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ABSTRACT 

Background: Orthokeratology (Ortho-K) is a non-surgical approach to myopia management that uses specially designed gas-

permeable lenses to reshape the cornea temporarily and improve vision. While its efficacy is established, real-world data from 

diverse clinical settings remain limited. In this study we aimed to support evidence-based, individualized Ortho-K practice in 

routine optometric care by evaluating corneal and visual outcomes, lens designs, and treatment costs at a university-based 

optometry clinic in Malaysia.  

Methods: In this retrospective study, we analyzed clinical records of individuals fitted with Ortho-K lenses at SEGi EyeCare, SEGi 

University, between January 2015 and October 2024. Eligible individuals were identified via electronic health records and included 

if they completed key follow-up visits at 1-night, 1–2-weeks, and 1–3-months post-dispensing. Exclusion criteria included 

incomplete records or missed follow-up visits. Data extracted included unaided distance visual acuity (UADVA) in logarithm of 

the minimum angle of resolution (logMAR), corneal topography (flat and steep keratometry, eccentricity), pupil size, treatment-

zone diameter, age, lens design, and total treatment cost. Measurements were obtained using the Tomey TMS-5 topographer. For 

each patient, both eyes were analyzed independently. 

Results: Data from 30 eyes of 15 patients (mean age and standard deviation [SD]: 23.3 [9.1] years) were analyzed. Significant 

improvements in corneal curvature and UADVA were observed across follow-up visits (all P < 0.05). Mean (SD) steep keratometry 

decreased from 43.79 (1.87) D to 42.08 (2.17) D, and flat keratometry from 42.40 (1.61) D to 40.59 (2.31) D at the final visit (both P 

< 0.05). UADVA improved from 0.93 (0.36) logMAR to 0.23 (0.24) logMAR (P < 0.05) at the final visit. Pupil size and treatment-zone 

diameter remained stable (both P > 0.05), indicating consistent lens centration. The mean (SD) Ortho-K cost per patient was 

RM 3736.67 (514.25), equal to USD 846.20. 

Conclusions: Ortho-K treatment at this university-based optometry clinic significantly improved corneal curvature, refractive 

error, and UADVA, with most clinical changes stabilizing within the first month of lens wear. The stability of pupil size and 

treatment-zone diameter suggests consistent lens performance. These findings affirm the effectiveness of Ortho-K as a non-surgical 

option for myopia management in real-world practice. Future studies should incorporate axial length measurements and extended 

follow-up to validate treatment efficacy in slowing myopia progression. 
 

KEYWORDS 

orthokeratology, corneal reshaping, treatment zone size, contact lens, corneal topographies, pupils, optometries, cost, malay federation 

 

Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-

NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/) which permits copy and 

redistribute the material just in noncommercial usages, provided the original work is properly cited.  

mailto:fakhruddinbarod@segi.edu.my
https://orcid.org/0000-0003-0978-3446
https://doi.org/10.51329/mehdioptometry224
https://ivorc.com/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/


 
 

Outcomes of orthokeratology 

INTRODUCTION 

Orthokeratology (Ortho-K) is a non-surgical intervention in which specially designed rigid gas-permeable contact lenses are 

used to reshape the cornea temporarily, thereby reducing refractive errors [1]. They are safe to use owing to their high oxygen 

permeability and can improve the field of vision [2]. Measuring the changes in the shape of the cornea that are induced by 

Ortho-K can help to predict the success of the treatment [3]. Over the past decade, Ortho-K has gained increasing attention 

clinically, particularly in the management of childhood myopia, owing to its dual benefits in vision correction and in 

potentially slowing myopia progression [4, 5]. A recent study conducted by Ouzzani et al. [6] at a national referral contact 

lens clinic in Algeria has shown Ortho-K to be safe and effective, with a high success rate in initial fittings [6]. 

