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Purpose: The purpose of this multi-institute, single-group clinical trial was to evaluate the effectiveness and 

safety of toric orthokeratology lenses for the treatment of patients with combined myopia and astigmatism.

Methods: A total of 44 patients were included in this clinical trial. The patients ranged in age from 7 to 49 years, 

with myopia of -0.75 to -6.0 diopters (D) and astigmatism of 1.25 to 4.0 D. After excluding 21 subjects, 23 sub-

jects (39 eyes) were analyzed after toric orthokeratology lens use. The subjects underwent ophthalmologic 

examination after 1 day and 1, 2, 3, and 4 weeks of wearing overnight toric orthokeratology lenses.

Results: A total of 19 subjects (31 eyes) completed the trial after five subjects (eight eyes) dropped out. In the 

patients who completed the study by wearing lenses for 4 weeks, the myopic refractive error decreased 

significantly by 2.60 ± 2.21 D (p < 0.001), from -3.65 ± 1.62 to -1.05 ± 1.64 D. The astigmatic refractive error 

were also significantly decreased by 0.63 ± 0.98 D (p = 0.001), from 2.07 ± 0.83 to 1.44 ± 0.99 D. The mean 

uncorrected and corrected visual acuities before wearing the lenses were 2.14 ± 0.80 logarithm of the logMAR  
(logMAR) and 0.05 ± 0.13 logMAR, respectively, which changed to 0.12 ± 0.30 logarithm of the logMAR  (p < 

0.001) and 0.01 ± 0.04 logMAR (p = 0.156) after 4 weeks. No serious adverse reactions were reported during 

the clinical trial.

Conclusions: Our results suggest that toric orthokeratology is an effective and safe treatment for correcting vi-

sual acuity in patients with combined myopia and astigmatism.
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Although corneal cutting procedures such as laser-assist-
ed in situ keratomileusis and laser-assisted subepithelial 
keratectomy are commonly used to adjust corneal thick-
ness and in order to restore or improve deteriorated vision, 
several side effects of these procedures have been reported. 

Specifically, laser-assisted in situ keratomileusis and la-
ser-assisted subepithelial keratectomy are associated with 
lack of visual acuity correction, development of astigma-
tism, and various corneal diseases [1,2]. As an alternative, 
investigators and clinicians have begun to focus on the use 
of orthokeratology lenses to prevent the progression of my-
opia. Importantly, orthokeratology can be used in patients 
for whom surgery is not financially viable or who do not 
want to undergo laser treatment [3,4]. 

Orthokeratology is a reversible method used to correct 
vision, and a number of reports have been published since 
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Jessen first attempted in 1962 to change the corneal curva-
ture using a polymethyl methacrylate contact lens, which 
at the time was referred to as orthofocus [5]. With the re-
cent development of rigid gas-permeable (RGP) contact 
lenses, which have high oxygen permeability, there has 
been increased interest in orthokeratology due to the de-
creased potential for side effects of wearing lenses during 
sleep [6,7].

Unlike common contact lenses, the lenses used in ortho-
keratology are designed with a ‘reverse geometry’ in which 
the curvature in the center is flatter than that at the periph-
ery [7]. Importantly, the inner surface of the lens presses 
down on the elevated corneal center to reshape the cornea 
[5]. This reshaping acts to correct myopia by maintaining 
the cornea in a depressed state for a certain period. In this 
way, vision can be improved with minimal corneal damage.

However, in order to correct myopia, orthokeratology 
lenses must be precisely placed at the corneal center, which 
is difficult in patients with astigmatism resulting from a 
difference in corneal curvature between the long and short 
axes [3,4]. Consequently, the vision-correction success rate 
of patients with both myopia and astigmatism is markedly 
decreased compared to that of patients without astigma-
tism. In addition, the prevalence of astigmatism is as high 
as that of myopia in Korea and East Asia, almost 60%, and 
this value significantly increases with age [8].

In order to correct astigmatism caused by corneal curva-
ture defects, orthokeratology lenses must have more than 
two aspherical curvatures that match the shape of the cor-
neal surface, which allows the lens to be placed precisely 
at the center of the cornea [9,10]. Thus, toric orthokeratolo-
gy lenses with more than two curvatures are expected to 
be useful in correcting the vision of patients with both my-
opia and astigmatism. On this basis, we investigated the 
effectiveness and safety of toric orthokeratology lenses for 
the correction of myopia combined with astigmatism.

