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ool Alof 58 AR $08 FFsAel ek, ZHEa
= }gow fuuE Aok 57 @4e og 711 49

of] oJ&f WA 4= 1o} etafilcon A A2 =0 352
ugflense] @o] WALAL W HEIE Wol2AN gt
o] W3y} fEEthE AT ZEAGE vlFojRoel Tud
Ao 2 Qg FHlEd =] Z88 Wil FU2 F9
Shrt 9 bsAol 9 AR Hrn

olo]] & A= 28 A% 7)Zke] 1981 33 9]
24 Ao FYEZ, 28 AR 7|7te] 14991 1%
4= Hlo]&A AR EZHEd= 2 28 AR 7|7lo] 14
dol A3 vjo]2d THE 7K AP slol=zA
Azl tatel 22t phe] el A=E A AT
Ao ezl 2E @ 7 St ujAT] & FHE
Wze) 2UY WIS vwsjol W ST Q7S
Folo] 2ZEFYEN S HEoh= 77t wE v
A2 Az} Zd9 wsle] #AE vlaste] Alof 57
dogo] AJE W sAlol "= AEE, =58 AfolE
%

Mate] A9 2TEFYEN= o] Ego] A

X2

AY A AZTEFTYEUAZE etafilcon A(Johnson &
Johnson, U.S.A. Group IV), hilafilcon A(Bausch & Lomb,
U.S.A., Group II), comfilcon A(Cooper Vision, U.S.A., Group
DAAS A== 7} AFER F-=o] ~1.00 D, -3.00 D,
-5.00 D ¥ -7.00 DO]3ItK(Table 1). AJFFH A= L o
iz ko] AREE AR Sigma-AldrichM.O., U.S.A.)2]

Table 1. Properties of soft contact lenses tested

- A - wmA

AlFolen 24y S0l ASE A A= 9
AkAME, hgRI=)e] AlFe e

AzxsAtt. &, F4 9
Z Tl ok 0.9% Fo FEEY 20%, olaAY 20%,
SRR 60%] S 7H QEFe SA QI8
[=0.01, pH=7.4)S A|Z3}o] AZEZHEAZRE Y11
36°C, 50 rpmO-& Z8F3] A (Shaker CR300, FINEPCR, th
SHISHAIA ZYE-Z0| Fl Tl dS 2RI HEL <
T AZEFTUEUAZ HjF AIZHe B FE
717¥o] 14921 hilafilcon A2} comfilcon A A|& A=) 7
= 1Y, 39, 5, 7Y 2 14 Btollen, B 2HE-
717ro] 1921 etafilcon A A A== 1Y, 3Y, 59, 7¢
Foo|Ath. AZEFUEM =) HzatE WA g =
A2 QIFrdo )R] o2 A=} Hlwstnt
Sl FHo HjgA|Z] AZEZHENZ FTH] H7)E
A A 3 250 uLe] SDS 58l A 158 52 95°C
o] =7 Jtddte] Az EFYEYN= JiE @A s
FE3E TP @A AFLS Lowry WHS o] 8314
ELISA READER(THERMI max microplate reader, Molecular
Device, U.S.A)E 500 nmol|A F2=E S43FATH,

3. AZES

AT EFZHEYN =] FHHLE A5 U=PE7](Com-
puterized lensmeter CL-200, Topcon, Japan)S A}8-3}o]
wet cell o2 SA3IQJHFbl F-48 A7 A
o AZEFZHEUZRE AL X (20£1°C) 30% FoF A
g2l Fo F4deE A 3 F 7327 gle
wet cell(BC7009, Bernell, U.S.A)l A& Ag 4t =l

22 Yy AZEFHEH = EHlgo] W3] S-S

o= 2WY &Y

MO

Etafilcon A Hilafilcon A Comfilcon A
Water content(%) 58 59 48
Center thickness(mm) 0.084 0.05~0.075 0.075
Base curve(mm) 8.5/9.0 8.6 8.6
Diameter(mm) 14.5 142 14.0
Manufacturer Johnson & Johnson Bausch & Lomb Cooper vision
FDA group 1A% I I
Characteristic Tonic Non-ioninc Silicone hydrogel
Recommended wearing period(day) 1 14 14
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4. SAHXE|
Aso] AdeE YA+t EFHUAE FASIHoH, A2
2 A9 Z,:% FZHeEA=Z 719 HlIE T-testd}
ANOVAS- ©]83}] 95% AlF4Foll A folAdS st
QJrIe-17],
47 % oE

