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Abstract

Purpose: To compare the treatment zone (TZ) measurements obtained using manual and
software-based methods in orthokeratology (ortho-k) subjects and explore the TZ
characteristics of children with slow and fast axial elongation after ortho-k.

Methods: Data from 69 subjects (aged 7 — < 13 years old), who participated in three 24-
month longitudinal orthokeratology studies, showing fast (> 0.27 mm, n = 38) and slow (<
0.09 mm, n = 31) axial elongation, were retrieved. The TZ after ortho-k was defined as
central flattened area enclosed by points with no refractive power change. TZ parameters,
including decentration, size, width of the peripheral steepened zone (PSZ), central and
peripheral refractive power changes, and peripheral rate of power change, were determined
manually and using a python-based software. TZ parameters were compared between
measurement methods and between groups.

Results: Almost all TZ parameters measured manually and with the aid of a software were
significantly different (p < 0.05). Differences in decentration, size, and the PSZ width were
not clinically significant, but differences (0.45 to 0.92 D) in refractive power change in the
PSZ were, although intraclass coefficients (0.945 to 0.978) indicated excellent agreement
between methods. Significantly greater TZ decentration, smaller TZ size, and greater inferior
rate of power change (relative to the TZ centre) were observed in slow progressors using both
methods, suggesting a potential role of TZ in regulating myopia progression in ortho-Kk.
Conclusion: TZ measurements using manual and software-based methods differed
significantly and cannot be used interchangeably. The combination of TZ decentration, TZ

size, and peripheral rate of power change may affect myopia control effect in ortho-k.
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Key points

Treatment zone quantified manually and with the aid of a software were significantly
different, but the differences may be clinically acceptable.

Treatment zone decentration, TZ size, and inferior rate of power change (relative to
the TZ centre) differ significantly between children with fast and slow axial
elongation after orthokeratology treatment.

Evaluation of treatment zone characteristics is valuable in orthokeratology and further

studies are warranted to confirm its role in myopia control.
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Introduction

The prevalence of myopia is higher in Chinese populations,’? and continues to rise both here
and elsewhere. Because of this upward trend®* and its impact on ocular heath,®> myopia has
become a serious social and health concern worldwide. Researchers have developed various
optical®’ and pharmaceutical methods®° that can effectively retard myopia progression in
school-aged children, of which atropine®!° and orthokeratology (ortho-k)®** are currently

most commonly prescribed by clinicians in East Asian countries.

Although its mechanism is not fully understood, ortho-k can slow axial elongation by 30 —
56% in children with low to moderate myopia and 63% in partially corrected high myopic
children.*? It has been hypothesized that altered relative periphery refraction'®!# and higher
order aberrations'®>!® are major contributing factors to its success in myopia control. Ortho-k
treatment causes central corneal flattening and mid-peripheral corneal steepening. The central
flattened area has been defined as the treatment zone (TZ) and the mid-peripheral steepened
ring as the peripheral steepened zone (PSZ) in previous studies.”*® The PSZ was considered
as part of the TZ in a previous study,*® based on the assumption that the overall change in
corneal shape?° after ortho-k alters the higher order aberrations®® and affects the visual
quality,? which may retard myopia progression in children. However, few studies®®20:2223
have investigated the TZ and its correlation with peripheral refraction, higher order

aberrations, and myopia progression.

Topographers, based on different measuring principles,?* have been used in ortho-k to
monitor changes to the corneal shape. Different topographical maps have been used to
determine the TZ, including tangential 1922232526 gxijal 1827 and refractive?®?® subtractive

maps. Tangential maps measure the true corneal curvature, while axial maps measure the
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radius of curvature with respect to the optical axis.° Refractive maps calculate true corneal
refractive power, using Snell’s law, and have been suggested to be the most accurate map for
determining the TZ size,3! although this has not been confirmed by a published study.*®
Whilst having limited accuracy to determine refractive power change, tangential subtractive
maps provide sophisticated measurements of localized corneal changes and a better
representation of the corneal shape after ortho-k,3! and thus, were used to evaluate TZ

characteristics in the current study.

