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1. A7 A=

A2 dle] Ex= Empress 2 porcelain ingot®
(Ivoclar Co., USA)= o]-&3ato] Al2stslom #ZlA|
W E = Choice® (Bisco, USA), Variolink I ®(Ivoclar
Co., USA), Nexus 2°(Kerr, USA), Rely-X*(3M,
USA)S] Al F57-9] AlE-& AH-8A T Thermocydling

7171 AL E £33 24 7] MT-95%(Motortronics,
USA)E AME3atdm, Az S 234337
(Spectrophotometer)$! Spectrolino® (GretaMacbath™,
USA)E AH-3I T

2.7

It

7h E=AAHE A2

A& 12mn, =o] 15me] AZ3 FE| o Empress 2
porcelain ingot®(Al: #100, A3; #200)= diamond
sawg °]&3le] 7I= 2 Aekslol A A& 12m, T
0.6mne] EAAIAS F 71x] Moz 7247 3270
Astd et =AAEe] FA7F 0.5m7} H=E 5
4 3fell 150, 300, 600, 800, 1000 grite] A3
(Daesung abrasive, Korea) 2 ¢1vslsitt. Al 2
A= 0.01m7tA] &34 7hse nfo] A2 H
(Mitutoyo, Japan)& ©]-&-ate] &% 8 tt.

ZAAIH ] A2
A3k Aobd MAro] 25x 25X 3mm B 6470 ¢
o HAAANES] FA 7} 60um7} & &=

U
Cl

= mylar strip

Table 1. Classification of experimental groups

EAAEI 22 4] A HE
AT, 2ol Aol M Al

t}. Thermocycling

A= o8 2487 MT-95(Motortronics,
USA)E A3t e, 5eet 55 &moA] 742}
30 4 SR8 7t 25 7] doe 102
o] 2748 S0tk Thermocyclings 1000, 2000,
3000 cycles Al&stitt.

mocychng 1000 2000, 3000 cycle —% ]
getack. Mxo 24 77lRe

Spectrolino® (GretaMachath™, USA)&
m Zbzko] Alf oA LY, a*, b* #t& 75

ru HE
&
_11}11
ox,

Fig. 1. Schematic representation of specimen.

Shade of Shade of Product of
Group .. . . N
porcelain disk resin cement resin cement
C1 Al (#100) Al Choice 8
V1 Al (#100) White/Al Variolink [ 8
N1 Al (#100) White/Al Nexus 2 8
R1 Al (#100) Al Rely-X 8
Cc3 A3 (#200) A3 Choice 8
V3 A3 (#200) Yellow/A3 Variolink 1 8
N3 A3 (#200) Yellow/A3 Nexus 2 8
R3 A3 (#200) A3 Rely-X 8
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57471 D65 filter 219 CIE F A%9S o] &
Fom 45 /0" 4 78t Za AT JB L 4.5
mATH Ax SHE 98 AAVE BT YA
T ETERYS NPT T AH gelEn NxE
SAstot. Az SHL R 2 U 4=
sloll7] el Y Faet FY Al Sk on
BE A Mxe AR g2 §9E8 3UY S35}

v}, A3} H|

Z4zte] g Foll A thermocycling= 1000, 2000,
3000 cycle A& = 247} cycleoll A A thermo-
cycling= Al&at7] o] A|lH I MAE Fato] ¥l
ST WEAFAF ALY, AN =R da”, G
TAb Ab*aE Feta oy F2ld 9Js AAE U

Bhli= 4E* gt A=kt

AE* = [(4L")*+(4a")’+(4b*)")"”

417 = Li-L

da* = aa,

4b* = bh,
Lo,a0,be: thermocycling A3 A AJ#H 2] 7k
Ly,a;,b;: thermocycling Al 3 Al#H < 3k

vk A4 4

Thermocycling®] 7} cycle ¥ 7+ @]z Al EZL
4E*e] FoakE AF 7] Aall Kruskal-Wallis
test® SAAE A, 2F HZIAHEA A
3000 cycle = A2 Agrel AE*l| tigk 14 2 2+t
o HAAHAENA 1000 cycledt 2000 cycle?te]
AE* tigt F2 219} 1000 cyclez} 3000 cycle 7+
AE* ] i Foas AAst7] A8 Mann-
Whitney testE AH&-st o™ BE BA= 95%
ool A A = ATt

. A&t

b

1. Mzl £F

A

SAA RS AL QAAHER HAAZ] T ther-
mocycling 213 A3} thermocycling 1000, 2000,
3000 cycle Fll E25471E o83t 7t Al HT 3
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N Mz 2 T 1 o b*o) FFS 78kl
tH(Table II, III).

