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Abstract
Background To investigate the effect of initial refractive error on the control of myopia by
orthokeratology. 

Methods Retrospective study. Data were analyzed from 78 patients (156 eyes) who underwent
orthokeratology in Beijing Children's Hospital from January 2014 to April 2018. The changes of axial
length and diopter after wearing the lenses were measured. Patients were divided into six groups
according to refractive error: <-1.00D, -1.00~ -2.00D, -2.00D~ -3.00D, -3.00D~ -4.00D, -4.00D~ -5.00D and
-5.00~ -6.00D. A mixed-effect model was used to analyze the relevant data. At the same time, the
interaction item between diopter and wearing time was analyzed, and the in�uence of gender was
corrected. 

Results Patients averaged 12.9±2.161 years old. Two years after wearing orthokeratology lenses, there
was a statistically signi�cant difference with the interaction item between refractive error and wearing
time in each group. The estimated values   were 0.0631 for the right eye and 0.053 for the left eye.
Orthokeratology lenses controlled the progression of myopia well, but the reduction depended on the
initial diopters. Binocular axial length examination didn’t show statistically signi�cant difference with the
interaction item. Axial length increased with time, and the magnitude of increase did not differ among
groups. However, the increase in the axial length of the male more than that of the female.

Conclusion Initial refractive errors have a signi�cant impact on the control of myopia by orthokeratology.
The less severe myopia patient demonstrated a more pronounced bene�ts after wearing orthokeratology
lenses. Key words: refractive error; myopia; orthokeratology

Background
Myopia is the most common eye disease in the world. It is estimated that there are 1.406 billion people in
the world who are myopic (22.9 percent of the population) and 163 million people have high myopia
(2.7% of the population).1 It is expected that the prevalence of myopia and high myopia will increase
signi�cantly around the globe, affecting nearly 5 billion people and 1 billion people by 2050, respectively.2

Myopia and high myopia affect 80 to 90 percent of young adults in many East Asian regions.3 The
prevalence of myopia varies geographically. For example, in Australia4 and North America5 myopia
affects 30% of the population, and in East Asia it affects as high as 85% of the population.6 Besides
genetic factors, the increasing prevalence of myopia and high myopia may also be due to increasing
pressure on education and less time for children to be outdoors, especially in East Asia.

How to effectively control the development of myopia is a worldwide problem. Recently, orthokeratology
lenses have begun to gain popularity around the world. Orthokeratology lenses were �rst introduced by
Wesley and Jessen in the 1950s and their design and materials have signi�cantly improved.7

Orthokeratology can �atten the central cornea and delays axial elongation.8, 9 Many literatures have
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con�rmed the effectiveness of orthokeratology in controlling the progression of myopia and showed
clinically acceptable safety.10, 11 However, orthokeratology is still not widely used around the world. Most
parents are worried about its safety, the skills that practitioners need to prescribe these lenses, the
discomfort their children feel when wearing them overnight, and the costs. All these factors make parents
hesitant to choose them which may lead to missing the best time for treatment and continued
progression of myopia. Even with these questions, when to use orthokeratology and whether different
refractive errors may lead to different outcomes have not been previously published.

This retrospective study aimed to investigate the effects of various factors of refractive errors, the
relationship between refractive changes and different baseline factors, and to discuss the appropriate
time to wear overnight OK lenses.

Methods
The study was a retrospective study of 78 school-aged children who visited private eye clinics between
January 2014 and April 2019. Patients’ inclusion and exclusion criteria in this study were strictly followed
and were shown in Table 1.

All patients received detailed conventional ocular anteroposterior and tear �lm examinations before
treatment and patients with acute and chronic ocular in�ammation, dry eye, and other contraindications
for wearing contact lenses were excluded. Patients with poor parental compliance, excessive anxiety and
unrealistic expectations were excluded.

We divided all enrolled patients into six groups based on initial refractive error: <–1.00D, –1.00~ –2.00D,
–2.00D~ –3.00D, –3.00D~ –4.00D, –4.00D~ –5.00D and –5.00~ –6.00D.

