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Purpose: In this study, the changes in lens decentration and near visual acuity according to the corneal topography and
gaze angle were investigated while wearing aspherical center near multifocal soft contact lenses (hereinafter multifocal
lenses). Methods: Corneal types of 30 eyes of men and women in their 20s with corrected visual acuity of 0.8 or higher
were classified into symmetric and asymmetric bow-ties with superior and inferior steep, respectively, and wore center near
multifocal lenses made of omafilcon A, etafilcon A, and nesofilcon A. Subsequently, the gaze angle was changed 15° and
40° downward from the primary gaze. At that time, the decentration of the multifocal lens was measured, and area ratio of
the optical zone of the lens covering the participant's pupil at each gaze angle was calculated using Photoshop by dividing it
into an add zone and a distance zone. After measuring near contrast visual acuity under photopic and mesopic conditions,
the relationship among the lens decentration and changes in near contrast visual acuity between the corneal topography and
the lens types according to gaze angles was analyzed. Results: In all down gaze conditions, significant upward decentration
of the multifocal lens was observed in symmetric bow-tie typed cornea than in asymmetric bow-tie typed cornea. At 40°
down gaze, there was an interaction between corneal topography and lens type in the difference value of near low contrast
visual acuity with primary gaze under photopic condition, and there was a statistically significant interaction between
corneal topography and lens type in the difference of near high and low contrast visual acuity with primary gaze under
mesopic condition. It was also found that the ratio of pupil covered by the add zone of multifocal lenses did not correlate
well with near contrast visual acuity. Conclusions: Based on these results, it can be suggested that corneal topography
should be considered when fitting a multifocal lens since symmetric bow-tie typed cornea showed large lag depending on
the near gaze directions after wearing a multifocal lens, while the asymmetric bow-tie/inferior steep and asymmetric bow-
tie/superior steep typed corneas showed differences in near contrast visual acuity according to gaze habits and lens design.
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Table 1. Biometric data of the participants in this study
Average (Mean+SD)

Male 15
Gender
Female 6
Age (years) 24.43+.25
. Spherical —3.48+.12
Refractive error (D) —
Cylindrical —1.25+.08
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Table 2. Specification of multifocal contact lenses used in this study

Lens Proclear Multifocal ACUVUE Moist Multifocal Biotrue Multifocal
Manufacturer Cooper Vision Johnson & Johnson Bausch & Lomb
USAN Omafilcon A Etafilcon A Nesofilcon A
Wearing schedule 1Day
+6.0 0D~—10.00 D —9.00 D~+6.00 D +0.50 D~-9.00 D

Back vertex power (D) Single power

profile (+1.00 D)

Low (~ +1.25 D)
Med (+1.50 D~+1.75 D)

Low (+0.75 D~+1.50 D)
High (+1.75 D~2.50 D)

High (+2.00 D~+2.50 D)

Water contents (%) 62 58 78
Center thickness (mm) 0.09 0.09 0.10
Total diameter (mm) 14.2 14.3 14.2
Base curve (mm) 8.7 8.4 8.6
Lens design Center near aspheric Center near aspheric Center near aspheric (3 zone progressive)

Corneal type No. of eyes type (%)

AB/IS 6 (20.0)
AB
AB/SS 6 (20.0)
SB 13 (43.3)
SS 1(3.3)
Irregular 4 (13.3)

[

Fig. 1. Corneal type of the participants based on corneal
topographic pattern.
AB, asymmetric bow-tie; AB/IS, asymmetric bow-tie
with inferior steep; AB/SS, asymmetric bow-tie with
superior steep; SB, symmetric bow-tie; SS, superior
steep
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Fig. 2. Change of the centration of multifocal lenses based on corneal type and the gaze direction.
SB, symmetric bow-tie typed cormea; AB/SS, asymmetric bow-tie with superior steep typed comea; AB/IS, asymmetric
bow-tie with inferior steep typed cornea; S, superior; |, inferior; T, temporal; N, nasal directions
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Fig. 3. Statistical analysis of the lens decentration of multifocal contact lenses based on corneal and lens types.
A. horizontal decentration based on comeal type, B. vertical decentration based on comeal type, C. horizontal decentration
based on lens type, D. vertical decentration based on lens type

SB, symmetric bow-tie typed cornea; AB/SS,

asymmetric bow-tie with superior steep typed cornea; ABIIS,

asymmetric bow-tie with inferior steep typed cornea; S, superior; |, inferior; T, temporal; N, nasal directions

