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22 3AY 2 BIAES AAFA 3
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Hyo] MAsE g dsiNE B2 9]
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29 plastic flow$} creep™ ™+, 8843 E& 7
AAFNAY FE9 2R A F2A 9
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Alel A2 &3 &3P, x| &
Aé 7_“ 1.9, 15, 22, 26, 30, 37, 39, 42, 49, 51} %% ,‘é__/;‘_ 1‘3%-_8:
RIS aAA HE o] dojdrie A&
Fo3ta AT oleldt AJAESd g A&
de @ Zo7h Ao

Johnston$*& T4 HukAQ WMol
AE g 7HsAol Joka 3L, Silverd®
S =49 FF0] 559 WIS FAIANE F
Aot 3Gt Tuccillo®} Nielson®& 2%
o At FHAUANANY AXEAPAEE F
3 Ao =R} FHo ERAAFY
apol7} E4E AVARAEI AAEE BE
&tttk Shillingburgs?& WA Fejol] ©E
HES YolEe AFAA 59 FAZ M
Z shoulder”} 7F¢ H& W¥ S Hole A&
TEE T Ay YAAEY 4AL =R F
Zolgln 3ttt Iwashita5?& TAAAAF
e g9 W FF0] Arle AE #Fd|2
=AY 35 559 AF wEe IAHY
felolgta 3t k. Bridgers} Nicholls” & 6%
71Ea1el Wye EAN APAM =AY
F3o] FETEEY W) TS F= A
#2319}, Van Rensburg$} Strating” & 38
Ve 2 ARE AAT. oHE A
TFELS EALANAl WEe IAAHQA Ylo]
43 =A9 d5Eg9 Aoldia VIQlE
Rolgthe A& T3Eoh
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| EFFEA0)Y ARE FIHe2EAY
o]-g3t] Hrlatth. o]EL o] AFP A
of RiHe] QlE #rY vimy He W
FHIA=Y ol EFFEY FoldlA
AEEE S8o] Wy gapEQl o] o}
Yale 2E ¢elE. Anusavice$} Carroll’
creep Aol X gke F4 IYH A
ZE9 Ao/t & TAE AHE3t WY A
ol HFdte WS AT WY F3e
H3LE S8t AHE 3T o] AFA
A0 2RE A7 ¥R FFL FI3E) Ao
ol =A% F&L IFEEY AUF Wy
A o] ol Ae FEFUch

B2 d7HES =AE F437] A 14
7vE, & A8t 2AA FE W] sk
AL BA3FGrpprerensnm o= WyPe) ¢
2791 gRle] 43 =9 dIF5EE9
ot &£ AU e 8 4
2E 8909 Alvde RS w3, 2l S04
HE o YAHQ deleg FxE F&o] Y
Zr=|lA BB A3 o] FrdA]d)
FA=EAEA WP S AT o] 8ol iFHD
Ao grel o#fdt o] YAHY 9
golgtd EE 718l7] Aol WiE" AejolA
2] GAHEE 3 AAAY WYS HAF
o5 29 4 A& AHolth. Campbell® Pelle-
tier”s T=AXNGERY £SUNE BT Y
Aoz A% F-2eF §EH =AE o
|8 AN AuED Gl X8 E §
Al Hof| A A E3}1R] 4 AJH A ET} iFo]
o3 AA HLe AE BESYY. 2 Yt
7+, & 34 XY 5L 3 AlHo] YA
%S ANHEY Be HYE Hole AL B
FZA A0 ¥ Falg Yrze 9
ol sl A4S Hddn AEXU.
o9 ATES A¥REA AAAle w9
AL =AY F&9 FEHEY AolBue
FZAG} WAZLF AN FEA ] 2 3
HujFol#a AztE 3 wetA olgjd W
WA EE S84 4 I mo) F459 3
HE FXAZ & e o] Basith= A
& 5 Qd.