Recent studies have reported an association between smaller TZ?%2 and greater corneal
peripheral power change?® with slower axial elongation and a weak negative correlation
between the TZ decentration and axial elongation.?® Other TZ characteristics including, but
not limited to, the PSZ width and peripheral rate of power change may also contribute to
myopia control. However, previous studies investigating TZ parameters after ortho-k varied
in methodologies, and the effect of TZ parameters on myopia progression remains unclear.
Researchers have utilized several manual?%?2232526 and/or software-based?’-?® methods to
determine TZ parameters, including the TZ size, the TZ central corneal power change, the
PSZ width, peripheral power change, and the TZ decentration. Compared to manual methods,
software-based methods allow more objective measurements and may be more efficient when
used to investigate complicated research problems. However, to our knowledge, there is no
reported paper comparing the agreement between manual and software-based measurements.
This study aimed to compare the TZ parameters measured manually and with software and to
explore TZ characteristics of children with slow and fast axial elongation after two years of

ortho-k treatment.



131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

Method

Study design

Data were retrieved from three 24-month longitudinal ortho-k studies (ROMIO,! TO-SEE,*
and OKIC?®? studies) based on axial elongation of subjects after two years: fast progressors
with axial elongation > 0.54 mm; slow progressors with axial elongation < 0.18 mm. All
three studies were conducted according to the tenets of the Declaration of Helsinki, with
ethics approved by the Human Subject Ethics Subcommittee of the School of Optometry of
The Hong Kong Polytechnic University and written informed consent obtained from both
subjects and parents. All studies were registered at ClinicalTrial.gov (ROMIO:
NCT00962208, TO-SEE: NCT00978692, OKIC: NCT02643342). TZ parameters
determined using measurement methods (manual vs software-based) and from different

groups (fast progressors vs slow progressors) were compared.

Subjects

Subjects from the three studies (ROMIO,* TO-SEE,*? and OKIC® studies) were aged 6 to <
13 years old with myopia no more than 5.00 D and astigmatism up to 3.50 D. They wore
ortho-k lenses (Menicon Z Night or Z Night Toric, NKL Contactlenzen B.V.) in both eyes
nightly during the 24-month longitudinal study period. Subjects from ROMIO*! and TO-
SEE® studies were fully corrected with ortho-k lenses, whereas the target correction
remained unchanged from baseline for OKIC3 subjects, with any residual refraction

corrected using single-vision spectacles for daily wear.

At baseline and the 24-month visit, corneal topography (Medmont E300 Topographer,
Medmont International Pty. Ltd., Nunawading, VIC, Australia) was performed before

cycloplegia. Four topographical maps with similar shape were captured, with a maximum
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difference of 0.25 D in central flat/steep K. Unaided and best-corrected visual acuity were
measured by the Early Treatment Diabetic Retinopathy Study charts (Series 2000; Precision
Vision, IL, USA) before cycloplegia. Cycloplegia was achieved by instillation of one drop of
0.5% proparacaine, 1% tropicamide, and 1% cyclopentolate five minutes apart in ROMIO*
and TO-SEE® subjects. Two drops of 1% cyclopentolate were instilled in OKIC® subjects.
Cycloplegic subjective refraction was determined using trial lenses according to the
“maximum plus maximum visual acuity” rule. Axial length (IOLMaster 500; Carl Zeiss
Meditec AG, Jena, Germany) was calculated as the average of five measurements with a

maximum variance of 0.2 mm and > 4 signal-to-noise ratios.

Determination of TZ parameters

The best topographical maps, at both the baseline and the 24-month visits, were selected for
those with central flat/steep K and horizontal and vertical sagittal heights at the 9 mm chord
closest to the average values of the four maps. The central flat/steep K was given precedent.
For each subject, both manual and software-based measurements were obtained from the
same topographical maps. Tangential subtractive maps (difference map between pre- and
post-ortho-k treatment), representing tangential subtractive changes before and after ortho-k
treatment, were used to determine TZ. TZ was defined as the central flattened area enclosed
by points with zero refractive power change after ortho-k. TZ parameters were determined

along the horizontal and vertical axes with respect to the TZ center (point O in Figure 1).

Manual measurement
Manual measurements of TZ were conducted by the same examiner involved in a previous
study,?? trained with sample topographical maps prior to performing the measurements and

masked from the subjects’ group during the measurements. TZ was determined following the
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methodology described by Guo et al.?? with a tolerance of + 0.10 D for each zero point at the
edge of the TZ. Briefly, the refractive power change was obtained by hovering the cursor
above each reference point and the measurement shown on the image was recorded. Line
segments AB and CD, shown in Figure 1, are the horizontal and vertical TZ diameters (the
TZ size), respectively, which intercept at point O. TZ central dioptric power change was the
refractive power change at this centre point, but it may not be the point with the greatest
power change within the TZ. When hovering the cursor above the TZ centre, the distance (D)
and angle (8) from map centre to the TZ centre was shown below the color map (0.53 mm
and 231° for point O in Figure 1), which was defined as the TZ decentration (vector form).
TZ decentration along horizontal (x) and vertical (y) axes were calculated as shown: x =

D cos 8, y = D sin 8, with positive signs representing nasal or superior decentration.