1. Etafilcon A Z{Z& #l=o| CHEZA (& Mol 2HY
o| #s}

Etafilcon A 22 ZHEAZE QlF+Hd| vfjer]Z]
713kl w2 3 %ﬁ 2 Fol WislE ol ghk(Fig.
1). =1.00 D #=9] A-g-, AFFHol| 1Y Hjdg Foll=
1083.9 pg/lens, 3Y thﬂ v ol = 1188.8 ug/lens, 5Y
7o) uj kol = 1656.9 pg/lens, 74 7t v %oll= 1670.4
pg/lens® v 717to] F7Fte] wet A EFHER =
2w g Qo] HApF o SRS & U
(R*=0.8748). -3.00 D A =9] o= g Y o] X <]
HlF 1Y Foll= 12902 pg/lensoll A 7Y F-o = 1840.4
ng/lens(R?=0.9954), —5.00 D] #A=2] H$ 1Y Foj=
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Fig. 1. Protein deposition of etafilcon A lens by its incubation
in artificial tear.
Values are expressed as mean =+ SD.(n=4)
*, Significantly different from protein deposition of etafilcon
A lens which was not incubated in artificial tear at
p<0.05 by ANOVA test.
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12304 pgllensoll A 79 F-olli= 19273 pg/lens(R>=0.9773).
—7.0 D2} 7% 1959 = 1094.4 pgllensoll A 7L Tl &=
1911.4 pg/lens(R*=0.8971)Z Aol AR 2E U3H
9] d=of|A 1FF} ek 7|7t S7HETE JAEHE=
g ofo] FAZR SR oA S ERlsithp
value_; oo p=0.014, p value_; oo p=10.042, p value_s 4 p=0.005,
p value7g p=0.023). 1Y AT EFHE=N= FEE
2 &= s did s 19 Aole SAFSE o3t
A ekt

A EFUERNZ| Tl go] A elA HH FHAdH
7HA AT o] HSh= ZH87HETE ol g} Aoke] TF
A= HPgH oz J3s vA 913}[5]. Tk AA A
74 9 wo]AABL IRl AT EFHNEH =] FE)
H3lE st 2R87tel| s Hl%; Rk ole} Fd
Ed=o] F34 545 7A0E o 24 E JIFS A
2 Aok % dS A 7FsAdol Aokar AZEE R
ot wEpA B AFolMe FHE- = 3 e
&l weh o] oG EEAE A& YotR T
A5t Wsle SAFA 2 FAF FEHVE OE AZEFY
Ed=zo EXA 11 T49 gt dEkd £ QJorgE 9]
FFdoz WiAs 1, 3,5, 79 B FFAZ] -1.00 D,
-3.00 D, -5.00 D ¥ -7.00 D2] etafilcon A A= =4H
& Asd=rH7E o]8dte] S8 thFig. 2). 1 A
3}, —1.00 DY etafilcon A AEZ= AFFHo| vk 7] A
o] =4 A%kl -1.00+0 Do|l ot v 1Y Foll=
+0.38 D= A o] AA FAsIATL w71 o] Ao
ArE Fdgo| F7ke7] AlAste 7Y $elle -1.69 D
2 34 F7FFITHR?=0.4273). -3.00 D2] etafilcon A
A= A Qg vjekE 7] Aoll= -3.00+0 DoA

Incubation time in artificial tear (day)
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Fig. 2. The change in refractive power of etafilcon A lens
induced by different incubation time in artificial tear.
Values are expressed as mean = SD.(n=4)
*, Significantly different from power of etafilcon A lens
was not incubated in artificial tear at p<0.05 by
ANOVA test.
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ol A wjeF 19 & —3.06 DE 7HAslgon, 79 Foe=
—5.88 DoJ| 0|23 01 (R>=0.4391), —7.00 D A== vk A
—6.50£0.31 DA 1Y Fol= —3.94 D, 7¢ Fo]l= -7.88
D(R?>=0.3974)2 EE YJEA QFFHd| 317 Tt
HjFBIAS v 28 g o] AT 3Y $HE = A
2t F7Vhe e RS RIS Q1FFdel wjek
57| &2 dlzo] 88} vlaste] vt 1Y o] B
d 249 e BAZCE Fo3t Aoldnt.
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3t HAIFH o Z v HAgo] VIS ZHY
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oA 238 FE o] 7HAThe HYwH, ol wid 2
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A9 FFo] viFE The e A 5 gl &, 2
BEN=o] Fu) Wsle] wpe F-Y FriRvhe Y3
g o] o vl gl ¥ 27| Wil AeF
A Wi 19 F FeEA = FAH] AAFHAS AL

