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Fig. 1. Three-dimensional finite element model with
12453 nodes and 11520 solid elements for a
Vitadur Alpha Porcelain / Glass Infiltrated
Alumina Core (In-Ceram) bilayered ceramics
subjected to a bite load of 300N on a contact
surface area of the porcelain.
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Fig. 2. Distribution of the principal tensile stress in
a Vitadur Alpha porcelain(thickness : 0.4mm)
/ glass infiltrated alumina core (thickness :
1.0mm) bilayered ceramics when bite pres-
sure of 2.389GPa was applied on the contact
surface area (contact radius : 0.2mm) of the
porcelain.
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Fig. 3. Distribution of the principal tensile stress in
the procelain / core bilayered ceramics when
bite pressure of 382MPa was applied on the
contact area (contact radius : 0.5mm) of the

porcelain.
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Fig. 5. Influence of the contact radius on the peak
value of principal tensile stress which was
occurred at the surface of the porcelain.
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Fig. 4. Distribution of the principal tensile stress in
the porcelain / core bilayered ceramics when
bite pressure of 195 MPa was applied on the
contact area (contact radius : 0.7mm) of the

porcelain.
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terface between the porclain and the core.



284

DRI EL 2513, FREDFIRY IS M

Z

BEMERATTOL—VE5Iv 7 R2 57 DM
BENCTOBIEE— FICBBLTIE, URTOZo08EE
— FAERESINATVE., $hbbE—OBEE— FiT,
WA HEAERNL D L I3 F DD MM RE D 5 &5t
FHEL, 0% RAER DA T Subceritical crack
growthZ 2 Z L TR NE~NER L, R TRLER
BEREILTIZ Iy VIEFRBLECTRATH 5.
ZDE—DOBFEE— FIZB L TIE, Lawn et al®* i
X D Hertzian contactZ iV 72 XK 2B LT E SN
TWa. FEICBWHIEBEEZRT, in vitro TO % —
VeI IvrR7 5y OEREERE, OIS
E—-FCHELTVWEOTREVWNEEZLRTVS
25, OFEATORETCIIIOWEE— Nl A LS
BINRWEESDhTWE?, —F, EZOWEE—F
X, XV MEEETAaTHED LIZa T W
REDORKGD» S EEIBEL, FOEXENIITY VN
HEsHIhdo TREL, PP TARERELZREC T
BETHAH. EOWEE— NIX, OBRNTOF—NV
YIIVIRI T VOBEE-FTRBEVHILEE
WEOEINTWS.

BFETIX, F—VETFIv I AT T HFNER
& WCHHIRA . THRAME D N7 REE, & L ZIEgE
BHhICEYEHERTHR T IREEEEL, KEE
BEERE E BAMEICER LT, FA507 57 VAR
DIHIRE, FIVTIIHEOE— FICHEBE 5250
EI3hE, EFMLLIBBET I v 7 AZHWTH
Nz, ZORR, WREEMEEOMIMIL, WEHEMIE
EBEOMMERRCRET IRAFIRVSHEZET &
LIEPHLNPICEoT. SHIT, BRERIVIIV
BA, BRBIRYISHVMMOMEEZKE LHS
72®, Hertzian contact CHI%E & 115 cone crackDSHiHf
EEH» OWNEBIZE D> TRAT 525, BAHEEABEM
T5&, RRFEEYIRNIZIZEIZET L, cone crack
DREDEBRUEIKECETILILEIHLIPITE
7o, REEMBICHEMER D S EEPRAEL 2RI,
Hertzian cone crackingUNOBEE— F 2 & 2 1)
NiE% 5%,

2T, HEAEOTF X NVERE, iRy, #
L Tin vitro COWIEFBRICBWIHEZ AN T 5/
DICHVEAT Y VAR Y, e DOBEERE RO
WHED, F—=NEFIv 7R 5y v ERETERT
TREEM LU IHEORSEMEREEIE LA, 272
L, ZoOFETE, W FRICEESmm®DWEH
Hertzian elastic contact L 7235-& DEMERK % Ko,
BTV HIE—E0.3) EIRELTY Y 7EDOAEAL
SHTz. hBBRETIF00NE Lz, Z0#E%Fig 71
RY. ZBHOBEATORGEMZ, REEMSOK,
ZLTEMREISHEMCHILIZLEERTIE, £

¥5.

0.7

0.6

0.5

\ Enamel
0.3 .

7

Stainless steel

Contact area (mm?)
)
~
_—o—

0.2

0.1

0 100 200 300 400 500
Young' modulus (GPa)

Fig. 7. Relationship between the contact area and
Young' modulus of the materials when a
sphere of the material (radius : 4mm) was
contacted with a Vitadur Alpha porcelain
plate.

BokSHMERISOICKERETHLLEEDNS.
Fig. 72 8.5 &, in vitro COBEBREBCHWAL AT v
VAL DY 7ROREZYWETIZ, EMEFTY
VIRIMKELEVTIRIZ—EDEEZRYT Z L2990
5. LaL, A VEBREOY Y 7FRIDFLHhW
WETIX, ¥ 7RBOE T TEMERITSEIC
WLz, OBENTE—VEFIv T A7 T 025
3 2P EE, BEIFANVEREL DY Y TEHUR
SRWETHDHLEZONS20, ALRENTHI
EEMEREIAT Y VAL EECYREICHRD L
LZPICKEV., EMEESAKE LD L, MHMERO
RAFIRYISHPBEIETL, FlVTIBEDE—

FHELT RN H D Z LA, KO RDS
ARINTWS, ZORGEMERICERT 08
— FOEALH, in vitro L OABERNTOFIED £ — FIF
R 2%, &52idin vitro COBBRB T, -
IV IR I UPBEFICBVEEEZRTEREIC
BRoTWBDTIERWES S H. 54in vitro TORE
BREBETHISHETIE, WELZAWTL5WEOMMEE
BIEZERTHLESHLERDNS.

