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Abstract
● AIM: To compare clinical results between toric and spherical 
periphery design orthokeratology (ortho-k) in myopic 
children with moderate-to-high corneal astigmatism. 
● METHODS: This retrospective study enrolled 62 eyes of 
62 subjects using toric ortho-k lenses. These subjects were 
assigned to the toric group. Based on the one-to-one match 
principle (same age, proximate spherical equivalence and 
corneal astigmatism), 62 eyes of 62 subjects were enrolled 
and included in the spherical group. At one-year follow-
up visit, visual acuity, corneal astigmatism, treatment zone 
decentration, axial elongation and adverse reaction were 
compared between these two groups. 
● RESULTS: At the one-year visit, corneal astigmatism was 
significantly lower in the toric group (1.22±0.76 D) than 
in the spherical group (2.05±0.85 D) (P=0.012). The 
mean magnitude of the treatment zone decentration 
was 0.62±0.42 mm in the toric group and 1.07±0.40 mm 
in the spherical group (P=0.004). Axial elongation was 
significantly slower in the toric group (0.04±0.13 mm) than 
in the spherical group (0.09±0.13 mm) (P=0.001). The one-
year axial elongation was significantly correlated with 
initial age (r=-0.487, P<0.001) and periphery design of 
ortho-k lens (r=0.315, P<0.001). The incidence of corneal 
staining was lower in the toric group (8.1%) than in the 
spherical group (19.4%) (P<0.001). 
● CONCLUSION: Toric periphery design ortho-k lenses 
may provide lower corneal astigmatism, better centration, 
slower axial elongation and lower incidence of corneal 
staining in myopic children with moderate-to-high corneal 
astigmatism. 
● KEYWORDS: orthokeratology; toric; myopia; corneal 
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INTRODUCTION

T he prevalence of myopia is high in East Asia and an 
increasing prevalence of myopia in the United States has 

also been reported[1-3]. Hence, preventing myopic progression 
has attracted the interest of many researchers. Some myopia 
control treatments have been investigated, such as atropine[4], 
orthokeratology (ortho-k)[5-10], progressive spectacle lenses[11-12], 
and soft bifocal contact lenses[13]. 
Some previous studies have proved the potential of ortho-k 
for myopia control[5-10]. Moreover, the rate of axial elongation 
of the eyeball in children wearing ortho-k lenses has been 
reported to be 32% to 55% slower, compared to those wearing 
single-vision spectacles or soft contact lenses[5-10]. All of these 
studies used ortho-k lenses of spherical design on myopes 
with low astigmatism. Clinically, corneal astigmatism greater 
than 1.50 D (with-the-rule) is not a good indication for 
spherical design ortho-k lens due to the high possibility of lens 
decentration and induced astigmatism[14]. Thus, toric periphery 
design ortho-k has been developed to improve lens centration 
in such cases. Lyu et al[15] reported improved uncorrected 
visual acuity (UCVA) and decreased astigmatic refractive 
error when toric periphery design ortho-k lenses were used in 
patients with a combined myopia and astigmatism of 1.25 
to 4 D. Chen et al[16] also found that toric periphery design 
ortho-k lenses can slow axial elongation, compared with 
single-vision spectacles, in myopic children with moderate-
to-high astigmatism. To our knowledge, there is no published 
study on the differences between toric and spherical periphery 
design ortho-k in myopic children with moderate-to-high 
corneal astigmatism. The authors aimed to determine whether 
toric periphery design ortho-k lenses could provide a better 
myopic control effect.
In recent years, toric periphery design ortho-k lenses have been 
typically used on myopes with corneal astigmatism greater than 
1.50 D. Before 2013, there was limited use of toric periphery 
design ortho-k in our hospital. Hence, spherical ortho-k lenses 
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were mainly used even in myopic children with moderate-to-
high corneal astigmatism. A retrospective study was conducted 
to compare the visual results and axial elongation between 
toric and spherical periphery design ortho-k lenses in matched-
pairs of myopic children (age, spherical equivalence, corneal 
astigmatism) with moderate-to-high corneal astigmatism.
SUBJECTS AND METHODS
Subjects  This retrospective cohort study was conducted at 
Peking University Third Hospital. This study was carried out in 
accordance with the tenets of the Declaration of Helsinki. An 
informed consent was obtained from each subject. Sixty-two 
subjects, who were 8-16 years old, began using toric periphery 
design ortho-k lenses from 2013 to 2015, and had one-year 
regular follow-ups, were enrolled in this study. A random eye 
of each subject was included in the toric group. Before 2013, 
1045 eyes were fitted with spherical ortho-k lenses. Among 
those eyes, 358 eyes had corneal astigmatism more than 1.50 D. 
For a point of comparison, a one-to-one match was desired 
for each eye included in the toric group. Every eye in the toric 
group was matched with one eye of another subject, who was 
of the same age, and began to use spherical ortho-k lenses 
with proximate spherical equivalence (<0.50 D) and corneal 
astigmatism (<0.50 D). In this manner, 62 eyes of 62 subjects 
were chosen and included in the spherical group.
The inclusion criteria for subjects were as follows: 1) age 
within 8-16 years old; 2) myopia of 1.00-6.00 D; 3) with-
the-rule corneal astigmatism within 1.50-3.50 D; 4) best-
corrected visual acuity (BCVA) ≤0.00 logMAR; 5) regular 
follow-ups for at least one year. The exclusion criteria were: 1) 
binocular vision problems (e.g. strabismus); 2) ocular surgery, 
trauma, and infection disease during the follow-up; 3) the use 
of medications that might affect refractive development (e.g. 
atropine eye drops); 4) discontinued lens wear of more than 
two weeks during the follow-up.
Examinations  All subjects underwent a baseline comprehensive 
eye examination, which involved clinical history, UCVA, 
cycloplegic refraction, manifest subjective refraction with 
BCVA, slit-lamp examination, undilated ocular fundus 
examination, non-contact tonometry, corneal endothelium 
microscopy, corneal tomography (Sirius, CSO, Italy) and 
axial length measurement (Zeiss IOLMaster; Zeiss Humphrey 