2. | TIAHIES] M= oPY M

7k Az
1) Al %<4 thermocycling$ Al <] A=}

Al A7F2] AJH oA thermocycling 5 A1 <] A2}
£ A3 A3} thermocycling 571 27142 A
2k A2k S7Fskd T 3000 cycle $ A2k V1,
N1, C1, R198] A2 7kt ou 253 79
g w3l zbol = ¢llTt. C12E<l4+E 3000 cycle 3
o] Azk7k 1000 cycle -9 MapEct fof e ghet
7He B9 HH(P(0.05) (Table 1V, Fig. 2).

2) A3 2594 thermocycling® A1 2] 212}

A3 23] AlAfA] thermocycling ¥ A} 2= X2}
S7Feksint. 3000 cycle¥ A2k= €3, R3, V3, N3¢
THZ S7FRIE oY 25t f9E et Aol
AAJth N3ZFNME 3000 cycle F2 A=Az}
1000 cycle 9] MAtETE o] whelk S71E HS]
th(P{0.05)(Table V, Fig. 3).

3) AHE S/ Aol npE A3}

Z} G AAMEN A 3000t hermocycling 3 2312
A13} A394] B 3lSE ®, Choice®t Rely-Xoll 4l
£ Alo] A3ETH Y & AakE B9 oH Variolink [
9} Nexus 2914+ A39lA4 Al o & A5 B
AT} 18] 3 Nexus 291415+ A13}F A39] A7t &
AX &2 fro] & vtk 2po] & HATHIX0.05) (Table
VI, Fig. 4).

w BEAE LY AR af, A= b

1) Al 2514 thermocycling@ 3} & AJH <] LF,
a*, b*

Al A23e] AlH A thermocyclingX 2 5 A]#H 2]

YEAF L, AT ¥, B = b*e] kg 3t



Table II. Mean values of the L*, a*, b* in A1 shade group

L~ a* b*
Mean SD Mean SD Mean SD
Laminate was bonded with resin cement
C1 78.66 0.30 -0.48 0.16 13.87 0.24
Al 78.02 0.35 -0.68 0.23 13.36 0.49
N1 78.24 0.62 -0.58 0.21 13.50 0.28
R1 77.39 0.41 -0.71 0.14 13.52 0.51
Thermocycling 1000 cycle
C1 78.50 0.24 -0.74 0.25 13.33 0.69
Al 77.89 0.43 -0.90 0.33 12.63 0.85
N1 78.13 0.55 -0.71 0.17 13.35 0.72
R1 77.99 0.47 -1.10 0.38 13.12 1.39
Thermocycling 2000 cycle
C1 78.22 0.20 -0.91 0.38 13.28 0.73
Vi 77.70 0.37 -0.83 0.16 12.81 0.73
N1 77.85 0.38 -0.80 0.14 13.37 0.49
R1 78.21 0.11 -1.29 0.53 12.71 0.90
Thermocycling 3000 cycle
C1 78.47 0.61 -1.24 0.49 12.83 1.30
Vi 77.92 0.38 -1.01 1.21 12.60 0.81
N1 78.06 0.39 -1.12 0.22 12.82 0.87
R1 78.39 0.68 -1.48 0.69 12.05 0.77

L*: lightness, a*: red-green, b*: yellow-blue

Table III. Mean values of the L*, a*, b* in A3 shade group

IL* a* b*
Mean SD Mean SD Mean SD

Laminate was bonded with resin cement

C3 76.68 0.90 1.20 0.13 16.28 0.37

V3 76.66 1.04 0.97 0.51 16.10 0.72

N3 76.81 0.29 0.75 0.22 15.72 0.69

R3 77.41 0.66 0.93 0.29 16.96 0.19
Thermocycling 1000 cycle

C3 77.36 0.59 0.83 0.38 15.57 0.72

V3 76.36 1.03 0.84 0.35 15.95 0.32

N3 77.32 1.16 0.52 0.36 15.32 0.98

R3 7.7 0.40 0.35 0.60 16.52 0.34
Thermocycling 2000 cycle

C3 77.10 0.61 0.56 0.72 15.47 1.24

V3 77.19 0.69 0.19 0.55 15.24 1.25

N3 78.07 0.66 -0.07 0.19 14.52 0.27

R3 77.98 0.37 0.06 0.57 16.64 0.30
Thermocycling 3000 cycle

C3 76.84 0.65 0.83 0.26 16.06 0.37

V3 77.40 1.00 0.02 0.66 15.03 0.92

N3 78.29 0.39 -0.43 0.20 14.40 0.60

R3 78.18 0.56 -0.03 0.67 16.53 0.37

L*: lightness, a*: red-green, b*: yellow-blue
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Table IV. Mean values of the 4E* of specimen after thermocycling in A1 shade group

