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ABSTRACT
The aim of this meta-analysis was to determine the effect of orthokeratology (OK) lens on the axial length of the eye globe of
Asian children with myopia of low and moderate degree compared with children treated with glasses. PubMed, Embase, Web of
Science, and Cochrane Library were searched to collect relative researches on the treatment of OK lens in myopia children from
January 2000 to July 2021. The authors adopted the standardised mean difference (SMD) as effect size, to estimate the pooled
changes  of  axial  length  in  Asian  myopic  children.  Seven  articles  were  identified.  In  Asian  children  with  myopia  of  low  to  a
moderate degree, compared with glasses treatment, axial  length decreased significantly in the OK Lens group (SMD = -0.84,
95%CI: -1.10 ~ -0.58), with a p-value less than 0.05. According to the follow-up time, the subgroup analysis demonstrated that,
SMD = -0.68 (95%CI: -1.43 ~ 0.08, p>0.05) for six months; SMD = -1.00 (95 %CI: -1.38~-0.62, p<0.05) for 12 months;
SMD=-0.71 (95%CI: -1.20~-0.21, p<0.05) for two years. In conclusion, in the early treatment, compared with glasses, children
with low and moderate myopia wearing OK lenses were more effective in reducing axial elongation in Asia.
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INTRODUCTION

In recent years, the global incidence of myopia has increased
dramatically.1  So far, it is estimated that about 30% of the
world's population suffers from myopia, and this figure will rise
to 50% by 2050.2 The prevalence of myopia in adolescents is
also increasing, and now around 70% of high school students in
China are diagnosed with myopia.3 With further development
of myopia, severe eye complications such as retinal detach-
ment,  cataracts,  and  glaucoma  may  occur,  which  pose  a
serious threat to vision and even lead to blindness.4-6 The appro-
priate  treatments  to  control  and  delay  the  progression  of
myopia mainly include drug therapy (e.g., atropine), non-surg-
ical  correction  (e.g.,  single-vision  spectacles),  and  surgical
correction (e.g., refractive surgery).7,8 Southeast Asia, South
Asia, and East Asia account for the largest potential loss in their
economic activities, in which the financial burden of East Asia
is the largest.9 For these reasons, methods to prevent myopia
and control its progression are urgently needed.
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Currently, the orthokeratology (OK) lens is considered one of
the most promising approaches to control the development of
myopia  in  children.10  In  China,  1.5  million  adolescents  have
chosen this treatment method.11 The safety and effectiveness
of long-term wearing of the OK lens have always been the focus
of attention. OK lens is a specially designed rigid contact lens
with high oxygen permeability. In the middle of the last century,
the emergence of a new glass material, polymethyl methacry-
late (PMMA), provided the raw materials for ophthalmologists to
manufacture contact lenses. It was found that contact lenses
can affect the cornea's curvature, change the degree of myopia
and astigmatism, and affect vision.12 There are many ways to
classify myopia, which can be divided into axial and refractive
according to its refractive components. For now, axial myopia is
dominant in myopia, which is mainly manifested by an increase
in the axial length of the eye. Thus, the change in axial length is
an important indicator to assess the correction and control of
myopia  with  the  OK  lens.  A  comparative  study  of  low  to
moderate myopia by Hiraoka et al. in 2012 showed that the axial
length of the OK lens group increased by (0.99 ± 0.47) mm,
while that of the ordinary frame glasses group increased by
(1.41 ± 0.68) mm, and that the OK lens could slow down the
growth of the eyeball.13 However, the results of 2-year follow-up
conducted by Cheung et al. suggested that the effect of the OK
lens on the axis of the eye compared with the control group had
no difference.14

Therefore,  in  this  meta-analysis,  the  authors  compared  the
effects of OK lenses with glasses treatments on the axial length
to evaluate the advantages of OK lenses in treating Asian chil-
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dren with low and moderate myopia. To the best of author’
knowledge, this is the first meta-analysis to systematically eval-
uate axial elongation after OK Lens treatment in Asian children
with moderate and low myopia.

