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2%, pulse-delay curing & A2 &

1.

curingX o€ 34.52+0.85% 2 Jehgt}.

AHp<0.05).

g BRI FHEL 3 71AU 9 o5 A g AYEE VeElE AR o)t AR EYA 47 7)AA 4
2 AA Ao Qg vt YR FHETL FUIRMA HAT F2o) FUIstn FREIE HoB A A HA]
FHagt, bEs B AfdME 3388 B S AMEle Sgkze) ola 3] 2%, &24 7] 2%, LED 3]
TEIES 398 FTIR #4302 39 B3 7143 44 2 AR
d 9% v FHES FA51 o33 22 FAHE AUk '
FEE BERERY FEEL FTIRE 2339S w 34.52-49.31%At0| 2 Uelser Zelzn ofa 3o 3¢
Flipow 39.96+£1.22%, Credill= 45.641+1.34% %, =24 34 XL3000e 43.48+1.34%, VIPS mode 4 A}
Al 44.31£0.72%, LEDY LUXOMAX¥E 49.31+2.37%, Elipar Freelight+ 44.51£0.62%. pulse-delay

T WHEE $¥E2 LED £ ¥ 0] 83 LUXOMAXZ B E AdZd sl 714 & F3ES Vel
21 pulse-delay curing ¥¥e] 7H4 ¥ $EES 290
. Flipo 2371, LUXOMAX %%7], pulse-delay curing ¥io] 92 $8719} vlmsle] BAHCZ fojd AolE B

.2 Tl BYE T Ule] $37171E Aol AN E BT Alold FH/ES Aol & HolA| gskont
Eezr} ol 2o M Credill7}, LEDAIAE LUXOMAX7E $3H80] E%tHp<0.05).

F20{ : $3¥E, 2} o}=, LED, Pulse-delay curing, FTIR

I.M E

oA XNTE 5 Are AW EelF, 71AA A
A 53 Avde) 84S ok 3, o]H 87 R FEY
3 FEERo] AfED X3 BRHRe Y27)1A% 7
713 FAAZR o| R ABZE 57 v} F 29 71A
2 4A 9 B4 i weh AR D A E 8 g A
451 gich aev A 7L Bz 71AH A3 B4l
NAHRENE Tz} A AT 93] Ao &
FA ot}

B9 §7) @A F2 thojulela L o] E(dimet-
hacylate) 33EolH, BFF WA= 7IAB47 Bt
7} ¥ 27 = (camphoroquinecne)d @tid F3& 7JAI3kE 3
2ol (tertiary-amine) #31Eo|t}, #2338 E3laze &
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e A=t BAo) Hheate 330l HFEoN T4
AAE 4ol oA BAskT o] 33011 o] tolH
etadgo|EQl F3& Alsl Ftugtd 728 JAste
e,

FR= HARA7A ¢ Ve o|EFY o)F AT o] W
S AEE duisty EAF Z1AH 44 £ AR 9
&S nl AP, 5FeAe FRTt S7HE HAFH 50 F
7keta, FRErt vem sety w37t S7tste 714 42
< Polty. & BE o|FAHY Fol BETE FTHYEI
vom Axe 7|AR Zxrt Yo, T8 @2 vk
GFA AR Ao ASE E F e, v § 4
o ¥zt 298 I, EFEF FE2 AaFFE A
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B2 B3R $HEL YRS A FH
2, B2AF AL FR 712 238 BTAAA L] FH, =
FAAA 7 EAsE e AN FERVY £
U] BXo| ZA EI), FFdhol g FEAANA HA
& FI=E A7) A e AE S M-S AATG 3l A
EYPTE PAsof P DAV AR A8 A=

da B A E B & Aolrt 9lo] 7hed
L2 LS dogu 3t} Harris $9& 338 3571 &
g FHd F= T Ak, Nomoto € F5H %
Aol o] Bgzle] FEe F= Gl Hap] AT
t}. Suh 5L FoUA] Fo] BRI B F= I
o #3l, Miyazaki &2 F2AF AT F3zlole] A
A #atod Eagh uk glth

B2y B3 tgEE 400-500 nm 37 HH 9] FHol
g Fo] o]FoiA ], dutr oz A FLE o] &3t
ek, 2y &2 P9 As= T ARte] ddider 4
3 Aol Ao wEl Fe] Walrt vehde, A% F319
7391} o Fof] X8l o] EHEH H| TS Hol
A,

