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Figure 1. Schematic illustration of the infrared spectroscopy set—up (cross
Sectional VieW) SR T 7
Figure 2. FTIR spectra before(solid—line) and after (dotted—line) photopolyme—

rization (an example from group Q10). - « + = « + « « « o o 9
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Table I. Description of the curing devices used in this study - - - - - - - - - 4
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= 7Agko] 91, Knoop PlAIAE &KX} Infrared spectroscopy (IR) S o] &3t
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AL AT Fo % vA HAE ZAo|y Fourier transform infrared spectros—
cope(FT-IR)& o] && o5 T #xl AMES] TR vg A7 @
of A, Al rjdlo]lEoA FTE X AHNES T td A=
EIRSE S

Yo R Ha 0.3mmelA 1.6mme B FAS Zhs PLV 529 3

A Z7ksh BA L Fx

FTIRZ Z33te] B4 $7, 99 2 24 A B2 FFE9 2ol 2 wim
317] Sgelth,

AFsaA s AR e ok E4 A e 3EEE @ A
MEY FREE BA AR A, FFBI FF, FRA At 2ol 7t

e Aol

o



=2 AH-E Leucite—reinforced glass ceramic?l IPS Empress Esthetic
(Ivoclar—Vivadent, Schaan, Liechtenstein) shade ETC1-& A €3} t}, 2% A]
AEE 3538 d7 AMES RelyX' Veneer (3M ESPE, St. Paul, Minneso—
ta, USA) Shade A3E AF&3}3t}

FA0 7= Quartz Tungsten Halogen(QTH) #%37] 3M Curing Light
XL3000(3M ESPE, St. Paul, USA), Light Emitting Diode (LED) #%%7] Eli—
par ™ FreeLight2 (3M ESPE, Seefeld, Germany), Plasma Arc Curing (PAC) 3%
%71 Flipo(LOKKI, France) Al 7k4& AH&-3k3lth(Table D).

Table 1. Description of the curing devices used in this study

Light Unit C?uring Intensitg Manufacturer
source time (sec.) (mw/cm?)

QTH  3M Curing LightXL3000 40° 600 3M ESPE, St. Paul, MN, USA
LED  Elipar ™ FreeLight2 40" 600 3M ESPE, Seefeld, Germany
PAC  Flipo 67 1900 LOKKI, France

QTH : Quartz Tungsten Halogen, LED : Light Emitting Diode, PAC : Plasma arc curing
* Curing time of QTH & LED follows the manufacturer ~ s instructions. T And curing
time of PAC was preformed according to the previous study 2°



spectros—

g AMES F3tE: AL Fourier transform infrared
cope (FT—IR, Thermo Nicolet, Wisconsin, USA) 2] Attenuated total reflec—
tance accessory (ATR) 2} OMNIC 27738 o] &3] =A3}A .



2. A7 H4

7}, &4 AE AF

A7 18.0mm, +7 0.5mm, 1.0mm, 1.5mm<?! wax pattern< #|&slo] F+
olMde Hzasl 3 &35, Leucite—reinforced glass ceramic?! IPS Empress
Esthetic (Ivoclar—Vivadent, Schaan, Leichtenstein) shade ETC1 Ingot<
press3dlo] A|AS A =29 th, AFE (DEER® silicon carbide water proof abra—
sive paper, cc—100Cw) & o] &3t Antatslar, T4 AlH e T/ digital
caliper (Dial caliper D, Girrbach Dental GmbH, Durrenweg, Germany) & ©|-&

alo] galal .

I

g

4 FEE

Fourier transform infrared spectroscope(FT—IR, Thermo Nicolet, Wis—
consin, USA) 2] Attenuated total reflectance accessory (ATR) 2} OMNIC =~ =&
a5 o] g3t TR EE SASIST

ATRE] sample trays 7A@ v, #dA AIRIES 47 Smmedd o=
AL, T Alel sample trayob #lZ AJMIEC] 2 AlHol AH i A
= WAkl s A4 16mme] fPdow T HEd, 74 1.0mme
plastic stripg AF£3t9tH(Fig. 1). OMNIC Z& 73 o]A 4em™ o A=A
3239 FAE R FHLEE S FrEE HEAA T 4, & g Au

E9 ~fEYS T3



Resin cement

—— Polymerization light tip

Ceramic disk

il

—E Plastic strip

Crystal

Figure 1. Schematic illustration of the infrared spectroscopy set—up.(cross

sectional view)

Table II. Description of the experimental groups used in this study
Code Light curing Curing time Ceramic thickness
(sec.)

