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PURPOSE. To evaluate factors affecting corneoscleral profile (CSP) using anterior segment
optical coherence tomography (AS-OCT) in combination with conventional videokerato-
scopy.

METHODS. OCT data were collected from 204 subjects of mean age 34.9 years (SD: 615.2
years, range 18–65) using the Zeiss Visante AS-OCT and Medmont M300 corneal topographer.
Measurements of corneal diameter (CD), corneal sagittal height (CS), iris diameter (ID),
corneoscleral junction angle (CSJ), and scleral radius (SR) were extracted from multiple OCT
images. Horizontal visible iris diameter (HVID) and vertical palpebral aperture (PA) were
measured using a slit lamp graticule. Subject body height was also measured. Associations
were then sought between CSP variables and age, height, ethnicity, sex, and refractive error.

RESULTS. Significant correlations were found between age and ocular topography variables of
HVID, PA, CSJ, SR, and ID (P < 0.0001), while height correlated with HVID, CD, and ID, and
power vector terms with vertical plane keratometry, CD, and CS. Significant differences were
noted between ethnicities with respect to CD (P ¼ 0.0046), horizontal and vertical CS (P ¼
0.0068 and P ¼ 0.0095), and horizontal ID (P ¼ 0.0010). The same variables, with the
exception of vertical CS, also varied with sex; horizontal CD (P ¼ 0.0018), horizontal CS (P ¼
0.0018), and ID (P ¼ 0.0012). Age accounted for the greatest variance in topography variables
(36%).

CONCLUSIONS. Age is the main factor influencing CSP; this should be taken into consideration in
contact lens design, IOL selection, and in the optimization of surgical procedures. Ocular
topography also varied with height, sex, ethnicity, and refractive error.
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Corneal videokeratoscopy measurements provide objective
data relating to the central and midperipheral corneal

topography; however, information on the topography of the
peripheral cornea, corneoscleral junction, and limbal sclera,
which form the corneoscleral profile (CSP), is scarce.1 These
data are of particular relevance in scleral contact lens fitting,
and have also been shown to influence the fit of soft contact
lenses, since this area is where soft contact lenses are required
to make the greatest flexural changes in order to align to the
ocular surface.2

Marriott3 first attempted to characterize the anterior ocular
profile using haptic shells taken from impressions of eyes;
however, his study was limited to scleral contour alone and did
not consider the effect of the corneoscleral junction angle (CSJ)
on corneoscleral profile. Meier and coworkers4,5 later defined
the CSP, as an aid to soft contact lens fitting, based on
qualitative assessments of the limbal transition zone made using
the naked eye or slit lamp biomicroscope. They described five
different corneoscleral transition models. Their assessments of
CSP, though, were restricted to the superior corneoscleral
junction, and a subsequent study6 found that this was neither
an accurate or reproducible means of classification. More
recently, a number of different workers1,2,7 have employed
optical coherence tomography (OCT), a technique that allows
for more extensive imaging of the anterior segment and
peripheral corneoscleral profile. The Zeiss Visante Anterior
Segment OCT (Carl Zeiss Meditec, Dublin, CA) utilizes low

coherence interferometry to facilitate high-speed, noninvasive
and noncontact in vivo imaging of the anterior segment,8,9 and
is validated in capturing full corneal depth and width in a single
scan.10

Age, height, ethnicity, sex, and manifest refraction have
been identified as affecting various anterior eye dimensions
such as corneal curvature,11 central corneal thickness,12 and
anterior chamber depth.13,14 It is hypothesized, therefore, that
they will also influence CSP variables and, hence, could be
clinically relevant in contact lens design, the optimization of
surgical procedures involving the cornea or sclera and also in
intraocular lens (IOL) selection. The purpose of this study was
to define normative corneoscleral topography data and evaluate
the factors affecting the peripheral corneoscleral topography in
a healthy, visually-normal population.

METHODS

A cross-sectional study was undertaken at two sites in the UK,
Visioncare Research Clinic (Farnham) and Aston University
(Birmingham). Subjects with preexisting ocular pathology or a
history of previous ocular surgery or refractive surgery were
excluded. Subjects gave written informed consent after
explanation of study procedures and the study followed the
tenets of the Declaration of Helsinki and was approved by the
University’s research ethics committee prior to commencing.
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A majority of subjects identified themselves as belonging to
one of two ethnicities, either Caucasian or British Asian
(individuals of Indian, Pakistani, or Bangladeshi descent), and
provided sufficient sample sizes to make statistical comparison
between these two ethnicities. The overall ethnicity of subjects
recruited was 67% Caucasian, 28% British Asian, and 5% others.