FZ B3R 85 A8 Zkart ot (plasma arc)
B AEH e, Eant ofae o|23td Exet
Azte] 7144 EHER FAHE ZetavtdA HEHY &
FAUAE E3H "t o] TRV T3] =2 ¥
& Zo] BEHAD 22 AT AEe HeP o AT AMEo
Z7keta glon, ad 8% ATFE &3] o] FAA I JYoHY.

g2 B9 AFSAIZE Tt whet FEE a9
2A4
e 5
st
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Zetzv} ola F719 FHHF L @2 T
H3l7] 98t light-emitting diode(LED)7} A
LEDE %< 343 A3l w=Algdd-e AHesiy %
X8 A2 FAAA R ALEsHE PEZA=(400-
500nm)# FFAHE- ] dR)3ka, AlZte] St uhE 3
29 F 7 glo] A&HA AFolv FAAE 72 A
& 7HA 3 e,

BE B = g2 EAA 39 shve $EA 24
0 o] g¥o| FREN XFAlo|e] APFHE T &
1R 2 & $ AR, HMAe ¥
o ¥ E P& + Ut
Z9] 12 pulse-delay
2 A 27] FHE A
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Zol8 23k Wy So| glon, A& o|FAFY FE 53
= wpioz ALREE A 2 53] F9A B3 (Infrared

spectroscopy) 2 2zt
olZdgo|E By Y $TE ¢ JPAA FEHl 4
o o] A&t} FTIR(Fourier transform infrared spec-
troscopy) & © &% AN Byl 23 7|FLR A
A¥WZE C=Cl(aliphatic) EF393E 1640cm™ °]x, T
C - C(aromatic)®] F93E 1610cm™ 22, 33 € A9
A B ~dEYAA 3 A% F9 C=C/C - Cd F5 Al
7] ¥ &< v msley n|EgE AF gk o|FEEY H=(%)E
A3l FIH. BE YA FFE W A Bt
E nAAEEE A3 scraping A8L FHE AR
Zolg 2A3y) 9t £8E Mg ui=elA vFHE g
Ao Regg £E Foluo] Z3ske Wgelth?. FHEAE
T Z237o| 8 st Wi oz B3 By e vEY
Hgle Z2Rse e AHA FF, PIFE A Aol
AAE AREA D, o3 ATl FzEHo] F2 FH
2 7] 3} 2ol FTIR Wil 333 &4 #
galn A APiolgn & Eak gloH, FTIR En
AxZAo) EHINA 7tu 2FE FHES w3l &
Bl o 757} B3 @ Has guP® 1 F FTIRS ol &
& 285 24 P AP dgos Fgsta dels
ARA e Wielst & 4 ok

olite] & o XFg B FHEL A} FEEY
284 7144 44 ¢ A ez 9L nAe v, 2 o
okgl 23719 Awz o Fgl uig dFEe] Bel PR
ot Bxel 234 9] AXAY AA HEE F A
a9lo] E & glo] B AFdAE 4 i e 3=S
ARG, 2o AMgo] F718la Qe Egz ola FF
2 LED £33 Z2A& ol 43 A8A F, 2 9 A=
29 pulse-delay curing®l W 2t £ &< 2ol & H A
B3 AW (FTIR) S o] 8314 vlastgict.
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=

