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Obijective: This study tried to examine the muscle activity of the neck and trunk according to head posture changes during use of
laptops.

Design: Cross-sectional study.

Methods: This study included nineteen young men and women. All subjects maintained each posture while practice typing on
laptops for ten minutes with a 5-minute break between each posture. For the neutral head posture, the subjects practiced typing
while pulling their chins down towards the Adam’s apple and were able to look at their knees while having their external auditory
meatus, acromion, and greater trochanter vertical to the ground. For the natural head posture, they practiced typing while balancing
their posture between extension and flexion of the cervical vertebrae by themselves without any guidelines. While a forward head
posture was created by having their heads face the front horizontal to the rope hanging from the ceiling, they practiced typing with
their external auditory meatus located in the place which was 5 cm in front of the vertical plane. The subjects used general word
process but practiced typing with accuracy and high speed. Muscle activities were randomly measured using surface electro-
myography according to each postures.

Results: The research result had found that muscle activity with the natural head posture was more significantly reduced than that
of the forward head posture in the sternocleidomastoid muscle, upper trapezius, cervical vertebral spinae, and thoracic vertebrae
spinae muscles (p<0.05) and that the neutral head posture was more significantly reduced than that of forward head posture in the
upper trapezius, cervical vertebral spinae, and thoracic vertebrae spinae muscle activity (p<0.05) with significant increases in lum-
bar spinae muscle activity (p<0.05). Also, muscle activity with the neutral head posture significantly increased more in the sterno-
cleidomastoid muscle and lumbar spinae than that of the natural posture (p<0.05).

Conclusions: Our study results suggest that in order to prevent musculoskeletal pain, the neutral head posture with use of laptops
is effective in reducing load to the shoulders and vitalizing the postural muscles.
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Introduction and upper cervical spine extension with associated rounded
shoulders, which is considered as a dysfunctional posture,
Straker et al. [1] reported that even small changes in the and Szeto et al. [2] reported that forward posture and round-

position of the head can increase the load put onto the mus- ed shoulders activates the upper trapezius muscle. In addi-

culoskeletal system. With information of the movements of
the head and neck being inputted into the muscle spindles,
forward head posture is created by lower cervical flexion

tion, forward head posture increases muscle activity of the
upper trapezius and cervical erector spinae activity [2], and
a slumped position can be observed. If the muscle activity of
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the muscles that support the trunk, such as the multifidus,
erector spinae, abdominal muscles are reduced, the trunk
may lean backwards [3]. Forward head posture leads to in-
sufficient coordinated movements for neck control [4]
serves as a high risk to the neck and upper limbs causing
neck pain [5]. Weon et al. [6] stated that muscle activity of
the upper and lower trapezius are reduced when the head is
in a neutral position.

When the head and neck are aligned, proper viewing dis-
tance is maintained and there is reduced loading on the neck
and shoulder muscles [7]. Hamilton [8] stated that the less
amount of head posture being out of range of the spinal
alignment, the greater the reduction in tension of the neck
muscles.

Since there has been various previous studies that had in-
vestigated the effects of changes in head postures during use
of computers on muscle activity with many of them focused
on the commonly occurring forward head posture while us-
ing a computer, our study was focused on similar effects on
the shoulder and trunk muscle activity [9,10].

However, three different types of head postures have been
investigated for this study, which included the neutral, re-
laxed, and forward head postures. This study had the sub-
jects maintain the neutral head position by having the ex-
ternal ear canal, acromion, and greater trochanter being ver-
tically aligned, which was similar to the methods used in
previous studies.

Therefore, the purpose of this study was to investigate the
effects of performing a neutral, relaxed, and forward head
posture on muscle activity during the use of laptops.

Methods
Subjects

Subjects provided their informed consent after they were
presented with the test procedures and conditions and
provided. A total of twenty-two young male and female sub-
jects voluntarily agreed to participate in the study. However,
after the experiment and observing a video results, three sub-
jects were excluded according based on the selection cri-
teria, resulting in the analysis of muscle activity in nineteen
subjects.

Selection criteria of subjects were as follows: first, those
with no presence of limitation in joint range of motion [11];
second, those with no musculo-skeletal disorders; third,
those who were knowledgeable of laptop use [12]; fourth, no
pain during wrist and elbow movement; fifth, those who

were right-handed [13]; and sixth, those without any muscu-
loskeletal, neurological, or cardiovascular diseases [6].

After applying the electrodes onto the right side of the
sternocleidomastoid, upper trapezius, cervical, thoracic, and
lumbar muscles, the maximum voluntary isometric con-
traction (MVIC) of each muscle was assessed in random
order. Subjects were asked to maintain each head posture
while typing for 10 minutes and were given a 5-minute rest
period between each head posture.