In Malaysia, the safety and effectiveness of Ortho-K among children and young adults have been examined in several 

studies [7-10]. A study involving young Malay adults reported central corneal thinning, without significant morphological 

changes in the mid-periphery, after 6 months of Menicon Z Night lens wear [7]. Among school-aged children in Kuala 

Lumpur, Ortho-K was found to improve vision-related quality-of-life significantly, supporting its utility as a myopia-control 

strategy in routine optometric care [8]. Recent magnetic resonance imaging–based investigations in Malaysian children with 

myopia children have also suggested that Ortho-K induces peripheral eye elongation, exceeding axial length changes, which 

contributes to a more oblate retinal shape [9]. This enhances peripheral myopic defocus, which is a mechanism believed to 

underlie the effect of Ortho-K in controlling myopia progression [9]. Furthermore, a study involving Malaysian 

schoolchildren aged 7–17 years has reported marked improvements in uncorrected visual acuity and reductions in corneal 

curvature in eyes with low and high myopia, yielding meaningful outcomes even in those with refractive errors up to –8.25 

diopters (D) [10]. 

While these findings are valuable, these prior studies from Malaysia have largely been limited by narrow age ranges, 

single lens designs, and a relatively restricted set of clinical endpoints [7-10]. Thus, a more comprehensive evaluation is 

needed to reflect the diversity and complexity of Ortho-K use in real-world settings. 

In this study, we sought to provide a more holistic understanding of Ortho-K practice in Malaysia to support 

individualized lens fitting decisions, by building upon existing evidence by examining Ortho-K outcomes across a broader 

demographic and a wider spectrum of refractive errors. We conducted longitudinal analyses of unaided distance visual acuity 

(UADVA), corneal topography parameters, pupil size, treatment-zone characteristics, lens brand/design, and associated 

treatment costs, thereby integrating clinical, optical, and economic data. 
 

METHODS 

This was a retrospective study with a longitudinal observational design, in which we analyzed clinical records of individuals 

who were fitted with Ortho-K lenses at SEGi EyeCare, Faculty of Optometry and Vision Sciences, SEGi University, Malaysia, 

between January 2015 and October 2024. Ethics committee approval was obtained for the study. The study adhered to the 

tenets of the Declaration of Helsinki. Informed consent was obtained from all individuals prior to Ortho-K lens fitting. 

Eligible individuals were identified through electronic health record searches, based on the criterion of having been 

dispensed Ortho-K lenses at SEGi EyeCare and having completed all scheduled follow-up visits. A list of Ortho-K lens 

purchases was obtained from SEGi EyeCare, and the corresponding clinical records and corneal topography data were 

reviewed to confirm patient eligibility for enrollment. For inclusion, patients were required to have attended three key follow-

up appointments: the first visit after the initial overnight lens wear, the second follow-up (between 1 and 2 weeks), and the 

third follow-up (between 1 and 3 months) after fitting. Exclusion criteria included incomplete clinical records, loss to follow-

up, or having been dispensed Ortho-K lenses at SEGi EyeCare without subsequent clinical evaluation at the same facility. 

Relevant clinical and demographic data were extracted and compiled from patient records. The parameters recorded for 

each individual included age, Ortho-K lens design and brand, total treatment cost, UADVA (logarithm of the minimum angle 

of resolution [logMAR]), corneal topography readings, pupil size, and treatment-zone size. All types and brands of Ortho-K 

lenses were included to enhance the generalizability of the findings. UADVA was measured at each follow-up visit by using 

a computerized logMAR chart displayed on a calibrated LCD system. Comprehensive anterior and posterior segment 

examinations were conducted under a slit-lamp by an experienced optometrist. Topographic imaging, pupil size, and 

treatment-zone size were assessed using the Tomey TMS-5 Scheimpflug and Corneal Topographer system (Tomey 

Corporation, Nagoya, Japan). 

Pupil size was measured based on a black circle with a central cross (Figure 1), while treatment-zone size was determined 

from the differential topography map, represented by a dotted line within the pupil boundary (Figure 2). For instance, in a 

representative case, the pupil diameter was 3.75 mm (Figure 1), and the treatment-zone size was 3.39 mm (Figure 2).  

We also analyzed Ortho-K lens cost to provide insights associated with the therapy. All costs were reported in Malaysian 

Ringgit (MYR) and were converted to US dollars based on an exchange rate of 1 USD = 4.42 MYR (the average during the 

study period). 

