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Purpose: In this study, we investigated visual function changes according to the effect of the axis error of astigmatism
occurring during refraction or optical dispensing. Methods: In 32 young adults (21.76+2.84 years) with astigmatism ranging
from —-0.25 D to —3.00 D, after complete correction with subjective refraction, the axis of the cylinder lens was artificially
rotated from 5° to 30° in the right eye in random order. The maximum corrected visual acuity, maximum control power,
ease of control, fusion time, and distant and near stereoscopic visions were evaluated. Results: As the astigmatic axis
changed, all visual functions declined, and in particular, statistically significant differences were seen in an astigmatic axis
change of 10°-15° or more. Conclusions: In correcting the astigmatism axis, if an error of more than 10° occurs, it may
decrease the visual function; therefore, accurate astigmatism axis correction is required.
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Fig. 1. Bernell-O-Scope (left) and a chart for the stereoacuity
test (right).

Fig. 2. TNO Stereo Test at 40 cm distance.
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Table 1. Changes in visual acuity (monocular) according to astigmatic axis errors (n=32)

Astigmatic axis errors (degrees) 0 5 10 15 20 25 30
BCVA (decimal) 123032 1224033  1.17£033  1.09£0.35  1.09£0.37  0.95:0.36  0.86+0.29
Differences - 0.01£0.42  0.06£0.05  0.14£0.07°  0.14+0.08"  0.28+£0.07°  0.38+0.08"
p-value - 0.626 0.477 0.038 0.030 0.001 0.000

Notes: Data are expressed as mean+SD.

*statistically significant difference to the correct axis (0° error) in the post-hoc analysis (p<0.05)

Abbreviations: BCVA, best-corrected visual acuity
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Fig. 3. Changes in best-corrected visual acuities (monocular)
according to astigmatic axis errors (n=32).
*significantly different (p<0.05) from the non-astigmatic
axis errors in repeated-measures ANOVA
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Fig. 4. Changes in the accommodative amplitude (monocular)
according to astigmatic axis errors (n=32).
*significantly different (p<0.05) from the non-astigmatic
axis errors in repeated-measures ANOVA
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27} 5091 7390l 15.33+4.41 cpm, 10° 15.03+4.17 cpm,
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Table 2. Changes in the accommodative amplitude (monocular) according to astigmatic axis errors (n=32)

Astigmatic axis errors (degrees) 0 5 10 15 20 25 30
AA (D) 8.73+1.84  8.48+1.96  8.05+1.87 7.73+1.84  732+1.64  6.75£1.37  6.07+1.46
Differences - 0.25£0.09  0.68+022  1.00£0.23" 1.41+0.27° 1.98+0.38"  2.66+0.34"
p-value - 0.072 0.055 0.001 0.000 0.000 0.000

Notes: Data are expressed as mean+SD.

*statistically significant difference to the correct axis (0° error) in the post-hoc analysis (p<0.05).

Abbreviations: AA, accommodative amplitude, D, diopter
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Table 3. Changes in accommodative facilities (monocular) according to astigmatic axis errors (n=32)

Astigmatic axis errors (degrees) 0 5 10 15 20 25 30
AF (cpm) 16.50+4.06  15.33+4.41 15.03+4.17 14.53£3.71 13.86+4.93 13.00+4.43 12.50+4.57
Differences - 1.170.31  1.47£0.44" 1.97£041" 2.64+£0.67° 3.50£0.68"  4.00+0.86"
p-value - 0.057 0.004 0.000 0.001 0.000 0.000

Notes: Data are expressed as mean+SD.
*statistically significant difference to the correct axis (0° error) in the post-hoc analysis (p<0.05)
Abbreviations: AF, accommodative facility; cpm, cycles per minute
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Fig. 5. Changes in accommodative facilities (monocular) according
to astigmatic axis errors (n=32).
*significantly different (p<0.05) from the non-astigmatic
axis errors in repeated-measures ANOVA

Fig. 6. Changes in fusional time (binocular) according to astig-
matic axis errors (n=32).
*significantly different (p<0.05). from the non-astigmatic
axis errors in repeated-measures ANOVA
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Table 4. Changes in fusional time according to astigmatic axis errors (n=32)

Astigmatic axis errors (degrees) 0 5 10 15 20 25 30
Fusional Time (sec) 3.5842.63  4.08+2.66  4.88+3.24  5.68+3.14 6494325  7.13#329  8.02+3.59
Differences - 0.50+0.10°  1.31£0.30"  2.10+0.34"  2.91£0.39"  3.56+0.45"  4.45+0.54"
p-value - 0.000 0.000 0.000 0.000 0.000 0.000

Notes: Data are expressed as mean+SD.
*statistically significant difference to the correct axis (0° error) in the post-hoc analysis (p<0.05)
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Table 5. Changes in distance stereoacuity according to astigmatic axis errors (n=32)

Astigmatic axis errors (degrees) 0 5 15 20 25 30
Dlsm?:; itfi‘f)‘cmty 7938+4.99  80.77+6.76  82.15£7.89  97.38+14.93 108.92+12.45 110.77+12.15 165.69+86.83
Differences - 1.39+1.39 2.77£1.88  18.00+£3.72" 29.54+3.36" 31.39+3.34" 86.31+24.34"

p-value - 0337 0.165 0.000 0.000 0.000 0.004

Notes: Data are expressed as mean+SD.

*statistically significant difference to the correct axis (0° error) in the post-hoc analysis (p<0.05)
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Fig. 7. Changes in distance stereoacuity (binocular) according
to astigmatic axis errors (n=32).
*significantly different (p<0.05) from the non-astigmatic
axis errors in repeated-measures ANOVA
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Fig. 8. Changes in near stereoacuity (binocular) according to

astigmatic axis errors (n=32).
*significantly different (p<0.05) from the non-astigmatic
axis errors in repeated-measures ANOVA

Table 6. Changes in near stereoacuity according to astigmatic axis errors (n=32)

Astigmatic axis errors (degrees) 0 5

15 20 25 30

Near Stereoacuity (sec of arc) 38.75+421.25 45.00£21.83 50.94+32.00 59.06+44.88 63.75+46.31 75.31449.71 97.19493.59

Differences - 6.25+2.35

12.19+4.52°

20.31+7.96° 25.00+8.42" 36.56+9.18" 58.44+20.67"

p-value - 0.087

0.017 0.022 0.010 0.001 0.013

Notes: Data are expressed as mean+SD.

*statistically significant difference to the correct axis (0° error) in the post-hoc analysis (p<0.05)
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