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Knoop Hardness and Curing Depth of
Composite Resins Cured through Dental Hard

Tissue
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Knoop Hardness and Curing Depth of
Composite Resins Cured through Dental
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Kim, Il-woong, D.D.S.,
Director : Prof. Ko, Yeong-Mu, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Light curing units(LCUs) are used for the polymerization of dental
composites. Recent trends in light curing technology include replacing
the halogen LCUs with LCUs using light emitting diodes(LEDs) to
reduce curing times and to vary the LCUs light output within a
curing cycle. This study was to investigate the time dependence of
the Knoop hardness and depth of cure dental composites with LED
(Elipar™Freelight 2, 3M ESPE Co., USA) and QTH LCUs(Visilux 2,
3M ESPE Co., USA). Two dental composites(Filtek Z250, Filtek
Supreme) and a compomer(Compoglass F) were selected. The curing
depth was measured using a digital micrometer(Mitutoyo, Japan) for
irradiance periods of 20 and 40s. Knoop hardness values were
performed on composite discs by direct irradiation and indirect
irradiation through dental hard tissue(2 mm enamel-dentin in thickness)
using microhardness(Shimadzu Type-M microhardness tester, Shimadzu

Ltd, Kyoto, Japan).
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The results obtained were as follows:

1. It was concluded that the Curing depth of composites decreased
when the light was directed through a dental hard tissue.
Significant differences among the groups were observed as follows:
Control ) Group 3(2 mn)> Group 1(Primary)) Group 2(Permanent)
p<0.05).

2. The curing depth was the lowest in the group 2 using Visilux

2(p<0.05).

3. The values of Knoop hardness were higher in order of control

group, group 3, group 1, and group 2(p{0.05).

4. The values of Knoop hardness on the surface were higher
significantly than those of at below 2 mm regardless of types of

light curing unit(p<0.05).

In conclusion, there was a proportional relationship between curing
depth and values of Knoop hardness and permanent teeth decreased

the curing depth(transmission of light) more than primary teeth.
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Y FEAEE FAAAL 1,2, HdAEMNAE, == AXEAE)Y &
LA duidotn o gAY EE TRt JtH(Watts: 1996). a-t
AeS TAZAA AFddS A7) S8l 400-500 m 3439 Fdo
g a3ttt (Cook: 1982). Fddo] BEXAE YRS E3H FFHAY Aol
BN "ol JARoe AT FAEEEXIEo] EAIH(Heatly 5
1995). EXAE #HA FEF shdd E4Add F3ol EAEE 71AF Ao
oW AA FFAel EAZE AUk Nk AE EuadE JtAAR 243
o Zevle] E4E& FIFAZI(Watts: 1996). ol etdd 28 faldd o
g} 7127} st o3k $-2]Fo] LA FTH(Inoue: 1982). =& EFF9 &3
=7t S7}sta(Pearson: 1989), A <FgAdo] "olxlm FEWe] o] At}
BT FHE A AFd AFe] sEidte En=  gith(Stanley:
1972). F3HE FXTAE 9 FHAR TS T 2422E #R9 3}
g3 44, g8 ™, 9A 27, BF}F S (A%, FYUE, refractory
index), T99 A= A Ut} FHA=E #H9 A MF, ¢
el wEt o209 (Rueggerberg: 1996), A2 ©& 399 A7 % 3
B FXAES] S &S v Mills: 1999). Jandt $(2000)& &=
A o] e FAdEY FHAEIF o Aokn oy, Fujibayashi
5(1998)2 BLd ¥ A== A AF, dHNEA7L 2R FX
BES FRA=EI 9 ada et F=rb G dhles FEr|dAgs
&2 FFWNEG FHEEE O I (Mills 5 1999), Hl£E 4F7=
(Jandt &: 2000)¢ 2FZ=(Stahl 5: 2000)& HEItz st Pilo F
(1999)2 #de A7le T¥H=S 93T AAVE dem F=7F 200 /e
ojgtll Afele ELHT FFHol doldvdzm RHudHT. DeWaldst
Ferracane(1987)& A& HE FolEAY dnjdez #Asd FREE