Refractive examination of all patients included uncorrected visual acuity, subjective and objective
refraction results. The compound tropicamide was used for dilated optometry before �tting. Auxiliary
examinations also included non-contact intraocular pressure measurements, corneal thickness
measurements, axial measurements (IOL master), corneal endothelium examinations, pupil diameter, and
pentacam.

All patients in this study used night-time orthokeratology lenses and worn 8–10 hours at night. Lenses
were �tted according to the patient’s corneal curvature and other parameters. The appropriate lenses were
selected to try on and were �uorescein stained after 30min. The lenses were observed under a slit lamp to
determine the adaptation of the lenses, the lens’ base arc, and then the right orthokeratology lenses were
chosen. Patients’ parents were instructed on how to wear and maintain the lenses and were asked to
strictly observe the wearing time.

After the �rst night of wear, all patients were followed up on the next day, the next week and the next
month, and then every three months thereafter. If there is abnormality in the eye, patients were asked to
visit the doctor at any time. At the time of follow-up, the status of the anterior segment of the eye was
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examined using a slit lamp, which, combined with the optometry evaluation and corneal topography,
determined the �tting of the lenses. Axial length was measured 1 year and 2 years after wearing lenses.
The measurement time of all follow-ups was scheduled to be completed within 2 hours after the lenses
were removed in the morning.

Data was processed via GraphPad Prism5 software (GraphPad Software, Inc., La Jolla, CA, USA). The
statistical analysis used a mixed-effects model to analyze the interactive items of lens diopter and
wearing time while correcting the in�uence of gender.

The study was conducted at the Department of Ophthalmology, Beijing Children’s Hospital, Capital
Medical University and Beijing National Children’s Health Center. The research program was approved by
the Ethics Committee of Beijing Children’s Hospital. All patients and the parents of the control group
agreed to the study procedure, and all the experiments in the project met the principles of the Helsinki
Declaration.

Results
STUDY POPULATION

The details of the 78 subjects are shown in Table 2.

Changes in diopters after wearing orthokeratology lenses in different groups

After 2 years of wearing the orthokeratology lenses, diopter and axial length changes of the patients in
each group were evaluated separately for each eye. The right eye’s diopter and wearing time interaction
item (group*time) was statistically signi�cant (Table 3), and the estimated value was positive (0.0631).
The results of the left eye’s were exactly the same as those of the right eye (Table 4) and the estimate is
0.053.

In the analysis of binocular axial length of all patients, there was no statistical signi�cance with the
interaction items, ie, in different diopter groups (whether –1.00D or –6.00D), the binocular axial length
increased with the increase of time, and the increase magnitude among groups showed no difference.

The analysis of the right eye’s axis showed that there was no statistically signi�cant difference with the
interaction item between diopter and wearing time (P = 0.8469), so only the main effects of diopter and
wearing time were analyzed (Table 5).

The results showed that with each 1.00D increase in diopter (group), axial length of the right eye
increased by 0.266mm; with each additional year, the axial length of the right eye increased by
0.1512mm; the increase in male was 0.4014mm more than that in female.

The analysis of the left eye’s axis showed that there was no statistically signi�cant difference with the
interaction item between diopter and wearing time (P = 0.7606), so only the main effects of diopter and
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wearing time were analyzed (Table 6).

The results showed that with each 1.00D increase in diopter (group), axial length increased by 0.2349mm;
with each additional year, axial length increased by 0.1386mm; the increase in male was 0.3885mm more
than that in female.