For the neutral head position, subjects practiced typing on
a laptop with the head in a vertical state with the external ear
canal and acromion [6], while pulling the chin downwards
towards the Adam’s apple [14], and with the ability to see
their knees [15] (Figure 1). For the natural head position,
with the visual field parallel to the ground, subjects had to
have the ability to maintain self-balance without any in-
structions or guidance and with the head in the most com-
fortable position [16] while the subjects practiced typing
(Figure 2).

For the forward head posture, with the subjects head fac-
ing the forwards towards the horizontal plane in relation to a
string hanging down vertically from the ceiling, with the
subject’s ear canal located 5 cm forward perpendicular from
the vertical line [6], for accurate measurements of this study,
a 15 cm plastic ruler was placed horizontally along the ear

Figure 1. Neutral head position.
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Figure 2. Natural head position.

canal in relation to the vertical line hanging from the ceiling,
with a spot marked on the 5 cm line to accomplish forward
head posture (Figure 3). Subjects practiced typing while
maintaining the head 5 cm in front of the marked area on the
plastic ruler.

The SONY HDR-CX130 (Sony Corp., Tokyo, Japan)
was used to record the subjects practice typing and three
subjects who were unable to maintain the required postures
were excluded from the study.

Prior to beginning the experiment, subjects were provided
with instructions and guidance on how to perform and main-
tain the neutral, comfortable, and forward head postures by
having them practice each position three times in order to
maintain the accurate performance of each position.

The study included twenty-two subjects who had satisfied
the selection criteria and the MVIC was measured with two
evaluators surface electromyography (EMG).

To maintain an accurate posture, the experiment was com-
menced after the subjects’ external ear canal, the 7th cervical
spine, and acromion had been marked [6,17]. One ex-
perimenter had used the SONY HDR-CX130 to record at the
subjects at the beginning and until the end of the experiment
in order to confirm for any changes in the tilting of the head
[18], and at the conclusion of the experiment, for those who
could not maintain the proper head positions from the video
replay were excluded from the results.

Figure 3. Forward head position.

Subjects sat in a chair without a backrest or armrests with
the height of the chair at a level where the subjects’ feet
touching the ground and with the subject’s hips and knees in
90 degrees of flexion [19,20].

Using a height-adjustable desk, the desk was placed at a
height that had allowed the subjects to maintain 90° of elbow
flexion [21], and a 15-inch HP 630 laptop PC (Hewlett-
Packard Company, Palo Alto, CA, USA) was used for typ-
ing purposes.

The distance of the keyboard from the subjects was placed
at the level of the subject’s elbows parallel to the desk for
typing purposes [22]. This study investigated the effects of
maintaining a neutral, comfortable, and forward head pos-
ture on muscle activity while typing on a laptop.

All subjects practiced typing with the three different head
positions for 10 minutes each [23], and was provided a 5-mi-
nute rest period between each head position [24]. Subjects
practiced typing as accurately [20] and as fast as possible
[25] with sufficient amount of force [26] using a general
word processor. In addition, subjects were provided with
guidance in order to understand the content of what they
were typing [27].

Electromyography

The EMG equipment (TeleMyo 2400 G2 Telemetry EMG
System; Noraxon Inc., Scottsdale, AZ, USA) was used in or-
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der to measure muscle activity. Using the TeleMyo 2400 G2
Telemetry EMG System, electrodes were applied onto the
sternocleidomastoid, upper trapezius, cervical, thoracic
erector spinae and lumbar erector spinae muscles.

The electrode placement site was 2 cm distal from the
mastoid for the sternocleidomastoid muscle [17], at the cen-
ter between the 7th cervical vertebra and outer acromion for
the upper trapezius, 1 cm outside of the highest prominence
of the 6th cervical vertebra for the cervical erector spinae
muscles. 5 cm outward and parallel to the spine at the level
of the 9th thoracic vertebra for the thoracic muscles and a
distance of 2 cm parallel to the spine at the level of the 3rd
lumbar vertebrae for the lumbar muscles. After the data was
processed in full-wave rectification, the root mean square
value was obtained. Electromyogram signals were normal-
ized into the MVIC values and percentage values were cal-
culated into %MVIC. The MyoResearch XP Master Edition
1.07 XP software (Noraxon Inc.) was used to measure the
EMG signals from the muscles, with the average %MVIC
obtained from three measurements of each subject.

Table 1. General characteristics of subjects (N=19)

Characteristic Subject

Gender
Male 15
Female 4

Age (yr) 21.9 (2.50)

Height (cm) 171.1 (9.31)

Weight (kg) 63.6 (13.88)

Dominant hand Right-hand

Values are presented as number only or mean (SD).

