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Purpose: To investigate changes in peripheral eye length (PEL) in myopic children undergoing orthokeratology (Ortho-K) treatment 
for 12 months using MRI. The results were compared to single vision spectacle wearers (SVS).
Patients and Methods: A total of 70 children with myopia (aged 8–9 years old) were recruited. A total of 45 children were fitted with 
Ortho-K, and 25 were fitted with SVS. The PEL and axial length (AL) were measured by using MRI 3-Tesla, whereas central and peripheral 
refraction (PR) measurements were conducted at ±30 degrees horizontally with nasal (N) and temporal (T) intervals of 10°, 20°, and 30° and 
with an open field autorefractometer (WAM-5500 Grand Seiko). All the measurements were conducted at the baseline and 12 months.
Results: The MRI analysis indicates that at 12 months, the SVS group showed more elongation of the PEL and AL at all eccentricities 
than the Ortho-K group did (p < 0.05). The Ortho-K group only showed significant PEL elongation beyond 20 degrees at N20, N30, 
T20, and T30 (p < 0.05); however, a significant reduction in the AL was detected in the center AL, N10, and T10 (p < 0.05). All 
eccentricities in the relative PR of the Ortho-K group were significantly more myopic than at the baseline (p < 0.05), whereas in the 
SVS group, all eccentricities in the relative PR were shown to be significantly more hyperopic than at the baseline (p < 0.05). The PEL 
and PR showed negative correlations at 12 months in the Ortho-K group.
Conclusion: MRI analysis can be utilized to describe changes in PEL in myopic children. It appears that as myopia progressed in 
Ortho-K lens wearers, the PEL increased by a greater amount than the AL did; thus, the retina was reshaped to become increasingly 
oblate and to display peripheral myopic defocus.
Keywords: myopia, peripheral eye length, peripheral refraction, children

Introduction
Myopia is one of the most prevalent disorders of the eye, with the highest prevalence among younger generation in East 
and Southeast Asian countries.1,2 Even though several myopia risk factors have been identified by previous investigators 
such as heredity,3 ethnicity,4,5 environmental factors,6 and lack of outdoor activities,7 the exact pathogenic mechanisms 
underlying the etiology of myopia remain unclear. In addition, high myopia is associated with increased risk of ocular 
comorbidities (such as cataract and maculopathy), socioeconomic burden, and compromised quality of life. Therefore, 
finding means of controlling myopia progression is essential.

The role of hyperopic defocus on the peripheral retina as a risk factor for the progression of myopia remains 
controversial.8,9 Previous studies conducted on populations of children found that emmetropes have myopic 
relative peripheral refraction (PR), whereas myopes have relatively hyperopic PR.10,11 It was reported that 
peripheral hyperopic defocus stimulates the growth of the axial length (AL), thus increasing the central refractive 
error and exacerbating myopia.12,13 The relationship between peripheral eye length (PEL), PR and retinal shape in 
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young myopic adults in horizontal and vertical has been investigated.14 The authors reported that that the effects 
of meridian and refraction on relative PR and relative PEL patterns are consistent with effects on retinal shape and 
that steeper retinas derived from peripheral eye lengths predict more positive RPR. In another study of children 
aged 7–11 years old, it was found that there is a significant correlation between relative PEL and central myopic 
shift, indicating that retinal steepness influences AL elongation through growth stimuli produced by hyperopic 
defocus and this may promote myopia progression in children.15

Nevertheless, studies have shown that there may not be a direct link between hyperopic defocus and myopia 
progression in children. The relative PR changes in 58 children aged 6–9 with different ametropias were evaluated 
earlier, and the authors concluded that there is a lack of direct causation between relative PR and the development 
of central myopia in a child’s eye.16 Similarly, in support of their findings, a larger scale longitudinal study with 
Chinese children concluded that central refraction changes between follow-up visits did not align with the 
hypothesis that central refraction change becomes more myopic as relative PR becomes more hyperopic.17 The 
authors also highlighted that the relationship between peripheral optics and central myopia progression is more 
complex than previously thought, with factors like retinal shape potentially playing a role, emphasizing the need 
for a more comprehensive approach to myopia research and management.