C1 V1 N1 R1 P value
1000 cycle 0.53+0.29° 0.60+0.27 0.34+0.13 1.00%+0.66 0.412
2000 cycle 1.02+0.69 0.92+0.66 0.67£0.43 1.31%+0.75 0.230
3000 cycle 1.47+0.85 1.02+0.87 1.14+0.77 1.96+1.42 0.588

a,b: statistical grouping for E* value between 1000cycle and 3000cycle thermocycling

Table V. Mean values of the 4E* of specimen after thermocycling in A3 shade group

C3 V3 N3 R3 P value
1000 cycle 0.86+0.75 1.20£0.61 1.30£0.55 1.19+0.33 0.353
2000 cycle 0.86+0.27 1.86+1.18 1.72+0.87 1.22+0.26 0.141
3000 cycle 1.00+0.63 1.95+1.19 2.06+0.51° 1.51+0.31 0.143

a,b: statistical grouping for E* value between 1000cycle and 3000cycle thermocycling

| Tt
L 4 vl T
2 v -
i} om = alm
i : I Fre
§ |: 1 | | E =]
10 | diea
e L e ] - o) B =il .=
Fig. 2. Mean values of the 4E* of specimen after Fig. 8. Mean values of the 4E* of specimen after
thermocycling in Al shade group. thermocycling in A3 shade group.

Table VI. Mean values of the 4E* of spec-
imen after 3000 cycle thermocycling in A1
and A3 shade group
Al A3 P value :
Choice 1.47+0.85 1.00+0.63 0.391
Variolink I 1.02+0.87 1.95+1.19 0.116
Nexus 2 1.14+0.77 2.06+0.51 0.038™*
Rely-X 1.96+1.42 151+0.31 0.624

*k

: statistically significant at P{.05

| 1
- S =t ..
i b [ [T ]

L PR L]

=L T

Fig. 4. Mean values of the 4E* of specimen after
3000cycle thermocycling in Al and A3 shade group.
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Fig. 5. Mean of L* value of Al shade resin cement after

accelerated aging.

Fig. 6. Mean of L* value of A3 shade resin cement after
accelerated aging.
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Fig. 7. Mean of a* value of Al shade resin cement after
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Fig. 8. Mean of a* value of A3 shade resin cement after
accelerated aging.
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Fig. 9. Mean of b* value of Al shade resin cement after

accelerated aging.

Fig. 10. Mean of b* value of A3 shade resin cement after
accelerated aging.
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eH(Table 11, Fig. 5,7, 9).

PEA] 4 L2 R1914 3000 cycle o 71A] A%
27} F7vete] Azt ol e A Ee YERE A,
Y2 A 2594 += 2000 cycle 7HA = AAF 3]
7b AAaste] o F9A= AEgE Ve 3000
cycle o] % ¥ H grolx= ek UEhith

A Q= a*E thermocycing Yl & E5FolA
Axp A7y st 54 s el 3
& F AUATH R1E A YA Al 2FelA =
3000 cycle ¥ A+ Al A KT {2 & el 2] 9] 2
A5 BHTH(p<0.05).

S A = b* TS thermocycing F W] 15 Z5oll
A Axp FR7F AHadte] Har A Ak el
EAS < F Aq9H. R1oIA% 3000 cycle 3 A<

AR o g W Has BITH(pC0.05).

~

2) A3 2594 thermocyclingd 2} & Al# <] L¥
a*, b*

Al A2Fe] A|lH A thermocycling@ 2} 5 A]#H 2]
HEAE L, ANARE oF, YA b*] @ 7ot
% H(Table 111, Fig. 6, 8, 10).

=] LS N39F R34 3000 cycle ©] 37H4]
A& FA7}F S8kl At oAl & 733 UERA
AL, C394E 1000 cycle o] % 2171 S718kl e
2000, 3000 cycle o] 5ol = 4] 71 A} 7HAsle]
Ak TR = A VeI vhE V3ol =
1000 cycle % |7} #H48ks1 24 2000, 3000
cycle o] o= A} 2|7} Z7lete] AlHe] HA
glolz] = A ° o} el o]o%q_.

