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Abstract

fluorescein staining was graded.

cells. It is a relatively safe method to correct myopia.

Background: We aimed to investigate the effect of short-term orthokeratology lens or frame glasses wear on
corneal thickness, corneal endothelial cells and vision correction in adolescents with low to moderate myopia.

Methods: Data of 100 adolescents with low to moderate myopia were retrospectively analyzed. The patients were
assigned into two groups. The experimental group were treated with night-wear orthokeratology lens, and control
group were treated with ordinary frame glasses. Follow up was carried out at the 3rd, 6th and 12th months of
treatment. The naked-eye vision, diopter, corneal curvature, intraocular pressure, axial length, endothelial cell count
and central corneal thickness were examined. Complications within 12 months were observed, and corneal

Results: The naked-eye vision of the experimental group was significantly higher than that of the control group at
the 3rd, 6th and 12th months, while the diopter of the experimental group was significantly lower than that of the
control group at these time points. The corneal curvature of the experimental group was significantly decreased
when comparing with that of the control group at the above 3 time points. The increase of axial length in the
experimental group was significantly less than that in the control group at the 6th and 12th months.

Conclusions: Short-term orthokeratology lens wear can effectively improve the naked-eye vision in adolescents
with low to moderate myopia without significant impact on the central corneal thickness and corneal endothelial

Keywords: Orthokeratology lens, Frame glasses, Correction of myopia, Corneal thickness, Corneal endothelial cells

Background

Myopia refers to a pathological phenomenon that when
parallel light passes through the dioptric system (the
body is completely relaxed) and the focal point is located
in front of the retina, so patients with myopia see distant
blurred and near clear [1]. At present, although there are
many studies on myopia, its pathogenesis is still unclear.
Most studies indicate that myopia is related to genetic
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and environmental factors [2]. Myopia, as a common
disease among adolescents, has an increasing incidence
and a trend toward the younger [3]. Statistics showed
that the number of myopic patients in the world had
reached 1.406 billion in 2000, and nearly 2 billion in
2010, accounting for about 30% of the global population.
It was predicted that the number of myopic patients
worldwide might exceed 4.7 billion by 2050, accounting
for 50% of the global population [4]. Various long-term
complications might occur in patients with the worsen
of myopia, including cataract, glaucoma or even retinal
detachment, which seriously impact the visual function
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Table 1 Grading of corneal fluorescein staining [13]
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Table 3 Comparison of naked-eye vision

Grade Degree of injury Treatment

0 A few dots of staining No Treatment

I Increased spots showing a Continuing lens wear and
scatter pattern using a small amount of eye

Il obvious clinical manifestations drop for cornea repair until the

; ' disappearance of symptoms

dense and diffuse spots PP ymp

M1l A large number of stippling Stopping treatment, adjusting
stains, aggregation and fusion  the lens, and giving
occurred in a large range symptomatic medication until

. — . the disappearance of
% Diffuse stippling stains of the P

) symptoms
whole cornea, mass fusion or ymp

even complete epithelial loss

of patients [5]. Research statistics showed that more than
300,000 people in China were blind due to myopia [6].
Therefore, the treatment for myopia is one of the major
clinical issues.

The approaches to correct myopia in clinic include
drug therapy, surgery, frame glasses and corneal contact
lenses etc. [7]. The most common way of correction is
using a pair of frame glasses for it is a simple method
and the glasses can be changed at will according to the
change of the patient’s eyesight [8]. Drug treatment can
be divided into long-term and short-term treatment. At
present, low-concentration atropine has made favorable
progress in controlling myopia, however, long-term use
of drugs, which results side effects and drug resistance,
needs to be further improved [9]. Surgical treatment is
generally used in patients over 18 years and with stable
diopters, which is not recommended for adolescents and
children [10]. Corneal contact lens consists of a plurality
of arc segments and includes three types: soft lens, rigid
lens and orthokeratology (OK) lens. Among them, the
OK lens plays a significant role against myopia and di-
opter change; besides, OK lenses only need to be worn
at night, which has less influence on the wearer’s daily

Table 2 Comparison of clinical data (n, %)

Factor Experimental group  Control group X p
(n=53) (n=47)

Gender 0.045 0832
Male 28 (52.83) 25 (53.19)
Female 25 (47.17) 22 (46.81)

Age (year) 0011 0916
> 10 vyears 22 (41.51) 20 (42.55)
< 10vyears 31 (5849) 27 (57.45)

Course of disease 0645 0422
>6months 10 (18.87) 12 (25.53)
<6months 43 (81.13) 35 (74.47)

