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PURPOSE. To investigate changes in shape discrimination under mesopic conditions with
and without glare after orthokeratology in myopic children.

METHODS. This prospective study included 79 eyes of 79 myopic children (ages: 8–
16 years). Shape discrimination thresholds (SDTs) were measured using radial frequency
patterns, with a radial frequency of 4 cycles/360°, a peak spatial frequency of 3 cycles
per degree, a contrast of 20%, and a mean radius of 1.5 degrees. SDT under mesopic
conditions with and without glare was measured before orthokeratology and again at
1 week and 1 month after orthokeratology. Changes in the SDTs and their relationships
to baseline ocular parameters were analyzed.

RESULTS. SDTs with glare decreased significantly at 1 week (−0.08 ± 0.15 log(arcsec),
P < 0.001) and 1 month (−0.09 ± 0.15 log(arcsec), P < 0.001) after orthokeratology.
SDTs without glare remained stable (P = 0.81 and P = 1.00, respectively). The difference
between SDTs with and without glare also decreased significantly at 1 week (−0.10
± 0.17 log(arcsec), P < 0.001) and at 1 month (−0.08 ± 0.18 log(arcsec), P = 0.001)
after orthokeratology. Based on a multivariate analysis, the greater decrease in SDT with
glare after 1 month of orthokeratology was associated with a higher baseline spherical
equivalent refraction.

CONCLUSIONS. Orthokeratology resulted in improved shape discrimination in myopic chil-
dren under mesopic conditions but only when measured in the presence of glare.

Keywords: orthokeratology, shape discrimination, visual performance, glare, radial
frequency pattern

Orthokeratology lenses are specialty rigid contact lenses
with a reverse geometry design on the posterior

surface. When worn overnight, the orthokeratology lens
reshapes the cornea, temporarily reducing the refractive
error and improving the uncorrected visual acuity upon lens
removal.1,2 Numerous studies have shown that orthokeratol-
ogy is an effective method for controlling myopia progres-
sion in children,3–5 and it has become widely used in the
treatment of myopia in Chinese school-age children.6

The corneal reshaping induced by myopic orthokeratol-
ogy thins the central corneal epithelium and thickens the
epithelium of the cornea adjacent to the reverse curve.7,8

In doing so, it flattens the central cornea, steepens the
midperipheral cornea,9,10 and reduces the cornea sensitiv-
ity.11 On the other hand, the corneal surface regularity index
and surface asymmetry index can increase significantly after
orthokeratology.12–14 These irregular changes can lead to
an increase in higher-order aberrations (HOAs)15,16 and a
decrease in contrast sensitivity.17,18 For instance, by compar-
ing the area under the contrast sensitivity function of myopic

children, Liu et al.19 found that orthokeratology decreased
contrast sensitivity under both photopic and mesopic condi-
tions. However, Chang and Cheng20 reported that contrast
sensitivity under mesopic conditions decreased at 1.5, 3,
and 12 cycles/deg while there was no significant decrease
in contrast sensitivity under photopic conditions.

In addition, a recent study investigated visual distortions
(i.e., subjectively perceived shape distortion) associated with
the irregularly altered corneal morphology after orthokera-
tology.21 Biederman and Ju22 and Elder23 showed that shape
perception helps with the recognition of objects in daily
life, usually guided by the shape of object boundaries or
contours. Moreover, the shape perception of objects can
affect visually guided actions24 and reading.25 Using a radial
frequency (RF) pattern, which is a classic shape recogni-
tion stimulus introduced by Wilkinson et al.,26 we previously
showed that corneal asymmetry increased without a signif-
icant reduction in shape discrimination in children after
orthokeratology.21 The lack of change in shape discrimina-
tion is not consistent with findings of decreased contrast
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sensitivity,18,21 which may indicate that the effect of orthok-
eratology treatment on visual perception is task specific.

Notably, we previously evaluated the changes in shape
discrimination sensitivity under mesopic conditions after the
initiation of orthokeratology and found there was no signif-
icant change in shape discrimination sensitivity.21 Mesopic
conditions are not representative of everyday viewing. In
clinical practice, similar to corneal refractive surgeries,
patients with orthokeratology often have symptoms of glare
and halos, both of which can affect visual performance.27,28

Corneal surface irregularities can also lead to an increase
in glare.29 Therefore, in the study described here, we asked
whether or not orthokeratology treatment affects the shape
discrimination sensitivity of children in mesopic conditions
with glare. To address this question, we designed a prospec-
tive study to evaluate and compare the mesopic shape
discrimination threshold (SDT), with and without glare, in
children before and at 1 week and 1 month after orthokera-
tology.

