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Range of Eye Movement in a Normal Population and Its Relationship to Age
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Purpose: The purpose of this study is to measure the range of normal eye movement and to evaluate the effect of age on the
range of ocular movement in a normal population.
Methods: We conducted a prospective observational study of 85 subjects aged between 5 and 91 years. Photographs were tak-
en of the cardinal position, and these images were analyzed using an image analysis software (Adobe Photoshop 6.0, Adobe,
San Jose, CA, USA). To measure the range of eye movement, the preprocessed images were analyzed using the Image J
program. The range of movement of the eyeball was quantitatively measured using corneal limbal analysis. Specifically, the
ranges of ocular movement according to adduction, abduction, elevation, and depression were measured.

Results: The normal movement ranges were 44.4 + 6.9° in adduction, 44.8 + 5.5° in abduction, 27.7 + 7.6° in elevation, and 46.7 + 8.4°
in depression. Adduction, abduction, and elevation were negatively correlated with age (R2 =0.220, R%= 0.126, and R%= 0.304,
respectively, all p < 0.001). However, there was no significant correlation between age and depression (R2 =0.030, p =0.113).
Conclusions: For all ages, the range of normal ocular movement in the horizontal direction was symmetric, while the range of oc-
ular movement in elevation was smaller than that of depression. As age increased, the range of ocular movement decreased in
all directions except depression, but depression did not decrease with age. When assessing eye movement, it is necessary to
consider the range of ocular movements relative to both the movement direction and changes in the ocular movement range ac-

cording to age.
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Figure 1. The composite photograph shows how the subject looks at the primary position and secondary position. (A) We got pic-
tures from five cardinal positions. The subjects tracked the fixating target and moved their eyes as far up, down, left, and right as
possible. (B) Using Photoshop, the photographs in the semitransparent second position were superimposed on the pictures in the pri-
mary position. (C) Photoshop was used to convert the overlapping photographs to fit the edges of the limbus of the cornea.
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Table 1. Demographics and characteristics of subjects
Age group (years) Gender Number of subjects Age (years) Spherical equivalent (diopters) Axial length (mm)
5-10 Male 5 6.4 -1.10 23.74
Female 5
10-20 Male 5 12.8 -1.11 23.95
Female 5
20-30 Male 5 24.8 -1.03 24.06
Female 5
3040 Male 5 34.6 -0.84 23.85
Female 5
40-50 Male 5 45.1 -0.85 23.71
Female 5
50-60 Male 5 55.7 -0.33 23.26
Female 5
60-70 Male 5 64.0 0.29 23.18
Female 5
70-80 Male 5 73.0 0.08 23.28
Female 5
80-91 Male 3 83.8 0.93 23.59
Female 2
Data are presented as mean values.
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Figure 2. Box plot shows the mean range of eye movements.
The mean angle in the horizontal direction was not statistically
significant (adduction 44.4 + 6.9° vs. abduction 44.8 + 5.5°;
p = 0.600). On the other hand, the angle in elevation was sig-
nificantly smaller than that of depression (elevation 27.7 +
7.6° vs. depression 46.7 + 8.4°; p < 0.001).
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Figure 3. The graph shows the changes in eye movement ac-
cording to age for each direction. The range in the horizontal
direction tends to decrease with increasing age, and the range
in elevation tends to decrease faster than in the horizontal
direction. On the other hand, there was no significant relation-
ship between the range in depression and age.
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Figure 4. Scatter plot shows the distribution of the range of eye movement according to age. (A-C) It shows a significant negative
correlation between the range of eye movement and age (R = 0.220 in adduction, R = 0.126 in abduction, and R = 0.304 in ele-
vation; all p < 0.001). (D) Unlike other directions, there was no significant relationship between the range in depression and age

(R =0.030; p = 0.113).
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