Two hundred and four subjects (408 eyes) were imaged
using the Visante Anterior Segment OCT. Vertically and
horizontally scanned images were captured with the subjects’
eye in the primary position, and also perpendicular images in
the four cardinal directions of gaze to give full sagittal cross-
sections of the cornea and cross-sections of the CSJs in the
vertical and horizontal meridians. External fixation targets
were used to ensure consistency of subjects’ direction of gaze
for images taken perpendicularly. Images were corrected for
distortion using the Visante’s built-in, proprietary image-
correction algorithm (Software Version 1.0.12.1896).

The Visante’s internal fixation target was adjusted by the
operator to compensate for the angle between the visual axis
and the optical axis (angle a) and carefully centered during
image acquisition using the Visante’s built-in alignment
monitor for images acquired in primary gaze. Measurements
of corneal diameter (CD), corneal sagittal height (CS), iris
diameter (ID), CSJ angle, and scleral radius (SR) were extracted
from the images using the Visante’s built-in caliper and
protractor tools (Fig. 1, Table 1). The CS of a chord at 10
mm (CS10), and the ocular sagittal height at 15 mm (OS15),
were also taken. CD was defined as the distance between the
two external scleral sulci. These measurements have previous-
ly been shown to be both repeatable and reliable.2

Conventional corneal topography data were collected using
the Medmont E300 corneal topographer (Medmont, Camber-
well, Australia).15,16 In addition to providing simulated
keratometry (K) readings, this also provided CS and corneal
shape factor (SF) data. Since the Medmont E300 presents SF as
e2 (where e ¼ conicoidal eccentricity), the results use the
convention in which a SF of zero indicates a spherical surface
and a negative value indicates an oblate ellipse. Objective
refraction was measured using an auto-refractor (SRW-5000;
Shin-Nippon, Tokyo, Japan).17

In addition to measurement of ID by OCT, subjects’
horizontal visible iris diameter (HVID), equivalent to the
measurement of white-to-white (WTW), was measured using
a FS2 slit lamp with built-in graticule (Nikon, Tokyo, Japan).
This provided a comparison of ID, as determined by OCT, with
‘visible’ ID, as measured by slit lamp graticule. Measurements
of vertical palpebral aperture (PA) were also taken using the slit
lamp biomicroscope. The width of the limbal zone (LZ), the
transition between the outer edge of the visible iris and the
outer corneal sulci, was determined for each eye as the
difference between the horizontal CD and ID measurements.
Subjects’ body height was measured to test for associations
between height and ocular topography variables.

A classification of CSP was made dependent on CSJ angle,
which was also demarked by the change from smooth cornea
to undulating conjunctival profile. Transition zones with CSJ
angles of less than 1798 were classified as concave (negative)
zones, with angles of between 1798 and 1818 classified as ‘flat’
and those with angles of greater than 1818 classified as convex
(positive).

FIGURE 1. OCT ocular topography measurements (Table 1).
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Data Analysis

Objective refraction data were converted into the power
vector terms M, J0, and J45.18 The Shapiro-Wilk’s test was used
to evaluate any deviations from normality, using a critical value
of 0.05.

Pearson’s and Spearman’s correlation coefficients were
used to examine similarities between right and left eyes. All
variables showed strong positive correlations between right
and left eyes (P � 0.0012), indicating that the eyes were
mirrored. Therefore, only data from the right eyes were
analyzed to alleviate any interocular dependency issues and
statistical bias due to enantiomorphism,19 as well as to be
consistent with previous studies.

Summary statistics (mean, median, SD, and range) were
calculated for only the right eyes for selected variables.

Data from the horizontal and vertical meridians were
compared using either paired t-tests or the Wilcoxon signed-

rank test, depending on the distribution of the variable. The
Friedman test was used to compare CSJ angle and SR data
between the four quadrants (nasal, temporal, superior, and
inferior). The Wilcoxon signed-rank test was also used to
compare horizontal CD with both HVID and ID, using a critical
value of less than or equal to 0.05.

Spearman’s rank correlation was used to examine the
associations of age, sex, subject height, and power vectors
with the ocular topography variables, and to examine
associations between topography variables. In view of the
conservative nature of multiple comparison corrections, such
as Bonferroni,20 a critical value of P less than or equal to 0.01
was considered significant.

CS10 data measured with both videokeratoscopy and
anterior segment OCT were compared using Bland-Altman
plots.21 Also, for these plots, 95% confidence intervals (CIs) of
the mean differences were calculated as x̄ 6 [t1�a/2 3 SE(x̄)]
(where x̄ ¼mean difference).

Mixed model analysis was used to compare differences
between sex and also ethnicity with respect to ocular
topography variables. The models included subject age, sex,
height, ethnicity (British Asian and Caucasian), and power
vector terms as fixed factors. Since the majority (95%) of
subjects were either British Asian or Caucasian, this analysis
included only these 194 subjects and excluded the remaining
5% of subjects of other ethnicity due to their small sample size.
Model estimates of mean and SE were reported for the
comparisons of ethnic group and sex. A P value of less than
or equal to 0.01 indicated a significant difference.

