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INTRO DUC TIO N

Myopia, a common eye disease globally, often manifests 
in children and adolescents.1 The prevalence of myopia 
is estimated to rise to 49.8% of the global population 
by 2050, most dramatically among younger people 
in East and Southeast Asia.2 Myopia is attributable to 
the interaction of genetic and environmental factors, 
leading to excessive axial elongation. Furthermore, the 

increasing rates of early onset and rapid progression of 
myopia may result in a dramatic increase in the num-
ber of people with high myopia, ultimately increasing 
the risks of complications such as myopic maculopathy, 
retinal detachment and glaucoma, possibly leading 
to incurable visual impairment or blindness.3,4 Thus, 
delaying myopia onset and retarding its progression 
are recognised as priorities for myopia- related public 
health concerns.
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Abstract
Purpose: To investigate the correlation between the baseline axial length (AL) and 
axial elongation in myopes undergoing orthokeratology (ortho- k).
Methods: This was a retrospective study. During the 1- year follow- up, 1176 chil-
dren (aged 8– 14 years) were included and divided into an ortho- k group (n = 588) 
and a single- vision spectacle group (n = 588). The ortho- k group participants (8– 
11 years of age) who completed the 3- year follow- up (n = 150) were further divided 
into three subgroups stratified by their baseline AL: subgroup 1 (AL < 24.5 mm), 
subgroup 2 (24.5 ≤ AL < 26 mm) and subgroup 3 (AL ≥ 26 mm). AL was measured at 
baseline and during the annual visit.
Results: The ortho- k group exhibited slower 1- year axial elongation (39% reduc-
tion) than the spectacle group. The 1- year axial elongation was negatively corre-
lated with initial age in both groups. A negative association between 1- year axial 
elongation and baseline AL was observed in the ortho- k group but not in the 
spectacle group. However, this relationship only existed in ortho- k participants 
8– 11 years of age. For the younger ortho- k participants who completed the 3- year 
follow- up, the annual axial elongation was significantly higher in subgroup 1 for 
the first and second years but not in the third year compared with subgroups 2 
and 3.
Conclusion: Axial elongation was negatively correlated with baseline AL in the or-
tho- k group. Children aged 8– 11 years with longer baseline AL (≥24.5 mm) demon-
strated slower annual axial elongation during the first 2 years of ortho- k treatment, 
which may provide insight into establishing individual guidelines for controlling 
myopia using ortho- k in children with different baseline characteristics.
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Orthokeratology (ortho- k) is widely used worldwide as 
a reliable and effective method to control myopia,5,6 with 
over 1.5 million users in China reported in 2016.7 Previous 
studies have demonstrated that ortho- k retarded axial 
elongation in myopic children by 32%– 63% during a 2- year 
follow- up compared with traditional treatment with spec-
tacles.8– 14 However, variations in ethnicity, age of onset and 
some baseline ocular parameters between studies affect 
the rates of myopic progression. Hence, identifying which 
children would most benefit from ortho- k treatment is re-
quired. This would allow clinicians to make individual ad-
justments to achieve better outcomes.

Combining data from previous studies, the age of onset 
was a strong factor independently associated with myopic 
progression in children wearing ortho- k lenses.15– 17 While 
the results of some studies are controversial, other baseline 
factors that may be associated with myopia control include 
refractive power, corneal curvature and stiffness and pupil 
size.18– 20 To date, few studies have focused on the role of 
baseline axial length (AL) on the myopia control effect of 
ortho- k lenses in children. Recently, an 18- month Danish 
randomised controlled trial, including 19 Scandinavian 
children (6– 12 years) treated with ortho- k, reported that 
of the three covariates included in their mixed model, i.e., 
baseline AL, initial age and baseline spherical equivalent 
refractive error (SER), baseline AL was significantly asso-
ciated with myopia progression.21 In addition, Kim et al. 
identified that greater baseline differences in AL (Central– 
Nasal 30°) and higher baseline manifest SER were signifi-
cantly associated with lower AL elongation after ortho- k 
treatment.22 These studies indicated that initial AL might 
be a predictive factor associated with myopia progression 
in ortho- k lenses.

