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rAbstract

A Fatigue Toughness and Polymerization Shrinkage of
Post-cure Heat Treated Composite Resins

Wonmann Oh, D.D.S., M.S.D., Sunyoul Rhu*, D.D.S., M.S.D., Ph. D.
Hohyun Son**, D.D.S., M.S.D., Ph. D., Reiichi Okuda***, D.D.S., Ph. D.,
Tastuo Endo***, D,D.S., Ph. D., Yoshiyuki Kudo***, D.D.S., Ph. D.
Dept. of Conservative Dentistry , Dept. of Oral and Maxillofacial
Surgery*, College of Dentistry, Chonnam National University
Dept. of Conservative Dentisiry**, Chonbuk National University
Dept. of Operative Dentistry***, School of Dentistry, Tohoku University
(4-1, Seiryo-machi. sendai 980, Japan)

This study was conducted to evaluate whether the fatigue toughness of visible light cured
composite resins could be improved and how much percentage of polymerzation shrinkage could
be affected by additional heat treatment.

7 materials were investigated for this study : P—50, Lite-fil CR inlay, Pekafil, Clearfil CR inlay,
Clearfil photo posterior, Z— 100 and Progress. Diametral tensile strengths and linear shrinkages
of composite resins were taken under visible light cured and additional post-cure heated condition
and compared each other.

A fatigue toughness of above materials was evaluated by measuring diametral tensile strength
after they were tepeatedly loaded with 120kgf/cm® up to 3000 cycles.

The results obtained were as follows :

1. When composite resins were cured just by visible light, Lite fil CR inlay, Z— 100 and Progress
showed respectively higher diametral tensile strength than the other materials. Clearfil CR
inlay, Clearfil photo posterior and Progress exhibited strong fatigue toughness compared to
P—50 and Pekafil.

2. Post-cure heat treated composite resins had higher diametral tensile strengths than visible
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light cured composite resins at fatigue toughness test as well as no fatigue toughness test.

. When Composite resins were additionally polymerized by post-cure heat treatment, P—50

showed weak fatigue toughness, on the contrary, Clearfil CR inlay, Z— 100, Progress showed
strong one. '

When composite resins were cured just by visible light, percentage of polymerization linear
shrinkage was the lowerest in Clearfil CR inlay, followed by, in ascending order, Clearfil photo
posterior,Lite-fil CR inlay, Progress, Pekafil, P-50, and Z-100. In the case of post- cure heat
treated composite resins, percentage of linear shrinkage was the lowest in Clearfil photo poste-
rior, followed by, in ascending order, Lite-fil CR inlay, Clearfil CR inlay, Progress, P-50, Pekafil
and Z-100.

Percentage of polymerization linear shrinkage was greater in the post-cure heat treated compo-
site resins than in the visible light cured composite resins and linear shrinkage increased
significantly in Pekafil, Clearfil CR inlay, and Clearfil photo posterior between at the visible
light cured and at the post-cure heat treated condition.

The above results is saying that additional post-cure heat treatment on the composite resins
for posterior restoration is able to affect on improvement of strength and fatigue toughness

and lead to increase polymerization of composite resins.
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Vehlls talel S3ade tig 02% %] M4
Z5-¢ o, 3838y g3 doiA #e
ZYRA Fio] MAlEe AAHer FEHA
Z¢EY FEFFA g3 F2 gERd A5
HAgstE Ao wEl F FFENS FAES B =
2787} 2—3mm $ol HA %7 Wi #9
HANA FFo] MAHS FFFEF o F2
o}A] B-9lo)) 7o) FAFEZ /5T FHES0
Ao B g AMg-ste Ao vl s, ¥

E3de B9 2 A4 4L ¢rrEY
TR glolA o], F71FE 9 =] ¥
e £¥F, HLHE 948 /1Y 28 F
Y Sl g3 FFE EE £ W7 WEA B
AFdAE 7HBAE 28 SR 1 A
F7rste) E8ld 449 M A5 H2ud #
2852 Grgto 2N the AAE Ixlel
olg BustuAl Frt.

