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Abstract

The purpose of this study was to investigate temporal and spatial variations, and moments of the
lower extremities of gait while playing the game with smartphone under different curb—heights. Ten
male elementary school students(from 10 years to 13 years old) participated in this study. Twelve
infrared cameras(Oqus—500) and two force plates(9260AA) were used for collecting data and these
were processed via Visual 3D software. In conclusion, with or without smartphone and with different
curb—heights, the spatial and temporal parameters of walking were not the same and coefficients of
variations were not consistent. The maximum joint moments of the lower extremities with or without
smartphone were not statistically significant but those of hip and ankle joint were statistically significant
with regard to the different heights of the curbs.
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<Table 1> Characteristic of the subjects

Age (yrs) Height (cm) Body mass (kg)
11.9%£1.29 144.0£10.5 36.3+9.01
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[Figure 1] Events & Phases
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[Figure 3] Normal gait & obstacle

gait with smart phone
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<Table 2> Gate parameters without or with smartphone

Flat gait

Obstacle gait Obstacle gait

Parameter (6cm) (15cm)
GWS GOS GWS GOS GWS GOS
1.02 1.08 1.00 1.05 1.02 1.03
Speed  MESD STy +0.13 +0.12 +0.12 +0.11 +0.16
m/s)
CV.(%) 12.75 12.04 12.00 11.43 10.78 15.53
. 1.09 1.16 1.05 1.11 1.06 1.14
Stride (M*SD) +0.1 +0.16 +0.27 +0.42 +0.03 +0.16
length
(m) C.V.(%) 9.17 13.79 25.71 37.84 2.83 14.04
. 0.08 0.09 0.09 0.10 0.11 0.09
Stride (M*SD) +0.04 +0.03 +0.04 +0.03 +0.04 +0.03
width
(m) C.V.(%) 50.00 33.33 44.44 30.00 36.36 33.33
Double 0.17 0.16 0.15 0.15 0.16 0.15
Jimb (MESD) 1605 +0.04 +0.05 +0.04 +0.05 +0.05
Support
(tlme) C.V.(%) 1.67 25.00 33.33 26.67 31.25 33.33
sec

*GWS:Gait with smartphone, GOS:Gait without smartphone
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<Table 3> Max moments on hip joint without or with smartphone in gait

unit: Nm/BM
Hip joint Moment of phase
phase 1 phase 2 phase 3 phase 4
GWS —0.49 0.39 —0.07 0.10
(M*SD) +0.15(e) +0.05(9) +0.08(e) +0.09(H)
(CK;/) 30.35 13.00 117.43 92.12
Flat gait GOS ~0.54 0.4 ~0.08 0.09
(M*SD) +0.14(e) +0.07 (9 +0.14(e) +0.08(H)
cv 26.21 18.88 167.27 85.84
(%)
GWS —0.54 0.42 —0.08 0.17
(M*SD) +0.14(e) +0.08(9) +0.07 () +0.12(9)
cv 26.83 20.08 92.35 72.84
obstacle (%)
gait_6em GOS —0.54 0.45 —0.14 0.1
(M*SD) +0.13(e) +0.08(9) +0.08(e) +0.07(H)
cv 23.95 16.7 56.41 70
(%)
GWS ~0.79 0.43 —0.13 0.21
(M*SD) +0.15(e) +0.09(9) 0.07(e) +0.27(9)
CV (%) 19.43 21.79 53.85 131.6
obstacle GOS —0.68 0.44 -0.13 0.13
gait_15cm (M*SD) £0.11(e) +£0.07(0) £0.07(e) +0.12(f)
cv
16.25 15.81 49.39 89.12
(%)

*GWS:Gait with smartphone, GOS:Gait without smartphone

f: flexion, e: extension, p: plantar flexion

<Table 4> Max moments on hip joint without or with smartphone in gait (spss)

Hip foint phase 1 phase 2 phase 3 phase 4
P F D F D F D F D
t ph
Start prone 1.01 34 .36 57 2.59 14 2.45 15
(with or without)
height 36.18 00’ 4.97 05 2.23 17 3.02 12
O, 6, 15cm) ) ' ) ) ) ) ) '
smart phone )
X 6.16 .04" .02 87 1.55 24 51 49
height