Considering individual variability regarding the myopic 
control effects of ortho- k lenses and the controversies re-
garding the possible factors influencing axial elongation, 
this study aimed to assess the control effect of ortho- k 
lenses in myopic children with different baseline AL and to 
investigate the association between baseline AL and myo-
pic progression in children wearing ortho- k lenses during a 
3- year follow- up period.

M ETH O DS

Subjects

This retrospective study adhered to the tenets of the 
Declaration of Helsinki, and ethical approval was obtained 
from the Ethics Committee of Tianjin Medical University 
Eye Hospital. Data were obtained through an evaluation 
of the institution's medical records database in Tianjin 
Medical University Eye Hospital Optometric Center be-
tween 2014 and 2018 to identify children using spectacles 
or ortho- k for 1– 3 years. The inclusion criteria were cyclo-
plegic spherical power between −0.75 and −6.00 D, astig-
matism ≤1.50 D and monocular best- corrected distance 

visual acuity not worse than 0.0 LogMAR (6/6). Individuals 
with ocular or systemic conditions other than ametropia, 
a history of ocular surgery or other anti- myopia therapy 
were excluded. The children selected ortho- k or spectacles 
as their preferred myopia control strategy. In the first co-
hort, 588 children aged 8– 14 years wearing ortho- k lenses 
and having completed a 1- year visit were included, and 588 
children with distance single- vision spectacles were in the 
control group. The children in the control group preferred 
to use spectacles rather than ortho- k for their myopia cor-
rection. Ortho- k- wearing children aged 8– 11 years were 
screened from the first cohort, and those who completed 
the 3- year follow- up (n = 150) made up the second cohort. 
The baseline demographics and biometric data of children 
enrolled in this study are presented in Table 1. According to 
the medical records, all the children and their parents were 
fully informed of the risks and benefits of the treatment 
and signed written informed consent.

Examinations and follow- up

A team of one ophthalmologist and three optometrists 
performed the examinations throughout the follow- up pe-
riod, and the same ophthalmologist performed the ortho-
 k lens fitting. Three optometrists performed refractions, 
corneal topography and AL measurements. According to 
the medical records, all the children in this study under-
went a comprehensive baseline eye examination, includ-
ing cycloplegic refraction, visual acuity testing (standard 
LogMAR visual acuity chart), slit- lamp examination, corneal 
topography and AL measurement. At baseline, cycloplegia 
was induced using four drops of tropicamide (5 mg/ml) at 
5- min intervals. Refractive examinations began with au-
torefraction. Subsequently, subjective refraction was per-
formed by the same optometrist. SER was calculated as the 
spherical power plus one- half cylindrical power.

Key points

• One- year axial elongation was negatively corre-
lated with baseline axial length in the orthoker-
atology group, but not in the single- vision 
spectacle group.

• Children aged 8– 11 with a longer baseline axial 
length (≥24.5 mm) demonstrated slower axial 
elongation during the first 2 years of orthokera-
tology treatment than those with baseline axial 
length <24.5 mm.

• Clinicians should make valid individual adjust-
ments to achieve a better prognosis for young 
children with a baseline axial length <24.5 mm 
undergoing orthokeratology due to their pre-
dicted faster myopia progression.



124 |   RELATIONSHIP BETWEEN BASELINE AL AND AXIAL GROWTH

The ortho- k lenses used in this study were spherical 4- 
zone lenses (Euclid Systems Corporation, eucli dsys.com) 
made of oprifocon A (Boston EQUALENS II) with an oxygen 
permeability (Dk) of 127 × 10−11 (cm2/s) (ml O2/ml mm Hg). 
A certified ophthalmic technician fitted the participants 
with the lenses per the manufacturer's guidelines. The 
final parameters of these ortho- k lenses were determined 
based on good centration, lens movement, the results of 
the fluorescein staining examination and a typical bull's 
eye pattern observed using corneal topography (Medmont 
E300; Medmont International Pty., Ltd, medmo nt.com.au). 
After lens dispensing, participants were required to wear 
their ortho- k lenses for at least 8 h every night. In addition, 
the results of follow- up examinations were recorded 1 day, 
1 week and 1 month after the initial lens wear and at least 
once every 3 months afterwards. The lens prescription was 
modified only when the unaided monocular visual acuity 
was worse than 0.2 LogMAR (6/9) or significant lens decen-
tration was observed.

