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Fig. 1. Tooth preparation.
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Fig. 2. Loading apparatus.

Table 1. Experimental groups of specimens used in study

Groups Descriptions
1 Porcelain—fused-to-gold crown
2 Porcelain-fused-to-titanium crown, Al,O, sandblasting
3 Porcelain-fused-to-titanium crown, gold coating
4 Porcelain-fused-to-titanium crown, TiN coating
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Table II. Fracture strengths test results

(Fig. 3). 129 =AAGFTHL gold ZH S A3
ot Elolelgd AlojodAes BATHCR foldt A}
o]5 HolA] 9kot(p).05), VA w1l Al0s
sandblasting= * &g w2} TIN 28 & A 2] 3t glo]
Elg oA Fo e Atol& EAtH(pd.05). L2fvt
F9 28 A& Al 3,479 E}O]EHIJJHJ*J%
AlOs sandblasting®t 2] 3t & Alo]dl= f2] gt A}
o7} A4 %‘%D}(m 05) (Table H)

o] dojt TAl-F& ANS BHe éﬁr 47}
A & B5 AR dteol 7tz 5 w
o7 FAAQ] mAe] 5 ol .
TA} =A Ato]l 2 =A|of 23
AtolelA] AYstA o A 7‘}%191
XH7 :5:_,] _z_uz]oﬂ u}o] 11—5401

et St T =9} 54 ko] 3 ¢
Ao 25 GARE e 2 274 3 (cohesive fallure)

9} 24 9) (adhesive failure)7} S #Had &34

Fachew strangiha

'?H 111

Rid0Y awind  woid cosiad TH commed

Frimclire alrermaibs |os kgl
-
=

Fig. 3. Fracture strengths test. Bonding strength of PFG
in groups showed significantly higher value than
those in differential groups. Al203 sandblasting
titanium in titanium groups was least value than
those(p<.05).

Group N Mean (kgf) SD
Porcelain-fused-to-gold crown 8 104.5 8.5
Porcelain-fused-to-titanium crown, Al,O; sandblasting 8 89.3 9.0
Porcelain—fused-to-titanium crown, gold coating 8 98.1 8.0
Porcelain—fused-to-titanium crown, TiN coating 8 90.9 11.1
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Table III. Results of Tukey multiple comparisons among 4 groups

(I) Group (J) Group Mean Difference (I-J) Std. Error Sig
Group 2 15.1375* 4.61858 .014
Group 1 Group 3 6.3750 4.61858 522
Group 4 13.5875" 4.61858 .031
Group 1 -15.1375" 4.61858 .014
Group 2 Group 3 -8.7625 4.61858 252
Group 4 -1.5500 4.61858 .987
Group 1 -6.3750 4.61858 .b22
Group 3 Group 2 8.7625 4.61858 252
Group 3 7.2125 4.61858 416
Group 1 -13.5875" 4.61858 .031
Group 4 Group 2 1.5500 4.61858 987
Group 3 -7.2125 4.61858 416

*: The mean difference is significant at the 0.05 level

Fig. 4. Fractured specimens after loading.
(a) porcelain-fused-to-gold crown

b) porcelain-fused-to-titanium crown, ALO, sandblasting
porcelain-fused-to -titanium crown, gold coating
porcelain-fused-to-titanium crown, TiN coating

(b)
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Fig. 5. SEM photographs of fractured surface after
fracture strength tests (X 35):

(a) porcelain-fused-to-gold crown

b) porcelain-fused-to-titanium crown, Al2Os sandblasting
porcelain—fused-to-titanium crown, gold coating
porcelain-fused-to-titanium crown, TiN coating

(b)
(c)
(d)
EM Abzlolt}, Fig.
%lhcﬂ e F
S WG Holk P&
¢l 1ol RESE EAVE P

} Ao xW A& At Urlﬂ%]
Gt A wo] TA 2HE H9s B

-
HE o
i
im



V.o #

A T2 a3 dud e AR g
el soldel wet A A3t -4 Aol
$sha AAAG BUE ) EloleRET 1
o] Abgol F7keta vk, 2Efuh A3} &S oA
Elo|EEo] Be Aol o]u] Z5)o] gL &