=

0%

I. A7™=
1. A7RIR

AL B3 B A2 A9 Z250(3M Filtek
7250, 3M Dental products, USA)< A8t th(Table 1).
Zg}zn} o}z (P), ¥274(H), LED(L), pulse-delay cur-
ing(D)®] % Wioz FA3m 2wl ofa FHVI=E
Flipo(LLOKKI, France)¢t Credill(3M ESPE, UsAE &2
A 2¥7)2E XL3000(3M ESPE, USA)# VIP(BISCO,
USA), LEDZ37]2 LUXOMAX (Akeda, Denmark)$
Elipar Freelight(3M ESPE, USA), pulse-delay curing®
2.2 VIP(BISCO, USA) 8718 A3ttt 2t S8l
u}zt 238 8 & FTIR (EQUINOX55, Bruker, Germany)-<
AHgdte] 2REE 2389 (Fig. 1). & F3719 3= A%
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< 98 EF&=a} ola FE719 A$E laser power 2) T3
meter(Power Max 600, Molectron, USA)E & =24 317 Zy Az A Aol me}t EEhzn) o} FY A9 ARG
£ 3=A (Radiometer, DentAmerica, USA)E AM43l9 1, Flipo(P1)& $¥52E 328 A3l Credill(P2)= T2
LEDE #Aol #a= SlE light output tester(Akeda, T 5xE AE AT FEIUT. 2 F8719 XL
Denmark) & ©]-4-3}3tt. 3000(H1)& 20&3F B2 31, VIP(H2)E mode 4 2
2023 F¥sk9t. LED $37] ¥ LUXOMAX(LD & 402
2. o7l v FZAVSIE AL, Elipar Freelight(L2)+ 94t $3d12= 20
2E A9t AR Re 2 pulse-delay curing(D)& VIP
1) A1HA = E AH3H mode 2 B 327 ¢ F 382 7Ykl A, mode
FTIRY pellet A2 o) 8313 . 025+O 001g8] A182 5 2 30%7t 333 319 tHTable 2). ZF FEHHAA 5371

HHAE mylar stripg . YT 5L 7hek] 5o
AR THFig. 2). AR BEY FAE 10010z &
g8HA sttt

AA ] mylar strip 99 A2 E A &3 AHz2AN1Y

i) mlm

Table 1. Commercial light-cured composite resin used in this study

3M Filtek™ Z250 Bis-GMA, UDMA, BISEMA zircornia/silica 60% A2

Fig. 1. Fourier Transform Infrared Spectrometer. Fig. 2. KBr pellet devices.

Table 2. Light-curing modes and light intensity

P1 Flipo 3 secs 2003 6009

P2 Credill 5 secs 1550 7750
H1 X1.3000 20 secs 757 15140
H2 VIP 20 secs 687 13740
{(mode 4)
L1 LUXOMAX 40 secs 100 4000
L2 Elipar Freelight 20 secs 400 3000
D VIP 3 secs 310 930
(mode 2)
3 minutes delay
30 secs 715 21450
(mode 5)

2471
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Absorbance

1715 : C=0

1637 : C=C
1609 : C..C

Wavenumber(cm™)

Fig. 3. Infrared spectra of (A) uncured and (B) cured light-
activated resin composite.

3) +¢E 34

(1) A A 29 E-Y

FTHA AEE A9 A9 AR gl ot AR,
Fourier Transform Infrared Spectrometerg ©|43}] s
7500~370cm?, #7d= 8em™, FAE S 3232 BHREE &
Aete] FrE HEkslo] st

(2) 7 ¥ Alde 29 EH

3 W F 58 AR S AlRe, £ A A 2e
ZA& AHgsle ~9EPS Atk EF 7144 (standard
baseline technique) 2.2 5% AR S E AFEZHA
AH9E C=C 3L 1638cm™olA HEE C - CY HA=
1609cm 'l A F5x9 JAE AMSsIET ZF XA =2
9] FolE T3] fdA 71849 AR EHL 16559
1588cm ' & AH8-3t] T3 AHE gi o|F AR/ NS

Aol AT v &S 23 (Fig. 3).
THEE
(Aliphatic (C=C) abs./Aromatic (C-C) abs.)polymer 0
= X
(Aliphatic (C=C) abs./Aromatic (C--C) abs.Jmonomer

%388 (Degree of conversion) = 100(%)-3Hf C=C(%)
£ 2183t Alberot.

AFC=C(%)

3. BAIEA

SPSSWIN WA 10.078 AHg3ld, #53 S RA 2
B F37) Alo] FFEL AolE Yol Y t-testE
zt 237) Alele] FdEe] AolE Hlwaly] 3l AT
24 (one-way ANOVA)S Al88l1L, Scheffes] tH* 4943

< o] &3l AR s

. A7zt

z+ 2% o wE B3R FFEL g2 ol E F
gl 7% Flipoe 39.96+1.22%, Credill= 45.64+1.34%
2, 827 2%¢ XL30002 43.48+1.34%, VIPS] mode 4
AHE AlE 44.31+0.72%, LED9 LUXOMAX+ 49.31%
2.37%, Elipar Freelight= 44.51+0.62%, pulse-delay
curingAld & 34.52+0.85% 2 Yl th(Table 3).
L1(LUXOMAX)7} & Ad 7o vlsle 7Hed $8=E
vebi o D(Delay-curing)7t 7H8 %2 $3=8 24th
EAX2 2% Flipo 2871, LUXOMAX $%7], pulse-de-
lay curing ¥dol o2 8719} vimdl EAF R fog
2ol E BHATHp<0.05)(Table 4, Fig. 4). 2+ F3ide] 5

