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Purpose: In this study, the effect of changes in corneal aberrations when wearing toric soft contact lenses (hereinafter
toric lenses) and the effect of axial rotation of toric lenses on optical correction were investigated. Methods: A total of
41 myopic WTR-astigmatic eyes of patients in their 20s were included in this study, excluding those with monocular
visual acuity <0.8, or axial rotation >5° when wearing a toric lens with a double-thin design for axis stabilization. The
corrective effect was determined by measuring total, lower-order, and higher-order aberrations of the corneas before and
after wearing the toric lens, after which the change in aberration was measured after rotating the lenses by 30+5°.
Results: Corneal total and lower-order aberrations were significantly reduced when wearing toric lenses, and the
aberration increased again when the axis was rotated. In particular, in the high astigmatism groups, the corneal
aberrations were of almost the same level as before wearing the toric lens, indicating the most significant reduction in
the corrective effect of the contact lenses. In addition, despite wearing toric lenses, the corneal higher-order aberration
significantly increased, and its degree was greater during axial rotation. As the pupil size increased from 4 mm to 6 mm,
all corneal aberrations increased by more than double the for each measurement. Conclusions: This study revealed that
axial rotation of the toric lens causes significantly larger corneal aberrations than those at the axis stabilization, and the
degree of change increases as the astigmatism increases. Therefore, when the wearer’s degree of astigmatism is high, the
wearer's vision-related habits for minimizing axial rotation as well as considering the fit and design of toric lenses, may

be essential to obtain high visual satisfaction.
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Table 1. Classification of subjects who participated in this study

Axs1=A) Se1eia

Average
No. of eyes 41
Gender (female : male) 24 : 17
Age (years) 23.91+1.40
Refractive error (D)
sphere —4.5042.53
cylinder —1.54+0.74
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Table 2. Specifications of the toric soft contact lens used in

this study
Manufacturer CIBA Vision
Oxygen transmissibility (Dk/t) 26
USAN nelfilcon A
Monomer HPMC?, PEG", PVA*
Water content (%) 69
Base curve (mm) 8.6
Diameter (mm) 142
Lens axis marking At 3 and 9 O’clock
Spherical power (D) 0.00 to —8.00

Cylindrical power (D) -0.75, —-1.25, -1.75
Cylindrical axis (°) 180
Central thickness at 3.00 D (mm) 0.10

Back surface toric
double thin zone

Design

Wearing cycle Daily disposable

3HPMC: Hydroxypropyl methylcellulose, "PEG:Polyethylene glycol,
‘PVA: Polyvinyl alcohol

TE —4.50+2.53 Do|glaL, AA] WA EE —1.54+0.74 D ©]
ATH(Table 1).
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Fig. 1. The representative photo of the eyes fitted with toric
soft contact lens.
A. at axis stabilization, B. right after axis rotation
White arrows indicate reference mark.
S, superior; |, inferior; N, nasal; T, temporal
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Table 3. Classification of the subjects based on their total
degree of astigmatism

Astigmatic degree Total astigmatism

Group No. of eyes

(D) (D)
Low -0.75~-1.25 16 —0.86+£0.47
Moderate -1.50~-2.00 18 —1.74+0.23
High —2.25 and higher 7 —2.60+0.50
Total 41 —1.54+0.74
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Fig. 2. Change in corneal aberration according to the axis rotation of toric soft contact lenses.
A. Corneal aberrations in 4-mm-sized pupils, B. Corneal aberrations in 6-mm-sized pupils
*p<0.05, significantly different from each group compared by repeated measures ANOVA and Bonferroni test

Vol. 26, No. 3, September 2021

J Korean Ophthalmic Opt Soc.



164

o] a] 3}
gz

AT AR Fo3 skt vk
ZHE- A 0.13+0.04 yumo) AE Zut 3 9jFR=
= g} A9} = 3 Alol| 2+ 0.14+0.06 pm
0.17+0.09 pm= et = b o592} BAIglo] B
o2 oAl F7sEATHFig. 2).

FAiAle] FFA7IQ] 6 mm FFAAE 4 mm FFONA
oF AR 7 &Fo] UYElk ot HA|Z Q1 el 28f b
A YebEth &, 2] AR Egal= 2 A
1.75+0.51 ymol| A E &A= 28 & = kg3t Al 097+
0.39 pm= ZHASIATE 5 3 Al 1.6140.58 pm= THA]
S7kehe Fds HEidlen BAZ R E Fogh o]
Ak A ALty Afols EgdAlz 2 A
1.70£0.52 ymol| A &= 28 5 = <HFst A] 0.82+0.39
um= 7+

=

=
=
=1

=
Z_'

=
28k, = 3 A 1.50+0.57 yumE THA] E7}
sted olEgt A 7k Alole BAFCER fols)
ot Zhat . 9)geaf =gk B8Rz 2R 2 0.37+0.07 um
oA 8 & F g3t A9} 5 3)d Aledl 2+ 0.46+

