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Desk operation reduces neck and shoulder load during smartphone use
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ABSTRACT

Objective: Smartphones have become indispensable tools in modern life. Based on previous studies, the duration of

smartphone use and neck flexion angle affect the upper trapezius muscle activity. However, the effects of the smartphone
holding position and the presence or absence of upper limb support during use have not been sufficiently investigated.
Therefore, this study aimed to clarify the effects of smartphone holding positions and upper limb support during smartphone
use on physical and psychological outcomes.

Methods: This study included 18 healthy young men, of whom 17 were included in the final analysis. Participants performed
smartphone operations for 20 minutes in three postures: desk operation, thigh operation, and spatial operation. Upper trapezius
muscle activity, neck flexion angle, and subjective fatigue were measured to assess posture-related differences over time.
Results: Upper trapezius muscle activity did not show significant changes over time in any condition. In contrast, neck flexion
angle increased significantly from baseline in all postures, and subjective fatigue increased significantly over time in all
conditions. Among the three conditions, upper trapezius muscle activity was highest in the spatial operation condition, whereas
neck flexion angle and subjective fatigue were lowest in the desk operation condition.

Conclusions: These findings suggest that supporting the upper limbs during smartphone use may reduce upper trapezius
muscle activity. Moreover, the desk operation posture may be the most effective for reducing physical load on the neck and

shoulders.
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INTRODUCTION

Many people use smartphones daily not only for
communication but also for entertainment such as
videos and games. More than 90% of university
students use their smartphones for more than three
hours daily, with the majority exceeding five hours.!
Furthermore, the use of smartphones has increased
COVID-19 Although
indispensable in daily life, prolonged use can cause

since  the pandemic.??

visual strain, musculoskeletal problems, and
addiction.*”’

Particularly for musculoskeletal symptoms, the
duration of smartphone use is significantly associated
with pain in the neck, shoulders, and hands.*® In
addition, prolonged use and greater neck flexion angle

810 and

(NFA) increase upper trapezius fatigue,
individuals with neck pain tend to show higher upper

trapezius activity than those without symptoms.!!

Therefore, the use of smartphones with reduced neck
flexion may help prevent musculoskeletal symptoms
such as stiffness of the neck and shoulders.

In musculoskeletal research on smartphone use,
surface electromyography (EMG) has been widely
utilized to measure muscle activity and fatigue.®!
Most studies used a single-electrode pair on the target
muscle to measure overall muscle activity. However,
measurements using only a single pair of electrodes

12,13 and even the

provide limited information,
attachment of multiple electrodes may not be
sufficient due to their large size. Recently,
multichannel surface EMG with over 60 electrodes
has been developed and is widely utilized.'*!> This
method provides more extensive and detailed muscle
information than conventional

activity single-

electrode measurement. Few studies applied it to the
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use of smartphone, but it might be effective for
obtaining detailed muscle activity information in such
tasks. On the other hand, many studies on smartphone
operation have focused on the effects of usage time
and NFA on muscles such as the upper trapezius and
cervical erector spinae.®'° In particular, smartphone
operation with a lower NFA has been suggested to be
effective in reducing fatigue and muscle activity.>-!!-16
Studies comparing differences in posture based on
NFA have also been conducted.'”!® However, few
studies have simultaneously investigated muscle
activity and NFA across different postures during
smartphone use. Moreover, to the best of our
knowledge, no previous study has comprehensively
evaluated upper trapezius muscle activity using
multichannel surface EMG together with NFA and
different

smartphone operating postures, including variations

subjective  fatigue while comparing
in smartphone holding position and upper limb
support.
Therefore, the purpose of this study was to
investigate the effects of differences in smartphone
holding positions and the presence or absence of
upper limb support on upper trapezius muscle activity,
NFA, and subjective fatigue using multichannel

surface EMG.

METHODS

Participants. This study included 18 healthy young
adult men with no pain or injury in their limbs or trunk
and no history of orthopedic or neurological disorders.
All were right-handed and provided written informed
consent. The study adhered to the ethical standards set
by the Declaration of Helsinkiand was approved by
the Ethics Committee of Yamagata Prefectural
University of Health Sciences (No. 2311-24). The
sample size was calculated using G*Power 3.1 for
repeated measures ANOVA. The parameters were set
as follows: effect size = 0.25, o = 0.05, power = 0.8,
number of groups = 3, number of measurements = 5,
correlation among repeated measures = 0.5, and
nonsphericity correction ¢ = 0.4. As a result, the
required sample size was determined to be 16
participants.

