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Abstract

Introduction. Office workers tend to have a forward head and shoulder posture during prolonged use of a computer, which
can develop into neck pain owing to the imbalance of neck and shoulder muscles. The aim of this study was to evaluate neck
and scapular muscle imbalance including the muscle length and strength among male office workers.
Methods. Overall, 72 male office workers aged 20–45 years were recruited for this study. There were 34 participants in the neck
pain group and 38 participants in the asymptomatic group. The study was conducted through a self-report questionnaire including
demographic data and work characteristics, and a test on neck and shoulder muscle length and strength performed by means
of passive movement and a hand-held dynamometer, respectively.
Results. Office workers with neck pain demonstrated a significantly longer duration of computer use than workers without neck
pain (6.50 ± 1.78 hours) (p = 0.016) and less strength in the neck flexor (0.154 ± 0.051 kg/body weight [BW]) (p = 0.017), in the
neck extensor (0.183 ± 0.044 kg/BW) (p = 0.029), and on both sides of the serratus anterior muscles (0.233 ± 0.079 and 0.234 ±
0.063 kg/BW) (p < 0.05). However, there was no significant difference in muscle length between the groups.
Conclusions. The study indicated that male office workers with neck pain had a greater imbalance in the neck and shoulder
muscles than asymptomatic office workers. Specific treatment for neck pain should be considered to promote muscle balance
among male office workers.
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Introduction
The incidence of neck pain has increased particularly
among office workers. Previous studies have shown that the
highest incidence of neck pain experiences among office
workers using computers ranges from 17.7% up to 82.7%
[1–5]. Approximately 60–80% of workers reported suffering
from neck pain within the previous year [2]. Neck pain causes
sickness, disability, decreased quality of work, and absence
from work [1, 5], which can result in great medical costs and
economic problems [6].
Work in an office can involve computer use, prolonged
sitting position, repetitive computer tasks, and poor work posture [2]. Long-lasting poor postures, such as forward head
and shoulder posture, are commonly found in office workers
[1, 4, 7–9]. Previous studies have reported a positive correlation between the occurrence of neck pain and sitting duration, as well as prolonged forward neck bending [10], showing
that increased forward head and shoulder posture is a risk
factor for neck pain [9]. Nejati et al. [8] reported a significant
increase in forward head posture among a group with neck
pain while working on a computer compared with an asymptomatic group.
Prolonged forward head and shoulder posture can develop muscle imbalance in the neck and shoulder. The concept of muscle imbalance denotes an impaired correlation
between muscle tightness and muscle weakness. Muscle
tightness is generally stronger than that in opposite muscles,
which inhibits opposite muscle activation, creating the weakness [11]. The pattern of muscle imbalance in forward head
posture includes the tightness of the upper trapezius, levator
scapulae, and sternocleidomastoid muscles, as well as the

weakness of the deep cervical flexor muscles. The pattern of
forward shoulder posture includes the tightness of the pectoral muscles and the weakness of the serratus anterior and
middle and lower trapezius muscles [9, 11]. Muscle imbalance causes pain and structural dysfunction [11]. The imbalance of the cervical and scapulothoracic muscles contributes
significantly to neck pain [9, 12]. Because of poor posture when
using a computer, office workers may develop imbalance in
the neck and shoulder muscles [9].
The pattern of muscle imbalance among office workers
has led us to ask about the difference in muscle imbalance
between office workers with and without neck pain. If there
is any difference, treatment including muscle stretching,
strengthening, co-contraction training, and alternative therapies [13] should be provided for specific muscles in order to
prevent neck pain in office workers. Previous studies have
compared the strength and length of the neck and scapular
muscles between neck pain and asymptomatic groups
[14–18]. The results showed a reduction in the strength of
the cervical [14], middle trapezius [14, 16], lower trapezius
[19, 20], and serratus anterior muscles, as well as a reduction in the length of the pectoralis minor muscle [16]. Some
previous studies have found no significant differences in the
length of the sternocleidomastoid muscle [21] and the strength
of the upper [18] and lower trapezius muscles [14, 15]. However, evidence is still scarce. First, there is a lack of investigation on the pattern of muscle imbalance, including the length
of the muscles that are prone to tightness, such as the upper
trapezius and levator scapulae. Second, participants were not
particularly specified as office workers, being at risk of neck
pain, which may be related to poor posture and muscle imbalance. Third, many previous studies were concerned with
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neck pain and investigated muscle imbalance among female workers. A small number of studies investigated male
workers with neck pain. Therefore, the purpose of this study
was to compare muscle imbalance, including the length and
strength of the neck and scapular muscles, between neck
pain and asymptomatic male office workers who had conditions related to the contractile tissue. We hypothesized that
male office workers with neck pain would exhibit greater
muscle imbalance including muscle tightness and weakness
than workers without neck pain.