I, M= % ey

ANFA ZAR 8 FEIL FAE B
A% FFYE 7HGAY ALY FAE BPE
szuy R A58 2397 99 759 TR
=g AHSHTkTable 1.

1. EZELHM AE
D 35 29 HzuA A

AN F 4, 3 23 £Ho 3WE, F BE 5
Wk A 7HA13A ZAFI(LUXOR, LC.IL, Japan) &
402¥ 747 A 74 ARz 12719 AEe
AZstark. FEAA F 308 Fol H3lE Hze
FEl g o 2E 23l 37C FF5l FYsddn
2477t 7T F Fig. 19141} Zo] w5 A8 71 (Inst-
ron 1123, US.A.) £ crosshead speed2] 0.5 mm/min
oA AsEz 476 /] 4 4 AP =(diamet-
ral tensile strength)& &733}91d}.

B 58Uy J2UPE A3 8N
Z} Age] 67 Ao NRES FLF A=
crosshead speed®] 10mm/min 3}ol4] 120 kgf/cm®S]
33< 30008 #7138t Qon dFo] wEsA s}

load

8 |

hemispherical
stand

‘ - table of
instron

crosshead
of instron

specimen

Fig. 1 Schematic diagram of the apparatus.
The specimen set up load on instron

W7 4mm, E°] 8mme] Fdd EFAIE 2 machine.
'

Table 1. Composite resins tested '
Materials(groups) Batch NO.(shade) Manufacturer
P-50 (A) 9350(U) 3M Co.,, USA
Lite-fill CR

inlay(B) - 129005(1) Shofu Inc., Japan !
Pekafil(C) 1391H() Bayer Dental, Germany
Clearfil CR ‘

inlay(D) 0001C(US) Kuraray Co., LTD., Japan
Clearfil photo
posterior(E) 00174(US) kuraray Co., LTD, Japan
Z-100(F) 5904(As) 3M Co., USA.
Progress(G) 17C28(As) Kanebo Co., LTD, Japan
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A= Fgtoll wdo) i Wl J4g 7IEEUD
30003]9] HZARNE HAHA] & WTFAHE A
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ral tensile strength) & &334,
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Fig. 2-1b Schematic diagram of the metal mold used for measuring the shrinkage of composite resin.
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2) 3¢ % 7tEAY Fo| A55HE 53

739 AEL FY AT F 99 L
Wog JEFAT L Y7 A @ E&2 100
Tl 158 F< ZHERE T & 99 F98 P
o2 AFZFL ZA/Y F AFHFES T
ANHE z+ Fairk 57 A ARSI BEG A
308 Foll d+&FE FASHU
3. A Az

APzAe wsle] gg AFE B EHUH A
A& ¥ 23}7] 9304 one-way ANOVA, ¥ Duncan’s
multiple range test® A8 2n, FUF AF
AolA BaEH Ao Wzl wEd}r] HdAMe
Student’s t-test& Al @At

mz# o

1. T2Ud AE _
P NPF B9 B3 F MG

7349 HzUlg A ¥A2E= Table 2, 3, 4, 5, 6,
7 2 Fig. 39 7159 u}9} 2o},

FEHD A2 ZE 31014 3000219 120 kef/cm
g SFS M A SEEA ¢ 100% 9
Wrgg AJe #5& DE, ET, FE 2 GF
ooy ATH CTL 68% & B 83%%He] U
THE Bon FFEE tdA g ZaME BE
o] 100% < ZE) i3 N78E BHYHTable
2, 3).

BTN AN B oA wHESES 7hEkA
e Ao e QBB ES} P (408.2+ 1503
kgf/cm®ol Al 74¢ BRI T3 GTF(399.6+ 1256
kgf/cm®, BT(398.0+ 132.1 Kgf/cm?, DT-(326.7+
171.7 Kgf/cm?, AT(289.2+ 78.6 kgf/cm?, E7-(287.4
+ 815 Kgf/em®* B CT(286.1+ 1109 Kgf/cm?9] &
o2 AP0 Y ZE Bole B4 498 e
AATHP>0.05, Table 2, Fig. 3). 3000312) 120
kgf/cm?] ¥HE 315 713 A9 E¢(428.6+ 100.