of HU N‘O
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B A7 e uEIEA e F
YA 23 ] ZAE A AHIA
A2E s AW} F2F 3

pisd

45 mm, $HAE 35 mm, ¥° 7.5 mm,
HA Z2 10 mmolx ¥Wael FelE shoul-
derZ 39 tHFig. 1-a). ¥7 0.5 mm2] ¢33
HEHE 337 9% 84 TS s¢FeE
Fz8t A 2]k (Fig. 1-b). o 583 &
EajolRFol= 8 FE Fol HEPA AU
UEF 3L, F3Y AFE, & FAHALS EY
H-9 & & (hole) & A dhd & 2] wax
(Inlay wax, GC, Japan) 7} ¥} &5 =& 3t}
o] FERIH} FIHS AN FHE A
ZEAt. A= 05 mme €53 FAS
THEE sdth. EF 45719 H¥e 43
T AIAFR FYAE 32 § ringol 5
N wjEEATt. WiEAE ANIGA o2
(Hi-temp, Whip Mix Corp., Louisville. Ky) &
ARRE AR Azt AR EFe
E 1AZE F 9709 ringe FAO § LR
(Midtherm 100, Bego, Germany)®] ¥i. &
T A5A T UA-IEHEEF FE A
239 §-=F%7](Fornax 35EM, Bego, Ge-
rmany) o\ A FX3 Ao WA R
WZAIZ ringS 3MY 37z EHFIlY &
THE A3t

172 HETLE FHUZ wEAS AA
8}52 ¥t wl(Hi-Blasterlll, Shofu, Japan) §
¥, WA 7]¥E white stoneg AR5}
AAL, F71427](Triton S, Bego, Ger-
many) & o] &3] 13} A2, FF50A 20
¥+ 223943 (Bransonic, USA)E Fo A&
2 (KDF Master spirit 120, Japan)olA =
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A=A

ZF7]d] 9o 7tgstgTh. 27 A
Hrog WEAE AAS7 Al AYE &
5 1294 2 AR S APsAY. 37T 2
Arog WEAE AL FAAR & F
w49 AAE A3t Auj &3t M E
g & BAMAvkelS ol EAE A ASIL A A
5 SAAAG F71o 2Fo] 7R H(Fig. 1-
o).

dAEE 190072 255 2025
T LA FAA A o] FL =L E
A3t wrEIIAA Y F45HE 7:1_/1: 17171 $
stod AlFEl). 7S 33 AAEIEEd
25 Ceramcoll A4 (Ceramco Inc., USA)
9] 7tEF7)o) RFo] A H). 1x7HE S
degassing 2%(1850°F) 2, 2x}7}9-L opaque
EAE 248 "o 2=2(1785F)E, 3A7td
2 bhody EAE 24T W9 25(1685F) 2
Al 3Tt

olgA A% FRAEL =

A%
&

Lo
=

p= el 4

=

Aobm ol
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Fig. 2 449 7.

ZL O

ARAAES "o HE FFE 345803 (n-
verted metallurgical microscope, PME3, Oly-
mpus, Japan)E ©]&3td ZA3HH(Fig.
2).

ZARAE F&X ol £, Ad, 4
Z AHW FABAL o] RoAe WA F
=5 FHA 334 Zpzhe] st gA o)
A S48t (Fig. 3).

o714 d& ZH3}E ANOVASF Duncan’s
Multiple Range Test, Scheffe’s TestE o]&
st FA AR

3
L84
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Fig. 3 9 338 =3(X200).
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Fig. 4 a. €A (La)diX e} 7tEaAE W3}
b. AHAPD A 7tEDAE W3}

m, o3+ 845

34 39 FEAARY) AYARAL o
7 291014 W BFE 42384 2R e
e WEe WEROE AYT. e 23

A Ao FE TP=E JERUT Al T
BF BE A 1za7tEAlE MR Be
HYFS HYon FE HyYFL 170 713
B4 (Fig. 4)
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Table 1. HE 339 ¥3t¥E (um)

Group 1274 227t 32tE Total
La P1 Li P2 | La P1 Li P2 | La P1Li P2 | LaP1LiP2
1 24 27 212013 5 5 2|-11-11-10-6 | 16 20 16 16
9111113 (3 2 3 4 -4 -4 -5.7 8 9 9 11
3 10 8 9 8|6 3 3 ¢4 9 -4 3517 7 9 7