Systems, Dublin, CA, USA). Baseline central corneal 
thickness, keratometry, pupil diameter and E value were 
automatically measured by Sirius tomography.
The clinical follow-up periods were one day, one week, one 
month and then every three months for both groups. At one-
year follow-up, after 6 to 8h of overnight lens wear cessation, 
the follow-up examinations involved UCVA measurements, 
slit-lamp examination, corneal tomography, axial length 
measurement and lens inspection to assess the condition of 
the lens. The magnitude of the treatment zone decentration 
relative to the corneal vertex was measured from the corneal 
tomography refractive power difference maps[17]. 
Orthokeratology Lenses Fitting and Wearing  Subjects in 
the toric group were fitted with Toric LK lens (Lucid Korea, 
Bonghwa, Korea). Subjects in the spherical group were fitted 
with Euclid ortho-k lenses (Euclid systems, Herndon, USA) 
(Table 1). Appropriate trial lenses were chosen according to 
corneal curvature, corneal astigmatism and corneal diameter. 
Then, the subjects tried the lenses for 30min. Fluorescein pattern 
was used to observe the fit of the lens in each eye under a slit 
lamp. All lenses had a 0.5-1.0 mm range of movement, a 3.0-4.0 mm 
flat contact area in the center of the cornea, a 1.0-2.0 mm
annulus of tear reservoir in the reverse curve, and a 0.5-1.0 mm area 
of annulus of tear reservoir in the peripheral curve. However, 
some lenses did not have a good central position in both 
groups. The magnitude of lens decentration of <1.0 mm was 
acceptable, and when the corneal condition permitted, lens 
diameter was increased to 10.8-11.0 mm to improve lens 
centration.
The subjects were given clear instructions regarding the 
wearing and maintenance of ortho-k lenses. All subjects 
continuously wore the ortho-k lenses for an average of eight 
hours during sleep, and did not wear the lenses during the day. 
The maximum allowance for treatment zone decentration was 
1.5 mm, if the cornea was healthy and UCVA was satisfactory. 
Otherwise, the ortho-k treatment was stopped.
Statistical Analysis  Data were analyzed using SPSS 21.0 
(SPSS Inc., Chicago, Illinois, USA). Paired sample t-test 
(normal distribution), Wilcoxon signed-rank test (non-normal 
distribution) and Pearson Chi-Square test were used to 
compare the data between these two groups. Partial correlation 