Data were analyzed using SPSS (PASW Version 18; IBM, Inc.,
Armonk, NY). Missing data were excluded from the analysis
and not extrapolated from the collected data.

RESULTS

Biometric Data

The mean age of subjects was 34.9 years (SD 6 15.2, range 18–
65) and 65% were female. The mean height of subjects was
169.0 cm (SD 6 9.4, range 152–192).

Most of the variables (73%) showed significant variations
from the normal distribution. All ocular variables showed
significant correlations between right and left eyes (P <
0.0012) (see Supplementary Tables S1 and S2 for further
information regarding distribution and correlations between
ocular variables).

The mean spherical equivalent (M) was �1.96 diopters (D)
(SD 2.47 6 2.47, range �10.20 to þ3.50), J0 þ0.08 D (SD 6
0.34, range�1.00 toþ2.90 D) and J45 0.00 D (SD 6 0.17, range
�0.60 toþ 0.60) (Table 2, Fig. 2).

Ocular Dimensions

There was a wide variation in corneal shape amongst the study
sample, with horizontal K readings ranging from 7.09 to 8.75
mm (mean 7.81, SD 6 0.30 mm). As expected, the mean

TABLE 1. Abbreviations of Ocular Measurement Variables

Abbreviation Description Instrument

HVID Horizontal visible iris diameter -

synonymous with WTW

Slit lamp

graticule

PA Palpebral aperture Slit lamp

graticule

K Simulated keratometry reading VK

SF Corneal shape factor (SF ¼ e2) VK

CA Corneal astigmatism VK

CS10-VK Corneal sagittal height of a chord at

10 mm

VK

CD Corneal diameter OCT

CS Corneal sagittal height of a chord

taken between the anterior corneal

sulci

OCT

CS10-OCT Corneal sagittal height of a chord at

10 mm

OCT

OS15 Ocular sagittal height of a chord at 15

mm

OCT

ID Iris diameter OCT

CSJ Corneoscleral junction angle OCT

SR Scleral radius OCT

LZ Limbal zone, the transition zone

between the outer edge of the

visible iris and the outer corneal

sulci; where LZ ¼ (CD-ID)/2

–

DCD Difference in corneal diameter

between the horizontal and vertical

meridians

–

DCSJ Difference between the two corneo-

scleral junction angles in a given

meridian

–

n, t, s, i Nasal, temporal, superior, inferior –

h, v Horizontal, vertical –

VK, videokeratoscopy.

TABLE 2. Mean Spherical Equivalent Refractive Error by Age and Sex (Right Eyes Only)

Eyes > �6.00 D �6.00 to �3.01 D �3.00 to �0.01 D Plano to þ3.00 D þ3.01 to þ6.00 D

18–39 y 127 (62%) 8 (6.3%) 24 (18.9%) 76 (59.8%) 19 (15%) 0 (0%)

40–65 y 77 (38%) 7 (9.1%) 20 (26.0%) 33 (42.9%) 16 (20.8%) 1 (1.3%)

Male 72 (35%) 3 (4.2%) 15 (20.8%) 48 (66.7%) 5 (6.9%) 1 (1.4%)

Female 132 (65%) 12 (9.1%) 29 (22.0%) 61 (46.2%) 30 (22.7%) 0 (0%)

Total 204 (100%) 15 (7.4%) 44 (21.6%) 109 (53.4%) 35 (17.2%) 1 (0.5%)
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horizontal CD was larger than HVID (13.4 vs. 11.7 mm, P <
0.0001) measured by slit-lamp, but also larger than horizontal
ID measured by OCT (13.4 vs. 11.6 mm, P < 0.0001). There
was also a wide variation amongst the study population in LZ
width, the transition zone between ID and outer corneal
border (�0.09 to þ1.61 mm); the mean horizontal LZ width
was 0.94 mm (SD 6 0.18). The ocular topography results are
summarized in Table 3. Frequency distributions of key ocular
variables are shown in Figures 3 and 4.

The mean CSJ angle tended to be sharpest at the nasal CSJ
and became progressively (and significantly) flatter at the
temporal, inferior, and superior junctions (Friedman Test, v2¼
220.1, P < 0.0001, Table 3, Fig. 5). In many cases, CSJ angles
lay within the 1798 to 1818 range, indicating almost tangential
extensions of the peripheral cornea to form the sclera. This

was evident in 40%, 24%, 21%, and 3% of eyes at the superior,

inferior, temporal, and nasal corneoscleral junctions, respec-

tively. A breakdown of the CSP types according to CSJ angle
seen is summarized in Table 4.

