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Purpose: This study aimed to investigate the effect of wearing toric soft contact lenses (hereinafter toric lenses) or soft
lenses for spherical equivalent prescription (hereinafter spherical lenses) on corneal aberration and contrast sensitivity of
astigmatism. Methods: Seventeen WTR-astigmatism in their 20s with corneal astigmatism of > —0.75 D were fitted with
toric or spherical lenses, and their corneal aberration and contrast sensitivity were measured and analyzed according to
pupil size. Their subjective satisfaction was also evaluated. Results: Only when wearing toric lenses, significant decrease
in corneal lower-order and total aberrations of WTR-astigmatism was observed compared with uncorrected eyes
regardless of pupil size. On the other hand, higher-order aberration when wearing both lenses was statistically larger in
6 mm-pupil than uncorrected eyes. Spherical lenses tended to reduce the difference in corneal lower-order and total
aberrations between astigmatic groups at 6 mm-pupil; however, when wearing toric lenses, the aberrations reduced
compared with the uncorrected eyes, and the difference between the astigmatic groups at all pupil sizes was also
decreased, but the largest in group III. Contrast sensitivity with toric lens wear was higher than the spherical lens wear,
and the difference of contrast sensitivity from 5 cpd or higher was statistically significant; however, contrast sensitivity
of group III significantly reduced from 5 cpd or higher regardless of prescription method. Higher satisfaction was
observed for all subjective symptoms except stiffness when wearing toric lenses than spherical lenses. Conclusions:
From the results, it was confirmed that corneal aberration and contrast sensitivity varies by pupil size depending on axial
correction when prescribing contact lenses for astigmatism, which affects the visual satisfaction of wearers. In addition, it
was possible to present academic research evidence that it is not appropriate to evaluate vision quality at the corneal
level with total high-order aberration when wearing back toric lenses.
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Table 1. The specifications of the soft contact lens used

in the study
Toric soft lens Spherical soft lens
Manufacturer CIBA Vision
USAN nelfilcon A
Monomer HEMA?, HPMC®, PEG*, PVA!
Oxygen 26
transmissibility (Dk/t)
Water content (%) 69.4
Base curve (mm) 8.8 8.7
Diameter (mm) 14.4 14.0
Lens axis marking At 3, 9 O'clock -
Sphere powers (D) 0.00 to —8.00 —-0.50 to —15.00
Cylinder powers (D) -0.75, —1.25, —-1.75 -
Cylinder axis (°) 180 -
Center thickness at 0.10
-3.00 D (mm)

Desi Back surface toric, )
&n double thin zone

Wearing cycle
FDA group
“HEMA: hydroxyethyl methacrylate
PHPMC: hydroxypropyl methylcellulose
‘PEG: polyethylene glycol
4PVA: polyvinyl alcohol

Daily disposable

Group 11
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2332 SPSS 22(SPSS Inc, Chicago, IL, USA)YE A8-3}

1. 2AZEANX XeHo| w2 tAote] Ztatk} H|W
%7}?“3 é?ﬂ«l LEEF =S} A=) 9 EY
Al Al ZtebEabE vl kst
(Table 2). ?Ud%ﬂ_% A Al Z4ete] A 9)xt= 4 2 6 mm
FaA7|AM 22 0.75£0.22 2 1.7240.58 umE e}
ZHoldo] wAHEA & Ut A9-(4 mm 3, 0.75+
0.23; 6 mm &, 1.80+0.48 um)2} AT A E¢
A== wAy *H et A9eats 4 2 6 mm EE L7

NA 212} 0.39+40.16 2 0.9140.40 pm= == o] Ut o
H] 71—71— 45.0% 2 7( 49.4%, 7}31: 71/\—3].39\_‘:13] g}\—o 1:!‘:
0.000.2 FAACE Fo3k 2fo| At F wAgdwel o
E 7 A9k Hlal A 4 2 6 mme] T3]0l A
BT pik 0.0002 EYA=] Fajglo] SAHSE f
oA AL AL AT F AU