Data from both eyes of each subject, across all follow-up visits, were included in the analysis. Statistical analyses were 

performed using the SPSS software (version 22.0; IBM Corp., Armonk, NY, USA). Descriptive statistics were calculated for 

baseline variables, including UADVA, corneal topography parameters, pupil size, and treatment-zone size. The Shapiro–Wilk 

test, skewness, and coefficient of variation used to assess the normality of data distribution of continuous variables. For 
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normally distributed, repeated-measures data, a repeated-measures analysis of variance (RM-ANOVA) was conducted to 

assess changes over time. When the assumption of sphericity was violated, Greenhouse–Geisser corrections were applied. 

Post hoc pairwise comparisons were adjusted using the Bonferroni correction. For data that were non-normally distributed, 

the non-parametric Friedman test was used. A P-value < 0.05 was considered statistically significant 
 

RESULTS 

In this retrospective study, we reviewed the clinical records of 18 individuals who underwent Ortho-K treatment at our 

institution from October 2015 to June 2024. Three patients were excluded: one owing to incomplete topography data and two 

because of irregular follow-up that did not meet the study criteria. Thus, 15 patients (30 eyes) were included in the final 

analysis. For each individual, each eye was treated as a separate data point. The mean (standard deviation [SD]) age of patients 

at the initial visit was 23.3 (9.1) years. Of the 15 individuals, 26.7% (n = 4) were aged <18 years, 26.7% (n = 4) were university 

students aged 18–24 years, and 46.7% (n = 7) were aged > 24 years. Table 1 summarizes the demographic and baseline 

refractive characteristics of participants. 

 

  
Figure 1. Representative post-orthokeratology (Ortho-K) corneal topography maps of the right eye, acquired using the 

Tomey TMS-5 Scheimpflug and Topographer device (Tomey Co., Ltd., Nagoya, Japan). The black circle with a central 

cross indicates the center and boundary of the pupil, with the pupil diameter measured at 3.75 mm in this representative 

patient. The orange-red central zone reflects the area of corneal flattening induced by the Ortho-K treatment. The dotted 

line inside the pupil boundary is used by the device to quantify pupil size.  

 

 
Figure 2. Differential corneal topography maps of the right eye, generated using the Tomey TMS-5 Scheimpflug and 

Topographer device (Tomey Co., Ltd., Nagoya, Japan). (A–B) Differential map displaying corneal curvature changes 

induced by orthokeratology (Ortho-K) lens wear. The inner dotted line represents the treatment zone, which measured 

3.39 mm in this representative patient. The differential map highlights the magnitude and distribution of curvature 

change, with red and blue areas corresponding to steepening and flattening, respectively. (A– B) Pre-treatment map (B, 

bottom right) and post-treatment map (A, top right) used to generate the differential map. The post-treatment map 

illustrates central corneal flattening and mid-peripheral steepening, which is characteristic of effective Ortho-K treatment.  
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Table 1. Demographic and baseline refractive characteristics of the study participants  

Variable Values 

Age (y), Mean ± SD (Range) 23.3 ± 9.1 (9 to 38) 

Baseline spherical component of the refraction (D), Mean ± SD (Range) - 4.00 ± 2.09 (- 8.75 to - 0.25) 

Baseline cylindrical component of the refraction (DC), Mean ± SD (Range) - 0.83 ± 0.91 (- 4.50 to 0.00) 

Baseline spherical equivalent (D), Mean ± SD (Range) - 4.43 ± 2.20 (- 9.38 to - 0.88) 

Abbreviations: y, years; SD, standard deviations; D, diopter; DC, diopters cylinder. Note: The spherical equivalent was 

calculated by adding the spherical component of the refraction to half of the cylindrical component. 