Materials and Methods

This was a multi-institute, single-group clinical trial 
conducted at Seoul St. Mary’s Hospital and Uijeongbu St. 
Mary’s Hospital from February 6, 2014 to June 20, 2014. 
Approval was granted by the respective institutional re-
view boards of each institute, and a clinical trial permit 
was obtained from the Ministry of Food and Drug Safety. 

This study was carried out in accordance with the tenets of 
the Declaration of Helsinki.

Subjects

At the screening visits, the investigators informed the 
subjects of the complete details of the clinical trial, after 
which the subjects signed a written consent form. We then 
obtained demographic information, history of ocular dis-
eases, and current disease information from each subject 
and determined visual acuity, refractive error, corneal to-
pography, slit-lamp microscopy, corneal endothelial cell 
count, central corneal thickness (CCT), intraocular pres-
sure, Schirmer’s test result, and tear break-up time.

The inclusion criteria for subjects were as follows: (1) 
age between 7 and 49 years, (2) myopic refractive error of 
-0.75 to -6.0 diopters (D) and astigmatic refractive error of 
1.25 to 4.0 D, (3) radius of corneal curvature within the 
range of 46.00 to 39.75 D (7.34 to 8.5 mm), (4) horizontal 
corneal diameter larger than 11.0 mm, (5) occupation and 
environment allowing wear of lenses for more than 7 hours 
during sleep, (6) ability to follow instructions during the 
clinical trial, and (7) willingness to participate in the clini-
cal trial and provide signed written consent. 

The exclusion criteria were: (1) Schirmer test result less 
than 10 mm or tear break-up time shorter than 10 seconds, 
(2) abnormal findings during slit-lamp microscopy; inflam-
mation, erosions, ulcers, or angiogenesis in the cornea after 
wearing the lens for a 30-minute trial period, (3) allergies, 
(4) eye diseases that would have made participation in the 
trial difficult as judged by the investigator, (5) contraindi-
cation for wearing contact lenses, (6) wearing of RGP lens-
es within the 2 weeks prior to the screening visit, (7) diag-
nosed strabismus, (8) past corneal refractive surgery, (9) 
pregnancy, nursing, or planning to become pregnant, and 
(10) significant disease that would have made participation 
in the clinical trial difficult as judged by the investigator. 
Candidates who met any one of the above criteria were ex-
cluded from the trial. 

Examinations

At the first visit (day 1), subjects tried the toric orthoker-
atology lenses prescribed at the screening visit and were 
informed of the precautions that must be taken when 
wearing the lenses, as well as the potential adverse reac-



436

Korean J Ophthalmol Vol.30, No.6, 2016

tions. Slit-lamp microscopy was performed, the refractive 
error was measured, and any adverse reactions to wearing 
the lenses were assessed. Fit was confirmed during slit-
lamp microscopy, along with determination of abnormal 
corneal findings. To confirm fit, we verified that there was 
pressure on the cornea, and that a space was maintained 
between the back of the toric orthokeratology lens and the 
cornea. While monitoring the changes in the kerato-con-
junctiva, the ocular status in each subject’s anterior seg-
ment was scored from 0 to 4 points using the Efron grad-
ing scale [11]. Moderate to severe scores in this test were 
considered as indicators of an adverse reaction. Any other 
clinically significant findings in the kerato-conjunctiva 
were also recorded as adverse reactions.

In cases of poor lens fit, subjects were able to request up 
to three new prescriptions. All subjects were instructed to 
wear the lenses for an average of 7 hours during sleep and 
to not wear the lenses during the day. 

The second visit (day 2) took place 1 day after wearing 
the toric orthokeratology lenses overnight. Both uncorrect-
ed visual acuity and refractive error were measured, and 
slit-lamp microscopy was performed. Compliance and ad-
verse reactions were assessed. The same tests were repeat-
ed after 1, 2, and 3 weeks of lens wear. On the last visit 
(week 4), in addition to performing the tests described 
above, corneal endothelial cell count and CCT were mea-
sured. The toric orthokeratology lenses used in the trial 
were Toric LK Lens (Lucid Korea, Bonghwa, Korea). The 

characteristics of the lens are described in Table 1.

