1
Full title: The effects of entrance pupil centration and coma aberrations on
myopia progression following orthokeratology.

Running title: Effect of pupil centration and coma in orthokeratology
Authors: Jacinto Santodomingo-Rubido*, César Villa-Collar§¶, Bernard
Gilmartinδ, Ramón Gutiérrez-Ortega§ and Asaki Suzaki*
PhD, MSc, OD, MCOptom, FBCLA, FAAO (JS-R); PhD, MSc, BSc, FAAO (CVC); PhD, BSc, FCOptom, FAAO (BG); PhD, MD (RG-O); MEng, BSc (AS)

Institutional affiliations:
§

Clínica Oftalmológica Novovision, Madrid, Spain

¶

Universidad Europea de Madrid, Madrid, Spain

δ

School of Life and Health Sciences, Aston University, Birmingham, UK

*

Menicon Co., Ltd, Nagoya, Japan

Corresponding author: Jacinto Santodomingo-Rubido

Tel: +34 610 832 234

Email: j.santodomingo@menicon.com

Number of tables: 1

Number of figures: 3

Manuscript word count (excluding references): 4,097

Date of submission: 8 October 2014
Date of 1st resubmission: 25 November 2014
Date of 2nd resubmission: 29 December 2014
Date of 3rd resubmission: 17 February 2015

2
ABSTRACT
Background: To assess the potential association between entrance pupil location relative to
the coaxially-sighted corneal light reflex (CSCLR) and the progression of myopia in children
fitted with orthokeratology (OK) contact lenses. Additionally, whether coma aberration induced
by decentration of the entrance pupil centre relative to the CSCLR as well as following OK
treatment is correlated with the progression of myopia was also investigated.

Methods: Twenty-nine subjects 6-12 years of age and with myopia -0.75 to -4.00DS and
astigmatism ≤1.00DC were fitted with OK contact lenses. Measurements of axial length and
corneal topography were taken at 6-month intervals over a 2-year period. Additionally, baseline
and 3-month topographic outputs were taken as representative of the pre- and post-OK
treatment status. Pupil centration relative to the CSCLR and magnitude of associated corneal
coma were derived from corneal topography data at baseline and after 3 months of lens wear.

Results: The entrance pupil centre was located superior-temporally to the CSCLR both pre(0.09 ± 0.14 and -0.10 ± 0.15mm, respectively) and post-OK (0.12 ± 0.18 and -0.09 ± 0.15mm,
respectively) (p>0.05). Entrance pupil location pre- and post-OK lens wear was not significantly
associated with the 2-year change in axial length (p>0.05). Significantly greater coma was
found at the entrance pupil centre compared with CSCLR both pre- and post-OK lens wear
(both p≤0.05). A significant increase in vertical coma was found with OK lens wear compared to
baseline (p≤0.001) but total RMS coma was not associated with the change in axial length (all
p>0.05).

Conclusion: Entrance pupil location relative to the CSCLR was not significantly affected by
either OK lens wear or an increase in axial length. Greater magnitude coma aberrations found
at the entrance pupil centre in comparison to the CSCLR might be attributed to centration of OK
treatments at the CSCLR.

Key words: pupil centration; decentration; myopia progression; orthokeratology, coma
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BACKGROUND
The eye has numerous optical aberrations that increase as the pupil dilates.1
Furthermore, the location of the entrance pupil relative to the cornea has optical
implications in the refractive status of the eye as corneal curvature varies
across the cornea. The latter is particularly relevant with orthokeratology (OK)
contact lens wear where myopia is temporarily corrected through changes in
corneal shape. Successful OK treatment should produce a well-centred even
treatment zone that encompasses the pupil. 2 In fact, a decentred treatment
zone has been shown to be associated with significant reductions in contrast
sensitivity function.3

