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ORIGINAL ARTICLE
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ABSTRACT

Background. Lots of children use the smartphone in lying down posture that is unappreciated posture. The postures of
children while using a smartphone affect their musculoskeletal pain and can enhance Musculoskeletal Disorders (MSDs).
Objective. To study the effect of lying down posture while using smartphone among school children in Nakhon Si
Thammarat, Thailand.

Materials and methods. This survey study employed a Descriptive Cross-Sectional Design. The population was Grade
1-6 students studying in a primary school in Nakhon Si Thammarat. There were 122 samples selected based on the
Volunteer Sampling Technique under the written consent of the students’ guardians. The research instruments employed
in this study were: 1) Questionnaire adapted from Nordic Musculoskeletal Questionnaire asking musculoskeletal
symptoms, 2) Posture Assessment using Kinovea Software to measure the angles of the muscle and postures during photo
and video shooting of the smartphone users. The data were analyzed using descriptive statistics while Chi-square and
Mann-Whitney U tests were used to test the mean differences.

Results. There is a significant difference at p<0.05 level in mean angles of the neck, trunk, shoulder, and lower arms when
using smartphones in supine and prone postures. The correlation between smartphone usage postures and musculoskeletal
symptoms at the head/neck, trunk, and upper arm are found significantly different at p<0.05 level. The statistically
significant difference at p<0.05 level is also found in the differences of age, length of smartphone ownership, position
when using smartphone, and length of a smartphone usage in lying down positions.

Conclusion. Smartphone usage in lying down positions of the participants can cause musculoskeletal pain especially in
prone posture. It is recommended that guardians or relevant sectors have greater attention to smartphone usage among
children to prevent their long-term musculoskeletal problems.
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INTRODUCTION

Nowadays, learning and acquiring knowledge is
not limited only from textbooks or printed materials
but technology also plays an important role in several
aspects of our daily lives. People learn more from
technology anytime and anywhere. Technology usage
has been vastly introduced into classroom learning,
especially during the epidemic situation of COVID-19.
The form of teaching and learning has been changed
into an online learning approach. Therefore, the
smartphone is an important device for learners
to promptly access online learning in the current

situation. It was reported that the percentage of global
smartphone use during the Covid-19 outbreak among
Gen Z (those who were born after 1997) was 82%,
whereas the Gen Baby boomers were only 43% [1]. In
Thailand, a survey of smartphone usage revealed that
the group of children and youths was the majority of
smartphone users at the highest frequency (CD) and
73.9% of internet use was performed by children aged
between 6-14 years [2]. Prolonged smartphone usage
can cause several aspects of health problems such
as eyesight, behavioral sleep problems [3, 4] mental
health [5], specifical problems in musculoskeletal pain
caused by faulty positions during smartphone usage.
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Numerous research studies reported that
smartphone usage can cause MSDs problems affecting
the head, neck, trunk, upper- and lower-limbs. The
prolonged usage of smartphones with continual neck
flexion can lead to an improper posture of the head
at 33—45° flexion (50™ percentile angle) from vertical
when using smartphones [6]. The muscle activity level
of smartphone users with neck pain is slightly higher
than those without neck pain [7]. An increase in the
duration of upper back flexion can cause thoracic
kyphosis [8]. When excessive thoracic kyphosis
occurs, (>40° kyphosis) it will lead to neck and back
pain [9]. Moreover, overuse of smartphones can result
in tenosynovitis [10].