METHODS

Participants

Ninety myopic children scheduled to undergo orthokeratol-
ogy were enrolled in this prospective study. The inclusion
criteria were age between 8 and 16 years, spherical refrac-
tive error between −1.00 and −5.00 diopters (D), astigma-
tism of less than or equal to −1.50 D, and a best-corrected
visual acuity of 0 logMAR or better. Exclusion criteria were
based on the presence of active ophthalmic disease, strabis-
mus, and a history of ocular surgery. Only the right eye of
each eligible participant was included. Eleven children were
excluded because their uncorrected visual acuity was worse
than 0.1 logMAR or they experienced severe lens decen-
tration on corneal topography maps (greater than 1.0 mm)
recorded 1 week or 1 month after orthokeratology treatment.
In the end, 79 children (mean ± SD age 11.1 ± 1.9 years;
28 males, Table 1) completed this study. The study protocol
was approved by the ethics committee of the Eye Hospital
of Wenzhou Medical University and adhered to the tenets of
the Declaration of Helsinki. All participants and their parents
signed consent forms after the purpose, procedures, and
possible risks of the study were explained to them.

Apparatus

The experimental stimuli were generated by MATLAB
(version 2012a; MathWorks, Natick, MA, USA) and
Psychotoolbox30 on a Windows 7–based computer. All
stimuli were displayed on a gamma-corrected light-emitting
diode monitor (BL2710PT; BenQ Corp., Suzhou, China).
The screen resolution was 2560 × 1440 pixels, the refresh
rate was 60 Hz, and the mean luminance was 10 cd/m2.

TABLE 1. Demographics and Baseline Data of the Participating Chil-
dren (n = 79)

Parameter Value

Age, y 11.1 ± 1.9 (8–16)
Sex (male), n (%) 28 (35.4)
Spherical equivalent refraction, D −3.23 ± 1.03 (−1.25 to −5.50)
Mesopic pupil size, mm 6.5 ± 0.7 (4.2–8.0)
Best-corrected visual acuity,
logMAR

−0.06 ± 0.04 (−0.08 to 0)

Values are presented as mean ± SD (range) unless otherwise
indicated.

Procedures

The orthokeratology lenses had a four-zone reverse geom-
etry (Euclid Systems Corporation, Herndon, VA, USA) and
were composed of oprifocon A (Boston Equalens II, Boston
Materials, Billerica, MA, USA) with an oxygen permeability
(DK) of 90 × 10−11 (cm2/s)(mL O2/mL*mm Hg). The over-
all diameter of each lens was 10.2 to 11.0 mm, with an
optic zone diameter of 6.2 mm. Lens fitting was performed
according to the manufacturer’s fitting guidelines. Well-
fitting lenses were centered on the cornea with approxi-
mately 1 mm of movement during a blink and had a clas-
sical bullseye fluorescein pattern. After lens dispensing, the
participants were advised to wear the lens for 8 to 10 hours
per night.

Before orthokeratology treatment, we measured each
participant’s noncycloplegic subjective refraction, uncor-
rected visual acuity, best-corrected visual acuity, corneal
topography, mesopic pupil size, and SDT. Participants were
routinely followed up according to the clinical requirements
of orthokeratology. At 1 week and 1 month after orthokera-
tology treatment, we remeasured uncorrected visual acuity,
noncycloplegic subjective refraction (only if the uncorrected
visual acuity was worse than 0.1 logMAR), corneal topogra-
phy, and SDT.

Corneal topography was measured using the Medmont
E300 corneal topographer (Medmont International Pty. Ltd.,
Victoria, Australia). Keratometric values corresponding to
the two principal meridians (flattest and steepest) were
recorded. Anterior ocular segments and lens fitting were
examined using a slit-lamp microscope. The posterior ocular
segment was examined by ophthalmoscopy and pupil size
was measured with the Vip-200 pupillometer (NeurOptics,
Irvine, CA, USA).

Shape Discrimination Threshold Determination

As we previously reported,21,31 SDT was measured with a
custom-built RF pattern program that projected a circular
contour with a cross-sectional luminance profile defined
by a radial fourth derivative of a Gaussian distribution.
The contrast of the RF pattern was 20%, with an RF of
4 cycles/360°, peak spatial frequency of 3.0 cycles per
degree, and a mean radius of 1.5 degrees. The glare was
induced as described in previous studies.31–33 Specifically,
the glare source consisted of a 10-watt light-emitting diode
located 8° to the right of the stimulus at a viewing distance
of 1 m (Fig. 1A). Before orthokeratology, the SDT was
measured with refractive errors corrected using trial lenses.
Measurements of SDT after commencement of orthokeratol-
ogy were made without refractive correction.