Subjects and methods
Subjects
A total of 72 men were recruited through convenience
sampling from an oil company exploration site in the Phitsanulok province, Thailand. There were 34 persons in the neck
pain group and 38 persons in the asymptomatic group. The
inclusion criteria comprised the following characteristics:
(1) office work with computer use and with at least 1 year of
professional experience; (2) age of 20–45 years; (3) for the
neck pain group, neck pain related to computer use which
had lasted for more than 3 months and had been present in
the past 7 days, with a visual analogue scale (VAS) score
greater than 3, and normal end feel with full range of motion
for cervical and shoulder joints in all directions as evaluated
by passive movement without radicular pain to the upper
extremities; (4) for the asymptomatic group, no discomfort or
neck pain in the previous 7 days and full range of motion for
cervical and shoulder joints in all directions without radicular
pain as evaluated by active and passive range of motion; and
(5) no medical conditions such as history of fracture or operation involving the spine, cardiopulmonary disorders, musculoskeletal problems such as scoliosis or ankylosing spondylitis,
and neuromuscular disorders. The allocation of participants
to the neck pain and asymptomatic group was based on the
history of neck pain information from a self-report questionnaire. The questionnaire was filled in before taking the muscle
length and strength test. If a participant had current neck
pain (VAS > 3) with a history of pain for more than 3 months,
the passive movement of the neck was evaluated by examiners to rule out any pathology of joint or nerve distribution. Individuals with no restriction of the neck and shoulder were
recruited into our study. We found that none of the participants with neck pain had moderate to severe pain (VAS > 5),
and all patients reported that their neck pain was aggravated
when using a computer. All subjects were informed on the
study protocol.

Examiners
Each muscle length and strength test was evaluated by
2 physical therapist examiners with at least 3 years of clinical
experience. Before performing the examination, they were
trained for at least 1 week by 2 experts with 15 years of clinical experience. Moderate to high inter-rater reliability was observed for the muscle length test (kappa agreement: 0.7–1.0)
and the muscle strength test (intraclass correlation coefficient(3,1): 0.68–0.96).

Procedure
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The cross-sectional study was conducted in May and
June 2015. A self-questionnaire was provided to record the
participant’s demographic and working information. The mus-
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cle length and strength tests were applied in a designated
testing room, with room temperature control and the same
duration of the testing methods. All subjects were asked to
avoid drinking alcohol and to have a 7-hour good quality sleep
prior to the muscle length and strength testing to obtain satisfactorily results.

Self-report questionnaire
A self-report questionnaire included the identification of
areas with body pain, pain intensity, duration of neck pain occurrences (less or more than 3 months), pain cause, and aggravating factors such as computer or other tasks, demographic data (gender, age, weight, height, dominant side, work
experience, medical history, and frequency of exercises), and
work characteristics (type of work, use of a computer, duration of the sitting position, duration of the standing position,
and duration of walking during work [hours/day]).

Muscle length test
Muscle length was measured by using passive movement
on the basis of standard procedures [11]. Four muscles were
considered, including both sides: the sternocleidomastoid,
upper trapezius, levator scapulae (sitting position), and pectoralis major (lying position) (Figure 1). The length was reported in 2 categories: (1) normal length, as referred to the
soft end feel with a full range of motion; and (2) tightness, as
referred to the firm or hard end feel with a limited range of
motion [11].