Table 3. Degree of conversion(%) of composite resins from FTIR

Degree of conversion(%) 39.96 45.64 43.48 44.31 49.31 44 51 34.52
(SD) (1.22) (1.34) (1.34) (0.72) (2.37) 0.62) 0.85)

£ 50

g 40

§ 30

% 20

¢ 10

g o

a

* p<0.05
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Fig. 4. Degree of conversion(%) of composite resins from FTIR.



Table 5. Statistically significant difference of each curing sys-
tem by t-test

P2 .000
H2 .984
L2 .001

& T e TV Aole FRANME FFH7] Alold)
FHEY AolE Holx Ftoy} Zg=ul ol
P2(Credill)7}, LEDIIAE L1(LUXOMAX)®o| 23 80| =
Al JettHp(0.05) (Table 5, Fig. 5).

V.2« g

OB

FTU=E I 81 M2 Egdor g3, g
el o] & JNE G tol HHAA A FT
Hlgdtn T3 dAAe F=o wa#ed diacetyloli}
propanal J2]1 diketone®]Yt monoaldehyde H7} Al Z7}
P FAT FRAL A BE SRR J§E e, B
9] F79 F2AL ALY Apolo) W} Fert B2 FRAL A
o] A9 FYP=I} K71 E s wheA) HlgEake AL o}
Ut £ dFdME Sy e £389 xjolg 23
ST 2 23 7 2R BE FHEL T2 2l
M2 FAIE F/ES Holx Uiz Zeznl ofa £¥3
LED $%& F 397] ol fAMo] 817 g3ttt ol
71 A% =g 7o) o), FzA} Ae) Ao}, 3
Fo 9%E 1ed £ 4 9o, LED $ LUXOMAXS] 7
Fole 24FL 2 1 FHEL U2 S vast
o o EA YEl3on Tarle 59 A7 $A18 222 HQ
1= ‘

B5Y 58S FHES SP3e PHAA vEH v
A &2 o]FZ2E ARTE o] &3l FTIRY HEL A|HA
Zoll 3191 KBr-pellet 3} thin film method”} I&®), 5 1t
HAtolo] foJ3 A7t gl Baseg? 2 dFdxe 43
9] feolet Az B4 wat thin film methodS AHEEIY
. FTIRZ & 0|3 28S 238l e 1640m™ 290l
A EFRHE Blol3AF AFAF g7 FAT
1610cm™ el X Jehhs Bis-GMA #ate] W3EEE wlAl 1e) o
A FAEE A3, o] T WAE vaFe s A& 0)F
A9 FE FE. 29ERD Yehte 7| EAL 43 2%
HHEEt EA A Waslez AFH BEHL YEME B
71 d9el B ashn o] o2 o3 AR FH=} el
£ dAdxze FFEE A P £ 1715cm™ oA
Yee C=0 938 o)&sle PiE n2Hved 3 7) o
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Degree of conversion(%)
-
o o

* p<0.05

Fig. 5. Degree of converson(%) in each curing system.

38 @FAE AL Y AFL o= aFA 5 9AE
FHEY ALt AHESIREA A BE et A 4 gloy
o] exte] HAE 2.5-3%% Aoz LA Yo®. ojy A
M E 16373 1609cm? HAE 0|43 AT 8=
Ao A= &= 7MY g NAR AR 23 B
olug} 7}l (crosslinking) 9] Aol B Q¢S Wt} o
d rtae FENee 27] 9A F 23] W&l AR 7
E 7k FRETE A ¥R gA s AlFdA By
b thE FHEE VAR H&E AEE BY F 3o
B FREE FHs] AT e Ax 3 2o
A WL AAY vk 3,

274 Bz £E9] Adlle F2 B3R 3%,
Z F fY=E V12, 24 BAEe g3l % B
AR, A5 HERY ARE 97198 #RAe) 3
F e C=09 o|F32ATS 100% dLAFoZ uHre
Audhe 100%9) FREE X 7§ B A g AL
7V538lM Chung¥ Greenere® 353 23z Aut&
&0 ZAY AREE S8 o 43.5-73.8% 3 B3}t
ool dFME FEHEC IAM9 dFEY ta
34.5-49.31%9 @& B}t 22 oL & Aol &
AL o HmA o] AHERT} F =2 AZto] FolH S
< ne#of gt EY ST AT FHAS 24
ol wet &pol7t 9lE 4 At