Discussion
As the incidence of myopia continues to rise, the age of onset is getting younger and the proportion of
high myopia is growing. How to control the development of myopia and possible harm is a problem that
ophthalmologists and parents are very concerned about.2 Diopter and axial length are the two main
examination indicators to evaluate the development of myopia. At present, various methods to control
myopia mainly focused on these two aspects. Huang’s meta-analysis showed that a series of
interventions can signi�cantly reduce the progression of myopia compared with single-lens or placebo.
The most effective interventions are pharmacological, such as muscarinic antagonists including atropine
and pirenzepine. Orthokeratology and peripheral defocusing corrective contact lenses are moderately
effective in controlling the progression of myopia.12 Unfortunately, drugs such as low concentrations of
atropine eye drops have not yet been marketed in mainland China. As a result, children with myopia are
still unable to use them. In addition, long-term use of atropine may cause side effects and long-term
e�cacy is still controversial.13, 14 Orthokeratology in China is still the main method of controlling myopia.
Most of the previous studies were related to the study of the safety and effectiveness of long-term use of
orthokeratology lenses. Because the users of orthokeratology lenses are children, parents’ concern about
safety, the degree of compliance when children try to wear these lenses, and relatively expensive prices
have led to many children unable to use orthokeratology lenses to control myopia. There are currently
fewer studies to address the issue of whether the use of orthokeratology lenses at different diopters will
affect the outcomes. In view of this, we systematically reviewed the related data of children who used
orthokeratology lenses in our hospital between January 2014 and April 2018 and grouped them according
to their diopters at the time of them �rst wearing lenses. We compare the e�cacy of different groups after
wearing lenses and then discussed the impact of orthokeratology lenses on children with different
diopters. All children enrolled in the team were able to adhere well and had regular follow-ups. Both
parents and children showed good compliance. We used a standard lens design and apply it to children
with low to moderate myopia. These patients who don’t have astigmatism or have low astigmatism do
not require the change of the lens design. All patients in this group achieved satisfactory corneal
reshaping results.

Our study found that after 2 years of wearing orthokeratology lenses, there were statistically signi�cant
differences with the interaction item between diopters and wearing times for each group, and the
estimated values were positive (OD: 0.0631D, OS 0.053D). This showed that the increase of binocular
diopters in different groups would be reduced with the increase of wearing time, and orthokeratology
lenses controlled the progression of myopia well. However, among groups, the diopter increase reduction
was different. For each 1.0D increase of diopters, the right eye diopter increase will go up by more than
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0.0631D, while that of the left eye will rise by 0.053D. In a retrospective study conducted by Lee in 2017, a
long period of follow-ups (up to 12 years) showed that overnight OK lenses can signi�cantly affect the
progression of refractive errors in children with myopia. The increase of diopters of the OK group was
approximately 0.2 to 0.3 per year, while that of the glasses-wearing group was approximately 0.4 to 0.5
per year. Their results showed that orthokeratology can control myopia for up to 8 years.15, 16 However,
other studies reported that the time-dependence of using OK lenses signi�cantly reduced the e�cacy of
their myopic controls. It was con�rmed that even without OK lenses, the diopters of myopic children
would drop, which is a natural process.11, 17–19 This means that as age increases, the difference between
the OK group and the control group gradually decreases. However, our study suggests that there are
differences in the control of diopters by OK lens. The higher the diopter, the poorer the e�cacy. As age
increases, children’s diopters are also rising, indicating that age and diopter may be factors in the decline
of OK lenses’ e�cacy.

In our study, the results of the axial length comparison showed that there was no statistical signi�cance
with the interaction item in all groups, i.e., in all groups, both eyes’ axis length increased over time and the
magnitude of increase in each group was not different. This shows that although orthokeratology lenses
can signi�cantly control the elongation of the axial length,20–23 regardless of the diopter of the
orthokeratology lens, its control of the axial length elongation does not differ signi�cantly. It is interesting
that the magnitude of elongation of the binocular axial length was related to gender. Our results showed
that with each additional year of wearing lenses, the axial length of the right eye increased by 0.1512mm;
male had an additional increase of 0.4014mm over female. The axial length of the left eye increased by
0.1386mm; males had an additional increase of 0.3885mm over female. In other words, in terms of
controlling the increase of the ocular axis by orthokeratology lens, there was a difference between
genders and it was more effective for female. This may be related to stronger compliance with adolescent
women compared to men, which led to better outcomes.15, 22

Conclusions
In summary, we performed a statistical analysis of children wearing orthokeratology lenses that had been
followed for 2 years. The study found that orthokeratology lenses should be worn as soon as possible
after the diagnosis of myopia as early wearing of orthokeratology lenses can better control the
progression of myopia. The group of children with less than 100 degrees of diopters showed signi�cantly
better results than the high myopia groups. There were no signi�cant differences between diopter and
axial length increase, but for female children, wearing orthokeratology lenses when diopters were low
proved to be more e�cacious in controlling axial length elongation than for male children.