* p<.0b
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<Table 5> Max moments on knee joint without or with smartphone in gait

unit: Nm/BM
Knee ioint Moment of phase
! phase 1 phase 2 phase 3 phase 4
GWS 0.41 -0.25 0.39 -0.32
(M=£SD) *0.17(e) £0.08(f) £0.19(e) +£0.11()
CvV
%) 41.25 33.68 49.59 33.92
. 0
Flat gait GOS 0.39 ~0.30 0.34 ~0.35
(M=£SD) £0.19(e) +£0.10() £0.18(e) +0.1()
cv 49.98 32.14 51.92 29.38
(%)
GWS 0.46 —0.28 0.42 —0.31
(M=£SD) *0.36(e) *0.1() *0.15(e) *0.11()
CvV
obstacle @) 78.24 36.93 34.51 36.94
gait_6cm GOS 0.29 —0.30 0.27 —0.34
(M=£SD) *0.22(e) *£0.11(f) *£0.13(e) *0.07()
CvV
76.39 36.74 50.51 21.36
(%)
GWS 0.33 -0.30 0.33 -0.33
(M=£SD) *0.21(e) +0.14(f) £0.20(e) +0.13()
CV (%) 65.22 —46.4 59.21 —-39.33
obstacle
gait_15¢cm GOS 0.34 —0.34 0.36 —0.36
(M=£SD) +0.24(e) +£0.13() £0.15(e) +0.09(f)
CV
69.21 -39.23 42.99 —24.67
(%)

*GWS:Gait with smartphone, GOS:Gait without smartphone

f: flexion, e: extension, p: plantar flexion

<Table 6> Max moments on Knee joint without or with smartphone in gait (spss)

Knee ioint phase 1 phase 2 phase 3 phase 4
. F D F D F D F D
t ph
SIHart phone 1.80 21 472 06 29 10 1.00 34
(with or without)
height 77 40 2.92 12 07 80 17 69
©. 6, 15cm) ) ) . . ) : . )
smart phone
X .28 61 .03 .87 34 D7 .01 .95
height

* p<.05
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<Table 7> Max moments on ankle joint without or with smartphone in gait

unit: Nm/BM
. Moment of phase
Ankle joint phase 1 phase 2 phase 3 phase 4
GWS -0.45 -1.30 -0.48 -1.25
(M=*SD) +0.18(p) +0.21(p) +0.29(p) +0.23(p)
V
¢ 40.89 15.96 59.55 18.49
Flat gait (%)
GOS -0.37 -1.26 -0.47 -0.26
(M=SD) +0.21 (p) +0.22(p) +0.36 (p) +0.17(p)
v 56.41 17.26 76.72 13.73
(%)
GWS -0.59 -1.27 -0.57 -1.19
(M=£SD) +0.20(p) +0.23(p) +0.26 (p) +0.21 (p)
obstacle (Cl;]) 33.58 18.02 45.16 17.71
(9
gait_6cm GOS -0.53 -1.30 -0.51 -1.23
(M=SD) +0.18(p) +0.22(p) +0.24(p) +0.18(p)
((;V) 33.8 16.98 46.61 14.28
0.
GWS -0.64 -1.32 -0.47 -1.29
(M+SD) +0.24(p) +0.25(p) +0.29 (p) +0.23(p)
obstacle CV (%) 37.89 18.63 61.04 18.02
: GOS -0.61 -1.30 -0.54 -1.22
gait_15cm (M£SD) +0.15(p) +0.92(p) +0.23(p) +0.16(p)
(C;V) 23.71 16.64 42.47 13.06
(9
*GWS:Gait with smartphone, GOS:Gait without smartphone
f: flexion, e: extension, p: plantar flexion
<Table 8 Max moments on Ankle joint without or with smartphone in gait (spss)
. phase 1 phase 2 phase 3 phase 4
Ankl t
e join B > B > = > T >
smart phone
. P . 78 40 .08 .79 .00 .99 .01 91
(with or without)
height 12.13 or’ 95 36 13 73 01 94
©. 6, 15cm) . . . . . . . .
smart phone
X .54 48 .13 .73 .31 .59 1.45 .26
height

* p<.05
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