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The Effect of Gait Exercise Using a Mimror on Gait for Normal Adult in Virtual Reality
Environment: Gait Characteristics Analysis
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Abstract

Purpose : The study aims to determine the effects of virtual and non-virtual realities in a normal person’s mirror walk on gait
characteristics.

Methods : Twenty male adults (Age: 27.8 + 5.8 years) participated in the study. Reflection markers were attached to the subjects for
motion analysis, and they walked in virtual reality environments with mirrors by wearing goggles that showed them the virtual
environments. After walking in virtual environments, the subjects walked in non-virtual environments with mirrors a certain distance away
after taking a 5 min break. To prevent the order effect caused by the experiential difference of gait order, the subjects were randomly
classified into groups of 10 and the order was differentiated. During each walk, an infrared camera was used to detect motion and the
marker positions were saved in real time.

Results : Comparison between the virtual and non-virtual reality mirror walks showed that the movable range of the leg joints (ankle,
knee, and hip joints), body joints (sacroiliac and atlantoaxial joints), and arm joints (shoulder and wrist joints) significantly differed.
Temporal characteristics showed that compared to non-virtual gaits, the virtual gaits were slower and the cycle time and double limb
support time of virtual gaits were longer. Furthermore, spacial characteristics showed that compared to non-virtual gaits, virtual gaits had
shorter steps and stride lengths and longer stride width and horizontally longer center of movement.

Conclusion : The reduction in the joint movement in virtual reality compared to that in non-virtual reality is due to adverse effects
on balance and efficiency during walking. Moreover, the spatiotemporal characteristics change based on the gait mechanisms for balance,
exhibiting that virtual walks are more demanding than non-virtual walks. However, note that the subject group is a normal group with
no abnormalities in gait and balance and it is unclear whether the decrease in performance is due to the environment or fear. Therefore,

the effects of the subject group's improvement and fear on the results need to be analyzed in future studies.
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Table 2, General characteristics of subjects

Mean+Standard deviation (n=20) Statistic P
Age 27.75+1.30 .83 .003
Height (cm) 175.55+1.32 93 124
Weight (kg) 73.3542.13 96 601

M; Male, F; Female
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Fig 1. Oqus 7 Plus
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Fig 4. Footpath in Virtual Reality Environment
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Segment Location Side
Vertex -
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Trunk Manubrium of sternum -
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Center of humerus Both
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Lateral malleolus Both
1 MTP joint Both
5™ MTP joint Both

C7; The 7™ Cervical vertebra, ASIS; Anterior superior iliac spine, PSIS; Posterior superior iliac spine, MCP; Metacarpophalangeal,

MTP; Metatarsophalangeal
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Table 4, Comparison of sagittal plane ROM
VR Non-VR
Joint environment environment t p
Mean+SD (Flexion °)

Ankle 26.62+3.73 28.27+5.09 -2.13 047"

Knee 58.35+4.51 60.03+4.43 -2.86 010

. Hip 37.84+4.24 40.84+4.22 -4.32 .000"

Left

Shoulder 16.77£11.30 17.41£10.97 -.87 393

Elbow 12.22+5.84 12.80+£7.29 -.65 525

Wrist 8.64+4.39 7.59+3.05 1.13 271

Ankle 28.05+5.17 31.2947.16 -3.88 001"

Knee 57.48+4.56 59.07+4.51 -2.77 012"

Hip 36.96+5.29 39.63+5.34 -4.78 .000"

Right

Shoulder 18.25+11.86 17.60+£11.26 .81 427

Elbow 10.08+6.29 11.41£7.11 -1.81 .087

Wrist 5.4843.20 7.24+4.01 -2.16 044"

Sacroiliac 4.52+1.41 5.01+1.44 -2.64 016

Atlantoaxial 8.11£3.99 8.04+2.16 .08 937

ROM; Range of motion, SD; Standard deviation, VR; Virtual reality
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Table 5. Comparison of coronal plane ROM

Non-VR
environment

environment

Joint

Mean+SD (Lateral flexion °©)

15.53+2.97

315

1.03

15.19+3.02

Ankle

001"

414

17.99+8.57

16.734£8.10

Knee

030

-2.40

13.49+4.39

12.64+3.42

Hip

Left

273

-1.13

10.58+3.64

10.00+3.40

Shoulder

210

-1.30

24.88+10.26

23.29+9.58

Elbow

.116

1.65

5.404+2.42

6.22+3.63

Wrist

257

1.17

15.40+3.89

15.87+3.49

Ankle
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17.40+6.27
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Elbow
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4.45+3 .35

3.15+1.54

Wrist

.000"
024"

-4.31
-2.45

6.2342.15

5.26+2.15

Sacroiliac

3.24+.69

2.91+.70
ROM; Range of motion, SD; Standard deviation, VR; Virtual reality
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Table 6. Comparison of horizontal plane ROM

VR Non-VR
Joint environment environment ¢ »
Mean+SD (Rotation °)
Ankle 17.20+£7.99 18.15+6.53 -1.93 .069
Knee 13.38+3.78 14.33+3.71 -1.96 .065
Hip 13.90+3.43 14.4243.85 -1.38 183
Left :
Shoulder 10.37+2.84 11.314£3.28 -2.57 .019
Elbow 17.20+£7.59 16.14+6.36 58 570
Wrist 1.38+1.11 1.14+.75 1.44 .165
Ankle 13.99+3.55 14.65+£3.42 -1.11 279
Knee 12.52+4.09 13.89+4.58 -2.96 .008"
Hip 12.13£3.21 12.904+4.09 -1.60 126
Right
Shoulder 11.97+4.01 13.61+£5.23 -1.77 .093
Elbow 9.85+3.90 13.05+£8.08 -1.69 .108
Wrist 76+.38 .95+.49 2.14 045"
Sacroiliac 7.35£1.66 8.09+1.81 -3.49 002"
Atlantoaxial 4.65+1.44 5.12+1.45 221 039

ROM; Range of motion, SD; Standard deviation, VR; Virtual reality,

2. 7ML o] B A FA mA= IF Ch3h 2 3kth(Table 7). Ko A|7H2] 54 & Ha)
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HeY &=, BT AIZE TR AA] 7] AlRRe] HeE (p<05). Frie A A 7] AR v7PFA A oA #
SAsH 7HIEAEE Y 7S oA e uskA A A cH(p<.05).
=

Table 7, Comparison of temporal characteristics of gait

VR Non-VR
P environment environment t p
Mean+SD
Speed (cm/s) 82.27+16.98 99.60+15.31 -6.27 .000"
Cycle time (s) 1.23£0.14 1.14+.09 4.99 .000"
DLST (s) 31x.07 26+.05 497 .000°

DLST; Double limb support time, VR; Virtual reality

241



Table 8, Comparison of spatial characteristics of gait
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VR Non-VR
Parameter environment environment t p
Mean+SD (cm)

Left step length 49.93+£6.72 56.44+5.85 -5.49 .000°
Right step length 49.15+6.62 55.56+6.75 -5.70 .000"
Stride length 99.21+13.03 111.87+12.36 -5.54 .000
Stride width 12.95+£2.22 11.9442.11 2.54 020
Up&down mvt of COM 3.50+.53 3.86+.69 -4.05 001"
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mvt; Movement, COM; Center of mass, VR; Virtual reality
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