Table 1 Parameters of ortho-k lenses used in this study

Parameters Lucid toric LK lens Euclid ortho-k lens

Material Hexafocon A (fluoro silicone acrylate) Boston EQUALENS II (oprifocon A)
Oxygen permeability (cm2•mL O2)/(s•mL•mm Hg) 100×10-11 85×10-11

Diameter (mm) 10.4-11.0 (0.20 step) 9.80-11.6 (0.10 step)

Radius of curvature (mm) 6.5-12.0 (0.05 step) 6.00-12.50 (0.10 step)

Central thickness (mm) 0.21-0.25 0.22-0.26

Vertex diopter (D) +0.00 to +2.00 (+0.25 step) -5.00 to +5.00 (+0.25 step)
Cylinder power (D) 1.00, 2.00 None
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was used to analyze the correlative factors of axial length 
elongation during one-year follow-up. A P value <0.05 was 
considered statistically significant.
RESULTS
Baseline Data in Both Groups  No statistically significant 
differences were found in baseline values between these 
two groups in terms of age, spherical equivalence, corneal 
astigmatism, central corneal thickness, intraocular pressure, 
endothelial cells density, keratometry, E value, pupil diameter 
and axial length (P>0.05, paired sample t-test; Table 2). 
Uncorrected Visual Acuity  At the one-year follow-up, the 
average visual acuity in the daytime was 0.1 logMAR in both 
groups, and the difference was not statistically significant 
(P=0.386, Wilcoxon signed-rank test; Figure 1).
Corneal Astigmatism  At the one-year follow-up, the mean 
corneal astigmatism in the toric group was 1.22±0.76 D, which 
decreased significantly when compared with the baseline 
value (P=0.018, paired sample t-test). Yet, the mean corneal 
astigmatism in the spherical group was 2.05±0.85 D, and no 
statistically significant difference was found when compared 
with the baseline value (P=0.326). After wearing the ortho-k 
lenses for one year, corneal astigmatism was significantly 
lower in the toric group than in the spherical group (P=0.012, 
paired sample t-test).
Treatment Zone Decentration  The magnitude of the 
treatment zone decentration was measured in the refractive 
power difference map (Figure 2). The distribution of the 
magnitude of the treatment zone decentraton in the two groups 
is shown in Figure 3. The mean magnitude of the treatment 
zone decentration was 0.62±0.42 mm in the toric group and 
1.07±0.40 mm in the spherical group, and the difference was 
of statistical significance (P=0.004, paired sample t-test). Most 
of the treatment zone decentration was at the temporal (13/62, 
21% in the toric group; 26/62, 42% in the spherical group) and 

Table 2 Baseline data of subjects in the toric and spherical groups

Parameters The toric group The spherical group t P
Subjects/eyes (n) 62/62 62/62
Age (y) 12.2±2.1 (8-16) 12.2±2.1 (8-16) 0 1
SE (D) -4.28±1.61 (-1.00 to -6.00) -4.24±1.58 (-1.25 to -6.00) -1.116 0.292
CA (D) 2.35±0.52 (1.50-3.40) 2.29±0.49 (1.50-3.30) 1.226 0.268
CCT (µm) 541.4±31.2 543.5±30.2 -0.791 0.528
IOP (mm Hg) 15.11±2.70 15.67±2.90 -1.496 0.198
ECD (n/mm2) 3281.6±276.1 3258.2±254.8 1.510 0.140
Keratometry flat (D) 42.53±1.18 42.64±1.26 -1.236 0.252
Keratometry steep (D) 44.87±1.34 44.95±1.27 -1.267 0.245
E value 0.54±0.11 0.55±0.12 -1.144 0.285
PD (mm) 3.68±0.53 3.71±0.56 -1.640 0.118
AL (mm) 25.37±0.90 25.33±0.91 0.879 0.451

SE: Spherical equivalence; CA: Corneal astigmatism; CCT: Central corneal thickness; IOP: Intraocular pressure; ECD: Endothelial cells 
density; PD: Pupil diameter; AL: Axial length.

Figure 1 Snellen UCVA in the daytime in the toric and spherical 
groups.