The TZ size was determined along the horizontal and vertical axes (Figure 1), with the
distances between two reference points determined by the ruler function incorporated in the
Medmont software, making the power change as close to zero as possible at each point. The
PSZ was delineated as shown in Figure 1, with a peak rising from the edge of the TZ and
returning to zero on the tangential subtractive map. The peak within the PSZ was determined
as either the highest point with greatest power change or the turning point where the plateau
was just reached (Figure 2A). A peak was considered missing if no plateau/highest point was
definable within the PSZ (Figure 2B). The PSZ width was the distance between the two zero
points on each side of the peak (temporal/nasal PSZ width: distances from AG/BH in Figure
1). A measurement was considered missing if no zero point could be determined on either

side of the peak (Figure 2).

Induced peripheral myopic defocus was determined as the refractive power difference
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between the highest peak and the TZ centre (temporal/nasal myopia defocus: power
differences between points EO/FO in Figure 1). Peripheral rate of power change was
determined as the slope of the lines AB, AC, and AO in Figure 3, connecting the PSZ peak
(point A) to the zero point at TZ edge (point B), the point with greatest power change (point
C), and the TZ centre (point O), respectively. The slope of the power change was estimated
using the print-outs of the graphs. A scale of + 15.00 D was applied for all subjects when
screen-capturing the Medmont graphs. The distances between the reference points (eg. AB’
and BB’ in Figure 4) were obtained using the ruler tool in Adobe Photoshop 2020 (Adobe
Inc., California, US). The distances obtained were then converted into refractive power
differences (based on the scale and dimensions of the printouts) and horizontal/vertical
displacements between the two reference points (eg. distance of line segment BB’) to
calculate the peripheral rates of power change (D/mm) along four directions (nasal, temporal,

inferior, and superior).

Software-based measurement

Raw topographical data (tangential curvatures) from the baseline and 24-month visits were
exported from Medmont topographer as mxf files. Each data file consisted of 50*50 points
over a 12*12 mm? area, with adjacent points separated by 0.24 mm. Tangential curvatures at
each point before and after ortho-k treatment were imported into a python-based
(https://www.python.org/) software for analysis (Figure 4 (derived from the same subject and

the same topographical maps pre- and post- ortho-k treatment as Figure 1)), with the
following calculation: Pt = % where Pt was the tangential power and Rt was the

tangential curvature at each point. Additional data points were interpolated using a surface-

fitting algorithm.3* No filtering or error correcting algorithm was applied, resulting in minor
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differences compared to the data presentation in Medmont software: less smooth spline and
abrupt change at the limbal area representing measurement error/artifact (Figure 5). Best-fit
ellipses were determined based on the contour lines consisting of “zero points”, applying a
least-square ellipse fitting algorithm.3® The ellipse, located centrally and with the minimum
enclosed area, was selected as the best-fit ellipse of TZ. The geometric centre of this best-fit
ellipse was defined as the TZ centre and measurements were obtained along the horizontal
and vertical axes of this ellipse. The X, y, and z coordinates of each reference point are
illustrated in Figure 4, where x and y represent the distances to map centre (positive for nasal
and superior directions) and z represents the refractive power change after ortho-k. TZ
decentration was defined as the distance from geometric centre (0, 0) of map to the TZ centre
(in vector form, with angle and total displacement). The amount of lens decentration along
horizontal and vertical axes were also determined, with positive signs for nasal or superior
decentration. TZ decentrations (X, y coordinates of TZ centre, and distance to TZ centre) and
the TZ central dioptric power change (z coordinate of TZ centre) are presented below the
color map. Other TZ parameters were calculated based on the coordinates of each reference
point shown in Figure 4. For the PSZ peak and width measurements, data was considered
missing if an abrupt change was noted as shown in Figure 5B. The slope of changes
peripherally was calculated as the refractive power difference between the two reference

points divided by their distances along x or y axis, with a unit of D/mm.

Statistical analysis

All statistical analyses were performed using SPSS 26.0 (IBM Corporation, Amonk, NY,
US). Only data from the right eye was used for analysis. Normality of the data was
investigated with the Shapiro-Wilk test. Paired-t tests and Wilcoxon signed-rank tests were

used to compare the measurements obtained manually and with software, for normally
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distributed and non-normally distributed data, respectively. Intraclass correlation coefficient
(ICC) was calculated using the SPSS reliability analysis (results for single measures using
two-way random model with absolute agreement). Unpaired-t tests and Mann-Whitney tests
were performed to investigate the differences between fast and slow progressors, for
normally distributed and non-normally distributed data, respectively. Sex composition was
compared between groups using the Chi-square test. Two-tailed models were used for each

analysis with a significance level set at 0.05.