Scleral radius of curvature ranged from�57 to 313 mm. The

mean scleral radius was steepest in the temporal sclera, but

was similar in each of the nasal, superior, and inferior scleral

planes (Friedman Test, v2 ¼ 85.1, P < 0.0001).

Significant differences were found between horizontal and

vertical planes with respect to all variables (P < 0.01). The

mean difference between opposing corneoscleral junctions

(DCSJ) (e.g., nasal and temporal) was significantly greater for

the horizontal meridian than for the vertical meridian (3.618 vs.

1.648, P < 0.0001).

FIGURE 2. Frequency distribution of mean spherical equivalent (right eyes only).

TABLE 3. Ocular Topography Variables (Right Eyes Only)

Ocular Variable

Horizontal Vertical

Subjects‡ Mean SD Median Range Subjects‡ Mean SD Median Range

Ksim, mm 202 7.84 0.30 7.81 7.09–8.75 202 7.68 0.28 7.64 6.96–8.51

PA, mm – – – – – 196 10.2 1.4 10.3 6.6–13.4

HVID, mm 199 11.7 0.5 11.7 10.5–13.2 – – – – –

SF 202 0.46 0.15 0.44 0.09–0.93 196 0.18 0.11 0.17 �0.44–0.53

CS10-VK, mm 202 1.77 0.08 1.77 1.53–2.03 202 1.81 0.10 1.80 1.57–2.14

CD, mm 204 13.4 0.4 13.5 12.1–14.4 186 13.2 0.6 13.3 11.2–14.4

CS, mm 204 3.17 0.20 3.15 2.57–3.71 186 3.09 0.27 3.12 2.26–3.73

CS10-OCT, mm 204 1.75 0.08 1.75 1.53–1.98 202 1.78 0.08 1.78 1.43–2.02

OS15, mm 202 3.70 0.17 3.71 3.23–4.08 178 3.75 0.18 3.75 3.20–4.24

ID, mm 203 11.58 0.41 11.57 10.63–12.81 199 11.16 0.46 11.16 9.69–12.17

LZ, mm 203 0.93 0.18 0.94 0.43–1.38 186 1.03 0.27 1.06 �0.09†–1.61

CSJ, 8 204 173.9 n 3.4 174.0 149.1–179.9 200 178.1 s 1.9 178.6 167.2–184.4*

203 177.0 t 2.4 177.3 169.5–183.8* 201 177.7 i 1.6 177.9 172.6 –180.0

SR, mm 204 35.5 n 39.4 22.5 �57.4–312.5 199 29.3 s 17.4 25.6 �19.7–142.0

202 22.4 t 12.7 18.9 3.1–100.0 201 33.5 i 29.6 26.1 9.4–313.8

* Angle of >1808 signifies a convex corneoscleral junction profile.
† A minus value signifies where limbal transparency extended beyond the anterior corneal sulcus.
‡ Data could not be extracted from <2.5% of horizontal image scans, increasing to 4.5% on average for vertical scans due to the obstruction of

the upper lid.
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Correlations Between Ocular Topography

Variables

Significant correlations were found between ocular variables
and are summarized in Table 5. OCT measurements of ID
correlated strongly with those of HVID measured with slit-lamp
graticule (r¼þ0.68, P < 0.0001). Corneal astigmatism was not
significantly correlated with the difference in vertical and
horizontal corneal diameter (i.e., DCD) (r ¼þ0.12, P ¼ 0.12).

The only measurement derived from both videokeratoscopy
and OCT was CS10, which showed a significant correlation
between the two measurement techniques (r ¼ þ0.87, P <
0.0001; mean difference þ0.02 6 0.01 mm [95% CI] and r ¼
þ0.78, P < 0.0001; mean difference þ0.02 6 0.01 mm [95%
CI], for the horizontal and vertical meridians, respectively)
(Fig. 6).

Factors Affecting Ocular Topography Variables

Significant correlations were found between various ocular
variables and age, height, mean spherical equivalent, and
cylindrical power vector terms. However, age correlated with
the greatest number of variables and had stronger associations
than the other continuous variables (Table 6).

Subject age contributed to variance in the greatest number
of ocular topography variables, while subject height did not
influence variance (Table 7). Age alone accounted for up to

36%, 33%, 24%, 23%, and 13% of the variance in CSJ, SR, ID,
CD, and SF, respectively.

Significant differences were found between Caucasian and
British Asian topographies with respect to horizontal CD (P ¼
0.0046), both horizontal and vertical CS (P ¼ 0.0068 and P ¼
0.0095) and horizontal ID (P ¼ 0.0010). The same ocular
topography variables, with the exception of vertical CS, were
also found to vary with sex, horizontal CD (P ¼ 0.0018),
horizontal CS (P ¼ 0.0018), and ID (P ¼ 0.0012) (Table 8).