& F doy EAHe]l gle v Fourier transform infrared spectroscopy

fr
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(FTIR) & A1&3te] g&t4e] o|FAfe] ©dd Aoz A F=& ZH3A
U FEZZEE F45te ol o At sith. dWtde g AEVE B2
A F3o] & dold Aoz 7HEEH U (Asmussen: 1982, Ferracane: 1985)
ZFET FFHe] dovd EHe A= 7|AR Ax9 Aole 10-20% °lWd
Fada RaEAcH(Yearn: 1985). Fowler $(1994)& 99 A=xe9} 714
ZX7F 20-30 Barcol units ©]8<% ZAf-ollvt Xzt d7 EHE &
st} FHol JMedittn gk Uhl $(2003)2 ¥EA=9} ST I+
e 8Rldle 4t Aolrt dvia e, FFA= dFE
A FLY AZIET F2AL AZtolgla gt on FEEEoe dFE A
on FERPEE FEINE A A (S Hy o] Bod A=v}
de] o] 4L 758 TIAEE AX7F ¥8)°] 83508 FA A F
FH7 TH £ ¥ S vAYn Eusdo. a2y FRAL Alzte] AW F
EREAA F5& NUATL Stk Ago] @ &84S dodB2 FRA AT
o e WF Ww=A FFHIIZE o fKElstttn Endtth. Reinhardt(1991)
T MEH: =g A5ty FEJE AL FHAIE EYL Wz F9
& o|FA¥ o] F u ol FUtEY L sttt A
29 9459 FAF FIXAEE 5 o oF ¥HE FAA FFHE AlAk 3t
T 7t JeBg Fde Xote yRAEd oA WAL doju FRAM]<]
2 q4Ed. oA A, Kot A&H, PSHAA FAE
Atg o FEAE G FH4 FLE Adde Xote A3
(FA], 7)ol wetd FHAEIE 28k o2 Jidn. B dFdMe 3
F9 FEAE Y& 2 m FAY KA d7A HHUoR JGT el
ZAH(transcuspal irradiation)dld FZAx 2 FHTAEE ZH 3
Ao} AHo] FF7IY Fde FF T vAe I3 &= FFANY

e FFW1Y FE5Y Aol ® FHHnA Hch
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A A7 =

2 AgoMe 3 T FEANE AYsd &= F537](Visilux 2, 3M
ESPE Co., USA)¢} il s 3337 (Elipar' ™ Freelight 2, 3M ESPE
Co., USA)E AH&3ate BZFAAH}H(Table 1).

Table 1. Materials used in this study

Materials Manufacturer Shade Category
Compoglass F Vivadent, Lichtenstein A3 Compomer
Filtek Z250 3M ESPE, USA A3 Hybrid
Filtek Supreme 3M ESPE, USA A3 Fine Hybrid
B. A7y
1. 84 =

TG TR PESUE 2 m FAZR ool HAV|Z A Hy
e AAEA gm BESAT. FHAEE ISO 4049(ISO 4049, 2000)
Zol| me}l 3T AUGY FIAE AHE AU A8 2HAIA F
E=E AFsIAtH(ZEel 8 mn, A7 4 mn). Z4Ze] FXAE A& FY €3
A 3337 (Elipar' ™ Freelight 2, 3M ESPE Co., USA)Z 20%,
&= FEF7) (Visilux 2, 3M ESPE Co., USA)E 40% £t FRA}etd

1
3
)14

ZF AHE 10 A8 AFRegt. T E Adsta BFPS AN 22 A 18,
GFR 2 At LS ZARE S A 2%, Xof Aoz AR ¥3
FUE 2 m BolA FolA FEARE AHE A 3F, AlH] polyester strip



(¥4 50 mm, 3M ESPE Co., USA)E 93 A F2AG <5 U

Fade. 4 ANHE FHoA AAT Fol FF ulgdAFE FTHHAA &S
AW scrap test®2 Fetag 29EHE ol &3t AAINARGY. T