Diopter 3.84+092 3.62+0.84 1.758  0.080

Group Control group  Experimental group  t p
(n=94) (n=106)

Before treatment  0.26 £ 0.04 0.25 £ 0.05 1569 0118

The 3rd month 025 + 0.05° 0.56 + 0.15° 20.063 0.000

The 6th month 023 + 005 064 + 0.12°° 32,176 0.000

The 12th month 020 + 0.04°* 092 + 0.07°"° 90.548  0.000

Compared with before treatment, °p < 0.01; compared with the 3rd month,
bp < 0.01; compared with the 6th month, °p < 0.01

work [11]. Some studies have shown that OK lens can
effectively improve diopter of myopic patients, but the
long-term directly contact of cornea gives constant
mechanical pressure to the eyes, which results certain
influence on the corneal layer of the patient [12].
Whether the short-term wear has influence on the endo-
thelial cells and corneal thickness of the wearer is
unclear.

Therefore, we carried out a study of short-term OK
lens or frame glasses wear for myopia correction in ju-
venile patients with low to moderate myopia, so as to in-
vestigate the influence on central corneal thickness and
corneal endothelial cells.

Materials and methods

Clinical data

The data of 100 adolescents (200 eyes) with low to mod-
erate myopia admitted to Tianjin Eye Hospital from
March 2016 to July 2017 were analyzed retrospectively
and grouped according to the different correction
methods. There were 53 patients in experimental group
(28 males and 25 females, aged 8—15 years, with an aver-
age age of 11.4 +2.2years) and 47 patients in control
group (25 males and 22 females, aged 8-15 years, with
an average age of 11.0 + 2.3 years). This study was ap-
proved by the Medical Ethics Committee of Tianjin Eye
Hospital. Written informed consent form was obtained
from all patients and their guardians.

Inclusion criteria

Patients were eligible if they were aged 815 years old;
had diopter from - 1.50 D to — 5.00 D, had with-the-rule
astigmatism less than 1.50 D; had against-the-rule

Table 4 Comparison of diopter (D)

Group Control group  Experimental group  t p
(n=94) (n=106)

Before treatment 3.84 + 0.92 362 £084 1.758  0.080

The 3rd month 425 + 1.20° 0.53 + 0.25° 29486 0.000

The 6th month 483 +126™ 044 + 0.19™ 33435 0000

The 12th month 536 + 1327 029 + 0.08°" 37.168 0.000

Compared with before treatment, °p < 0.01; compared with the 3rd month,
bp < 0.01; compared with the 6th month, °p < 0.01.
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astigmatism less than 1.00 D; could have corrected visual
acuity of both eyes at 1.0; could master the scientific
lenses wear method; had complete clinical data; and
cooperated with correction treatment, follow up and
regular review.

Exclusion criteria

Patients were excluded if they had immunological de-
fects, congenital defects, mental diseases, asthma or ma-
lignant tumors and needed long-term medication; or
were unfit for the correction plans.

Page 3 of 8

Instruments and materials

Overnight OK contact lenses (Equines II, oxygen perme-
ability 90-110, geometric reverse four-arc surface)
applied Corneal Refractive Technology. The slit lamp
microscope (YZ5S) was purchased from Topcon, Japan.
Corneal topography (TM-4) was purchased from Tomey,
Japan. Keratometer (ARK-510A) was purchased from
Nidek, Japan. Iolmaster was purchased from Zeiss,
Germany. Non-contact tonometer (Canon TX-F) was
purchased from Canon, Japan. Corneal endothelial
microscope was purchased from Nidek, Japan. VI-Cell

1.5

Naked eye vision

-o- Control group
-= Experimental group

Diopter(D)

-e- Control group
-=- Experimental group

Fig. 1 Naked-eye vision and diopter in the two groups. a: The naked-eye vision of the control group was significantly lower than that of the
experimental group at the 3rd, 6th and 12th months ("p < 0.001). b: The diopter of the control group was significantly higher than that of the
experimental group at the 3rd, 6th and 12th months (" p < 0.001). Compared with before treatment, ®p < 0.01; compared with the 3rd month,
Pp < 0.01; compared with the 6th month, p < 0.01
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Table 5 Changes of corneal curvature (D) Table 7 Changes of axial length (mm)

Group Control group  Experimental group  t p Group Control group  Experimental group  t p

(n=94) (n=106) (n=94) (n=106)

Before treatment 4340 £ 130 4325+ 1.54 0747 0456  Before treatment  24.55 + 0.33 24.58 + 041 0565 0573
The 3rd month 4345 + 138 4028 + 1.23° 17.058 0.000 The 3rd month 24.79 +032° 24.71 £ 043 1477 0141
The 6th month 4350 + 1.29 3962 + 1.12°%° 22298 0.000 The 6th month 2495 + 041%° 2476 + 043 3.188 0.002
The 12th month 4352 + 142 3938 + 1.32°° 21268 0000  The 12th month 2526 + 045°°° 2489 + 045 5804 0.000

Compared with before treatment, °p < 0.01; compared with the 3rd
month, Pp < 0.01

XR corneal endothelial cell counter (CEM-530) was pur-
chased from Beckman Coulter, USA.