Orthokeratology induces changes in both central and peripheral corneal optics:
central myopic error is temporarily corrected by a flattening of the central
cornea, usually over a 5 to 6 mm central region, and peripheral corneal optics
are modified by a redeployment of epithelial tissue or fluid within or between
epithelial cells to produce an increase in mid-peripheral corneal thickness.2
Corneal curvature changes following OK lens wear, which are limited to the
anterior cornea, can be precisely monitored with currently available corneal
topographers.4-6 Ideally, corneal topography measurements should be centred
on the location of the cornea intersecting the entrance pupil of the eye.
However, topography measurements are centred on the coaxially-sighted
corneal light reflex (CSCLR), also known as corneal vertex, which is the corneal
position intersected by the optical axis of the corneal topographer, also known a
vertex normal or videokeratographer axis, and marks the centre of the reflection
of the placido rings.7, 8 The CSCLR is normally displaced with respect to the
entrance pupil (i.e. normally nasally) due to the special characteristics of ocular
alignment and the eccentric foveal position (Figure 1).9

Reports demonstrating control of myopia progression in children by 30 to 50%
with OK compared with conventional spectacle and soft contact lens wear have
attracted much interest.10-15 The aetiological basis for the efficacy of OK in the
control of myopia progression is, however, unclear. It has been shown that
peripheral hyperopic defocus has significance in the development of myopia in
animal models16, 17 and recent work in humans has shown OK to reduce
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peripheral hyperopic defocus18 compared with some designs (i.e. non-aspheric)
of single vision spectacle lens wear, which increases peripheral hyperopic
defocus,19 and over the naked eye of gas-permeable contact lens wearers, in
which no effect upon peripheral refraction was found.20 Furthermore, a recent
study has found corneal power changes induced by OK lens wear to be
predictive of myopia progression.21 More specifically, the latter study found that
the larger the magnitude of relative positive peripheral corneal power change
along the nasal, temporal and inferior cornea after OK treatment the slower the
axial elongation following 24 months of lens wear. Furthermore, maximum
corneal power changes along the three axes were negatively correlated with the
2-year axial length growth. Orthokeratology also significantly affects corneal and
ocular aberrations,22-26 and of interest is a recent report on myopic children
treated with OK over a 1-year period that found axial elongation to be
significantly correlated with OK-induced changes in spherical defocus, secondorder, coma-like, spherical-like and total higher-order aberrations, but not with
changes in spherical aberration.27 The change in coma-like aberration was
found to have the strongest correlation with the increase in axial elongation.
Although how changes in ocular aberrations induced by OK lens wear may be
associated with changes in axial length elongation is unknown, the authors of
the latter study indicated that asymmetric corneal shapes, rather than
concentric and radially symmetric shapes, have a considerable effect on
retardation of axial elongation, suggesting that the inhibitory effect of OK on
myopia progression might be caused by mechanisms other than the reduction
in peripheral hyperopic defocus.27

To the best of our knowledge, the location of the entrance pupil centre relative
to the CSCLR before and after OK lens wear has not been previously assessed
as well as whether such location is associated with the progression of myopia.
Furthermore, it is well established OK contact lens wear causes increases in
higher-order wavefront aberrations including spherical aberration and coma,22-26
and increases in spherical aberration generate third-order coma as a linear
function of pupil decentration.28 The primary purpose of this study is to assess
the potential association between entrance pupil location relative to the CSCLR
and the progression of myopia in children fitted with OK contact lenses.
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Additionally, whether coma aberration induced by decentration of the entrance
pupil centre relative to the CSCLR as well as following OK treatment is
correlated with the progression of myopia was also investigated.
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METHODS
This study was part of a larger study designed to assess the safety, efficacy,
subjective acceptance and discontinuation effects of OK lens wear for control of
myopia progression in children.14, 29-33 The methods have been described in
detail elsewhere.14, 29 In brief, normal, healthy white European subjects 6 to 12
years of age with moderate levels of mean spherical myopia (-0.75 to -4.00D)
and astigmatism (≤1.00D) and free of systemic or ocular disease were fitted
with Menicon Z Night contact lenses for overnight use using Menicon Easy Fit
Software (Menicon Co., Ltd, Nagoya, Japan). An OK fit was considered to be
successful if the subject showed a CCLRU score regarding anterior eye
segment signs ≤ 1 unit,34 a “bull’s eye” corneal topography pattern and
monocular and binocular visual acuities within ±1 line of the best-correct
spectacle visual acuity. All patients underwent ocular examinations including
slit-lamp examination, manifest refraction, and corneal topography at baseline
and after 1 day, 2 weeks, 3 months and at 6-month intervals over a 2-year
period. Axial length was measured at the time of enrolment and 6, 12, 18, and
24 months after the initiation of the treatment. Follow-up visits were scheduled
to fall within 2 hours of awakening. A decrease in one line of visual acuity
accompanied by a change in subjective refraction at any of the follow-up visits35
was considered clinically significant and was remedied by supplying new
contact lenses. Full informed consent and child assent was obtained from the
parents/guardians prior to the start of all experimental work and data collection.
Patient participation in the study could be discontinued at the examiner’s
discretion should significant symptoms or slit-lamp findings occur. Subjects
were instructed they could withdraw from the study at anytime. The study was
conducted in accordance with the Tenets of the Declaration of Helsinki and
approved by the Institutional Ethical Committee Review Board of Novovision
Ophthalmology Clinic.