B9 ZHolE FYH-HAM tAE mlo]ZZE M| E (Mitutoyo, Japan)E AHE-3t
+0.1 m7tA 33t

A7 4 m, ¥l 2 m¥ 2HAZ L Z T 3F9 HIS FAJT. A
FRAME FA 2 m] FFAS A Ao, oA E Mylar strip &
2 93 dtes 45¥7] (Elipar' ™ Freelight 2, 3M ESPE Co., USA)&
20%, =4 #33%7] (Visilux 2, 3M ESPE Co., USA)E 40& T FXA}

B 7t AWE 1044 Azetact. FRAES 2PAH AR, §FA=
Aeln #9e 249 22 A 12, 9TAE AuHn B4S 24T 2 A

2F, Ao} BAZHoR AdsA] F1 FLS 2 m FBol RA FIAR AlH
202 BFSIAT. 74 AlHE FHAA A
A Fo 1A =7] 12.0, 3.0, 1.0 % 0.3 m AspLFu]E W= o|H (Agar
Scientific Ltd, Stansted, UK) €22 <dnkstdtt. wAZ=7] (Shimadzu

tlo
X,
L
20
)
oY,
BN
>
>,
ot
>
g
tlo
_ =

Type-M microhardness tester, Shimadzu Ltd, Kyoto, Japan)& AM§3}
o Al B, - Al AN FEE FHSAY. FZ 4E7IC 100 g9 3§t
T2 30& B stglen 30&7F AT Fol Al SH s

3. TAA=

Z3AEE One-way ANOVASH Student t-test, FETHAE=E Two-way
ANOVAE A&l tt.



4 Z9 AlHd g FFARE S Table 2~5, FEZZE -2 Table 6~99

. a7 44

21},
Table 2. Mean and Standard Deviation of Depth of cure values
Group Materials Light curing units Curing depth(mm)

Compoglass 5.49+0.69
Filtek Z250 Elipar™ Freelight 2 5.14+1.01
1 Filtek Supreme 5.37£0.94
Compoglass 4.02+1.01
Filtek Z250 Visilux 2 4.37+0.95
Filtek Supreme 4.27+0.89
Compoglass 4.56+0.87
Filtek Z250 Elipar™ Freelight 2 4.53%0.73
9 Filtek Supreme 4.32+0.81
Compoglass 4.00+0.72
Filtek Z250 Visilux 2 3.78+0.57
Filtek Supreme 3.16+0.61
Compoglass 6.97+0.81
Filtek Z250 Elipar™ Freelight 2 7.36+0.67
5 Filtek Supreme 7.23£1.03
Compoglass 5.96+1.45
Filtek Z250 Visilux 2 5.41+0.94
Filtek Supreme 5.53+0.84
Compoglass 7.83+0.39
Filtek Z250 Elipar ™ Freelight 2 7.49+0.76
Control Filtek Supreme 7.60x0.51
Compoglass 6.50+£1.31
Filtek Z250 Visilux 2 6.75£1.06
Filtek Supreme 6.45+1.32




Table 3. Statistical analysis of curing depth among groups

Group 1 Group 2 Group 3 Control group

MeanS.D. 4.77+1.06 4.06+0.85 6.43+1.26 7.09+1.07

* : p<0.01, ANOVA one-way factorial design

Table 4. Statistical analysis using EliparTM Freelight 2 among groups

Group Compoglass F Filtek Z250 Filtek Supreme P-value

1 5.50+0.69 5.13x1.01 5.37+0.94 .667
2 4.55+0.87 4.53+0.73 4.3220.81 .781
3 6.98:0.81 7.36+0.67 7.33£1.03 531
Control 7.76£0.39 7.50+0.76 7.58+0.51 .570

p>0.01, ANOVA one-way factorial design

Table 5. Statistical analysis using Visilux 2 among groups

Group Compoglass F Filtek Z250 Filtek Supreme P-value

1 4.01+1.01 4.37£0.95 4.27+£0.89 .704
2 4.000.72 3.78+0.57 3.16£0.61 .017*
3 5.96+1.45 5.41+0.94 5.53+0.84 .522
Control 6.49+1.31 6.71+1.06 6.48+1.32 .895