Several optical treatment options have been used in the past to reduce myopia progression in children. Orthokeratology 
(Ortho-K) has been proven to effectively reshape the cornea, which slows down the progression of myopia and improves the 
vision-related quality of life in children.18,19 Wearing Ortho-K lenses flattens the central cornea and steepens the peripheral 
cornea. This results in optical light rays being focused centrally on the fovea and peripheral light rays are being focused 
anterior to the peripheral retina, thus converting hyperopic defocus into myopic defocus in Ortho-K wearers.20 Several 
studies have shown that subjects who wore spectacles for corrections showed hyperopic PR after Ortho-K treatment.21–23 

Studies on the growth of the posterior ocular shape—specifically on the peripheral retina length in children with myopia who 
underwent Ortho-K treatment—are limited. Only one study investigated the influence of Ortho-K treatment on the PEL and 
PR in children with myopia.24 However, the authors measured central eye length and PEL using optical biometer instead of 
a direct visualization of the ocular structure. According to Atchison and Rozema,25 the application of equipment intended for 
on axis measurement such as ocular biometry, to the periphery, may produce incorrect interpretation and artifacts. Fixation 
target that is attached to the equipment, as was done by previous investigators may cause artefact to occur when the device is 
moved laterally for corrective realignment. In this study, MRI was used to obtain a direct imaging of the posterior retina that 
could show a clearer picture of the actual state of the posterior retina in myopic eyes. MRI is a powerful tool that facilitates 
three-dimensional measurements of the eye and is suited for studies of the ocular structure, including the shape of the 
posterior segment of the eye.26 In previous reports, MRI was used to investigate the shapes of myopic eyes and provide 
comprehensive information for morphometric analysis.26–28

The main goal of this work was to determine changes in the peripheral retina influenced the progression of myopia in 
children wearing Ortho-K lenses for 12 months, using MRI. The results obtained in the Ortho-K group were compared 
with those of a single-vision spectacle (SVS) control group.

Materials and Methods
Ethical Approval and Consents
All subjects were healthy, had no history of myopia control interventions, and were free of ocular diseases. The parents of 
the subjects were briefed about the project and consents were obtained from them prior to the commencement of the 
study. The tenets of the Declaration of Helsinki were followed, and ethical clearance were obtained from the research 
ethics committee of Universiti Kebangsaan Malaysia (UKM PPI-800-1/1/5 JEP-2017-422).

Sample Size Calculation
The change in AL was the main outcome of this study, and convenience sampling was used to recruit the participants. 
The G*Power calculator (version 3.1.9.3) was used to calculate the sample size in this study based on data from previous 
study,29 in which the authors reported that the changes in AL were 0.36 (SD: 0.24 mm) at the end of 2 years of Ortho-K 
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treatment. About 90% power were used to detect a 0.24 mm standard deviation in the AL measurements between the 
SVS group and Ortho-K group, which was equivalent to a change in refraction of approximately 0.75D,30 with 
a significance level at α = 0.05. Thus, the minimum sample size needed to complete the study in each group was n = 17.

Subjects
All subjects were 8–9 years old, had a myopic spherical equivalent refractive error (SER) of −0.75 D to −4.00 D, had an 
astigmatism of less than −1.50 DC, and had best corrected log of the minimal angle of resolution (logMAR) visual acuity of 
0.0 or better in each eye. The allocation of subjects to either the Ortho-K treatment group or the SVS control group in this 
study was decided by their parents. Written consent was obtained from the parents of all participants in the Ortho-K group 
and SVS group prior to the commencement of the treatment. The methods and intervention used in this study were 
previously reported.19 The specific methods relevant to this section of the PEL and PR measurements are described below.

Examinations and Measurements
Data collection were performed at the baseline and 12 months on all subjects. Following the instillation of a topical 
anaesthetic (0.5% proxymetacaine hydrochloride, Alcaine, Alcon), cycloplegia was induced with two drops of 1% 
cyclopentolate hydrochloride (CyclogelTM, Alcon, Geneva, Switzerland) separated by 5 min intervals. Objective central 
refraction and PR measurements were taken with a WAM-5500 autorefractor (Grand Seiko Co., Ltd., Hiroshima, Japan) 
when the pupil size exceeded 5 mm. All subjects were instructed to stabilize their heads while facing straight ahead and 
to rotate their eyes to fixate on high-contrast letter targets with the sizes of 6/12 (20/40, 0.3 logMAR) that were mounted 
on the wall at 4 m. These targets were separated by 10° intervals over the central ±30° interval across the horizontal 
eccentricities in the nasal and temporal visual fields (VFs, 30° N, 20° N, 10° N, centre 10° T, 20° T, 30° T). The eye 
rotation technique was used in this research. To obtain the PR measurements, as the eye rotated, the axis of the 
autorefractor was aligned with the pupil’s centre and the corneal reflex.31 When measuring the right eye, the left eye 
was occluded, and vice versa. Five consistent measurements were taken at each point of the target, and the mean was 
obtained. If an error or fixation loss was found, the reading was discarded and repeated. The results were recorded as VF 
eccentricities, where the nasal VF represented the temporal retina, and the temporal VF represented the nasal retina. 
Refractive error readings were obtained in the form of sphere (S), cylinder (C), and axis (θ). The results were then 
calculated by converting the spherocylindrical refractive error into power vector components—M, J180, and J45—as 
recommended by Thibos et al:32

