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ABSTRACT

Objectives: This study aims to investigate how exercise programs not directly applied to the cervical spine affect office workers with 
forward head posture (FHP).
Patients and methods: Between March 2018 and June 2018, a total of 32 office workers with FHP (13 males, 19 females; mean age 36.63 
years; range, 23 to 57 years) were randomized either to experimental (n=16) or control groups (n=16). Scapular stabilization and thoracic 
extension exercises were applied to the experimental group and cervical stabilization and stretching exercises to the control group. The 
results of the pre-intervention and after six weeks measurement of the craniovertebral angle (CVA), respiration, pain, and disability were 
compared and analyzed.
Results: For intra-group comparison, both groups showed significant differences (p<0.05) in CVA, forced expiratory volume at 1 sec 
(FEV1), Visual Analog Scale (VAS), and neck disability index at pre- and post-intervention, while only the experimental group showed a 
significant difference (p<0.05) in maximum inspiratory pressure, maximum expiratory pressure, and forced vital capacity. For inter-group 
comparison, a significant difference (p<0.05) between FEV1 and VAS was observed.
Conclusion: The combination of scapular stabilization and thoracic extension exercises, not directly applied to the cervical spine, has an 
effect on improving the posture, respiration, neck pain, and disability in office workers with FHP.
Keywords: Cervical spine, exercise, head posture, neck pain.

Approximately 50% of all individuals experience 
a clinically important neck pain episode over the 
course of their lifetime.[1] According to the Global 
Burden of Disease 2010 Study, neck pain is ranked 
fourth in terms of disability following back pain, 
depression, and joint pain;[2] however, the physical, 
psychological, and socioeconomic impact of neck 
pain is underestimated.[3] Individuals living in the 
modern world spend more time on the computer in 
a day, which results in poor posture, leading to neck 

pain.[4] Musculoskeletal disorders associated with the 
neck and upper limbs are very common among those 
working on computers, and the working hours on 
the computer is also associated with the prevalence 
of musculoskeletal disorders.[5] When the cervical 
spine is constantly put under pressure by working for 
long hours in front of the computer, a transformation 
occurs in the spinal curves, leading to degenerative 
changes in joints, straight cervical spine, and forward 
head posture (FHP).[6]
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Forward head posture is characterized by 
hyperextension of the upper cervical spine (C1-C3) 
and flexion of the lower cervical spine (C4-C7); cranial 
rotation angle increases, and craniovertebral angle 
(CVA) decreases.[7] Due to the structural characteristics, 
round shoulder posture (RSP) occurs with FHP and 
the back is curved, typifying a stooped posture with 
a protrusion of the acromion of the shoulder joint 
relative to the centerline of gravity of the body and 
a lift-up of the scapula.[8] Forward head posture and 
RSP are associated with musculoskeletal disorders of 
the neck and body, such as upper crossed syndrome,[9] 
and cause pain in the head, jaw, neck, back, shoulders, 
and arms due to muscular imbalance.[10] Pain itself and 
the relationship between poor posture and respiratory 
function are considered important.[11] Forward head 
posture abnormally changes the structure of the 
cervical and thoracic spine, which can cause further 
changes in the thorax and respiratory function.[12] 
Furthermore, disorders of the cervical and thoracic 
spine muscles are related with respiratory function 
disorders.[13] Among those with FHP, myotonia 
increases in the sternocleidomastoid muscle and, then, 
the thorax moves up. Therefore, mobility around the 
thoracolumbar area decreases, and the ventilatory 
function of the diaphragm reduces. Accordingly, the 
respiratory function decreases.[14]

In a recent review, therapeutic exercise improved 
CVA and neck pain of participants with FHP.[15] 
Also, there are many studies regarding neck pain and 
functional disorders and improving posture through 
different exercise programs, such as extension exercise 
and muscle strengthening exercise[16] and deep cervical 
f lexor training of the cervical spine.[17] To manage 
FHP, indirect treatment instead of direct treatment 
of the neck can be used, which is the basis for the 
concept of regional interdependence, i.e., the cause 
of pain becomes the cause of damage to other body 
parts.[18] Therefore, not treating the damaged part, 
but indirectly treating the area of cause can alleviate 
the symptoms.[19] A previous research recommended 
scapular stabilization exercise (SSE) as a recovery 
treatment for imbalanced scapular muscles caused by 
FHP and RSP.[20] A biodynamic relationship between 
the cervical and thoracic spine is associated with 
exercise, which is an important factor causing neck 
pain.[21] Therefore, many clinicians pay attention to 
the thoracic spine of patients with neck pain[22] and 
recommend thoracic extension exercise (TEE).[23]