 

 

Table 2. Measured values of steep and flat keratometry, unaided distance visual acuity, treatment-zone size, pupil size, 

and corneal eccentricity across follow-up visits in the 30 included eyes 

Variable Mean ± SD P-value  

Steep keratometry (D) 

Baseline 

1st F/U 

2nd F/U 

3rd F/U 

 

43.79 ± 1.87 

42.85  ± 1.64 

42.00 ± 1.85 

42.08 ± 2.17 

 

F(1.79, 51.99) = 34.16, P < 0.05 

Flat keratometry (D) 

Baseline 

1st F/U 

2nd F/U 

3rd F/U 

 

42.40 ± 1.61 

41.35 ± 1.61 

40.58 ±1.98 

40.59 ± 2.31 

 

F(1.76, 51.14) = 28.27, P < 0.05 

UADVA (logMAR) 

Baseline 

1st F/U 

2nd F/U 

3rd F/U 

 

0.93 ± 0.36 

0.41 ± 0.47 

0.21 ± 0.27 

0.23 ± 0.24 

 

F(2.33, 67.56) = 34.16, P < 0.05 

Treatment zone (mm) 

1st F/U 

2nd F/U 

3rd F/U 

 

2.00 ± 0.44 

2.05 ± 0.47 

2.05 ± 0.47 

 

F(1.42, 41.23) = 0.242, P > 0.05 

Pupil size (mm) 

Baseline 

1st F/U 

2nd F/U 

3rd F/U 

 

3.74 ± 0.62 

3.71 ± 0.55 

3.72 ± 0.61 

3.81 ± 0.68 

 

F(2.76, 80.15) = 0.248, P > 0.05 

Eccentricity of the steep meridian 

Baseline 

1st F/U 

2nd F/U 

3rd F/U 

 

0.48 ± 0.21 

0.24 ± 0.33 

- 0.02 ± 0.39 

- 0.01 ± 0.40 

 

F(2.55, 73.86) = 22.959, P < 0.05 

Eccentricity of the flat meridian 

Baseline 

1st F/U 

2nd F/U 

3rd F/U 

 

0.45 ± 0.25 

0.10 ± 0.37 

- 0.21 ± 0.37 

- 0.21 ± 0.42 

 

F(2.39, 69.41) = 34.687, P < 0.05 

Abbreviations: SD, standard deviation; D, diopters; F/U, follow-up; UADVA, unaided distance visual acuity; logMAR, logarithm 

of the minimum angle of resolution; mm, millimetres. Note: Patients were required to have attended three key FU appointments: 

the first visit after the initial overnight lens wear, the second FU (between 1 and 2 weeks), and the third FU (between 1 and 3 

months) after fitting; P-values < 0.05 considered statistically significant and are shown in bold; Repeated-measures analysis of 

variance was used to assess differences in measured parameters across three follow-up visits;The Greenhouse–Geisser correction 

was applied when the assumption of sphericity was violated; F, F-values are reported with corrected degrees of freedom where 

applicable; Eccentricity, in corneal topography, eccentricity is a dimensionless parameter that reflects corneal shape, indicating 

how much the cornea deviates from a perfect sphere. A value of 0 represents a perfectly spherical cornea; positive values indicate 

a prolate shape (steeper centrally and flatter peripherally, typical of a normal cornea), while negative values, when derived from 

vector analysis or specific topographic models, may represent an oblate shape (flatter centrally and steeper in the periphery [11, 

12], which is often seen after orthokeratology treatment [13]). 
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Table 3. Pairwise comparisons of steep and flat keratometry, unaided distance visual acuity, and eccentricity of flat and 

steep meridians across follow-up visits in the 30 included eyes 

Variable Baseline to 1st 

F/U, MD (95% CI) 

Baseline to 2nd 

F/U, MD (95% CI) 

Baseline to 3rd 

F/U, MD (95% CI) 

1st F/U to 2nd  

F/U, MD (95% CI) 

1st F/U to 3rd  

F/U, MD (95% CI) 

2nd F/U to 3rd 

F/U, MD (95% CI) 

Steep keratometry (D) 0.938 (0.45–1.43) 1.790 (1.04–2.54) 1.707 (1.01–2.41) 0.852 (0.32–1.39) 0.769 (0.24–1.30) 0.084 (- 0.23–0.40) 

Flat keratometry (D) 1.056 (0.58–1.54) 1.827 (1.09–1.56) 1.819 (0.95–2.69) 0.771 (0.24–1.30) 0.762 (0.04–1.48) 0.009 (- 0.43–0.45) 

UDVA (logMAR) 0.518 (0.36–0.68) 0.721 (0.57–0.88) 0.705 (0.56–0.85) 0.203 (0.02–0.39) 0.187 (- 0.01–0.39) 0.015 (- 0.10–0.13) 