Methods

Optometry

Visual acuity of patients was tested by a logarithmic vis-
ual chart at a distance of 5m. The uncorrected visual
acuity referred to the logarithm of the smallest row that
the patient saw (two eyes were tested separately), which
was tested starting with pointing the letters from big
ones to small ones. A slit lamp was used to examine the
patient’s eyes from right to left to see if there was any
pathological or morphological change. The nerve nip-
ples, macular area, retinal vessels and retina of patients
were examined. During the examination, patients should
roll their eyeball to ensure that no relevant diseases
occurred. The keratometer and corneal topography were
used to detect the overall morphology of the patient’s
cornea so as to evaluate the optical characteristics. The
tests were carried out for 3 times repeatedly. The num-
ber and regularity of corneal endothelial cells were
detected by corneal endothelial cell counter.

Wear method

The frame glasses in control group were made and wore
according to the conventional method, while patients in
the experimental group wore the OK lenses for 8—10h
overnight. Eye drop was given after awaking in the
morning, and 10 min later the lenses were removed.

Outcome measures

Main outcome measures

Follow-up was performed 3 months, 6 months and 12
months after the start of treatment. The naked-eye

Table 6 Changes of intraocular pressure (mmHg)

Group Control group  Experimental group  t p
(n=94) (n=106)

Before treatment  13.25 £ 148 1325 £ 162 0.000 0999

The 3rd month 1320 £ 162 1321+ 148 0.045 0.964

The 6th month 1321 +1.50 1320 + 1.58 0046 0963

The 12th month 1321 £ 1.56 1312+ 153 0411 0682

Compared with before treatment, °p < 0.01; compared with the 3rd month,
bp < 0.01; compared with the 6th month, °p < 0.01

vision, diopter, corneal curvature, intraocular pressure,
axial length, endothelial cell count and central corneal
thickness were examined.

Secondary outcome measures: Complications during
the correction period and corneal fluorescein staining
grade of patients were observed. See Table 1 for the
grading.

Statistical analysis

In this study, SPSS 20.0 (Shanghai Cabit, China) was
used for statistical analyses. GraphPad Prism 7 (Shen-
zhen SOFTHEAD, China) was used for output of figures.
Measurement data were expressed as mean + standard
deviation, compared between groups by independent
sample t-test, and compared within groups between dif-
ferent time points by paired t-test. The counting data
were expressed as percentage (%), processed by chi-
square test. There was a statistical difference when
p< 0.05.

Results

Analysis of clinical data

There was no statistical difference in clinical data be-
tween the two groups (all p > 0.05), so the two groups
were comparable. See Table 2.

Naked-eye vision and diopter

It was found that the naked-eye vision of patients in-
creased gradually in the experimental group, while de-
creased gradually in the control group. The naked-eye
vision of patients in the experimental group was signifi-
cantly higher than that in the control group at the 3rd,
6th and 12th months (all p< 0.001). The diopter
gradually decreased in the experimental group, while
gradually increased in the control group, and was

Table 8 Comparison of difference value in intraocular pressure

(mmHq)

Group Control group  Experimental group  t p
(n=94) (n=106)

The 3rd month 0.05 £ 0.09 0.04 £ 0.07 0869 0.386

The 6th month ~ 0.04 + 0.05 0.05 + 0.06 1.285  0.200

The 12th month  0.04 + 0.05 003 £0.04 1594 0123
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significantly lower in the experimental group than in the
control group at the 3rd, 6th and 12th months (all
p< 0.001). There was a difference between any other
time points (within group) in both groups in terms of
naked-eye vision and diopter (naked-eye vision: F=
32.098 in the control group, F=727.005 in the experi-
mental group, both p < 0.001; diopter: F = 29.613 in the
control group, F=1344.184 in the experimental group,
both p < 0.001). See Table 3, Table 4 and Fig. 1.