* . p0.05, ANOVA one-way factorial design



Table 6. Mean and standard deviation of Knoop hardness

Group Materials Light curing units Knoop hardness
Compoglass Top 69.8+11.2
pog Bottom 38.0£9.2
. . ™ . Top 79.8+7.3
Filtek Z250 Elipar'™ Freelight 2 Bottom 57 0£9.5
. Top 75.329.0
. Filtek Supreme Bottom 41.9+9.2
Compoglass Top 52.0+£6.5
Pog Bottom 29.2+5.7
. .. Top 72.0£8.7
Filtek Z250 Visilux 2 Bottom 40.9+7.5
. Top 71.9+£8.7
Filtek Supreme Bottom 40.7+7.5
Compoglass Top 53.6x7.2
Pog Bottom 37.5¢7.6
. . ™ . Top 68.0£7.8
Filtek Z250 Elipar ™ Freelight 2 Bottom 41.1:7.8
. Top 56.1£8.0
2 Filtek Supreme Bottom 38.3+6.6
Compoglass Top 47.7+7.4
P Bottom 21.945.7
. . . Top 56.3+7.2
Filtek Z250 Visilux 2 Bottom 95 9+6.4
. Top 47.4x7 .8
Filtek Supreme Bottom 20.2:4.5
Compoglass Top 86.4%13.1
Bottom 73.5114.0
. . ™ . Top 107.2+17.9
Filtek Z250 Elipar'™ Freelight 2 Bottom 87 6+10.3
. Top 93.5£7.3
5 Filtek Supreme Bottom 82.6+8.8
Compoglass Top 70.3t7.4
Bottom 58.3+9.9
. .. Top 91.327.5
Filtek Z250 Visilux 2 Bottom 78.148.5
. Top 83.0£7.5
Filtek Supreme Bottom 72.5410.7
Compoglass Top 94.4+10.0
Bottom 83.7+7.2
. . ™ . Top 106.6+14.6
Filtek Z250 Elipar'™" Freelight 2 Bottom 91 377
. Top 93.6£9.3
Filtek S
Control Hiek supreme Bottom 86.946.5
Compoglass Top 87.316.4
Bottom 73.0¢4.7
. . . Top 90.8+4.8
Filtek Z250 Visilux 2 Bottom 80.145.4
. Top 84.946.1
Filtek
iltek Supreme, Bottom 75.4%3.9




Table 7. Statistical analysis of Knoop hardness among groups

MeanzS.D. Group 1 Group 2 Group 3 Control group
Top 70.149.0 54.8+7.5 89.5+10.1 92.9+8.6
Bottom 41.3+7.9 30.9+6.5 75.4+10.4 81.7+5.9

* p{0.01, ANOVA, one-way factorial design

Table 8. Statistical analysis using Elipar™ Freelight 2 among groups

Compoglass F Filtek Z250 Filtek Supreme
Group P-value

Top Bottom Top Bottom Top Bottom

1 69.8+11.2 38.0+9.2 79.8%£9.5 57.0+8.8 75.338.9 41.9+9.2
2 53.6x7.2 37.6+7.6 68.0£7.6 41.25+7.8 56.1+8.0 38.3%6.6

.000°
3  86.5t13.2 73.5+14.0 107.3t17.9 87.6+10.3 98.5+7.3 82.6%8.9

Control 94.4+10.0 83.7+7.2 106.6+14.7 91.3£7.7 93.6%9.3 86.9%6.5

* 1 p{0.01, ANOVA, two-way factorial design

Table 9. Statistical analysis using Visilux 2 among groups

Compoglass F Filtek Z250 Filtek Supreme
Group P-value

Top Bottom Top Bottom Top Bottom

1 52.0£6.5 29.2+5.7 72.0+8.7 41.027.5 71.9¥9.4 40.727.1
2 47.7+7.4 21.9¢5.7 56.3+7.2 25.916.4 47.4+7.8 20.2+5.0
3 70.3t7.4 58.349.9 91.3+7.5 78.1+8.5 83.1+7.5 72.5+10.7
Control 87.3t6.4 73.0£4.7 90.8+4.8 80.1+5.4 85.0%6.1 75.4%3.9