Table 2. ANOVA £41243} (Alpha=0.05)

Source DF Mean Square F Value Pr>F
Group 2 5.268652 9.34 0.0001
Part 3 0.0981914 0.17 0.9139
Group X Part 6 0.1386358 0.25 0.9609
Firing cycle 2 198.5916852 352.23 0.0001
Group X Firing cycle 4 16.8910185 29.96 0.0001
Part X Firing cycle 6 0.3059321 0.54 0.7758
Group X Part X Firing cycle 12 1.0453765 1.85 0.0377
DF, Degrees of freedom; Pr, probability
Table 3. Duncan’s Multiple Range Test 2423} (Alpha=0.05)
“Group Mean n Grouping
1 5.6944 180 A
2 3.1667 180 B
3 2.4333 180 B
Grouping®] A} th29 F9ide] S
Table 4. Scheffe’s Test ¥4323}- (Alpha=0.01)
Group Mean n Scheffe Grouping
1 5.6944 180 A
2 3.1667 180 B
3 2.4333 180 B

Grouping® E#7F th2® fFojAdo] g+

39 2 solt WIFE WA T30 &
A UBiR 2o g ¥ 3o BaE
UehdT 129 1A712A R B W

FFL 20~27umAR 23p7HEA ) WP
2~5um, 3A7tGAY= -6~-11pmolU 3, 2
&2 ZtZF 9~13um, 2~4pm, -4~-7umBL
%, 3% ZZ 8~10um, 3~6um, -3~-9
umo AT, 179] 137G Aol HkA o g 713
B2 HEFS 2y,
227 g Aol 12171 o)

HE

B3ty A2
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< BYA 3AIEAllE wWEol &9 e
L}E}LHRM 273 379 WyFL Avtygog
270] 7 Bgton] Mo gkiFe T FoA
H)3tQot. o) 2HE EAXY Yot

ANOVAS] A2 = Al T Aol A
Zo] EAFAL FHEZ v AP S o=
TAZ el ARk Z F3 199 A
BHAE e Aoz dEiyt. stdaAel
U2 ¥ @ e NI AEE foAo] Uz
Z T3 gAY Fa33At e ez
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Vel (Table 2).

Duncan’s Multiple Range TestE 4% 2
3 17H 2,3T Atole] WA F] FFA A
ol7t AKX THTable 3).

Scheffe’s Test® ®4% 23 1737 2,37
Aol o] wE g fo g ztol7b AUTH(Table
4).

v, &2 ¥ 1%
At ERALETHNA AL EE IPe =

AE 0.2-0.3 mmolth. 12 o] FAZ YL
A&sA B FZA o] B9 Wy H
& fEst. g §3¥L 04-05 mme
FAR A F2¢ F 0203 mmE F
£AE AYste FAE EolA Ao, 1
g o] HAYdMe F5EFot dEFQY
FAZ ARseol gounz F&£AY AU
FAE 05 mmE AFs} wEAs BA
uE 3t A AL FEFEH A7) T3 fine
white stone22 AA3I(T. F& FA7)
vl ogisttd o & HYEHE dis Ae=
AzZrdct, WA FEE shoulder® A9s}
Act. Shouldere =AE 913 B3 FHe
A wrEIGA o] Wio] o] =AA
ZJ-:ﬁL%oﬂ ‘f%'ol A}%%qA.IZ.15.21.36.39.49.50).

HAZS @39 vjZde QAgAIe] e
ASE AT, AAAA dEA FHHA=
AT L5 E 1350-1800°Foith. Ix]F ] AR
L5+ 1900°Fol g wf B A7t Zo] 7= AN
o] A= oy T3] o)A G Yoty
gokth ole =SS HAF AlF7] 9E
olgtal A4 EY, g FE BF 7185719
Hi XA 1417 ol A&A71E k),
o] o]4oz AFAFIW wjEA7} Fo] 7}7)
A|Ze}7] ool ,