Results

Baseline characteristics of slow and fast progressors

The slow progression group included 31 subjects (six from ROMIO, 13 from TO-SEE, and
12 from OKIC studies) and the fast progression group, 38 subjects (eight from ROMIO, eight
from TO-SEE, and 22 from OKIC studies). Baseline and 24-month data for the slow
progression (n = 31) and fast progression (n = 38) groups are listed in Table 1 and Table 2,
respectively. Slow progressors were relatively older (p < 0.001) with longer baseline axial
length (p = 0.001), more astigmatism (p = 0.007), and more negative spherical equivalent
refraction (SER) (p = 0.017). After 24 months, slow progressors showed less negative
residual refraction and SER, more astigmatism (similar to that noted at baseline), and better

unaided visual acuity (Table 2).

Comparison between manual and software-based treatment zone measurements

Three subjects showed a false central island, thus measurements on the TZ central dioptric
power change and slope to the TZ centre and most negative point were missing. One subject
had a valid temporal PSZ width using manual measurement, but data with software was

missing due to the £ 0.10 D tolerance adopted in manual measurements. On average, there

11
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were 12%, 4%, 30%, and 10% subjects with missing measurements of the PSZ width in the
temporal, nasal, inferior, and superior regions, respectively; and 0%, 0%, 7%, and 1%
subjects with missing PSZ peak in the temporal, nasal, inferior, and superior regions,
respectively, using both measurement methods. This resulted in relatively smaller sample
sizes for width (slow progression: n = 24; fast progression: n =24) and peak (slow
progression: n = 29; fast progression: n = 35) of inferior PSZ. All subjects had valid
measurements on horizontal and vertical TZ sizes. The TZ decentration, using either
methods, was mostly (manual: n = 51; software-based: n= 47) towards temporal (manual: -
0.36 £ 0.21 (SD) mm; software-based: -0.41 + 0.19 (SD) mm) and inferior (manual: -0.18 +

0.22 (SD) mm; software-based: -0.16 + 0.22 (SD) mm) directions.

All TZ parameters determined manually and using the software were significantly different (p
< 0.05), except for TZ decentrations (displacement and vertical) in the slow progression
group and the TZ central dioptric power change in both groups. Table 3 presents a summary
of results for slow and fast progression groups. Differences in the TZ decentration, the TZ
size, and the PSZ width were not clinically significant (within £ 0.10 mm), being less than
the displacement between each data point in Medmont’s exported file. Clinically significant
differences (> 0.25 D) were noted in refractive power changes obtained at the PSZ peak, with
an average of 0.47 D, 0.84 D, 0.85 D, and 0.76 D for the peaks of temporal, nasal, inferior,
and superior PSZ. The ICCs were good to excellent (0.832 to 0.992) for manual and
software-based measurements for all TZ parameters, except for the superior slope of change

to TZ edge in fast progressors, ICC being 0.714.
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Treatment zone characteristics in slow and fast progressors

Slow progressors showed significantly (p < 0.05) more TZ decentration (displacement and
horizontal) and smaller TZ size (horizontal and vertical) compared to fast progressors, which
were observed using both manual and software-based methods (Table 4). Refractive power
change at the PSZ peak, peripheral myopic defocus, and the slope of refractive power change
were not significantly different between the slow and fast progression groups, except for a
significantly greater inferior slope of change to the TZ centre in slow progressors, using

either measurement method (p < 0.05).

Discussion

A number of studies!’1%2223.263637 haye investigated TZ after ortho-k treatment. While most
studies used manual measurements, a few measured TZ with the aid of a self-developed
software.*®27-2 |n addition, different topographers, different topographical maps, and
different methods have been used by these studies when determining TZ parameters, making

it difficult to compare between manual and software-based methods among studies.