=
024Hm w 052i024mni aﬂz ;‘d—jl ‘C‘Y 574];5«] o= ‘IQI‘

Min-Jun Hwang, Do-Kyun Kim, So Ra Kim, and Mijung Park

5527] 42 6mme] AuAES wlag 2, 94
sk AR A B2 4mmold] 6 mmos
ZHE5E o 20 olel 4 Aolr) R, weAe)
A5 o 3u olge) Aol mel 19Tt F37
meh o 2 374 ¢ & AROPFig 3), AAFR,
A2t 1AFAE BT 6 mme] T304 BAZCE
oA 9 2 AS & F AATHp<0.001 by paired t-test).
Gpel AT AR A DAY SRS FEA)
AR BlaEigi ot B Aqollae Egallz 8ol e 7
seale) eSStk Aold 9lolg 71710 sk,

2. LA =0 e E8
t 5}

AT dts AAGA =0l wet A =(-0.75~-1.25 D),
TE(-1.50~-2.00D) ¥ IE(-225D °|}) GAIFo=
Folu Efdl= 28 AS 2 = 3)AH Ao ZHukex)
E 4mm % 6 mm SFA7|AQ] o= o] BAIS)
S TH(Table 4 and 5).

r-{n:

oA F=27} F718H, 4 mm SFAA Y] iR 2 4 mm FEAA A FAe] Zet AAGA; 5 A9
Ao Z YESITH(Fig. 2). e BEYElz 2 A wAgo] HA FuE W A
A H6 mm 6 mm C H6 mm
04 mm A D4 mm Axi 04 mm
Axis IS IS i
rotation 4—, * rotation * rotation ——J *
Axis : Axis _ Axis
stabilization 4—, * stabilization _—, stabilization —_‘*
i e T ..., I, oo B,
I )
00 05 10 15 20 0.0 o_lg; 1,'0 1,]5 2,'0 00 05 10 15 20
RMS (um) RMS (um) RMS (m)
Fig. 3. Comparison of corneal aberrations between 4- and 6-mm-sized pupils.
A. Total, B. Lower-order, C. Higher-order
Table 4. Corneal aberrations in 4-mm-sized pupils when analyzed by degree of astigmatism
) RMS (um) .
Group Type of aberration - — - - p-value Bonferroni
1 Naked eye 2 Axis stabilization 3 Axis rotation
Total 0.59+0.13 0.32+0.11 0.53+0.12 0.000 1>2, 3>2
Low Lower-order 0.57+0.14 0.29+0.12 0.51+0.14 0.000 1>2, 3>2
Higher-order 0.13+0.04 0.12+0.04 0.14+0.06 0.131
Total 0.76+0.17 0.44+0.18 0.69+0.17 0.000 1>2, 3>2
Moderate Lower-order 0.75+0.17 0.41+0.18 0.67+0.17 0.000 1>2, 3>2
Higher-order 0.12+0.04 0.15+0.07 0.15+0.04 0.000 3>1
Total 1.04+0.17 0.49+0.17 1.02+0.22 0.000 1>2, 3>2
High Lower-order 1.03+0.17 0.45+0.19 0.98+0.19 0.000 1>2, 3>2
Higher-order 0.14+0.04 0.19+0.06 0.2740.16 0.000 3>1
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Table 5. Corneal aberrations in 6-mm-sized pupils when analyzed by degree of astigmatism

. RMS (um) .
Group Type of aberration - — - - p-value Bonferroni
1 Naked eye 2 Axis stabilization 3 Axis rotation
Total 1.37+0.28 0.79+0.26 1.23+0.32 0.000 1>3>2
Low Lower-order 1.32+0.29 0.68+0.30 1.13+0.33 0.000 1>3>2
Higher-order 0.37+0.06 0.37+0.10 0.44+0.21 0.000 3>1, 3>2
Total 1.77+0.41 1.00+0.36 1.58+0.34 0.000 1>3>2
Moderate Lower-order 1.73+£0.42 0.83+0.42 1.474+0.37 0.000 1>3>2
Higher-order 0.36:0.07 0.45+0.20 0.54+0.22 0.000 3>1, 2>1,
Total 2.45+0.36 1.29+0.45 2.4340.54 0.000 1>2, 3>2
High Lower-order 2.41+0.36 1.06+0.41 2.33+0.54 0.000 1>2, 3>2
Higher-order 0.40+0.07 0.66+0.29 0.64+0.37 0.000 3>1
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Naked eye Axis stabilization Axis rotation

| B ow astigmatism O Moderate astigmatism B High astigmatism|

Fig. 4. Comparison of the variance in comeal abermations in
4-mm-sized pupils analyzed by degree of astigmatism.
A. Total aberration, B. Lower-order aberration,
C. Higher-order aberration
*p<0.05, significantly different from each group
compared using one-way analysis of variance and
the Bonferroni test
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7He 3ks UYERATH(Table 5).
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Fig. 5. Comparison of the variance in comeal aberrations in
6-mm-sized pupils analyzed by degree of astigmatism.
A. Total aberration, B. Lower-order aberration,
C. Higher-order aberration
*p<0.05, significantly different from each group
compared using one-way analysis of variance and
the Bonferroni test
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