.000°

* 1 p{0.01, ANOVA, two-way factorial design



3= 2 nFH Bxnjd 93 XFE&Ado] dojdti(Blankenau: 1991). 4
& e 47 SEiMe FES Bde Az, FETS 3P, FH AL
(Murchison %: 1992)°] d83ly FEXAES {3, =4, Mxe FY=, F
FAES] % (Bennett F: 1994), 54, /MAA, 259 e, Fde] 3 F
ZIAE #HAFHe] Azl (Rueggeberg® Jordan: 1993), ¥7HA F3 Al
(post-irradiation time)d] ZA7} gler o] RAEL FHRAE AAHIT F3
AEd FFS G (Martin: 1998). FFH71 3% FEXAE A F3
AEE 7] X E FARETZH(ISO 4049:2000) (20)9] E&3F AE
Wio) SdiA HIbejok k. FARETFAC Jd HotE S2A FFE
(Hansen® Asmussen: 1993, Hasewaga %: 2001, Kawaguchi 5: 1994)
ot IFREA FFH7I(Mills §: 1999, Jandt F: 2000)8 FHA= H717)
ditdoz go] AMEHA Ut AxE FE JAZFH A=, Adndd, € FAU9
Aol ek AP IR BAZ AH(Leest Orlowski: 1974). 53], ¥=
BEE Exoyl Zv2 A#HE P =(Dewald®t Ferracane: 1987,
Ferracane: 1985, Rueggeberg®l Craig: 1988)¢} A7} slen i £
=9 435 2F%te F8T¢ 94¥€L P Magna 5(1995)2 FEZAEE &
Fold AR FPAEE ¢ F Uda . B dFdHE FHAEE
WZE, A1 32, A 12, A 2T €22 3/ Jggen I3z E vl
HEF, Al 3T, A 17, Al 2T £22 YA eow nHAAS ZGr)
FXAE #9 T 2 molA FHE FEAZ glol EE e 80% °©)dol
HE H-} FFo] HUdn 5@ Breeding F: 1991, Rueggeberg:
1993, Watts 5: 1984). 22y} 359 A= o A% A= gke] v]&9
80% olFYA TR EFEI FTHOZE At AR BAE gho] dom AFRe

R

nﬂn:?Lxﬁ
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BE @I SHF A= kel Hl&o] 80% °lF vew LHVF 2AE & Atk o
23t ol e & 7N FERE @&F FHAEE FA EFsRH
TPHEE BE A 4 m oS B ddHez EA7F HA gkey 3
o BE #H 47 A= & vES dxTdA 88%, Al 3ToAME 84%F
Yetdd. a8y Al 1 o3 Al 2T 57%, 55% 5 RHo] 80%°] ugHAc).
£, g A7 FEA R S AT vASdRE FEAEE FHEI
Y3 o A BFLdo] 2F7HT (Atmadja®t Bryant: 1990, Rueggeberg
S 1994) Leonard 5(2001)2 wlAldxtde] EFFETE 2 w} 73k Fo]
s7dgn st PAEAE FEXAE IS EFF € AdYAE FEXAE
ity FA=ES ¥vhn RaH AW (Atmadja®t Bryant: 1990, Ferracane
%+ 1986, Leonard %: 2001, Ruyter$} Oysaed: 1982). ol w|AUAE
FTEAEY A& A77F Fo Bz FLE AAAA FL9 BHE FAAATI o
folth(Leonard %@ 2001). & A3 A8" FEAQA Compoglass Fe
compomer©|® aluminum fluorosilicate filler7} 33% E°i3on E42E &
gl&t}. Filtek supreme ZFHF, U=z FIAE gFoz 20 m YA+
2t 575 mn YAZE FAA 3len o] 59% HHu|E XAt Filtek
2250 vAEFE FXAE Yoz dyge 0.01-3.5 m YA 2719 A=2=2
Yotst deE|7tE ¥Fstxn Jdow He FFe 60% AFHy|olth, B Aoy
FEAY FHd e FTHAEE FAA A A& Bolx &%ov(p)0.01),
e A FEAVI 824 FFRVIEG °  FHAEE B (p0.01).
Mills §(1994)& FEXAE g9 Az FFAEA F&S vz ot
Az7t AETE FAUA F480] ¢ goB2=2 ¢ 7% Fdo A e
ta FFsich £ dpede Azxr FFAE e 9% wiAsy] 9
ste] FUT A3E HE3ach.