The SDT was determined by a two-interval forced-choice
task (Fig. 1B). The order in each of the two patterns shown
in each trial was randomized. One was an undeformed RF
pattern (a perfect circle), and the other was a deformed RF
pattern. Each stimulus interval was 500 ms, separated by
a 500-ms interstimulus interval. Participants were asked to
indicate which interval contained the deformed RF pattern
and respond using a keyboard. The threshold of RF pattern
amplitude was determined by a two-down, one-up stair-
case algorithm. After eight reversals, the test ended, and the
mean of the last six reversals was recorded as the SDT value
in logarithmic scale. Mesopic SDT was assessed with and
without glare. The room illuminance during the test was
about 0.4 lumen/m2. Under glare conditions, the glare and
stimuli were displayed simultaneously. Fifteen minutes of
dark adaptation preceded the start of testing, and 5-minute
breaks were provided between trials.
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FIGURE 1. (A) Schematic diagram of the experimental apparatus.
(B) The shape discrimination threshold was measured using a two-
interval forced-choice task. The participant was asked to indicate
which stimulus interval contained the deformed radial frequency
pattern. The radial frequency of the pattern was 4 cycles/360°, the
peak spatial frequency was 3.0 cycles/deg, the contrast was 20%,
and the average radius was 1.5 degrees. The duration of each stim-
ulus interval and the interstimulus interval was 500 ms.

The participants were first asked to perform the SDT
test three times without glare. Following that, the test was
performed three times with glare. Means were derived from
each of the sets of three SDT measurements, correspond-
ing to the two conditions. The difference between SDT with
glare and SDT without glare indicated the effect of glare on
SDT.

Sample Size Calculation

The primary study outcome was the change of SDT
measured under glare conditions 1 month after orthoker-
atology. Similar to other studies,34,35 we conducted a pilot
study with 15 children to determine the appropriate sample
size. In that test, the baseline SDT with glare was 1.72 ±
0.12 log(arcsec). The SDT with glare changed to 1.64 ±
0.10 log(arcsec) 1 month after orthokeratology. To achieve
a power of 90% with a significance level of 0.05, at least
28 participants were required. Considering that the sample
size calculation was based on a small sample and that
other factors could affect data collection, such as irregular
overnight orthokeratology lens wear by the children, loss to
follow-up, poor uncorrected visual acuity, and/or poor lens
fitting, we ultimately recruited 90 children for this study.

Statistical Analysis

Statistical analyses were performed with SPSS (version 25.0;
IBM Corp., Armonk, NY, USA) and OriginPro 2021 (Origin-
Lab Corporation, Northampton, MA, USA). The Shapiro–Wilk
test was conducted to analyze the normality of data distribu-
tion. Changes in the SDTs and corneal curvature produced
between baseline and each follow-up visit were compared
by repeated-measures ANOVA. Friedman tests were used
to examine the changes in uncorrected visual acuity. Post
hoc tests were performed with a Bonferroni correction. A
Deming regression was used to evaluate the correlation
between posttreatment and baseline SDTs. Univariate and
multivariate linear regression analyses were performed to
determine the associations between the change in SDT and
the baseline ocular parameters. Factors with significant asso-
ciations in the univariate analysis were included in the multi-
variate regression analysis. P values of less than 0.05 were
considered statistically significant.

RESULTS

Corneal Curvature and Uncorrected Visual Acuity
After Orthokeratology

Compared to the baseline corneal curvature profiles, both
flat and steep meridians were significantly flatter (i.e.,
corneal powers reduced) after both 1 week and 1 month
of orthokeratology (all P < 0.001, Table 2). The children’s
uncorrected visual acuity improved significantly from 0.82
± 0.29 logMAR at baseline to −0.008 ± 0.071 logMAR at
1 week (P < 0.001) and −0.011 ± 0.073 logMAR at 1 month
(P < 0.001). There was no significant difference between the
uncorrected visual acuities recorded at 1 week and 1 month
(P = 0.87).

Shape Discrimination Threshold After
Orthokeratology

SDT with and without glare and the difference between SDT
with and without glare at baseline and both at 1 week and
1 month after orthokeratology were determined (Table 2 and
Fig. 2). Repeated-measures ANOVA showed that the SDTs
without glare were not significantly changed at either 1 week
or 1 month of orthokeratology compared to the baseline
SDT (P > 0.80 for both comparisons). However, at the same
time, SDTs with glare were significantly reduced (P < 0.001).
Bonferroni post hoc test showed that SDT with glare was
decreased significantly at 1 week (−0.08 ± 0.15 log(arcsec),
P < 0.001) and at 1 month (−0.09 ± 0.15 log(arcsec), P <

0.001) after orthokeratology.
To determine the effect of glare on SDT, we also calcu-

lated the differences between SDT with and without glare. If

TABLE 2. Uncorrected Visual Acuity, Corneal Curvature, and Shape Discrimination Threshold Before and After Orthokeratology

