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Abstract

To evaluate the relation between corneal horizontal diameter (white-to-white, CHD) and axial length (AL), corneal
radius of curvature (CR), anterior chamber depth (ACD), and body height, we measured CHD, AL, CR, and ACD
using IOLMaster in 333 eyes of 333 Japanese volunteers and preoperative adults aged 21-89 years. There were 161
male subjects and 172 female subjects. The CHD in Japanese adults was 12.05+0.44mm. The CHD was significantly
greater in males (12.17+£0.45mm) than in females (11.95+£0.41mm) and significantly greater in subjects under 50 years
of age than in subjects over 50 years of age. The CHD was strongly associated with CR and ACD.
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INTRODUCTION

Measurement of corneal diameter yields
important clinical information for diagnostic purposes
(i.e. microcornea, macrocornea, etc.) as well as for new
surgical procedures (i.e. phakic intraocular lens
implantation, etc.) [1]. Although normal corneal
diameter is described in many textbooks, the references
had been a few in MEDLINE until 2010. We often
think that corneal diameter in elderly people and
women are a little smaller than the one in young people
and men during cataract surgery and contact lens
prescription.

The purposes of this research are as follows; 1)
to measure corneal horizontal diameter (white-to-white,
CHD) in Japanese adults, 2) to evaluate the relation
between CHD and age and gender, and 3) to evaluate
the relation between CHD and axial length (AL),
corneal radius of curvature (CR), anterior chamber
depth (ACD), and body height.

Subjects and Methods

To evaluate above purposes, CHD, AL, CR,
and ACD was measured with 1OLMaster (Carl Zeiss,
Germany) in 333 eyes of 333 Japanese volunteers and
preoperative adults aged 21-89 years (mean, 54+19
years). There were 161 male subjects and 172 female
subjects.

CHD measurement was repeated three times
and the average was calculated. Five valid readings of
AL and ACD and three keratometry readings were
obtained with 1OL Master. CR was defined as the
average of the greatest corneal radius of curvature (R1)
and the least corneal radius of curvature (R2). The
heights were self-reported.

Basically, both eyes was measured, however,
the eyes with a history of ocular surgery were excluded
in this study. The eyes with refractive errors and
cataracts were included in this study. In cases with the
data obtained from both eyes, only the data from the
right eyes were used because there was a high
correlation between right and left eye CHD (r=0.894).

Correlation between CHD and age was
statistically analyzed by Spearman’s rank correlation
test. Correlations between CHD and the other
parameters were statistically analyzed by Pearson
correlation  coefficients and stepwise  multiple
regression analysis. To analyze the relation between
CHD and age alternatively, the subjects were divided
into two age groups: group 1, 21-49 years of age
(n=135); group 2, 50-89 years of age (n=198) and the
statistical analysis was performed by non-paired t-test.
A p-value of less than 0.05 was considered statistically
significant.
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RESULTS

The mean AL, CR, ACD, height was 24.10+1.50mm,

7.70+0.28mm,

CHD was normally distributed as shown in
Fig. 1. The mean CHD was 12.05+0.44mm (Table 1).
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Fig-1: Distribution of corneal horizontal diameter

3.27+£0.47mm,

Mean=SD Range
Corneal horizontal diameter (mm) 12.05+0.44 10.80-13.50
Axial length (mm) 24.10*=1.50 21.05-29.97
Corneal radius of curvature (inm) 7.70%+0.28 6.79-8.52
Anterior chamber depth (mm) 3.27%+047 1.89-4.33
Height (cm) 160.3+9.4 134-190

The mean CHD separated by age was shown in

Table 2. The mean CHD was 12.17+0.45mm in males

and 11.95+0.41mm

Table-2: Corneal horizontal diameter by age

All Subjects Male Female
Age mean + SD n mean + SD n mean + SD n
20-29 12.291+0.42 46 12.3910.41 26 12.151£0.41 20
30-39 12.29+0.43 55 12.4210.40 29 12.151£0.42 26
40-49 12.051£0.42 34 12.20£0.39 17 11.8910.40 17
50-59 11.95+0.42 42 11.99+0.42 16 11.92+0.42 26
60-69 12.01+0.41 74 12.071£0.40 37 11.95+0.42 37
70- 11.86+0.39 82 11.95+0.45 36 11.791+0.33 46
Total 12.0510.44 333 12.171£ 045 161 11.95+ 041 172

and  160.3+9.4cm,

in females with statistically
significant gender difference (p<0.001) (Fig. 2).
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Fig-2: Relationship between corneal horizontal diameter and gender
*p<0.001, non-paired t-test

CHD in males was 12.36+0.41mm in group 1 11.88+0.39mm in group 2. CHD was significantly
and 12.01+0.42mm in group 2, while the corneal greater in young group of each gender (p<0.0001) (Fig.
diameter in females was 12.08+0.42mm in group 1 and 3).
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Fig-3: Relationship between corneal horizontal diameter and age
group 1=21-49 years of age, group 2=50-89 years of age, *p<0.0001, non-paired t-test