Cycloplegic auto-refraction was performed following the instillation of three
drops of cyclopentolate HCl 1% separated 10 min apart in each of the subjects’
eyes using a multidose bottle (Alcon Cusí, Masnou, Barcelona, Spain). Ten
minutes after the instillation of the third drop, three auto-refraction
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measurements were taken and a mean obtained (Topcon RM 8000B, CA,
USA).

Measurements of axial length were taken with the Zeiss IOLMaster (Carl Zeiss
Jena GmbH).36 Three separate measurements of axial length were recorded
and a mean obtained. The 2-year change in axial length relative to baseline
was calculated as a percentage to normalize between-subjects differences in
changes in axial length relative to the baseline axial length ([2-years change in
axial length/baseline axial length]*100).

Corneal topography measurements were performed with the Wavelight Allegro
Topolyzer (WaveLight Laser Technologies AG, Erlangen, Germany). The
instrument incorporates a high resolution placido-ring corneal topographer
which detects 22,000 elevated data points of measurement from 22 ring edges
with a claimed accuracy and reproducibility of ± 0.10D according to the
manufacturer. The first measurement taken for each eye, which provided an
optimum index value according to the manufacturer’s recommendations, was
used for the study. Baseline and 3-month topographic outputs were taken as
representative of the pre- and post-OK treatment status as it is well established
OK treatment is normally completed and stabilized following the first 7 to 10
days of lens wear.2 Corneal topographies were analysed using Oculus
Keratograph software (Version 1.76, Oculus Optikgeräte GmbH, Germany). The
software provides an automatic measurement of the cartesian coordinates of
the centration of the entrance pupil relative to the CSCLR (Figure 1).

-----------------------------------Insert Figure 1 around here
------------------------------------

Individual corneal topography images were visually inspected to ensure the
software had correctly identified the entrance pupil for all subjects. Additionally,
vertical and horizontal coma aberrations (i.e. C3-1 and C31, respectively) of the
anterior cornea were derived from anterior cornea elevation data. Corneal
height data were calculated with reference to a spherical surface with a radius
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of curvature equal to the subject’s central corneal radius and for a 8mm
diameter. Subsequently, data were divided by the appropriate normalization
factor Fnm, where n is the order of the Zernike monomial and m is the
frequency of the term, and multiplied by the pupil radius as recommended by
the Optical Society of America37 and ANSI.38 The normalization factors were
determined as follows:
•

If n-2m ≠ 0 then Fnm = square root (2[n+1])

•

If n-2m = 0 then Fnm = square root (n+1)

Normalized height data were imported to an analysis software program (Zemax,
Redmond, WA, USA) to reconstruct the corneal surface for both the CSCLR
and entrance pupil centres and ray tracing was performed to establish the
Zernike aberration coefficients for a 5 mm entrance pupil following previously
described methodology by Gifford et al.25 To calculate coma aberrations for the
entrance pupil centre, the cornea’s location and tilt for the entrance pupil
relative to the CSCLR was input into Zemax software. Pupil centration was
automatically provided by the corneal topographer whereas tilts around the x
and y axes were calculated as the angles of the horizontal and vertical location
of the entrance relative to the CSCLR divided by a set distance of 148.3 mm
representative of the distance between the cornea and the fixation target.39 The
entrance pupil was positioned at a distance of 3.60 mm from the anterior
corneal surface.25 A wavelength of 546 nm was used to match the wavelength
used by the Wavelight Allegro Topolyzer instrument for ocular aberrations.
Coma aberrations were expressed by Zernike expansion (i.e. C3-1 and C31) and
the total root-mean-square (RMS) coma aberration was also assessed (i.e. total
RMS coma aberration = √ [(C3-1)2 + (C31)2]). Additionally, coma angles of
orientation of the combined coma terms were calculated as described by Kosaki
et al.40 as follows:
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If C31 ≠ 0