DISCUSSION

Advances in technology have allowed a more extensive
assessment of the ocular topography. Subjective evaluation of
corneal reflection (Placido Disc) was superseded by the
quantification of the separation of keratometry mires. The
advent of photokeratoscopy, and more latterly digital imaging
and advances in computing power (videokeratoscopy), have
allowed further quantification of the separation of multiple
mires extending over a wider area of the cornea to determine
more peripheral corneal shape. Recent technologies, such as
Scheimpflug imaging, have allowed the profiling of the anterior
eye surface onto the less reflective sclera, but the development
of OCT has enabled detailed imaging of the peripheral
corneoscleral topography. We have previously shown that
characterization of the CSP using OCT is both repeatable and
reliable.2

FIGURE 3. Frequency distribution of corneal diameter (right eyes only).

FIGURE 4. Frequency distribution of corneal sagittal height (right eyes only).
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An understanding of this ocular topography has application

in scleral contact lens practice, has been shown to influence

soft contact lens fitting characteristics, and also has implica-

tions for refining the positioning of corneal incisions and the

determination of optimum IOL parameters. The factors likely
to affect corneoscleral topography include subject height,
refractive error size, sex, ethnicity, and aging. The purpose of
this study was to evaluate these factors, in a healthy
population, and to determine their effect on the peripheral
corneoscleral topography.

Although biologic variables are usually normally distributed,
many of the variables in this study did not show a normal
distribution. While this could be thought to be linked to
refractive error, since refractive error is typically skewed due to
incomplete emmetropization, the correlations with ocular
topography did not support this rationale as few ocular
variables were significantly correlated with refractive error.
Most of the ocular variables were correlated with age and, as
the age of our sample was not normally distributed, this would
seem the most likely explanation for this observation.

Several smaller scale studies have utilized OCT to define
anterior segment metrics.22,23 This study supports the findings
of our previous work and also provides normative data for a
larger, wider population.

Two important clinically relevant findings were drawn from
this study. First, ‘true’ CD, as assessed by OCT, was greater than
that previously found using more conventional techniques. In
defining the CSP an appreciation of the corneoscleral junction
at the corneal sulcus, and, therefore, CD is required. Various
other methods have been used to determine CD,24–32 amongst
which, automated methods of WTW CD measurement have
previously been shown to provide more precise results than
manual methods of measurement.24 In this study the mean

FIGURE 5. Frequency distribution of corneoscleral junction angles (right eyes only).

TABLE 4. Classifications of Corneoscleral Profile According to Corneoscleral Junction Angle (Right Eyes Only)

n, Eyes

Superior Inferior Nasal Temporal All

200 201 204 203 808

CSJ Angle <1798 (Concave) 58.5% (117) 75.6% (152) 97.1% (198) 77.3% (157) 77.2% (624)

1808 6 18 (Flat) 40% (80) 24.4% (49) 2.9% (6) 21.2% (43) 22% (178)

>1818 (Convex) 1.5% (3) 0% (0) 0% (0) 1.5% (3) 0.7% (6)

1808 6 58 94.0% (188) 93.0% (187) 38.7% (79) 84.2% (171) 77.4% (625)

1808 6 108 99.5% (199) 100.0% (201) 91.2% (186) 99.5% (202) 97.5% (788)

TABLE 5. Significant Correlations Between Ocular Variables (Right
Eyes Only)

Variable n, Eyes

Ocular

Variable

Correlation

Coefficient, R P Value

ID 198 HVID þ0.68 <0.001

CDh 199 HVID þ0.43 <0.001

203 IDh þ0.55 <0.001

CDv 186 CSv þ0.80 <0.001

181 HVID þ0.37 <0.001

CSh 204 CDh þ0.63 <0.001

202 SFh �0.46 <0.001

CSv 186 CDv þ0.80 <0.001

LZh 203 CDh þ0.43 <0.001

203 CSh þ0.34 <0.001

203 IDh �0.45 <0.001

185 LZv þ0.39 <0.001

LZv 186 CDv þ0.61 <0.001

186 CSv þ0.47 <0.001

185 LZh þ0.39 <0.001

CSJn 199 SRn þ0.29 <0.001

CSJt 181 SRt þ0.29 <0.001

P values of � 0.01 were considered significant.
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FIGURE 6. Comparison of the horizontal corneal sagittal height measurements of a chord at 10 mm by computerized videokeratoscopy and OCT
and the average measurement (right eyes only), showing the 95% limits after Bland-Altman.

