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Purpose: This study investigated the impact of visual cues and visual conditions on body stability using a body balance
measurement device. Methods: The study was conducted on 23 healthy individuals with a mean age of 23.92+2.09 years.
There were three visual conditions: “full correction”, “blur condition (visual acuity of less than 0.5 logMAR)”, and “visual
field (VF) defect to simulate of 10 degrees of VFE.” Body posture stability were evaluated using the 3D Guidance system
which can collect data from different location of body (3D Guidance trakSTARTM, Northern Digital Inc., Waterloo, Canada).
Results: When looking at distance, significant lateral body sway was observed based on forehead measurements in the “full
correction” (p=0.026) and blur condition(p<0.050). With 10 degrees of VF, significant changes were observed in all
measurements (p<0.050). When looking near, blur condition caused significantly more body sway than blur condition
(p<0.050). Conclusions : The result showed that significant posture sway were induced when restricting the VF which is
related to safety issue. Therefore, this study highlighted the necessity for further related research in the future.
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Fig. 1. Visible light transmittance of the glasses.
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Fig. 2. The visual field restriction device was used to induce
a 10-degree visual field.
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Fig 3. Experimental configuration of 3D guidance system.
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Sensor Vision condition
y z p-value

Abdomen Full correction 4.81+£1.99 18.54+1.26 3.05+2.48

Blur 4.83+1.84 17.29+1.37 3.01+£2.26 187
) Visual field defect 4.23+1.84 18.71£1.5 2.77+2.4

Distance -

Forhead Full correction 4.81+£1.99 17.46£1.36 -21.56+3.01

Blur 4.32+2.06 17.38+1.37 -21.41+0.39 932
Visual field defect 4.06+1.93 17.44+1.39 -21.234£2.85
Abdomen Full correction 4.40+1.67 18.54+1.25 3.11£1.93

Blur 4.60+1.56 18.56+1.37 2.8+2.46 .99
N Visual field defect 4.75+1.62 15.57+9.78 2.78+2.63
ear

Forhead Full correction 4.15+1.56 17.57+1.36 —19.68+3.33

Blur 4.23+1.48 17.52+1.43 —19.414£3.59 157
Visual field defect 3.98+1.73 17.71£1.67 —18.66+3.73

SD": standard deviation
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(1(23)=2.42, p=0.011).
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Table 2. Body stability with full correction when looking at distance
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277802401, FA AE F o] e A|FAME x=4.21

Mean+SD'
Sensor location  Coordinate - - - -
Static chart Dynamic chart (color) Dynamic chart (black) Pursuit
4.46+1.9 4.51+1.84 4.4+1.89
X p-value 4.81+1.99
.050
18.46+1.4 18.42+1.4 18.31+1.4
Abdomen Y p-value 18.54+1.26
.050
3.242.16 3.23+2.16 3.03+2.46
Z p-value 3.05+2.48
.050
4.2+1.87 4.21£2.01 4.38+1.98
X p-value 4.02+1.78 P
.050 .050 .026
17.4+1.21 17.28+1.19 17.27+1.15
Forhead Y p-value 17.46+1.36
.050
—21.42+3.01 —21.54+3.02 —21.47+£2.98
Z p-value -21.56+3.01
.050
SD": standard deviation
All statistical values were based on static table measurements, and statistical significance was indicated as follows:
p<0.05, "'p<0.01,""p<0.001
Table 3. Body stability with simulated blur vision when looking at distance
Mean+SD"
Sensor location Coordinate - - - -
Static chart Dynamic chart (color) Dynamic chart (black) Pursuit
4.72+1.74 4.65+1.68 4.55£1.65
X p-value 4.83+1.84 ;
.050 .050 011
18.4+1.34 18.47+1.4 18.49+1.37
Abdomen Y p-value 18.50£1.19
.050
—3.04+£2.5 3.42+1.95 3.23+£2.23
V4 p-value 3.01£2.26 :
.031 .050 .050
4.17+£2.02 4.09+2.02 4.00+1.88
X p-value 4.3242.06 ; p
.050 .029 .012
17.29+1.37 17.4+1.43 17.33+1.4
Forhead Y p-value 17.38+1.37
.050
—21.29+2.96 —21.28+3.01 —21.26+3.02
V4 p-value —20.99+2.93 050

SD": standard deviation

All statistical values were based on static table measurements, and statistical significance was indicated as follows:

