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Purpose: This study aimed to evaluate the influences of uncorrected myopic and astigmatic refractive error on the ocular
counter-roll (OCR). Methods: Forty-five college students (mean age 21.98+1.96 years) participated in this study. All
subjects underwent a measurement of the OCR at head tilts of 10°, 20°, 30° in the right and left directions using a slit lamp
microscope with an ophthalmic camera during fixation at a target of 40 cm distance in an uncorrected refractive error.
Results: When the uncorrected myopia group less than —3.00 D and over —3.00 D were compared, a significant difference
was found in the mean OCR in the condition of head tilt 10 ° (to the right: p=0.011, left: p=0.033). The mean differences of
OCR between the astigmatism group less than —1.00 D and over —1.00 D were significant in conditions of 10° to the right
and 20° to the left directions (to the right 10°: p=0.028, left: p=0.004). Although not statistically significant, the mean OCR
increased as the amount of uncorrected refractive error increased in all groups. In the correlation analysis, both the myopia
and astigmatism groups showed a positive correlation on the right and left at head tilt 10° (to the right: r=0.379, 0.460, left:
=0.341, 0.394, respectively), and the left head tilt 20° in the astigmatism group (r=0.465) also showed a positive correlation
(r=0.465). Conclusions: The amount of uncorrected myopic and astigmatic refractive errors had an influence on the mean
OCR. Therefore, the full correction of refractive error may be warranted to prevent the occurrence of unnecessary OCR.
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Fig. 1. An example of measuring OCR in the right eye using
iris image and Image J.
A: The angle at head tilt 0°.
B: The angle at head tilt 30° to the right direction.
If head tilts to the right 30°, the expected angle
is 133.435° (103.435°+30.00°). The difference between
the calculated angle (133.435°) and actual measured
angle (128.215°) in the left image is OCR. In Fig.
1, therefore, OCR is 5.220° (133.435°-128.215 °).
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Table 1. The mean OCR according to various head tilt conditions
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Angle
Tilt direction P post-hoc N
10° 20° 30°
To the right (degree) 1.91+1.03* 3.88+1.67° 6.10+2.39° <0.001 a<b<c 45
To the left (degree) 2.02+1.17* 4.07x1.68 6.23+1.99° p<0.001 a<b<c 45

Analyzed by repeated-measures ANOVA with Bonferroni post-hoc tests.
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Table 2. The mean OCR according to the amount of myopia
at right head tilt conditions

Tilt Amount of spherical equivalent
angle 300 D or less (n=18) Over than —3.00 D (n=27)

10° 1.50+0.76° 2.19£1.10° 0.011
20° 3.33+1.55° 4.24+1.67° 0.067
30° 5.59+2.39° 6.43+2.37° 0.132

Analyzed by the Mann-Whitney U test

Table 3. The mean OCR according to the amount of myopia
at left head tilt conditions

Tilt Amount of spherical equivalent

angle 300 D or less (=18)  Over than —3.00 D (n=27) P
10° 1.47+0.66° 2.38+1.30° 0.033
20° 3.64+1.05° 4.35+1.97° 0.247
30° 5.9141.92° 6.44+2.03° 0.187

Analyzed by the Mann-Whitney U test
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Table 4. The mean OCR according to the amount of astig-
matism at right head tilt conditions

_&

Tilt Amount of cylinder power

angle 100 D or less (=25)  Over than —1.00 D (n=20) P
10° 1.56+0.47° 2.34+1.35° 0.028
20° 3.62+1.65° 4.20+1.67° 0.209
30° 5.78+2.01° 6.49+2.79° 0.411

Analyzed by the Mann-Whitney U test
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Table 5. The mean OCR according to the amount of astig-
matism at left head tilt conditions

Table 6. Correlation between refractive error and OCR at
various head tilt conditions

Tilt Amount of cylinder power r (p)
p Refractive - - -
angle  _1.00 D or less (n=25) Over than —1.00 D (n=20) error To the right head tilt To the left head tilt
10° 1.74+0.84° 2.37+1.43° 0.164 10° 20° 30° 10° 20° 30°
20° 3.43+1.15° 4.86+1.92° 0.004 Myopia 0.379 0242 0.161 0.341 0.164 0.195
30° 5 80+1.94° 6.73+1.96° 0.064 (0.010) (0.108) (0.292) (0.022) (0.283) (0.199)
Analyzed by the Mann-Whitney U test Astigmatism 0460 = 0.205 ~ 0.230 ~ 0.394 = 0.465 = 0.268
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