Where M represents the mean spherical equivalent, J180 represents the horizontal component, and J45 represents the 
oblique cross-cylindrical component.32

MRI Measurement
All MRI measurements were conducted by an expert paediatric radiologist at the university’s hospital (Hospital Canselor 
Tuanku Muhriz (HCTM)). The subjects were ensured to be healthy and fit for MRI examinations. An explanation and 
videos with information about MRI were administered 30 min before the procedure. Earplugs and headphones for noise 
cancelling were provided to the subjects. A researcher remained in the MRI room throughout the whole MRI process to 
make sure that the child was not anxious and stayed still during the examination. The details of the methods used for 
MRI acquisition in this study have been published elsewhere.27,28
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MRI Segmentation and PEL Measurement
All MRI data were exported as Digital Imaging and Communications in Medicine (DICOM) images for analysis. By 
using MATLABTM (MathWorks, Natick, MA, USA), the center axial images were detected, and an initial curve was 
defined. For a specific selected axial image slice, a level-set segmentation method based on the Chan–Vese model was 
used on the contour of the eyeball, which was obtained by defining the initial curve (zero-level set) for each eye, and an 
outline was generated to trace the outer edge of the shape of the sclera.33 The details of the methods used to develop the 
program in this study for analyzing the MRI images have been published elsewhere.27,28

Validation of the MRI Measurements
For the validation of the MRI measurements, Pearson’s correlation analysis was performed to yield the correlation 
between the AL obtained from the MRI scan and the AL obtained from an AScan (Sonomed, New Hyde Park, NY, 
USA). The results showed that the AL obtained from the MRI scan (23.72 ± 0.82 mm) was significantly highly correlated 
with the AL obtained from the AScan (23.54 ± 0.55 mm) (p < 0.05).

Statistical Analysis
Only the data for the right eye was included in this study. A statistical analysis was performed by using the Statistical 
Package for the Social Sciences (SPSS, version 21.0), and values were reported as the mean ± standard deviation. All data 
was normally distributed. A paired t-test was performed to evaluate the differences in the baseline data and 12-month data 
within the Ortho-K group and SVS group. The differences in the baseline and 12-month data between the Ortho-K group 
and SVS group were compared through an independent t-test. Spearman correlation was performed to examine the 
relationship between PEL and PR.

Results
A total of 80 children with myopia were recruited at the beginning of the study. However, only 70 of the children (45 in 
the Ortho-K group and 25 in the SVS group) completed the study. Of the five (5) children in the Ortho-K group who did 
not complete the study, one was unable to control his frequent eye-rubbing habit, two showed poor compliance, and 
another two dropped out due to COVID-19 infection. Five children in the SVS group were unable to comply with the 
follow-up appointments and dropped out of the study. There were no significant differences in any baseline character-
istics between the Ortho-K and SVS groups (p > 0.05). The A-scan and MRI results also showed no significant 
differences in LAL and PEL measurements (p > 0.05). The participants’ demographic data are presented in Table 1.

Measurements at 12 Months
Table 2 provides a summary of baseline and 12-month data measurements for both the Orthokeratology (Ortho-K) and 
Single Vision Spectacles (SVS) groups. For the Ortho-K subjects, there was significant reduction in the SER after 12 
months of Ortho-K wear (p<0.05). There was also significant slowing of eye growth in the Ortho-K group, which was 
reflected by the decrease in Cornea FK, Axial length and LAL at the centre at 12 months (p<0.05). Whereas for SVS 
subjects, SER, AL and LAL at the centre increased significantly (p<0.05).

Figure 1 shows that SVS group had significantly increased PEL at all the measured horizontal eccentricities (p < 0.05), 
except N30. By contrast, the Ortho-K group only showed significant PEL elongation beyond 20° eccentricities, N20, N30, 
T20, and T30 (p < 0.05) but demonstrated no significant elongation at N10 and T10. Rather, a significant reduction in LAL 
was detected in the Ortho-K group (p < 0.05), Figure 2.