Table 2. Diametral tensile strength of light cured specimens, percentages of tolerated specimens

up to 3000 cycles of 120 kgf/cm®

after 3000 cycles

Composite before load % of tolerated specimens

resins(code) cycles of 120 kef/cm® up to 3000 cycles

P—50(A) 289.2 214 —3 68%
(78.6) (217.9)

Lite-fil

CR inlay(B) 398.0 256.1 83 %
(132.0 (136.9) _

Pekafil(C) 286.1 203.1-—2 7* 68%
(1109 (192.D

Clearfil CR

inlay(D) 326.7 355.3 100%
(7.7 (108.4)

Clearfil photo

posterior(E) " 2874 4286 100%
“(81.5) (100.7)

Z—100(F) 408.2 3430 100%
(150.3) . (L1 __J

Progress(G) 399.6 3911 100%
(125.6) (118.3)

* ! p<0.05, mean(s. d.) kgf/cm?
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Table 3. Diametral tensile strength of post-cure heat treated specimens, percentage of tolerated
spe cimens up to 3000 cycles of 120 kgf/cm?

Composite before load after 3000 cycles % of tolerated specimens

resins(code) cycle of 120 kgf/cm up to 3000 cycles

P—50.(4) 527.1 324.1 100 %
(1720 (89.

Lite-fil

CR inlay(B) 5934 — 4418 100%
(100.0) (165.0)

Pekafil(C) 460.6 378.0 100%
(115.0) (121.8)

Clearfil CR

inlay(D) 460.1 467.71 * 100%
(186.6) (155.4)

Clearfil photo

posterior(E) 3924 300.0 » 100%
(162.2) (47.6)

Z—100(F) 467.9 458.7 100%
(135.5) (88.7)

Progress(G) 541.1 4670 100%
(120.7) (157.4)

* : p<0.05, mean(s. d.) kgf/cm®

B before load cycles of light cured composites
after load cycles of light cured composites

before load cycles of post-cure heat treated composites

B8 &8

after load cycles of post-cure heat treated composites

800 -

kgf/cm?

Fig. 3 Diametral strength of composite resins
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7 Kgf/em?o] 7V3 ESton o2 GT(39L1+
118.3 kgf/cm®, D#(355.3+ 108.4 kgf/cm?, FT+(343.
3+ 51.1kgf/cm?. B(256.1+ 1369 kgf/em? AT
(221.4+ 217.9 kgf/fem® R CT(203.1+ 192.7 kgfem®
9 o2 #Aadyen TE B A3 9%
217+ Vet (p<<0.05, Table 2, Fig. 3). 7F8 ]38}
2 g3 FFHT A FEANA NEEHFE 78R
Be A4 NEIFE JI% A% E A
EE YA U ETE AL BRE oA wEFS
¥ A4 48 ARAEIE @A vEgeu F
AR $% e AL ETZY 35 23]8 fA)
A F7reHe FEE BATHP<0.05, Table 2, Ta-
ble 4).

BEE3 7MEANEYE TEA YA NHEIFS
748 A & Aol d A=}t BE(5934+
100.0 kgf/cm?a1 A 713 £} Tha- GF(541.1%
120.7 kgf/em?, AT(527.1+ 1721 kgf/em®), FT
(46794 135.5 kgf/cm?, C*(460.6+ 115.0 kgf/cm?,
D (460.1% 186.6 kgf/cm?), R ET(3924+ 162.2
kgffem® 8] €22 FaPot FF Lol FAH
fo8 A7t ey &X BT ETE Aloldle
£-918 271 A} (p<<0.05, Table 3, Fig. 3). 3000
& 9] 120 kgf/em?9] ¥ 35S 719 A4 DT