Foha Blolekie] F2, Holeks ko] A e)

i

3 gelebsst EAlstel 2% 5 obd ddalor &

.“.:,'__;q] 3| o] ﬁ}o] H—o], 011;]_ 9)

_7-:9] o % S xH

T I e i o8

A ko] Aol £2.8 A7k £ U0 Kas
110 B

Z4 J4—ZLO1]}\'1
oletE el A E 84%, AlE&adME 98%olNe=
Bttt 28y tE BaPd e 5dzte] ol
Bl A FReS #ES 243 dd el E 6%,
0 FaR M= 13%2] ZAlgdo]l Loyt
o} gixte] Fejo} Ao gk AuHl vEE
nple] Aol etz didelA EelelEe
Ae] Abgol sttt Haskgivh. o] A | Eol
EhrAl o] A Aol tigk A7 ol EA
St ol g Hus2 Blolehadt Ao A=
7} oba BFEsittE As A sk

ElolBHE2 800Te]/de] 2&olA e, Ao &
I} ikgste] vlwA F I A EelE = ElelEhe
Aﬁ}mg HAFTH 2 a-caged} Bl o] =4

AR AR T2 AP S AN By
ozRE wAel 4L oplad s Adg dsjet
2 e mAE B AW YR FAAY o

g Aol

A== QE‘ETP—‘EH] 8
°}E1F Y AdaChl e EolehET BA) 7he] W A

= Elolelgol Wk Atglute] Hzto] By
3l7] wliEolH, o33t Byt staluke wa A

2 Toll A=

AYREE AT

=

MEEEEES

208

T4 2A e A Hod Vo re Bap 3t
1ol o A3 (Van der Waals forces), $+8H4 2
&, Ak S5 DR Al Aol e 45,
7]74 2 fA418 So] 9tk AkOs particle %238}
A AR7)E S7HZ1 CP Elelet s A4 1t
o Ago| FAHATE Bu¥Y Lavinedt
Custer®] AR FxHo] Avtd FxHE A7)
=7h S7kskel ol AN Asdol S7tetd
A YA Gato] o & o] FojA]7] wiielghs
B 52 7|A1H Aol =Ast 559 23 +
23 g29e ofuigith. 2y H2o ATolA]
ElojEbg 2 =A19] EfolEly EWS 3
o2 H3ATE= 7
At

< glojehgel FHAY ke &
A A F Qs vk
Ho g eolewe

3 Ut} Sadeque 592 gold sputter 8-S A3 gk
H'O]E]"E'O] S 5k e of2& ti7] st =A7E
2AHNE W 7Y L BelghE-EA AR RS
Bttty Buslled ole 253 A O}Et
th7] st A o] 2ol AlUA] B3 o] 2
FIAI713L gold A ] BfolElg FEH A H]
3 At PAS 2A-she w4 Hojtto 24

a17] iEo 2 A AZI Lee 572 ZHE
-2 (sputter coated gold layer)o] Efo]ElE
©] Ti(0) -&A|¢] Fejo} 2tstE HAAA
N2 243t 3E AwTiE god 2
®Ho MG Haslsit), ol FHe
‘:ZH@ ElojEhg AslSol ks Fol 3t
TR AERE Qe =xieke] A3t
108 oA
EfolElg W SisNs ZH-& 3t
HHAE £ SisNa IR F =A] Afol ke =4 W
o] spdo] dojid Ao w Hol Ao} SisNa 38 A
ol Azl NAHAHASS Bidtla, Oshida
e ek ad ook Fagl °] ke
(nltrldatlon)@r Cl"'é‘ A 7}d