The limitations of our study are the small number of subjects, the short follow-up time and the lack of
multicenter controlled studies. In addition, the average age of children in the group was 12.9±2.16 while
the current age of myopia diagnosis is getting younger. Whether or not children in 7–10 years of age still
have such a pattern requires further discussion. As a next step, we will collect more clinical cases and
conduct in-depth systematic research on more clinical centers inside and outside the country.
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Tables
 

Table 1: Patient inclusion and exclusion criteria

Inclusion Criteria Exclusion Criteria
Between 7 to 18 years of age Strabismus at distance or near

Myopia: between -0.50D and -6.00D in at
least 1 eye

Previous experience in contact lens wear or
various myopia control treatment (e.g.,

refractive therapy or progressive spectacles)
Astigmatism: <1.50D; with-the-rule
astigmatism (axes 180±30)≤1.25D;

astigmatism of other axes ≤0.50D in both
eyes

Past eye disease history, trauma, tumor,
corneal dystrophy, dry eye, etc.

distant best-corrected visual acuity (BCVA)
better than 0 log minimum angle of
resolution (logMAR) units (20/20)

Poor compliance, parental anxiety, cannot
strictly comply with the corresponding nursing

measures and review requirements
follow-up period greater than 2 years  
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Table 2: Basic conditions of the enrolled patients

Diopters
groups

Age Gender

(male/female)

Diopter
Right

Diopter
Left

Axial
length
Right

Axial
length left

<-1.00D 11.7±2.21 4/6 -0.83±0.31 -0.73±0.27 23.85±0.47 23.69±0.42
-1.00D
~-2.00D

12.45±1.81 9/8 -1.54±0.31 -1.56±0.37 23.86±0.69 23.91±0.69

-2.00D
~-3.00D

12.5±1.90 4/8 -2.35±0.29 -2.42±0.62 23.92±0.54 23.86±0.55

-3.00D
~-4.00D

13.75±2.17 10/10 -3.36±0.26 -3.37±0.58 24.85±0.63 24.83±0.73

-4.00D~
-5.00D

13.0±2.41 6/6 -4.19±0.26 -4.11±0.58 24.63±0.85 24.3±0.77

-5.00D~
-6.00D

13.29±2.05 4/3 -5.21±0.17 -5.20±0.27 5.1±0.82 24.98±0.66

Total 12.9±2.161 37/41 -2.82±0.35 -2.78±0.37 24.35±0.81 24.26±0.79

 

 

 
Table 3 Diopter and wearing time interaction item (group*time) in right eye

Effects Estimates Standard deviation Degree of  Freedom T Value Pr> |t|
group -0.9455 0.04277 147 -22.11 <.0001
time -0.3743 0.04848 147 -7.72 <.0001
group *time 0.06306 0.01737 147 3.63 0.0004
gender -0.1254 0.07686 147 -1.63 0.1048

 

 

 
Table 4 Diopter and wearing time interaction item (group*time) in left eye

Effects Estimates Standard Deviation Degree of Freedom T Value Pr> |t|
group -0.8460 0.05388 146 -15.70 <.0001
time -0.3141 0.04846 146 -6.48 <.0001
group*time 0.05285 0.01736 146 3.04 0.0028
gender -0.1531 0.1270 146 -1.21 0.2298
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Table 5 Axial length and wearing time interaction item (group*time) in right eye

Effects Estimates Standard Deviation Degree of Freedom T Value Pr> |t|
group 0.2660 0.04833 148 5.51 <.0001
time 0.1512 0.02043 148 7.40 <.0001
gender 0.4014 0.1490 148 2.69 0.0079

 

 

 

 

Table 6 Axial length and wearing time interaction item (group*time) in left eye

Effects Estimates Standard deviation Degree of Freedom T Value Pr> |t|
group 0.2349 0.04936 147 4.76 <.0001
time 0.1386 0.02302 147 6.02 <.0001
gender 0.3835 0.1522 147 2.52 0.0128

 