ShH 74t 319)pEAte] 79, FF Y] 4mmolAE UL,
THHz 9 Bz wy Al Z2F 0.14+0.06, 0.14+0.04
2 0.1540.05 pm=E S = o] FAZXOE frogt WsE

Table 2. Change of comeal abermations after wearing spherical
equivalent- or toric soft lenses

Type of  Methods of RMS (um)
corneal vision Pupil size Pupil size
aberration  correction 4 mm 6 mm
Uncorrected 0.75+0.23 1.80+0.48
Corrected by
Lower- SE-SCL 0.75+0.22 1.724+0.58
order
Comrected by ) 39,0 16%%a  0.91£0.40%%
toric CL ’ ’ ’ ’
Uncorrected 0.14+0.06 0.43+0.13
: Corrected by "
Higher- SE-SCL 0.14+0.04 0.58+0.30
order
Corrected by - 154005 0.53+0.22%*
toric CL
Uncorrected 0.77+£0.22 1.87+0.46
Corrected by
Total SE-SCL 0.76£0.22 1.90+0.52
Comrected by ) 4340 16%%a  1,09038%%
toric CL ’ ’ ’ ’

*; significantly different from the value of uncorrected eyes at the
level of p<0.05 by paired t-test

**; significantly different from the value of uncorrected eyes at
the level of p<0.01 by paired t-tes

% significantly different from the value of SE-SLC at the level of
p<0.05 by paired t-test

SE; spherical equivalent
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2. AZEAX 30| [HE ChAOle] LIS & Ziafsxt

X ENZE B3 AHuAHdl mE 2Pkt 2fol&
FE27] 4 2 6 mmollA] tdRte] WA= (K, —0.75 D A
W IR, -1.25 D AWE; I, -1.75 D A= 57
shod H| a8 tH(Table 3-5).

Ueke] Z4at A2 3] 4mmollA 1 1T E I
9 AR ZH2} 0.63+0.09, 0.72+0.39 2 0.93+0.07 pm
2 2A990n, TF37] 6mmoAE SAUHE 1.52+
0.19, 1.82+0.08 2 2.06+0.18 pmE S & o] A=+ A}
o]] A9t Aol FAAOZ o5t 2™ (4 mm,
p=0.006; 6 mm, p=0.044), SF3717} ARl we} HA %
HE 952k 22t 241, 2.52 2 2208 THE Z01ES
& = AATKTable 3). FHA= w7 A] ZHet #Q)4=2}2]
A, 337 4mmolAE I, I3 2 ol A 22t
0.61, 0.73 & 0.93 umS.Z, 6 mmo|X= =ANZ Z+z+
1.40, 1.79, 2 1.95 pm= =X =o] WAREA] ¥ Uty
FAVHAl Uebstou, dA = Alolol|A] Zhat #]9)4=3}

o] FY3 Aol= 4mm FFIAI|ANARE FEEHITH
(4 mm, p=0.013). Whd, EYAN= W A] 7t A QF2=
S537] 4mmol A I, I 2 Pl A 242} 035+
0.05, 0.410.03 = 0.43+0.08 pm= =1L, 6 mmolAE
AR ZH2E 0.7940.12, 1.0140.09 2 0.84+0.18 pm=E =3
Hom, WAt & 2t 9k 2folof|A] &
A AL BEE A FUATHE mm, p=0.546; 6 mm,
p=0.274). 2} 29 A 9eas EYA= wHoZ <l
3] 4mm FFA7|NAME 44.4%0), 43.1%117) 2
53.8%(II) 7+ A8kl oH, 6 mm T& 7oA =
A=Y AR ZH2t 48.0%(IT), 44.5%(11T) 2
59.2%(IIw") 7He 7Haate] Zhet A 9jeate] oA A
& 5F0) S W ¢ & A2 YERITHTable 3).
g Uete] Z4ut n 942t 53 327] 4mmollA 1, 1T
2 M9 SXE ZH2E 0.15+0.02, 0.14+0.02 2L 0.11+
0.01 ym% SA A, TFZ7] 6 mmolA= A=
0.42+0.03, 0.47£0.04 2 0.37£0.01 pmE ZF = o] WA=
T Atole] A9F At BAFORE o3k AfolE 7HA|A]
2= Ao Z YERGES U4 mm, p=0.295; 6 mm, p=0.209),
A7 AR g A= HE 95 42
2.80, 3.36 ¥ 3.36H] 7}5F S7tsled ZF ol A A5k
S7HERG FA) SRS & 5 AATHTable 4). Tzl

