force than is required to maintain the same position with straight standing posture3).

Forward head posture (FHP) is the structural forward positioning of the head away from the centerline of the body, where 
lower cervical vertebrae are bent and upper cervical vertebrae are extended, and the weight of the head supported by the 
neck is increased2, 4). The bending moment of the head applies pressure on muscles and joints around the cervical vertebra5), 
in addition to active myofascial trigger points of the suboccipital muscle which may induce tension type headaches6), neck 
pain7) and cervical headaches, while reducing the mobility of the neck8).

As a compensatory action for the postural deformity of FHP, severe extension arises between the upper cervical joint and 
atlanto-occipital joint, and the upper cervical vertebrae relatively protrude forward while the face directs upwards5). Change 
in the curvature of the neck bone causes upper-crossed syndrome due to an imbalance in muscular pattern9), which subse-
quently leads to rounded shoulder posture (RSP)10). Rounded shoulder is a protrusion of the acromion of the shoulder joint 
relative to the centerline of gravity of the body, causing stooped posture along with elevation, protraction, and downward 
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rotation of the scapula, and an increased angle between the lower neck bone and upper spine9–11).
Janda described the simultaneous occurrence of FHP and rounded shoulder as upper-crossed syndrome9). Fernández-de-

las-Peñas and others have demonstrated that FHP induces tension headaches6).
Therefore, FHP that causes round shoulder and neck pain due to an imbalance between the curvature of the spine and 

muscles that are attached to the neck bone, is correlated with problems in the neck bone. While several interventional studies 
are underway to improve FHP, research on the correlation between round shoulder and neck pain remains incomplete. Hence, 
the present study aimed to specifically examine the correlation between RSP, neck pain and degree of FHP using objective 
data.

SUBJECTS AND METHODS

A total of 126 college students (95 males, 31 females) aged 19–24 who were currently enrolled in a health program at a 
university situated in Namwon city, Jeollabuk-do were sampled and studied from March, 2015 to April, 2016. Before the 
experiment, according to the Declaration of Helsinki, the purpose and procedures of the study were fully explained to all 
subjects, and all subjects subsequently voluntarily agreed to enroll in the present study. General characteristics of the subjects 
were measured, including age (23.9 ± 1.5 years), height (172.3 ± 6.4 cm), and weight (69.1 ± 13.9 kg). Subjects who had 
no inherent spinal deformity, had not received spinal surgery, regularly received drugs or treatment for pain relief, and had 
neurological problems were excluded from the study.

To measure the craniovertebral angle (CVA) of FHP, thread with a pendulum was fixed on the ceiling, with plumb line 
used as the standard. A landmark was attached to the 7th neck bone and tragus of each subject, and a digital camera (Canon, 
EOS 7D Mark II, Japan) was installed 1.5 m away from the side of the subjects, while maintaining a horizontal level with the 
landmark12). When capturing images in a standing position, subjects were directed to maintain natural head posture through 
self-balance posture, in which the subjects were instructed to bend and extend their head a maximum of three times, and to 
relax both arms and place by their sides. To prevent posture change due to vision, the subjects were instructed to fix their 
sight on the mirror stationed in front of them and were photographed three times12, 13). When capturing images in a sitting 
position, subjects placed their arms by the sides of their body, relaxed, and were photographed in the same manner as for the 
standing position. For angle measurement, ImageJ (version1.46j, National Institutes of Health, USA) software was used. The 
angle created by the horizontal line drawn perpendicular to the plumb line that intersects the landmark on the 7th neck bone 
and the line that connects the 7th neck bone and tragus was defined as CVA5, 6). A lower CVA signifies an increase in the bend 
of lower cervical vertebrae13).

RSP measurement was performed using the supine method. Male subjects were instructed to take off their top and female 
students were asked to expose their dominant shoulder girdle. Subjects were then directed to place both arms in a neutral 
position while maintaining a comfortable and relaxing supine position. For RSP assessment, vernier calipers were used to 
measure the distance between the acromion of the shoulder joint and the table surface three times, and the numbers were 
averaged and used for analysis. Increased distance signifies higher RSP severity10).

Neck disability indices (NDI) were used to measure neck pain and functional disability, and consisted of 10 items: degree 
of pain, daily living, lifting, reading, headache, concentration level, work, driving, sleep and leisure activity, each of which 
was graded from 0 to 5, to a total of 0–50. 0–4 represented no disability, 5–14, mild disability, 15–24, moderate disability, 
25–34, severe disability, and ≥35, complete disability14).

Measured data were analyzed using PASW Statistics ver. 18.0, and their mean values and standard deviation were calcu-
lated. Pearson’s correlation analysis was used to analyze correlations among CVA in the standing position, CVA in the sitting 
position, RSP, and NDI. All statistical significance levels were α=0.05.

RESULTS

CVA of subjects in the standing position was 6.4 ± 5.7, as compared with 59.7 ± 6.9 in the sitting position. RSP was 
9.2 ± 1.5, and NDI were 4.9 ± 3.9 (Table 1). Correlation coefficient analysis between CVA and NDI in standing position 
demonstrated r=−0.35, indicating a significant negative correlation; whereas r=−0.33 was determined for the sitting position, 
indicating a similarly significant negative correlation. However, no significant correlation was detected between CVA and 
RSP in the standing and sitting positions (Table 2).