Central Refraction and Relative Peripheral Refraction (RPR)
The mean central refraction and relative peripheral refraction at the baseline and 12 months are shown in Table 3.

All subjects in both groups showed hyperopic RPR at the baseline, and the RPR did not significantly vary between the 
Ortho-K and SVS groups (p > 0.05). However, the RPR at all eccentricities in the Ortho-K group was significantly more 
myopic at 12 months than at the baseline (p < 0.05), which was evident with the increase in myopia beyond 20° of the 
visual field. By contrast, in the SVS group, the RPR at 12 months was significantly more hyperopic than that at the 
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Table 1 Demographic Data of the Subjects

Baseline Parameters Eccentricity Ortho K (n = 45) SVS (n = 25) p-value

Age (y) 8.38 ± 0.49 8.2 ± 0.41 0.110

Male/Female* 20/25 15/10 0.289

Best Corrected VA (logMAR) −0.01 ± 0.08 0 ± 0.05 0.378

SER (D) −2.92 ± 1.07 −2.51 ± 1.12 0.529

Cornea Curvature FK (D) 43.6 ± 1.27 43.12 ± 1.03 0.116

Axial Length (mm) 23.85 ± 0.71 23.49 ± 0.95 0.082

Peripheral Eye Length, PEL (D) N30 20.68 ± 0.89 20.74 ± 1.25 0.818

N20 21.83 ± 0.91 21.75 ± 1.06 0.746

N10 23.08 ± 0.76 22.75 ± 0.74 0.082

C 23.85 ± 0.71 23.45 ± 0.97 0.082

T10 23.09 ± 0.59 22.8 ± 0.75 0.088

T20 21.91 ± 0.89 21.89 ± 1.11 0.934

T30 20.88 ± 0.85 20.99 ± 1.15 0.659

Peripheral Refraction, PR (D) N30 −1.92 ± 1.01 −1.89 ± 0.93 0.906

N20 −2.45 ± 1.06 −2.30 ± 1.16 0.588

N10 −2.95 ± 1.06 −2.72 ± 1.35 0.440

C −3.22 ± 1.11 −3.03 ± 1.35 0.529

T10 −2.92 ± 1.11 −2.76 ± 1.30 0.592

T20 −2.50 ± 1.08 −2.47 ± 1.21 0.899

T30 −2.02 ± 1.11 −1.95 ± 1.18 0.781

Notes: Statistical tests: Independent t-test; *Pearson Chi-Square test. 
Abbreviations: Ortho-K, orthokeratology; SVS, single-vision spectacles; SER, Spherical Equivalent Refraction; D, diopter; PR, 
peripheral refraction; PEL, peripheral eye length; C, central cornea; FK, flat keratometry; N, nasal retina; T, temporal retina.

Table 2 Mean and Standard Deviation (±SD) of Ocular Parameters at Baseline and 12 Months

Parameters Ortho-K (n = 45) SVS (n= 25)

Baseline 12 Months p-value Baseline 12 Months p-value

SER (D) −2.92 ± 1.07 −0.06 ± 0.12 <0.001 −2.51 ± 1.12 −3.77 ± 1.23 <0.001

BCVA −0.01 ± 0.08 −0.02 ± 0.08 0.058 0.00 ± 0.05 0.01 ± 0.05 0.425

Cornea FK (D) 43.6 ± 1.27 40.69 ± 2.54 <0.001 43.12 ± 1.03 43.47 ± 1.10 0.019

AL (mm) 23.85 ± 0.71 23.64 ± 0.59 0.002 23.49 ± 0.95 23.97 ± 0.59 <0.001

PEL -N30 20.68 ± 0.89 20.80 ± 0.97 0.008 20.74 ± 1.25 21.09 ± 1.08 0.134

PEL-N20 21.83 ± 0.91 21.95 ± 1.02 0.013 21.75 ± 1.06 22.2 ± 0.89 <0.001

PEL-N10 23.08 ± 0.76 23.15 ± 0.83 0.116 22.75 ± 0.74 23.23 ± 0.87 <0.001

LAL- Centre 23.85 ± 0.71 23.64 ± 0.59 0.003 23.45 ± 0.97 23.97 ± 0.59 <0.001

(Continued)
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baseline (p < 0.05). The difference in the RPR measurements between the nasal and temporal parts of the retina in both 
groups was also analyzed and was found to be nonsignificant (p > 0.05).