If C31 ＝ 0

The location of the entrance pupil centre relative to the CSCLR as well as coma
aberrations at the CSCLR and entrance pupil centres were measured at both
baseline and following 3-months of OK lens wear. The correlation between the
latter variables and the magnitude of axial elongation over two years was also
assessed.

Statistical analysis
Sphero-cylindrical refractions were converted from dioptres into a vector
representation for analysis41: a spherical lens of power M (mean spherical
equivalent refraction = sphere + [cylinder/2]); Jackson cross cylinder at axis 0°
with power J0 (= -[cylinder/2] cos[2 X axis]); and Jackson cross cylinder at axis
45° with power J45 (= -[cylinder/2] sin[2 X axis]).

Differences between visits (i.e. pre- vs. post-OK) were tested using a paired ttest or Wilcoxon signed rank test depending on normality of the data
distribution. Similarly, correlations between pairs of variables were performed
with Pearson product moment correlation or Spearman Rho tests depending on
normality of the data distribution. Simple linear regressions were used to assess
the potential association between the 2-year change in axial length relative to
baseline and the centration of the pupil and coma aberrations. Data from right
eyes only were used for analysis. Statistical analyses and graphing were
performed with SigmaPlot (Systat software Inc, California, USA). The level of
statistical significance was set at 5%.
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RESULTS
Thirty-one children were prospectively fitted with OK contact lenses, but two
children discontinued the study; one due to discomfort with contact lens wear
and another one due to unknown reasons.30 Subjects who discontinued the
study were not included in the data analysis. A total of 8 subjects required OK
lens refitting to compensate for changes in refraction throughout the study. In
two subjects, the corneal topography software was unable to correctly identify
the entrance pupil centres both pre- and post-OK and in one additional subject
the software was unable to identify the entrance pupil post-OK; in all the cases,
entrance pupil centres were manually identified. The subjects’ demographic and
baseline data have been reported elsewhere.14, 29 In brief, subjects had a mean
age of 9.6 ± 1.6 years; 15 were male and 16 were female. Over two years of OK
lens wear, axial length increased from 24.49 ± 0.78 mm to 24.96 ± 0.86 mm (p
< 0.001).29 Table 1 shows the mean (± SD) refractive components, entrance
pupil centration and coma aberrations at baseline and after 3 months of OK
lens wear.

Three months of OK lens wear produced a significant reduction in mean
spherical equivalent myopia (p<0.001) as well as significant changes in the J45
refractive component (p=0.021) compared to baseline. However, no significant
changes were found in the J0 refractive component following OK lens wear in
comparison to baseline (p=0.225) (Table 1).

-----------------------------------Insert Table 1 around here
------------------------------------

On average, the entrance pupil centre was located superior-temporally with
regards to the CSCLR both pre- and post-OK lens wear (Table 1 and Figure 2).
Furthermore, OK lens wear did not significantly change the horizontal (p=0.71)
or vertical (p=0.75) location of the entrance pupil centre relative to the CSCLR.

-----------------------------------Insert Figure 2 around here
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------------------------------------

Of note is that greater vertical, horizontal and total RMS coma aberrations were
found at the entrance pupil centre in comparison to the CSCLR both pre- and
post-OK lens wear (Figure 3, all p≤0.05). Orthokeratology lens wear induced a
positive shift in vertical coma measured at both the CSCLR and entrance pupil
centre in comparison to baseline (Figure 3, both p≤0.001). However, no
significant differences were found pre- vs. post-OK in horizontal or total RMS
coma at either the CSCLR or entrance pupil centre (Figure 3, both p≥0.05).