(467.7+ 155.4 kgf/cm?) ©] 74 2RI TR0 2 G
(467.0+ 157.4kgf/ cm?®), F(458.7+ 88.7 kgf/cm?),
B(441.8+ 165.0 kgf/cm®), C(378.0+ 121.8 kef
/em®), AT(324.1+ 89.1 kgf/cm?) B ET(300.0+
476 kgffem® 8] £2 2 223 7F Tolle FAF
9] g (p>0.05), EZ# D 28i E
T GT Atololle FAA §-218 217} )3 T (p<0.
05, Table 3, Fig. 3). FFHF 714X 2 d FENA
VHE3IEE 7I8HA] @& B9 wHEFE 1%
7359 A€ ABHEE v vl vEEFE 713
7397t D& AL¥ ZE FolA 44 I3 =7}
WA Vet #-28 b gl et AT fel Aol
UA AA3IFHp<0.05, Table 3, Table 5). ¥HE
3 7R @2 Aol oM rtdHEe] &
IE AES £ vl ZE FAA 7A@ B9
AedA e ALET 4E AR A=) F18)
qom 53] AT, BT, CF ¥ GT $2 /9% %
7t A F718kA S (p<0.05, Table 6). WHE-31F-&
74 Agolle ZHEX S FE0] A EE X
% TERY ETE A BE ToA gd ¢
e F718Ien, 53 ETH FEAAMT &
4% ZA7b Yeb e (p<<0.05, Table 7).

Table 4. The effect of load cycles on diametral tensile strength of composite resins not applied

with heat treatment

group A B C

D E F G
before 289.2 398.0 286.1 326.0 287.0—* 408.2 399.6
load cycles (78.6) (13210 (1109 Q7LD (81.5):! (150.3)  (125.6)
after 2214 256.1 203.0 355.5 4286 343.0 3911
load cycles (21790 (1369 (1927  (1084)  (100.7) (51.2) (118.3)

* : p<0.05, mean(s. d.) kgf/cm?

Table 5. The effect of load cycles on diametral tensile strength of composite resins applied with

heat treatment

group A B C D E F G
before 527.1—% 593.4 460.6 460.1 3924 4679 541.1
load cycles (172.1):| (10000 (11500 (1866) (1602) (1355)  (120.7)
after 324.1 4419 3785 467.7 300.0 458.7 467.0
load cycles (89.1) (16500  (121.8)  (1554) (47.6) (88.7) (1574)
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Table 6.The effect of heat treatment on diametral tensile strength of composite resins before

load cycles
group D E F G
light cure 289.2 3980 286.1 326.7 2874 4082 3996
(132.1) (1101 (171 % (815) (15030 (1256) ( 78.6%
post-cure 527. 1 593.4 460.6 460.1 3924 4679 5411
heat Tx. (17210 (10000 (11500 (1866) (16020 (1355)  (120.7)

* . p<0.05, mlean(s. d.) Kgf/cm®

Table 7.The effect of heat treatment on diametral tensile strength of composite resins after load

cycles
group A B C
light cure 2214 256.1 203.1 355.5 428 6 * 391 1
(21790 (1369 (1927  (1084)  (100.7) 1 (51 1 (118.3)
post-cure 324.1 4418 3785 467.7 300.0 458.7 467.0
heat Tx. (80.1) (16500 (12.8) (1554)  (476) (887  (1574)

* : p<0.05, mean(s. d.) kgf/cm?

2. SE+EE
B3 29 23R AYY 3+ BT

(0.220+ 0016 %), AT(02+ 0060 %) ¥ FZ(0.
317+ 0.050 %)9] £o2 FUkslgon ZF a7tde

¥ tgxed 349 % Ar-FHEL Table 8 $e% 27 e woh(p<0.01, Table 8, Fig 4).
2 Fig. 4] 715€ vie} 2. FEHF staHEd Ao de2ge EF.
FEE AT 9o WEEFES DTE(0.104+ 0. 186+ 0.018 %)°lA 7H¢ wskew, BT (0.191+ 0.