Statistical analysis

Statistical analysis, including the mean and standard devi-
ation values, was performed using the SPSS Statistics ver.
12.0 (SPSS Inc., Chicago, IL, USA) program. A normality
test was conducted of the general characteristics subjects
and variables by the Shapiro-Wilk test and a one-way re-
peated measures ANOVA was conducted to investigate for
the differences in muscle activity according to the neutral,
comfortable, and forward head postures. Post-hoc analysis
was performed with the least significant difference and the
statistical significance level was set at 0.05.

Results
General characteristics of subjects

The general characteristics of subjects are listed as follows.
Out of a total of 19 subjects, there were 15 males (79%) and
4 females (21%) subjects, all who were right-hand domi-
nant. The average age was 21.9+2.50 years, average height
was 171.1£9.31 cm, and average weight was 63.6+13.88 kg
(Table 1).

Comparison of muscle activity according to changes in
head posture

There was a significant decrease in muscle activity of the
sternocleidomastoid, upper trapezius, cervical and thoracic
muscles with the neutral head posture compared to the for-
ward head posture (p<0.05). There was a significant de-
crease in muscle activity of the upper trapezius, cervical, and
thoracic muscles (p<0.05), but a significant increase in lum-
bar muscle with the neutral head posture compared to the
forward head posture (p<0.05). Also, there was a significant

Table 2. Comparison of muscle activity with changes in head posture (N=19)
Muscle activation
Muscle
Neutral head Natural head Forward head F(p)
SCM (%MVIC) 1.69 (1.13)*" 1 (0.40)° 1.2 (0.62) 6.308 (0.009)
UT (%MVIC) 3.09 (1.91)* 3.28 (1.95)° 5.13 (2.76) 12.461 (0.000)
CES (%MVIC) 6.09 (2.86)" 5.75 (2.10)° 7.77 (2.49) 10.407 (0.000)
TES (%MVIC) 7.15 (2.57)" 7.1 (2.41)° 8.76 (2.93) 4.140 (0.034)
LES (%MVIC) 5.46 (2.21)* 4.03 (2.21) 4.01 (2.78) 3.478 (0.042)

Values are presented as mean (SD).

SCM: sternocleidomastoid, %MVIC: percentage of maximum voluntary isometric contraction, UT: upper trapezius, CES: cervical erector

spinae, TES: thoracic erector spinae, LES: lumbar erector spinae.

“Statistically significant difference compared to forward head posture (p<0.05), “Statistically significant difference when comparing with

natural head posture (p<0.05).
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increase in sternocleidomastoid and lumbar spine muscle
activity with the neutral head posture compared to the natu-
ral head posture (p<0.05) (Table 2).

Discussion

This study investigated the effects of changes in head pos-
tures during use of a laptop on cervical and trunk muscle
activity.

Since the weight of the head is about 1/7 of the body and
many people have their head and neck postures fixated dur-
ing prolonged use of computers with repetitive use of the
keyboard, excessive load is applied onto to the shoulders,
which subsequently causes pain. Cook et al. [21] stated that
relaxation of the cervical extensor muscles is important for
the correction of a forward head posture. Villanueva et al.
[28] reported that head posture has an influence on trunk
muscle activity while Andersson ef al. [29] stated that elec-
tor spinae muscle activity is reduced with the round-back sit-
ting position.

The activation of the erector spine, multifidus, abdominal
muscles can lead to correct alignment of the spine can be
maintained and reduce postural stress put onto the body that
may lead to discomfort [30]. Weon et al. [6] reported de-
creased upper and lower trapezius muscle activity with a
neutral head position. Falla et al. [31] found chronic neck
pain could be reduced with the maintenance of an upright
body position.

An upright position of the head and neck allows for a
proper viewing distance and load reduction of the neck and
shoulder muscles [7]. For the prevention of musculoskeletal
disorders of the eye during VDT use, it is necessary for the
head and neck to be in an upright position [3].

When the head and neck is in an upright position in com-
puter users, an appropriate distance from the screen can be
maintained and reduce the load put onto the shoulders [7]. A
study by Falla et al. [31] showed that the erector spinae mus-
cle activation is related to the flexion-relaxation phenomen-
on and was reported to increase the muscle activity of the
postural muscles.

The large trunk muscles assists to align the head, neck,
and shoulders, thus creating a stabilized posture. Johnston et
al. [32] stated that shoulder discomfort was related to upper
trapezius muscle activity. Mathiassen [33] reported that
neck and shoulder pain in computer users can be reduced
with postural correction.

Therefore, this study suggests a neutral head posture for

laptop users in order to decrease load onto the neck and
shoulders and to maintain proper alignment of the spine by
usage of postural muscles.
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