The control group wore single- vision spectacles, mod-
ified based on any changes in visual acuity, refractive 
error or interpupillary distance as appropriate through-
out the 1- year follow- up period. In both the ortho- k and 
control groups, AL was measured using the same non-
contact optical biometer (Lenstar LS900; Haag- Streit AG, 
haag- streit.com) at baseline and during the annual visit. 
At each visit, three consecutive measurements were col-
lected by an examiner, with the average being calculated 
and recorded.

Statistical analysis

Data from the right eyes were retrospectively reviewed 
and used for statistical analysis. The normality of the 
data was tested using the Kolmogorov– Smirnov test. 
Chi- square tests compared the male/female ratio (M/F 
ratio) among groups. Other baseline data between two 
or three groups were compared using the 2- sample t- test 
or the one- way analysis of variance (ANOVA) as appropri-
ate. Univariate linear regression was used to correlate the 
1- year axial elongation with baseline age, AL and SER, and 
to evaluate the relationship between baseline age and AL. 
Two- way ANOVA analysed the primary effect of age and 
treatment method (use of ortho- k) on AL growth. The pre-
dictive effects of baseline age, baseline AL and treatment 
on axial elongation were further examined using stepwise 
multiple linear regression analysis. An independent t- test 
was used to compare AL between the ortho- k and spec-
tacle subgroups in the younger children. For analysis of 
3- year follow- up data, the changes in AL at different visits 
(first, second and third years) among the three subgroups 
stratified by baseline AL,23 subgroup 1 (AL < 24.5 mm), sub-
group 2 (24.5 ≤ AL < 26 mm) and subgroup 3 (AL ≥ 26 mm), 
were compared using repeated- measures ANOVA. For sig-
nificant outcomes, post- hoc comparisons using Bonferroni 
corrections were performed. All statistical analyses were T
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performed using SPSS 25.0 software (ibm.com). A p- 
value < 0.05 was considered significant.

R ESULTS

Association between one- year axial 
elongation and initial age

There were no significant differences in baseline values be-
tween the ortho- k (n = 588) and spectacle groups (n = 588) 
in terms of age (range, 8– 14 years), sex, baseline SER and 
baseline AL (p > 0.05, 2- sample t- test and Chi- square test). 
Both groups of children displayed increases in AL dur-
ing the 1- year follow- up. Univariate regression revealed 
that AL growth at the 1- year visit was negatively associ-
ated with initial age in the ortho- k and spectacle groups 
(Figure  1a, ortho- k group: r  =  −0.43, p < 0.01; spectacle 
group: r  =  −0.40, p < 0.01). Figure  1b presents the 1- year 
axial elongation (ΔAL) of children of different ages in the 
ortho- k and spectacle groups. The relative myopia con-
trol efficacy was expressed using the percentage reduc-
tion calculated using the formula: | (ΔAL in ortho- k-  ΔAL 
in spectacle)/ΔAL in spectacle*100% |. Compared with the 
spectacle- wearing children, axial elongation was reduced 
by 25% at age 8, 28% at age 9, 33% at age 10, 35% at age 
11, 52% at age 12, 63% at age 13 and 74% at age 14 in the 
ortho- k group. On average, AL growth in the ortho- k group 
(0.19 ± 0.21 mm) was significantly slowed by 39% com-
pared with the spectacle group (0.31 ± 0.19 mm) (p < 0.01, 
2- sample t- test) after the 1- year follow- up. Furthermore, 
the two- way ANOVA results revealed that axial elongation 
depended significantly on age (F  =  151.36, p < 0.001) and 
treatment method (use of ortho- k) (F  =  53.05, p < 0.001). 
Meanwhile, a significant interaction between age and the 
treatment method (F = 2.59, p < 0.05) was identified.