Corneal curvature, intraocular pressure and axial length
during follow-up period

It was found that the corneal curvature of the experi-
mental group decreased significantly compared with that
of the control group at the 3rd, 6th and 12th months of
treatment (all p < 0.001). The differences of intraocular
pressure between the two groups were not statistically
significant before treatment as well as at the 6th and
12th months of treatment (all p > 0.05). The increases of
axial length in the experimental group were significantly
less than those in the control group at the 6th and 12th
months (p= 0.002 and p< 0.001). The differences of
corneal curvature and intraocular pressure in the control
group between each time point were not significant (cor-
neal curvature: F =0.150, p = 0.930; intraocular pressure
F=0.019, p= 0.996), but there were differences in axial
length between each time point (F = 8.345, p < 0.001). In
the experimental group, there was no difference in intra-
ocular pressure and axial length (intraocular pressure
F=0.130, p= 0.942; axial length: F=1.393, p = 0.244),
but there were differences in corneal curvature be-
tween each time point (F=196.545, p< 0.001). See
Tables 5, 6, 7, 8 and Fig. 2.

Changes of endothelial cell count and central corneal
thickness

There was no difference in the endothelial cell count
and central corneal thickness as well as their difference
values between the two groups (all p > 0.05). Addition-
ally, the differences of endothelial cell count and central
corneal thickness within each group between different
time points were also not significant (all p > 0.05). See
Tables 9, 10, 11, 12 and Fig. 3.

Complications and corneal fluorescein staining

We found that the incidence of complications in the
control group was significantly lower than that in the ex-
perimental group (x*=4.913, p= 0.027), as shown in
Table 13. There was no statistical difference in the grade
of corneal fluorescein staining between the two groups
(Z=-0.255, p=0.799). See Table 14.
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Fig. 2 Changes of corneal curvature, intraocular pressure and axial
length. a: Compared with the control group, the corneal curvature
in the experimental group decreased significantly at the 3rd, 6th
and 12th months, Wp < 0.0001. b: There was no statistical difference
in intraocular pressure between the two groups at each time point
(all p> 0.05). c: The axial length at the 6th and 12th months in the
control group was significantly higher than that in the experimental

group, “p < 001, "p < 0.001

Discussion

Scholars have suggested that myopia is caused by both
genetic and environmental factors, while other studies
have shown that long-hour work and reading at short
range can also lead to myopia [14—17]. The incidence of
myopia among adolescents has increased significantly
mainly because their eyeball is in a state of adjustment
during long-hour short-range reading. Excessive adjust-
ment causes ciliary muscle to contract continuously,
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Table 9 Changes of endothelial cell count Table 11 Changes of central corneal thickness (um)

Group Control group Experimental group t p Group Control group  Experimental group  t p

(n=94) (n=106) (n=94) (n=106)

Before treatment 3345.15 + 13854 3332.72 + 142.88 0624 0533 Before treatment  533.55 £ 3051  531.85 £ 31.05 0390 0.697
The 3rd month ~ 3332.85 + 12968 332851 + 126.36 0.239 0811 The 3rd month 531.84 £ 29.18  529.84 + 29.58 0481 0631
The 6th month ~ 3329.27 +£ 11861 332639 + 113.84 0.175 0.862 The 6th month 52918 + 2839 528.11 £ 28.12 0.267 0.790
The 12th month  3316.17 £ 10651 331884 + 99.74 0.182 0856  The 12th month 52810 £ 27.92 52762 + 27.62 0.122 0903

eventually leading to function decline and axial myopia.
Survey showed that the incidence of myopia among
teenagers is positively related to the increase of school
work, and the incidence among adolescents in urban
areas is significantly higher than that in rural areas [18].
It is urgent for medical staff to find a better way for my-
opia treatment and prevention.

OK lens is a kind of auxiliary treatment, which differs
from ordinary contact lens in terms of design concept,
technology and materials. The OK lens adopts a multi-
arc design, which flattens patients’ cornea, reshapes the
corneal curvature, improves visual acuity, and avoids the
progress of myopia [19]. However, it is not clear whether
there is a safety problem when OK lens directly contacts
the cornea of patients. Therefore, this study aimed to ex-
plore the correction effects of short-term OK lens or or-
dinary frame glasses wear, and the influence on central
corneal thickness and corneal endothelial cells in adoles-
cents with low to moderate myopia to provide a basis
for clinicians in terms of correction plans.