A A o= C35 A3 Al ZFA thermo-
cycing § AAF FA7F At A =54 A
Yehlle AS & F AT

kel

G A e b* B C35 Al Al 2FClA ther-
mocycing ¥ M2} 3|7} gaste] A FA B
o)

Buonocoreol] 23t M@ AbRAo] ke a1
Bowenell 2J3] Bis-GMA #7lo] &71E o] F &
o] &3k x| A 7] 2ol tigt A7} S| %13
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A A Alzglor S ARE LF, 2" bR Y
BRdTh LUt Aef g7 1 Uehll = W A2
A 0%E 100744019 a*, b*E A=E Yehlie
A=A a*“ HA, =4 -3: ER™ -60+5-E 8077}
AzA (+)old A4, ()ol =4S YehlaL, b

=g, w& heRE] -80%E) 60714 24 (+)
ol g4, (-)ole AAE vekdh, F 4 3he] A
_]'O AE %)"\I-O E*—[(AL*)2+(Aa*)2+(db*)2]1/2

o,
.

H o
>4=N=_l?d
o}

o
=
S =
=
o
(m
AQ
3
N
=2
o
L o%

mlo
315 i

ol
-

[
i 41: jg T

(
= =

mo
Q
B
e
(] &3
B
s
o,
N
X
1
%
1o

ﬂﬂ‘ﬂ"? O}Ui x] .
2 3tod A :ZHE}“]H]O] EZ 0.5m= AZste] Bl
A QA &I frAleA Ad Al
_4:1 /*i /] x%zlzﬂg }\}Q_QL_ gﬂ }\]u] EX
A Bis-GMA AJHIE, Qlito| ~EH 2] AJHE 18]
I 4-METASHF AJWE S A 272 Y= 5 AT},
2 A AMEE W] T/ HZIAMEE BT Bis-
GAMAl HRANHERZA o5 53 Fefo] g xl
Eolt}. HZl AlRES] Az Wsh= F3ke] A §t
Soll o opleA 4Fslrh dejitr] wfeeld],
BT AN REAA AMEE = ol A of
9l (aliphatic amine)©| 3L A7} 3 &l A Hl Eof| A
AHEE & oRlE wWekEe] 32F obl (aromatic ter—
tiary amine)o|™ ©]& =& HXAMEE F71A] of
9 BT ZEeit Y Wkse] 34} ofvlo] Ak
offlET} U 47t A doju B A7 3 Hxl
AHEZL B2 HIIAHME 2ot Az #sr ¢
wol dojut o]F ZF XA HEE M3 A
37t dojdtt,

B AR E 471 BRe] AUAREA Az
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P ol Hate] Bl A7t AlZ A3 BT
A AlZto] Aol whet AlHO] MAF AE*E )
3z, 3000 thermocycling & 4E*= AlolA] Rely-
X7} 1.96+1.42, A3°14 Nelus 27} 2.06+£0.51=
P =& 4EES BSoh AR 4B Skshd
Hadthe onjo|n M7} 1o] 4t
o2 AMWSLE QA g = glt}. APt 3.3 o] ste]
W A HFEAZ AN & 7tk
°]Eq ] Wsrt 19 v e, 29 v Ao
F&7bestth. 2elvy 3,701 ol ke ol
PEI

29133 &

o< L
T?V]\\_

F‘EL oA dAAom AMESH =
o]_]q_ 31-33) _H;_ Nz‘ﬂoﬂ}\] 41 El:r 3 701-3]_0 _g_
Hof 3000 thermocycling $-2] Mab= /dH o=
& 7Fsakitt.

A7 €] thermocycling $-2] W E=A1 L& Al A%
A R1e Al&et U] Al ZFolA = F2171 A
Ab sttt bt ou Al Al R o o] F
ARSS & 5 I, A3 A E Y 25 BF
Ae AHEY H Boes & UAT
Al#H 9] thermocycling £ A= da*= Al, A3
A Bl A Alzte] Ao wel A5 Al HET =
A 7% el S & < ATk SR E 4t &
St A1ZF A3 A ROl A AJZEo] Ao whet A&
AlA R H A 78S Ve

Nathanson Banasr <] 7l oJshH ZA)A|
Ao g G3l YAAHEANA 60T 14F F<t
B S w 1.94.83 =9 AAE HQl W =
Aoz QA e HRIAHE| M= 4.4-8. 97e§
o] MRS Kol F atol7t dE & AUAt
el A el EAlgmolE EVU‘]‘QL
Ez Aels Agolng B 23S ol Asku)
AR Aldatlar ool A Adelw
=% & Usld.