036 %)AA AlY #ken, E0.14+ 0018 %),
B#(0.172+ 0039 %), GZ(0.219+0.024 %), CT

Table 8.Linear shrinkage of composite resins

032 %), DT(0.195+ 0.029 %), G2(0.243+0.027
%), AT(0.294+0.052 %), CT(0.388+0.050 %)

corr.lposne light cure post-cure heat treatment
resins(code)
P—50(A) 0.234(0.060) % 0.294(0.052) %
Lite-fil

CR inlay(B) 0.172(0.039) % 0.1910.032) %
Pekafil(C) 0.220€0.016) % 0.388(0.050) %
Clearfil

CR inlay(D) 0.104€0.036) %

Clearfil photo

0.195(0.029) %

posterior(E) 0.146(0.018) % 0.186(0.018) %
Z-100(F) 0.317(0.050) % 0.478(0.061) %
Progress(G) 0.21900.024) % 0.243(0.027) %

* . p<0.01, mean(s. d.) %
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Fig. 4 Linear shrinkage of composte resins
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Table 9.Comparisons of linear shrinkage of composite resins between light cure and post-cure

heat treatment

group A B C D E F G
light cure 0.234 0172 0220 0.104—* 0.146—% 0317 0219
(0.060)  (0.039) (0.01% (0.036_)J (0.01% (0.050_)J (0.024)
post-cure 0.294 0.191 0.388 0.195 0.186 0.478 0.243
heat Tx. (0052)  (0032) (00500 (00290 (0018  (0.061)  (0.027)

2 F(0478+ 0061 %)9] €22 F7l3ten 7+
230l frel g 271 JeRgth(P<0.01, Table 8, Fig.
4).

F5YF rEAEEA F& A9 A
7349 AEHES HES E v BE TN 7HE
AgAldl dFEEe] VM9 53] CE, DT,
EZ € F2oA] 93 271 A S/ (p<0.01,
Table 9).

V.3 &
2gae AR FAHN g1 FRRY 5
2o ZYA $43E § I AS WY goED
glom, FRUE AR5 g8 B4 85 5
WHReEe] Agdla AR 7] HEel H¥
FAR AESE BYADE 71%5H FGstelN
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* 1 p<0.01, mean(s. d.) %

A gk v2UYo] olF Fasdil.
AR dvrzoz AR gAol En
Aol Aol I A} 29 z2Ea sl
Aol we} thEs JF AFAEL T7kg L2 4T A
AT, Phillip?ol &3tA 77kgd] 35S RAFHol
71E o ¢% $8L& 1969Kg/cm? (28,000 psi) ©l
i k. 2 AFA] Rofst o} Alojo} &
2 &o] 7)Ao} glo] 2] A3 =F Azt
FrEn Xot AAE =g duiAE F537] o
o Ao Zggez AFshs P4 =E9 ¢
g3 EAE Je Fyde NS JHdy g
ALEQL AR WEAEEO] 93] A=F Ao zHE
o} & Xo} F9 23S RFFT}I B v}
W, olg|g olf "W TSP AXEL &
el ol tisl 114.4kgf/m?9] AESH ez o
2Ulde 3% v g, BEEHTPL TAYE &
el e 24 AlEolA] 200kgf/cm?®, 160kgf/cm
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2 9 190kgf/cm’S 2 10003]9] W& 3 & 71 F
dd AAAEE &3, EFHEAY AFERE
A&22=9] 10-15% %) HA geva Rufen,
TRES®E 120kgf/cm’S2 300039 k& 33&
718 ¥ g2ulgg Agd b o] BdTdAe
AE Fuz 789 TFAE9 e 120kgf/cm?
o] 3Fo2 300039 wrEEFE JIFE F 4d <
AR EE £Qsd UL Hrrstd B3
B3ade) prizgoz slgxad A44e 43
229 N ARg HristAh