Association between one- year axial 
elongation and baseline AL

Univariate linear regression revealed that AL growth at 
the 1- year visit was significantly associated with baseline 
AL in the ortho- k group but not in the spectacle group 
(Figure  2a, ortho- k group: r  =  −0.30, p < 0.01; spectacle 
group: r  =  −0.04, p  =  0.31). During the 1- year ortho- k- 
wearing period, AL increased less in children with a longer 
baseline AL. In correlation analysis, initial age revealed sig-
nificant positive correlations with baseline AL both in the 
ortho- k and spectacle groups (Figure  2b, ortho- k group: 
r = 0.30, p < 0.01; spectacle group: r = 0.31, p < 0.01). Given 
the significant associations between age and axial growth 
as well as age and baseline AL, the potential for age to con-
found the relationship between axial growth and baseline 
AL was present. In order to control for age, the children in 
the ortho- k and spectacle groups were divided into seven 
well- matched subgroups stratified by age, from 8– 14 years. 
Figure  3 revealed that the negative association between 
1- year axial elongation and baseline AL only existed in 
ortho- k- wearing children 8– 11 years of age. No association 
between the 1- year axial elongation and baseline AL was 
observed in any age group wearing spectacles.

Association between one- year axial 
elongation and baseline SER

Simple linear regression revealed a significant association 
between baseline SER and axial elongation in the ortho-
 k group but not in the spectacle group (Figure 4, ortho- k 
group: r = 0.28, p < 0.01; spectacle group: r = 0.03, p = 0.56). 
Children in the ortho- k group with greater myopia at base-
line experienced a lesser change in AL during the 1- year 
follow- up.

F I G U R E  1  (a) Scatterplots showing correlations of axial elongation at the 1- year visit with baseline age in the orthokeratology (OK) and spectacle 
groups (SP). (b) Histogram showing axial elongation of children of different ages in the ortho- k (OK) and spectacle (SP) groups (data are expressed as 
the mean ± SD), with percent reduction in axial growth for the ortho- k group versus the spectacle group.

http://ibm.com
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Multiple regression analysis

Stepwise multiple regression analysis revealed that of the 
factors investigated, axial elongation was significantly as-
sociated with treatment (β  =  −0.11, p < 0.001), initial age 
(β = −0.03, p < 0.001) and baseline AL (β = −0.02, p < 0.05) 
but not with baseline SER. The regression model using 
treatment, initial age and baseline AL to predict axial 
elongation was fair (adjusted R2  =  0.21) and significant 
(p < 0.001). Subsequently, multiple regression was con-
ducted separately in the ortho- k and spectacle groups. 
The regression equation using initial age and baseline AL 
to predict axial elongation was: axial elongation = 1.72 − 
(0.04*initial age) − (0.05*baseline AL) for the ortho- k group 
(R2 = 0.22, p < 0.001), and axial elongation = 0.43 –  (0.03*ini-
tial age) for the spectacle group (R2 = 0.09, p < 0.001).

Axial elongation over 1- year in 8– 11- year- old 
children with different baseline AL

Children (8– 11 years) in the ortho- k (n  =  341) and specta-
cle groups (n  =  384) screened from the first cohort were 
further divided into age- matched subgroups according 
to their baseline AL,23 i.e., subgroup 1 (AL < 24.5 mm), sub-
group 2 (24.5 ≤ AL < 26 mm) and subgroup 3 (AL ≥ 26 mm). 
Figure 5 reveals that when compared with spectacle sub-
groups 2 and 3, ortho- k subgroups 2 and 3 exhibited no-
ticeably slower axial elongation over 1 year (mean axial 
elongation in ortho- k subgroup 2: 0.23 ± 0.19 mm; ortho- k 
subgroup 3: 0.16 ± 0.17 mm versus mean axial elongation in 
spectacle subgroup 2: 0.38 ± 0.16 mm; spectacle subgroup 
3: 0.33 ± 0.16 mm, both p < 0.01, 2- sample t- test). The axial 
elongation was 39% and 52% slower for ortho- k subgroups 

2 and 3, respectively. However, the mean axial elongation 
over 1 year in ortho- k subgroup 1 was 0.35 ± 0.20 mm, simi-
lar to that (0.35 ± 0.20 mm) observed in spectacle subgroup 
1 (p = 0.79, 2- sample t- test).