Eccentricity of the 

steep meridian 
0.239 (0.09–0.39) 0.494 (0.29–0.70) 0.491 (0.29–0.70) 0.255 (0.08–0.43) 0.252 (0.02–0.48) 0.002 (- 0.20–0.20) 

Eccentricity of the flat 

meridian 
0.350 (0.13–0.57) 0.661 (0.43–0.89)) 0.656 (0.43–0.88) 0.311 (0.10–0.52) 0.306 (0.06–0.55) 0.004 (- 0.13–0.14) 

Abbreviations: F/U, follow-up; CI, confidence intervals; D, diopters; UADVA, unaided distance visual acuity; logMAR, logarithm 

of the minimum angle of resolution. Note: Patients were required to have attended three key follow-up appointments: the first 

visit after the initial overnight lens wear, the second follow-up (between 1 and 2 weeks), and the third follow-up (between 1 and 

3 months) after fitting; Bonferroni-adjusted pairwise comparisons were conducted following repeated-measures analysis of 

variance to determine the significance of differences in measured parameters across all follow-up visits; Adjusted 95% confidence 

intervals (CIs) are reported for each comparison; A P-value < 0.05, after Bonferroni correction, was considered statistically 

significant. Values outside parentheses represent the Bonferroni-adjusted mean differences (MDs) between time points; values 

in parentheses indicate the corresponding 95%CI for each pairwise comparison; Eccentricity, in corneal topography, eccentricity 

is a dimensionless parameter that reflects corneal shape, indicating how much the cornea deviates from a perfect sphere. A value 

of 0 represents a perfectly spherical cornea; positive values indicate a prolate shape (steeper centrally and flatter peripherally, 

typical of a normal cornea), while negative values, when derived from vector analysis or specific topographic models, may 

represent an oblate shape (flatter centrally and steeper in the periphery [11, 12], which is often seen after orthokeratology treatment 

[13]). 

  

Table 4. Measured components of refraction across follow-up visits in the 30 included eyes 

Variable Median (Range) P-value 

Spherical component of the refraction (D) 

Baseline 

1st F/U 

2nd F/U 

3rd F/U 

 

- 3.38 (- 8.75 to - 0.25) 

- 1.00 (- 6.00 to 0.50) 

- 0.38 (- 4.50 to 0.75) 

- 0.25 (- 2.75 to 0.50) 

χ2(2) = 72.86, P <0.001 

Cylindrical component of the refraction (DC) 

Baseline 

1st F/U 

2nd F/U 

3rd F/U 

 

- 0.63 (- 4.50 to 0.00) 

- 0.25 (- 2.75 to 0.00) 

- 0.13 (- 3.00 to 0.00) 

- 0.25 (- 3.50 to 0.00) 

χ2(2) = 10.13, P = 0.018 

Spherical equivalent (D) 

Baseline 

1st F/U 

2nd F/U 

3rd F/U 

 

- 3.57 (- 9.38 to - 0.88) 

- 1.25 (- 6.13 to 0.50) 

- 0.57 (- 4.50 to 0.75) 

- 0.57 (- 3.38 to 0.50) 

χ2(2) = 73.53, P <0.001 

Abbreviations: F/U, follow-up; D, diopter; DC, diopters cylinder. Note: Patients were required to have attended three key 

follow-up appointments: the first visit after the initial overnight lens wear, the second follow-up (between 1 and 2 weeks), 

and the third follow-up (between 1 and 3 months) after fitting; P-values are based on the Friedman test, a non-parametric 

alternative to repeated-measures analysis of variance, which is suitable for analyzing changes in ordinal or non-normally 

distributed continuous data across multiple related samples. The test statistic is reported as χ²(df), where df indicates 

degrees of freedom; Spherical equivalent, the spherical equivalent was calculated by adding the spherical component of 

the refraction to half of the cylindrical component. 

 
Data for all parameters, except for spherical power, cylindrical power, and spherical equivalent refraction, were 

normally distributed. An RM-ANOVA with Greenhouse–Geisser correction found no statistically significant differences in 

mean pupil size or treatment-zone diameter across time points (both P > 0.05). In contrast, significant differences were 

observed over time in the mean steep keratometry, flat keratometry, UADVA, eccentricity of the steep meridian, and 

eccentricity of the flat meridian (all P < 0.05; Table 2). 