-----------------------------------Insert Figure 3 around here
------------------------------------

Coma angle of orientation measured at the CSCLR changed significantly pre(mean axis: 120º; range: 5 to 357º) in comparison to post-OK (mean axis: 271º;
range: 4 to 358º) (p<0.001). However, coma angle of orientation measured at
the entrance pupil did not change significantly pre- (mean axis: 194º; range: 4 to
295º) in comparison to post-OK (mean axis: 246º; range: 55 to 346º) (p>0.05).

Neither the horizontal nor the vertical locations of the entrance pupil centre
relative to the CSCLR were significantly correlated with horizontal, vertical or
total RMS coma aberrations measured at the CSCLR pre- or post-OK treatment
(all p>0.05). However, the horizontal location of the entrance pupil centre
relative to the CSCLR was significantly correlated with horizontal coma
measured at the entrance pupil centre both pre- (r=-0.638, p<0.001) and postOK lens wear (r=-0.553, p<0.001). The vertical location of the entrance pupil
centre relative to the CSCLR was also significantly correlated with vertical coma
pre- (r=0.731, p<0.001) and post-OK lens wear (r=0.893, p<0.001) as well as
with post-OK RMS coma (r=0.829, p<0.001) when measured at the entrance
pupil centre. No other statistically significant correlations were found between
the location of the entrance pupil and coma aberrations (all p>0.05).
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The horizontal and vertical displacements of the entrance pupil centre relative
to the CSCLR at baseline were not significantly associated to the 2-year
increase in the axial length relative to baseline (both p>0.05). The horizontal,
vertical and total RMS coma aberrations measured at the entrance pupil centre
at baseline were not significantly associated to the 2-year change in the axial
length of the eye relative to baseline (all p>0.05). Coma angles of orientation at
the entrance pupil centre at baseline were not significantly associated to the 2year change in the axial length of the eye relative to baseline (p>0.05).
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DISCUSSION
In this study, the entrance pupil centre was found to be located in the superiortemporal corneal quadrant relative to the CSCLR (Table 1 and Figure 2).
Previous studies have reported the entrance pupil to be located nasally and
superiorly; however, entrance pupil location was measured relative to the centre
of the limbus or the geometrical centre of the cornea.42, 43 Due to the alignment
characteristics of corneal topographers, the entrance pupil is normally located
temporally relative to the CSCLR and nasally relative to the limbus centre.7, 42, 43
Therefore, our results are in relative good agreement with those previously
reported.42, 43 While previous studies have measured entrance pupil location
relative to the limbus or geometrical centres of the cornea, the location of the
entrance pupil centre was assessed relative to the CSCLR in our study because
this is a useful reference point in clinical practice as OK patients are almost
undisputedly monitored with a corneal topographer. Additionally, entrance pupil
location relative to the CSCLR was measured automatically by the corneal
topographer thus preventing any human error during measurements. Although
large changes in pupil offset might be associated to significant changes in the
refractive status of the eye, the pupil offset relative to the CSCLR was, however,
negligible and that probably explains its lack of association with the rate of
myopia progression in this study. It should be noted, however, that a significant
correlation has been previously reported between hyperopic refractive errors
and large positive pupil offsets.44 As hyperopic subjects normally have larger
pupil offsets in comparison to myopic subjects, the pupil offset might be more
relevant to optical control of eye growth in hyperopic in comparison to myopic
subjects.

Significantly greater horizontal, vertical and total RMS coma aberrations were
found at the entrance pupil centre in comparison to the CSCLR (Figure 3).
Furthermore, OK lens wear induced a significant shift from negative to positive
in vertical coma measured at the CSCLR and a positive increase in vertical
coma at the entrance pupil centre in comparison to baseline (Table 1 and
Figure 3). The increase in vertical coma with OK lens wear in comparison to
baseline might be attributed to decentration of the treatment zone (i.e. the area
of central corneal flattening) as a previous study found treatment zone
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decentration to be associated with RMS coma.3 Orthokeratology treatments are
centred on corneal topography maps and thus on the CSCLR rather than on the
entrance pupil centre. Therefore, OK treatments are likely to be slightly
decentered relative to the entrance pupil centre and that could potentially result
in an increase in coma aberrations measured at the entrance pupil centre in
comparison to the CSCLR.