Dunn® Bush(2002)& 23wz 337 24 F5P7le 35S
Blwsl7] fste) FEAES FEZPFEE ST 2, dduizA e g2 33
oM &38E FXAE A Filtek Z250°] vlAYAEQ RenamelE.th



o 3r $YT FEAAAE 27 Fdo] A RY F2REErt f A
I BRustgth, B dFdAe dabuteR FFHEVR AR 3F9 FEAY ¥
ZRE e EEA FFAVIET o Fov FASle Aele flithH(p)0.01).
Johnsen(1988)& A {HF Aotde AxE ¥wd A4 JFA7F ¢ Fed
ol FTAIVE FAET FEASIL Bol HUon FEA Fxe A= I
& #AZE Az 9k, Hirayama(1990)% Energy dispersive x-ray
spectrometry(EDS) & AM&st] #F Aoldn #ZE AdoldoA ZAaw Q9
TEE DA AF fX7F dFAEYG § Roa st Koutsi 5(1994)&
dotdel FHE nAHor BN A JTAL FXAtoldle B Aolrt 9l
<l fFAE AFHAA 0.4-0.5 m HAR T} oA AL ¢
FTERZ HSitia T B d7odME 97E LS A9 A 230 §F
A2 FLE AT AL(A 12 ET Fde] FFHo BAGe] SHA=S} Fx
BE #ol oA A ke ol FFAIF FFAIT 433t f Bo] MY
Hol BLE Addtes 37 o 3171 W&olth. Dietschi(2003)E 1000 mW/crf
¢ Eetznt ok=Z 9 650 iW/or Q1 EE2A FFIVE AT AN FIANE
< A HA2 ARE ST 2, €2 FSHY AEFe ¥ =
kew FA 2 m, 4 m? FEAE AAFL £/ 1 m, 2 md o} AFxFo=z
FAE At HA2 AxE S Ad, d2A9 AEel § Roew F
A& Kol ZHAIZIn AFH FHF FXAE ARG Ax go] FAA UA
Hoa s B 5 1 md HFEAE Adstn €24 FSNE F
#e AW AEE S/ 2 m TIANE FHoz Ausn 24 AU AE
#3 frAslR ey, E2tznt o3 FFHVNAE 10% F= -3
Aok 2 WHBEAA g HEPAS Z7] g Fo Zetzvl olzo e F
=7t 493 A (Dietschi 55 2000). 3 F4 2 mQ FIXIAE
o2 st Eehzut old PP T FRAIG AW A= AH AT
AlBETG FZgko] 50% Zastdov E2A F5HrdMe A vsd Ax