B5E FEE AT FH= I Ao 9o =2
FYHEE st FEI FHEY A=, T AZF AF 2
A3 FFAR] adit AL o] FEste U4 @
FA7 BF A2 A3 Rl o3 oy Bis-GMAA
gzlo] P & Ex oj¢} H|&g 2xoA SE o
BE g9 uukE C=C o|5d e AR ol FHA A
& Alolo| A 7tuslyt Wma2A Ao uhgete daky B
9 870l AFs7] otk o] ulute YAl FA
£ dglal PR B VAR HA & AR, A=, nrA

o

PR 2]

pov

o oo 32 o oo mo mo 2L N

e
o



J Korean Acad Pediatr Dent 30(2) 2003

5& A7 A ATl AT dxA 9] gt
FE Q0. 2R $EE PE Ax, vlEA
YT AMFY 5 JAH o R 293 A JFL vy,
34 uked, Aoler 1|3 FirE BT,
3719 3= 3L F=Z% A (radiometer) & power
meter® AHE-ET} FEEFAE F& A oA F=E2
EH3EE wEoA o g ARE A FAe &
o BFE7 Y FRETS WA UM ¢ de wHS Al
TIGP 2 Ao 7 BA Y Aol FESHAE et
zu} o}z22] ZH & laser power meterE A3t F=E
Zga9.0n LEDS] B Yut BEZHAE A881E AA
B A= 83 ol ¥ FEE Uehfiy 2 F3l oM e
£ o] ggdo|nz dvhts A Y LED7|AA WHEH
L& light output tester® AHE3IATH #2714 A3tz =
FE o] Bxo| HEg £ glo| AZALe] Kol whe) 3}
32 AFo] wol o]y AAdx = FEA 9 power meterE
ol & A A3 or 1 Fu AZzALe] Exel & Aojzt )
£ AL oMY 1 23 EAI8Ith o] T A7 A
FFg v oz FEe o] Fedtt T 5 Yot
B82S FHete o] WESAA o ddMe &
2n} otz @24 ¥ LED #7371, pulse-delay curing®]
Z3¥4%5 S FTIRE o4 F¥ES vwsd Hrisidt. g7l
& 129 JUAE WE3e EEavt olaBde R FHIY
HA BAAA I G ey 2A FHF AMEA 2ot B
ANAZL w2A oide FAFe FHEErL B,
AT FHe FEARE W7 B3R WEZA Bl
Ago| EFE3 AAE oz d¥e A Ake SEAE
FAste Aol og$H, guid ARt ¥gFEHo] &4E
g GFgA e Ago] Bojd g ot o] A= wwkeE
A S 9 2ol AFsHA k. mEa] Fepant of=3e]
< SN 2 FFHVY AHEA Bt FEF =
AWE gho| 3 AT F& Wol FAEHA FE C=C °|FZ2
gtel & (%)o) Au FEEC] ZasA Ao, E£F FAL
3 92] 2 pulse-delay curing®] Aol gloiM = 2714 ¥
FE2 Fe A7 FFEES AYRER F7 WEIA By
2 Aol EFE3 71 AlE FHAE o|F7] o7 tH, 1
o) F & A== 2 AR FHeiCHE JHF AA 9] W
g 242 480 IX YA He A& A4E B 5 o
o] ¥l A3 AL4H LEDY A¢ ¥wd ¥e Jrdx 1 F
FEL A dehded, 02 A7 E §5 93 S 7}
Z LED ¢ 100mW/cm? 9] 543 &892 7Ie 99 &=
A vlm AN LEDE 2Ax F3doles f93H
Ax, ¥ ZAZ(knoop hardness)e 23 o]z} glom,
FTIR 2 3% $3¢&2 ¢ vtz Busigdch’. ugdA F
T4 tBo] wkd1A ARE, ol Ux| g S Ad
LED F&AAE 71& 224 $8719 dA 7Fs4el FE3t
ta 3 2art ok B Ao AHed Qs /1E gL