Experimental design. Participants sat on the chair
without a backrest and performed smartphone tasks
for 20 minutes in three different postural conditions.
The three postures for the task were “desk operation”
with upper limb support on the desk, “thigh operation”
with upper limb support on the thighs, and “spatial
operation” without upper limb support (Fig. 1). These
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Figure 1. Task posture

(A) Desk operation with upper limb support on the desk, (B) Thigh operation with
upper limbs on the thighs, (C) Spatial operation without upper limb support.

postures were selected to compare the effects of
smartphone holding positions and the presence or
absence of upper limb support. In the desk operation
and spatial operation, the elbows were flexed at 90°
and the operation time for each task posture was set
to 20 minutes based on previous studies.®'® The
smartphone operation involved holding a smartphone
(iPhone 13, Apple, USA) with both hands and
repeatedly playing the game Tetris (Tetris,
N3TWORK, USA) with the right thumb. Initially, to
record the condition around the shoulder before the
tasks, the right upper trapezius muscle activity during
2 minutes of rest and the visual analogue scale (VAS)
were measured. The VAS assessed shoulder-related
fatigue on a 100-mm scale, with 0 indicating no
fatigue and 100 indicating maximum fatigue.!!12:20
Afterwards, a 5-minute rest was taken, and the VAS
was recorded once again to make sure it matched the
pre-task record before proceeding with the task.
During the task, participants were instructed to
maintain a stable posture. The participants were
verbally guided to return to their initial posture if
postural changes occurred, such as changes in upper
limb position or rounded back. In addition, the VAS
was recorded every 5 minutes to assess shoulder
fatigue, the task was performed within a comfortable
range while monitoring fatigue. The tasks were
conducted in a random order, with a rest period of at
least 20 minutes between them. Following the rest, 2
minutes of muscle activity and the VAS were recorded
in a resting state, and the next task was carried out
after confirming that both were comparable to the pre-
task values.

Multichannel

EMG was recorded from the right upper trapezius

surface EMG recording. Surface
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muscle using a matrix electrode (GROSMM1305, OT
Bioelettronica, Italy) consisting of 64 electrodes
arranged in a two-dimensional planar array (Fig. 2).
Before attaching the electrodes, the skin was treated
with abrasive paste and alcohol in order to ensure
signal quality. The electrodes were placed such that
the center of the second row was aligned with the
midpoint of the line connecting the spinous process of
the seventh cervical vertebra and the acromion, and
they were secured with tape (C38, Nichiban, Japan).?!
Ground straps were attached to both wrists and the
right forearm. Monopolar surface EMG signals were
recorded using a 16-bit AD converter (Quattrocento,
OT Bioelettronica, Italy) with a sampling frequency
of 2048 Hz and a band-pass filter of 10-500 Hz.'
EMG signal recording and analysis were performed
using  OTBioLab+  Version 1.5.5.
(OTBioLab+, OT Bioelettronica, Italy).

software

NFA and motion analysis. The NFA during each task
was measured using a three-dimensional motion
analysis system (Myomotion, Noraxon USA, USA),
with motion sensors attached to the occiput, spinous
process of the seventh cervical vertebra, and sacrum.
The NFA was calculated from the sensors placed on
the occiput and the spinous process of the seventh
cervical vertebra. Calibration was performed before
each task measurement, with the neutral neck position
(facing straight ahead) set as 0° and the angles during
the tasks were then recorded.
Motion analysis was performed using two web
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Figure 2. Electrode placement and matrix electrodes

The matrix electrode was attached to the right upper trapezius muscle so that the
midpoint of the line connecting the C7 spinous process and the acromion was
aligned with the center of the second row of the matrix electrode (indicated in red).
The matrix electrodes were 3 mm in diameter and were arranged in 5 x 13 with an
8 mm interelectrode distance, totaling 64 electrodes due to the absence of one

electrode in the bottom-left corner.

cameras  (C920, International  SA,
Switzerland) placed at the front and right sides. A
synchro light (EM-MR228, Noraxon USA, USA) was

used to

Logitech

synchronize the cameras with the
multichannel surface EMG. The recordings and

analysis were performed using MR3.18 software
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(MR3, Noraxon USA, USA).

Data processing. The muscle activity of the upper
trapezius was quantified using the average rectified
value (ARV) derived from EMG signals over five
intervals, each separated by 5 minutes. The ARV was
calculated for each channel during the 1-minute
periods before and after each analysis interval, and
the average value across all channels was used as a
representative measure of overall upper trapezius
muscle activity.!?!* For the NFA, the average value of
the 1-minute periods before and after each 5-minute
analysis interval was also used. The VAS was
recorded at S5-minute intervals starting from the
beginning of the task.