Annual axial elongation (ΔAL) in 8– 11- year- 
old children wearing ortho- k over the 3- year 
follow- up period

In order to observe the association between annual AL 
changes and baseline AL further, the ortho- k wearing co-
hort aged 8– 11 years who completed the 3- year follow- up 
were divided into subgroups based on baseline AL23 i.e., 
subgroup 1 (AL < 24.5 mm), subgroup 2 (24.5 ≤ AL < 26 mm) 
and subgroup 3 (AL ≥ 26 mm). Figure  6 presents the an-
nual axial elongation (ΔAL) over the 3- year study period. 
There were significant differences in axial elongation 
within subgroups over the study period (p < 0.01, repeated- 
measures ANOVA). The following Bonferroni- adjusted 
post- hoc comparisons indicated that, compared with sub-
groups 2 and 3, axial elongation was significantly faster 
in subgroup 1 during the first (vs. subgroup 2, mean dif-
ference  =  0.18 ± 0.03 mm, p < 0.01; vs. subgroup 3, mean 
difference = 0.25 ± 0.04 mm, p < 0.01) and second years (vs. 
subgroup 2, mean difference = 0.10 ± 0.03 mm, p < 0.01; vs. 
subgroup 3, mean difference  =  0.09 ± 0.03 mm, p < 0.01) 
but not for the third year (vs. subgroup 2, mean differ-
ence = 0.06 ± 0.03 mm, p = 0.15; vs. subgroup 3, mean differ-
ence = 0.06 ± 0.03 mm, p = 0.19). There were no significant 
differences in ΔAL between subgroups 2 and 3 during the 
3- year follow- up (p > 0.05).

In addition, subgroup 1 presented a noticeable de-
crease in ΔAL over time. Axial elongation in children 

F I G U R E  2  (a) Scatterplots showing the correlation of axial elongation over 1 year with baseline axial length (AL) in the orthokeratology (OK) and 
spectacle (SP) groups. (b) Scatterplots demonstrating the relationship between baseline AL and baseline age in the ortho- k (OK) and spectacle (SP) 
groups.



   | 127LIN et aL.

from subgroup 1 was significantly faster in the first-  and 
second years than in the third year (first- third year pe-
riod, mean difference = 0.09 ± 0.03 mm, p < 0.01; second- 
third year period, mean difference  =  0.05 ± 0.03 mm, 
p  =  0.02). No significant difference in ΔAL was 

observed in subgroup 2 during the 3- year follow- up. 
The annual increase in AL in subgroup 3 was signifi-
cantly lower in the first year than in the second and 
third years (first- second year period, mean differ-
ence = −0.12 ± 0.02 mm, p < 0.01; first- third year period, 

F I G U R E  3  Scatterplots showing correlations of axial elongation over 1 year with baseline axial length (AL) in seven age (8– 14) groups (a– g) 
divided into orthokeratology (OK) and spectacle (SP) groups.
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mean difference  =  −0.10 ± 0.02 mm, p < 0.01). However, 
this stabilised in the third year.

D ISCUSSIO N

The current study demonstrated that the axial elongation 
in children after 1 year of ortho- k treatment was nega-
tively correlated with the baseline AL, and 8– 11 year- old 
children with a longer baseline AL (≥24.5 mm) presented 
slower axial elongation during the first 2 years of ortho- k 
treatment. Considering the inter- individual variation in 
myopia progression after wearing ortho- k lenses, our re-
sults may offer a new perspective on myopia control using 
ortho- k, specifically for establishing individual guidelines 

for myopia management in children with different baseline 
characteristics.

