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Abstract

The purpose of this study was to investigate the effects of smartphone use on muscle fatigue and
tenderness in the cervical erector spinae (CES) and the upper trapezius (UT) and on the cervical range of
motion among subjects with and without neck muscle pain. The subjects were 30 smartphone users in
their 20 s who —were assigned to either an experimental group with neck muscle pain or a control group
without neck muscle pain. Muscle fatigue and tenderness in the CES and the UT as well as the subjects’
cervical range of motion were measured before and after 20-min smartphone sessions in a sitting
position. In a between-group comparison of muscle fatigue, the experimental group showed a significantly
greater decrease in median frequency in the CES and the right UT after smartphone use (p<.05).
Regarding the assessment of muscle tenderness after smartphone use, the experimental group showed a
statistically significant decrease in the pressure-pain threshold (PPT) in all muscles (p<.05), whereas the
control group showed a significantly decreased PPT in the right CES and the UT (p<.05). The
assessment of the cervical range of motion revealed a statistically significant reduction in the cervical
flexion—extension and left lateral flexion in the experimental group (p<.05) after smartphone use. However,
there was no significant change in the cervical range of motion in the control group (pP>.05) after
smartphone use. When compared with the control group, the experimental group demonstrated greater
changes in cervical extension, lateral flexion, and rotation, except for cervical flexion (pP<.05). In
conclusion, when smartphone users have pre-existing neck muscle pain, the use of a smartphone further
increased muscle fatigue and tenderness in the neck and reduced PPT and the cervical range of motion.

Key Words: Muscle fatigue; Pain; Smartphone; Tenderness.
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Table 1. General characteristics of subjects  (N=30)
Experimental Control
group group
(n1:15) (H2:15)
Height (cm) 168.9+8.3% 166.8+6.0
Weight (kg) 61.7£14.3 59.6£10.5
Age (year) 22.1£1.9 21.1+2.1
Sex (male/female) 8/7 8/7
VAS® (mm) 35.9+22.5 0

P .. b -
“meantstandard deviation, “visual analogue scale.
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Position of

Figure 1.
smartphone use.
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23t Alole] LR = wds At EE
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Table 2. Comparisons of muscle fatigue in smartphone use

Experimental group (ni=15) Control group (n2=15) t D
Before 68.16+8.33" 63.5318.68 1.49 15
b After 51.22+7.99 59.02+8.32 -2.62 01"
Lt. CES
t 8.09 8.92
o) <01” <.01”
Before 64.56+11.97 57.31+9.88 1.81 .08
After 46.57+10.48 54.54+8.96 -2.24 03"
Rt. CES
t 9.85 8.48
5) <01” <.01”
Before 64.10+10.08 58.72+13.56 1.23 23
. After 4771+11.08 54.17+10.38 -1.65 A1
Lt. UT¢
t 12.97 8.89
D <01” <.01”
Before 64.94+9.61 64.73+14.82 .05 .96
After 48.73+10.46 59.87+14.64 -2.40 02"
Rt. UT
t 29.48 715
o) <.01* <.01"

*meanz+standard deviation, "cervical erector spinae, “upper trapezius, “p<.05.

Table 3. Comparisons of muscle tenderness in smartphone use

Experimental group (n;=15) Control group (n2=15) t D
Before 6.24+1.75" 551+1.92 1.08 .29
b After 4.10+1.69 5.04+1.61 -1.56 13
Lt. CES
t 8.92 1.54
D <.01° 15
Before 6.02+1.77 5.71+1.68 49 .63
After 3.80+1.40 47697 -2.19 04"
Rt. CES
t 8.48 3.16
D <01° <.01°
Before 6.55%2.04 5.87+1.20 .93 .36
After 4.16+1.68 5.32+1.70 -1.88 .07
Lt. UT¢
t 8.89 2.01
D <.01° 07
Before 6.90£1.98 6.54+2.08 49 .63
After 4.37£1.94 5.85+1.87 -2.11 04"
Rt. UT
t 7.15 2.46
D <.01° .03"

meant+standard deviation, "cervical erector spinae, “upper trapezius, “p<.05.
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Table 4. Comparisons of cervical range of motion in smartphone use

Experimental group (n;=15) Control group (n2=15) t D
Before 60.96+12.72% 57.71+10.88 75 .46
) After 51.36+9.15 55.67+10.47 -1.20 .24
Flexion
t 3.37 75
D <.01" 46
Before 61.07+11.36 65.78+8.10 -1.31 .20
) After 51.22+10.47 64.67+10.59 -3.50 <.01"
Extension
t 451 .36
D <.01" 73
Before 44.16+8.50 43.11+5.44 40 .69
) After 39.76+6.65 45.58+6.33 -2.46 02"
Lt. bending
t 2.59 -1.80
D 027 .09
Before 37.11+7.42 36.91+6.46 .08 .94
. After 33.98+6.51 39.56+6.96 -2.27 03"
Rt. bending
t 2.01 -1.75
D .06 10
Before 63.07+9.17 64.89+9.21 -54 .59
) After 59.76+9.52 68.71+11.52 -2.32 03"
Lt. rotation
t 1.12 -2.05
p 28 .06
Before 68.25+6.06 68.76+8.88 -.18 .86
) After 64.76+8.15 72.51+10.14 -2.31 03"
Rt. rotation
t 1.86 -2.16
p .08 .05
“meantstandard deviation, "p<.05.
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