*, statistically significance between comparisons of p<0.05
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Table 3. Relative area of the pupil covered by the optical zone of each multifocal lens based on gaze direction under

photopic condition

Relative area of pupil covered by the optical zone of multifocal lens (%)

Lens Optical Corneal type SB AB/SS AB/IS
Zone Gaze Primary 15°down 40°down Primary 15°down 40°down Primary 15°down 40°down
A Add 64.2 64.2 62.3 64.2 64.2 62.7 64.2 64.2 64.2
Distance 35.8 35.8 37.7 35.8 35.8 373 35.8 35.8 35.8
B Add 54.0 54.0 483 54.0 54.0 529 54.0 54.0 53.7
Distance 46.0 46.0 51.7 46.0 46.0 47.1 46.0 46.0 46.3
c Add 54.0 54.0 53.9 54.0 54.0 54.0 54.0 54.0 54.0
Distance 46.0 46.0 46.1 46.0 46.0 46.0 46.0 46.0 46.0

SB, symmetric bow-tie typed cornea; AB/SS, asymmetric bow-tie with superior steep typed cornea; AB/IS, asymmetric bow-tie with

inferior steep typed cornea
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Table 4. Ratio of the pupil covered by the optical zone of each multifocal lens based on gaze direction under mesopic condition

Pupil area covered by the optical zone of multifocal lens (%)

Lens Optical Corneal type SB AB/SS AB/IS
Zone Gaze Primary 15°down 40°down Primary 15°down 40°down Primary 15°down 40° down

A Add 41.4 41.4 41.4 41.4 41.4 41.4 41.4 41.4 41.4
Distance 58.6 58.6 58.6 58.6 58.6 58.6 58.6 58.6 58.6

B Add 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8 34.8
Distance 65.2 65.2 64.6 65.2 65.2 65.2 65.2 65.2 65.2

Add 34.8 348 34.8 34.8 348 34.8 34.8 34.8 34.8

¢ Distance 65.2 65.2 65.2 65.2 65.2 65.2 65.2 65.2 65.2

SB, symmetric bow-tie typed cornea; AB/SS, asymmetric bow-tie with superior steep typed cornea; AB/IS, asymmetric bow-tie with

inferior steep typed cornea

2 C A= A, 40° 3P FA] Al A HAlo
0.84 mm(AB/SS)~1.18 mm(SB)Z 7}& Z¥ B dA=7}
0.67 mm(AB/SS)~0.93 mm(SB and AB/IS)®] C #ZKH T}
O 2 7% 999 53 9 HlIEo] 74E Aol 4
kot SBE Zhetoll Mt 5.6%p2] xko]7t BEE ATt
(Table 3).

Sk g Al A BE HE| 2 W= 28 5 A

‘{

H g [55PEFA] A] A 2] 7RI 8 FHe T
TGS HEe 747 41.4% 2 58.6%, BSF C d=z9] 7}
A= 2 A8 G99 HA9= 53 E2°] 34.8%2 65.2%
2 UERITHTable 4). WAA] 24 oi¥] AR 52372
Qete] Y8 g9 TF Y5 o] AW F 1551 F

*l *l EF A, B 2 ¢ @A=o] £XUE 22.8%p, 19.2%p

s ¢ T ﬂ?iﬂr(Table 3, 4). 3 uy
1 =% 4011*1 40° *8}% FA Aldlls BE A= F3HE T 7}
A& Foo] & —% Hloft

& A= sinou B d=E F
gk S = 2 AR 7 FETL FF
Hoju= %7} PYSERal, 71 A7 48 F9e] 5%
150] 64.6%Z 0.6%p o] TEE ATK Table 4).
A A 2 C A= ZE Alodle A Fol] BAglo]
Aol A 15° 8P FA] Alololl= AlZHE REE7E A
H3EA] S AR A4E 4 o, A AES
she 792k A =9 2E Al AIZHH RSt
Ao g oAt v B Al=2S 283 SBE 7t
785 3P FAIAETL 4002 AT 25 279
=

15w} gebd Zloleh AzEgT.