Correlation analysis between the peripheral refraction (PR) and peripheral eye length (PEL) in Ortho-K subjects were 
performed and revealed significant correlation ranged from 0.31 to 0.65 (all <0.05) at each eccentricity. Linear regression 
showed negative correlation at each eccentricity, indicating a more hyperopic or less myopic refractive error centrally and 
peripherally with shorter eye length (Table 4).

Table 2 (Continued). 

Parameters Ortho-K (n = 45) SVS (n= 25)

Baseline 12 Months p-value Baseline 12 Months p-value

PEL -T10 23.09 ± 0.59 23.15 ± 0.69 0.148 22.8 ± 0.75 23.39 ± 0.74 <0.001

PEL-T20 21.91 ± 0.89 22.04 ± 0.89 <0.001 21.89 ± 1.11 22.36 ± 1.08 <0.001

PEL-T30 20.88 ± 0.85 20.98 ± 0.85 <0.001 20.99 ± 1.15 21.39 ± 1.03 0.003

Abbreviations: SER, Spherical Equivalent Refraction; Ortho-K, orthokeratology; SVS, single-vision spectacles; D, diopter; BCVA= 
Best Corrected Visual Acuity; FK, flat keratometry; AL, Axial length using A-scan; LAL, Longitudinal Axial length; PEL, peripheral eye 
length; C, central cornea; N, nasal retina; T, temporal retina.

Figure 1 Peripheral eye length (PEL) at the baseline and 12 months in single vision (SVS) wearers.

Figure 2 Peripheral eye length (PEL) at the baseline and 12 months in Orthokeratology (Ortho-K) wearers.
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Discussion
The role of peripheral eye length (PEL) and peripheral refraction (PR) as potential factors in myopia development has 
been reported. This study described and compared the peripheral eye length PEL and peripheral refraction PR in children 
with myopia who wore Ortho-K lenses and SVS for 12 months by using Magnetic resonance imaging (MRI) measure-
ment. MRI is a powerful tool that facilitates the three-dimensional measurement of the eye and has been used in several 
studies of myopia to define the ocular shape.31,34

To our knowledge, this is the first report to demonstrate the effect of Ortho-K treatment on the PEL and its correlation 
with PR in myopic children using MRI measurements.

The findings of this study support the theory that the Ortho-K lens treatment can effectively reshape the eyeball and 
temporarily reduce the refractive error and AL elongation, hence retard the progression of myopia in children.26,35–38 AL 
shortening of −0.18 ± 0.38mm has been observed in Ortho-K treatment group. It was also reported in a previous study, 
where subjects aged 7–11 years old who underwent Ortho-K treatment had a 0.026mm AL shortening.37 This phenom-
enon is attributed to central corneal thinning, which occurs due to the redistribution of corneal epithelial tissue when 
optimal correction is reached. However, AL reduction is a transient effect and typically reverts to the baseline condition 
once Ortho-K treatment is discontinued.

It was observed that after 12 months of treatment, although the whole eyeball was elongated in SVS and Ortho-K 
subjects, eyeball elongation in SVS group has appeared to become increasingly prolate when PEL elongates at all 
eccentricities with AL being the longest. On the contrary, Ortho-K subjects showed a flatter retinal plane with increased 
PEL increased at every eccentricity compared to AL, rather, a significant reduction in AL was detected in the Ortho-K 
group.

Table 4 Linear Regression Between Changes 
in SER at 12 Months for a Given Peripheral 
Eccentric Location [(M Nasal + M Temporal)/ 
2] and the SER at Baseline

Eccentricity Linear  
Regression (r²)

p-value

10 −0.874 <0.001
20 −0.886 <0.001

30 −0.941 <0.001

Abbreviations: SER, Spherical Equivalent Refraction; M, 
mean spherical equivalent.