Muscle strength test
Muscle strength was measured by using a hand-held dynamometer (Lafayette, USA) with the make technique [22].
The muscles included the neck muscles (cervical flexors and
extensors) (sitting position), both sides of the scapular muscles including the upper trapezius and serratus anterior (sitting
position), and the middle and lower trapezius (prone lying position) (Figure 2) [22, 23]. The subjects were asked to perform
the test 3 times, with at least 5-second break between the
tests. The maximum score for each trial was recorded. The
strength was presented as the absolute muscle strength divided by the individual’s body weight (kg/BW) [24].

Statistical analysis
The data were analysed with the IBM SPSS software,
version 20 (IBM Corp., USA). Descriptive statistics were used
to report each variable (mean and standard deviation). A chisquared test served to analyse the difference in categorical
variables (number and percentage), and an independent
t-test to compare the difference in continuous variables (mean
and standard deviation). Statistical significance was assumed
at the level of p < 0.05. The sample size was calculated with
the following formula, in accordance with Alpayci et al. [25]:
n = 2(Z + Z )2

2

÷ (µ1–µ2)2

where – error level (two-sided) ( = 0.05, Z = 1.96), – power
level ( = 0.8, Z = 0.84), – standard deviation, µ1 – µ2 – mean
difference.
The statistical values for the flexion/extension strength
ratio were: µ1 = 1.46, µ2 = 1.21, and = 0.35. Assuming a 5%
type 1 error with the statistical power of 80%, a sample size
of approximately 30 participants was calculated for each group.
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Figure 1. The assessment of muscle length: (a) sternocleidomastoid, (b) upper trapezius, (c) levator scapulae, and (d) pectoralis major
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Figure 2. The assessment of muscle strength: (a) cervical flexors, (b) cervical extensors, (c) upper trapezius, (d) middle trapezius,
(e) lower trapezius, and (f) serratus anterior
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Ethical approval

Results

The research related to human use has complied with all
the relevant national regulations and institutional policies, has
followed the tenets of the Declaration of Helsinki, and has
been approved by the Ethics Committee of the Mahidol University Central Institutional Review Board (MU-CIRB COA,
No. 2015/046.1604).

Patient characteristics
The analysis of demographic data showed no significant
difference in age, weight, height, body mass index, hand dominance, or work experience between the neck pain group and
the asymptomatic group. As for the duration of the work position, the results revealed a significantly higher duration of
computer use in the neck pain group (6.50 ± 1.78 hours/day)
when compared with the asymptomatic group (5.32 ± 1.61
hours/day) (p < 0.05) (Table 1).

Informed consent

Informed consent has been obtained from all individuals
included in this study.

Table 1. Participant characteristics
Neck pain group
(n = 34)

Asymptomatic group
(n = 38)

p

Age (years)

35.35 ± 7.83

36.66 ± 8.40

0.499

Weight (kg)

77.63 ± 13.43

73.92 ± 11.00

0.207

Characteristics

Height (cm)

173.35 ± 5.24

171.74 ± 5.91

0.226

Body mass index (kg/m2)

25.77 ± 3.87

25.06 ± 3.39

0.407

Work experience (years)

6.47 ± 4.42

6.43 ± 5.20

0.741

Duration of computer use (hours/day)

6.50 ± 1.78

5.32 ± 1.61

0.016*

Duration of sitting (hours/day)

6.16 ± 2.70

5.39 ± 1.78

0.164

Duration of standing or walking (hours/day)

2.25 ± 1.79

2.87 ± 1.80

0.149

Verified with an independent t-test. Values are presented as mean ± standard deviation.
* significant value (p < 0.05)
Table 2. Comparison of muscle length between the neck pain and the asymptomatic group
Neck pain group
(n = 34)

Muscles

Asymptomatic group
(n = 38)

p

Normal

Tightness

Normal

Tightness

14 (41.18)

20 (58.82)

21 (55.26)

17 (44.74)

0.233

Upper trapezius

8 (23.53)

26 (76.47)

9 (23.68)

29 (76.32)

0.988

Levator scapulae

11 (32.35)