E ARHA

Power of lens(D)
-1 -3 -5 -7
| . l
-80 -

-120

Decrease of refractive power(%)

-160 -

Fig. 3. Decrease of refractive power of etafilcon A lens after
1 day incubation in artificial tear.
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S B Ao)] ALE3) etafilcon A AR A== 1Y

Z2 AFFH 1Y T wjF F FHHo]
-1.00 D A== 138%, —3.00 D #AZE= 60%, —5.00 D &l
ZE 36%, —7.00 D A=2E 39% 7HAste] AA ZE Al
Aok &8 S FEE 7ol & Ao AZE Y
(Fig. 3). T3k o]#]3t Hel= &2 T4 d=BT= o
2 =49 gz § FA AT = v AS FR1
g AT

2. Hilafilcon A T{&E #lxo| CHHZA X Mol 2HY
of it

a3 Hlol A Adolm HEAATIZre] 149%0
hilafilcon A A2 FHENZE AFFHol Hol| 14Y
B AR F A ze] 2 el o
*UTE -1.00 D A== AFFH 197 v Foll=
245.1 ug/lens, 34 B Folli= 249.5 pg/lens, SYZF Bt
o= 297.5 pg/lens, 79 WY 3 292.7 pg/lens, 144 5ol
+ 357.2 pg/lens®] Tl o] IS W ATzt F
7ol whel J2 e eF =3 F716H 0K (R? = 0.9394)
etafilcon A A} 22| 73-9-9} BlW3}AS uff <F 20% ol 3l
It H2 ghlckolAnt. —3.00 D W= A$= widk
1Y ol 278.6 ng/lensoll A 14Y Foll= 362.4 pg/lens®]
chal A o] HZHE] Q) 0 W(R>=0.9474), —5.00 D @ =9] ¢
= HlF 1Y 90 2924 pgflensOll Al 14 F-of| = 366.3 pg/
lens®] ©H o] A 2w ITHR?=0.9854). —7.00 D #A=2] 7
$- Sk 19 Folli= 3052 pgllensoll A 14 Fol= 3519 pg/
lens®] ©hAo] 2= ITHR?=0.9890). Hilafilcon A 22 2]
A= AA] QIFFAol| A o] uljgA|gto] F7Hl wet =}
| Thig ofo] BE tFElA FAHCE frofatA St

400

200

100 -

Protein deposition(ug/lens)

-o--1D —k -- 3D -3--5D —=><-7D

0 1 ; ; 4 ; g ; 8 ; 1‘0 1‘1 12 1‘3 1‘4
Incubation time in artifical tear(day)

Fig. 4. Protein deposition on hilafilcon A lens by its incubation

in artificial tear.

Values are expressed as mean=xSD.(n=4)

*, Significantly different from protein deposition of

hilafilcon A lens which was not incubated in artificial

tear at p<0.05 by ANOVA test.
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Fig. 5. The change in refractive power of hilafilcon A lens
induced by different incubation time in artificial tear.
Values are expressed as mean = SD.

SFATHp value_; oo p="0.004, p value g p< 0.0001, p value_s o p
=0.001, p value 76 p= 0.030)(Fig. 4).

&} hilafilcon A AE W=o] 9 T 2
7} etafilcon A A& A=} H|wske] A 5] o]
Ao A0 Sz Bo] G A0 F
Group IVl &3R)= etafilcon A= ©]
= O] R F eolarelst e ol
9] FZro] @2 HHH | Group 119 48]+ hilafilcon A2] 73
3 Wloley nHE ALE A= FH 54 Tolo]
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O (T O 3