Table 3 Mean Relative Peripheral Refraction (RPR) in the Orthokeratology (Ortho-K) and 
Single Vision (SVS) Wearers at the Baseline and 12 Months

Eccentricities Ortho-K (n = 45) SVS (n = 25)

Baseline 12 Months p-value Baseline 12 Months p-value

RPR-30N 1.3 ± 0.55 −1.38 ± 0.64 <0.001 1.14 ± 0.92 2.58 ± 1.33 0.001

RPR-20N 0.76 ± 0.45 −0.71 ± 0.54 <0.001 0.72 ± 0.57 1.94 ± 1.06 <0.001

RPR-10N 0.27 ± 0.30 −0.19 ± 0.53 <0.001 0.31 ± 0.33 0.76 ± 0.75 0.013

RPR-10T 0.3 ± 0.24 −0.20 ± 0.46 <0.001 0.27 ± 0.33 0.72 ± 0.60 0.003

RPR-20T 0.72 ± 0.42 −0.80 ± 0.44 <0.001 0.56 ± 0.74 1.73 ± 0.99 <0.001

RPR-30T 1.19 ± 0.49 −1.40 ± 0.58 <0.001 1.08 ± 1.02 2.25 ± 0.94 <0.001

Abbreviations: RPR, Relative Peripheral Refraction; Ortho-K, orthokeratology; SVS, single-vision spectacles; D, diopter; 
N, nasal retina; T, temporal retina.
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In an earlier study, the investigators used an optical biometer to investigate the effect of Ortho-K treatment for 13 
months on PEL and PR in children with myopia and found similar results.24 In the study, children in the Ortho-K group 
showed that PEL-N20° grew faster than all the other PELs and ALs (all p<0.05), whereas PEL-T10 grew slower than all 
other PELs and ALs (all p<0.05), which is also found in this study where the Ortho-K group only showed significant PEL 
elongation beyond 20 eccentricities, N20, N30, T20, and T30 (p < 0.05). Their study reported that the eye shape in the 
SVS group became more prolate with the progression of myopia, whereas in the Ortho-K group, the subjects showed 
a less prolate eye shape after 12 months. The reverse geometry rigid gas permeable design of Ortho-K lenses is 
hypothesized to cause a flattening effect on the central cornea and steepening effect on the mid-peripheral cornea, 
which caused changes in the status of peripheral defocus.

The results of this study aligned with previous studies who reported that individuals exhibit myopia reduction in the 
central field and the relative peripheral refraction become myopic after 12 months of Ortho-K treatment.20–24 Although 
peripheral refraction showed that there are hyperopic changes in the retina at the central refractive error within the central 
± 20° and a myopic shift beyond 20°, the correlations shown between absolute PR and PEL at every eccentricity were not 
significant. Further analysis on the peripheral myopia defocus induced by Ortho-K as a function of individual baseline 
M component were carried out and the regression analysis showed that the peripheral values obtained were being the 
highest at the most peripheral eccentricities and progressively lower at the centre, 30°(r²= −0.941), 20°(r²=−0.886) and 
10°(r²=−0.874), (all p<0.05) respectively. This finding concurred with Queiros et al23 who reported that the ratio of the 
highest myopic relative PR induced in the periphery by Ortho-K to baseline SER was 1:1, suggesting that the induced 
myopic defocus is influenced by the degree of myopia correction achieved in the central field. Therefore, it is crucial to 
emphasize that the alterations in relative peripheral refraction by Ortho-K are likely primarily to be caused by the amount 
of myopia reduction in the central vision area, rather than the cumulative effect arising from the deliberate induction of 
myopic defocus in the peripheral vision area.

Limitations of Study
The limitations of the present study must be acknowledged. First, the most significant limitation of this study is the short 
follow-up period. Given the short 12 months follow-up period of the current study, it is difficult to determine if the 
peripheral hypermetropia provides such a stimulus for growth or is simply a resultant effect of the increased axial growth. 
A longer follow-up period would be likely to include more variability within the observed myopia control efficacy from 
the Ortho-K lens and thus improve the ability to evaluate the impact of the magnitude of the PR myopic shift on the 
degree of myopia control.

Secondly, like most studies, this study investigated only the peripheral refraction at the horizontal meridian, and the 
vertical meridian was not assessed. Mutti et al reported that vertically, myopic subjects demonstrated myopic defocus 
relative to the fovea. It is particularly interesting to find out if the existing relative peripheral myopia in the vertical 
meridian would exert some effective myopia control or restrict the expansion of the globe in the vertical meridian relative 
to the horizontal meridian.39

Conclusion
This study concludes that wearing Ortho-K lens alters eyeball shape, reduces myopia and AL elongation and retards 
myopia progression. It appears that as myopia progressed in Ortho-K lens wearers, the PEL increased by a greater 
amount than the AL did; thus, the retina was reshaped to become increasingly oblate and to display peripheral myopic 
defocus. Nevertheless, more data is needed to confirm these findings.
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