*okok

*p<0.05, "*p<0.01,""p<0.001
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Table 4. Body stability with simulated visual field defect (10 degree of VF) when looking at distance
) ) Mean+SD’
Sensor location Coordinate - - - -
Static chart Dynamic chart (color) Dynamic chart (black) Pursuit
4.21+1.82 4.12+1.70 4.19+1.74
X p-value 4.23+1.84 e - s
.001 007" .001°
18.68+1.45 18.59+1.41 18.58+1.44
Abdomen Y p-value 18.71£1.5 =
.050 .050 .006
2.72+2.39 2.69+2.43 2.7+2.41
Z p-value 2.77+2.4 -
.034 .050 .050
3.78+1.96 3.79+2.00 3.85+2.06
X p-value 4.06+1.93 - . "
.049 027 .021
17.15+1.69 17.16+1.50 16.86+1.78
Forhead Y p-value 17.44+1.39 = =
.050 .006 .009
—21.1343.17 —21.2442.92 —21.0143.17
V4 p-value -21.234+2.85 050

SD": standard deviation

All statistical values were based on static table measurements, and statistical significance was indicated as follows:

*okok

*p<0.05, "*p<0.01,""p<0.001
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Table 5. Body stability with full correction when looking near

) Mean+SD"
Sensor location Coordinate - - - -
Static chart Dynamic chart (color) Dynamic chart (black) Pursuit
4.40+1.59 4.36+1.62 4.35+1.58
X p-value 4.40+1.67
.050
18.56+1.17 18.51+1.20 18.58+1.17
Abdomen Y p-value 18.54+1.25 -
.050 046 .050
2.89+2.26 2.74£2.50 2.7£2.47
Z p-value 3.11£1.93
.050
3.99+1.62 4.02+1.70 3.94+1.74
X p-value 4.15+1.56
.050
17.46+1.34 17.44+1.33 17.54+1.32
Forhead Y p-value 17.57+1.36 -
.050 046 .050
—19.53£3.31 —19.43+3.29 —19.36+3.32
Z p-value -19.68+3.33 " P
.022 .009™ .050

SD": standard deviation

All statistical values were based on static table measurements, and statistical significance was indicated as follows:

*okok

*p<0.05, "*p<0.01,""p<0.001
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£ x=4.36+1.80, y=18.42+1.67, z=2.8+2.43°, S A|3]
ME x=4.38+1.77, y=18.54+1.29, z=3.18+1.91°, W=}R.7]
AM = x=4.40+1.84, y=18.45+1.44, z=3.18+1.96° 2. & 1}
et

A FES} AMo] Y= ZAHAFE 7] AlH] oFgA 2Jo)

Z A 29 A1 x7ke] 0.24+0.57 x}o]E LR
H SAHCE %M Zpo] 7} frolFAIL(1(23)=2, p=0.028),
AA 2 2F AR rollME BAF F=X)7F4(23)=1.93,
p=0.033’C. 2 F2J3lATt T A|EE x=0.22+0.56"3k°]
Frol3t AJolS B oM (4(23)=—1.91, p=0.034), w}&}H 7]
= BT FAZACE gt o]z} fIATH(p>0.050).
AAAE FA] Al ol 71F AA] QHAA WSt ke x=
4.23£1.48, y=17.52£1.43, z=19.41£3.59’0]H, 54 A%
Z o] Q= AlFEAAME x=3.99+1.84, y=17.54£1.39, z=

3t

Table 6. Body stability with simulated blur vision when looking near

) Mean+SD"
Sensor location Coordinate - - - -
Static chart Dynamic chart (color) Dynamic chart (black) Pursuit
4.36x1.80 4.38+1.77 4.40+1.84
X p-value 4.60+1.56 - p
.028 .034 .050
18.42+1.67 18.54+1.29 18.45+1.44
Abdomen Y p-value 18.56+1.37
.050
2.8+£2.43 3.18+1.91 3.18+1.96
Z p-value 2.8+2.46 p
.033 .050 .050
3.99+1.84 4.03+1.78 3.97+1.72
X p-value 4.23+1.48
.050
17.54+1.39 17.2742.49 17.61+1.42
Forhead Y p-value 17.52+1.43
.050
—19.13+£3.48 —18.6+3.83 -19.31£3.72
V4 p-value —-19.41£3.59 - p
.013 .050 0.024

SD": standard deviation

All statistical values were based on static table measurements, and statistical significance was indicated as follows:

sokok

*p<0.05, "'p<0.01,""p<0.001
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—19.13£3.48°, W A|F M= x=4.03+1.78, y=17.27+ 3h= x=3.98+1.73, y=17.71£1.67, z=18.66+3.73°0|", &
249, 7=18.6+3.83, WetH 7|0 M= x=3.97+1.72, y=17.61% A Al F Ao] = AlFOAME x=3.98+1.66, y=17.72+