Statistical analysis

The primary outcome measures in this study were myo-
pic and astigmatic refractive errors after toric orthokera-
tology lens use. For convenience of analysis, the astigmatic 
refractive error represented only corneal astigmatism not 
lenticular astigmatism. Limbus-to-limbus astigmatism was 
not included in this study. Secondary study outcomes in-
cluded visual acuity, corneal curvature, time to reach the 
target uncorrected vision of 16 / 20 after wearing the lens-
es. To assess safety, slit-lamp microscopy was performed, 
and the ocular status score in the anterior segment was re-
corded. Corneal endothelial cell count and CCT were also 
measured, and the total incidence of adverse reactions was 
evaluated. Statistical analyses of myopic and astigmatic re-
fractive errors were performed using a two-tailed, paired 
t-test. For all other outcomes we used a two-tailed, paired 
t-test or Wilcoxon’s signed-rank test as appropriate. The 
change in ocular status score in the anterior segment, as 
determined using slit-lamp microscopy, was input into a 
split table (frequency, ratio) and analyzed using Bowker’s 
test. For all statistics, a p-value <0.05 was considered sig-
nificant. For missing values and when subjects dropped out 
before the trial was completed, the data from the subject 
was not included in our analysis.

Table 1. Characteristics of the toric orthokeratology lenses used in the trial

Characteristics Value
Material Hexafocon A (fluoro silicone acrylate)
Lens transmissibility 100 × 10-11 (cm2/s) ([mLO2]/[mL : mmHg])
Oxygen permeability 100 × 10-11(cm2/s) ([mLO2]/[mL : mmHg])
Diameter (mm) 9.5-12.0 (0.1 mm step)
Radius of curvature (mm) 6.5-12.0 (0.5 mm step)
Central thickness (mm) 0.21-0.25 
Vertex diopter +0.00 to +2.00 (+0.25 D step)
Weight (mg) 5-100 
UVA (316-380 nm) transmittance Less than 17%
UVB (280-315 nm) transmittance Less than 3%

D = diopters; UVA = ultraviolet A rays; UVB = ultraviolet B rays.
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Results
In this clinical trial, a total of 79 eyes (44 subjects) were 

screened at one of two trial-conducting institutes; 40 eyes 
(21 subjects, 50.63%) were excluded after screening, leav-
ing a total of 39 eyes (23 subjects, 49.37%) to be tested af-
ter lens use. Thirty-one eyes (19 subjects, 39.24%) complet-
ed the trial. Details of the subjects’ eyes at registration are 

presented as a schematic diagram in Fig. 1. The partici-
pants comprised 21 women (77.78%) and six men (22.22%). 
The mean age was 21.81 ± 8.89 years, with a range of 7 to 
39 years. There were no pregnancies among the 19 women 
of childbearing age that were included in the study.

Table 2. Spherical and cylindrical refractive errors measured at screening and after 4 weeks of toric orthokeratology lens use

Refractive error (D)
Spherical Cylindrical

Baseline Week 4 Baseline Week 4
No. of eyes 31 31 31 31
Mean -3.65 -1.05 2.07 1.44
SD 1.62 1.64 0.83 0.99
Median -3.75 -0.50 1.75 1.25
Minimum : maximum      -6.00 : -0.75      -5.00 : 2.00       1.25 : 4.00       0.00 : 3.75
Week 4-baseline*

Mean ± SD 2.60 ± 2.21 0.63 ± 0.98
95% CI 1.92 to infinity 0.33 to infinity
p-value†

 <0.001  <0.001

D = diopters; SD = standard deviation; CI = confidence interval.
*Absolute value of the difference between the values at screening and week 4; †Wilcoxon’s signed-rank test.

Fig. 1. Numbers of subjects recruited for the study and who dropped out. The reasons for exclusion and drop-out are described. TBUT = 
tear break-up time.

79 Eyes (44 people)
Subjects screened

45 Eyes (27 people)
Subjects participated

31 Eyes (19 people)
Subjects completed the trial

34 Eyes (17 people)
Subjects excluded

Failed to meet the inclusion criteria 2
(range of refractive error): 22 eyes (11 people)

14 Eyes (9 people)
Subjects dropped out

Failed to meet the inclusion criteria 4
(horizontal corneal diameter): 6 eyes (4 people)

Withdrew the consent: 8 eyes (5 people)

Failed to meet the inclusion criteria 4
(horizontal corneal diameter): 28 eyes (14 people)
Met the exclusion criteria 1
(Schirmer test & TBUT): 2 eyes (1 person)
Had missing data: 2 eyes (1 person)
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Myopic and astigmatic refractive error 