METHODOLOGY

This meta-analysis was conducted by following the preferred
reporting  items  for  systematic  reviews  and  meta-analyses
(PRISMA).15 The databases of PubMed, Web of Science, Embase,
and Cochrane Library, from January 2000 to July 2021, were
searched  to  collect  relevant  retrospective  cohort  studies,
prospective  cohort  studies,  or  randomised  controlled  trials
(RCTs) on the changes of axial length in children with myopia
treated by the OK lens. "Myopia", "Orthokeratology", and "Axial
Length" were the keywords for conducting the research. Two
authors (LQN and XLF) searched the literature independently,
with final cross-checking. A disagreement was resolved either
through discussion, or a third author (YG) was asked for verifica-
tion.

Inclusion criteria were as follows (1) The subjects of the studies
were children with acquired myopia under the age of 18 years;
(2) Research was on the effect of OK lens treatment on axial elon-
gation; (3) Glasses treatment was used as the control group; (4)
Literature data including axial length and myopia information
such as the degree of refractive error and astigmatism; (5) The
axial length was tested by intraocular lens master (IOL Master),
optical  biometry;  (6)  Research published in English;  (7)  The
subjects were Asian children with low and moderate myopia.
Literature was excluded if it was an abstract, comment, review,
and editorial review or case report; research samples were from
other ophthalmological diseases; insufficient data, or research
in which the relevant raw data could not be extracted and if the
follow-up time was less than one year.

The quality of the studies was assessed in accordance with the
Newcastle-Ottawa scale (NOS),16 by two investigators (TSH and
XLF) independently, and finally cross-checked. The total NOS
scores were nine stars. The study with an NOS score ≥6 was
considered high-quality research. We assessed the quality of
the RCTs in accordance with Jadad scoring including randomiza-
tion,  blinding  procedures,  report  of  withdrawals,  and
dropouts.17 The total Jadad scores were five. The study, of which
the Jadad score higher than 3 was considered as high-quality
research, was included in this meta-analysis.

Two researchers (LQN and XLF) independently extracted the
data, and then cross-checked it. The disagreements could be
resolved through discussion, or determined by a third author.
The following information was extracted: first author, country,
publication year, research type, as well as clinical data including
follow-up time, axial length, number of samples, age, astigma-
tism, and degree of myopic refractive error.

The data was processed using Stata 15.0 statistical software.
The standardised mean difference (SMD), as well as the corre-
sponding 95% confidence interval (CI), was adopted to pool the

variation of axis length between the OK lens group and the
glasses group. The heterogeneity across included articles was
evaluated through the method of Cochran’s Q test and I2-test. A
p-value was less than or equal to 0.05, with I2 more than or equal
to 50%, indicating the existence of heterogeneity, and then a
random-effects  model  (REM)  was  adopted.  Otherwise,  the
authors utilised a fixed-effects model (FEM) to pool the data.
Subgroup analysis was performed according to the follow-up
time. A funnel plot, as well as Egger’s test, was used to identify
publication bias. Finally, we conducted a sensitivity analysis to
verify whether the findings are robust or not.

RESULTS

After comprehensively screening, a total of seven articles were
identified.13,14,18-22 The detailed flow chart of articles screening is
displayed in Figure 1. The basic characteristics of the included
studies, as well as NOS or Jadad quality scores, are shown in
Table I.

Figure 1: screening flow diagram of document retrieval.

First of all, the changes of axial length in Asian myopic children
of low to a moderate degree were analysed after treatment of
OK lens. A total of 383 Asian children received OK lens treatment
and 299 children served as controls. According to the hetero-
geneity results (I2=75.0%, p<0.001), REM was applied for data
integration. Comparing OK lenses with glasses treatment, SMD
was  -0.84  (95%CI:  -1.10  ~  -0.58,  p<0.001),  with  difference
significant (Figure 2). The p-value of Egger’s test was 0.113,
with a symmetrical funnel plot (Figure 3), indicating no exis-
tence of obvious publication bias.

In order to explore the source of heterogeneity, a subgroup anal-
ysis of the follow-up time was conducted. There was no signifi-
cant  decrease  in  heterogeneity  after  subgroup  analysis
according to the follow-up time.
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Table Ⅰ: The basic characteristics of the studies included.