Post hoc analyses with Bonferroni adjustment (Table 3) revealed that steep keratometry and the eccentricity of the flat 

meridian differed significantly between all paired time points (all P < 0.05), except between the second and third follow-ups 
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(P > 0.05). Flat keratometry, UADVA, and the eccentricity of the steep meridian showed statistically significant differences 

from the baseline to the first, second, and third follow-ups, as well as from the first to the second follow-up (all P < 0.05), but 

not between the first and third or the second and third follow-ups (all P > 0.05). 

Friedman tests revealed significant differences in spherical power, cylindrical power, and spherical equivalent refraction 

across follow-up visits (all P < 0.05; Table 4). These results highlighted the efficacy of Ortho-K in reshaping the cornea and 

improving visual function in a clinical setting in Malaysia. 

The mean (SD) cost for Ortho-K lenses per patient was RM 3736.67 (514.25) (RM 3736.67 = USD 846.20), with a range 

from RM 2000 (USD 452.89) to RM 4200 (USD 951.10). 

Patients were fitted with Ortho-K lenses of one of three designs. Twenty eyes (66.7%) were fitted with the Fargo Ortho-

K Lens (Paragon Vision Sciences, Inc., Gilbert, AZ, USA), seven (23.3%) with the OCUVIQ® Ortho-K Overnight Lens (Oculus 

Pte. Ltd., Singapore), and three (10.0%) with the OCUVIQ dK-4 Toric Ortho-K Overnight Lens (Oculus Pte. Ltd.). 

 

DISSCUSSION 

In this study, we comprehensively evaluated Ortho-K outcomes in a real-world clinical setting in Malaysia. We demonstrated 

significant improvements in UADVA, corneal curvature, and corneal eccentricity in the Ortho-K-treated eyes over time. While 

the pupil size and treatment-zone diameter remained stable, meaningful refractive changes were observed across follow-up 

visits. Our inclusion of diverse lens designs and cost data in our analyses offers valuable insight into the clinical and economic 

dimensions of Ortho-K practice. Our findings support the effectiveness of Ortho-K in managing myopia across a broad age 

range and a wide refractive spectrum, highlighting its relevance to personalized care in routine optometric settings. 

The average age of our participants was 23 years. This age is typical of Malaysian university students; whose ages usually 

range from 18 to 24 years [14]. In this study, 26.7% (n = 4) of the participants were university students aged between 18 and 

24 years, while 46.7% (n = 7) were aged >24 years. This finding was consistent with Ezinne et al.’s study [15], who reported 

that the majority of contact lens wearers were aged 18–30 years, with only a small number aged over 40 years. This trend may 

be attributed to the greater awareness within this younger age group of the optical, occupational, and cosmetic advantages 

of contact lenses as compared to spectacles [16]. 

In the present study, both the steep and flat keratometry values reduced statistically significantly across follow-up visits, 

with most changes stabilizing within the first 2 months of Ortho-K lens wear. These findings were in agreement with those 

of Chen et al. [17], who observed a similar trend of corneal flattening in both meridians among 24 myopic children, aged 7–

14 years, who were fitted with Euclid VST lenses over a 37-month period. In Chen et al.’s study [17], the flat keratometry 

decreased significantly within the first month and remained relatively stable thereafter, showing a cumulative reduction of 

2.30 D by 36 months and 0.56 D by 37 months. The steep K values followed a comparable trend [17]. Despite a 1-month 

discontinuation of lens wear at the end of the study, neither keratometry-reading showed full regression to baseline, 

suggesting some degree of corneal structural adaptation [17]. Our study, which was conducted over a shorter time frame and 

involved a broader age range and multiple lens brands, also confirmed the occurrence of early keratometric flattening, but 

did not assess long-term retention of changes or post-discontinuation effects. These differences highlight how lens design, 

patient demographics, and study duration may influence the magnitude and persistence of corneal reshaping outcomes in 

Ortho-K treatment. 