Felton® %<& EAAGF T AL EHE 5
o gt EAMAnte] FTE YotEAT. o]
ATe AR HAFS FF AP IFe
15-45 pm®| 43} 4FuEF 40-80 um9]
2] 7&(glass beads)®] 5% EAte| Zz 75,
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79 ym9 FHvRE 2P, WEAES HA
371 918 BAdeke 4 4394 sty
25 ym9] 43} GEnjEFE 327 HAASY.
Hddle vtRe HAE 3ty HEE X
Az 2 3P},

F5UHe Wsls £
3lst7] $j3te] AR W
F-9J3te] wjE3H T WHZRH
A3t =83 A WHE 7HdA] MY
FOE /A F AT 2L A2 HFAIE
AL e ¢ Yob. Pilo® 9} Pascoe™ = B
HEL AP o] HHe] FejF 280
A7 AL w3yl Wl B9 AHgmde &
H3E MR S-S BE3IA. & ¥ 1029
AAEE 71 29S g Y4EE 1 umd
HEYL WA BYoMe 11 pme) H¥FS 7
A&},

He F39 w3lE #Fsle QoM &
AHLe 7EHY A wEHe FHFA e
2 X7 AEE 5 =7l tigk g Folt),
7NERY e FHE Fol o] MY
Ha IS FHse Y A 712
Atole] g HAagE IS Ee=E
Vel = Hhdo) gtk B AToAE dn A
A3 JAA Ao} Fob W HAE B
AP W 2o 7S 2FI} £ol31A
Xe VAR FAE Fot 2 FolM AL &
A3k 7IEHL FEA LR EASA
o 71EHE <2l 259 bladeE AHE3}Y
FEAEGEE. 71EH0) 2W An A A% &
AN We HYel A Jehiy) o) 2
&3 7172 A st of gk, HFAle] 2
A2 HFgHolol sty AL WATTY W
stE #Fstedol glo] YFFoinh. 2L 9
Aol F43YL AT AsiME FEd
Az ol A7 Yo] Wasdi, o) 449
AEEE HrE7] st APA <oz
AN A9 AAR A g AN
ZA339th. 570 24538E 47 534 gt
B23% A3 JYee 21 imPL JFS
1.8 um%c}.

o] Ay =AAZTH/] WP YA



g9l 349 13t S} F& AAe Q)

o 7R g Ao, o]Hd WMol
dojute AFFH FE AET & gde gEA
AR 2E FEA dojue 13l gogn
H 7IkIEE S8 F4£EH Yigd
o8 A7 §Ho fEolrpew, FzAld A
7Ie SY2 FEA S YA vEA WellA
559 FFo] dojuay YA, ole F
zete HAA Y 44 A8 F gle FAHoluh

&0 £83EY vy ¥e 2xdA
HYHE Ag W 7HFolg o Wzt gt
Aol AHEE PR dquE g9 &
HE JEATE dRE Ao sty A4
e gokst A9 A#E 93 (strain) S 2 A
59 AZHA Eo). AZE AR = wol
7V 8 we FrkskAl €@d, Wzt e
w50 B2 HYE S7MTIE Aoz dEA

UTHY. Wele) AR} EAEE T o

gx Z7lshd €. 229 AP ANE
AEASE Yt /RS § F& duxE
ZH A 70}

olg@A A7 duAE TeAEINM fe
sy o] B L AEoF} ) BLojA 2
AUzt felgw WzirlEe) Ane Wy
AR So] o] AAIHM N2 AP
FQ A 5L Y HE AR AXA =R
Ao mE Zd, 7|AF ARl waksA
do. . 259 AxE Zvle 5o Age
a8 9o, J0HES § 3450 1
el 2EHAL AXA 9 39 AP
AR, AP Y 25 3|2o] H1 ARSI
oA WHY AR AFE x|
"), AF B AT 2T oFte 7
AEa, ozt LxuslE w$ wzE
geals HAojcheem o] AR FhHQ
Bolty, F&o g4 ¥25E 428 I
83 255 FolAY, AF &= U4 549
319 polAe] Lxz AYFGR, B AY
ANE HNFYLEE 1900FZ et o] A
oA AFL-3 Verabond®l €32 oF 2450°F
ol 1x71dd &7} ¢F 1900°Fo|B & o]
22 A4
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Campbell®} Pelletier= FZ 34 ol A w-A §
S Yzt 7hFelA] dAR SEol R £
AstA tEAlY FAF WP YA R
At o] ZAEA HE A5EEE oA
frodel e v&Y HBS tHE AHRE
A3, o]3g F 8 4E AT AY AD3H
Hyo] FAFLR {5 HAafs Bast
A, Terada®= PAHI 4 58 £47]1E
ALE3le] AntE vl F&AHol Y1 Qd
S0 1A o] Hto g AT o]F 9
HEAdlEe 284 Utk A%E dAth
o] A% FZo Yt yFFoE A7 o]
7t §F Faske RS AREE.