First author Year Country Study
design

Follow-up
(years)

Group Number
(Cases/Controls)

Age Myopia Astigmatism NOS
score

Jadad
score

Hiraoka et al. 13 2012 Japan Re 5 OKs/spectacles 22/21 8-12 -0.5~-5.00D ≤1.50D 9 NA
Cho et al.18 2012 China RCT 2 OKs/SV 37/41 6-10 -0.5~-4.00D <1.25D NA 4
Chen et al.19 2013 China Cohort study 2 OKs/SV 35/23 6-12 0.5~5.00D <1.50D 7 NA
He M et al.20 2016 China Re 1 OKs/SV 141/130 7.0-11.5 -0.5~-6.00D <1.5D 8 NA
Cheung et al. 14 2016 China RCT 2 OKs/SV 37/38 7-10 -0.5~-4.00D <-1.25D NA 4
Long W et al. 21 2019 China Re 1 OKs/spectacles 98/37 8-14 -0.5~-6.0D <3.0 8 NA
Yoo et al.22 2020 Korea Re 1 OKs/spectacles 13/9 8-12 -0.75~-4.00D <1.50D 8 NA
OKs= group wearing orthokeratology lens; SV= group wearing single-vision spectacles; D= Diopter; NOS= Newcastle–Ottawa Scale; NR= Not reported; Re: Retrospective cohort study; Gp=
Gaspermeable lens; RCT= Randomised controlled trial; NA: Not applicable.

Figure 2: Forest plot of changes in axial length after orthokeratology
lens treatment. SMD= Standardised mean difference; CI= Confidence
interval.

Figure 3: Funnel plot of changes in axial length after orthokeratology
lens treatment.

The results (Figure 2) demonstrated that there was no differ-
ence in the eye’s axial elongation of Asian myopic children
of low to a moderate degree after 6 months (SMD = -0.68
(95%CI: -1.43 ~ 0.08, p>0.05). Besides, OK lens controlled
the axial  length of the eye at 12 (SMD = -1.00 (95%CI:
-1.38~-0.62, p<0.001) and 24 months (SMD= -0.71 (95%CI:
-1.20~-0.21, p= 0.005) after treatment significantly.

Figure 4: Influence analysis of changes in axial length after orthokera-
tology lens treatment. (a) 6 months (b) 12 months (c) 24 months.

To  confirm the  robustness  of  the  findings  concluded  in  this
study, sensitivity analysis of the subgroup was performed
based on follow-up after myopia treatment. After eliminating
each study, a meta-analysis was conducted again to deter-
mine the impact of the study on the overall conclusion. After
6  months  of  treatment  (Figure  4a),  only  one  study  was
omitted,14  the  difference  became  statistically  significant.
After 24 months of treatment (Figure 4c), only one study
was  excluded,18  the  difference  again  cost  statistical  signifi-
cance, indicating the change in conclusion. After 12 months
of treatment (Figure 4b), when each study was omitted, the
conclusion did not change significantly.  This shows that the
conclusion that the OK lens slows the axial length in Asian
myopia children of low and moderate degree is robust after
12 months of treatment, but the conclusions after 6 and 24
months should be treated with caution.

DISCUSSION

To explore the changes of axis length treated by the OK
lens in Asian children with myopia, we conducted a system-
atic search on the online English database and comprehen-
sively analysed OK lens versus glasses treatment. Also, the
change of eye axis length is measured after wearing the OK
lens for 6 months, 1 year, and 2 years. The results suggest
that there is no difference in the axial length after 6 months
between the OK lens and glasses treatment. However, after
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1 and 2 years, the OK lens can significantly reduce the axial
length. The design of OK lens and the change of OK corneal
parameters  can  affect  the  development  of  AL  elongation
and myopia.23 In recent years, in addition to OK lenses, the
defocus incorporated multiple segments (DIMS) lenses have
shown sound treatment effects in correcting myopia in chil-
dren.  Lam et  al.24  showed that  children who used DIMS
lenses for the first 2 years had sustained myopia control in
the third year, and children who went from single vision (SV)
to DIMS lenses also showed good myopia control.