£
}:Ll ~

al

g;
o 8

mlo

R
i
ar
&

o

X

ox 3 uu e

~ oo O o Hob do T oot e alo

o

2Rl
s A
=

F

2 olN- Sul

o[}l 4
A,
>

SR

=30 O

Wang 5

R PR NNECE
A dAIFoRA vl Ao



st o

o,
oX,
tlo
2
o4
%

np@dA 4, aelm gast
Frha BaEc).
2 AFoMe ¢ EdES Fust

A 2TE T A el

Al203 sandblastmgﬂ E‘rohi]r?‘:r ZH%L gol
% TIN 28] 9 A2 & AT Belghs®
I ddel A 7S Bel AHEE I e ‘:Zﬂﬂﬂl
= AAste] F 353 2A] Alelo] A2 S H]
sttt An Aoy 71540 a2 A2He
Tab= et Al 12729 A4 Yrlx|olE A9
o QA et 2 o R dHEAFHS A
2ok AAE AAleta BolewEAd 2 =AA
¥ AAgitt. o] Ao AHEE e
T2 2lote] FS wFel| FA o2 Teiled o=
Zﬂ’# Al el gR|o] Aot stet Al 14749
nF7F AEshe uye FHE RIEa
21 %%1'5‘} | &t71 flste] 7HEg 3
SFA crowns A 2Fsl T,
“ﬂ Oﬂk‘ & 9=
P o . =T HebE
Eh;~ Andersson &
copy-milling-spark-

[oN
:HJ

ll‘ P>0¥r°"—°“~'FOFJFEFXiom§LLlL‘£

erosion technique £ Procera technique® 2 &

g™ o] WM& spark erosion®.Z Ele|ElF ZE 9

[SHA=
HeE 393 millininge.2 994 713 a. o
B FzAYI B BAE BYeA ot 5

@ ﬂuw}%ﬁ et Has @ B ohlet

A Azl 7] wj o] 2 FaAY &
et HAEE Azl = ol go] A ¥ vk
B AFA AHEE ElolBHE TS lost-wax
technique -2 ¢8-S gAsla v &, Agsle] 2

=, A

st o & tE Aggoly vlAFE vlE o2
FZ EAog dutdAFZI|EE F =
HAFdo] Yo Erolehw HE&F27
ek ok Aok R dAle E}"]E}
Tzt 2 olgRe] flofAla Jon Hitbst -“i
AE] A& &3 WHolth. Derand” v} Pang™
Fx Al &89 Eolehwe] t7iy v Ex] o}

é:L

209

case layere Al e PJ— F)r 1ete2 f9
&k 2tol7F YEhA] 962 Ao ® Azbete] Fx B
olefE S ol &3t EloletuEA#E A st
A vkt
A goletwd TAle] 2RUEE S457] 9
- E]_ookz:sl. Al o tHo] 28149} Pang =00 373
3 OH A9} Elo]Ehso] VMK 68
dEHET Y g2 A% AEE
3L, Probster =50 glo|elgy A&
CAe] 2% A=rt A7 S 4t =4 2
7] 38~58%2] WSl &etial skqirt, gt
gold®} TIN 59 FHA & Aldgh ZA 9 A7
N 23% @za = Eokﬁ =A% E}ow}%ﬂrq
&7 olg]at oI
i %Eﬂo "Hﬂoﬂ/ﬂ % i FJMEHFJ% JJH—J
I =o] 7}allA]
°ﬂ /]OH A 5
B T2 Y3
& drelME 2o
Elo| el =A%

i
o

e
ro
.,
]
5;
20 ol o

M

+ 11 lkgf) lﬂ.l_ Ales sandblasting= x% E] EP T
(89.39.0kgh)<= - & ek o}, 8 28] g Blo]
BHeEAT 3telle g Abol7h /v (p).05)
(Table ID). BfolBHE3} A Alole] A7 ee EA
A%aae] 85~94%9] ’“10104\:} a8 =A4A
e vate] gold ZH S AldE Elo]ElEEA
o] FAATE 893 2Jo]E Holz| &gtu, ¥
WX 2 Ag3 ol EEA o] M EBalaE
RHE Al ol Bl tha w2 RS Ho
AL Boleks W9 38 A7t E‘rolE‘ﬂ;QI
St Algste] =Ajote] 2dE s = Oi
ZHE Tk TiN ZREU= gold RS /\]agzﬂ-

o-i- rL rr r



A,L
ﬁ
)
ins

e
X
T
o
i

rlr
N,

[e]
fr
il
©,
B
[oN

lo

= *1?‘%6& 3 Ei b @%‘%ﬂ%
€t} o] Oshida 579 M=
glo] & ]i}(nltndation)% %
S AP TEHY =2 ElelehEd =419 2
Holthe Hug vfo] B AYoME 33}
Zole] »eoko &2 9l TiN =& 2] A] 3 Eﬂ
W Ak o BEACR o] For
2|7} o] FAX7] WiEell o o9 v A
< Aow Yzt
Elolebg e Toll A 2t T 3he] spatEe] Ajo
#FH 3" W ofyel 713k Al o7t
o oa TAEE =A A e Aol
S A A= o]zl 3t
Bz A A 5010]01]