Parameters Baseline, Mean ± SD 1 Week, Mean ± SD 1 Month, Mean ± SD P Value

Uncorrected visual acuity, logMAR 0.82 ± 0.29 −0.008 ± 0.071 −0.011 ± 0.073 <0.001*

Flat keratometric value, D 42.87 ± 1.38 41.17 ± 1.52 40.88 ± 1.53 <0.001†

Steep keratometric value, D 44.02 ± 1.55 42.67 ± 1.73 42.55 ± 1.80 <0.001†

SDT with glare, log(arcsec) 1.70 ± 0.13 1.62 ± 0.13 1.61 ± 0.14 <0.001†

SDT without glare, log(arcsec) 1.42 ± 0.10 1.44± 0.11 1.41 ± 0.11 0.13†

Difference between SDT with and
without glare, log(arcsec)

0.28 ± 0.15 0.18 ± 0.13 0.20 ± 0.15 <0.001†

* Friedman test.
† Repeated-measures ANOVA.
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FIGURE 2. SDT with glare, SDT without glare, and the difference
between them. Data are shown as means ± standard error of the
mean. *P < 0.05 compared to the baseline value, post hoc test with
Bonferroni correction after repeated-measures ANOVA.

there is a change in glare after orthokeratology, we expect
there to be a change in the difference between SDT with
and without glare. Indeed, the difference between SDT with
and without glare decreased significantly at 1 week (−0.10

± 0.17 log(arcsec), P < 0.001) and at 1 month (−0.08 ± 0.18
log(arcsec), P = 0.001) after orthokeratology.

The mean SDT with glare and the difference between
SDTs with and without glare decreased after orthokeratol-
ogy. To further observe the pattern of the change for individ-
ual participants, we performed a Deming regression analysis
on the measurements at 1 month and baseline. For SDT with
glare, the Deming regression R2 was 0.125 with a slope of
1.10 (95% confidence interval [CI], 0.30 to 1.89), and the
intercept was −0.25 (95% CI, −1.61 to 1.10) log(arcsec)
(Fig. 3A). For the difference between SDT with and with-
out glare, the Deming regression R2 was 0.085 with a slope
of 0.97 (95% CI, 0.07 to 1.87), and the intercept was −0.07
(95% CI, −0.32 to 0.18) log(arcsec) (Fig. 3B).

Univariate and Multivariate Associations With the
Changes in SDTs

To explore factors associated with orthokeratology-induced
changes in SDT with glare and the difference between SDT
with and without glare, we analyzed the correlations with
potentially relevant ocular parameters. According to univari-
ate and multivariate analyses, the change in SDT with glare
after 1 month of orthokeratology was negatively associ-
ated with the baseline spherical equivalent refraction (β =
−0.03, P = 0.048, Table 3, Fig. 4) but not with the base-
line mesopic pupil size or cornea curvature (both P ≥ 0.14).

FIGURE 3. (A) Deming regression of SDT between baseline and 1 month after orthokeratology recorded under the glare conditions. The
solid line displays the Deming regression line (slope = 1.10 [95% CI, 0.30 to 1.89], intercept = −0.25 [95% CI, −1.61 to 1.10] log(arcsec),
R2 = 0.125, and P = 0.008). The dashed line represents the Y = X line. (B) Deming regression analysis of the SDT difference with and
without glare at 1 month after orthokeratology and at baseline. The solid line displays the Deming regression line (slope = 0.97 [95% CI,
0.07 to 1.87], intercept = −0.07 [95% CI, −0.32 to 0.18] log(arcsec), R2 = 0.085, and P = 0.03). The dashed line represents the Y = X line.

TABLE 3. Univariate and Multivariate Analysis of Changes in SDT With Glare After 1 Month of Orthokeratology

Univariate Associations Multivariate Associations

Baseline Parameter β (95% CI) P Value β (95% CI) P Value

Spherical equivalent refraction −0.03 (−0.07 to 0.00) 0.048 −0.03 (−0.07 to 0) 0.048
Mesopic pupil size 0.02 (−0.03 to 0.07) 0.47
Flat keratometric value −0.02 (−0.04 to 0.01) 0.14
Steep keratometric value −0.01 (−0.03 to 0.01) 0.28
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TABLE 4. Univariate and Multivariate Association With the Change in Difference Between SDT With and Without Glare After 1 Month of
Orthokeratology

Univariate Associations Multivariate Associations

Baseline Parameter β (95% CI) P Value β (95% CI) P Value

Spherical equivalent refraction −0.03 (−0.07 to 0.00) 0.09
Mesopic pupil size 0.01 (−0.04 to 0.07) 0.66
Flat keratometric value −0.01 (−0.04 to 0.02) 0.61
Steep keratometric value 0.00 (−0.03 to 0.02) 0.88

FIGURE 4. Linear regression analysis scatterplot of the change in
SDT with glare and baseline spherical equivalent refraction at
1 month after orthokeratology.