The finding in a smartphone usage survey among
primary school students in Nakhon Si Thammarat
indicated that the students vastly used smartphones
in their daily lives. The characteristic postures of
smartphone use are in different positions such as
sitting, standing and, lying down. Furthermore, it
was found from the student interview that the most
common posture used is lying down position by reason
of more relaxation and a longer period of usage than
sitting position. According to Mateus et al. [11] who
conducted the study of different characteristic postures
e.g. desk sitting, sitting cross-legged, lying supine,
lying prone and standing when using the computer,
tablet, and smartphone among 5-year children, it was
reported that sitting on a desk and standing positions
are the safest postures, on the other hand, the greatest
risk of the affected area is on neck-trunk. Moreover, it
was found that the most affected areas of lying prone
are neck and trunk, and for lying supine are the arm
and wrist [12]. Several researchers reported a number
of studies of smartphone usage among children,
however, there are few studies on investigating the
lying postures and their effects on the musculoskeletal
system of smartphone users in that the lying position
is a greater effect on muscle fatigue or discomfort than
the sitting posture [13]. Specifically, the studies on
smartphone usage among elementary school children
are utterly limited. Additionally, a current problem of
smartphone usage among children is increased and
it can lead to short- and long-term effects on their
musculoskeletal conditions. Therefore, the researchers
were encouraged to examine the lying postures of
smartphone users and their short-term effects of
musculoskeletal pain on elementary school children in
Nakhon Si Thammarat, Thailand.

MATERIALS AND METHODS

Study Design

This study employed a Descriptive Cross-Sectional
Design. The population was Grade 1-6 students
studying at a primary school in Nakhon Si Thammarat,

Thailand. This study had been conducted under
the official consent of Walailak University Human
Research Ethics Committee no. WUEC-19-061-01.

Population and Samples

The population was Grade 1-6 students studying in
an elementary school in Nakhon Si Thammarat who
used a smartphone in lying postures for a period of
at least 6 months. There were 122 samples selected
based on Volunteer Sampling Technique. All research
subjects were informed of the research participation
under the written consent of their guardians.

Posture Assessment

The body postures were assessed using Kinovea
Software with a validity of 0.79 and reliability of 0.99
[14] to measure the angle of muscles and postures
during photo and 5-minute video shootings of
smartphone users in lying positions. The assessment
was conducted in 4 parts comprising head/neck,
shoulder, trunk, and lower arms. Generally, flexion is
elevation paralleling to the sagittal plane and abduction
is an elevation in the frontal plane [15]. The details of
measurement were adopted from research studies [13]
on the following angle measurement definitions:

Neck — the neck segment (ear to shoulder) was
defined as flexed if the ear was anterior to the shoulder
marker, and extended if posterior (A).

Trunk — the trunk segment, an angle was
considered flexed if the acromion process (shoulder)
was anterior to the greater trochanter (hip), and
extended if posterior and a horizontal plane in the
prone position (B).

Upper arm — shoulder (glenohumeral), elevation
was calculated as the angle between the upper arm
upwards away from trunk segment (C). Shoulder
internal rotation was calculated as the angle between
the forearm segment and a sagittal reference plane (D).

Lower arm — elbow flexion/extension (inner elbow
angle), and wrist flexion/extension was considered.
Elbow flexion was defined as the angle between the
forearm and upper arm (E). Wrist flexion was defined
as the angle between the hand (F) segment and the
forearm segment (sagittal plane). As shown in Figure
1 and Figure 2.

Musculoskeletal Pain

The questionnaire was designed to ask
musculoskeletal pain that appeared on 4 parts of organ
namely head/neck, trunk, upper arms (shoulder) and
lower arms. The frequency of pain within the past
six months was divided into five levels: never, once
in a month, once in a week, more than one time per
week, and frequently in a week. If the frequency
of musculoskeletal pain appears over one time in
a week, it can be interpreted according to Nordic
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Figure 2: The posture assessment in the prone position

Musculoskeletal Questionnaire [16] that a student has
a short-term effect of musculoskeletal pain.

Data analysis

This study utilized descriptive statistics to analyze
the collected data in the aspects of smartphone usage,
ergonomic risks, and frequency of musculoskeletal
pain. The data were analyzed using frequency,
percentage, mean, standard deviation, maximum and
minimum values in inferential statistics, t-test for
the analysis of the differences of mean angles, and
p-value (below 0.05 were considered as statistically
significant). The software used for statistical analysis
was Microsoft Excel and SPSS version 21.

RESULTS

General information

The majority of the subjects were female students
(65.6%) with an average age of 10.19+1.63 years old,
88.5% of them had no congenital disease, 89.3% of the
students worked out regularly, 81.1% used their own
smartphone, and an average length of smartphone
use was 40.4+20.8 minutes per time, or 137.34+£97.3

minutes per day. The most common size of smartphone
use was 5.5 inches, 77.0% of parents set a rule for
smartphone usage, and supine was the most common
posture used during smartphone playing (68.0%).