After the strict screening, seven studies were enrolled in our
research. All studies contain control trials and followed up
for at least 12 months. The results showed that OK lens
compared  with  glasses  treatment,  the  axial  elongation
decreased in Asian children with low and moderate myopia.
The funnel plot, as well as Egger's test results, indicated no
obvious publication bias in this meta-analysis.

Considering  the  influence  of  OK  lens  on  myopia  patients
may change over time, the authors pooled the changes of
axial length in Asian myopic children of low and moderate
degrees from six months to two years in the OK lens treat-
ments compared with glasses. The results suggest that after
6 months of OK lens treatment, compared with glasses treat-
ment,  (SMD=-0.68),  the  difference  was  not  significant.  It
suggests that the OK lens treatment did not show a better
effect than glasses in controlling the length of the eye axis
after 6 months of treatment in Asian myopic children of low
and moderate degrees. However, after excluding one study,
the  difference  changed  significantly.  Therefore,  more
studies are needed to verify whether the OK lenses slow the
axial length more effectively than glasses in treating myopia
of low to moderate degrees after 6 months in Asian chil-
dren.

After 12 months of OK lens treatment for Asian myopic chil-
dren of low to moderate degree, SMD was -1.00 for the axial
changes, with difference significant. Therefore, the effect of
OK lens controlling axial length after 12 months is better
than that of glasses treatment in Asian myopic children of
low to moderate degrees. After excluding any research and
performing  a  meta-analysis,  the  conclusion  has  not
changed. Sensitivity analysis results confirm this conclusion.

For Asian myopic children of low and moderate degree, the
treatment effect of OK lens after 24 months on the change
of axial length compared with glasses treatment, the differ-
ence  is  statistically  significant  (SMD=-0.84).  After  omitting
each study and performing a meta-analysis, we found that
one study had an impact on the conclusion. The differences
that are originally statistically significant become not signifi-
cant after eliminating one study. Therefore, the effect of OK
lens  controlling  axial  elongation  is  better  than  that  of
glasses after 24 months length in Asian myopic children of
low to moderate degree. However, since the sensitivity anal-
ysis shows a certain degree of instability, this conclusion

must  be  treated  with  caution.  In  2015,  a  meta-analysis
published  by  Li  et  al.  indicated  that  the  control  effect  of
axial length of OK lens was better than that of the control
group at 6, 12 and 24 months after treatment of myopia in
children,  with  the  difference  statistically  significant.25  Their
conclusions  are  consistent  with  the  present  limiting  the
study to Asian children with mild to moderate myopia after
treatments of one and two years. However, after 6 months
of  treatment,  OK  lens  showed  no  better  effect  than  the
control  in  this  study.  Guan  et  al.  showed  that  OK  lens
performed better than the control group after one and two
years for myopia in a meta-analysis in 2020.26 This is basi-
cally consistent with the conclusions of this meta-analysis.
Nevertheless, our study more strictly limited the conditions
of inclusion, excluding a study whose control did not use
spectacles and included more recent studies.27 It makes the
present conclusions more reliable.

Inevitably, this study also had certain limitations. Firstly, the
number  of  included  studies  was  small,  with  only  seven
studies eligible. This also resulted in a smaller sample size.
The lack of research data may affect the robustness of the
obtained  conclusions.  Secondly,  the  authors  included
research published in English only and excluded research
published in other languages,  which may lead to certain
publication bias. Thirdly, four retrospective cohort studies
were  included  in  this  study.  Compared  with  prospective
cohort studies, the quality of retrospective studies was low,
which  may  affect  the  robustness  of  the  conclusions  of  this
study. In addition, the longest time point analysed was 24
months after OK lens treatment. Thereby, more research is
needed on longer time of the OK lens treatment. Finally,
there is high heterogeneity in this meta-analysis. Even after
the follow-up subgroup analysis, the heterogeneity did not
decrease  significantly.  This  suggests  that  there  may  be
other  factors  affecting  the  heterogeneity  across  studies.

CONCLUSION

In the early myopic children treatment, the OK lens is more
effective in delaying eye axis  elongation than wearing ordi-
nary glasses in Asia. However, considering the limitations of
this study, such as sample size, heterogeneity, etc., larger
follow-up researches are needed to conclude more accurate
findings for the OK lens treatment of children with myopia in
Asia.
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