The change in the difference between SDT with and with-
out glare after 1 month of orthokeratology was not signif-
icantly correlated with baseline spherical equivalent refrac-
tion, mesopic pupil size, or corneal curvature (all P ≥ 0.09,
Table 4).

DISCUSSION

In this study, we determined the effect of orthokeratology
treatment on shape discrimination sensitivity in myopic chil-
dren under mesopic conditions with and without glare. Our
results showed that orthokeratology treatment for up to
1 month improved the mesopic shape discrimination sensi-
tivity with glare; however, it did not affect the sensitivity
without glare. The change in SDT with glare was negatively
associated with baseline spherical equivalent refraction.

Previous studies have reported an increase in glare-
related symptoms in patients after orthokeratology treat-
ment.27,28 Adults using orthokeratology also experienced
more severe symptoms of glare when compared with adults
using spectacles and contact lenses.36 Other studies have
found an increase in objective intraocular scattering in
patients after orthokeratology.19,37 However, the objective
scattering index after orthokeratology was still very small,
with an average value of less than 1, which is within the
normal range.38 Lorente-Velazuez et al.39,40 found that stray-
light decreased significantly after 1 month of orthokeratol-
ogy treatment. This was consistent with our findings that the
difference between SDT with and without glare after orthok-
eratology was lower than the difference at baseline.

Numerous studies have reported a decrease in contrast
sensitivity under nonglare conditions after orthokeratol-
ogy.41,42 However, the significant decrease in contrast sensi-
tivity after orthokeratology was not robustly related to satis-
faction with visual outcomes.43 Our results show that there
was no significant difference in the SDT of myopic chil-
dren under mesopic conditions without glare before or after
orthokeratology, which is consistent with the findings of Xia
et al.21 Under mesopic conditions with glare, previous stud-
ies found that patients’ contrast sensitivity decreased after
orthokeratology.19,44 However, there are not many studies
involving daily task-related visual performance under glare
conditions after orthokeratology. Surprisingly, our results
show that SDT with glare decreased significantly in myopic
children at 1 week and 1 month after orthokeratology,
indicating that shape discrimination sensitivity with glare
improved. Our study, together with that of Xia et al.,21

shows that orthokeratology treatment does not reduce shape
discrimination sensitivity under mesopic conditions without
glare, and paradoxically, SDT improves under mesopic glare
conditions.

RF patterns are processed in human occipital lobe V4 and
involve local orientation and curvature extraction in V1 and
V2.45,46 The RF pattern used in this study was RF4, a lower RF
pattern that is thought to be detected globally.47 Wilkinson et
al.26 reported that a reduction in contrast from 100% to 12.5%
did not affect the SDT of RF4. The RF4 contrast in this study
was 20%, which was still at a relatively high level. So, even if
the contrast sensitivity decreased after orthokeratology, SDT
might not have been affected.

Recent studies show that refractive correction with minus
power lenses can lead to a slight increase in straylight.48,49

In addition, the spectacle lenses themselves could also cause
a slight additional light scatter.50 After orthokeratology, chil-
dren do not need to wear spectacles in the daytime. This
would avoid any light scatter caused by the lenses and
thereby improve shape discrimination sensitivity under glare
conditions. In the current study, we measured each child’s
shape discrimination sensitivity before orthokeratology with
their refractive errors corrected by spectacle lenses and then
again, but without spectacles, after orthokeratology. We note
that the change of retinal image magnification caused by
spectacle lenses might also affect the sensitivity of shape
discrimination.

There are two reasons for choosing spectacle lens correc-
tion rather than contact lens correction in the baseline
measurements. First, spectacle lenses are the most common
form of correction for myopic children before orthokera-
tology. Baseline measurements with spectacle lenses thus
enabled us to compare the glare effect on the children’s daily
life before and after orthokeratology. Second, Rozema et al.51

and Allen et al.52 reported that wearing contact lenses could
cause more straylight than wearing spectacles. This, in turn,
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might have affected our measurements of shape discrimina-
tion sensitivity under glare conditions. Thus, it will be impor-
tant to test the changes of shape discrimination sensitivity of
myopic children with the same corrections (i.e., spectacles
or contact lenses). Such tests could enable us to clarify the
effect of orthokeratology on the visual processing of shape
discrimination.