23 (67.65)

13 (34.21)

25 (65.79)

0.867

Pectoralis major

8 (23.53)

26 (76.47)

8 (21.05)

30 (78.95)

0.801

Sternocleidomastoid

Verified with a chi-squared test. Values are presented as number (%).
Table 3. Comparison of muscle strength (kg/body weight) between the neck pain and the asymptomatic group
Neck pain group
(n = 34)

Asymptomatic group
(n = 38)

p

Neck flexors

0.154 ± 0.051

0.185 ± 0.056

0.017*

Neck extensors

0.183 ± 0.044

0.211 ± 0.061

0.029*

Right upper trapezius

0.243 ± 0.092

0.261 ± 0.094

0.395

Left upper trapezius

0.227 ± 0.073

0.253 ± 0.088

0.182

Right middle trapezius

0.194 ± 0.040

0.198 ± 0.057

0.721

Left middle trapezius

0.097 ± 0.047

0.209 ± 0.058

0.345

Right lower trapezius

0.101 ± 0.026

0.106 ± 0.033

0.527

Left lower trapezius

0.099 ± 0.031

0.100 ± 0.028

0.918

Right serratus anterior

0.233 ± 0.079

0.267 ± 0.068

0.050*

Left serratus anterior

0.234 ± 0.063

0.265 ± 0.070

0.048*

Muscles
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Verified with an independent t-test. Values are presented as mean ± standard deviation.
* significant value (p < 0.05)
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Weakness of cervical extensor muscles

Weakness of serratus anterior muscles

Weakness of cervical flexor muscles

Figure 3. The overall negative impact of office work on neck pain

Muscle length and muscle strength tests
The muscle length test demonstrated no significant difference in the length of the sternocleidomastoid, upper trapezius, levator scapulae, and pectoral muscles between the
groups (Table 2). The muscle strength test revealed a significantly lower strength of the cervical flexor, cervical extensor, and both sides of the serratus anterior muscles in the
neck pain group when compared with the asymptomatic
group (Table 3). The negative impact of office work on neck
pain development is depicted in Figure 3.

Discussion
The current study found that there were significant differences in the duration of computer use and in the strength
of the neck flexor, neck extensor, and both sides of the serratus anterior muscles between the neck pain and asymptomatic groups. The analysis of work duration revealed that
office workers with neck pain used a computer for a longer
period than those in the asymptomatic group. Our results
further demonstrated that both groups used a computer for
more than 5 hours per day and the neck pain group spent
a longer time on computer use than the asymptomatic group.
The duration of computer use that leads to neck pain among
office workers is a topic of debate. In line with the present finding, similar previous studies interestingly pointed out that the
duration of 3 hours of computer working per day was likely
to increase the risk of neck pain [26–28].
It is surprising that there are few studies that investigated
the length of the neck and shoulder muscles, particularly
among neck pain and asymptomatic male office workers.
However, a previous study by Cibulka et al. [17] demonstrated
results similar to those of our study, i.e., no significant differences in the sternocleidomastoid muscle between the neck
pain and the asymptomatic groups. In contrast, Shahidi et al.
[14] reported a significant difference in the reduction of the
pectoralis minor muscle in the neck pain group when compared with the asymptomatic group. Our findings further
showed no differences in the muscle length test, which was