Although the absolute amounts of coma aberrations found in our study were
relatively similar to those of previous studies, the shifts reported in coma
aberrations following OK lens wear in comparison to no lens wear varies
between studies.22, 24-26 Hiraoka et al. reported statistically significant shifts from
positive to negative and vice versa in vertical and horizontal corneal coma,
respectively measured at the CSCLR for a 6mm pupil diameter.22 Anera et al.
found a significant negative shift in vertical coma as well as a significant
increase in third order RMS (i.e. coma-like) corneal aberrations, but no
significant changes in horizontal corneal coma measured at the CSCLR for a
5mm pupil diameter.24 Gifford et al. reported a significant increase in total RMS
corneal coma, but no significant changes in corneal coma angle of orientation
measured at the entrance pupil for a 5mm pupil diameter.25 A very recent study
by Lian et al. found a significant increase in total RMS and horizontal corneal
coma, but no significant changes in vertical corneal coma measured at the
CSCLR for a 6mm pupil diameter.26 Comparison of coma aberrations found in
OK studies should be carried out with special as differences in lens designs and
instruments and methods (i.e. selection of the reference surface, pupil diameter,
wavelength and normalization factor) between studies to derive coma
aberrations from corneal height data are all likely to affect the results of coma
aberrations.

Although the coma angles of orientation measured at the entrance pupil both
pre- and post-OK lens wear were different than those previously reported by
Gifford et al.,25 both studies found a no statistically significant increase in coma
angle of orientation post- in comparison to pre-OK lens wear. Changes in angle
of coma orientation might be attributed to how OK treatments are centred on
the cornea.3
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No significant correlations were found between entrance pupil location and
coma aberrations measured at the CSCLR. However, the horizontal and vertical
locations of the entrance pupil centre relative to the CSCLR were significantly
correlated with horizontal and vertical coma both pre- and post-OK,
respectively.43 The latter was expected as pupil offsets relative to the CSCLR
were taken into account to calculate coma aberrations at the entrance pupil
based on coma aberrations measured at the CSCLR. Furthermore, it is well
known that coma aberrations change as a linear function of pupil decentration.28
Although one previous study reported that decentrations <0.10 mm in
wavefront-guided refractive surgery treatments for myopia can induce
significant amounts of aberrations,45 another study did not find significant
differences in coma aberrations between subjects with small (i.e. ≤0.25mm) vs.
large (i.e. ≥0.55mm) pupil offsets (defined as the distance in the corneal plane
between the entrance pupil and the corneal vertex).46

It has been suggested that higher order aberrations may play a role in the
development of refractive errors by reducing retinal image quality.47
Orthokeratology lens wear induce an increase in corneal spherical aberration,
22-26

which is balanced to a certain degree by a decrease in internal spherical

aberration,25, 48, 49 perhaps as a result of an increased accommodative
response25 due to steepening of the crystalline lens’ posterior surface.48
Decreases in ocular spherical aberration have been associated with myopia
progression.48, 50 It is also known that changes in spherical aberration generate
third-order coma as a linear function of pupil decentration.28 Furthermore,
changes in coma-like aberrations have been reported to be associated with
corneal multifocality, suggesting that increases in corneal multifocality could
reduce accommodative effort (i.e. mechanical tension of the ciliary muscle and
crystalline lens) and/or accommodative lag (i.e. axial hyperopic blur) during near
work and thus potentially slow myopia progression.27 In our study, however, no
significant associations were found between the change in coma aberrations
following OK lens wear and the 2-years change in axial elongation, results
which are in agreement with a previous study which investigated the influence
of ocular wavefront aberrations on axial length elongation in myopic children
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treated with overnight OK over 1-year period.27 The latter study did not find
statistically significant correlations between the change in axial length and
horizontal and vertical coma aberrations, although the change in third order
RMS (i.e. coma-like) ocular aberrations showed a strong association with the
increase in axial elongation.