Figure 2 Measurement of the magnitude of the treatment zone 
decentration in the refractive power difference map  Red point: 
Corneal vertex; Yellow point: The center of the treatment zone; White 
line: The distance between the corneal vertex and the center of the 
treatment zone.
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inferior temporal (24/62, 39% in the toric group; 20/62, 32% 
in the spherical group) direction. 
Axial Length Elongation  During the one-year follow-up, 
axial length increased from 25.37±0.90 to 25.41±0.82 mm in 
the toric group and from 25.33±0.91 to 25.42±0.84 mm in the 
spherical group. Significant axial elongation was recognized 
in both groups during the one-year follow-up (P=0.023 and 
0.002, respectively; paired sample t-test). Axial elongation was 
significantly smaller in the toric group (0.04±0.13 mm) than 
in the spherical group (0.09±0.13 mm) during the one-year 
follow-up (P=0.001, paired sample t-test). 
Correlative Factors of Axial Elongation  In all 124 eyes, 
factors at baseline and one-year follow-up were analyzed. The 
one-year axial elongation significantly correlated with initial 
age (r=-0.487, P<0.001) and the periphery design of ortho-k 
lens (toric or spherical) (r=0.315, P<0.001), but not with initial 
spherical equivalence, intraocular pressure, pupil diameter, 
initial central corneal thickness, initial corneal curvature, initial 
corneal astigmatism, initial E value, initial axial length and 
treatment zone decentration at one-year follow-up.
Adverse Reactions  No significant adverse reaction was 
observed in the subjects of either group. Merely mild corneal 
staining (grade 1, Efron Grading Scale) was observed in 
both groups of subjects at one-year follow-up. The incidence 
of corneal staining in the toric group (5/62, 8.1%) was 
significantly lower than that in the spherical group (12/62, 
19.4%) at the one-year visit (Pearson Chi-square, χ2=22.66; 
P<0.001). In the toric group, central corneal staining was 
common. However, superior and inferior corneal staining was 
common in the spherical group (Table 3). 
DISCUSSION 
In 2009, Chan et al[18] first reported a successful case of a 
child with high corneal astigmatism, who was fitted with a 
pair of toric ortho-k lenses. At present, many manufacturers 
have developed toric reverse geometry lens designs (toric 
reverse and/or alignment zones). The toric periphery design 

ortho-k can be used not only for the partial reduction of 
astigmatism, but also for the improvement of lens centration 
to some degree in myopic subjects with astigmatism greater 
than 1.50 D[15,19-22]. Chen et al[19] examined the efficacy of toric 
ortho-k in correcting myopia combined with moderate-to-
high astigmatism. In their study, subjects aged 6 to 12y with 
myopia of 0.50-5.00 D and with with-the-rule astigmatism 
of 1.25-3.50 D were fitted with toric ortho-k 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 astigmatism 
was also decreased from 1.91±0.64 to 0.40±0.39 D (P<0.001) 
after one month of lens wear. Luo et al[21] conducted a self-
controlled clinical study, in which 24 subjects (42 eyes) aged 9 
to 16y with myopia of 2.50-6.00 D complicated with with-the-
rule astigmatism of 1.50-3.50 D were fitted with toric ortho-k 
lenses. The degree of astigmatism was significantly reduced 
from -1.81±0.53 to -0.41±0.39 D after one month of lens 
wear (P<0.01). The mean axial length was 24.47±0.91 mm at 
baseline, which did not significantly differ from 24.48±0.94 mm
after one year of lens wear (P>0.05). Furthermore, Chen 
et al[16] conducted a two-year non-randomized clinical study. 
Subjects aged 6 to 12y with myopia of 0.50 to 5.00 D and with 
with-the-rule astigmatism of 1.25 to 3.50 D were enrolled in 
the toric ortho-k group (n=35) or single-vision spectacles group 
(n=23). The average axial elongation in the toric ortho-k group 
(0.31±0.27 mm) was 52% slower than that in spectacles group 
(0.64±0.31 mm). This myopia control efficacy was similar to 
some studies that compared spherical ortho-k lens and single-
vision spectacles in myopic children with astigmatism of 
<1.50 D[5,7,10].
To our knowledge, this study is the first to compare visual 
acuity, topographic change, axial elongation and adverse 
reaction between toric and spherical ortho-k lenses in myopic 
children with moderate-to-high corneal astigmatism. In 
the present study, although the visual acuity in the daytime 
was similar in these two groups, toric ortho-k lenses can 
significantly decrease corneal astigmatism by 48.1% (from 
2.35 to 1.22 D), while spherical ortho-k lenses can only slightly 
decrease it by 10.5% (from 2.29 to 2.05 D). Lyu et al[15] and Luo 
et al[21] reported decreased astigmatic refractive error (30.4%, 
from 2.07 to 1.44 D; 77.3%, from 1.81 to 0.41 D; respectively) 
when Lucid toric ortho-k lenses were used by patients with 