TABLE 6. Significant Correlations With Subject Age, Height, and Refractive Error (Right Eyes Only)

Variable

Age Height Mean Equivalent Sphere J0 J45

P R N P R N P R N P R N P R N

HVID <0.0001 �0.40 199 0.0016 0.23 189 0.85 �0.01 198 0.0013 0.23 198 0.61 �0.04 198

PA <0.0001 �0.34 196 0.11 0.12 186 0.046 �0.14 195 0.015 0.17 195 0.46 0.05 195

Kh 0.25 �0.08 202 0.076 0.13 192 0.033 0.15 201 0.24 0.08 201 0.65 �0.03 201

Kv 0.37 �0.06 202 0.011 0.18 192 0.0030 0.21 201 0.018 �0.17 201 0.71 �0.03 201

SFh 0.092 0.12 202 0.73 �0.02 192 0.12 0.11 201 0.018 0.17 201 0.37 �0.06 201

SFv 0.096 0.12 196 0.19 �0.10 186 0.46 �0.05 195 0.97 0.00 195 0.92 0.01 195

CS10h-VK 0.078 0.12 202 0.034 �0.15 192 0.16 �0.10 201 0.30 �0.07 201 0.56 0.04 201

CS10v-VK 0.69 �0.03 202 0.15 �0.11 192 0.041 �0.14 201 0.16 0.10 201 0.53 0.04 201

CDh 0.14 �0.10 204 0.026 0.16 194 0.0097 �0.18 203 0.20 0.09 203 0.018 0.17 203

CDv 0.064 �0.14 186 0.0073 0.20 177 0.66 �0.03 185 0.67 �0.03 185 0.86 �0.01 185

DCD 0.29 0.08 186 0.25 �0.09 177 0.13 �0.11 185 0.48 0.05 185 0.068 0.13 185

CSh 0.15 �0.10 204 0.093 0.12 194 0.0001 �0.27 203 0.70 0.03 203 0.0054 0.19 203

CSv 0.022 �0.17 186 0.019 0.18 177 0.20 �0.09 185 0.81 �0.02 185 0.34 0.07 185

CS10h-OCT 0.87 0.01 204 0.21 �0.09 194 0.12 �0.11 203 0.39 �0.06 203 0.63 0.03 203

CS10v-OCT 0.34 �0.07 202 0.18 �0.10 192 0.0035 �0.20 201 0.0031 0.21 201 0.21 0.09 201

OS15h 0.63 �0.03 202 0.83 0.02 192 0.050 �0.14 201 0.34 �0.07 201 0.25 0.08 201

OS15v 0.062 �0.14 178 0.26 0.09 171 0.099 �0.12 177 0.34 0.07 177 0.042 0.15 177

IDh 0.013 �0.17 203 0.012 0.18 193 0.97 0.00 202 0.46 0.05 202 0.21 0.09 202

IDv <0.0001 �0.29 199 0.0069 0.20 189 0.75 �0.02 198 0.99 0.00 198 0.88 �0.01 198

LZh 0.20 0.09 203 0.62 �0.04 193 0.0065 �0.19 202 0.68 0.03 202 0.31 0.07 202

LZv 0.25 0.08 186 0.90 0.01 177 0.88 �0.01 185 0.51 �0.05 185 0.59 �0.04 185

CSJn 0.011 �0.18 204 0.23 0.09 194 0.078 0.12 203 0.77 0.02 203 0.20 �0.09 203

CSJt <0.0001 �0.35 203 0.26 0.08 193 0.045 0.14 202 0.39 �0.06 202 0.58 �0.04 202

DCSJh 0.76 �0.02 203 0.80 �0.02 193 0.51 0.05 202 0.24 �0.08 202 0.32 0.07 202

CSJs 0.70 �0.03 200 0.57 �0.04 190 0.15 0.10 199 0.77 �0.02 199 0.66 0.03 199

CSJi 0.40 0.06 201 0.49 �0.05 191 0.38 0.06 200 0.16 0.10 200 0.26 0.08 200

DCSJv 0.77 �0.02 199 0.70 �0.03 189 0.40 �0.06 198 0.16 �0.10 198 0.43 �0.06 198

SRn <0.0001 �0.41 204 0.22 0.09 194 0.15 �0.10 203 0.016 0.17 203 0.44 �0.05 203

SRt <0.0001 �0.32 202 0.12 0.11 192 0.28 �0.08 201 0.20 0.09 201 0.51 0.05 201

SRs <0.0001 �0.51 199 0.34 0.07 189 0.40 �0.06 198 0.042 0.14 198 0.42 0.06 198

SRi <0.0001 �0.36 201 0.72 0.03 191 0.022 �0.16 200 0.15 0.10 200 0.80 �0.02 200

Spearman’s rank correlation was used as all variable pairs included at least one non-normally distributed variable. P values of � 0.01 were
considered significant (significant variables in bold above).
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horizontal CD was consistent with that of our previous study
(13.4 mm in both), but was greater than that reported by
Martin and Holden26 using a photographic method (12.9 mm),
and also of other studies reporting WTW values. Of these, the
three largest studies evaluating WTW data reported mean
values ranging from 11.7 to 12.1 mm. These utilized scanning-
slit technology (Orbscan; Bausch & Lomb, Claremont, CA)31,32