Wen’s study showed that the naked-eye vision of ju-
venile myopia patients was obviously improved and the
diopter was reduced by wearing OK lenses [20]. In this
study, we compared two groups of patients and found
that the naked-eye vision in control group (ordinary
frame glasses) was significantly lower than that in the
experimental group (OK lenses) at each time point, and
the diopter in the control group was significantly in-
creased, with significant differences when comparing
with that in the experimental group at each time point.
It can be indicated that the OK lens significantly im-
proved the visual acuity and diopter in juvenile patients.
Wang’s 6-month study showed that OK lenses wear had
no significant impact on patients’ intraocular pressure,
and the axial length in patients wearing frame glasses
was significantly longer than that in patients wearing

Table 10 Comparison of difference value in endothelial cell

OK lenses [21]. We also detected the changes of corneal
curvature, axial length and intraocular pressure in the
two groups of patients. We found that the corneal curva-
ture in the control group was higher than that in the ex-
perimental group at each time point in the correction
process. Although the axial length increased in both
groups, it was significantly lower in the experimental
group than in the control group at the 6th and 12th
month of correction. The intraocular pressure between
the two groups had no significant difference during the
correction process. Our results indicate that OK lenses
can improve the corneal curvature and axial length, and
have no obvious influence on the intraocular pressure in
myopic patients, which is beneficial to the correction of
visual acuity. Study of Zhou et al. found that the corneal
curvature of patients wearing OK lenses was significantly
lower than that of patients wearing frame glasses, which
is consistent with our results [22]. We also examined the
corneal thickness and corneal endothelial cells in two
groups of patients, and found no difference in the two
indexes between the two groups. The results indicate
that although the OK lens directly contacts patients’ cor-
nea, it has no significant influence on corneal thickness
and endothelial cell count. Besides, we found no signifi-
cant difference in the corneal fluorescein staining grade
between the two groups. The incidence of complications
in the control group was significantly lower than that in
the experimental group. It indicates that patients wear-
ing OK lenses are prone to have complications. But we
found that the main cause of complications in the ex-
perimental group was the irregular wear method and
daily cleaning, and the complications were reduced after
giving guidance to the patients.

However, there are still some limitations in this study.
Firstly, the follow-up period was not long enough; the
mechanism of action has not been explored in depth;

Table 12 Comparison of difference value in central corneal

count thickness (um)

Group Control group  Experimental group  t p Group Control group  Experimental group  t p
(n="94) (n=106) (n=94) (n=106)

The 3rd month 30.08 £ 2521 2854 + 21.76 0460 0646 The 3rd month 492 +235 421+ 312 1.830 0.070

The 6th month 3468 + 2358  30.84 + 2542 1108 0269  The 6th month 534 + 235 484 +2.12 1572 0118

The 12th month 4448 + 3854 4035 + 35.84 0.782 0435 The 12th month 636 + 3.84 0.64 £ 415 0496 0621
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Fig. 3 Changes of endothelial cell count and central corneal thickness. a: There was no statistical difference in endothelial cell count in both
groups between each time point (all p > 0.05). b: There was no statistical difference in central corneal thickness in both groups between each
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indexes such as changes of tear film and peripheral cor-
neal thickness were not analyzed. Secondly, it is not
clear whether reading time and/or screen time had any
impact on the study results for we failed to record the
relevant data. Lastly, we used both eyes from each par-
ticipant, which may cause confounding in the study re-
sults. Therefore, we will carry out further studies with
larger sample size, longer follow-up, more adequate de-
tection indexes to explore the mechanism and to verify

Table 13 Comparison of complications (n, %)

Group Foreign  Visual Aseptic Keratitis Corneal  Total
body abnormality infiltration virus
sensation infection
Control group 0 (0.00) 2 (4.26) 0 (0.00) 1(Q213) 113 4
(n=47) (8.51)
Experimental 2 (3.77) 3 (5.66) 1(1.89) 3(566) 2(377) 1
group (20.75)
(n=53)

our results. In recent years, there is a kind of soft eye
contact lenses in the market. Report showed the safety
and convenience of soft lenses as compared with the
rigid lenses [23]. But at present there are no reports
about its long-term safety. Therefore, we also hope to
delve into this aspect in future studies, so as to provide
reference for clinical treatment.

Conclusions
In summary, short-term OK lens wear can effectively
improve the naked-eye vision in adolescents with low to

Table 14 Grade of corneal fluorescein staining

Group 0 | Il Il v
Control group 40 (85.11) 4 (851 1(13) 1(213) 1(2.13)
(n=47)

Experimental group 44 (83.02) 5(943) 3(566) 1(1.89) 0 (0.00)

(n=53)
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moderate myopia without significant impact on the cen-
tral corneal thickness and corneal endothelial cells. It is
a relatively safe method to correct myopia. And it is ne-
cessary to master the correct and scientific optometry as
well as methods for cleaning and preservation to better
play its role.

Abbreviation
OK: orthokeratology
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