A limitation of this study might be that coma aberrations were solely derived
from corneal topographies taken at the 3-month follow-up visit as representative
of the corneal shape following OK treatment stabilization.2 Although 8 subjects
required refitting throughout the study to compensate for changes in refraction,
which might induce different corneal coma in comparison to that found at the 3month follow-up visit, the potential change in corneal shape induced by refitting
was likely to be small (to compensate for small changes in refraction e.g.,
0.50D) in comparison to corneal shape changes induced at the 3-month followup visit (to compensate for a mean baseline mean spherical equivalent
refraction of -2.33D). In fact, corneal shape (i.e. corneal p-value) did not change
significantly at follow-up visits after contact lens dispensing. More specifically,
the mean corneal p-value changed by ≤0.02 units throughout the study in the
eight subjects which required refitting.14

Another limitation of this study was that anterior corneal aberrations were
measured. However, corneal changes induced by OK lens wear are limited to
the anterior cornea.2 It has been reported anterior corneal aberration
components to be generally higher than the overall ocular aberrations but
balanced to a considerable degree by internal ocular aberrations.49 Although
one previous study found the change in corneal aberrations to be partially
neutralized by the internal aberrations of the eye with 7 days of OK lens wear,25
a more recent study found almost identical anterior corneal and ocular
aberrations at baseline and following 1 year of OK lens wear.27

In summary, pupil offset relative to the CSCLR is negligible in our group of
young, healthy children. Furthermore, entrance pupil location is not affected by
OK lens wear and is not associated with the magnitude of axial elongation over
a 2-year period. Similarly, coma aberrations measured at the entrance pupil
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centre were not significantly correlated with the 2-years change in axial
elongation. The higher coma aberrations found at the entrance pupil centre in
comparison to the CSCLR might be attributed to centration of OK treatments at
the CSCLR.
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FIGURE LEGENDS

Figure 1. Corneal topography image of a right eye showing pupil centration
relative to the coaxially-sighted corneal light reflex (CSCLR). The red circle and
the cross denote the CSCLR and the centration of the pupil, respectively. Right
and left sides of the image represent nasal and temporal locations, respectively.

Figure 2. Pupil centration relative to the CSCLR before (black circles) and after
(white circles) OK lens wear. Cartesian coordinates are expressed in mm. 0º,
90º, 180º and 270º denotes nasal, superior, temporal and inferior locations,
respectively. CSCLR, coaxially-sighted corneal light reflex; OK, orthokeratology.

Figure 3. Coma aberrations before and after orthokeratology lens wear
measured at both the CSCLR (black bars) and entrance pupil (white bars). Error
bars represent 1 standard deviation of the mean. *, denotes statistically
significant changes in comparison to baseline. CSCLR, coaxially-sighted
corneal light reflex.
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TABLE LEGENDS

Table 1. Mean (± SD) pre- and post-OK refractive components, pupil centration
relative to the CSCLR and coma aberrations at the CSCLR and pupil centres.
Negative signs in the X- and Y-axes of pupil centration relative to the CSCLR
denote temporal and inferior locations, respectively. OK, orthokeratology;
CSCLR, coaxially-sighted corneal light reflex. The post-OK refractive
components were those measured at the 3-month follow-up visit. M, mean
spherical equivalent refraction; J0, Jackson cross cylinder at axis 0°; J45,
Jackson cross cylinder at axis 45°; Data in bold denotes statistically significant
changes in comparison to baseline.

Table 1.

Refractive components (D)

Entrance pupil centration
relative to CSCLR (mm)

Coma aberrations (μm)
Vertical (C3-1)

Horizontal (C31)

Total (RMS)

M

J0

J45

X-coordinate

Y-coordinate

CSCLR

Pupil

CSCLR

Pupil

CSCLR

Pupil

Pre-OK

-2.33 ± 1.10

-0.01 ± 0.15

0.00 ± 1.10

-0.10 ± 0.15

0.09 ± 0.14

-0.030 ± 0.035

0.018 ± 0.099

0.018 ± 0.107

0.071 ± 0.136

0.080 ± 0.085

0.150 ± 0.102

Post-OK

-0.34 ± 0.13

0.02 ± 0.13

0.08 ± 0.15

-0.09 ± 0.15

0.12 ± 0.18

0.035 ± 0.057

0.115 ± 0.165

-0.001± 0.074

0.052 ± 0.117

0.082 ± 0.055

0.178 ± 0.157