i
jO,L
2

oﬂ,r

o1o qF 1 o o

3k
o)l
o %
=72 %——%(condensmg of o ?*" ‘?:‘0 v oA
9] @Amith Hske et Ak S Aol
SEM ARzlol| A Z=A1e] ahd whefA 2t T
—O‘iﬂﬁ’i‘ﬂ TA) Atelel 7)1 27} EASHE s &
E ‘l‘ /\]Oiljr
AT Ee] HelgwEAREY e a7
Hole Z& 2= BolggeAd
o Azl AHEEE =AY FR7F HEa 1 &Y
2 ZgAe] apol7b EAEE] wiEolth =A A €]
Z=7b ARk A 3-8 =4 (Creation™) €] 7974 2A4]
25 %A (Vita Titankeramik®)2] =Xt} ¢ =&

41

ro

o

~

=
==

l

13] o]‘: Z{.Q_ _J_ZH“: DA _\J:_;Hoﬂ zx%xﬂ 2
T §A(flux) & 7tete] BHEE = ol2idh d7]4d

3% ke 30 W 3 2499 dabl
S7HAA 2Ae] AEE Okﬁ./\]al

o=

ARl F43) 247} o ARUEE Hol:
AL 22 Aslatnl A 7ke] obgd shebd Agt
w70l vk ElolebEd} EAIZtY] we A% e
Etojebgell gk Abshute] Fzbo] Bebgsly] wjE
o Azdd wet =gt 22 =A-
=4 2% 7] A e g muA

210

auv 704 A A7) Az o] M7 AR
oA 2kgfell Al 46.8kgf, FA[FolA= 6. 8kgf°ﬂ}‘1
81.8kgf%l & #<te W™ 3% Etolelw Al H
T YRR 58 v HYEE i%‘%
‘l‘ M"ir/}

spdo] ol =Al-54 AW
A3} 1A 2 B frAlel shsel 7
F oo FAAQ mAe v Fgol #Ey
o =A% 55 e o FEE B fARE 9
2 FE ZASH =A AfolelA sbdo] MAst=

23} (cohesive failure) 2k =49} 5133 Aol 34
o] Yehvte 724 5l (adhesive failure) 7} &7 #2
s3] o] BAE o} TAARITHE
[N 7F FERAL Boleha=A e 5=
FAAs o] Fol FEMT ol BolekEEA
EYE SARGFRAA =g FEAtele] 2
geol § Frde HolEr

-r/\}x“}‘ﬂ 073 el M =A% %ﬂ-‘ﬂ e

.14

o}

o

o & ¥ Rl o

T olo rﬂ
o

r

o] —tu'ji}ﬂcﬁ ZkEzS = Aoz ‘)rE}MI’— 1225
Aol Af MeEeay w2 Heldt Elo|ehEd
HUl= gold ZH U TIN ZH & ¥ A& A3
g BelA 25 T B =AY 71‘3’3—%
ol 2= 3}

ey E}O]E}?‘?Elﬂﬁr Atolo] frAbel abd F
= EF 0]'.14 Al20s sandblasting®H< Al 33t 9]
< 29Y L Bolgw 2 A dHHe AL
o] a-case & W&o YA #E Hr} ot
< Hol Aog Ay} uhd E}O]E}Foﬂfﬂ
28E S8 2"’ A g 7ol gold 8
/3 Al BtolebEe] AbstEa A =8 5}5“30
AwTiE BAshe shehbe-S doA =A|de] 4%
o TN TA g A A
LP—i Agate] ZAloke] AfE e 3

S 9]
= =2

o)
FB]T:

I

E}O]Eher— A AZ A Fzo
at T% gold TINC.Z FH g A$- o

—



el =41 23
e B FATh

o AZ Al E‘rolgﬂf ol ’LE%F%&%
% gold} TiN ZH S Algygchd
?fﬂr Ao AF ﬁ—°‘ qd&

e gL rdsta vekgt A8 H3by
T =97t  astel et Azt
v.Zg £
2 Ad4E Helekg-=Al 23 Al ElolelgolA
gold ZH ¥ TiN ZH o2 £ #2] ¥ eloletEd
Ao ATl SFEEAE golr A ¢
gl A AH8E = FEH R ElelelE W gold I8
TiN #¥, Al20s3 sandblastingS A 83t Elo|Elg =
ANFE Ak, =AAGFTH vlwste] o33