02
ro
o
)
%
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:
[

ola Tl FAAHETL xfolrt e & 4 UATH
AAZ hilafilcon A A2 A=ol| AZte ¢hld oko] ¥
ol wel Aol W3t w3 F2E o) etafilcon A
A AN=zol= o2 S B ATHFig. 5). =, Hilafilcon
A AE -1.00 D =] A9 Q13- ujd=7] Ao
E -1.00£0 DY ek 19 Zo= -1.25 D2 Z7}38}
Aom, wjrIzte] S et 24 =gk HAl 71
st i 149 Fol= 219 DY =HES B
(R?=0.8164). =3.00 D A= Q1 FHo| vjokE 7] Ao
= -3.00£0 D ¥or}, vieF 1Y Foll= -3.13 DAL H
&F71zro] STVl wet FdE o] Hal FUIste 14 &
o] & -4.31 DYTHR?=0.7835). S1&FHo] Hjoks] =] 9
2 -5.00 D M=o 4 FHHL 4.81£0.13 DIROY,
Aol vt HA HA} - o] Frlste] ik 14
A Foll= —5.13 DHATHR?=0.4594). Q13 FH ol Hl G|
A & -7.00 D A=) FHY ZHA= —6.69£0.13 D
Aom GA| QIF FHqM 2] v Fr|Tto] Tl wjet =
Y F7lete] 149 Folle= -7.19 DATHR?=0.5034). &
= =59 hilafiocon A A& A=A YERS A-FF 9]
717t STt e FEH e s FAFSE 9
S M3 A THp value_; o0 p< 0.0001, p value_s o p< 0.0001,
p value 5o p=0.048, p value ;49 p=0.036). Etafilcon A
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Fig. 6. Increase of refractive power of hilafilcon A lens after
14 days incubation in artificial tear.

Aol A= ujg 1Y Foll= - o] ZA 748k
o7t ujeF 713t STkl wEy 2 o] Svkske AR
= 29 hilafilcon A AQ A== XEF o2 FHY] F
7Fel o olgfdt Ayl= A= A 5 HEEE o
WA o] FRe} e AAdA Y o8 Zde Wl &
A} TEBL etafilcon A AA A== G5idl Ao HIT)

Hilafilcon A A& 2] A== etafilcon A A& L] A=
Hlal J2Es a4 20% A=l EFstASol=
B73tkal =4go] AA Wkt 53] -1.00 D2} -3.00
Do} 22 A=y A= Ag ks o A wo}
-1.00 D2} ¢ QlFFdo| vjFAIZIA] 5Y FHE,
-3.00 D] 79 74 °]FHE A HQ
ojutth, ¥HA —5.00 D2} —7.00 D2] 79 =
o] o] ZrlslH et FHg ] Wl W= V|F
HE Yol S0

w3k —5.00 D9} —7.00 D =0 Hl&| -1.00 D2} -3.00 D
g zol| o] AHAGTE O Fof =547 GeE 2 E ]
W3l A7t o 3-8 11 4= lglem, ol Axhe= <l
ol vjgE] 7] A} 28 A 71710 14 Bt wiF
H o] A= =4 Sl tigh S-S ¥R S W
-1.00 DI 749 119%9] S7F=, -3.00 DS 785~ 44%2] <5
7Fe, -5.00 DI 739 7%2] S7FE, -7.00 D] 739 12%%]
Z7HE Hole Aoz o] gk ' ERIE 4= QISth(Fig. 6).

3. Comfilcon A Z{ZE HI=o| CHHZE X & Mz o} ZHH
85t

Comfilcon A A @] TR ENZE AFFHA Hu)
A ZEAR] 14L7HA] v AR F gllzol| 2FE
7 kS ZA3}tHFig. 7). —1.00 D A=) AL ¢
o Wl 1Y Fo&= 74.1 pgllens, 38 Tl & 81.8 ng/
lens, 5 Foli= 83.4 pg/lens, 74F= 86.4 ng/lens, 14

[*)

J. Korean Oph. Opt. Soc.



388

A8 -

kA

200

150

100 +

50

Protein deposition(pg/lens)

——-1D —* -3D -8--5D —=<-7D

0 1 2 3 4 5 6 7 & 9 10 11 12 13 14
Incubation time in artifical tear(day)

Fig. 7. Protein deposition on comfilcon A lens by its incubation
in artificial tear.

Values are expressed as mean + SD(n=4).

*, Significantly different from protein deposition of
comfilcon A lens which was not incubated in artificial
tear at p<0.05 by ANOVA test.