DISCUSSION

Each part of the body signifies a location within the epidemiological order and environment15). Poor posture is common 
during adolescence1). Moreover, long-term use of smartphones and personal computers causes FHP, stiffness in the muscles 
around the neck, chest and back, leads to an imbalance in muscular pattern, reduces the epidemiological function of the 
body, and weakens soft tissues. Previous studies have demonstrated that the pectoralis, upper trapezius, and levator scapulae 
muscles are shortened, and upper-crossed syndrome is caused by weakened deep cervical flexors, lower trapezius, rhomboid, 
and serratus anterior muscles. FHP causes RSP and limits the working range of the head and neck due to pain9, 10, 16).
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A total of 126 students were enrolled as subjects for the present study, and their CVA was measured in both standing and 
sitting positions to measure the degree of FHP. Furthermore, as CVA was hypothesized to have an effect on RSP and the 
degree of neck pain, these correlations were also investigated.

The results indicated that CVA was 61.4 ± 5.7 in the standing position, as compared with 59.7 ± 6.9 in the sitting position. 
RSP was 9.2 ± 1.5, exhibiting no significant correlation with CVA. It is evident that the FHP angle measured in the present 
study is not within the range that could cause the deformity of RSP. Nemmers and others set the limit of FHP as <53° of 
CVA13, 17, 18). However, while Yip and others8) suggested that lower CVA led to a higher frequency of neck pain, they did not 
propose a certain angle range to identify FHP. Therefore, the study exhibited a limitation in finding the specific decrement in 
CVA that causes RSP.

Gore and others19) identified FHP as a cervical lordosis angle (CLA) of <21° and a neck bone joint working range of 
<70°20). Future research is recommended to compare CVA and CLA and elucidate a RSP range that corresponds to the degree 
of FHP.

In the present study, to assess the degree of rounded shoulder, the height of the acromion of the dominant shoulder joint 
was measured in the supine position. While this method is reliable for determining signs of RSP, it is typically used to mea-
sure the length of the pectoralis minor muscle21). The height of the acromion of the dominant shoulder joint of only one side 
was measured to gauge RSP and, as it was measured in supine position10), there was a limitation in determining deformity of 
spinal bending and positional change of the scapula due to FHP. Measurement of RSP may vary depending on the position 
of the anatomical point of the acromion, as could the position of the neck bone C7 (7th cervical spinous process) depending 
on posture. Therefore, it cannot be concluded that a decrease in CVA certainly leads to an increase in RSP. Equipment with 
high reliability must be used for accurate measurement of posture in order to minimize the margin of error. Nevertheless, 
a previous study by Wong and others demonstrated a significant decrease in RSP in 28 healthy subjects with RSP after soft 
tissue mobilization was administered to the shortened pectoralis minor muscle22).

As a negative correlation was observed between CVA in both standing and sitting positions and neck pain, a decrease in 
CVA due to FHP could be demonstrated to cause neck pain. CVA in the standing position was 61.4 ± 5.7, 59.7 ± 6.9 in sitting 
position, and NDI were 4.9 ± 3.9, which is in the mild disability range. That is, it suggests the angle of FHP at which neck 
pain and disability begin to appear.

FHP at which the head bending moment increases applies pressure to extensors, such as the semispinalis capitis and leva-
tor scapulae muscles, by itself regardless of any inducer. Moreover, maintaining the extended position constantly to adjust the 
eye level causes fatigue in the muscles at the back of the neck5). In addition, a decrease in CVA by FHP leads to physiological 
limitations due to the excessive pressure on the facet joint, thus suggesting the possibility of pain. Silva and others reported 
that FHP causes physiological limitations, such as excessive pressure on the facet joint, elongation of neck muscles and 
shortening of tail muscles, which induce pain due to excessive tension in the capsular ligament7). An increase in the active 
myofascial trigger points of suboccipital muscle by FHP may lead to chronic tensional headaches, and Martin-Herrero and 
others have demonstrated a proportional correlation between NDI and the Pittsburg sleep quality index23).

In conclusion, the results of the present study demonstrated that a correlation was detected between FHP and neck pain 
and disability. However, no correlation was observed between the angle of FHP (measured by CVA) and RSP. Future research 
is required to examine the association between RSP and the degree of FHP using more accurate measurement methods. 

Table 1.  Mean and standard deviation of measured values of CVA on standing position, CVA on 
sitting position, RSP, and NDI

CVA on standing position CVA on sitting position RSP NDI
61.4 ± 5.7* 59.7 ± 6.9 9.2 ± 1.5 4.9 ± 3.9

*Mean  ± SD.
CVA: craniovertebral angle; RSP: rounded shoulder posture; NDI: neck disability indexes

Table 2.  Correlation of CVA on standing position, CVA on sitting position, RSP, and NDI

CVA  
on standing position

CVA  
on sitting position RSP NDI

CVA  
on standing position 1

CVA  
on sitting position 0.802* 1

RSP −0.037 0.084 1
NDI −0.359* −0.336* 0.104 1
*p<0.01
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Furthermore, proper postural habits and posture training exercises are recommended to prevent postural deformity, postural 
pain syndrome, and functional disability.
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