Statistical analysis. A two-way repeated measures
ANOVA was first used to examine differences in
across task posture over time for each parameter. For
factors showing significant interactions or main
effects, one-way ANOVA was carried out.'® One-way
repeated measures ANOVA was applied to normally
distributed data, whereas the Friedman test was
utilized for non-normally distributed data. Normality
was tested using the Shapiro-Wilk test. If a main
effect was found in the one-way ANOVA, post-hoc
multiple comparisons were performed using the
Bonferroni method. The significance level for all tests
was set at 5%, and statistical analyses were conducted
using EZR Version 1.61, an extension of R Version
4332

RESULTS

Out of the 18 participants who performed the tasks,
17 were included in the analysis, excluding 1
exhibited
movements such as turning the neck during the tasks.

participant who non-task-related
The basic characteristics of the analyzed participants
were age 20.9 £ 1.5 years, height 169.9 + 5.8 cm, and
weight 66.9 + 8.9 kg.

Temporal changes of each parameter. Table 1 shows
the median values of ARV, NFA, and VAS for each
task posture. ARV remained unchanged across all
postures (p > 0.05) (Table 1). NFA increased
significantly compared to the beginning in all
postures (p < 0.05-0.01), with no further change after
5 minutes (p > 0.05) (Table 1). The VAS has shown to
increase significantly over time in all postures (p <
0.05-0.01) (Table 1).

Comparison of task postures for each parameter.
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Tablel ARV, NFA, and VAS for each task posture

0 min 5 min 10 min 15 min 20 min
ARV 0.022%" 0.026 0.0258" 0.0278” 0.025%"
[mV] (0.018-0.026) (0.022-0.030) (0.022-0.031) (0.023-0.033) (0.021-0.030)
A) NFA 185" 25278 24278 262" 23278
[degree] (15-19) (18-26) (21-28) (21-28) (19-26)
VAS 8 138 58P 3ab 262 b cd"S
[mm] (2-18) (7-19) (9-24) (12-33) (13-39)
0 min 5 min 10 min 15 min 20 min
ARV 0.0208" 0.023 #'8™ 0.022 #'8™ 0.024 8~ 0.0218"
[mV] (0.017-0.023) (0.019-0.024) (0.020-0.026) (0.019-0.026) (0.019-0.024)
5 NFA 30# 37a#$ 37a#$ 40a#$ 40a#$
B) [degree] (24-36) (25-47) (27-47) (32-46) (30-47)
VAS 13 142 182b 242D 32 b o d#
[mm] (3-17) (13-16) (14-24) (15-39) (20-47)
0 min 5 min 10 min 15 min 20 min
ARV 0.034 #1" 0.034 T 0.036 # 1" 0.037 #7117 0.037 #71"
[mV] (0.029-0.036) (0.031-0.037) (0.030-0.040) (0.033-0.039) (0.032-0.042)
c NFA 23 # 29 @ #7F zp2# ¥ zpa#t 32 # T
© [degree] (20-30) (26-34) (26-34) (26-35) (30-37)
VAS 12 158 1720 pabe 332 b cTdH
[mm] (5-16) (13-21) (15-26) (17-34) (20-53)

Median (IQR). (A) Desk operation, (B) Thigh operation, (C) Spatial operation. ARV: Average rectified value. NFA: Neck flexion angle. VAS: Visual analogue scale.

*p <0.05, **p < 0.01. a: Comparison with 0 minutes, b: Comparison with 5 minutes, c: Comparison with 10 minutes, d: Comparison with 15 minutes. #: Comparison

with desk operation, : Comparison with thigh operation. $: Comparison with spatial operation

ARV and NFA revealed significant differences among
task postures at all time points, with ARV being the
highest in spatial operation and NFA being the highest
in thigh operation (p < 0.05-0.01) (Table 1). The VAS
showed significant differences only at 20 minutes,
with thigh and spatial operations producing higher
fatigue than desk operations (p < 0.05-0.01) (Tablel).

DISCUSSION

This study investigated the effects of smartphone
holding position and upper limb support on upper
trapezius muscle activity, NFA, and VAS across three
task postures. Previous musculoskeletal research on
the use of a smartphone has mostly investigated
temporal changes using a single pair of surface
electrodes or compared differences in NFAs. To our
knowledge, is the first to use multichannel surface
EMG in smartphone research to comprehensively
evaluate upper trapezius muscle activity together with
NFA and subjective fatigue across different operating
postures. As a result, temporal changes were observed
in some NFA and VAS measures, while posture
comparisons revealed significant differences in ARV,
NFA, and some VAS (Table 1). The present study
provides new insights into the physical demands
associated with smartphone use by comprehensively
evaluating muscle activity, NFA, and subjective
fatigue across different smartphone operating
postures.
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Temporal changes. In the present study, ARV did not
change over time in any of the three task postures. A
previous study reported that although cervical erector
spinae muscle activity significantly increased over
time during smartphone use, no temporal changes
were observed in the upper trapezius muscle.?? The
authors suggested that the upper trapezius may be
activated from the beginning of smartphone use to
maintain neck and shoulder posture and support the
weight of the upper limbs and smartphone, but
becomes passively elongated over time due to the
sustained load.?*> Moreover, upper trapezius muscle
activity during smartphone use has been reported to

remain below 10% of maximal
1

voluntary
contraction,'! indicating that smartphone operation
imposes a relatively low muscular load. According to
the size principle, low-intensity contractions
primarily recruit fatigue-resistant type I muscle
fibers.?