ZZ2ES- B etafilcon

Y Fol= 97.1 pg/lens] Tl =
T‘:]_— 2 Zzeks-

AU hilafilcon A A& d=o) vl&) H SRR
HAoh 28y 1FF ujek 717to] F71stl| wet %)
B Sl ofol FUh= BAFCRE oAl Wtk
(R?=0.9625, p=0.016). =3.00 D A== wjeF | YFo=
70.0 pg/lensoll A 14 9= 100.7 pg/lense] T A o]
=] 9] © 1 (R?= 0.8883, p<0.0001), —5.00 D A=) 7
$= vl 1Y Fo) 86.1 pg/lensoll A 14Y Fol= 107.6
ug/lense] Tl Ao](R2=0.8121, p=0.001), —7.00 D #A=2]

¢ ik 19 FolE 83.8 pg/lensoll A 148 3FoE 109.9
pg/lens®] Aol A JATHR=0.9538, p=0.018).
Comfilcon A A& A== GA] QAF-FHol A1z AIE
o] 71l whe} A g wud ofo] BE TZE A
AR frofsHAl F7lskatt.

oA X&) 9]3k comfilcon A A AZEFTHEI
z9] 24Y HslE dotry] 98] AT
59, 79 2|3 AFAEUL] 14 Bt A F =
AE-S =43t THFig. 8). —1.00 D #:N=2] 79 +

ol
ofof v R kS wieo] ZAH SAHFES -1.00+£0.29
Dolgiguq, ok 1Y $oE -1.00 D, 3¥ ZFol&= -1.19

5935 0= —0.81 D, 793 = ~1.25 D, 14930 =

—0.81 DE QF TN 9] 7|7t ule} Z-Ee] Z7to]
WaRsHE W Blom BF Ve ak W9 U] =
AE Wsto|glon FAHCEE FoJ5HA] &2 o]t
(R*=0.1143, p=0.127). -3.00 D #=2] H= AFFY
of HjokE] 7] Ae] A =47k -3.00+0.20 DA Bk
19 Foll= -2.81 DE tha 7239001t {lg ol i
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Fig. 8. The change in refractive power of comfilcon A lens
induced by different incubation time in artificial tear.
Values are expressed as mean + SD.
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The Change in Refractive Powers of Soft Contact Lenses Caused
by the Deposition of Tear Proteins
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Purpose: The present study was conducted to investigate whether refractive powers of soft contact lenses were
induced by the deposition of tear proteins when wearing soft contact lenses. Methods: The soft contact lenses
(material: etafilcon A, hilafilcon A and comfilcon A) with refractive powers of —1.00 D, -3.00 D, —5.00 D and —
7.00 D were incubated in artificial tear for 1 day, 3 days, 5 days, 7 days and 14 days, respectively. After
incubation, their refractive powers were measured by wet cell method with an auto-lens meter and their protein

deposited on the lenses was determined by the method of Lowry. Results: Among three types of soft contact

lenses, the most protein deposition was detected in ionic etafilcon A lens material and significant change of its
refractive power was manifested. In other words, refractive powers of etafilcon A lenses firstly decreased after 1
day incubation in artificial tear and then gradually increased with increasing incubation period again. The
observed change in refractive powers of all diopters of etafilcon A material was beyond the scope of standard
error and bigger in the lens with lower optical power. On the other hand, non-ionic hilafilcon A showed less

protein deposition as much as about 20% in etafilacon A and statistically significant increase of refractive powers

with increasing incubation period in artificial tear. The change in refractive power of hilafilcon A was also
beyond the scope of the standard of error when incubating in artificial tear and greater in the lens with lower
diopter. The least protein deposit was shown in silicone hydrogel lens material, comfilcon A as approximately
10% of it in etafilcon A, indicating less change in refractive power within the standard range of error.
Conclusions: The large change of refractive powers that was beyond the scope of standard error by the

deposition of tear proteins on soft contact lenses was differently detected depending on lens materials in the

current study. Thus, the deposition of tear proteins induced by longer period of lens wearing may be one of the
causes that induces blurred vision, suggesting that soft contact lens wearers with the amount of tear proteins may

need to choose proper lens material.

Key words: Soft Contact Lens, Etafilcon A, Hilafilcon A, Comfilcon A, Silicone hydrogel lens, Protein deposit,

Refractive power change
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