AR
£ A4 3000 cycle ©]’3 2.2 thermocycing=
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NS mels EANAL BLe] AR
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FAE Hefl 1, EAgn]vle] EL] 1_% HYE T
2+ 10-150um ‘HH«] T2 & YERAT

2o BAES] SEEs} 15-40m B EolT
2 AA Y A A AAE Xofe] gk BAE
Bo] Aftmrt dgaiA] gord B Ao A9
g 60ume] B s 93A dEa s o
23tha & <= gl

g} o]4ke] 272 Hol 0.5m Z=AAH g7
248 &9} thermocycling 2] 42171 <
£ qhst "Fz] Z Uehiez A4 4
= o2l TR IAHMES] Az by
Setthal B gt ey 2 A
Holx] gk HRIAMES] A
ol e = Tt ekA] Eskenz
FSelA HRIAHES] M FhsA]
P o) e Ay dad Aoz A

P

>,
=,
m
fru
u:2i~

v.ag 2
B dFoA e 2Agmvlo] ES] A&l AMREH =
HRIAIHES] Az kAo tha] Lotk fle)
0.5mm EAAIAS A &gk £ Aold Alte] gl 9
o ZAAHI 22 Age] PIIAHES AHE-at]
60un®] T = HASAT HFSH 7R A =A
ghulo] ES H &3S W} thermocyclings
1000, 2000, 3000 cycle A13g & A2 =3} o}.
AAAS A Aelstd t23 22 248 W
A=
1. Thermocycling 1000, 2000, 3000 cycle %
Al ARF AE = F7hsll o 1E7tel
0= o] vk xfo]= giiTh
2. A14°%2] Choice®t A347¢2] Nexus 2°1A4=
3000 thermocycing -2 A 217} 1000 cycle $ X
o BAACR fold vt F7HE Hlou o
2 252 o8 2fo] & Hol#] &dtH(X0.05).
3. 3000 thermocycling $ A2t 4E*= Nexus 29
AT A3 A frold etk Alo] & BRA
ou tE aFoM e folg ol Helx] ¢
HHPC0.05).
4. 3000 thermocycling ¥

=
yE

Al

=3
<

Azte] BEE 1.00-
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2.060]a1, A1l A= Variolink 1, Nexus
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ABSTRACT

A STUDY ON THE COLOR STABILITY OF RESIN CEMENTS LUTED
FOR PORCELAIN LAMINATE VENEER

Young-Woon Kim, D.D.S, Ha-Ok Park, D.D.S., Ph.D., Mong-Sook Vang, D.D.S., Ph.D.,
Hong-So Yang, D.D.S., Ph.D., Sang-Won Park, D.D.S, Ph.D.

Department of Prosthodontics, College of Dentistry,Chonnam University

Statement of problems: Long-term success of esthetic restorations, depends on
various factors, especially on color stability of the restorations. The color stability is affect-
ed by resin cements beneath the porcelain laminate veneers.

Purpose: The purpose of this study was to comprehend the color stability of resin cements
by comparing with 4 different kinds of resin cements (Choice, Variolink I, Nexus 2, Rely-X).

Material and methods: Porcelain laminate disk samples were luted with resin
cements. After thermocycling of each 1000, 2000 and 3000 cycle, specimens were measured
by spectrophotometers and the color differences were.

Results:

1. After thermocycling of 1000, 2000 and 3000cycle, color difference, (4E*) of all spec-

imens were incresed, but were not statiscally significant differences.

2. In the Choice of Al shade and the Nexus 2 of A3 shade, color difference(4E") after ther-
mocycling of 3000cycle was incre*ased significantly than after thermocycling of
1000cycle. However, other groups did not show any statistically significant differences
(P€0.05).

3. After thermocycling of 3000cycle, color difference(4E*) between Al shade and A3 shade
of Nexus 2 showed statistically significant difference. However no statistically signif-
icant differences were observed in other groups (P<0.05).

4. The mean of color difference(4E*) is 1.0-2.06 after 3000 thermocycling and the data
were ranked in the ascending order of Variolink I, Nexus 2, Choice and Rely-X in Al
shade group and Choice, Rely-X, Variolink [ and Nexus 2 in A3 shade group.

Conclusion: Above results revealed that, after 3000thermocycing, the color difference
(4E*) of experimental resin cements was within clinically acceptable ranges. Color stability
of 4 different resin cements was comparatively excellent.

Key words : Color stability, Resin cement, Porcelain laminate veneer, Thermocycling
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