and a photographic method (LenStar LS 900; Haag Streit AG,
Koeniz, Switzerland/IOLMaster; Carl Zeiss AG, Jena, Ger-
many).25 CD, however, as defined by the measurement of
WTW (or HVID), is confounded by the three-dimensional
transparency profile of the peripheral cornea. This, in turn, is
further complicated by the fact that enface imaging is not
normal to the peripheral cornea. The rate of change of
transparency also differs widely, as highlighted by the variation
in limbal zone width seen in this study. This is particularly
noticeable vertically, as evidenced by the greater difference
between HVID and ID seen in this meridian. In addition, the
loss of transparency is not uniform across the depth of the
cornea, and is not consistent between the quadrants.

WTW has been shown to be a poor predictor of capsular
bag diameter in determining IOL size,33,34 which may, in part,
be explained by the issues inherent with enface measurement.
WTW is also used to determine IOL power; however, a better
measure of CD such as that utilized in this study may enable
better refractive outcomes.

Second, the junction between the cornea and the sclera is
often portrayed as a sharp transition.35 However, in this study,
77% of CSJ angles were within 58 of 1808 and approximately
one-fifth were within 618, demonstrating an almost tangential
extension of the cornea to form the paralimbal sclera in those
cases.

The difference between opposing corneoscleral junction
angles (DCSJ) was significantly greater in the horizontal
meridian compared with the vertical. Our previous study2

has shown a link between increasing differences in horizontal
CSJ angles (DCSJh) and lens tightness for soft contact lenses; it
is likely that this difference limits horizontal contact lens
movement in comparison with that in the vertical meridian.
However, given the small differential between superior and
inferior CSJ angles (DCSJv), any restriction in contact lens
movement in this meridian is unlikely to be due to the
transitions at the corneoscleral junctions. Kikkawa36 proposed
a model where a soft lens could be considered as a series of
concentric elastic bands that stretch and flex to accommodate
changes in the ocular topography. Subsequently, any restriction
in movement in the vertical meridian is more likely to be due to
raised squeeze pressure acting to recenter the lens with
increasing decentration, as it is forced to undergo greater
stretching and flexing to align with the scleral topography.

It is likely that decreases in CSJ magnitude, resulting in
sharper, more acute CSJ transitions, may also contribute to 3-
and 9-o’clock corneal staining in rigid contact lens wear as a

TABLE 7. Summary of Multivariate Analysis

Variable

Total

Variance

of Model
Ethnicity Subject Age Sex Height M J0 J45

r2

P

Value

F

Stat.

P

Value

F

Stat.

P

Value

F

Stat.

P

Value

F

Stat.

P

Value

F

Stat.

P

Value

F

Stat.

P

Value

F

Stat.

HVID 0.38 0.30 1.07 0.0036 8.71 0.22 1.52 0.026 5.04 0.38 0.79 <0.0001 21.39 0.76 0.10

PA 0.28 0.54 0.38 0.0005 12.58 0.12 2.50 0.74 0.11 0.092 2.87 0.20 1.69 0.081 3.09

Kh 0.22 0.58 0.30 0.51 0.44 0.59 0.29 0.22 1.51 0.0006 12.19 0.0001 15.69 0.21 1.60

Kv 0.18 0.95 0.00 0.24 1.38 0.28 1.16 0.38 0.78 0.0012 10.90 0.34 0.91 0.24 1.40

SFh 0.17 0.68 0.17 0.024 5.20 0.98 0.00 1.00 0.00 0.0062 7.68 0.0001 16.71 0.45 0.58

SFv 0.13 0.12 2.45 0.0085 7.09 0.76 0.09 0.86 0.03 0.81 0.06 0.45 0.58 0.57 0.33

CS10h–VK 0.19 0.73 0.12 0.050 3.90 0.61 0.26 0.30 1.08 0.017 5.82 0.0007 11.81 0.48 0.51

CS10v–VK 0.11 0.77 0.08 0.94 0.01 0.58 0.31 0.53 0.40 0.0051 8.04 0.60 0.28 0.62 0.25

CDh 0.21 0.0046 8.25 0.0050 8.06 0.0018 10.01 0.17 1.87 0.049 3.93 0.11 2.52 0.13 2.36

CDv 0.23 0.046 4.03 0.0068 7.52 0.16 2.02 0.74 0.11 0.92 0.01 0.22 1.52 0.47 0.53

CSh 0.23 0.0068 7.71 0.054 3.76 0.0018 10.09 0.12 2.38 0.0003 13.34 0.33 0.94 0.32 1.00