SBol| A= frofgh 7l

oS, o o}n

0

d

3. HE|ZH dxo| FAZE ¥ 27{2| CHH|AIZ s}
WA oA AW FA] Al AR LtHIAIE
(NHCVAYZ SB Ztoll M= A, B 2 C Az MU
0.030.13, 0.02+0.12 = 0.08+0.11 logMAR®] 3.0, H]th3
Uy Zhak F AB/SSE TUS A= FAUIE 0.08+0.04,
0.08+0.08 & 0.12+0.08 logMAR®] 1L, AB/ISY A&
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0.20+0.13, 0.15£0.10 2 0.08+0.13 logMAR®?| %]t} &A
Y 21 stollA AT AHHIA-(NLCVA)S A= &
AU Z SBo| A= 0.20£0.17, 0.19+0.14 2 0.19+£0.14 logMAR
0]JaL, AB/SSIIME FLU3 AR 0.2240.04, 0.27+0.12
92 0.32+0.15 logMAR©O| 131, AB/ASO A= 0.40+0.11, 0.35+
0.10 2 0.33+0.12 logMAR®| T} BFEA] Z7ol| A HH
ZFA] A NHCVAE SBAIAE A, B 2 C @dlz9] &A=
0.42+0.09, 0.35+0.11 2 0.37+0.09 logMAR®|. ™, BT}
AuUnE 24t 5 AB/SST 5 A= SAUIE 0.38+0.16,
0.37+0.19 = 0.40+0.13 logMAR®]| 1L, AB/ISY A&
0.52+0.21, 0.40£0.14 2 0.55+0.21 logMAR©?| %]t} &4
Y =4 sl NLCVAE A= =AU Z SBoA =
0.73+0.06, 0.65£0.10 2 0.65+0.10 logMAR®]13L, AB/SS
ANMe TYS SATE 0.68+0.15, 0.724022 L (0.72+0.08
logMAR©] %1 3L, AB/ISO| A+ 0.88+0.17, 0.78+0.10 2 0.82+
0.17 logMAR®| 1t} o]2fdt AHEHE] iAo} v A
27004 AW FA] Al 7+ HEl2E d=e] 7RI g9
T G vlEo] oA dRiA g BiEA] dX|E= A
oldS & 4 ULk F, A A= VIR JPe] &
2 27401] Agle] 7P & B
Aoy BE ZutollA 7Y £ A tiRiAES
Ho|A] ggrom, T3 FF G HE&S HYW B
C A= 2 A9 A tHHIA Y 3 AJoldt Ao = 1
ERgtth. wheba] e =0 7RRIE | ollA o] T}l
o] Ao FkS mA|H, ZpekA|YPuiet HFe] <A o
HIAIE S Hol= dlzo TRV Gebds e 4 3
A A 150 sPFO R FA7F HskR-S v WA Zzi
oA NHCVAE= SBY] 9= A, B ¥ C dlZo] &A=
0.05+0.05, 0.04+0.12 2 —0.03+0.09 logMARS] WH3}= 1}
ERf 1o H, Bt et F AB/SSE EYE =
AR 0.05+0.08, -0.02+0. 08 2 0.00+£0.09 logMAR2]
WIS ®H 3, ABISY 74+ 0.02+0.10, 0.00+0.06 2
0.05£0.05 logMAR2] E"‘;Z@P—e— YehithFig. 4). SBE z+

o
L.
T He HEo] £

o
L

>{d
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dhol] C =, AB/SSEH ZHete] B A= 2R A] AW FA]
B} 15° 3P FA1819S wl NHCVAZ} tha QA EE 72
TS eIl oY AR 21 Slof|lA] 15° sPEeE A
W3l A] HAlSR= NHCVA 3jols x| 3a) = 235
Hf A FAIASRZ FostA] &t 3, Y =4 3
oA NLCVA= SBolA= A, B 2 C AR &AY=E
0.02+0.08, 0.03+£0.09 2 0.04+0.08 logMAR®] ¥ 3}= e}
Wlow, AB/SSO] A= Y £HUZ 0.08+0.13,
0.00£0.06 2 0.03+0.05 logMARS] ¥ 3}Z, AB/ISA A=
0.02+0.04, 0.02+0.04 2 0.02+0.08 logMAR®] ¥3}= e}
WAL} NHCVAY 73-9-¢} iz x| 2 2| 3=} dl=
T ZF NLCVA9] o]t 2fol& 1% = it 19
U HEIXZ A= SR BAGle] 15° 3P FA] Al AW
FA] tiHl NLCVA7} ZHAEe A3s HYS o 5 U
Th(Fig. 4). BEA] 2204 AHA 150 3P FAI= F
AAEE vHERlS- ) NHCVAE SBollAl= A, B2 C &
=98] AR 0.01+0.06, 0.09£0.09 2 0.05+0.08 logMAR
o] H3lE B, AB/SSE FL3 TAIUIE 0.02+0.10,
0.02+0.10 2 0.03£0.12 logMAR2] W3S AB/SOI A+
0.10+0.06, 0.13+0.05 2 0.03+0.05 logMAR®] W3} e}