Table 3. Comparison of comeal lower-order aberration between in the pupil sizes of 4 and 6 mm based on vision correction

methods
Methods of Pupil size RMS (um) p-value by Post hoc by
vision correction (mm) Group 1 Group 11 Group 111 Kruskal-Wallis test Mann-Whitney test
4 0.63+0.09 0.72+0.39 0.93+0.07 0.006 I<III
Uncorrected eyes
6 1.52+0.19 1.82+0.08 2.06+0.18 0.044 I<III
SE-soft lens 6 1.40+0.21 1.79+0.12 1.95+0.21 0.065
toric soft lens 6 0.79+0.12 1.01£0.09 0.84+0.18 0.274

SE; spherical equivalent

Table 4. Comparison of comeal higher-order aberration between in the pupil sizes of 4 and 6 mm based on vision correction

methods
Methods of Pupil size RMS (um) p-value by
vision correction (mm) Group 1 Group Il Group 1II Kruskal-Wallis test
4 0.15+0.02 0.14+0.02 0.11+0.01 0.295
Uncorrected eyes
6 0.42+0.03 0.47+0.04 0.37+0.01 0.209
Corrected eyes by 4 0.14+0.01 0.14+0.01 0.14+0.01 0.982
SE-soft lens 6 0.57+0.09 0.59+0.08 0.55+0.12 0.878
Corrected eyes by 4 0.15+0.02 0.14+0.01 0.16+0.03 0.960
toric soft lens 6 0.58+0.10 0.5120.04 0.52+0.09 0.771

SE; spherical equivalent
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= 08 Al 79t a9k A9, FF27] 4 mmolAE
I, It 2 IR A 22 0.14+0.01, 0.142£0.01 2 0.14+
0.01 ,umgi 6 mmol A= AHE 242t 0.57+0.09, 0.59+
0.08, & 0.55+0.12 pmE ZA o] WA Fe Ute]
%Sﬂr AR oW, FFA27d BA o] dA =T A
oM 7t 1A FAHCE Fo Afolg B

] EATH4 mm, p=0.982; 6 mm, p=0.878). -H E
g Al 24 19)5AE FFA7] 4mmolAlE W 1T
! ol A 242 0.1540.02, 0.14+0.01 2 0.16+0.03 pm
Xéﬂoiﬁ 6 mmo A= =AHNE Z+2}E 0.58+0.10,
0.51£0.04 2 0.5240.09 pm= S Jon, FF=7]0|
AIglo] 24t a19)ake] ztolo| A FAA oS &
2= 2] &Y TH4 mm, p=0.960; 6 mm, p=0.771). Z}=} 2]
FA= Bz nyo s FIFATV|A BAgle] BT
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Ao g gt TFAE HolA 3UTH(Table 4). et E
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2 Z2AEon EF37] 6 mmollAE AR 1.59+0.19,
1.89+0.08 = 2.15+0.15 ymE ZHE o] FA =T Aol <]
Zhat A A kol SAA SR 239 2 (4 mm,
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HZ A2 247 245, 2.55 2 2.268) 71 S71ERS
& = UK Table 5). TFHA= WA A] ZH; A2 4=212]
A, 337 4mmolAE I, I3 2 HolA] 22t
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AR 22 1.6040.20, 1.95+0.10 2 2.12+0.19 pm =
S = o] Ut A fAH YEhgoy, dAIE
Atolol| A} Zhat XMTXM I3 2HolE 4 mm FFEY
o] Mt TAE ATHp=0.080). ¥Hd, EFA= wA A] Z4ut
AAFAE F827] 4mmollM = 17, I 2 Il A
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OfX