Q05 QTH 40 0.5mm

Q10 QTH 40 1.0mm

Q15 QTH 40 1.5mm

L 05 LED 40 0.5mm

L 10 LED 40 1.0mm

L 15 LED 40 1.5mm

P 05 PAC 6 0.5mm

P 10 PAC 6 1.0mm

P 15 PAC 6 1.5mm

QTH : Quartz Tungsten Halogen, LED : Light Emitting Diode, PAC : Plasma Arc Curing




TAE FHetEA PaEE BRI FTEY AR AWMES TR v
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Figure 2. FTIR spectra before(solid—line) and after (dotted—line) photopoly—
merization (an example from group Q10).




o BASE 24

SPSS 12.0(SPSS Inc., Chicago, Illinois, USA) %4 X232 o] &3},
Fdel wE Z =4 T dHX AWME FRE=(D0) S T AZFCE T,
B & At 2A TS el mE Ul AMES FEE xpolg
A #AE7] Y8 two—way ANOVAZE o] &34t One—way ANOVA
LR FoAE sk, owEt ot Alolel FE
oA AevkE ASEl s A A Ce®E Tukey HSD  testE

o] &3t th(e@ =0.05).
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B2} Aol WE Az AMES] FRE Aol S olry] g8 203, 40%,
80%, 16027+ FxAIe] 9 FHE(D0O) Y VEEAF (e, ZFRD S
T&F . One—way ANOVAR FxAF AIZER 20 ARIE S &% 3He
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- 10 -



e B Folds HAT A F e
ID. 2+ 8%k FoJgk Aol =

Al & T (Table 1V).

Table III. Results of two—way ANOVA for degree of conversion

Sum of Di Mean P p
Squares Square
Light 4048.477 2 2024.239 91.996 .000
Thickness 335.191 3 111.730 5.078 .002
Light = thickness 162.420 6 27.070 1.230 .295
2=} 2904.471 132 22.004
g 256420.8 144
FAEA 7450.559 143

R Squared = 0.610 (Adjusted R Squared = 0.578)

* Significantly different at @ =0.05

NZz77 0.5mm, 1.0mm, 1.5mm2 = T4 4 FHo wE gz AHES
5o 7B AES Tola, ot o+ AoloA FTEE [ AETHE

N

AZ=35k7] Yall o] &3 Tukey HSD testell 98] Table IVl YeEFU STt
SAE BEFHAT)A 21 1.0mm2 slide glassE A7 tlzTtolAe A

5 %3] QTHS LEDZ #5382 A3t Aol S8 % Hdae] PACE

-11 -



FEAE AR YTRG FASHOE f5 B
A9 T 0.5mmel APFAAE Al A Fhel wheh BF BAgAQ

o7k £3589 =1, LED, QTH, PAC 02 S8 :9 FHatgho] =9t
=Ae F77F 1.0mm, 1.5mme] AT = tixzad wix7bA =, QTHS}
LEDE Fx2AMe Alds A8 3% Fatel PACE FxAME Aldgst 49
TR EAH o7 FosHA &%

QTHS} LEDZE FxAE Aldst 49, dix=+% 0.5mm, 1.0mm, 1.5mm¢] %=
A FANN FxE Holx| hokth. wbd, PACE F2AME Alde A3, T4 9
F27F 1.5mmel Ao FE=7F 2Ty 0.5mmellA Btk BAASR {9
Al W& AdE Btk FERAF ARt wE @zl ARES] FHE AolE Ho}
BH7] 918 20%, 40%, 80%, 160x1t Fs st 4 TFE(DO) Y 7=FAF
& Table V& 2t}

¥
f
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Table IV. Comparison of DC values(%) among groups according to ceramic

thickness and light source

Clear glass

Ceramic thickness

Light

1.0mm 0.5mm 1.0mm 1.5mm

QTH 45.74(2.48) 43.70(2.81) 43.67(2.78) 43.66(6.21)
Aa Aa Aa Aa

LED 47.71(1.81) 48.43(3.02) 43.64(9.33) 45.67(4.67)
Aa Ba Aa Aa

PAC 36.80(3.97) 36.15(5.56) 33.17(5.32) 30.64(3.04)
Ba Ca Bab Bb

N=12/SD; ( )

QTH : Quartz Tungsten Halogen, LED : Light Emitting Diode, PAC : Plasma Arc Curing
xMeans followed by distinct capital letter in the same column, and lower case letters
in the same row, are significantly different at a =0.05.

Table

groups using LED and 1.0mm ceramic

V. Comparison of DC values(%) according to curing time among

Time Mean (SD) N
(sec)

20s 40.14(4.04) a 12
40s 43.64(9.33) ab 12
80s 47.93(3.32) b 12
160s 48.46(2.83) b 12

*Means followed by distinct letter are significantly different at @ =0.05.