smartphone use may predominantly involve type I

Therefore, muscle activity during
fibers, which are capable of sustaining prolonged
contractions with minimal fatigue. Taken together, the
absence of temporal changes in ARV may be
explained by sustained postural activation of the
upper trapezius under relatively low muscular load
during smartphone use.

NFA increased significantly in all task postures
compared to the initial time point, but showed no
further changes after 5 minutes (Table 1). Previous
studies investigating NFAs during smartphone use
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have mostly reported an increase over time.!”!823 In

this study, verbal cues were provided to correct
posture in order to clarify the effects of smartphone
holding position and upper limb support. These
adjustments, often made after 5 minutes, are
considered to have contributed to the absence of
further changes in the NFA.

VAS scores increased significantly over time in all
task postures (Table 1). While previous studies have
reported increases after 10 minutes in patients with
neck pain,? this study found fatigue in asymptomatic
young adults as early as 5 minutes. The requirement
to maintain a static posture with minimal movement

may also have amplified the sensation of fatigue.

Comparison of task postures. Differences in ARV
are likely due to upper limb support during the
operation. Previous study reported lower upper
trapezius muscle activity with forearm support?’ and
higher activity with elevated arms, as the muscle
supports arm weight and stabilizes the scapula.'!
Therefore, the highest muscle activity occurred
during the unsupported spatial operation.

NFA differences are likely influenced by upper
limbs and smartphone positions. A previous study
found no effect of arm support on NFA,!7 but arm
positions were not controlled. In this study, arm
positions were fixed for each task posture, and any
changes were promptly adjusted, which may have
made the NFA more sensitive to posture differences.
Furthermore, the thigh operation showed the highest
NFA because the smartphone was positioned lower
than in other postures.

VAS showed differences among task postures only
at 20 minutes. This may be related to NFA, as muscle
fatigue and pain in the upper trapezius are greater
when the NFA is high while using a smartphone.’-'°
Therefore, VAS was likely higher in thigh and spatial
operations, which showed greater NFA than desk
operation. Previous studies reported that static seated
work imposes a continuous load on the neck,?® and
higher NFA further increases neck muscle tension,

neck pain.?’

potentially leading to Moreover,
individuals with neck and upper limb pain exhibited
greater NFAs and tended to adopt postures without
back or forearm support.?®

Thus, the desk operation characterized by a low
NFA and upper limb support may be effective in

reducing the load on the neck and shoulders.

Limitations. This study has two limitations. First, the
study participants were limited to healthy young adult
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males. Previous research has indicated differences in
muscle activity and NFAs depending on the presence

of musculoskeletal 11,25

or absence symptoms.
Furthermore, reports suggest that the NFA during a
smartphone use increases more in males than in

females.!”

Therefore, future studies should also
explore the impact of disease status and gender
differences. Second, to clearly examine the effect of
upper limb support, verbal cues were provided to
maintain posture during the tasks. While this may
have influenced natural smartphone operation, it
allowed for consistent posture across participants.
Future studies should investigate smartphone use

under more natural conditions.

Usefulness of this study. The findings of this study
showed that changes in NFA and VAS occurred after
5 minutes, and comparisons between task postures
revealed different outcomes across all parameters.
Prolonged smartphone use of more than 6 hours per
day increases the prevalence of musculoskeletal pain
in the neck, shoulders, and hands, with long-term
smartphone use contributing to the onset of
musculoskeletal pain.® In order to prevent these issues,
it is important to take breaks within 5 minutes and
operate the smartphone in a posture that supports the
upper limb and a low NFA. The results of this study
are useful for providing guidance on movements
aimed at reducing neck and shoulder strain during

smartphone use in daily life.

CONCLUSION

This study aimed to investigate the effects of posture
differences during smartphone use on upper trapezius
muscle activity, NFA, and subjective fatigue. The
results revealed that posture differences during
smartphone use influenced upper trapezius muscle
activity, NFA, and VAS. Smartphone use with upper
limb support reduced upper trapezius muscle activity,
suggesting that desk operation with the lowest NFA
may help reduce strain on the neck and shoulders.
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