Previous studies have used various methods to manually measure TZ parameters. A range of
topographers have been employed, including EyeSys®® (http://eyesys.com/), Atlas
Mastervue® (https://www.zeiss.com/), Pentacam®’ (https://www.oculus.com/), and Keratron
Onda® (https://www.optikon.it/). Of the studies using Medmont topographer to evaluate TZ
manually,?®3" different topographical maps were selected. Sridharan and Swarbrick®’
determined TZ size and apical corneal refractive power change based on axial subtractive
maps, while Chen et al.?® determined the TZ size and decentration (to pupil centre) using
tangential subtractive maps. Similarly, various software-based methods were selected by

previous researchers. Of the studies using Medmont topographer for software analysis,
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different raw data and different methods to determine best-fit ellipses were used. Faria-
Ribeiro et al.'® exported the raw evaluation data and calculated the mean curvature of each
point, as the average of flat K and steep K. They applied a segmentation algorithm in Matlab
to automatically define the central and peripheral zones for further analysis. Maseedupally et
al.?® utilized a modified manual method with Matlab analysis on TZ decentration, in which
the Cartesian and polar grid printed on a transparent sheet, were placed over the computer
screen to manually record the edge of the TZ. The 18 edge points displaced 20° apart were
then entered into the Matlab software to fit the best ellipse. They defined the TZ decentration
as a vector from map centre to the geometric centre of this ellipse. Gifford et al.?® developed
a Matlab software using raw sagittal heights to calculate the refractive power map and re-
centred the map with respect to the centre of the entrance pupil. The software fitted the best
ellipse based on the 12 “zero points” visually selected on this re-generated refractive map,
separated by 30°. The authors defined TZ decentration as the distance from the entrance pupil
to the centre of this ellipse. Hu et al.?” used exported data on radial distances and axial
curvatures, and re-generated the axial power map using an R program. They calculated the
total corneal power shift along different concentric rings within the central 4 mm zone, and

found this summed power shift negatively associated with axial elongation at 12 months.

Several studies have previously investigated TZ parameters using various methods, but none
have compared TZ measurements obtained manually and using a software. The results of the
current study show that TZ measurements determined in both ways showed poor agreement.
In addition, previous studies have not reported use of regenerated Medmont’s exported data
(tangential subtractive maps) and fit best-fit ellipses directly from raw corneal curvatures.
The current study is the first to present results in this way and to compare the refractive

power differences obtained manually and with a software. As there are limited studies in this
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area and the unknown algorithm applied in Medmont software, it is unclear which method
(manual or software-based) is more accurate in measuring TZ parameters. Manual
measurements are subjective and time consuming, but is a straightforward choice for
researchers and practitioners without access to a software. The use of software, on the other
hand, allows faster and more objective measurements, and can be used by less experienced
examiners. Software is useful for research purposes as TZ parameters, other than the TZ size,
can be easily measured and analysed. However, as the results of the current study indicated
that only five TZ parameters (mostly TZ size and decentration) were significantly different
between fast and slow progressors in ortho-k, the development of a specific software for TZ

analysis may not be necessary.

The differences observed in the TZ decentration may be expected because the software
utilized an ellipse fitting algorithm to obtain the centre of the TZ while the centre was
approximately determined by the examiner using the manual method. Although the
differences were minor, they may in turn cause differences in other TZ measurements.
However, the between-method differences were less than the displacement of adjacent data
points (0.24 mm), and the between-group differences using both methods were larger than
this between-method difference. Hence, the observed differences in the TZ decentration may
be negligible or clinically insignificant. It is possible that angle kappa could affect the
measurements of lens decentration, however, as the data in this study is retrospective and the
initial studies from which it emanated did not include this parameter, it was not possible to
include angle kappa in the analysis. In addition, interaction between pupil size and the TZ
size can affect the outcome of myopia control therapy. Therefore, measurements of both the

pupil size and angle kappa will be considered in a future study.
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Clinically significant differences in refractive power measurement (> 0.25 D) were noted
between methods, with an average of 0.73 D, when determining the peak of the PSZ in
different directions. This difference was also noted in the graphs presented by Medmont
software and the software developed in this study, where the splines in the software were less
smooth and showed abrupt changes in values, especially at the edge of the print-outs (> 9 mm
chord) (Figure 5). The Medmont software conducted additional calculations for a particular
point based on the values of the surrounding points, which filtered out the noise and errors
when initially acquiring the tangential curvatures. In addition, the Medmont software may
have applied a different interpolation algorithm compared to the current study. This resulted
in a more regular and smoother spline compared to the raw data, but the algorithm for these
calculations is a proprietary secret (personal communications with Medmont). However,
despite the significant differences noted, the ICCs were good to excellent (> 0.830) for
almost all TZ measurements, which suggest that the ICC should be used and interpreted with