Many studies have been conducted wherein the 
neck of patients with FHP was directly affected, 
but the effects of exercise not directly affecting the 

neck have not been well understood, and there is a 
lack of research on the effect on respiration. In the 
present study, we hypothesized that the combination 
of SSE and TEE would be effective in improving CVA, 
respiration, neck pain, and Neck Disability Index 
(NDI) in patients with FHP. We, therefore, aimed to 
examine the effects of a combination of SSE and TEE 
to improve CVA, respiration, neck pain, and NDI in 
office workers with FHP and to compare the effects 
of exercise directly applied to the cervical spine and 
exercise for the thoracic spine and scapula not directly 
applied to the cervical spine.

PATIENTS AND METHODS

This prospective, randomized-controlled study 
included office workers with FHP aged between 
20 and 60 years who were working at two elementary 
schools located in Ulsan, Republic of Korea between 
March 2018 and June 2018. The selection criterion 
of the participants was FHP and a score of ≥4 for 
Visual Analog Scale (VAS). Forward head posture was 
evaluated using photogrammetry. Participants with 
centerline of external auditory meatus deviated from 
the centerline of scapula acromion >2.5 cm[24] and 
CVA <53°[25] were included in this study. Exclusion 
criteria included a serious pathological condition 
such as a tumor, whiplash injury within the past 
three months, history of cervical and thoracic spine 
surgery, and neurological signs compatible with 
nerve root pressure. Finally, a total of 32 office 
workers with FHP (13 males, 19 females; mean age 
36.63 years; range, 23 to 57 years) were included in 
the study. A written informed consent was obtained 
from each participant. The study protocol was 
approved by the Institutional Review Board of Daegu 
University (1040621-201801-HR-009-02). The study 
was conducted in accordance with the principles of 
the Declaration of Helsinki.

Interventions

All participants underwent a physical examination, 
and their demographic data were collected. Using the 
sealed envelope method, participants drew cards on 
which exercise names were written and were randomly 
assigned into either the experimental (n=16) or control 
group (n=16). The SSE and TEE were applied to the 
experimental group, whereas only cervical stabilization 
exercises (CSE) and stretching exercises (SE) were 
applied to the control group. Both groups performed 
exercises for 40 min per day, thrice per week for a total 
of six weeks. The CVA, respiratory pressure, respiratory 
function, VAS, and NDI measurement at pre- and 
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post-intervention were compared and analyzed. All the 
interventions were supervised and managed by a single 
physiotherapist with >5 years of clinical experience in 
musculoskeletal physical therapy.

SSE and TEE

The SSE[26] and TEE,[23] used in previous studies, 
were revised and supplemented to be used in this 
study.

The SSE was comprised of four exercise programs. 
The participants sat on the knees in 90° f lexion 
position, and a Swiss ball was propped up between 
the chest and stomach. Looking from the side, the 
earlobe, acromion of scapula, and pelvis made a 
straight line.

A. Scapula retraction exercise: While retracting 
both the scapula, raise both the arms backward.

B. Scapula mobilization exercise: With thumbs 
up, raise both the arms sideways making a 
straight line with the shoulders.

C. Scapula dynamic stabilization exercise I: Raise 
one arm beside the ear and push out the other 
arm behind the back. Do the same for the 
opposite side.

D. Scapula dynamic stabilization exercise II: Raise 
both the arms beside the ears and then push 
them down bending and maintaining elbows at 
90°. Raise both the arms beside the ears again 
and put them down.

Each exercise was performed with two sets of 
15 reps, 10 sec per rep. After four weeks, the exercise 
intensity was increased by adding weight with 
dumbbells (Figure 1).