1.42, 7=19.3143.72°2 eI 1.55, z=—18.51£3.59’, S A|Fo| M= x=3.84+1.75, y=
AR ) E} o] e THAE 7H] A1A] Qg o) 17.70£1.60, z=-18.51+3.79°, WetH 7| A= x=3.82+1.77,
Z 7=027x054' 0.2 SAFOZE Fo3H W (1(23)= y=17.64+1.62, z=—18.52+3.8° 0. & UE}tom, ol BF

2.37, p=0.013), S A|3£9] Aol BF TAZ SR 9] EAZ R FkA] & TH(p=>0.050).
514 eAUTHp>0.050). T8t whekr 7] 2 ol AT f<]
3k 2}o) 7} YR TH(23)=2.08, p=0.024). 2. &

A

® 10°0]2] Alok Aste] A Y] A F41S AAHe PFH o2 FA]F

Alop7t 10°0]HE A FHE Aol X o] A2 Al FAol = TYo|H P NS B3 AR A 7F A 2
it AlA ob Al WMEteF HHS x=4.75£1.62, y=15.57 o)A oF 80% o]ie] 7|oE s Ao g deRt o)
49.78, z=2.78+2.63°0|H, T4 A& F o] U= Al 43k AA 7¥ sYol st 5o HIAHS FRISHA
ME x=4.79+1.57, y=18.37+1.07, z=3.34+1.92 >, 39 A] 3oy ole 4o AS thdo s "olEga, 54
FoIME x=4.58+1.51, y=18.34+1.08, z=3.26+1.93", Wz} FEANA JoM e 3 FHE FAE 4o e
HI)ME x=4.60+1.49, y=18.40+1.1, z=3.28+1.92°Z 1} o, =Rl A= AFSZEA] 2 & 5= 171l g A
Epstet. o] F& FTo|thC T} HAeY ATl = AlZHA

AN TS} So] gl FAAE 48] WA QPP Aol BAE Fuke FA 2 B el me A4 YA 3
F A Fwe] §AYA 0tk Aol7l 004081 1 vhoh B AP vlelanh wekd 2 AFolAE 3

B BAHOE o8t al(1(23)=—2.24, p=0.017), = 2 gl T2 ARE T A7 2 HstE Qg AlA o
W A9 pole AlATY o FE2 EEY ey @ 74 & A 58 w3t Fell sl Agsknt.
w2 A 2kl A ol Zpol 7k YEFETH(23)=1.85, RE AFoA HAA R FAIE A E5Hol tig
p=0.038), (1(23)=2.03, p=0.027). F=3+ W} 7= y=2.83 oIt Aol 7} WA A] 92 F O FRIFFIOL, FHA
+0.39, z70.2+1.49°9] 2ol & Y™ y’ghit} 2o X SA IE A 9 2 4 Fos EEES WA=
Aoz fFogh pol7t ERIHATH23)=1.74, p=0.047),  ZOZ e o= FHAsEe] Mg A7 A=o] ¢
(t(23)=—1.93, p=0.033). k3] dojiks FAAEIL A FHES FANIE 7
B FA] Al9] olulE 7IFOE g AIA P W Zk71 e BRI s vxitial deEy 2 Avje}

Table 7. Body stability with simulated visual field defect (10 degree of VF) when looking near

Mean+SD"
Sensor location Coordinate - - - -
Static chart Dynamic chart (color) Dynamic chart (black) Pursuit
4.79£1.57 4.58+1.51 4.60+1.49
X p-value 4.75+1.62 .
.017 .050 .050
18.37+£1.07 18.34+1.08 18.40+1.1
Abdomen Y p-value 15.57£9.78 . S
.050 .038 .047
3.34+1.92 3.26+1.93 3.28+1.92
Z p-value 2.78+2.63 . p
.050 .027 .033
3.98+1.66 3.84+1.75 3.82+1.77
X p-value 3.98+1.73
.050
17.7241.55 17.70£1.60 17.64+1.62
Forhead Y p-value 17.71+1.67
.050
—18.51£3.59 —18.51£3.79 —-18.5243.8
V4 p-value —18.6613.73 050

SD": standard deviation
All statistical values were based on static table measurements, and statistical significance was indicated as follows:

*p<0.05, “'p<0.01,""p<0.001
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