Many studies have suggested that myopic progression 
in children wearing ortho- k lenses slows with age.9,11,16,24,25 
In accordance with this, our results demonstrated that 
initial age was negatively correlated with axial elonga-
tion during ortho- k treatment. Combining data from the 
ROMIO and TO- SEE studies showed a stronger negative as-
sociation between initial age (6– 12 years) and axial elonga-
tion in the control group than in the ortho- k group during 
the 2- year follow- up.15 However, our results revealed that 
the negative relationship was similar in the ortho- k and 
spectacle groups for children aged 8– 14 at the 1- year visit. 
The differences in participant age, follow- up time and sam-
ple size may account for this discrepancy. In addition, we 
observed that, in comparison with spectacle- wearing chil-
dren, axial elongation was reduced by over 50% in children 
wearing ortho- k lenses with an initial age of 12– 14 years, 
but only by 25%, 28%, 33% and 35% in 8, 9, 10 and 11 year 
olds, respectively, which was below the overall percentage 
reduction (39%) of axial elongation for the ortho- k group 
versus the spectacle group. This finding indicated that chil-
dren over 11 years of age had a more positive myopic con-
trol effect than children aged 8– 11 years old after 1- year of 
ortho- k treatment. This may partly be because the children 

F I G U R E  4  Scatter plots of axial elongation over 1 year relative to 
spherical equivalent refraction (SER) at baseline in the orthokeratology 
(OK) and spectacle (SP) groups.

F I G U R E  5  Graphs showing axial growth over the 1- year treatment 
in younger children (8– 11 years of age) by subgroups with different 
baseline axial lengths (AL): Subgroup 1 (AL < 24.5 mm), subgroup 2 
(24.5 ≤ AL < 26 mm) and subgroup 3 (AL ≥ 26 mm). Data are expressed as 
the mean ± SD. OK, orthokeratology, SP, spectacle wearers.

F I G U R E  6  The time course of changes in axial length (AL) over the 
3- year study period for younger children (8– 11 years of age) wearing 
orthokeratology (ortho- k) lenses stratified by baseline AL: Subgroup 
1 (AL < 24.5 mm), subgroup 2 (24.5 ≤ AL < 26 mm) and subgroup 3 
(AL ≥ 26 mm). Data are expressed as the mean ± SEM. #Subgroup 1 versus 
subgroup 2, p < 0.01, *subgroup 1 versus subgroup 3, p < 0.01, $first year 
change in axial length (ΔAL) versus second year ΔAL, @first year ΔAL 
versus third year ΔAL, &second year ΔAL versus third year ΔAL.
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experienced a natural reduction in the rate of axial elon-
gation with age, regardless of treatment.26– 28 Nevertheless, 
children with myopia onset prior to 10 years of age were at 
risk for high myopia.29 From another point of view, the use 
of ortho- k in these younger children helped slow myopia 
progression earlier, thus reducing the risk of developing 
high myopia.

Regarding the association between baseline AL and 
myopia progression in children undergoing treatment 
with ortho- k lenses, there are conflicting results among 
previous studies. A retrospective investigation involving 
184 ortho- k- wearing children (6– 14 years old) assessed 
myopia progression and reported that the change in SER 
over time was significantly correlated with baseline AL.30 
In addition, one prospective observational study enrolled 
32 eyes wearing ortho- k lenses and observed that higher 
baseline differences between central and peripheral AL 
were significantly associated with slower axial elonga-
tion.22 Consistent with the results of a Danish randomised 
controlled trial using ortho- k lenses,21 our data revealed 
that AL growth at the 1- year visit was significantly associ-
ated with baseline AL in the ortho- k group; however, this 
was not observed in the spectacle wearing group. Initial 
age was positively correlated with baseline AL both in the 
present study and that of Lee et al.31 After adjusting for 
age, we observed that the negative association between 
the 1- year axial elongation and baseline AL only existed in 
8- , 9- , 10-  and 11- year- olds wearing ortho- k lenses. Further 
analysis revealed that younger children (aged 8– 11) whose 
baseline AL was <24.5 mm in the ortho- k group had a 1- 
year axial growth similar to that of the spectacle group. In 
contrast, the younger ortho- k wearers with a longer base-
line AL (≥24.5 mm) presented significantly slower axial 
elongation than spectacle wearers. Therefore, baseline AL 
may be a predictive factor influencing myopia progression 
in younger children (8– 11 years) using ortho- k lenses. In 
contrast, several clinical trials observed no significant asso-
ciation between AL growth and baseline AL in children un-
dergoing treatment with ortho- k lenses.16,32 Considering 
that the different studies investigated different sets of vari-
ables, as well as using different instruments, sample sizes 
and types of ortho- k lenses, the same factor may exert al-
ternative effects across studies.

