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This study aimed to clarify the effects of viewing tilting Virtual Reality
(VR) images on body center of gravity in both younger and older adults and to apply this to the
development of more effective balance training using VR images for older adults with lower risk of
falling. In a study targeting healthy younger individuals, we confirmed whether tilting VR images
induce body sway during quiet standing posture, and in a study targeting both healthy younger and
older adults, we verified the effect of VR images on body sway in older adults. As a result, the
changes in body center of gravity were greater in older adults compared to younger ones. This
suggests that it can be a method to provide balance training for older adults that induces
significant body sway without requiring physical movements.
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Condition
Measurement F Value p-Value *
VR1 VR2 VR3 VR4
COP movement 972 4343bc 54421 34409 43423 10.3 <0.001

distance (mm})
COP = center of pressure; values are presented as mean =+ standard deviation; * p < 0.05, considered significant
difference (indicated with bolded font); * significant difference between the VR1 and VR2 (p = 0.009); b significant
difference between the VR1 and VR3 (p < 0.001); © significant difference between the VR1 and VR4 (p = 0.001);
VR2 and VR3, VR2 and VR4, and VR3 and VR4 are not significant difference.
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Young adults (n=20) Older adults (n=34) p-value
_ _ _ » Men vs. Women 'Young adults vs. Older adults

Variables Condition Men (n=10) Women (n=10) Men (n=10) Women (n=24) Young adults _ Older adults Men Women
X-axis trajectory length (mm)

Control -0.40 [-1.96 - 0.85] -1.00 [-3.61-0.87] -1.62 [-2.28 - 0.06] -0.32[-1.88 - 2.02] 0.684 0.223 0.436 0.401

VR 30° 0.35[-0.67 - 4.68] 3.75[1.98 - 7.05] 6.15[0.51 - 10.68] -1.40 [-2.94 - 3.56] 0.043 0.001 0.105 0.002

VR 60° -0.15 [-2.11 - 2.45] 4.40[1.90 - 6.51] 6.33 [1.05 - 8.91] -1.60 [-3.68 - 1.92] 0.015 0.001 0.052 0.001
Y-axis trajectory length (mm)

Control 2.45[-4.53-8.92] 0.80 [-5.96 - 5.82] 0.12 [-4.37 - 4.13] 0.85[-0.62 - 3.55] 0.739 0.539 0.631 0.564

VR 30° -4.15[-8.48 - -1.33] -4.32 [-7.67 - 1.94] -3.60[-7.24-1.19] 0.20 [-4.22 - 3.37] 0.796 0.127 0.912 0.101

VR 60° -6.05 [-8.30 - -1.30] -4.15 [-6.37 - -0.22] -4.62[-10.13--1.01] -0.25[-3.16 - 7.53] 0.315 0.010 0.912 0.023
Total trajectory length (mm)

Control 80.78 [68.02 - 102.94] 88.40 [81.85 - 92.41] 113.82 [91.68 - 146.91] 109.43 [90.18 - 142.03] 0.579 0.724 0.035 0.010

VR 30° 78.42[67.18 - 92.94] 86.88 [76.58 - 106.32] 213.70 [127.26 - 257.52] 149.47 [115.21 - 231.66] 0.218 0.341 <.001 <.001

VR 60° 78.45 [61.80 - 116.46] 78.93[67.17 - 105.98] 186.65 [135.10 - 305.17] 188.85 [110.42 - 270.24] 0.912 0.589 0.002 <.001
Trajectory length per unit time (mm/sec)

Control 8.15[6.87 - 10.39] 8.92[8.27-9.34] 11.50 [9.27 - 14.83] 11.40 [9.44 - 14.51] 0.579 0.897 0.035 0.006

VR 30° 7.93[6.79-9.37] 8.75[7.76 - 12.21] 21.58 [12.86 - 26.02] 15.08 [11.62 - 23.39] 0.190 0.341 <.001 0.004

VR 60° 7.93[6.23-11.75] 9.25[6.99 - 10.69] 18.85 [13.64 - 30.83] 19.08 [11.16 - 27.31] 0.739 0.589 0.002 <.001
Outer peripheral area (mm”?)

Control 86.32 [54.64 - 151.33] 97.43[74.33 -111.21] 122.85[78.07 - 165.11] 106.38 [73.80 - 142.38] 0.684 0.696 0.393 0.564

VR 30° 84.17 [44.59 - 120.88] 87.77 [69.32 - 107.84] 201.30 [84.18 - 338.66] 117.83[90.45 - 157.96] 0.739 0.304 0.052 0.046

VR 60° 79.88 [49.79 - 126.79] 66.25 [54.43 - 119.81] 163.35 [108.34 - 380.23] 133.23 [69.94 - 295.14] 0.912 0.445 0.063 0.013
Rectanqular area (mm?)

Control 139.63 [77.79 - 283.65] 159.65 [120.43 - 226.82] 199.15 [112.05 - 377.66] 161.03 [93.31 - 254.50] 0.684 0.467 0.393 0.838

VR 30° 131.70 [55.60 - 248.45] 137.88[92.88 - 195.44] 325.05 [131.16 - 679.30] 179.70 [126.24 - 347.65] 1.000 0.270 0.075 0.183

VR 60° 122.32[60.49 - 274.91] 95.35 [71.44 - 235.01] 256.40 [184.33 - 658.20] 214.18 [99.24 - 584.26] 1.000 0.515 0.105 0.055

Medians [interquartile range], n2: Partial eta-squared, VR Virtual Reality
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