Table 3 Mild corneal staining at different corneal locations in the 
two groups at the one-year visit                                                          n

Location The toric group The spherical group
Central 2 1
Inferior 1 6
Superior 2 5
Nasal 0 0
Temporal 0 0

Figure 3 The distribution of the magnitude of the treatment zone 
decentration in the toric and spherical groups.
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combined myopia and moderate-to-high astigmatism. The 
present study revealed the moderate effect of toric ortho-k 
lenses on reducing corneal astigmatism.
In the present study, the mean magnitude of the treatment 
zone decentration was 0.62±0.42 mm in the toric group, which 
was significently lower than that in the spherical group 
(1.07±0.40 mm). This result revealed that toric ortho-k lenses 
provided better centration in myopic children with moderate-
to-high astigmatism. However, this effect was limited, and 
16% of eyes continued to exhibit obvious decentration 
(treatment zone decentration >1.0 mm), because other factors 
could affect lens centration, such as eyelid asymmetric force 
and tear film. 
It was also found that toric ortho-k lenses had a stronger effect 
on myopia control, and axial elongation was 55.6% slower 
compared to spherical ortho-k lenses in myopic children with 
moderate-to-high astigmatism. This result revealed that toric 
ortho-k lenses could not only improve lens centration, but also 
enhance the efficacy of preventing myopia progression, when 
compared to spherical ortho-k lenses.  
In the present study, axial elongation during the one-year 
ortho-k lens wear was found to be associated with initial age. 
This result was in agreement with some previous studies, in 
which a significant negative correlation was revealed between 
initial age and the change in axial length after one or two years 
of ortho-k treatment[7-8,16,23-24]. All these studies revealed that 
younger children had more axial growth when wearing ortho-k 
lenses, regardless of which design was used. In the present 
study, a correlation was also found between axial elongation 
and the periphery design of ortho-k lenses in myopic children 
with moderate-to-high corneal astigmatism, which conformed 
to the comparison of axial elongation between these two 
groups. 
Many clinicians have been concerned with the potential 
increased risk involved in the overnight wear of contact 
lenses, such as microbial keratitis, peripheral ulcers and 
conjunctivitis[25-26]. In the present study, no significant adverse 
events were found other than corneal staining in both groups of 
subjects. Spherical ortho-k lenses wear tended to increase the 
incidence of corneal staining (spherical: 19.4%; toric: 8.1%). 
The incidence of corneal staining in the toric group was similar 
to the report of Chen et al[16]. Central corneal staining may be 
due to poor lens hygiene or insufficient lubribation by artificial 
tears before lens removal.
The limitations of the present study were listed as follows. 
First, this study had a retrospective design. According to the 
ortho-k fitting principle, a prospective randomized study does 
not conform to the tenets of the Declaration of Helsinki, and 
is not warranted. Second, subjects in the spherical group used 
different brand of ortho-k lenses. It had different material 
and lens design from Lucid ortho-k lenses, which may have 

interfered with the comparative results to some degree. Finally, 
the follow-up period was only one year, and long-term results 
would have been beneficial. 
In conclusion, compared to spherical ortho-k lenses, toric 
periphery design ortho-k lenses may offer similar visual acuity, 
lower corneal astigmatism, better treatment zone centration, 
slower axial elongation and lower incidence of corneal 
staining in myopic children with moderate-to-high corneal 
astigmatism. Therefore, toric periphery design ortho-k may be 
a better choice for myopia combined with moderate or high 
corneal astigmatism, which is not only for better centration, 
but also for slower axial growth and lower incidence of corneal 
staining. Further long-term prospective studies are required to 
affirm these results. 
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