The TEE was comprised of three exercise programs 
as follows:

A. TEE I: Locate the restricted thoracic spinal 
segment on a foam roller and lie on it with the 
knees f lexed. Cross both the hands on the chest 
and slightly lift the buttocks from the f loor. 
Then, slowly roll the foam roller up and down 
the thoracic spinal segment.

B. TEE II: Sitting with knees f lexed, place a Swiss 
ball in front. Then, push the ball forward to a 
distance with both hands on it.

C. TEE III: In the prone position, repeat lifting 
up and putting down the upper body while 
supporting the body with both the elbows.

Figure 1. Scapula stabilization exercise program.

(a)

(c)

(b)

(d)
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Each exercise was performed with two sets of 
15 reps, 10 sec per rep (Figure 2).

Cervical stabilization exercises and 
stretching exercises

The CSE[27] and SE,[16] used in previous studies, were 
revised and supplemented to be used in this study.

The CSE is a deep cervical f lexor muscle exercise and 
was performed using stabilizer pressure biofeedback 
(Chattanooga, Hixson, TN, USA), which is an air 
injection pressure regulator. The participants lied 
down straight staring at the ceiling with knees bent, 
and the pressure regulator was placed underneath 
the head. Pulling the jaw to press the regulator, they 
checked the pressure figures on the gauge board. They 
remained at the respective goal level for 10 sec and 

then took a 5-sec break. The goal level was defined as 
one at which participants can constantly hold for 5 sec 
without contracting or using neck f lexion muscle on 
the surface. They performed two sets of 10 reps per set 
and had a 1-min inter-set rest (Figure 3).

The SE was comprised of six motions by which 
the cervical spine and muscles around the shoulder 
joint could stretch. After holding each motion for 
20 sec, the participants took a 5-sec rest. Cervical SE 
was performed on the left and right sides. Performing 
six motions once was a set, and eight sets a day were 
performed.

Outcome measures

As a primary outcome, CVA, respiratory pressure 
(PImax), and respiratory function were measured. 
The CVA was measured using the Adobe Photoshop 
CS2 software (Adobe Systems Inc., CA, USA) after 
taking a picture with a digital camera.[28] The digital 
camera was installed 104 inches away from the 
participants and 33 inches away from the f loor. 
The participants stood straight with both arms 
comfortably beside the body, and they were supposed 
to look at their own eyes ref lected in the front 
mirror. Making the maximum f lexion of the head 
and the maximum extension again, they repeated the 
connecting movement thrice and paused at the most 
comfortable position for taking a picture. The CVA is 
the angle made with the lines of a horizontal line of 
C7 and a line from tragus to spinous process of C7.[29] 
After pictures were taken thrice, the average of these 
measurements was calculated.

Figure 2. Thoracic extension exercise program.

(a) (c)

(b)

Figure 3. Cervical stabilization exercise.
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The respiratory pressure test was performed in a 
sitting position using the MicroRPM (Care Fusion, 
Basingstoke, UK), and maximum inspiratory pressure 
(MIP) and maximum expiratory pressure (MEP) 
were measured. Before measurement, several training 
sessions were provided so that the participants would 
be aware of the measurement method. The average of 
three measurements was calculated. In the respiratory 
function test, forced vital capacity (FVC), forced 
expiratory volume at 1 sec (FEV1), and the ratio of 
FEV1/FVC were measured using the CardioTouch 
3000 (Bionet, Seoul, Korea). The average of three 
measurements was calculated.

As a secondary outcome, the VAS and NDI were 
measured. The intensity of participants’ subjective 
neck pain was measured using the VAS. The intraclass 
correlation coefficient (ICC) of VAS measurement for 
neck pain is 0.97 and is a highly reliable measurement 
method.[30] Using NDI, we evaluated how restrictive 
everyday life is due to neck pain. The NDI is a widely 
used and reliable measure method with an ICC of 
0.98.[31]

Statistical analysis

Power analysis and sample size calculation were 
performed using the G*Power version 3.1.9.4 software 
(Heinrich-Heine-Universität Düsseldorf, Düsseldorf, 
Germany). An effect size of 0.91 was set up for the 
pain variations, as per the previous study which 
had the same research design as the present one and 
compared the effects of isometric exercise of cervical 
spine extensor.[32] The Cohen’s d formula was used for 
effect size equivalent to the effects noticed for intra- 
and inter-group comparisons of the two groups. An 
effect size d of 0.2 represents a small, 0.5 a medium, 
and 0.8 a large effect size. The sample size was 
calculated using an effect size d of 0.91, 80% of power 
(1-β error probability), and 0.05 of significance level. 