CSv 0.26 0.0095 6.89 0.0003 13.42 0.085 2.99 0.97 0.00 0.18 1.84 0.16 1.95 0.18 1.83

CS10h–OCT 0.15 0.51 0.43 0.38 0.78 0.77 0.09 0.50 0.45 0.0096 6.86 0.0028 9.21 0.33 0.95

CS10v–OCT 0.14 0.71 0.14 0.49 0.48 0.74 0.11 0.46 0.55 0.0040 8.49 0.24 1.41 0.89 0.02

OS15h 0.18 0.066 3.46 0.93 0.01 0.086 2.98 0.35 0.90 0.0070 7.44 0.0034 8.82 0.87 0.03

OS15v 0.10 0.30 1.10 0.022 5.36 0.14 2.25 0.62 0.24 0.24 1.37 0.65 0.21 0.053 3.79

IDh 0.21 0.0010 11.73 0.0055 7.90 0.0012 10.76 0.54 0.37 0.47 0.53 0.12 2.49 0.14 2.25

IDv 0.24 0.48 0.49 0.0001 16.43 0.030 4.80 0.88 0.02 0.85 0.03 0.57 0.32 0.16 1.97

LZh 0.11 0.88 0.02 0.47 0.53 0.98 0.00 0.50 0.45 0.018 5.67 0.97 0.00 0.87 0.03

LZv 0.26 0.82 0.05 0.48 0.50 0.72 0.13 0.73 0.12 0.94 0.01 0.38 0.77 0.81 0.06

CSAn 0.36 0.044 4.12 0.0009 11.34 0.47 0.52 0.55 0.35 0.042 4.19 0.84 0.04 0.69 0.16

CSAt 0.18 0.20 1.67 <0.0001 25.44 0.91 0.01 0.87 0.03 0.057 3.65 0.93 0.01 0.60 0.28

CSAs 0.22 0.82 0.05 0.71 0.14 0.99 0.00 0.97 0.00 0.091 2.88 0.52 0.41 0.11 2.65

CSAi 0.11 0.84 0.04 0.87 0.03 0.38 0.76 0.49 0.48 0.20 1.67 0.16 2.03 0.12 2.49

SRn 0.17 0.62 0.25 0.0024 9.46 0.13 2.37 0.69 0.16 0.26 1.27 0.60 0.27 0.60 0.28

SRt 0.22 0.30 1.08 0.031 4.74 0.34 0.92 0.26 1.27 0.56 0.35 0.96 0.00 0.30 1.09

SRs 0.33 0.57 0.32 <0.0001 17.58 0.59 0.29 0.42 0.65 0.80 0.07 0.78 0.08 0.13 2.26

SRi 0.17 0.16 2.00 0.21 1.60 0.082 3.06 0.75 0.10 0.092 2.86 0.48 0.50 0.092 2.86

Mixed model analysis with ethnicity, age, sex, height, M, J0, and J45 as fixed effects. P values of � 0.01 were considered significant (significant
variables in bold above).
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result of an increased gap between the ocular surface and inner
eyelid due to lens thickness, so called ‘bridge effect’.37

As independent variables, height and refractive error were
both found to correlate with ocular topography. The correla-
tion of height with ocular topography agrees with the findings
of a previous study that found taller subjects had larger eyes
with flatter corneas,38 although this may have been influenced
by general nutrition. However, height did not account for any
of the variance in CSP within the multivariate model.

Age was the most important factor influencing CSP
variables, resulting in decreases in variable magnitude with
increasing age. This agrees with the findings of a previous OCT
study investigating the effects of age on ocular variables.13

These are most likely to be due to the natural physiological
changes associated with ageing. This is evidenced by the
decreases in SR and CSJ angle, resulting in steepening of radius
and CSJ angle, respectively. These are likely due to the
accumulation of fatty deposits (e.g., pingueculae) across the
horizontal conjunctival face. The decreases in the non-CSP
variables, PA fissure size and ID, due to a loss in muscle tone
and as result of increasing peripheral corneal opacification
with age, respectively, would also support this. CD, however,
was not found to be influenced by age. This finding would
emphasize the unreliability of ID as a surrogate for CD,
particularly given the significant decrease in ID with age seen
in this study.

As with sex, ethnicity influenced CD, CS, and ID. These
were independent of height and age, and, hence, must be
related to some other genetic factor. In comparing ocular
variables between ethnicities, though, this study was limited to
Caucasians and British Asians and is, therefore, not necessarily
representative of Asians throughout the Pacific Rim.

In conclusion, this study has shown that age is the main
factor influencing corneoscleral topography; hence, age should
be taken into consideration in contact lens design, in the
optimization of surgical procedures involving the cornea or
sclera and also in IOL lens selection.
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