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| Abstract |

Purpose: This study was conducted to investigate changes in the cervical and lumbar flexion-relaxation ratio, range of
motion, pressure pain threshold, and perceived comfort following the wearing of a trunk brace during smartphone watching.
Methods: To calculate the number of subjects for this study, an analysis with G¥Power was performed at a statistical
power of 0.8, an effect size of 0.5, and a significance level of 0.05, based on the results of a preliminary experiment
on five subjects. In total, 27 adult men and women were recruited who had been informed of the study’s purpose and
process and had agreed to participate. All subjects watched content on a smartphone for 20 minutes in the same posture
and conditions while wearing and not wearing a trunk brace, and then their cervical and lumbar flexion-relaxation ratio,
range of motion, pressure pain threshold, and perceived comfort were measured.

Results: Compared to the non-wearing of a trunk brace, the wearing of a trunk brace resulted in a statistically significant
smaller decline in cervical extension and right-side cervical rotation (p<0.05). When the subjects wore a trunk brace,
their right- and left-side cervical and right-side lumbar pressure pain statistically significantly improved when compared
to not wearing a trunk brace (p<0.05). They also perceived a significantly lowered level of comfort 20 minutes after
wearing a trunk brace compared to immediately after wearing it (p<0.05).

Conclusion: The trunk brace was effective in reducing declines in right-side cervical rotation and the occurrence of left-
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and right-side cervical and right-side lumbar pressure pain. The findings indicate the need to improve the perceived

comfort of trunk braces.
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Table 1. Descriptive statistics for subjects (n=27)

Variable Mean+Standard Deviation
Age 21.26+2.16
Height (cm) 167.48+7.78
Weight (kg) 61.30+£10.05
BMI (kg/m?) 21.7742.65
Gender Male 14(51.9%), Female 13(48.1%)

Dominant hand Right 24(88.9%), Left 3(11.1%)
BMI: body mass index
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Fig. 1. Watching a smartphone without trunk brace:
A) lateral view, B) posterior view.

T——
Fig. 2. Watching a smartphone with trunk brace:
A) lateral view, B) posterior view.
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Table 2. Comparison of neck and lumbar flexion-relaxation ratio during watching smartphone (n=27)

Pre Post t p

Rt. CFRR 1.05+0.04 1.03+0.03 2.55 0.02

Lt. CFRR 1.03+0.06 1.03+0.03 -0.05 0.96

NIB Rt. LFRR 1.58+0.88 1.42+0.43 0.98 0.34

Lt. LFRR 1.28+0.27 1.35+0.33 -2.33 0.03

Rt. CFRR 1.05+0.04 1.05+0.04 0.29 0.77

Lt. CFRR 1.05+0.04 1.04+0.04 0.85 0.41

WIB Rt. LFRR 1.51+0.51 1.46+0.48 0.90 0.38

Lt. LFRR 1.50+0.50 1.49+0.54 0.15 0.88

NTB: non-trunk brace, WTB: wearing trunk brace, Rt.:
lumbar flexion-relaxation ratio

right, Lt.: left, CFRR: cervical flexion-relaxation ratio, LFRR:
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Table 3. Comparison of neck and lumbar range of motion during watching smartphone (n=27)