Therefore, a total of 32 participants were needed to be 
included in this study.

Statistical analysis was performed using the IBM 
SPSS for Windows version 22.0 software (IBM Corp., 
Armonk, NY, USA). Descriptive data were presented 
in mean ± standard deviation (SD), median (min-
max) or number and frequency, where applicable. 
A normality test was performed using the Shapiro-
Wilk test. For homogeneity test of the experimental 
and control groups, independent sample t-test and 
chi-square test were conducted. Matching sample 
t-test was used to compare pre- and post-intervention 
results of measurement within the two groups. An 
independent t-test was used to confirm the curative 
effect between the two groups. A p value of <0.05 was 
considered statistically significant.

RESULTS

No significant difference was observed between 
the two groups in terms of baseline demographic 
characteristics (p>0.05; Table 1).

Table 2 shows a comparison of the primary 
outcomes of the two groups. Both groups had a 
significant difference (p<0.05) in CVA in intra-group 
comparison and a strong effect size (d=1.2, 0.8). 
For MIP, MEP, and FVC, a significant difference 
was observed only in the experimental group in 
intra-group comparison (p<0.05) with an average 
effect size (d=0.6 to 0.7). The FEV1 showed a 
significant difference in both groups in intra-group 
comparison (p<0.05) with a strong and average effect 
size in each (d=1.1, 0.7). For inter-group comparison, 
a significant difference (p<0.05) was observed with an 
average effect size (d=0.7).

Table 3 shows a comparison of the secondary 
outcomes of the two groups. Both groups showed a 

TABLE 1
Baseline demographic characteristics of participants

Experimental group (n=16) Control group (n=16)

n % Mean±SD n % Mean±SD p*

Age (year) 37.5±10.6 35.8±8.0 0.60†

Sex
Male 6 37.5 7 43.7

0.71‡

Height (cm) 167.3±7.1 168.6±9.6 0.66†

Weight (kg) 62.3±9.2 64.4±11.1 0.57†

Body mass index (kg/m2) 22.2±2.4 22.5±2.2 0.71†
SD: Standard deviation; * p<0.05; † Independent t-test; ‡ Chi-square test.
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significant difference (p<0.05) in VAS in intra-group 
comparison with a strong effect size (d=1.2, 1.1). A 
significant difference was observed in inter-group 
comparison (p<0.05) with a strong effect size (d=0.9). 
The NDI showed a significant difference in both 
groups in intra-group comparison (p<0.05) with a 
strong effect size (d=1.1, 1.0).

DISCUSSION

Neck pain is a part of occupational musculoskeletal 
disorders and mainly occurs in individuals whose 
occupations involve working for long hours on 
computers.[33] Office workers do monotonous and 
repetitive jobs in an unnatural posture for a long time, 
have insufficient rest, and are exposed to excessive 
workload. Particularly, working on computers leads to 
inappropriate postures than those sitting upright and 
looking forward.[4] Such inappropriate postures give 
rise to constant stress to the structure around the neck, 
leading to FHP, which is characterized by headache 
and neck pain.[34] In addition, FHP is highly associated 
with decreased respiratory function.[11,12] Therefore, in 
this study, we investigated how a combination of SSE 
and TEE affected CVA, respiration, pain, and NDI in 
office workers with FHP.

