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| Abstract |

Purpose: This study is an investigation of the effects of long-term smart phone usage and of stretching on muscle stiffness,
concentration, and visual acuity.

Methods: Forty healthy young adults voluntarily participated in the study and were measured for muscle stiffness,
concentration, and visual acuity before smartphone usage and after 30 minutes, 60 minutes, and 90 minutes of smartphone usage.
The participants were randomly allocated to the intervention group (n=20) and the control group (n=20). Five minutes after the
stretching exercise and eye exercise intervention, the participants were remeasured.

Results: After long-term smartphone usage, increases in muscle stiffness and concentration were statistically significant
(p<0.05), whereas decreases in visual acuity were statistically significant (p<0.05). After the stretching exercise and eye exercise
intervention, muscle stiffness significantly decreased (p<0.05) and visual acuity significantly increased (p<0.05). Concentration,
according to the stretching exercise and eye exercise intervention, showed no significant pre- or post-test difference.
Conclusion: The results from this study indicate that long-term smartphone usage effectively improved concentration but
increased muscle stiffness and decreased visual acuity. Appropriate stretching and eye movement during long-term smartphones
usage should mitigate the effects on muscle stiffhess and visual acuity. Furthermore, smartphones should be considered an effective

tool for concentration training when coupled with the development of appropriate applications.
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Fig. 1. Experimental procedure of study.
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Fig. 3. Sternocleidomastoid stretching.

Fig. 4. Brachioradialis stretching.
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Fig. 5. Suboccipital muscles stretching.
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Fig. 6. EEG measure.
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(N=40)

Intervention group (n=20) Control group (n=20) p
Age (years) 23.85+2.43% 23.80+2.38 0.88
Height (cm) 167.45+8.09 168.10+7.03 0.25
Body weight (kg) 72.20+21.86 69.55+18.13 0.62

*Values are expressed as mean + standard deviation.
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Table 2. Comparison of muscle stiffness according to smartphone used time(N/m) (N=40)
Time . . .
Muscle Pre 30 minutes 60 minutes 90 minutes P
uT 306.45+43.25° 316.73+43.53 330.98+55.23 334.30+53.56 0.00™"
p 0.10” 0.03" 0.59"
SCM 233.35+30.15 240.43+31.86 259.58+45.26 269.30+41.81 0.017?
p 0.129 0.017 0.16'?
BR 248.90+5.47 250.15%6.02 271.20£0.28 276.98+4.86 0.01™
p 0.84'" 0.01""? 0.26"Y
SO 243.73£50.57 543.98+62.14 251.93£50.04 268.97+70.00 0.01™
P 0.98'Y 028" 0.04"19

*Values are expressed as mean + standard deviation. *p<0.05
Repeated measures ANOVA: 1), 2), 3), 4)
Paired t-test: 5), 8), 11), 14) Pre-30minutes, 6), 9), 12), 15) 30minutes-60minutes, 7), 10), 13), 16) 60minutes-90minutes
UT: upper trapezius, SCM: sternocleidomastoid, BR: brachioradialis, SO: suboccipital muscle

Table 3. Comparison of muscle stiffness by intervention (N/m) (N=40)
Pre intervention Post intervention p
- Intervention group (n=20) 327.20£28.11° 297.65+53.87 0.00""
Control group (n=20) 341.40+70.65 346.50+66.99 0.43%
p 0.41” 0.02"1%
soM Intervention group (n=20) 271.70+42.38 239.15+22.79 0.017?
Control group (n=20) 266.90+42.20 263.90+44.96 0.70%
p 0.72'" 0.03"12
BR Intervention group (n=20) 285.65+54.47 234.00+46.72 0.00™
Control group (n=20) 268.30:£55.25 275.25+58.48 0.18%
p 0.32"Y 0.04"
Intervention group (n=20) 272.45+72.27 225.65+39.58 0.00"7
S0 Control group (n=20) 265.50+51.38 269.25+70.28 0.45%
p 0.73" 0.02"19
*Values are expressed as mean + standard deviation. *p<0.05
Paired t-test: 1), 2), 3), 4), 5), 6), 7), 8) Independent t-test: 9), 10), 11), 12), 13), 14), 15), 16)
UT: upper trapezius, SCM: sternocleidomastoid, BR: brachioradialis, SO: suboccipital muscle
3. ADIEEL| AE © - = & Sxijof| ME TS E AHE 907 Fofl FFY-2 FATHH R Fo5HA
3 Hlw 7= It (p<0.05). Leju Ao W& aat HWE

AUFEE ARE A - & 9 FA o] i HEH Y
v 7= RS} ZeH(Table 4). AUFEZ AR A3} AR
90 9] JFeZ vladty] flsto] th-g-3k ttest
2 B3 A3 AnfEES A1836)7] HHTE AULE

Y 2

okl GHE ttest® FATE A}, F LF A
SAHLE FofRt 2Fo]7h Y ATHp>0.05).
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Table 4. Comparison of concentration according to pre and post by used time of smartphone, and according

to pre and post by intervention (N=40)
Pre 90 minutes p
0.33+0.07* 0.48+1.12 0.00""
Pre Post
intervention intervention P
Intervention group (n=20) 0.48+0.10 0.48+0.09 0.16”
Control group (n=20) 0.47+0.14 0.44+0.10 0.52%
p 0.729 0.31°

*Values are expressed as mean + standard deviation. *p<0.05
Paired t-test: 1),2),3) Independent t-test: 4),5)

Table 5. Comparison of visual acuity according to Pre and Post by use time of smartphone, and according to pre

and post by Intervention

(N=40)
Pre 90 minutes
Grade 1 5(12.5%) 1(2.5%)
Grade 2 10(25%) 2(5%)
Grade 3 17(42.5%) 13(32.5%)
Grade 4 8(20%) 21(52.5%)
Grade 5 0(0%) 3(7.5%)
40(100%) 40(100%)
Pre Post
intervention intervention
Grade 1 1(5%) 2(10%)
Grade 2 0(0%) 4(20%)
Intervention Grade 3 8(40%) 9(45%)
group (n=20) Grade 4 10(50%) 5(25%)
Grade 5 1(5%) 0(0%)
20(100%) 20(100%)
Grade 1 0(0%) 0(0%)
Grade 2 2(10%) 2(10%)
Control Grade 3 5(25%) 5(25%)
group (n=20) Grade 4 11(55%) 11(55%)
Grade 5 2(10%) 2(10%)
20(100%) 20(100%)
X 4.07 8.06
p 0.40 0.04 *

Gradel: >1.5, Grade 2: 1.0~1.2, Grade 3: 0.8~0.9, Grade 4: 0.6~0.7, Grade 5: <0.5, *p<0.05
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