FARL EuE AE FE3 B9 =
&, B3 2 398 23, 5% %, 73
ojgjg B Aoldolu; wWopd RejA P
Ad i HAFS 59 EAHe] Yo 7
A A FHAR F A Al o8 o5l
B3 Ae AFAe Qdo] 7Yl ARR-E g
on Bigze £33 A2 MM 98
BERF FFEANAY A FEE AlTle
59 42)71A) wge] A=H I gtk golut el
A% ¥t 2L AR AF9 dFLEME AER
ZF5o] §7) BEd 3 Ao NdHR v
Aol 78y S FFo) A HoA o)F
o= 7] wj ol B U &8 ¢ ¥ &0
28 $ giokn Ruso] . Cook$} Johann-
son®ol] 9J31A FtE Aol o8] EelF A A
olfrel WA ¥ Axe F/PL F8 84y
%7 FEAAAA Arle UR Y AAH7
2o 83 4do] /JME)a Fich. de Gee T
2 25CAAA 78 B¢ 7HdAE Ale nlE A3go
20—60% Z7Hciz For AN of7t uR &
gol AAE A7) WEoletx 3 Haller 7% EF
55 9%¢ Qdo] 7Yer ¥ Ao HA
ZAske 71gd wE "9 Bl 53t
Bon 7tg Aed g3 Wrggol A= o
Bojzlz Bagvh
E AFdNe @R 58T AP 9ol Litefil
CR inlay, Z-100 2 Progress’t ¥ 44 Q32
HZA BA JEiged A3 4% A BolA
%St} 120kgt/cm*S 2 30003 WHE d}FE& 7t
& FA4%F] P—50, Litefill CR inlay ¥ Peka-
filzol A BEEEe FFL 1gou 7HEAAde
H2Age] 2E FolA 100% 9 WTEE B ¥
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23 49 MAES & F AR H2RYANY
Zo 94 AFA=E HNESHFE ksl ARG
EE Fo] A vehtey Clearfil CR inlay$}
Clearfil photo posteriorolA] £.3]8] F7} Y3 53
Clearfil photo posterior’d$ ¥¥E- 5L 7}3}7)
ARG e 5o 2 AU A 37 #A AA
E%202 g AF Axrt FUtshe Fold A&
Vel e ool ti g A& A 4 ATt Pro-
gresst9 3¢ HRUA BT 3o ¢4 AR
ZAxe] A7t wl$ Ho m2uyyge] v 53
29 Z—-100%= =3 vy & J2U4E Byt

F5EF 71EAYF A @A FFET AL
HrEch FFEFE A3V ZE T4 FEd
B3=7t 37F8ke] Cook$d Johannson™$] R}
FAHe 298 Rylen 53] P50, Lite-fil CR in-
lay, Pekafil ¥ ProgressolA] &g A7} A &
02 F7HE & & AAT. 120kgf/cm’ 22 3000
39 ¥kE 35S 7 9ol P—5001A 4 Q1
AR & FTog HolzogN ofF Hauide
B2 Clearfil CR inlay, Z— 100 2 Progress &
22U A8 A5 Fo g9 IFTEY Z7} Ao
Hzyygel +5EE & F AUrh

HZ ATEe £33 83 439 A4
3 FgFEHo] Bol AAFHUoU A3 glojA
Ae ¥2 Atk Goldman®€ EHH Y FH<
ol o QoA Lo g FFHEe] HAd
e}l 1.67% 914 5.68% 7HA19] HAE Kol F5H
B3] 714 HAUrk H L, Reess} Jacobsen™
& £ A% FRFFHE] 09~224 % F=H L
gon THE 59 H5580] 0.14~047% S
Huc. 35E BEEE FHA B 2
BE A F8ol ARE7] i FHEY
RzZo g FFo] Yo il F4FFH EF
HAL FEES YRAA FHo] AFHe 542
gk5le] 23r0] o @, S B A F
EE yo] y2-ggo] BAsn, ol 7] (matrix)
3 274 g (fillen)Atolo] F3 2o, 71AuW
XU nAFE a8 FEETS 45 Aold
W 3 5L FEIOR D, o9 Fo] Eg)
A9l 2¥52¢d h3A Davidson® de Gee™?&
2.8~39 MPag, Bowen5¥ & 20|HAY ¢
(micofille composite resin)olA 6.1~64 MPa&