Ao Bt QA E e E4E& FFRA
AE g8 FedA 7Id8ke HES e
F JertE ZAS7 93 HrkE A,
Auj 2 FejolA olzd EAEE 3ty
FFe HYHQ F2E 7HAA Hi ¥l
288 fadd Bt AFZAFAME Au)
23 AToA 7T FL IS HJL o
2o g ARE 27 vty FAHe R
f940] AUtk F=2F wEAE AAA
g3 XYE ¥ ToME AWETS AFL
Hoe dyg o] AT FHAE AP
fzFEOE W] AJL o] HIFFL o
Z39 vmdte BAHLE foidel AU
ol FEAZL A& Fo dXNE 7] W
ol 3LskAjol A -2 o] o] wof F =
fEAE LAY Q7] wiEe ZAAHo=
HEo] FA Jehd o2 At} = 143
HA A Tz ST YAl AA
He 88 BEske a1 ddess A
Ztdo. A7 Ao d=9d 4 794 wa
Azt FAFRA Fo4] fIlth ole g&
AT Arrrmel X g,

o] ATXNE ZtEAlY EAE FAA
gt =AE FA3A &L o= F&Y
HEys By dgieln JtE dA vkt
HPFL 84 d2AT SHAUNE gla-
zing@AZA] 7HEE S A E A3 B¢

B2 Aol7t gl WEolt}, Zhzte] R-glej
g2 WyFo zlol= tE AxAHe) vk



A2 AR iAol AYTPERY, o)E
24 WA TS WA F ARz 47
€},

E QFME tE o8 a7EH it
A2 12 7FGAe] REFAA 7 2L W
Hge B 5 AT ol F2o} WsEAd
ARE go] Foe WHe 132 Yo
g AL 93 ATS9 Al Yt 23}
AN AE 13 QAR e WETS B
AT ol BAFOZ #93 Hol7t Uch
ol 1x7tdA o} tlR2 o] Walo] Aot e e
BeFE Fojgtm A4zEct 33 A=
wWslgo] &9 groz ekt shdAlel |
AFTo] Padhs BFS B ATM B
Agoprerey o] @it g dde F
g x)A]) ggkot F¢e) WHe] =AY
27l2¢ e E7150] stdd 98] Frlo
A7) 8 Aoz AAEGS, T Fo] uj 2
g FxAd B2 BRI F& FE 4
2] & FEHAotnF M AT
ANtz A ool ojw] WHo] Yot
He J1zFez AR G2 Arle A
Ro g Azrdxt,

E dFoME FE2AIS 3T AEAl =
Z3Pol) LAY o] FL YL wol] o=
A7l fEHEste date W 39 W
5l2 245l BABPT. ol TA LA )
UJehte dabdel wde] dglez 2o
FEET Qe ootk WIFEE vk A
oA AujEstd NS s PHLe ©
AZAA ] YEtE WEe wAsy] 4
483 wrgolal Azt 1y o] Aj7ho]
Po| AujEE FHAoln 239 wjEA AAF
Ro] et WER AARFANME B2
Aol A" 4 k. wjEA AA Ao Q
AYS s Wye vy Jud Hyoz
EWpgE e Wd T3 WiE B,
o] Wye AWEsE whENTE Wl
gtou EAFHcE {93 zolrb U
B4 s #9% Jol7t YUk e
o] Wio] U] ke B9 T, = Wz 7E
o] BolHe wolx ge AIFES HTe
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AL gk o] Wyo] FxAl BA=
S8 Y3 7hE A 2R SHE 28
T AT A g2 W rtees g2 49
S8o] TR WFPFe] I+ W
ot} E o] T & o] o] A He
Vg 2E ASde v g Wy
dddct. o] ol dstde goz HS g2
A7t ol Foiziol & Rojgu Hztdth