The mean myopic refractive error changed from -3.65 ± 
1.62 to -1.05 ± 1.64 D after wearing the lenses for 4 weeks, 
which constituted a statistically significant decrease of 2.60 
± 2.21 D (p < 0.001). The correction of myopia by toric or-
thokeratology lenses resulted in a superior refractive state 
(Table 2 and Fig. 2). The mean astigmatic refractive error 
changed from 2.07 ± 0.83 to 1.44 ± 0.99 D after wearing 
the lenses for 4 weeks, which constituted a statistically sig-
nificant decrease of 0.63 ± 0.98 D (p = 0.001). The correc-
tion of astigmatism by toric orthokeratology lenses result-
ed in a superior refractive state (Table 2 and Fig. 3). 

Uncorrected and corrected visual acuity

The mean uncorrected and corrected visual acuities at 
the screening visit were 2.14 ± 0.80 and 0.05 ± 0.13 log-
MAR, respectively. The equivalent values after wearing 
the toric orthokeratology lenses for 4 weeks were 0.12 ± 
0.30 and 0.01 ± 0.04 logarithm of the minimal angle of res-
olution (logMAR), respectively. The difference in uncor-
rected visual acuity was -2.03 ± 0.91 logMAR, which was 
statistically significant (p < 0.001). The difference in cor-
rected visual acuity was -0.04 ± 0.14 logMAR, which was 
not statistically significant ( p = 0.156) (Table 3). After 
wearing the lenses for 1 week, corrected visual acuity was 
greater than 16 / 20 in 29 eyes (93.55%). All of the eyes 

Fig. 2. Scattergram showing subject distribution according to 
myopic refractive error at the time of screening and at the end of 
the study. 
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Fig. 3. Scattergram showing subject distribution according to 
astigmatic refractive error at the time of screening and at the end 
of the study.
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Table 3. Uncorrected and corrected VA values measured at screening and after 4 weeks of toric orthokeratology lens use

VA (logMAR)
Uncorrected VA Corrected VA

Baseline  Week 4 Baseline Week 4
No. of eyes 31 31 31 31
Mean 2.14 0.12 0.05 0.01
SD 0.80 0.30 0.13 0.04
Median 2.30 0.00 0.00 0.00
Minimum : maximum 0.69 : 3.22 0.00 : 1.20 0.00 : 0.46 0.00 : 0.22
Week 4-baseline*

Mean -2.03 ± 0.91 -0.04 ± 0.14
95% CI -2.36 to -1.69 -0.09 to 0.01
p-value† <0.001 0.156

VA = visual acuity; logMAR = logarithm of the minimal angle of resolution; SD = standard deviation; CI = confidence interval.
*Absolute value of the difference between the values at screening and week 4; †Wilcoxon’s signed rank test.
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achieved a corrected visual acuity greater than 16 / 20 af-
ter wearing the lenses for 2 weeks.

Corneal topography and thickness

At the screening visit, the mean corneal curvature was 
42.54 ± 1.06 D, and the mean corneal diameter was 11.78 ± 
0.28 mm. After wearing the toric orthokeratology lenses 
for 4 weeks, the mean corneal curvature was 40.92 ± 1.38 
D and the mean corneal diameter was 11.76 ± 0.35 mm. A 
representative topographic pattern of corneal astigmatism 
is shown in Fig. 4A and 4B. After treatment, the difference 
in corneal curvature was -1.62 ± 0.96 D, which was statisti-
cally significant (p < 0.001). However, the difference in 

corneal diameter was -0.02 ± 0.35 mm, which was not sta-
tistically significant (p = 0.710). The mean CCT values be-
fore and after wearing the lenses were 560.21 ± 38.64 and 
545.76 ± 61.37 μm, respectively. The mean difference was 
-14.45 ± 37.46 μm, which constituted a statistically signifi-
cant decrease (p = 0.047) (Table 4).

Corneal endothelial cell counts

The mean corneal endothelial cell count at the screening 
visit was 3,196.55 ± 237.80 cells/mm2, which increased by 
40.72 ± 207.67 cells/mm2 to 3,237.28 ± 277.25 cells/mm2 
after 4 weeks of toric orthokeratology lens use. However, 
this difference was not statistically significant (p = 0.300). 