2o Ane At
1. Elolgtg=A e - 3 gold
gt 7, TIN ZHEZ APt 7, AlOs sand-
blasting= Al33 2| =MATh 23y 37 3t
o] AT Atolo] BAEAQ Felgt At &
ANBIA] 28kt (p).05).
2. BRG] o] M v A=
B AMHE As7F g8
]U} Umz] 379 ElolEl s EAdES &
2] 85~94% FFo| ATt

AHE Al

/\
e wEeE 2

U

A
(e}

S
% Ol o

PN

3. %OJ 2 SEM #Eo)H =9 F2 7o) wkA
FFe BT AR FE R -§37 43l (cohesive

fallure)g]r 24 5} (adhesive failure)?} &7
B3 o] ALY oY, =AATY
2 34} FEEA L Elol s = e
l"%ﬂé_MH o] FEHAT

= E}OlE}HEJﬂ% AR Al 23 B
TiNe.Z ZEE 7% Elo]e}

%{1/‘174 = T3 7?”

211

H

ol

10.

ol Al AHS 7hedt Tt 27 Rl o
e R K e

&E FH

. Moffa JP. Alternative dental casting alloys.

Dent Clin North Am 1983:27:733-746.
Kelly JR, Rose TC. Nonprecious alloys for
use in fixed prosthodontics: A literature
review. J Prosthet Dent 1983;49:363.
Jones TK, Hansen CA, Singer MT, Kessler
HP. Dental implications of nickel hyper-
sensitivity. J Prosthet Dent 1986:56:507-
509.

Moffa JP. Biocompatibility of nickel-based
dental alloys. J Can Dent Assoc 1984
12:45-51.

Cai Z, Bunce N, Nunn ME, Okabe T.
Porcelain adherence to dental cast CP ti-
tanium: effects of surface modifications. J
Biomaterials 2001:22:979-986.

Sadeq A, Cai Z, Woody RD, Miller AW.
Effects of interfacial variables on ceram-
ic adherence to cast and machined com-
mercially pure titanium. J Prosthet Dent
2003:90:10-17.

. Lee KM, Cai Z, Griggs JA, Guiatas L, Lee

DJ, Okabe T. SEM/EDS evaluation of
porcelain adherence to gold-coated cast ti-
tanium. J Biomed Mater Res Part B:
Appl Biomater 2004:68B:165-173.

Derand T, Her$ H. Bond strength of
porcelain on cast vs. wrought titanium.
Scand J Dent Res 1992:100;184-8.

. Russell R. Wang, Gerhard E. Welsch,

Othon Monteriro. Silicon nitride coating
on titanium to enable titanium-ceramic
bonding. J Biomed Mater Res 1999:46:262-
270.

Oshida Y, Fung LW, Isikbay SC. Titanium-

porcelain system. Part II : Bond strength



11.

12

13.

14.

15.

16.

17.

18.

19.

20.

of fired porcelain on nitrided pure titani-
um. Bio-Med Mater and Eng 1997:7:13-
34.

Adachi M, Mackert JR, Parry EE, Fairhurst
CW. Oxide adherence and porcelain bond-
ing to titanium and Ti-6Al4V alloy. J Dent
Res 1990:69(6):1230-1235.

. Miyakawa O, Watanabe K, Okawa S,

Kobayashi M, Shiokawa N. Layered struc-
ture of cast titanium surface. Dent Mater
J 1989:;8:175-185.

Okabe T, Hero H. The use of titanium in
dentistry. Cell Mater 1995:5:211-30.
Kaus T, Probster L, Weber H. Clinical fol-
low-up study of ceramic veneered titani-
um restorations three-year results. Int J
Prosthodont 1996:9:9-15.

Kononen M, Kivilhti J. Bonding of low-fus-
ing dental porcelain to commercially pure
titanium. J Biomed Mater Res 1994:28;
1027-1035.

Togaya T, Suzuki M, Tsutsumi S, Ida
K. An application of pure titanium to the
metal porcelain system. Dent Mater J
1983:2(2):210-219.