e uehd Aoz B W, 29EYe] B¥/ F& Zdzd ol FE%

o
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g Asel PGS ol light densityZ} © 2o] ZActm REudch
(Blackman %: 1990). ¥/ 2 mn ¥#A-4otd Ao Adstn Egt=n}
o}z FEI7IZ2 FA 2 m FEAE I E FHAIIE sF<] vA
L o gsted ol Aolde]l JMAFHE Adste AIAUE U7l HECH
(Hasegawa 5: 1991). & dFdME uzVIA 2 Fi =} 2= ¢ =
FolA HH Xotd] ZHAIA S} 2T, XotdllA 2 m HAHAA FFAA
A 2%, FA 2 m FTNE FLEE 4G A 17, FA 2 mQ) FFAE F
g G A 28 €22 A el AT o5 #de =7 300
/et ©]3 Aol FA 2 md FEAE R FFol 715 (Rueggeberg
%; 1994, Sturdevant: 1995)3}tla 321k, Rueggeberg 5(1994)& %
A2l A7) 400 /i °1FL R 60F F RAME AT T4 1 mY FEA
E #A9 F§o| stedivta Bttt Uhl §(2003)2 3 &9 FEAE #
Aoz F3ZE ST A, Sz FFRVI7 =24 FFFPVIEG F
FA=sF o Aga At v, $3NEA FFEVe 2 FFHVIEG
29 EH B¥7) ¢ ForvzZ PEXZF=(camphoroquinone) ]9 co-initiator
7} R FEAEAME FRAE o o fustE AXEFA=Y FH 9
& 467 ml ¥ co-initiator®] FEWHFE UF-E 410 mn °[3}r] HEd
Wbt e A o) 33 94S 460 mol 22 410 m ©)8l co-initiatore 3ol
Hx gt 28v FEAEY FHAIF 2 m oA Bf, B 4FS F
F7F HB2 &, co-initiator® FHAIIE o] FoHo] JARANE T
Az A9 d&FE v|XA Fgormz dgulns] FF3re &z FFF7IzL
& Aozl A9 gtz ¥, Hoffmann 5(2002)2 800 wW/cr 27 3
719 320 mi/cr TRFREA FFHVIE AHESt FEIES FEHEE Y
1.5 mollA 3 A3}, FEAE go] FASII WU &2 FFR7AAN FF
F%3 & 4ol ¢ Ata Husioh

2 dFdMe w3nex FFHr1e F=rt 838 i/, TEN FFHII=
308 m/cre2 FYe] MZ|7t 38} A= zpol7l weorn FRAES} ArrE W3

_12_



vi=d F%%71Q) Elipar™ Freelight 27} @22 35719 Visilux 280}
9 Zou oM HAPEC] Eug FHEF B Aole g oY A=
2w 33 FEAY FHA=Y Axe] S v 820 tIEER £
EAE AHEE o 219 e o9 g2 Xlo] aFEE ¢ F UAT
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V.2 £

3% FHEAE AdYstq 2 FFE71(Visilux 2, 3M ESPE Co.,
USA)st wagut=s] 3337 (Elipar " FreeLight 2, 3M ESPE Co., USA)
& AHEstd BEFIAZN Fo FHAES FEAEE FHIAT. FHHEEE
ISO 4049(ISO 4049, 2000) & wet 3T AUd FEAE A
HE A7l A8 zHdE s A 2= AFsIAT(Ee] 8 m, A7 4 mn).
Ztzte] FXAE YL FPo| Y3 LA FE7)(Elipar'™ Freelight
2, 3M ESPE Co.)& 20%, =24 #F371(3M ESPE Co.)E 40% 3¢ %
ZAF 3] ZF AJHE 10 I AZEHT. FEAEE A4 4 m, ¥o] 2 mSl
€l 2 F Fd 3F9 S FAAT. AR FFdAME FA 2 m
FTX 9 g7 Ao R, A= Mylar strip 28 B3 dvtex 3
FTEZIZ 20%, TEA FFHVIE 402 < FXAEIA 2 AHE 10704 A
Aok, FEAE ADetn FYE AN TS A 17, 9B Adsin
FUS ZA T2 A 2T, Aot AERAHLE APeA 1 FUE 2 m HoAA
Foll A FzARE AlUZ A 3T, FHH ZARE AlHE dxTeE E/3MAT. 1
M7 =7l (Shimadzu Type-M microhardness tester, Shimadzu Ltd,
Kyoto, Japan)& AH&-ste] AlHe] A, % Al AHAM BEE FHAT. +
E &7l 100 g9 dFS 30% B 7H¥ew 30&7F AR Fo oA F
st 33 2 ARE AU

1. SPA=Ee dEE, Al 3T, A 13, A 27 £22 F94 UA =u
(p€0.05)

FHAEE Visilux 2 24 FF3A712 FFIAA A 2 TN HF Bst
H(p<0.05).
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3. FIAE @2 YERT, A 3T, A 12, A 2T £22 F94 UA =34o
(p<0.05)

2

4. B9 Fidl BAle] RE ToA BF A= R 9 A= HEH
Fad A FAH(p<0.05).

ZEHez, FHURY FERFE FE Aszld HuHse #AE 2R
FTAL FTAEY FRAEYG FEZAEA § B2 9FS AT
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