Table 4. Endothelial cell count and CCT measured at screening and after 4 weeks of toric orthokeratology lens use

Endothelial cell count (cells/mm2) CCT (μm)
Baseline Week 4 Baseline Week 4

No. of eyes* 29 29 29 29
Mean 3,196.55 3,237.28 560.21 545.76
SD  237.80  277.25  38.64  61.37
Median 3,066.50 3,245.50 555.00 557.00
Minimum 2,457.00 2,732.00 471.00 366.00
Maximum 3,676.00 3,759.00 621.00 623.00
Week 4-baseline†

Mean 40.72 ± 207.67 -14.45 ± 37.46
95% CI -38.27 to 119.72 -28.70 to -0.20
p-value‡ 0.3      0.047

CCT = central corneal thickness; SD = standard deviation; CI = confidence interval.
*Among the 27 patients (45 eyes) screened, one (two eyes) refused examination of endothelial cell count and CCT at week 4, and one patient 
(one eye) dropped out; †Absolute difference between the values at screening and week 4; ‡Paired t-test or Wilcoxon’s signed-rank test. 

Fig. 4. Typical topographic pattern of corneal astigmatism of subjects at screening (A) and at the end of the study (B). The average corne-
al astigmatism of subjects decreased from 1.9 to 1.6 diopters. OD = right eye.

A B
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The difference in hexagonality was -0.07 ± 12.07, which 
was also not statistically significant (p = 0.976). The coef-
ficient of variation before and after wearing the lenses was 
0.31 ± 0.05 and 0.33 ± 0.07. The difference of 0.02 ± 0.06 
was statistically significant (p = 0.027) (Table 4). 

Slit-lamp microscopy 

The Efron grading scale scores during the trial were 
normal for all eyes in all categories except for “corneal 
staining,” in which 38 eyes (97.44%) were normal, and one 
eye (2.56%) was graded as trace before wearing the lenses. 
After 4 weeks of lens use, 25 eyes (80.65%) were normal, 
four eyes (12.90%) were graded as trace, and two eyes 
(6.45%) were graded as mild. The difference in grading 
before and after lens use was not statistically significant (p 
=  0.815). 

Adverse reactions

A total of five adverse reactions developed in five sub-
jects, consisting of one case of ‘ocular pain’ (3.23%), one 
case of ‘conjunctival hyperemia’ (3.23%), one case of ‘for-
eign body sensation in the eyes’ (3.23%), and two cases of 
‘common cold’ (6.45%). In all cases, the adverse reactions 
ceased after the patients were prescribed additional artificial 
tears and were provided additional education regarding the 
proper wear and removal of the lenses. None of the patients 
in this study dropped out due to an adverse reaction. 

Discussion

With the introduction of orthokeratology by Wesley and 
Jessen in the early 1960s, many clinicians and researchers 
have attempted to correct myopia using rigid contact lens-
es; however, these attempts have been limited by patient 
discomfort and hypoxic corneal damage [5]. The develop-
ment of RGP lens material combined with advancements 
in contact lens manufacturing technology has led to the 
development of overnight orthokeratology, which enables 
patients to wear myopia-correcting contact lenses during 
sleep. In overnight orthokeratology, the reverse-geometry 
lens is designed with both a flatter central curvature and 
steeper peripheral curvature such that a tear reservoir can 
be formed, and the lens is precisely placed in the corneal 

center. 
In 2000, Nichols et al. [7] reported that overnight ortho-

keratology by the programmed application of RGP contact 
lenses with a reverse geometrical design is an effective 
means of temporarily reducing myopia. Furthermore, they 
suggested a possible mechanism of corneal remodeling 
through central corneal thinning. 

A number of clinical trials to date have concluded that 
orthokeratology can effectively reduce moderate to high 
myopia, and control the progression of myopia [12-18]. In 
addition, several reports have addressed the correction of 
astigmatism using orthokeratology lenses, although these 
effects are typically insufficient due to lens decentration 
[3,4,19,20]. 