Kimura H, Horng CJ, Okazaki M, Taka-
haski J. Oxidation effects in porcelain-tatini-
um interface reactions and bond strength.
Dent Mater J 1990;9:91-99.

Walter M, Reppel PD, Boning K,
Freesmeyers WB. Six-year follow-up of ti-
tanium and high-gold porcelain-fused-
to-metal fixed partial dentures. J Oral
Rehabil 1999:26:91-96.

Wang RR, Fung KK. Bond strength
Oxidation behavior of surface-modification
titanium for titanium-ceramic restora-
tions. J Prosthet Dent 1997:77:423-434.
Pang IC, Gilbert JL, Chai J, Lautenschlager
EP. Bonding characteristics of low-fusing
porcelain bonded to pure titanium and pal-

212

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

adium-copper alloy. J Prosthet Dent 1995:
73:17-25.

Lovgren R. Prostpective clinical 5-year study
of ceramic-veneered titanium restorations
with the Procera system. J Prosthet Dent
2000:8:514-521.

Shell JS, Nielsen JP. Study of the bond be-
tween gold alloys and porcelain. J Dent Res
1962:41:1424-1437.

Rosenstiel SF, Land MF, Fujimoto J.
Contemporary fixed prosthodontics. 3rd ed,
St. Louis; Mosby: 2001; p.488-512.
Anusavice KJ, Dehoff PH, Gray A, Lee RB.
Delayed crack development in porcelain due
to incompatibility stress. J Dent Res
1988:65;1086-91.

Pr?bster M, Maiwald U, Weber H. Three-
point bending strength of ceramics fused
to cast titanium. European J Oral Sciences
1996;104:313-319.

Kimura H, Horng CJ, Okazaki M,
Takahashi J. Effects of retention and
bonding agent on bond strength of the ti-
tanium-porcelain system. J Osaka Uni
Dent Sch 1991:31;23-32.

Oshida Y, Fung L, Isikbay S. Titanium-
porcelain system. Part II: Bond strength
of fired porcelain on nitrided pure titani-
um. Biomed Mater Eng 1997: 7:13-34.
Hautaniemi JA. Juhanoja JT, Hero H.
Porcelain bonding on Ti: Its dependence on
surface roughness, firing time and vacu-
um level, Surf Intersurf Analysis 1993;
20:421-426.

Lavine MH, Custer R. Variables affecting
the strength of bond between porcelain and
gold. J Dent Res 1966;45:32-35.

Wang R, Welsch G, Monterio O. Silicon ni-
tride coating on titanium to enable titanium-—
ceramic bonding. J Biomed Mater Res
1999:46:262-270.



31

32.

33.

34.

35.

36.

37.

. Cai Z, Carrasco L, Okabe T. Porcelain ad-

herence to titanium cast in oxide-coated pat-
terns. Trans Soc Biomater 2002:25:103.
Andersson M, Bergman B, Bessing C. et
al. Clinical results with titanium crwons
fabricated with machine duplication and
spark erosion. Acta Odontol Scand 1989:
47:279-286.

Leong D, Chai J, Lautenschlager E,
Gilbert J. Marginal fit of machine-milled
titanium and cast titanium single crowns.
Int J Prosthdont 1994;7:440-447.
Valderrama S, Rokel NV, Andersson M. et
al. A comparison of the marginal and in-
ternal adaptation of titanium and gold-plat-
inum-palladium metal ceramic crowns.
Int J Prosthdont 1995;8:29-37.

Kupper H. Pure titanium as an alternative
material in restorative dentistry. QDT
1992: 143-152.

Eugene P. Titanium and titanium alloy as
dental materials. Int Dent J 1993:43:245-
253.

Christer B, Maud B. The castability of un-

38.

39.

40.

41.

42.

alloyed titanium in three different casting
machines. Swed Dent J 1992:16:109-
113.

Al-Mesmar HS, Morgano SM, Mark LE.
Investigation of the effect of three sprue de-
signs on the porosity and the completeness
of titanium cast removable partial denture
frameworks. J Prosthet Dent 1999:82:15-
21.

Watanabe I, Watkins JH, Nakajima H. et
al. Effect of pressure difference on the qual-
ity of titanium casting. J Dent Res 1997;
3:773-779.