Body Posture When Using a Smartphone

There are two lying down postures of the
smartphone users—supine and prone with the
following details of body postures.

Supine posture: The body angles of 82 smartphone
users on supine position are as the following details:

Head/neck and Trunk: Head/meck is supported
by a pillow. The angle of head/neck and trunk are
paralleled to the floor. The body is symmetric aligned
and sagittal reference plane is aligned.

Upper Arm: The shoulder movement was
observed. Most of students have an average angle at
11.66+17.98 degrees of shoulder horizontal abduction.
Forty percent (40%) of which has shoulder flexion at
22.84+20.20 degrees while using smartphones.

Lower Arm: There is 100% of smartphone
users having elbow flexion at an average angle of
64.40+25.63 degrees, and 41.5% of them performed
wrist radial deviation at 14.81+14.3 degrees.
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Lying prone posture: The body angles of 40
smartphone users on prone position are as the
following details:

Neck: It was found that 100% of the subjects
perform neck extension at an average angle of 18.97
+ 13.46 degrees.

Trunk: The trunk extension at a median angle of
19.87+14.44 degrees is also observed

in all smartphone users (100%).

Upper Arm: For the upper arm angle, the
smartphone users have elevated their upper arms with
elbow supported or shoulder elevation at a median
angle of 49.46 + 41.67 degrees.

Lower Arm: Considering the lower arms, the
smartphone users have flexed their lower arms to the
trunk with elbow flexion. The average angle is 58.08+
44.29 degrees, and 57.5% of the subjects perform wrist

radial deviation at an average angle of 27.25+23.81
degrees.

Comparison of the mean angles differences of the
body parts while using smartphones in lying down
postures (n=122)

As shown in Table 1, the difference of mean angles
of neck, trunk, upper arm (shoulder) in lying supine
and prone postures while using smartphones was
statistical significance (p<0.05).

Musculoskeletal pain appeared on various parts of
body

There are 66.4% of smartphone users have a short-
term effect on their musculoskeletal pain. The most
common musculoskeletal pain found when using
a smartphone in lying supine is at the lower arms

Table 1. Mean angles of body parts when using smartphones in lying postures

Bod fexion/ Posture
ody parts . exion (Mean = SD) p-value
extension -
Supine Prone
Head/Neck 8.434+9.69 18.97+13.44 0.000*
Trunk 4.70+£5.97 19.87+14.44 0.000*
Upper arm (shoulder) 11.66+17.98 49.46+41.67 0.000*
Lower arm 64.40+25.63 58.08+44.29 0.471
*p<0.05
Table 2. Musculoskeletal pain of various parts of the body (n=122)
Head/neck Trunk Upper arm Lower arm
Posture
have no have no have no have no
Supine 7(5.7) 76(62.3) 11 (9.0) 72(59.0) 29(23.8) 54(44.3) 42(34.4) 41(33.6)
Prone 33(27.0) 6(5.0) 30(24.6) 9(74) 31(25.4) 8(6.5) 16(13.1) 23(18.9)
p-value 0.000%* 0.000%* 0.000%* 0.323

Table 3. Comparison between different factors and durations while using smartphone in lying postures

Duration in lying posture .
Factor mean£SD (min) p-value

Gender

Male 141.8498.11

Female 146.8+95.37 0430
Age

<10 years old 121.94+93.72 0.001*

>10 years old 168.2+93.22 ’
Smartphone ownership

No 107.7+£59.44 "

Yes 153.7+100.84 0.047
Family agreement on smartphone use

No 174.0£120.18

Yes 134.6+84.22 0.081
Postures using smartphone

Supine 128.5+77.46 "

Prone 180.3£120.40 0.007

*p <0.05, > Mann-Whitney U test
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(34.4%)), followed by the upper arms (23.8%). In a lying
prone posture, the musculoskeletal pain at head/neck,
trunk, and upper arms are greater than lying supine
posture. The most common pain when using the lying
prone posture are found at head/neck, upper arms,
and trunk (27.0%, 25.4% and 24.6% respectively).
The correlation between postures and pain at head/
neck, trunk, and upper arms is statistically significant
(p<0.05). As shown in Table 2

Comparison of the differences between factors and
durations of smartphone use in lying postures

As shown in Table 3, the difference of factors and
lengths when using smartphone in lying postures is
statistically significant (p<0.05). Different factors
of age, smartphone ownership, smartphone usage
posture, musculoskeletal symptom have different
lengths of smartphone usage in lying positions.