We did not find a correlation between mesopic pupil
size and SDT and/or SDT changes after orthokeratology.
We measured mesopic pupil size only at baseline. We did
not record it after orthokeratology, nor did we record the
change in pupil size due to glare. This may have affected
the results of pupil size and SDT correlation analysis, which
is a limitation of this study. One important topic to explore
is whether or not glare-induced pupillary constriction can
cause a decrease in SDT with glare after orthokeratology
treatment. Previously, Pauné et al.53 and Tan et al.54 reported
that there was no significant change in either photopic or
mesopic pupil size after orthokeratology. Therefore, for the
same participants, in the same test settings, we expect glare-
induced pupillary constriction to be consistent before and
after orthokeratology. Pupillary constriction would result
in a decrease in HOAs.55 However, the reduction of HOAs
caused by the same degree of pupillary constriction could
be different before and after orthokeratology. To illustrate,
Joslin et al.56 measured the HOAs of 3-mm and 6-mm pupil
sizes before and 1 month after orthokeratology. Pupil size–
related differences in HOAs were significantly greater after
orthokeratology than before treatment, with HOAs decreas-
ing with pupil size. Although pupil size was not measured
in the current study, it is likely that glare-induced pupillary
constriction would have decreased HOAs, in turn positively
affecting shape discrimination.

Our study shows that children with less myopia at base-
line have a greater decrease in SDT with glare after orthok-
eratology than those with more myopia. Eyes with more
myopia have greater corneal reshaping after orthokeratol-
ogy than do eyes with less myopia,7,57 and a larger amount
of reshaping may have negative effects on SDT with glare.
Moreover, the treatment zones in eyes with less myopia are
larger and are more likely to cover the pupil and thus less
prone to glare problems.

In conclusion, our results suggest that compared to
spectacle lens wear, conventional orthokeratology does not
adversely affect visual performance under mesopic condi-
tions. After orthokeratology, the shape discrimination sensi-
tivity improved in myopic children under mesopic condi-
tions with glare, while shape discrimination sensitivity
remained stable under mesopic conditions without glare.

Acknowledgments

The authors thank Ling Zhou for her help in data collection for
this study.

Supported by Zhejiang Provincial Key Research and Develop-
ment Program Grant (2021C03102) and Science and Technol-
ogy Plan Project of Wenzhou Science and Technology Bureau
(Y20190648).

Disclosure: B. Su, None; Z.Bao, None; Y.Guo, None;H.Zheng,
None; J. Zhou, None; F. Lu, None; J. Jiang, None

References

1. Cho P, Cheung SW, Edwards M. The Longitudinal Orthoker-
atology Research in Children (LORIC) in Hong Kong: a pilot

study on refractive changes and myopic control. Curr Eye
Res. 2005;30(1):71–80.

2. Nti AN, Berntsen DA. Optical changes and visual perfor-
mance with orthokeratology. Clin Exp Optom. 2020;103(1):
44–54.

3. Cho P, Cheung SW. Retardation of Myopia in Orthokeratol-
ogy (ROMIO) study: a 2-year randomized clinical trial. Invest
Ophthalmol Vis Sci. 2012;53(11):7077–7085.

4. Santodomingo-Rubido J, Villa-Collar C, Gilmartin B,
Gutierrez-Ortega R, Sugimoto K. Long-term efficacy of
orthokeratology contact lens wear in controlling the
progression of childhood myopia. Curr Eye Res. 2017;42(5):
713–720.

5. Jakobsen TM, Møller F. Control of myopia using orthok-
eratology lenses in Scandinavian children aged 6 to
12 years. Eighteen-month data from the Danish random-
ized study: clinical study of near-sightedness; treatment with
orthokeratology lenses (control study). Acta Ophthalmol.
2022;100(2):175–182.

6. Xie P, Guo X. Chinese experiences on orthokeratology. Eye
Contact Lens. 2016;42(1):43–47.

7. Kim WK, Kim BJ, Ryu IH, Kim JK, Kim SW. Corneal epithe-
lial and stromal thickness changes in myopic orthokeratol-
ogy and their relationship with refractive change. PLoS One.
2018;13(9):e0203652.

8. Zhang J, Li J, Li X, Li F, Wang T. Redistribution of the
corneal epithelium after overnight wear of orthokeratology
contact lenses for myopia reduction. Cont Lens Anterior Eye.
2020;43(3):232–237.

9. Alharbi A, Swarbrick HA. The effects of overnight orthoker-
atology lens wear on corneal thickness. Invest Ophthalmol
Vis Sci. 2003;44(6):2518–2523.

10. Cheah PS, Norhani M, Bariah MA, Myint M, Lye MS, Azian
AL. Histomorphometric profile of the corneal response to
short-term reverse-geometry orthokeratology lens wear in
primate corneas: a pilot study. Cornea. 2008;27(4):461–470.

11. Lum E, Golebiowski B, Swarbrick HA. Changes in corneal
subbasal nerve morphology and sensitivity during orthoker-
atology: recovery of change. Ocul Surf. 2017;15(2):236–241.