CHD decreased with age in all subjects (Fig. 4, CHD decreased with age in each gender group
Spearman’s rank correlation test, p=—0.363, p<0.0001). (p<0.0001).
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Fig-4: Relationship between corneal horizontal diameter and age
y=12.506—0.008xAge; p=—0.363 (p<0.0001)
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CHD increased with AL (Fig. 5), CR (Fig. 6), ACD (Fig. 7), and body height (Fig. 8).
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Fig-5: Relationship between corneal horizontal diameter and axial length (AL)
y=8.986 +0.127xAL; r = 0.431 (p<0.0001)
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Fig-6: Relationship between corneal horizontal diameter and corneal radius of curvature (CR)
y=6.092+0.774xCR; r = 0.491 (p<0.0001)
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Fig-7: Relationship between corneal horizontal diameter and anterior chamber depth (ACD)
y=10.584+0.45xACD; r = 0.473 (p<0.0001)
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Fig-8: Relationship between corneal horizontal diameter and height
y=9.379+0.017xHeight; r = 0.355 (p<0.0001)

The simple correlation coefficients between coefficients between CHD and AL, CR, ACD, and
CHD and AL, CR, ACD, and height were 0.431, 0.491, height were -0.029, 0.407, 0.346, and 0.049,
0.473, and 0.355, respectively (Pearson correlation respectively, suggesting that CHD was closely related
coefficient, p<0.0001) (Table 3). The partial correlation to CR and ACD.

Table-3: Correlation coefficient

Simple Correlation Coefficient

CHD AL CR ACD Height
CHD 1.000
AL 0.431* 1.000
CR 0.491* 0.469* 1.000
ACD 0.473* 0.607* 0.164** 1.000
Height 0.355* 0.371* 0.426* 0.366* 1.000
Partial Correlation Coefficient
CHD AL CR ACD Height
CHD 1.000
AL -0.029 1.000
CR 0.407 0.413 1.000
ACD 0.346 0.513 -0.407 1.000
Height 0.049 0.031 0.254 0.100 1.000

CHD: corneal horizontal diameter, AL: axial length, CR: corneal radius of curvature,
ACD: anterior chamber depth, *kp<0.0001, sk>kp<0.005

Stepwise multiple regression analysis revealed CHD=5.640+0.670xCR +0.383xACD. CHD
that CHD was correlated with CR and ACD. The calculated by this equation was strongly correlated with
following equation was derived by the analysis: CHD by actual measurement (Fig. 9).

Corneal horizontal diameter
by actual measurement (mm)
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Fig-9: Stepwise multiple regression analysis
Corneal Horizontal Diameter =5.640+0.670xCR+0.383xACD; r=0.635 (p<0.0001)
CR: corneal radius of curvature, ACD: anterior chamber depth
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In this present study, the mean

corneal diameter was 12.05+0.44 mm as measured with

the IOLMaster. According to previous study, values
with IOLMaster are generally higher than those with the

population of Tehran was 11.68+0.46 mm as measured
Orbscan [4, 9].

measured with the Orbscan. In 2010, Hashemi et al. [4]
with the Orbscan.

2005. Their study population included 390 healthy
individuals between the ages of 10 and 80 years, and
the mean corneal diameter was 11.71+0.42 mm as
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reported that the mean corneal

various

for

1656 |

diameter

In 2002, Wang and Auffarth [1]
Table-4: Corneal horizontal diameter reported in different studies and their measurement device

There are various reports on corneal diameter

[1-19] (Table 1).
reports on corneal

DiscussION

are possible with the Orbscan. After that, there are
purposes, such as the agreement of various devices [3,
8-10, 14, 19] and preoperative evaluation for phakic
IOLs [7, 9, 14, 15, 18]. However, there were few
population-based studies [2, 4]. The first published
population-based study was done by Riifer et al. [2] in

showed that very accurate white-to-white measurements
several
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Our results indicated significantly larger
corneal diameters in men. Although Rifer et al. [2] did
not find statistically significant differences between
male and female, values in male (11.68+0.37 mm) are
larger than those in female (11.64+0.47 mm). In
addition, corneal diameter in male was larger than that
in female in many previous reports [4, 6, 8, 9].

In our study, CHD decreased with increasing
age. Rufer et al. [2] reported that age was significantly
correlated with a decrease in the corneal diameter,
whereas Hashemi et al. [4] found no significant
correlation between age and the corneal diameter.
However, these different findings may be attributable to
ethnic, genetic, and environmental factors [4].

In our study, we evaluate the relation between
CHD and AL, CR, ACD, and body height. However,
there are few reports that describe the relationship
between corneal diameter and other ocular biometrics.
Hashemi et al. [13] described that corneal diameter
significantly correlated with AL and CR. They
indicated that corneas with a larger CR, i.e. flatter
surface, are larger in diameter. Hashemi et al. [20]
described decreases in AL of the eye with aging. Since
AL is one of the important indices of eye size, when it
is large, other ocular components would be large as
well. There seems to be an optical explanation for this
observation. We believe that as part of the
emmetropization process in long eyes, which tend to be
myopic, the cornea might elongate to increase CR and
shift towards hyperopia to compensate for myopia [13].
On the other hand, as demonstrated, corneal diameter
directly correlated with spherical equivalent. This
relationship is due to the role of CR in different types of
refractive error.

There are limitations to this study. First, we
did not evaluate the refractive error data in this study.
Second, it is necessary to examine the longitudinal
changes for each individual. Furthermore, as only
relatively normal corneas were measured in this study,
the relevance of these results to post-operative corneas
or corneas with pathological alterations remains
unknown.

CONCLUSIONS

The CHD in Japanese adults was
12.0520.44mm. The CHD was significantly greater in
males than in females and significantly greater in
subjects under 50 years of age than in subjects over 50
years of age. The CHD was strongly associated with CR
and ACD.
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