One—way ANOVA=E FZAF A7} dl3d ARE S % 1Fe] 23t
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star, ofwet o ApelellM FHEC FoAAE A=vHE el fl8l Tukey
HSD testE ©]&3tA (e =0.05). 727} 1.0mme] Z=A¢ LED #5712 %
ZAbeteo] TS vlwd A, 2029 40%, 40%9) 80%, 160% 7b

F7F EAEkA] 9kar, 2023 FRAFE Aldt A¥Fy vlwste] 80

%
1%
Ho
1o

, 160x3tF F2ARE AR Ao SAACR FofsiA SR F gkl
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A7 EAEATH(p<0.05). ZARAREe] SUtEeR SR T ol AR STt
T Q= gtk o]
A= FSEE AW AMESY T Aot FE ARl EAste] 1 o]
st A ALY F7he SRR Frbe Fdsits A7dae dA s
oyl 7o) A WelA, 0.5~1.6mmg%E F7E 2= Leucite—reinforced
glass ceramic® AlZtd PLV 8= A F34E dx AHMEE ARgsh=
739, QTH =% LED 353718 AHS
7V a7 SR v X = 98 )29 clear glass 1.0mme A ¥9} vHlw
.l

e mWek FeAE gl Aoz ek

o
ol
N
[
ne
o

),
N
o

N

2
=
>,
rlr
e
i)
ko

ol
ol
X
o,
BN

>
>
>,
)
o
iifg
e
i)

O

ol

]_

- 18 -



V. 2 &

359 A4 ANES AT w) A oo 29 TG B9, FEA A
ol mE FHEE FT-IRE 9500 nlas) & d3}, st g2 48g o
ek,

1. QTHS®} LEDZ 40%7F F2AFSE 49, Z7(1.0mm clear slide glass) ¥
oldel A #udlolE9 F7 0.5mm, 1.0mm, 1.5mm A& 7te] we} F=3
g g AMES FHEel Fox7F T

2. PACE 6x3t FZ2AF 39S w, T2 FA9 Aaglo] e AgolA
QTHS} LEDE 40% FxAtst Zlo vla] #F5qd dxd AdES] FFE7 o
&t (p<0.05).

3. PACE 6x =% A5, =A gvdle]Ee] F77F 0.5mm¥ o, 1.5mm%

HES] TE=7F F=3HH(p<0.05).
4. LED 2 #FxAF A7HE 20 %, 40 %, 80 %, 160 22 S/ wet 253
E 0 Zofl vlal, 80 9} 160 27t F3HA =&
E7F S7FE L (p<0.05).

SAS FA7F 0.5~1.5mm ©]e PLV A& A, PAC £&7]9 A&S 118
X ¢om QTHUY LED & 40 %04 Zastvpd 3533
23 5 9t} BE3Y gz AWMEE LED & o] g3t ZFAA AS, FxAt

Al S77F SRES Trkek nlElekA] ko, AR A o) e FAE St
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Abstract

Comparison of the degree of conversion of light—cured
resin cement in regard to porcelain laminate thickness,

light source and curing time using FT—IR

Chi Sung Yuh, D.D.S.

Department of Dentisry

The Graduate School, Yonsei University

(Directed by Professor June—Sung Shim, D.D.S, Ph.D.)

Many previous studies have reported on the light attenuation effect pro—
moted by ceramics, which were located between the tooth and light source,
at the time of cementation of the PLV restoration. The degree of this light
attenuation depends on characteristics such as thickness, opacity and shade
of the restorations, which interfere with light transmittance and, as a result,
may decrease the total energy reaching the luting cement.

In order to obtain high bond strengths after cementation, optimal luting
agent polymerization is required. In addition, inadequate curing is associated
with poor mechanical properties.

The purpose of this study was to compare the degree of conversion of
light—cured resin cements measuring by FT—IR in regard to different thick—

ness, light devices and curing time.
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In the control group, a clear slide glass(1.0mm) was positioned between the
light cured resin cement and light source. The specimens of ceramics were
made with IPS Empress Esthetic (Leucite—reinforced glass ceramic). The
ceramics were fabricated with varying thicknesses—0.5, 1.0, 1.bmm with
shade ETC1. Rely X™ Veneer with shade A3, light—cured resin cement, was
used. Light—activation was conducted through the ceramic using a quartz
tungsten halogen (QTH) curing unit (3M Curing Light XLL3000), a light emit—
ting diode (LED) curing unit (Elipar' ™ Freelight2) and a plasma arc cur—
ing (PAC) curing unit (Flipo).

The degree of conversion of the light—cured resin cement was evaluated
using Fourier transform infrared spectroscope (FT—IR) and OM-
NIC (software). One—way ANOVA and Tukey HSD test were used for sta—
tistical analysis (@ <0.05).

The degree of conversion(DC) of photopolymerization using QTH and LED
was higher than results of using PAC in the control group. The results from
the experimental group of 1.0mm and 1.5mm ceramics were the same as
control group (p<0.05). In the 0.5mm ceramic group, the DC for three light
sources showed significant difference. The order of polymerization were as
follows; LED, QTH, PAC (p<0.05). After polymerization using QTH and LED,
the DC results from the different ceramic thickness— 0.5mm, 1.0mm,
1.5mm— did not show a significant difference when compared with those of
control group. However, the DC for polymerization using PAC in the 1.5mm
ceramic group showed significantly lower DC than those of the control group
and 0.5mm ceramic group (p<0.05). At 80s and 160s, the DC of light—cured
resin cement beneath 1.0mm ceramic using LED was significantly higher than

at 20s(p<0.05).

Key Words : dental ceramic, FT—IR, resin cement, degree of polymerization
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