DISCUSSION

Smartphone use in lying postures
Head/Neck

When using a smartphone in lying supine posture,
head/neck and neck of smartphone users are paralleled
to the axis of body symmetry. There is low-risk head/
neck and trunk pain when using lying supine posture,
specifically when head/neck is supported by a pillow.
Whereas inalying prone posture, all smartphones users
have neck extensions. According to ISO 11226:2000
on Ergonomics-Evaluation of static working postures
[17], over 25° neck extension is unacceptable as neck
extension is found to correlate with the frequency
of neck pain [18]. When texting on a smartphone,
muscle activity in the neck-shoulder area of the users
has increased resulting in musculoskeletal pain [19].
In this study, the student participants used their own
smartphones; the duration of smartphone use is highly
possible to be prolonged so that it is probably elevated
smartphone users’ long-term neck pain and become
symptomatic adults.

Trunk

When using smartphones in lying supine posture,
trunks of smartphone users and sagittal reference
plane are paralleled to the floor. Whereas in lying
prone posture, all the smartphones users have trunk
extension. In this case, back chronic pain can be
a long-term symptom. An imbalance in trunk muscle
strength, i.e., extensor muscle strength is lower than
flexor muscle strength; it might be one risk factor for
low back pain [20]. According to the study of Steffen,
it was found that all conditions in extension/flexion
relating to lower truck peak torque cause back pain.
Moreover, EMG amplitudes were increased for BP
athletes with statistically significant differences for

dorsal muscles in rotation and extension (p< 0.0042)
[21]. From behavioral observation, while the students
were playing with smartphones, it was found more
back extension when they were playing games or
enjoying interesting stuff in front of them. Sometimes
they used elbows to support the trunks demonstrating
utmost intention and concentration to use smartphones.
It is congruent with Hanphitakphong et al. [22] who
found that as the time participants spent playing the
smartphone game increased, the trunk angle of the
participants is greater (p < 0.05). The trunk angle of
participants was approximately 14.05 + 11.93 degrees
at the start of the game, by the time passed, the angle
was increasing to 19.83 & 13.59 degrees (at 10 minutes)
(p <0.05), and 23.15 + 15.61 degrees (at 20 minutes) (p
< 0.05), respectively.

Upper arm

Lying supine playing a smartphone, shoulder
horizontal abduction and shoulder flexion have
been performed. As in the lying prone, the student
participants elevated their upper arms with elbow
support or shoulder elevation. In the study of fatigue
of shoulder muscles at different cervical flexion angles
(0°, 30°, and 50°) measured by electromyography, the
result revealed that the right upper trapezius (RtUT),
left upper trapezius (LtUT) showed the highest
muscle fatigue at a cervical flexion angle of 50° and
the lowest fatigue at an angle of 30° [23]. Similarly,
a study conducted by Straker et al.[24] concluded that
children who use tablets have greater trunk flexion
with more shoulders flexion and elevation compared
to desktop computer usage.

Lower arm

Elbow flexion is commonly found in lying supine
and prone postures during smartphone playing. This
is due to while playing smartphones, the participants
compulsorily elevate their elbows to make it more
convenient and clear on smartphone screen watching.
As a result of this, lying supine playing a smartphone
causes muscle tension as the participants have to
upraise their elbows. Prolonged smartphone use can
cause muscle fatigue and pain. This condition can be
explained that during elbow flexion, the stretch of the
ulnar nerve is 4.5 to 8 mm since it lies posterior to the
axis of motion of the elbow and the cubital tunnel cross-
sectional area narrows by up to 55%, as intraneural
pressures increase up to 20-fold. As a result, recurrent
and constant elbow flexion can irritate the ulnar nerve
and finally lead to cubital tunnel syndrome [25]. More
findings on the lower arm effect showed that wrist
radial deviation has been found in both lying supine
and prone postures as the participants would have
more convenient to type and play games. The range
of wrist postures is inclusive of wrist angles that is
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associated with low carpal tunnel pressure and is
much lower than the angle (32.7°) that is correlated
with high carpal tunnel pressure (more than 30 mm
Hg) and it is a high-risk symptom of a carpal tunnel
syndrome [26].