Previous research by Singh et al. [18] documented an average corneal flattening of 1.2 D within a period of 4 months, 

with the most significant change occurring after the first night of lens wear [18]. Consistent with these reports, our results 

demonstrated corneal flattening by approximately 1 D by 30–90 days of treatment, as compared to baseline. Our findings of 

significant reductions in both steep and flat keratometry values within the initial month after Ortho-K lens fitting are 

consistent with those reported by Lu et al. [19], who observed similar corneal flattening in a cohort of children with myopia, 

aged 8–12 years, who were fitted with Dreamlite lenses (CooperVision, Ramon, CA, USA). In their study, steep K values 

decreased significantly after 1 and 3 months of wear, with no significant difference between the 1- and 3-month marks, 

indicating early corneal reshaping and stabilization [19]. A parallel trend was observed for flat keratometry [19]. Our study 

mirrored this temporal pattern of early keratometric changes, even though our cohort included a broader age range and 

multiple lens designs than did earlier studies, highlighting that early corneal flattening appears to be a generalizable response 

across Ortho-K modalities and the treated population. Both studies [19] suggested that the first month of Ortho-K treatment 

is a critical period that requires careful monitoring, particularly regarding factors influencing discomfort linked to the decline 

in vision quality. In the present study, readings of steep and flat keratometry values stabilized as early as 7 days into Ortho-

K treatment.  

In the present study, pupil size did not change statistically or clinically significantly across the three follow-up visits, 

indicating relative stability during the early adaptation phase of Ortho-K treatment. This was in contrast to the findings of 

Zhu et al. [20], who reported a significant reduction in the photopic pupil diameter (PPD) within the first month of Ortho-K 

wear in children with myopia, with the effect persisting up to 3 months [20]. Their study suggested that this pupil constriction 

may be linked to slower axial elongation, particularly in those with baseline PPD ≤ 4.81 mm. Zhu et al. [20] proposed that 

changes in pupil size may reflect ocular adaptation to improved accommodative function and altered visual quality, which 

is influenced by factors such as retinal blur, illumination, and improved accommodation function [20]. The discrepancy 
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between the findings of the two studies may be attributed to differences in age groups, measurement conditions, and sample 

size [20]. Our older and more diverse population may have demonstrated less dynamic pupil responses. Although our data 

did not support significant pupillary changes, these observations highlight the need for future studies with longer follow-up 

durations and more sensitive measurement protocols to clarify the role of subtle pupillary dynamics in Ortho-K–mediated 

myopia control 

During the follow-up period, the UADVA gradually improved, which corresponded with the reduced refractive error 

that was observed during Ortho-K treatment. Our results also showed that the mean spherical power and spherical equivalent 

refraction demonstrated a statistically significant difference across follow-up visits. The use of Ortho-K lenses significantly 

reduced refractive error and caused flattening of the corneal curvature, leading to improved visual acuity. This improvement 

in vision is directly related to the corneal shape changes that are induced by the treatment, as the flattening of the cornea 

reduces its refractive power, thereby enhancing UADVA [10, 21]. A study conducted by Zhang et al. [22] examined the 

improvements in visual acuity at 30, 90, and 180 days after initiating Ortho-K lens wear. Their findings indicated that children 

of varying ages at Ortho-K initiation and refractive conditions can achieve a stable enhancement in visual acuity by using 

suitable Ortho-K lenses, ultimately reaching a consistent level of unaided daytime visual acuity [22]. In the present study, 

UADVA began to stabilize as early as 7 days after starting Ortho-K treatment. 

In the present study, we found that the eccentricity values of both the steep and flat meridians changed significantly 

across visits. A steeper cornea from the center to the periphery before starting the Ortho-K treatment corresponded to a 

smaller treatment-zone diameter by 1 month after lens wear [23]. This relationship is linked to the steeper peripheral cornea 

exhibiting less eccentricity at the flattest meridian. Wang et al. [24] have suggested that slightly decentered Ortho-K lenses 

may be more effective in slowing myopia progression than are well-centered lenses, provided that uncorrected visual acuity 

remains acceptable and no significant corneal complications, glare, or ghosting are present [24]. 