To address the issue of decentration, Chen et al. [9] ex-
amined the efficacy of toric orthokeratology in correcting 
myopia combined with moderate to high astigmatism. In 
their study, subjects aged 6 to 12 years with myopia of 0.50 
to 5.00 D and with with-the-rule astigmatism of 1.25 to 
3.50 D were fitted with toric orthokeratology lenses. They 
reported that manifest myopia was significantly reduced 
from 2.53 ± 1.31 to 0.41 ± 0.43 D (p < 0.001), and that astig-
matism was also decreased from 1.91 ± 0.64 to 0.40 ± 0.39 
D (p < 0.001) after 1 month of lens wear. Similarly, in 
2013, Chen et al. [10] conducted a non-randomized clinical 
study in which toric orthokeratology was found to effec-
tively control myopia in children with accompanying mod-
erate-to-high astigmatism.

To our knowledge, this is the first prospective, multi-cen-
ter clinical trial to have investigated the effectiveness of 
toric orthokeratology in Korea. Specifically, we evaluated 
the effectiveness and safety of toric orthokeratology lenses 
in patients with both myopia and astigmatism. Patients 
wore the toric orthokeratology lenses during sleep for an 
average of 7 hours and for up to 4 weeks (28 days). The re-
sults showed than overnight toric orthokeratology reduced 
both myopia and astigmatism, although the degree of 
chance in astigmatism was relatively small. We attributed 
this small change to a weakened effect of the toric ortho-
keratology lenses to reshape the cornea during the night, 
as the subjects in this study visited our institute primarily 
in the afternoon. Thus, additional studies regarding the 
clinical effectiveness of toric orthokeratology in correcting 
astigmatism are needed. Unlike astigmatism, uncorrected 
visual acuity was significantly improved in our study, al-
though there was no change in corrected visual acuity. 
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Thus, our results suggest that toric orthokeratology lenses 
do not change the ocular features associated with correct-
ed visual acuity, which reflects the safety of this approach. 

A number of studies have suggested that various ocular 
parameters (corneal thickness in particular) are modifiable 
or predictive values for myopic reduction in orthokeratolo-
gy [21-26]. In 2000, Lui and Edwards [21] reported that 
CCT is the most predictive value of myopic reduction 
based on the results of a randomized controlled clinical 
trial involving 14 subjects who wore orthokeratology lens-
es during the daytime. Specifically, they suggested that a 
thicker initial central cornea is associated with a greater 
reduction in myopia. In addition, Li at el. [26] conducted a 
meta-analysis that included a total of 10 studies with 339 
eyes from 239 patients in order to assess the change to 
CCT by orthokeratology lens use in myopic patients. They 
found that CCT was reduced significantly between 1 day 
and 1 week, and that the most significant reduction oc-
curred between 1 day and 1 month. In our study, CCT was 
significantly decreased (p = 0.005) after 4 weeks of lens 
wear but remained within the normal range. This might 
have been due to the reverse-geometry lens pressing down 
on the corneal center, causing rearrangement of the epithe-
lium [7,27]. 

Among the five adverse reactions noted in five subjects 
during our trial, reactions exclusively concerning the lens-
es comprised four cases (12.90%), all of which were mild 
in nature and recovered fully. According to silt-lamp mi-
croscopy and other examinations of ocular parameters, 
there were no significant changes except for the CCT and 
coefficient of variation, although CCT remained within the 
normal range after 4 weeks. On the other hand, the change 
in coefficient of variation was considered to be a common 
effect of all types of contact lenses on corneal polymega-
thism, and the extent of the increase was not large relative 
to that noted in other studies [28]. Together, these data in-
dicate that use of toric orthokeratology lenses does not 
cause any significant changes in ocular conditions. On the 
basis of these findings, our results suggest that toric ortho-
keratology lenses do not have any serious harmful effects. 

One limitation of this clinical trial was that the follow-up 
period was only 4 weeks. Based on our results, additional 
studies with a longer-term follow-up are indicated. The pur-
pose of these studies should be to elucidate further aspects 
and complications of toric orthokeratology, such as mainte-
nance of lens centration or changes in ocular features. 

In conclusion, the effectiveness of toric orthokeratology 
lenses in correcting myopia combined with astigmatism 
was verified statistically. Orthokeratology lenses are cur-
rently limited to the correction of myopia; however, our 
results provide an experimental basis for broadening the 
scope of orthokeratology lenses to include the correction 
of astigmatism. Importantly, there were no notable adverse 
reactions or significant abnormal findings caused by use of 
toric orthokeratology lenses as determined by silt-lamp 
microscopy and other examinations. Therefore, toric or-
thokeratology can be considered an effective and safe 
treatment for correcting visual acuity in patients with 
combined myopia and astigmatism.
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