WRAThFig. 3). BAA] 2319 9ok g2 15° shd +
Al Al v 27042 NHCVAZE 2% A3tES &
UATE. TG BFEA] M= A= FFoll BAIGlo]
AB/SSET} AB/IS ZtHA|gol| ] BAH o2 {251 ¢
Z NHCVAS] A4S HIS & 4 ATHp<0.05). 34
Y Z4 slollAe] NLCVAE SB] A= A, B2 C ¥
z9] XY E —0.01£0.03, 0.09+0.08 = 0.03+0.06 logMAR
o] W3ls Jehldar, AB/SSOME TY SATHE 0.00
+0.00, 0.03£0.05 2 0.03£0.05 logMARS] W3S B 1L,
AB/IS2] 73-$-= 0.00£0.00, 0.05£0.05 2 0.03£0.05 logMAR
o] AlEHES UErATE WA 21 stellAe 2R
ol BAIQe] A9t B @ Z(p<0.05), A%} CH Z(p<0.05)
2 B} CHZ(p<0.05) AFolol| ] NLCVA x}ol7} B5F
SARCE o3 A0 =E Yelsted], A Al=RY BS} C
Az A, C AZKHT B AZA T 2 NLCVAY 7+
A5 Hole ASE et

gHA, AHoA 400 sho s FAZ T HeEkS o
2] 270 49] NHCVAE SBS] -9+ A, BB C A=
o] AR 0.1540.07, 0.16+0.10 B 0.13+0.10 logMAR®]
HskE JeRloH, AB/SSS] A= Y A= A

o

A 035, [oLensA oLensB mLensc| B 0357 [oLensA OlensB @lensC|
0.30 - 0.30 -
°§‘ 0.25 - I 025
= .
Photopic & 020 1 g %21
condition  0.15 - T 015 -
g <« .
O 0.10 - . g 010 . i
el imnl |l mo] ieiiLo N
4 000 L 'DLLI [] - — v . 7Z/m=iml B
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I T > |
z o.os-H \ ‘ Z 005 % FL\ \ ‘
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Fig. 4. Differences in high and low contrast visual acuity between primary and 15° down gaze based on corneal and

lens type while wearing multifocal contact lenses.

A. near high contrast visual acuity under photopic condition, B. near low contrast visual acuity under photopic
condition, C. near high contrast visual acuity under mesopic condition, D. near low contrast visual acuity under

mesopic condition

SB, symmetric bow-tie typed cornea; AB/SS, asymmetric bow-tie with superior steep typed cornea; ABIIS,

asymmetric bow-tie with inferior steep typed cornea

T(logMAR during 15° down gaze) — (logMAR during primary gaze)
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AB/IS9] 739 0.05£0.14, 0.10£0.06 2 0.17+0.10 logMAR
o] W3S YER A S LK (Fig. 5) NHCVA zte]o] F714
o= B4R Ax, AP = S5 ZF NHCVA
o] Folgh ol WA A BUTE 1 FHA 15°
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NLCVAE SB9 ZA9E A, B ¥ C d=9 &AH=E
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Fig. 5. Differences in high and low contrast visual acuity between primary and 40° down gaze based on corneal and
lens type while wearing multifocal contact lenses. A. near high contrast visual acuity under photopic condition, B.
near low contrast visual acuity under photopic condition, C. near high contrast visual acuity under mesopic
condition, D. near low contrast visual acuity under mesopic condition
SB, symmetric bow-tie typed cornea; AB/SS, asymmetric bow-tie with superior steep typed cornea; ABIIS,

asymmetric bow-tie with inferior steep typed cornea

T(logMAR during 40° down gaze) — (logMAR during primary gaze)
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WA 204 15° spdellA 400 spo 2 FAZET}
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Fig. 6. Differences in high and low contrast visual acuity between 15° and 40° down gaze based on corneal and lens
type while wearing multifocal contact lenses. A. near high contrast visual acuity under photopic condition, B. near

low contrast visual acuity under photopic condition, C.
D. near low contrast visual acuity under mesopic condition

near high contrast visual acuity under mesopic condition,

SB, symmetric bow-tie typed cornea; AB/SS, asymmetric bow-tie with superior steep typed cornea; ABI/IS,

asymmetric bow-tie with inferior steep typed comea

T(logMAR during 40° down gaze) — (logMAR during 15° down gaze)
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