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Purpose: This study aimed to analyze differences in the fixation stability and gaze positions before and after blinking
during binocular viewing. Methods: Of the 40 subjects (21.53+£2.06 years) without ocular disease and currently not taking
any medications, 28 and 12 subjects were classified into abnormal and normal phoria groups, respectively. Data recorded for

10 s using an eye tracker during fixation were analyzed for fixation stability, gaze positions, and changes in gaze positions

for the two groups. Results: In both the abnormal and normal phoria groups, the fixation stability was more stable before
than after blinking, but there was no significant difference between the two groups. The gaze positions showed differences
before and after blinking in the horizontal direction, but the horizontal gaze positions were more accurate than the vertical
gaze positions. In addition, changes in gaze positions over a short time tended to increase slightly in the vertical gaze
position after blinking in the normal phoria group. Conclusions: Fixation stability during binocular viewing was stable until
blinking but became unstable immediately after blinking. It is, therefore, likely that fixation stability is unstable as a result
of blinking, whereas the horizontal gaze positions may be stabilized by micro-movements until blinking occurs.
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Table 1. Characteristics of the subjects

Abnormal phoria Normal phoria

Characteristics (N=28) (N=12)
Male/female (N) 17/11 7/5
Age (years) 21.8+2.17 20.75+1.06
22:2;‘1 ;;‘“ty with correction 4 7 4 1. 0.7 to 1.2
Spherical equivalent (D) —3.5942.65 —2.504+2.37
Phoria at distance (A) —4.0£5.9 —-0.58+0.79
Phoria at near (A)' —8.8+10.25 -3.00+£2.4
Binocular vision*

Normality 12

Convergence insufficiency 14

Convergence excess 5

Basic exophoria 5

Basic esophoria 4

Data presented as meantstandard deviation (SD).

*Plus and minus sign in phoria indicate esophoria and exophoria,
respectively.

IClassification based on distance and near phoria.*”!

Table 3. Fixation stability before and after blinking

Table 2. The number of blinks and time of the selected blink
during fixation

Abnormal phoria  Normal phoria

(N=28) (N=12) p-value
Blinks 4.00£2.89 (3.00) 2.9242.57 (2.00)  p=0.148
Time (sec) 6.03+1.57 (5.78) 6.18+1.84 (6.34)  p=0.768

Data presented as meantstandard deviation (SD) and median in
parentheses.
"Mann-Whitney test.
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pixel?(0.49 deg®)3} 512.15 pixel’(0.52 deg?)= =24 A
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Group N - - p-value'
Before (pixel®) After (pixel?)

Abnormal phoria 28 235.17+£301.09 (153.30) 479.55+455.10 (336.99) p<0.001*

Normal phoria 12 241.55+£163.33 (206.86) 512.154347.32 (459.06) p=0.005"

All 40 237.08+265.13 (166.36) 489.33+421.48 (379.21) p<0.001*

Between groups®

£=0.600

p=0.619

Data presented as mean+standard deviation (SD) and median in parentheses.

BCEA: bivariate contour ellipse area.
"Wilcoxon test.

*Kruskal-Wallis test.

*p<0.05 indicates significant difference.
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Fig. 1. BCEA for all abnormal phorias (N=28). 3177.78 pixel’ before blinking (A), 4451.76 pixel® after blinking (B) 9784.37
pixel? before blinking for BCEA+1SD (inner ellipse area; 13706.95 pixel’ after blinking for BCEA+2SD (outer
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Fig. 2. BCEA for all normal phorias (N=12). 1,437.62 pixel’> before blinking (A), 2,175.39 pixel’ after blinking (B) For BCEA
+1SD (inner ellipse area), 4,426.43 pixel? before blinking (A); 6,698.03 pixel’ after blinking (B) for BCEA+2SD

(outer ellipse area).
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Table 4. Gaze position before and after blinking

A AR 2w B SR AR A A9 &
o R FF FA] f1A bl fol g AfolE HATHE
= p<0.001).

=249 A T FA X9 Pearson HA L
Table 5¢F 2t} ¥R A4 A9 25 EF FHou
T2 ko] FA| YoM wAurd A o] AdEAd

o
0.522~0.6982 213} S (EF p<0.001), o] 9] &

Group Gaze Before (pixels) After (pixels) p-value’
Abnormal phoria H 2.49+17.73 (1620) —2.71£23.47 (1609) p<0.001"
\% 26.41£24.90 (1620) 27.81£26.54 (1609) 0.121
H vs. V¥ <0.001" p<0.001"
Normal phoria H 1.69+8.50 (685) —0.31+12.74 (697) 0.001"
\% 19.774£23.53 (685) 19.71£24.21 (697) 0.963
Hvs. V* p<0.001" p<0.001"

Data presented as meantstandard deviation (SD) and total number of gaze points in parentheses.

H = horizontal gaze position, V = vertical gaze position.
“Independent samples t-test.

tpaired samples t-test.

*p<0.05 indicates significant difference.
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Table 5. Pearson correlation before and after blinking

Group Gaze Before vs. After (N)  p-value
Abnormal phoria H 0.683 (1609) p<0.001"
v 0.698 (1609) p<0.001"

Normal phoria H 0.543 (685) p<0.001"
\Y 0.522 (685) p<0.001"

H=horizontal gaze position, V=vertical gaze position.
"Paired samples t-test.
*p<0.05 indicates significant difference.
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Fig. 3. Changes in gaze position with time sequence before blinking. Minus signs of time sequence indicate before blinking.
A. Horizontal gaze position in abnormal phoria, B. Vertical gaze position in abnormal phoria, C. Horizontal gaze position in

normal phoria, D. Vertical gaze position in normal phoria.
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Comparative Analysis of Fixation Stability before and after Blinking during Binocular Viewing
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