Comparison of mean angle differences of various
body parts while using smartphones in lying
postures

The finding from this study revealed that the
differences of mean angles of head/neck, trunk, and
upper arms were found statistically significant in lying
supine and prone postures. When playing smartphones
in a lying prone position, the mean angle of head/neck
and trunk is higher than the supine posture. Whereas in
a lying supine position, the mean angle of upper arms
is greater than the prone one. It can probably explain
that when the student participants play smartphones
in the supine position, their head/necks and necks are
normally on the pillows; trunks are paralleled to the
floor. Therefore, head/neck and trunk angles in the
supine position are lower than the prone one. Neck and
trunk pain risks are consequently low in this posture.

Flores-Cruz et al. [27] found a similar result
that head flexion was found lower in lying down
condition than the sitting and standing ones. Likewise,
Dennerlein [28] suggested that seating postures
are more neutral when back support is sufficient.
Therefore, a stool without a back support may produce
a greater angle of head flexion compared to an office
chair with ample back support. However, the mean
angle of the upper arms in the supine position is
greater than the prone. This is due to while playing
smartphones in supine condition, the participants
compulsorily elevate their arms, shoulders, and elbows
to make it more convenient and clearer on smartphone
screen watching. In the study of Hanphitakphong et
al. [22], it was unveiled that spending longer duration
with smartphone playing, shoulder and elbow angles
are greater. This researcher found that the flexion
angle of the left shoulder was significantly greater
at 10 minutes 10.70 £ 11.89 degrees; p < 0.01) and 20
minutes (12.67 £ 12.60 degrees; p < 0.001) compared
with baseline values (8.87 = 10.86 degrees). Elbow
flexion showed that as game time increased, the angle
increasingly lifted on both sides. The bilateral elbow
flexion angle was significantly greater at 10 minutes
(Right 101.70 + 11.44 degrees; p < 0.001 and Left
104.46 + 12.07 degrees; p < 0.001) and 20 minutes
(Right 102.37 + 11.87 degrees; p < 0.001 and Left
105.86 = 11.30 degrees; p < 0.001) compared with
baseline value (Right 94.58 + 10.30 degrees and Left
98.35 £ 12.75 degrees). The bilateral elbow flexion
angle was significantly greater at 20 minutes (p <
0.001) compared with this value at 10 minutes [22].

Short-term effects of MSDs on smartphone users
using lying postures

According to the findings, it was found that the
student participants, who played smartphones on
supine posture, have experienced the short-term effects
of musculoskeletal pain. In this posture, the lower
and upper arms are found to be the most common
musculoskeletal pain. Considering the prone position,
head/neck, upper arms, and trunk are reported the
most affected areas of muscle pain. Additionally, the
postures of smartphone users are found to significantly
correlate with head/neck, upper arms, and trunk pain
(p<0.05). The findings have been consistent with the
differences of average angles of head/neck, trunk,
and upper arms in prone positions which are higher
than the supine ones when playing smartphones.
In addition, in prone posture, the musculoskeletal
pains have been found greater at head/neck, trunk,
and upper arms than the supine condition. These
could possibly be explained that using a smartphone
in lying supine posture, head/neck and trunk are
parallel to the floor with pillow support. Therefore the
risk of head/neck and trunk pain is lower than using
a smartphone in prone posture. The study of postures
of smartphone users with head/neck and shoulder
support revealed that the chair support (armrests and
back support) reduced head/neck flexion (p < 0.001),
gravitational moment (p<0.001), and muscle activity
(p<0.01) in the neck and shoulder regions significantly
compared to no chair support. These results indicate
that biomechanical exposures leading to muscular
pain in the neck and shoulders during mobile phone
use can be diminished with sufficient and effective
support of a chair [29]. In a similar way, plying
smartphone in the prone position is associated with
higher muscle activity in neck extension [19]. In this
study, the participants spent an average of 40 minutes
per time playing smartphones. Hanphitakphong et al.
[22] suggested that a proper duration of smartphone
playing for children aged 10 -18 years should not be
over 10 minutes. An overuse of smartphones can cause
biomechanical effects around the neck area. Relatedly,
the upper arm muscles have been highly activated
when excessive use is performed. There is a significant
difference in upper limb muscular discomfort between
two groups of low- and high-users (P=0.033) [30].