McLean JW. Dental ceramics. Chicago;
Quintessence; 1983; p. 13-49

Kvam K, Derand T, Austrheim EK.
Fracture toughness and flexural strength
of dental ceramics for titanium. Biomater
1995:16:73-76.

Helkimo E, Ingervall B. Bite force and func-
tional state of the masticatory system in
young men. Swed Dent J 1978:2:167-
175.

Reprint request to:

Sang-Won Park, D.D.S., M.S.D., Ph.D.
Department of Prosthodontics, College of Dentistry, Chonnam National University

8, Hak-Dong, Dong-Gu, Gwangju, 501-757, Korea

psw320@chonnam.ac.kr



ABSTRACT

A COMPARISON OF FRACTURE STRENGTHS
OF PORCELAIN-FUSED-TO-TITANIUM CROWN
AMONG TITANIUM SURFACE COATING TREATMENTS

Ji-Hye Kim, D.D.S.,Sang-Won Park, D.D.S, Ph D., Mong-Sook Vang, D.D.S., Ph.D.,
Hong-So Yang, D.D.S., Ph.D., Ha-Ok Park, D.D.S., Ph.D., Hyun-Pil Lim, D.D.S.,
Gye-Jeong Oh, B.S., Hyun-Seung Kim, M.S., Kwang-Min Lee, Ph.D., Kyung-Ku Lee, Ph.D.

Statement of problem: Titanium and its alloy, with their excellent bio-compatibility and above
average resistance to corrosion, have been widely used in the field of dentistry. However, the exces-
sive oxidization of titanium which occurs during the process of firing on porcelain makes the bond—
ing of titanium and porcelain more difficult than that of the conventional metal-porcelain
bonding. To solve this problem related to titanium-porcelain bonding, several methods which mod-
ify the surfaces, coat the surfaces of titanium with various pure metals and ceramics, to
enable the porcelain adhesive by limiting the diffusion of oxygen and forming the adhesive oxides
surfaces, have been investigated.

Purpose: The purpose of this study was to know whether the titanium—porcelain bonding strength
could be enhanced by treating the titanium surface with gold and TiN followed by fabrication of
clinically applicable porcelain-fused-to-titanium crown

Material and method: The porcelain-fused-to-titanium crown was fabricated after sandblasting
the surface of the casting titanium coping with Al203 and treating the surface with gold and TiN
coating followed by condensation and firing of ultra-low fusing porcelain. To compare with porce-
lain-fused-to-titanium crowns, porcelain—fused-to-gold crowns were fabricated and used as
control groups. The bonding strengths of porcelain-fused-to-gold crowns and porcelain-fused-to-
titanium crowns were set for comparison when the porcelain was fractured on purpose to get the
experimental value of fracture strength. Then, the surface were examined by SEM and each frac-
turing pattern were compared with each other.

Result:

Those results are as follows.

1. The highest value of fracture strength of porcelain-fused-to-titanium crowns was in the order

of group with gold coating, group with TiN coating, group with Al2O3 sandblasting. No sta-
tistically significant difference was found among the three (P).05).
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2. The porcelain—-fused-to-gold crowns showed the highest value in bonding strength. The bond-
ing strength of crowns porcelain-fused-to-titanium crowns of rest groups showed bonding strength
reaching only 85%-94% of that of PFG, though simple comparision seemed unacceptable due
to the difference in materials used.

3. The fracturing patterns between metal and porcelain showed mixed type of failure behavior
including cohesive failure and adhesive failure as a similar patterns by examination with the
naked eye and SEM. But porcelain-fused-to-gold crowns showed high incidence of adhesive
failure and porcelain-fused-to-titanium crowns showed high incidence of cohesive failure.

Conclusion: Above results proved that when fabricating porcelain-fused-to-titanium crowns,

treating casting titanium surface with gold or TiN was able to enhance the bonding strength between
titanium and porcelain. Mean value of masticatory force was found to showed clinically accept-
able values in porcelain bonding strength in all three groups. However, more experimental stud-
ies and evaluations should be done in order to get better porcelain bonding strength and various
surface coating methods that can be applied on titanium surface with ease.

Key words : Titanium surface coating, Porcelain-fused-to-Titanium Crown, fracture strength
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