- A

O.O,g

3
2.9
o=
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BisGMA, UDMA, BISEMAZ 60%2 $3A7}F gl 3l
I FANNAZE AE2AES 7Y BRI A=
ALEAE= e PINAE AT b Hd ST
gl ng 23452 o At F Ut

Ze 259 FPHEL AEE 7R 27 F2E
AL st nE Zekzul olzast LEDEE7] Aloldll freAdo] U
£y Zezu} ol %719 2% Flipot 3% 532 Credill
= 52 23L A3 xn, LEDY LUXOMAXS Elipar
Freelight %€ LUXOMAX+ 40%, Elipar Freelight=
20% 282 A8l =27k Aol HQl Ao U]t
& 4 gtk

olo} o] zt 3 whio WE B3 TEA HF9 FHE
< Fotry] g8l z AZALA FH3E moded AHE-SHaLAL
sgom 7Fsd 3 J0) MEEE gk old] AzA] XA
ot g A F2ZEd ol vlud HAF] ol nRA 3
ALw 9o} dvix] zAPe R FrElr)de BE5T Hol
om goaw 0 it Frbd AFEo] Bastez 44
2i=

o83t Ao W FPEo Aot ozt FFH TH
Ao 287 AR 22F thdey I Fmut de S
5 #EeAy BAAG B AR F8=d 9%
A5 oja] B4 9L Fre FVH R FAAStoF &
}.

F3

V.

Z

!

B AFqME 35388 B & gt Eepzut ola
%) 2%, ¥2A $¥7] 2%, LED 7] 2%, pulse-de-
lay curing ¢ M2 o2 F8UE %42 FTIR £4H2o=
B3 284 1A 42 2 AR dFE HA
B EEES BAs e 22 e A
1. 353 23g7e F¥EL FTIRE 430 S ) 34.52-
49.31% 0l 2 yehgon E&zul ofd F39 A+
Flipox 39.96+1.22%, Credills 45.64+1.34%2, &
24 %3 Al XL3000& 43.48+1.34%, VIPS] mode 4
AHEAlE 44.31+0.72%, LEDS LUXOMAX+:= 49.31+
2.37%, Elipar Freelight< 44.51+£0.62%, pulse-delay
curingAl ol & 34.52 0.85% 2 JERSTE

7 g uiE e $HEL LED 3% WS o] 8% LUX-
OMAX7} ThE AZFd vlste 71 & FHES U
©om pulse-delay curing ol 71 #& FHES HA
123

. Flipo %], LUXOMAX %371, pulse-delay curing "
Bo] T2 £§7]9) vlmsle] FAHCE FAT Aol E
A H(p<0.05).

.7 3ol BYE T Ule] FRUIIE AoldMe T2
AdAE F5H7] Alold] FHES Aolg RolA] &ske



10.

11.

12.

Y Eg=0 k2N e Credill?t, LEDIIME LUXO-
MAX7} Sg&°] E3%Hp(0.05).
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Abstract

THE COMPARISON OF LIGHT-CURED COMPOSITE RESIN
POLYMERIZATION BY FTIR

Ju-Hyun Lee, Ho-Won Park

Department of Pediatric Dentistry, College of Dentistry, Kangnung National University

The degree of conversion of cross-linked polymer has great importance in determining the physical and me-
chanical properties, and biocompatibility. Therefore, this study examined the comparison of light-cured compos-

ite resin polymerization of various light-curing systems composed of plasma arc, halogen, LED curing units and
pluse-delay curing with FTIR.

From this experiment, The following results were obtained :

1. From FTIR, the degree of conversion(DC) of composite resin was 34.52-49.31%, DC of composite resin used
in Flipo was 39.36+1.22%, Credill 45.64+1.34%, XL3000 43.48+1.34%, VIP(mode 4) 44.31+0.72%,
LUXOMAX 49.31+2.37%. Elipar Freelight 44.51+0.62% and 34.52+0.85% in pulse-delay curing.

2. The degree of conversion of composite resin in each light-curing unit was highest DC of the LUXOMAX sys-
tem, lowest DC of the pulse-delay curing.

3. Compared with other curing system, Flipo, LUXOMAX, and pulse-delay curing were significant
difference(p<0.05).

4. In same curing method group, the differences of each light-curing unit were no significace in halogen(con-
ventional) curing method(p>0.05), but significance in plasma arc curing and LED curing method (p<0.05).

Key words : Degree of conversion, Plasma arc, LED, Pulse-delay curing, FTIR
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