Comparison of the differences between factors
and durations while using smartphones in lying
postures

According to the comparison results between
various factors and durations of smartphone use
in lying postures, the difference of factors and
lengths when using smartphones in lying postures is
statistically significant (p<0.05). Different factors of
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age, smartphone ownership, smartphone usage posture,
musculoskeletal symptom have shown different
lengths of smartphone usage in lying positions. The
student participants aged over 10 years have a longer
duration of smartphone playing than those under 10
years. This is congruent with the prospective follow-
up study of neck pain in school students aged between
10 to 15 and found that smartphone use was the
most frequent activity among 10 years old children.
An increase mostly occurred between the ages of 12
and 15. Negative effects caused by muscle pains have
affected school achievement, emotional well-being,
sleep behavior, and overall health and well-being [31].
It can be explained that in this study, the samples were
upper-primary school children aged over 10 years
who were in good physical condition and had more
concentration than the children aged lower than 10,
they therefore tend to spend more time on smartphone
playing. Evidence of the study of Saxena et al. proposed
that children have a lower pain threshold than adults
[32]. According to Wu et al. [15], it was found that the
difference in age of participants and game duration
may lead to small differences in pain level. Considering
at smartphone ownership factor, it was found that
the users have different durations of playing if the
smartphones belong to them. The children who use
their own smartphones tend to play longer than those
who do not. The result from the interview indicated
that the non-smartphone owners did not carry their
smartphones to school. For this group, they can play
smartphone only on weekday’s after-school time or on
the weekends. In contrast with the smartphone owner
group, they frequently played with their mobiles during
break time or lunch time. In addition, the researchers
noticed that there was also a rule for smartphone
playtime set by parents of the participants. There is
more playtime limitation for non-smartphone owners
than the other group. Smartphones can be used for
tasks whenever and wherever people need them. As
a result, they allow people to evenly switch between
multiple tasks on the move [33]. Oulasvirta et al. [34]
found that when compared to laptop computer use,
the smartphones is significantly shorter in duration,
more seamlessly spread throughout the day, and less
than twice the total time spent. In a comparison of
lying posture and duration of smartphone playing, it
was found that playing the phone in different lying
positions has different durations of smartphone use.
The result showed that a longer duration of smartphone
use is frequently found in a prone position than in the
supine one. This is opposite to the study conducted on
Sleep Apnea patients and found that the participants
use prone and supine patterns with a frequency
of 0.8% and 55%, respectively [35]. However, the
interview result in this present study indicated that the

participants feel more comfortable in prone condition-
using their hands and wrists more independently
to control smartphones, placing their elbows to the
floor, and have more and long concentration on the
phones. Whereas in the supine position, there is elbow
and shoulder elevation during smartphone use and it
can easily lead to muscle fatigue. Evidence from the
study also confirmed that the MSDs of lower arms has
greater in lying supine than the prone condition.

CONCLUSION

Lying supine is the most common posture
used among the children participants when using
smartphones. However, using a smartphone in lying
down affects the mean angles of the head/neck, trunk,
and upper arms. Especially the mean angles of the
head/neck, trunk, and upper arms in the prone position
are higher than that of the supine one. Moreover, the
postures of smartphone users are found to significantly
correlate with head/neck, upper arms, and trunk pain.
The Musculoskeletal pain of the head/neck, trunk,
and upper arms of smartphone users in the supine
position is higher than the supine posture. In addition,
different factors of age, smartphone ownership, and
postures have a significant difference in the duration
of smartphone use in a lying position (p<0.05).
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