In the present study, the CVA results showed a 
statistically significant increase at pre- and post-
intervention in intra-group comparison in both groups 
(p<0.05, d=1.2, 0.8); however, no significant difference 
was observed in inter-group comparison (p>0.05). A 
previous study demonstrated that applying stretching 
and muscle strengthening exercise programs to FHP 
improved CVA.[29] In another study, applying chest 
muscle SE using a foam roller as chest exercise, scapular 
exercise, and chin-in exercise were effective for both 
FHP and RSP.[35] Furthermore, Shiravi et al.[36] reported 
that SSE reduced the activity of upper trapezius, which 
improved the muscle strength and function of FHP 
and RSP. In our study, a combination of SSE and TEE 
strengthened the muscles around the thoracic spine 
and adjusted the thoracic spinal alignment, leading 
to an increase in CVA. An increase in CVA indicates 
an improvement in FHP. Accordingly, a combination 
of SSE and TEE is effective, which is similar to the 
combination of CSE and SE. In a study by Cho et al.,[37] 
mobilization and mobility exercises were applied to the 
upper body of patients with FHP, and an increase in 
CVA was reported, which is consistent with our study 
findings.

The result of respiratory function measurement 
showed a significant difference only in the 

experimental group for MIP, MEP, and FVC 
(p<0.05, d=0.6 to 0.7). The FEV1 showed a significant 
difference in both groups (p<0.05, d=1.1, 0.7). For 
inter-group comparison, a significant difference was 
observed only in FEV1 (p<0.05, d=0.7), but for other 
variables, a greater increase was observed in the 
experimental group. A previous study reported that 
the abnormal structure of the cervical and thoracic 
spine caused a movement disorder of the rib cage, 
which affected the respiratory function and led to 
a decrease in lung volume and vital capacity and 
weakening of the respiratory muscles.[38] Another 
study reported that worse FHP represented lower 
figures in the respiratory pressure.[13] Therefore, 
it is considered that a combination of SSE and 
TEE, used in this study, improves the imbalance of 
respiratory muscles due to FHP and positively affects 
the alignment of the cervical and thoracic spine so 
that the respiratory function is enhanced. A study by 
Kang et al.[27] showed that SSE activated neck muscles, 
lowered the trapezius and serratus anterior muscles, 
and improved FHP, supporting the results of this 
study. It is considered that a combination of SSE and 
TEE applied to the thoracic spine in the experimental 
group is more effective in improving respiratory 
competence than CSE and SE, which are directly 
applied to the cervical spine in the control group.

In the current study, the VAS and NDI also showed 
a statistically significant decrease at pre- and post-
intervention in both groups (p<0.05, d=1.1 to 1.2). 
The primary outcomes of this study showed that both 
exercise programs showed a significant increase in 
CVA, leading to improvement in FHP. By improving 
the inappropriate posture, the cervical spinal alignment 
was well adjusted, reducing the tension and fatigue 
of the surface muscles such as the upper trapezius 
and sternocleidomastoid, consequently relieving the 
muscle imbalance. Therefore, a decrease in pain seems 
to positively affect VAS and NDI. McDonnel et al.[39] 
reported that NDI significantly decreased after they 
conducted intervention programs, including scapular 
exercise for three months, to reposition the scapula 
that was not well aligned, which is consistent with the 
results of this study. In addition, many studies reported 
that applying therapeutic exercises to FHP decreased 
pain.[17,37,40] The results of this study confirm that a 
combination of SSE and TEE, not directly applied to 
the neck, is effective in reducing pain.

It is difficult to generalize the results of this 
study due to its small sample size and the nature 
of participants with certain jobs. In addition, the 
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intervention period was relatively short (6 weeks); 
therefore, the long-term effect of the intervention 
remains unknown. Lastly, the respective effects 
of SSE and thoracic spinal extension exercise were 
not identified. Therefore, in future studies, it is 
necessary to investigate how long the effect of the 
intervention would last in larger samples with 
various occupations.

In conclusion, a combination of SSE and TEE, 
not directly applied, exercises to the cervical spine 
is effective in improving the posture, respiration, 
neck pain, and disability in office workers with FHP. 
Therefore, it can be an option for many different 
interventions to reduce and prevent the symptoms 
of office workers with FHP. In particular, in cases 
in whom an exercise cannot be directly applied to 
the cervical spine, it is recommended as an effective 
method. Nonetheless, further large-scale, long-term 
studies are needed to confirm these findings.
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