Until now, it has been unclear whether baseline AL is 
a noteworthy predictor of the long- term control effect 
of ortho- k lenses on myopic AL elongation. Hiraoka et al. 
proposed that the effect of ortho- k was limited to the first 
3 years compared with spectacles.13 Thus, inspired by Xu 
et al.,32 we conducted external validation using 150 ortho- 
k- wearing children (8– 11 years of age) who completed the 
3- year follow- up. We observed a significantly faster annual 
increase in AL in the subgroup with a shorter baseline AL 
(<24.5 mm) in the first 2 years, but not in the third year 
when compared to the subgroup with a longer baseline 
AL (≥24.5 mm). The children with baseline AL <24.5 mm 
started treatment at a mean age of 9.5 years, and most 
of them would be over 11 years of age after 2 years of 

treatment, explaining their slower myopic progression in 
the third year. In addition, the annual axial elongation in 
children with baseline AL between 24.5 and 26 mm was 
consistent (0.17– 0.20 mm) during the 3 years, indicating 
that the children benefited greatly from ortho- k treatment. 
However, the annual axial elongation in children with 
baseline AL > 26 mm increased from 0.10 mm to 0.22 mm 
in the first 2 years of treatment; this stabilised in the third 
year (0.20 mm). Children with AL ≥ 26– 26.5 mm may de-
velop high myopia and show pathological retinal signs.3,33 
Charm et al.14 and Zhu et al.16 also supported the notion 
that ortho- k treatment demonstrated better myopia con-
trol in highly myopic patients in the first year of the study 
compared to the second year. A possible explanation may 
be the adaptation of these high myopic children to the sig-
nal that slows myopic progression after 1 year of ortho- k 
treatment.9 As discussed above, the AL at baseline may be 
a nonnegligible factor associated with subsequent axial 
elongation in ortho- k treatment. Therefore, for ortho- k- 
wearing children with baseline AL  24.5 mm at age 8– 11, 
clinicians should develop individualised strategies, such as 
combined application with low- concentration atropine,34 
to achieve a better prognosis due to their predicted faster 
myopic progression.

There were several limitations to this study. First, the 
study was based on retrospective data. Furthermore, fac-
tors that may affect myopia progression, such as baseline 
AL in nasal and temporal gaze,22 corneal biomechanics,35 
pupil size36 or its relative size to the treatment zone,37 pa-
rental myopia, rate of myopia progression before base-
line,38 outdoor activity and near work39 were not recorded 
in any group. Second, two cohorts were included in this 
study, and the sample size of the second cohort was rel-
atively small. Hence, a longitudinal study with a larger 
sample size and longer duration is warranted to verify 
the association between baseline AL and axial elongation 
during ortho- k treatment. Third, simply analysing the influ-
ence of baseline characteristics on the efficacy of ortho- k 
lenses is insufficient. The mechanism of ortho- k in con-
trolling myopia progression is complex, and modification 
of ortho- k lens parameters, such as reducing the back optic 
zone diameter, may influence myopia control efficacy.37 
Factors that induce asymmetric optical changes during 
ortho- k treatment, such as increased higher- order aberra-
tions,40 should be considered in future studies.

In conclusion, children with an older baseline age and 
a longer baseline AL experienced slower axial elongation 
after ortho- k treatment. However, children 8– 11 years of 
age with baseline AL <24.5 mm presented relatively faster 
axial growth during the first 2 years of ortho- k treatment. 
These findings suggest that for younger children with 
baseline AL <24.5 mm undergoing ortho- k treatment, cli-
nicians should make appropriate individual adjustments, 
such as optimising the lens design or using combination 
therapy to achieve better outcomes. Future studies are 
needed to elucidate these issues and explore the underly-
ing mechanisms.
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