12. Maseedupally V, Gifford P, Lum E, Swarbrick H. Central and
paracentral corneal curvature changes during orthokeratol-
ogy. Optom Vis Sci. 2013;90(11):1249–1258.

13. Li J, Dong P, Liu H. Effect of overnight wear orthokeratol-
ogy lenses on corneal shape and tears. Eye Contact Lens.
2018;44(5):304–307.

14. Sun Y, Wang L, Gao J, Yang M, Zhao Q. Influence of
overnight orthokeratology on corneal surface shape and
optical quality. J Ophthalmol. 2017;2017:3279821.

15. Lau JK, Vincent SJ, Cheung SW, Cho P. Higher-order aberra-
tions and axial elongation in myopic children treated with
orthokeratology. Invest Ophthalmol Vis Sci. 2020;61(2):22.

16. Lian Y, Shen M, Huang S, et al. Corneal reshaping and
wavefront aberrations during overnight orthokeratology.
Eye Contact Lens. 2014;40(3):161–168.

17. Liu LL, Gong LP, Xu YY, Zhu X, Chen KK, Liu WF. Rela-
tionship between contrast sensitivity and corneal shape
following overnight orthokeratology. Int J Ophthalmol.
2019;12(2):275–279.

18. Tian M, Ma P, Mu G. Prospective cohort comparison
of visual acuity and contrast sensitivity between femto
laser in situ keratomileusis and orthokeratology for low-to-
moderate myopia. Eye Contact Lens. 2018;44(suppl 1):S194–
S198.

19. Liu G, Chen Z, Xue F, et al. Effects of myopic orthokeratol-
ogy on visual performance and optical quality. Eye Contact
Lens. 2018;44(5):316–321.

20. Chang CF, Cheng HC. Effect of orthokeratology lens on
contrast sensitivity function and high-order aberrations in
children and adults. Eye Contact Lens. 2020;46(6):375–380.



Shape Discrimination After Orthokeratology IOVS | January 2023 | Vol. 64 | No. 1 | Article 6 | 7

21. Xia R, Su B, Bi H, et al. Good visual performance despite
reduced optical quality during the first month of orthoker-
atology lens wear. Curr Eye Res. 2020;45(4):440–449.

22. Biederman I, Ju G. Surface versus edge-based determinants
of visual recognition. Cogn Psychol. 1988;20(1):38–64.

23. Elder JH. Shape from contour: computation and representa-
tion. Annu Rev Vis Sci. 2018;4:423–450.

24. Ganel T, Goodale MA. Visual control of action but not
perception requires analytical processing of object shape.
Nature. 2003;426(6967):664–667.

25. Pelli DG, Tillman KA. Parts, wholes, and context in reading:
a triple dissociation. PLoS One. 2007;2(8):e680.

26. Wilkinson F, Wilson HR, Habak C. Detection and recogni-
tion of radial frequency patterns. Vision Res. 1998;38(22):
3555–3568.

27. Berntsen DA, Mitchell GL, Barr JT. The effect of overnight
contact lens corneal reshaping on refractive error-specific
quality of life. Optom Vis Sci. 2006;83(6):354–359.

28. Ren Q, Yang B, Liu L, Cho P. Orthokeratology in adults
and factors affecting success: study design and preliminary
results. Cont Lens Anterior Eye. 2020;43(6):595–601.

29. Huang FC, Tseng SH, Shih MH, Chen FK. Effect of arti-
ficial tears on corneal surface regularity, contrast sensi-
tivity, and glare disability in dry eyes. Ophthalmology.
2002;109(10):1934–1940.

30. Brainard DH. The psychophysics toolbox. Spat Vis. 1997;
10(4):433–436.

31. Su B, Zhang B, Huang J, et al. The effect of transient glare
on shape discrimination threshold in myopic adults. Clin
Exp Optom. 2018;101(2):220–224.

32. Paulsson LE, Sjöstrand J. Contrast sensitivity in the presence
of a glare light: theoretical concepts and preliminary clinical
studies. Invest Ophthalmol Vis Sci. 1980;19(4):401–406.

33. Barraza JF, Colombo EM. The time course of the lower
threshold of motion during rapid events of adaptation.
Vision Res. 2001;41(9):1139–1144.

34. Gaunt T, Carey F, Cahir J, Toms A. Fluid signal changes
around the knee on MRI are associated with increased
volumes of subcutaneous fat: a case-control study. BMC
Musculoskelet Disord. 2016;17(1):487.

35. Ye Z, Ai X, Zheng J, et al. Antihypertensive treatments
for spontaneous intracerebral hemorrhage in patients
with cerebrovascular stenosis: a randomized clinical trial
(ATICHST). Medicine (Baltimore). 2017;96(26):e7289.