fu e (N
Jm N‘“ FJ
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6 mmolAE SAYE Z42F 1.030.11, 1.16£0.09 2 1.03+
0.18 um= SAFNOH, FA =7l M 74 HA =}
o] ztolo| A BAA FAd FHFHA L UTHE mm,
p=0.643; 6 mm, p=0.719). 1} Zret AA 2= 2
Z WASZ A3t 4mm FF A7 = 40.0%(1T),
41.9%(IEE) 2 50.5%(IEE) 7FF 248193, 6 mm 532
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3. 2ZEHX HEHO WE HhAIQHe| CHH[ZE H|I
‘—r”?i{‘”—% 1;_; Eagﬂz oA /\] Oﬂ_‘qu]Alo]-,] r,HH |Ean=
D5 15, 3,5, 8, 13 2 21 cpdol|A]
HIZEE Hlawgh 23, 5 opd ofske] e ol
e SAH fede BauA ggte
= FHIAZE Y ARG EYlzg WA
E2 %S HERSITHFig. 1). 5, 5 cpd
oA THNE R Az wg A oEgEE 194 2
1.29 log units® YEFES M, 8 cpdill A= A= 27

Spatial frequency (cycle/degree)
1.5 3 5 8 13 21

Contrast sensitivity (log units)

10 - [ -®-Toric SCL_-a-SE-SCL |

Fig. 1. Comparison of contrast sensitivity between SE-SCL
and toric SCL.
*, significantly different from the value of SE-SLC at

the level of p<0.01 by paired t-test

[}

Table 5. Comparison of comeal total aberration between in the pupil sizes of 4 and 6 mm based on vision correction methods

Methods of Pupil size RMS (um) p-value by Post hoc by
vision correction (mm) Group I Group I Group III Kruskal-Wallis test Mann-Whitney test
4 0.65+0.09 0.74+0.03 0.95+0.07 0.005 I <11
Uncorrected eyes
6 1.59+0.19 1.89+0.08 2.1540.15 0.020 I <11
SE-soft lens 6 1.60+0.20 1.95+0.10 2.1240.19 0.080
toric soft lens 6 1.03+0.11 1.16£0.09 1.03+0.18 0.719

SE, spherical equivalent
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2.77 2 1.89 log units, 13 cpdollA= 4.61 2 3.48 log units,
21 cpdoll e 7.22 2 5.39 log units®Z FERY} 5 cpd ©]
o) I Gl = Ay giv] B3
Z wAA FAZXCE Foe =& WHIFES UE
o] Algo] Ho] 973 & T AUATHFig. 1).
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J
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5.73 log units, 21 cpd A= 5.06, 6.74 2 9.37 log units
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oL BEE A kthall p>0.05 by Kruskal Wallis
test).
Egal= wy AdE A4 I35 49 delAs
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A Spatial frequency (cycle/degree)

Contrast sensitivity (log units)

Spatial frequency (cycle/degree)
1.5 3 5 8 13 21

os)

Contrast sensitivity (log units)
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Fig. 2. Comparison of contrast sensitivity when analyzed by
pupil size and astigmatic degree.
A. Corrected by SE-SCL, B. Corrected by toric SCL
*p<0.05, significantly different from each group
compared by the Mann-Whitney test.
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Table 6. Comparison of subjective symptoms score between
SE-SCL and toric SCL

Subjective  Corrected eyes by Corrected eyes by

p-value by

symptoms SE-soft lens toric soft lens paired #-test
Blur 1.00£1.32 0.22+0.67 0.10
Photophobia 0.78+1.30 0.33+0.50 0.19
Glare 0.11+0.33 0.00+0.00 0.32
Tiredness 1.22+1.92 0.33+0.50 0.14
Eye pain 0.44+0.73 0.11+0.33 0.18
Stiffness 0.56+1.01 0.78+1.09 0.32
Visual acuity 2.56+1.24 0.67+0.71 0.01
Irritation 1.56+1.88 1.56+1.33 0.93
Itchiness 0.00+0.00 0.00+0.00 1.00
Dryness 1.33+1.87 0.67+0.71 0.20
SEI‘;:;E)%] 0.00£0.00 0.00:0.00 1.00
SE, spherical equivalent
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