-

v.Z &

WHE7LG Al YERY
FxEyo] Mo e JFS Hre)
A8 B4HQ Wy, F F2F qEAE A
At Y7HES Al F e rtg e 129
F25 EAE AAS}7] Aol X E 3tz
fEHE AAT F Y/HEE 71 H HkE
7143 23, F2F WEAE AAS T Y7
743 oz H AvEsid dAZE AT
3T 2 o] JtgeAlvitke] MBS WA
FFNA S 923 2L ZES AU

rir

EE DI LDt
t 9%L
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1. Z+ 4383F 5 1A7MdAd H g2
HYFL 2P,

Z+ A¥T o 12718 o] WA Fe B4
A Wyes wEIIES 170 20-27
umZ 7H Bskx, wjEARE A A=A
%3 EAEE ¢ F wEsIES 270
9-13 ymZ, AfEF T IXE 3
T EAE AASL NHEIFEE 370
8-10 ym= JElgr},

WEA AADN EXEE § 23]
Holl i 172 f3iA F2 4y
249, (p<0.01)

A &3 Fo) X E 3 3T T
e 1TEY Fo3A A WIS
ad. (p<0.01)

wEA AAA AHEE g 27 A
ES Fol AXEE 3 37 FAF
o2 {3F Aozt At (p>0.01)
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ABSTRACT

A STUDY ON THE DISTORTION OF THE COPINGS FOR
CERAMOMETAL CROWNS DURING REPEATED FIRING

Ki-Hong Lee, Hun-Young Chung, Sun-Hyung Lee, Jae-Ho Yang

Department of Prosthodontics, School of Dentistry, Seoul National Untversity

Ceramometal crowns are common restorations in fixed prosthodontics because of their
casting accuracy, the high strength properties of the metal, and the cosmetic appearance
of porcelain. However, deterioration of the initial fit of the metal coping has been observed
after the porcelain firing cycle. The distortion due to repeated firing makes it difficult
to fit crown margin and elicits microleakage. The major causes of distortion are the residual
stress that accumulate during wax-up, casting, cold work and the induced stress caused
by the mismatch of porcelain-metal thermal contraction. This study examined the marginal
fit changes of metal copings in relation to repeated firing and the effects of heat treatment
that reduce the distortion resulted from residual stress. The marginal changes of the copings
that were treated with conventional method and those treated with heat before repeated
firing, were evaluated. The metal die which represented preparations of a maxillary central
incisor was fabricated, and 45 wax patterns were cast with nonprecious metal alloys.

The heat treatment of each group was performed as follows.

Group 1(control) : Casting - Devesting - Cold work - Firing

Group 2 . Casting - Heat treatment - Devesting - Cold work - Firing

Group 3 : Casting - Devesting - Cold work - Reinvesting - Heat treatment - Devesting

- Firing

The copings were fired 3 times. After each firing, the marginal fit changes were measured
with inverted metallurgical microscope at the 4 reference points located at labial, lingual,
and both proximal surface. Measurements were compared, and statistically analyzed.

The results were as follows ;

1. In all groups, the highest value of marginal fit changes of the copings studied were
found after the first firing cycle.

2. When the distortion of each experimental group at the first firing cycle were compared,
group 1 exhibited the greatest changes(20-27um), followed by group 2(9-13um), and
group 3(8-10um).

3. The copings treated with heat before devesting(group 2) revealed significantly smaller
marginal fit changes than the copings treated with conventional method(group 1).

(p<0.01)
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4. The copings treated with heat after reinvesting(group 3) revealéd significantly smaller
marginal fit changes than the copings treated with conventional method(group 1).
(p<0.01) ‘

5. No siginificant differences in marginal fit changes were found between the copings
treated with heat before devesting(group 2) and the copings treated with heat after
reinvesting(group 3). (p>0.01)

Key words : distortions, heat treatment, reinvesting, marginal gap
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