Z98 234 A (conventional composite resin) ol]
M 55~73 MPag JEPHE Rag vl gioh,
B A7 oM &g 35PN & Fed
Clearfil CR inlay®ll 4] 7} @#skem, vhg-& Clearfil
photo posterior, Lite-fil CR inlay, Progress, Pekafil,
P-50 ¥ Z—100 £22 /1L, B58F 7t
G312 AlE Clearfil photo posteriorsilA 7}gyt

o S Lite-fil CR inlay, Clearfil CR inlay,
Progress, P—50, Pekafil ® Z—1008] &£2.2 37}
3t FEE § Ao ALSFEY ¥t o
146~0.317% & VElo] THES? ] Bas} fALg
ATE Ben, FFUF 71N FLde 0.
186~0478% € YEldo], 71ENEY B¢7t BE
oA A F£FE0] F71E U 4 AN vl
ol 7FEA YL EN VT TF @FA/T H
Hog FTHEI Mgl g8 FAF{ SFAVT L
3l7] W&ol F58§¢) $71% L2 A€

ZE ERHRAL 2 AAQoA THFSFo] o]
g $H5pFHe] & BER AdF4F g5y &
EE Aol & FE5e] dAHY ¢F HNF
oy $-4F-g FIE Aol A B
TR FEAE £ 5] I ARE A9
3, EfeE F3: SN, Higo A
2ord FEAAE AHE3tL, AR ke ARve
FEFEF HEN e PP A8 Ade) 7IHe
o] &2 FE £3o FAFE 444 7P
93 o= Fx HFAE F A& Ao}, =¥ 7
e &4 71538 F33std 7] uid H2zuiol
Z Bgee] TR B ug3sin] 3EPF
7ldxgshe €45 F2U4e FHFIEY #
£3 wo g Alg g

V.88 E

TRE 5 Bgedy stExEst B3
A9 g2 vl FFE THE7] A8 7359
FHAES HaAE A /pdAE ¥ 44
JFAEE 2399 120kgl/cm®e] 35S ¥
3oz 30003 R7H8tY H2UdE Y8,
7+axg 7t EdHRe F85F Ve 9%
T3 Y3 JtEAdE A 3o WFLFELE &
Aot 23 Ze ZES itk
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1. B35 XNYPE B $olE Litefil CR inlay, Z—
100 ¥ ProgressollA HlZY & 448 Q%%
& Yehdon, 120kgf/cm?e] 3Fo2 3000
g FUet F2Ud AE¥EE P-50 2 Pe-
kafil AXe 45 A2U4FE Bol, Clearfil
CR inlay, Clearfil photo posterior 2 Progress
oA 3 J2UAH-E JeR

2. FTYF HEAGT A7 3PN F B¢
Hoh BE T4 H2UPAE A o) g
L=t F7H

3. BFYF 71EAT H 120 kef/om?® 2 3000
3o} ME}FE ZHHE W P-50014 ¥E @

=7t & Fog FojFosn HIuiol
oF3tA vElstev, Clearfil CR inlay, Z—100
% Progress 52 JZuUg A1 7 Fo o
ARF= 27t 2o HzuUjAo] S-53kgic)

4. FFRNANPG B0l 3 AFEEL Clearfil
CR inlay°ld 7F¢ AHYe™ &2 Clearfil
photo posterior, Lite-fil CR inlay, Progress, Pe-
kafil, P—50 g3 Z—1002] 2.2 $7H3leH
BSHF 7FE A B § B $-oli= Clearfil photo po-
sterior, 7} 2 %12.1 Lite-fil CR inlay, Clearfil
CR inlay, Progress, P-50, Pekafil B Z—100¢]
o2 F7H.

5. BT APF Fol s BFFF /MEH
23 Bg-AX AFFEo] 7t Aor] 53 Pe-
kafil, Clearfil CR inlay, Clearfil photo posterior
9 Z—100904 & Foz Zv3eh

ol’del dtzA BRI FFHF 71aA e}
IE IFEE # 2N AL 2FE BAL
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&
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