The findings of the present study differ from those of previous studies in that the mean treatment-zone size remained 

relatively stable across visits, although a minimal, non-significant increase in mean treatment-zone size was noted between 

the first and second follow-ups. This contrasted with Guo et al. [25], who reported that the most significant changes in 

treatment-zone diameter occurred within the first 6 months of Ortho-K lens wear [25]. The discrepancy likely stems from the 

difference in the design of the lenses used. The university optometry clinic involved in the present study employed three 

different lens designs: 27 were spherical lenses and 3 were toric lenses, but a stable treatment-zone size was observed. 

Cylindrical power changed to a lesser extent by follow-up visits. Previous research has linked higher initial astigmatism with 

increased progression of refractive error over time, particularly in terms of myopic power [26].  

The total costs of Ortho-K lenses were calculated in this study, based on the price per pair for each participant. This 

approach was used by Agyekum et al. [27], who conducted a cost-effectiveness analysis of myopia-control strategies in 

children from a societal perspective. That study found that Ortho-K was the most expensive intervention, with a total cost of 

20 474 Hong Kong dollars (US $15 347) over a 5-year period [27]. In the present study, the mean cost per patient to purchase 

Ortho-K was 3736.67 RM (USD 846.20).  

A study by Holmes et al. [28], conducted in a university optometry clinic, highlighted concerns about the generalizability 

of retrospective study findings, as the university optometry clinic setting may not directly reflect primary care environments 

[28]. Their results encouraged the use of Ortho-K in general practice, particularly because their study population likely 

included those with myopic eyes who showed significant axial elongation by the 1-year follow-up, which is inversely 

correlated with age [28]. The present study, in which the mean participant age was around 23 years, is more applicable to 

adults seeking refractive error correction. Similarly, Skidmore et al. [29] evaluated the efficacy of two different types of lenses 

in a university optometry clinic setting, where different student clinicians performed measurements in patients at each visit, 

leading to inconsistencies in data collection [29]; this paralleled the data acquisition by student clinicians in the present study. 

As noted in a systematic review with a meta-analysis on Ortho-K-related studies conducted by Wang et al. [30], the 

retrospective nature of these studies may have introduced selection bias, while the unpredictable occurrence of lens 

decentration hampers double or triple blinding in a retrospective study, complicating the feasibility of conducting 

randomized controlled trials [30]. The present study aimed to investigate clinical parameters and visual outcomes of Ortho-

K lens wearers in a university optometry clinic setting, where conducting randomized controlled trials with potential double 

blinding is feasible. Such a setting offers an opportunity to generate more rigorous evidence of the efficacy and safety of 

Ortho-K. Such clinical trials should be considered when planning future studies. 

This study had several strengths, including its real-world clinical setting, inclusion of multiple lens designs, and 

comprehensive evaluation of visual, topographic, and economic outcomes across a diverse patient cohort. Its longitudinal 

design with multiple follow-up points enhanced the reliability of the observed treatment effects. However, it also had some 

limitations. The retrospective nature and relatively small sample size limit generalizability of the results. Additionally, axial 

length measurements, which is a key parameter in myopia control, were not included. Future research should incorporate 

larger, prospectively collected data from cohorts with axial length monitoring and quality-of-life measures to assess long-

term efficacy and patient satisfaction better. Comparative studies between different Ortho-K lens designs and treatment 

protocols may also inform more personalized, cost-effective care strategies for myopia management in diverse populations. 
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CONCLUSIONS 

Ortho-K treatment delivered in a university-based optometry clinic in Malaysia resulted in significant corneal flattening and 

improvements in UADVA, with most clinical parameters stabilizing within the first 30 days of starting lens wear. These 

results were obtained with varied lens designs and over a broad age range of individuals, which highlights the adaptability 

of Ortho-K across diverse patient profiles. While pupil size and treatment-zone dimensions remained stable, meaningful 

changes were observed in keratometry and corneal eccentricity, supporting the optical and biomechanical effects of Ortho-K 

in refractive correction. Treatment costs varied according to lens design, but remained within a comparable range. These 

findings reinforce the clinical utility of Ortho-K in myopia management and emphasize the need for personalized fitting 

strategies that are guided by both optical outcomes and patient-specific factors. 
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