caution.38

Both methods revealed significantly greater TZ decentration, smaller TZ size, and greater
inferior rate of power change (to the TZ centre) in slow progressors after ortho-k. Zhong et
al.?%, reported a significant negative association between axial elongation over 24 months and
temporal, nasal, and inferior maximum power change. In contrast, the current study showed
that maximum refractive power changes (PSZ peaks) in all directions were not significantly
different between fast and slow progressors. This may be due to different methods used:
Zhong et al.?® used TMS-4 topographer (TOMEY, Japan) to manually measure the sagittal
power, whilst the current study used Medmont; Zhong et al.?° used the 3-month topographical
data to represent the post-ortho-k corneal changes, whereas the current study used 24-month

topographical maps.
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Results of the current study suggested that the TZ decentration, TZ size, and inferior rate of
power change (relative to the TZ centre) were different between fast and slow progressors
and may therefore play a role in effecting myopia control using ortho-k lenses. However,
because of significant differences in baseline characteristics (e.g. age, axial length, and SER)
between fast and slow progressors, the effect of TZ on axial elongation warrants further

investigation.

Conclusion

In conclusion, TZ measurements obtained using manual and software-based methods were
significantly different, but the differences in the TZ decentration, TZ size, and PSZ width
were clinically acceptable. Differences in measurements of refractive power change were
clinically significant between methods, but this was likely to be due to the additional filtering
and error-correcting algorithm incorporated in the Medmont topographer. TZ characteristics

may play a role in myopia control in ortho-k, but further confirmatory studies are warranted.
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429  Table 1. Demographics and baseline data of orthokeratology subjects with slow (SP) and fast (FP)
430  progression (Mean = SD or Median [Min, Max])

SP group (n = 31) FP group (n = 38) P

Age (years) 9.85+1.23 8.61+0.94 < 0.001*
Male/Female 16/15 14/24 0.218
Axial length (mm) 24.74+£0.76 24.14+0.74 0.001*
Spherical refraction (D) -2.49+1.10 -2.06 +0.96 0.085
Refractive astigmatism (D) -1.00 [-2.75, 0.00] -0.50 [-2.50, 0.00] 0.007*
SER (D) -3.04+£1.26 -2.36+1.04 0.017*
BCVA (logMAR) -0.02 £ 0.06 -0.01 +0.07 0.781

431 * Significant difference between slow and fast progression groups.
432 SER - spherical equivalent refractive error; BCVA — best-corrected visual acuity; P — probability value of unpaired-t or
433 Mann-Whitney U tests for differences between groups
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Table 2. Residual cycloplegic subjective refraction and visual acuity measurements of
orthokeratology subjects with slow (SP) and fast (FP) progression at the 24-month visit (Mean + SD
or Median [Min, Max])

SP group (n =31) FP group (n =38) P
Axial elongation (mm) 0.06 [-0.29, 0.17] 0.68 [0.55, 1.35] <0.001*
Spherical refraction (D) 0.50 [-0.50, 1.50] -0.25 [-2.25, 0.50] <0.001*
Refractive astigmatism (D) -0.75 [-1.50, 0.00] -0.50 [-1.75, 0.00] 0.018*
SER (D) 0.00 [-1.00, 0.88] -0.44 [-2.63, 0.50] <0.001*
BCVA (logMAR) -0.04 + 0.06 -0.04 +£0.06 0.827
UVA (logMAR) 0.00 [-0.14, 0.14] 0.06 [-0.16, 0.92] 0.020*

* Significant difference between groups.
SER - spherical equivalent refraction; BCVA — best-corrected visual acuity; UVA — uncorrected visual acuity; P —
probability value of unpaired-t or Mann-Whitney U tests for differences between groups
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Table 3. Comparison of treatment zone (TZ) measurements determined by the manual and the software-based methods (Mean = SD or Median [Min, Max]) in