most likely due to muscle tightness observed generally in
people with an inadequate posture and without pain, especially in office workers [9]. Besides, this may be because we
recruited participants who exhibited a full range of motion in
the neck and shoulder without radicular pain; the symptomatic group presented less neck pain and tightness in the neck
and shoulder muscles when compared with the asymptomatic
group [17]. Finally, the results of the muscle length assessment were determined by a clinician in identifying normal
muscle length and muscle tightness, which showed no difference of the length when compared with the quantitative
scale of the measurement.
The results of the muscle strength test demonstrated
a significantly lower strength of the cervical flexor, cervical
extensor, and both sides of the serratus anterior muscles in
office workers with neck pain than in the asymptomatic group.
Previous studies have reported lower strength of the cervical
flexor [19, 21] and extensor muscles [14, 19, 21] in a group
with neck pain when compared with an asymptomatic group,
corroborating our results. Cervical flexor and extensor muscles primarily coactivate to maintain the alignment and movement of the cervical spine and head. Office workers tend to
increase forward head posture while using a computer as
a result of lower cervical flexion and upper cervical extension.
This leads to the elongated cervical flexor muscles becoming
weak and the shortened cervical extensor muscles becoming
tight, which increases the compression force exerted on the
posterior vertebral body and on facet joints of the neck, resulting in neck pain [9]. Increased muscle activation during
prolonged computer use can cause muscle fatigue and excessive stretching, which contributes to muscle reflex inhibition and, subsequently, to muscle weakness and pain [11].
The model of pain adaptation assumes that pain can inhibit
muscle activity, which induces muscle weakness [20]. Therefore, office workers with neck pain have shown weakness in
the cervical flexor and extensor muscles.
Previous studies have investigated scapular muscle
strength in participants with neck pain. For example, Shahidi
et al. [14] reported a significant difference in the strength of
the middle trapezius and rhomboid muscles, but a non-sig-
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nificant difference in the strength of the lower trapezius muscle between the neck pain and healthy groups. Petersen and
Wyatt [15] found a non-significant difference in the strength
of the lower trapezius muscle between the side with neck
pain and the non-neck-pain side. Petersen et al. [16] observed a significantly lower strength of the serratus anterior
muscle and the middle and lower trapezius muscles in a group
with neck pain when compared with an asymptomatic group
(p < 0.05). We demonstrated only a significantly lower strength
of the serratus anterior muscle in office workers with neck
pain than in the asymptomatic group, which contrasts with
previous studies. This may be because office workers with
neck pain had greater scapular protraction than asymptomatic office workers while working for long hours with a computer [29]. Serratus anterior is a primary mover muscle that
protracts the scapula. Prolonged scapular protraction during
computer use leads to increased muscle activation that may
cause muscle fatigue and excessive stretching, potentially contributing to pain, reflex inhibition, and muscle weakness [11].
Serratus anterior acts together with the upper trapezius
as a force couple for scapular upward rotation during arm
elevation [30]. The weakness of the serratus anterior leads to
an increase in the activation of the upper trapezius, which
results in increased stress in the cervical spine and contributes to neck pain [9, 11]. Although many previous studies
have found less strength in the various cervical and scapular
muscles of participants with neck pain, our findings showed
that male office workers with neck pain had less strength in
the cervical flexor, neck extensor, and both sides of the serratus anterior muscles when compared with office workers
without neck pain. In addition, our study indicated that mild
neck pain could significantly correlate with the imbalance of
neck and scapular muscles among male office workers. This
finding specifically highlights the need for strengthening exercises for muscle weaknesses to prevent further neck pain.

Limitations
There were several limitations in this study. First, we did
not investigate the posture of individual office workers to
reveal the extent of their forward head and shoulder posture
in order to identify muscle imbalance more precisely. Second,
we recruited our participants in the age range of 20–45 years
and with professional working experience with a computer
use of at least 1 year. However, the wide age range can be
a confounding factor, so more specific age groups should be
included in further investigation. Third, we recruited only men
because a small number of studies among men had been
performed before. Nevertheless, neck pain is common among
women as well and there are differences in muscle strength
between the genders; therefore, women should be recruited
as participants in future studies. Finally, further research on
the regression analysis of age, body mass index, working
duration, and muscle imbalance should be seriously considered to evaluate the impact of the variables.

Conclusion
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The current study suggested a lower strength of the cervical flexor, cervical extensor, and serratus anterior muscles
in male office workers with neck pain when compared with
asymptomatic office workers. The results indicated that male
office workers with neck pain had a greater imbalance of the
neck and shoulder muscles than asymptomatic office workers.
A comprehensive future study with both genders on abnormal
postures such as forward head and shoulder posture is rec-
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ommended to better understand the prevention and control
of neck pain and, for policymakers, to determine standard
guidelines in addressing the impact of muscle imbalance
among office workers.
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