36. Queiros A, Villa-Collar C, Gutierrez AR, Jorge J, Gonzalez-
Meijome JM. Quality of life of myopic subjects with different
methods of visual correction using the NEI rql-42 question-
naire. Eye Contact Lens. 2012;38(2):116–121.

37. Liu G, Jin N, Bi H, et al. Long-term changes in straylight
induced by overnight orthokeratology: an objective measure
using the double-pass system.Curr Eye Res. 2019;441(1):11–
18.

38. Martinez-Roda JA, Vilaseca M, Ondategui JC, et al. Optical
quality and intraocular scattering in a healthy young popu-
lation. Clin Exp Optom. 2011;94(2):223–229.

39. Lorente-Velazquez A, Gonzalez Mesa A, Gutierrez JR, Villa-
Collar C, Nieto-Bona A. Long-term changes in straylight
induced by corneal refractive therapy: a pilot study. Cont
Lens Anterior Eye. 2014;37(3):144–148.

40. Lorente-Velazquez A, Nieto-Bona A, Collar CV, Mesa AG.
Straylight and contrast sensitivity after corneal refractive
therapy. Optom Vis Sci. 2011;88(10):1245–1251.

41. Hiraoka T, Okamoto C, Ishii Y, Takahira T, Kakita T, Oshika
T. Mesopic contrast sensitivity and ocular higher-order aber-
rations after overnight orthokeratology. Am J Ophthalmol.
2008;145(4):645–655.

42. Hiraoka T, Mihashi T, Okamoto C, Okamoto F, Hirohara
Y, Oshika T. Influence of induced decentered orthokera-
tology lens on ocular higher-order wavefront aberrations
and contrast sensitivity function. J Cataract Refract Surg.
2009;35(11):1918–1926.

43. Hiraoka T, Okamoto C, Ishii Y, et al. Patient satisfaction and
clinical outcomes after overnight orthokeratology. Optom
Vis Sci. 2009;86(7):875–882.

44. Chang CF, Cheng HC. Effect of orthokeratology lens on
contrast sensitivity function and high-order aberrations
in children and adults. Eye Contact Lens. 2020;46(6):375–
380.

45. Dumoulin SO, Hess RF. Cortical specialization for concentric
shape processing. Vision Res. 2007;47(12):1608–1613.

46. Wilkinson F, James TW, Wilson HR, Gati JS, Menon RS,
Goodale MA. An fMRI study of the selective activation of
human extrastriate form vision areas by radial and concen-
tric gratings. Curr Biol. 2000;10(22):1455–1458.

47. Loffler G, Wilson HR, Wilkinson F. Local and global contri-
butions to shape discrimination. Vision Res. 2003;43(5):519–
530.

48. Christaras D, Rozema JJ, Ginis H. Ocular axial length
and straylight. Ophthalmic Physiol Opt. 2020;40(3):316–
322.

49. Gaurisankar ZS, van Rijn GA, Luyten GP, van den Berg TJ.
Straylight as the result of refractive correction. Clin Ophthal-
mol. 2019;13:2195–2201.

50. De Wit GC, Coppens JE. Stray light of spectacle lenses
compared with stray light in the eye. Optom Vis Sci.
2003;80(5):395–400.

51. Rozema JJ, Coeckelbergh T, Van den Berg TJ, et al. Stray-
light before and after Lasek in myopia: changes in retinal
straylight. Invest Ophthalmol Vis Sci. 2010;51(5):2800–2804.

52. Allen RJ, Saleh GM, Litwin AS, Sciscio A, Beckingsale AB,
Fitzke FW. Glare and halo with refractive correction. Clin
Exp Optom. 2008;91(2):156–160.

53. Pauné J, Cardona G, Quevedo L. Toric double tear reservoir
contact lens in orthokeratology for astigmatism. Eye Contact
Lens. 2012;38(4):245–251.

54. Tan Q, Ng AL, Choy BN, Cheng GP, Woo VC, Cho P. One-
year results of 0.01% Atropine with Orthokeratology (AOK)
study: a randomised clinical trial. Ophthalmic Physiol Opt.
2020;40(5):557–566.

55. Liao X, Wang MJ, Tan QQ, Lan CJ. Repeatability of i.Profiler
for measuring wavefront aberrations in healthy eyes. Int
Ophthalmol. 2022;42(8):2525–2531.

56. Joslin CE, Wu SM, McMahon TT, Shahidi M. Higher-order
wavefront aberrations in corneal refractive therapy. Optom
Vis Sci. 2003;80(12):805–811.

57. Wu J, Fang W, Xu H, Liu X, Zhao D, Rong Q. The biome-
chanical response of the cornea in orthokeratology. Front
Bioeng Biotechnol. 2021;9:743745.