slow (SP) and fast (FP) progressors

SP group FP group
TZ parameters Manual Software-based ICC P Mean differences Manual Software-based ICC P Mean differences
+ SD +SD
Displacement of decentration (mm) | 0.54 +0.22 0.55+0.21 0964  0.28 0.01 +0.06 0.40+0.17 0.45+0.17 0.928 <0.001 0.05 +0.04
Decentration (x, positive for nasal) | -0.44 +0.24 -0.47+£0.22 0970  0.01 -0.03 +0.05 -0.29+0.15 -0.37+0.15 0.859 <0.001 -0.08 + 0.04
(mm)
Decentration (y, positive for -0.20+0.20 -0.18 £ 0.22 0910 0.14 0.02 +0.09 -0.16 +£0.23 -0.14 +£0.22 0.964 0.01 0.02 £ 0.06
superior) (mm)
TZ center dioptric change (D) -2.74+£0.94 -2.76 £0.92 0995 0.274 -0.02 +£0.09 -2.62+0.89 -2.64 +0.89 0.994 0.238 -0.02£0.10
Horizontal TZ size (mm) 3.07 +£0.49 3.13+£0.49 0.989  <0.001 0.06 +0.04 3.64 +0.60 3.70 £ 0.60 0.992 <0.001 0.07 +£0.04
Vertical TZ size (mm) 3.18+0.47 3.28 £0.44 0916  0.002 0.10+0.16 3.47+0.42 3.53+0.43 0.986 <0.001 0.06 +0.04
Temporal PSZ width (mm) 1.48 [0.81, 2.96] 1.44[0.77,2.97] 0984  <0.001 -0.03 +0.06 1.541.13, 2.29] 1.51 [1.08, 2.00] 0.930 <0.001 -0.06 + 0.06
Nasal PSZ width (mm) 1.44[0.98, 2.16] 1.42[0.92, 2.18] 0982  <0.001 -0.03 +0.04 1.45[1.05,2.91] 1.42[1.01, 2.83] 0.986 <0.001 -0.04 +0.02
Inferior PSZ width (mm) 1.44[0.87, 2.39] 1.41[0.87, 2.36] 0988  <0.001 -0.05 +0.03 1.50+0.30 1.46+0.31 0.984 <0.001 -0.04 + 0.04
Superior PSZ width (mm) 1.46 +0.24 1.43+0.24 0.985  <0.001 -0.03 £0.02 1.48[1.09, 2.74] 1.42 [-1.40, 2.54] 0.832 <0.001 -0.09 +0.17
Temporal peak power (D) 459+239 5.04+£2.63 0.978  <0.001 0.45+0.29 4.66 [1.74, 13.67] 5.07[1.77, 15.88] 0.975 <0.001 0.49 +£0.38
Nasal peak power (D) 6.61 +3.08 7.47 £3.60 0.954  <0.001 0.86 +0.58 6.16[2.40,13.69]  6.93[2.68, 15.81] 0.961 <0.001 0.81+0.44
Inferior peak power (D) 7.90 +3.13 8.82 +3.59 0949  <0.001 0.92+0.61 6.70 £3.20 7.47 +£3.65 0.962 <0.001 0.78 £ 0.56
Superior peak power (D) 6.78 £2.77 7.56 +3.14 0953  <0.001 0.78 £0.50 6.74 £2.28 7.48 £2.50 0.945 <0.001 0.74 £0.33
Temporal defocus (D) 7.15+£3.26 7.62 +3.46 0987  <0.001 0.47+0.27 7.31[3.53,17.04]  7.76 [3.66, 19.51] 0.981 <0.001 0.51+0.41
Nasal defocus (D) 9.17+3.83 10.05 +4.28 0.968  <0.001 0.88 =0.55 8.46[4.09,17.54]  9.17[4.45,19.57] 0.971 <0.001 0.83 £0.43
Inferior defocus (D) 10.53 +£3.92 11.46 +£4.37 0.967  <0.001 0.93£0.57 9.22+3.81 10.00 +=4.21 0.973 <0.001 0.78 +£0.54
Superior defocus (D) 9.39+£3.67 10.18 £4.03 0971  <0.001 0.79 +0.50 9.29+2.73 10.05+2.92 0.959 <0.001 0.76 +0.33
Temporal slope (to TZ edge) 5.47+2.62 6.64 +3.36 0.879  <0.001 1.17+1.01 593+£2.74 6.77 £2.99 0.927 <0.001 0.84 £0.76
(D/mm)
Temporal slope (to TZ center) 3.07+1.20 3.39+1.38 0952 <0.001 0.32+£0.26 2.83[1.01, 5.75] 3.10[1.21, 6.20] 0.964 <0.001 0.27+0.21
(D/mm)
Temporal slope (to the point with 3.51+1.46 3.99 +1.57 0.867  0.001 0.48 £ 0.66 333+1.42 3.60 = 1.56 0.925 0.004 0.27+£0.52
most negative power change)
(D/mm)
Nasal slope (to TZ edge) (D/mm) 7.38[1.74,19.92] 9.16[1.79,28.61] 0.837  <0.001 1.96 +2.46 7.53+3.34 9.08 +4.07 0.878 <0.001 1.55+1.14
Nasal slope (to TZ center) (D/mm) | 4.03 +1.84 435+2.05 0.969  <0.001 0.32+0.37 3.07 [1.47, 6.98] 3.40[1.57,7.37] 0.973 <0.001 0.27+0.23
Nasal slope (to the point with most | 3.94 +1.90 432+2.16 0.962  <0.001 0.38+0.42 3.06[1.25, 8.93] 3.43[1.53, 11.07] 0.896 <0.001 0.58 +0.88

negative power change) (D/mm)
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460

