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Purpose: This study aimed to investigate the effect of astigmatism axis alignment error direction on distance and near visual
acuity and static stereopsis under identical axis alignment errors. Methods: Twenty-four adult men and women (22.16+1.95
years) with astigmatism were selected as subjects. Distance and near visual acuity and near static stereopsis were measured

under full correction. To investigate the effect of the astigmatism axis alignment error direction on visual function under the

same amount of axis alignment error, axis alignment error type - specifically, the binocular astigmatism axis alignment error
direction - was set to CCW-CCW, CW-CW, CCW-CW, CW-CCW (CCW: counterclockwise, CW: clockwise). The relative
distance and near visual acuity and near static stereopsis were then measured and compared for each combination of error type
and amount of axis alignment error when set to 1, 3, 5, and 10°. Results: Under astigmatism axis alignment error, both
distance and near visual acuity and stereopsis tended to decrease. Even for the same amount of axis alignment error, the degree

of visual acuity and stereopsis deterioration differed depending on axis alignment error type. Visual acuity and stereopsis were
decreased relatively less in CCW-CW and CW-CCW, in which axis alignment error of both eyes occurred in the opposite
direction. However visual acuity and stereopsis decreased significantly in CCW-CCW and CW-CW in which axis alignment
error of both eyes occurred in the same direction. Conclusions: Those with astigmatism may show differing degrees of
deterioration of visual acuity and stereopsis depending on the axis alignment error direction, even if the amount of axis
alignment error is the same. Therefore, this should be considered when prescribing and dispensing eyeglasses.

Key words: Astigmatism, Astigmatism axis, Axis alignment error, Axis alignment error direction, Undercorrected astigmatism
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Table 1. Axis alignment error types and amounts

Axis alignment error

Classification Type
Amounts
oD oS
FC FC FC
CCW-CCW CCW CCW
CW-CW cW cW 1” (AEAT),
3° (AEA3),
CCW-CW CCW CcwW 5° (AEA3),
CW-CCW Ccw CCW 10° (AEA10)

Average of all error types
(except FC)

FC: full correction, CCW: counterclockwise, CW: clockwise, AEA:
axis alignment error amount

Average
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Table 2. Comparison of relative distance visual acuity, relative near visual acuity, and near static stereopsis depending on
the axis alignment error type

AET
Classification AEA
FC CCW-CCW CW-CW CCW-CW CW-CCW Average
1° 1.00£0.00  0.91+0.09 0.930.11 0.91+0.10"¢" 0.9420.09 0.92+0.09
) 3° 1.00£0.00  0.90+0.09°¢" 0.90+0.117 0.92+0.10 0.92+0.10 0.910.097"
Relative DVA o = - ~
50 1.00£0.00  0.89+0.10"C 0.90+0.11"¢ 0.92+0.09 0.90:£0.09"¢ 0.90+0.08"¢
10° 1.00£0.00  0.87+0.12F¢ 0.90-0.097¢" 0.90+0.107¢" 0.92+0.10 0.90+0.087¢"
1° 1.00£0.00  0.97+0.08 0.98+0.08 1.02+0.16 1.00+£0.10 0.99+0.08
3° 1.00£0.00  0.92+0.08 0.98+0.10 1.01£0.10CCW-ceW 0.98+0.09 0.97+0.06
Relative NVA
50 1.00£0.00  0.92+0.11 0.98+0.11 1.01%0.13 1.00£0.10 0.97+0.09
10° 1.004£0.00  0.87+0.127¢" 0.9740.11CCW-CEW* (9.994(,1oCCW-cOW* 0.97+0,11CCW-coW* 0.95+0.09
1° 26381137 36.65+20.02 37.69+31.59 30.69+13.69 33.15+13.69 34.54+1598
Near static 3°  2638+1137 4521+31.00 43.13+£38.23 35.38+15.51 37.40+14.12 40.28+20.08
stereopsis 50 2638+11.37 45.67+20.14 53.17+39.33" 34.33+16.04 39.46+19.68 43.16+20.27
10°  2638+1137 61.00+39.10"  55.50+38.03 41.96+23.24 41.67£19.86 50.03+24.38

AEA: axis alignment error amount, AET: axis alignment type, FC: full correction, CCW: counterclockwise, CW: clockwise,
DVA: distance visual acuity, NVA: near visual acuity
*: p<0.05, **: p<0.01, ***: p<0.001
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Fig. 1. Comparison of relative distance visual acuity depending on the axis alignment error type.
A. axis alignment error amount 1°, B. axis alignment error amount 3°, C. axis alignment error amount 5°, D. axis
alignment error amount. 10°
DVA: distance visual acuity, FC: full correction, CCW: counterclockwise, CW: clockwise

" p<0.05, " p<0.01, ™ p<0.001
, CCW-CW f39] 01 ol BAgH A9 iAol HElA = GRAA T Al o] F ST o R
1.02£0.16, CW-CCW F3 <] oj5tgo] MG S = CW-CW(0.98+0.07) 3¢ A& A7 A4 s,
1.00+0.102 23]7] A Je|ro} FAZHoZ {9 CCW-CCW(0.97+0.08) 32} of5tgo] gt 7-9-9] A
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Fig. 2. Comparison of relative near visual acuity depending on the axis alignment error type.

A. axis alignment error amount 1°,
alignment error amount 10°

B. axis alignment error amount 3°, C. axis alignment error amount 5°

D. axis

NVA: near visual acuity, FC: full correction, CCW: counterclockwise, CW: clockwise

" p<0.05, : p<0.01, " p<0.001
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Fig. 3. Comparison of near static stereopsis depending on the axis alignment error type.

A. axis alignment error amount 1°,
alignment error amount 10°

FC: full comrection, CCW: counterclockwise, CW: clockwise.

" p<0.05, “: p<0.01, ™ p<0.001

Vol. 28, No. 3, September 2023

B. axis alignment error amount 3°, C. axis alignment error amount 5°,

D. axis
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