Pre Post t p

CF (°) 54.74+9.92 55.17£10.36 -0.27 0.79

CE (9 69.75+11.73 63.59+11.31 2.98 0.01

Rt. CR (°) 62.00+£11.33 50.46+13.26 4.97 0.01

Lt. CR (°) 60.37+12.46 52.81+£14.88 3.47 0.01

NTB Rt. CLR (°) 39.93+5.74 39.78+5.96 0.10 0.92
Lt. CLR (°) 41.43+£6.55 39.17+£7.04 1.61 0.12

LF (°) 101.37+12.66 100.74+12.47 0.44 0.66

LE (°) 31.56+£7.92 26.1749.32 4.48 0.01

Rt. LLF (°) 39.78+5.96 27.26+8.40 5.47 0.01

Lt. LLF (°) 29.11£9.19 25.00+8.92 3.06 0.01

CF (°) 53.96+8.91 55.61£9.75 -1.06 0.30

CE (°) 68.76+£12.01 65.35+£12.73 231 0.03

Rt. CR (°) 61.07+£10.93 58.87+11.80 0.79 0.44

Lt. CR (°) 61.72+11.19 58.24+13.06 1.58 0.13

WTB Rt. CLR (°) 40.87+7.65 42.57+£9.55 -1.09 0.28
Lt. CLR (°) 43.43+9.73 42.04+7.93 0.94 0.36

LF (°) 100.15+11.52 98.31+12.38 1.11 0.28

LE (° 31.58+8.34 28.48+10.34 2.71 0.01

Rt. LLF (°) 43.2349.63 27.31+6.09 7.22 0.01

Lt. LLF (°) 27.21+£8.44 25.54+7.11 1.50 0.15

NTB: non-trunk brace, WTB: wearing trunk brace, Rt.: right, Lt.: left, CF: cervical flexion, CE: cervical extension, CR:
cervical rotation, CLR: cervical lateral rotation, LF: lumbar flexion, LE: lumbar extension, LLF: lumbar lateral flexion

Table 4. Comparison of shoulder and lumbar pressure pain threshold during watching smartphone (n=27)
Pre Post t p
Rt. SPPT (Ib) 12.60+4.68 9.86+3.71 431 0.01
NTB Lt. SPPT (Ib) 11.83+4.43 9.58+3.46 4.29 0.01
Rt. LPPT (lb) 17.26+6.41 14.20£5.28 4.66 0.01
Lt. LPPT (Ib) 17.18+7.02 16.89+7.45 0.22 0.83
Rt. SPPT (Ib) 11.45+4.16 11.19+4.72 0.55 0.59
WTB Lt. SPPT (Ib) 11.20+4.35 10.58+4.34 1.32 0.20
Rt. LPPT (Ib) 16.74+6.85 15.98+6.47 1.22 0.23
Lt. LPPT (Ib) 14.44+6.24 16.10+7.14 -1.62 0.12

NTB: non-trunk brace, WTB: wearing trunk brace, Rt.: right, Lt.: left, SPPT: shoulder pressure pain threshold, LPPT:
lumbar pressure pain threshold

Table 5. Change of perceived comfort on trunk brace

Immediately

After 20 min

Perceived comfort

6.82+1.44

5.22+1.80

-11.07

0.01
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Table 6. Change of neck and lumbar flexion-relaxation ratio according to wearing trunk brace during watching smartphone

(n=27)
NTB WTB t p
Rt. CFRR -0.010.03 -0.000.03 -1.54 0.13
Lt. CFRR 0.00+0.03 -0.0120.04 1.24 0.22
Rt. LFRR -0.05+0.16 -0.06:0.24 0.15 0.88
Lt. LFRR 0.04+0.13 -0.0240.21 1.19 0.24

NTB: non-trunk brace, WTB: wearing trunk brace, Rt.:

lumbar flexion-relaxation ratio

, Lt.: left, CFRR: cervical flexion-relaxation ratio, LFRR:

Table 7. Change of neck and lumbar range of motion according to wearing trunk brace during watching smartphone

(n=27)
NTB WTB t p
CF (°) -0.56+8.05 -1.818.11 0.57 0.57
CE (°) 7.50411.44 -1.8148.11 2.11 0.04
Rt. CR (°) -14.15£12.56 -3.85+13.30 2.93 0.01
Lt. CR (°) -8.67+10.84 -3.09+10.58 -1.91 0.06
Rt. CLR (°) -0.1547.64 1.74+8.03 -0.89 0.38
Lt. CLR (°) 2.67+7.53 113771 0.74 0.46
LF (°) 0.02+7.35 -1.46+7.83 0.72 0.48
LE (°) 4.26+7.14 -2.89+5.48 -0.79 0.43
Rt. LLF (°) -10.9312.84 -15.914£10.38 1.57 0.12
Lt. LLF (°) 2.4847.85 -0.8745.62 -0.87 039

NTB: non-trunk brace, WTB: wearing trunk brace, Rt.:

right, Lt.: left, CF: cervical flexion, CE: cervical extension, CR:

cervical rotation, CLR: cervical lateral rotation, LF: lumbar flexion, LE: lumbar extension, LLF: lumbar lateral flexion
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Table 8. Change of shoulder and lumbar pressure pain threshold according to wearing trunk brace during watching

smartphone (n=27)
NTB WTB t p
Rt. CPPT (Ib) -3.1943.60 -0.34+2.59 -3.33 0.01
Lt. CPPT (Ib) -2.5943.30 -0.46+2.56 -2.64 0.01
Rt. LPPT (Ib) -3.2243.49 -0.5843.27 -2.87 0.01
Lt. LPPT (Ib) -0.28+6.56 1.81+5.13 -1.31 0.20

NTB: non-trunk brace, WTB: wearing trunk brace, Rt.:

lumbar pressure pain threshold
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