461

Inferior slope (to TZ edge) (D/mm) | 9.37 +4.30 11.38 +£5.64 0.869  <0.001 2.00+1.78 6.43 [2.05,22.61] 8.38 [2.18, 27.95] 0.871 <0.001 1.85+£2.03
Inferior slope (to TZ center) 4.61+1.70 507197 0947  <0.001 0.46+0.41 3.03[1.33, 8.70] 3.44[1.39,9.50] 0.973 <0.001 0.30+£0.34
(D/mm)
Inferior slope (to deepest point) 4.08[2.11,12.29] 4.61[2.16,18.29] 0.905  <0.001 1.10 £ 1.40 3.65[1.39,12.03] 4.26[1.42, 14.82] 0.907 <0.001 0.94 £ 1.00
(D/mm)
Superior slope (to TZ edge) 8.17+3.39 9.67 £4.57 0.859  <0.001 1.50+ 1.64 7.77+£2.59 9.08+3.19 0.714 <0.001 1.31+£1.91
(D/mm)
Superior slope (to TZ center) 391+1.55 4.33+£1.80 0.949  <0.001 0.42+0.35 3.50+1.06 3.82+1.13 0.944 <0.001 0.32+£0.20
(D/mm)
Superior slope (to the point with 434+2.01 4.74+£233 0.956  0.001 0.39+£0.53 3.74[1.48,5.75] 3.85[1.64, 8.45] 0.862 0.002 0.17+£0.88

greatest power change) (D/mm)

PSZ — peripheral steepened zone; ICC — intraclass correlation coefficient; P — probability value of paired-¢ or Wilcoxon signed-rank tests for differences between manual and software-based

measurement
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Table 4. Comparison of treatment zone (TZ) parameters between slow (SP) and fast (FP) progressors

using manual and software-based methods (Mean + SD or Median [Min, Max])

TZ paramet ers’f’ Manual Software-based

SP group FP group P SP group FP group P
Displacement of 0.54+0.22 0.40+0.17 0.005* 0.55+0.21 045+0.17 0.034*
decentration (mm)
Decentration (x, positive -0.44 +£0.24 -0.29£0.15 0.003* -0.47+0.22 -0.37£0.15 0.034*
for nasal) (mm)
Horizontal TZ size (mm)  3.07 + 0.49 3.64 £ 0.60 <0.001*  3.13+£0.49 3.70 £ 0.60 <0.001*
Vertical TZ size (mm) 3.18£0.47 3.47+0.42 0.008* 3.28+£0.44 3.53+0.43 0.020*
Inferior slope (to TZ 4.35[1.87, 8.58] 3.03[1.33,8.70]  0.027* 5.01[2.01,9.52] 3.4411.39,9.50]  0.025*

center) (D/mm)

* Significant difference between groups.
+Only parameters which were significantly different between groups are presented

P — probability value of unpaired-t or Mann-Whitney U tests for differences between groups
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Figure 1. lllustration of treatment zone determination and referent points for treatment zone
measurements using the manual method, (tangential subtractive map of Medmont derived from the
same subject and the same topographical maps pre- and post-orthokeratology treatment as Figure 4).
AB represents the treatment zone (TZ) and AG/BH, the temporal/nasal peripheral steepened zone
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494  Figure 2. lllustration of definable and undefinable peripheral steepened zone (PSZ) peak and width
495  under different conditions. A: Definable PSZ peak and width at point B; definable PSZ peak, but
496  undefinable PSZ width at point A. B: Undefinable PSZ peak and width beyond point C.
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498  Figure 3. Determination of different rates of peripheral refractive power change. Line segments AB,
499  AC, and AO represent the slopes of change from peripheral peak (point A) to the zero point at

500 treatment zone edge (point B), point with most negative power change (point C), and treatment zone
501  centre (point O), respectively.
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Figure 4. lllustration of treatment zone measurement using software-based method. A: Map generated

by a python-based software, using tangential data (curvatures) exported from Medmont. B:

Illustration of referent points for treatment zone measurements (derived from the same subject and the

same topographical maps pre- and post-orthokeratology treatment as Figure 1).
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Figure 5. lllustration of differences in data presentation between the python-based software (A) and

Medmont software (B). Refractive power changes are different between points E and E’, and I and I".

An abrupt change is seen at point A in the python-based software, compared with point A’ in the

Medmont software.
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