AR TIE a7 B REICRET ARREIERD S
TNTHEHL72H, AFETHWZZET VTR, B4E
THILIIFM OB L BT 5 LR Y NERET
Hotz. LLERIE, Jung et alPIRFED L S 2y
VITEINSEYWELIES LT I v 7 AT,
F W A 5 OHertzian cone crackk ) dEERE 2 S
radial crack2* X W VMW E CTHRAT LI L2 W
LRILTWS, OERNOZ 5 Y idEAEICEA Y
FMEEEINLD, BIIFFCEZE6EHEA VT
REXEROHEEROEBLIHSP T IULENH S
bl 58 oY (W



]

F#E#A— €5 Iy 2 A2 5% (In-Ceram Alu-
mina/Vitadur Alphaf@#f) # €7 ML L - £ T 3
v 7 AR E R % & 2 T300NO &) % e H
SELGEDIEN G e ZERTCEBRERE L HVT#R
ML, FoM@meRe.

(1) ISTIRT ORER, 2T DS CInESSEE O
i, ROa7 / BWHOREICEIER)ISHIRREL
2. £ LT&ABIR Y I 0E SR B oo B ik
THRELZ.

(2) MM REORKT IR Y IS B EOR IRk

BMERIBE LT I v 7 AN 3HICE 2 58 285

sa
Al

o> TRHIET T 5205, MHOESIZIFMEKELLZV
NP ALY A

(3

JBEAEEOBMICE ST, a7 /MM REORK

SIERVIENHET T 545, ZOMERMHOESICY
BAHFLTELT 5 2 35 ho 7.

(4

YA EMER AT 5 &, WHREORKTIE
DI HHEHEIE T 5729, Hertzian cone crack

IR A2WBOWERI/NEI L 252 LATRIRE
h7-.

2EZXH

1) Burke F. ]J. T, Fleming G. J. P, Nathanson D. and
Marquis P. M. : Are adhesive technologies needed to
support ceramics? An assessment of the current evi-
dence. J. Adhes. Dent, 4 (1) : 7~22, 2002.

2) Kelly J. R, Nishimura I, and Campbell S. : Ceramics
in dentistry, Historical roots and current perspec-
tives. J. Prosthet. Dent, 75(1) : 18~32, 1996.

3) Anusavice K. J. : Reducing the failure potential of
ceramic-based restorations. General Dent, 45(1) :
30~35, 1997.

4) Probster L. : Slip-casting alumina ceramics for crown

and bridge restorations. Quint. Int, 23 : 25~31, 1992.

5) Probster L. : Survival rate of In-Ceram restorations.
Int. J. Prosthodont, 6 : 259~263, 1993.

6) McLaren E. A, and White S. N. : Survival of In-
Ceram crowns in a private practice : A prospective

clinical trial. J. Prosthet. Dent, 83 : 216~222, 2000.

7) Segral B. S. : Retrospective assessment of 546 all-
ceramic anterior and posterior crowns in a general

practice. J. Prosthet Dent, 85(6) : 544~550, 2001.

8) Smith T. B, kelly J. R, and Tesk J. A. : In vitro frac-
ture behavior of ceramic and metal-ceramic restora-
tions. J. Prosthod, 3 (3) :138~144, 1994.

9) Carrier D. D, and Kelly J. R. : In-Ceram failure be-
havior and core-veneer interface quality as influ-
enced by residual infiltration glass. J Prosthod, 4
(4) :237~242, 1995.

10) Correr Sobrinho L., and Knowles J. C. : Effect of con-
vergence angle and luting agent on the fracture
strength of In ceram crowns. J Mater. Sci Mater. in
Med, 10 : 493~496, 1999.

11) Hwang J. -W., and Yang J. -H. : Fracture strength of
copy-milled and conventional in-Ceram crowns. J.
Oral Rehab., 28 : 678~683, 2001.

12) Correr Sobrinho L., Cattell M. ], and Knowles J. C. :
Investigation of the dry and wet fatigue properties
of three all-ceramic crown systems. Int. J. prosthod,
11(3) : 255~262, 1998.

13) Hojjatie B, and Anusavice K. J. : Three-dimensional
finite element analysis of glass-ceramic dental

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

crowns. J. Biomech, 23(11) : 1157~1166, 1990.
Kelly J. R, Tesk J. A, and Sorensen J. A. : Failure of
all-ceramic fixed partial dentures in vitro and in vivo
: Analysis and modeling. J. Dent Res, 74(6) : 1253
~1258, 1995.

Hidaka O, Iwasaki M, Saito M. and Morimoto T. :
Influence of clencing intensity on bite force balance,
occlusal contact area, and average bite pressure. J.
Dent. Res, 78(7) : 1336~1344, 1999.

Lawn B. R. : Indentation of ceramics with spheres :
A century after Hertz. /. Am. Ceram. Soc, 81(8) :
1977~1994, 1998.

Hagberg C. : Assessments of bite force : A review. J.
Craniomandibular Disorders, Facial & Oral Pain, 1
(3) :162~169, 1987.

Tortopidis D., Lyons M. P, Baxendale R. H. and Gil-
mour W. H. : The variability of bite force measure-
ment between sessions, in different positions within
the dental arch. J. Oral Rehab, 25 . 681~686, 1998.
Kleinfelder J. W, and Ludwig K. : Maximal bite force
in patients with reduced periodontal tissue support
with and without splinting. J. Periodontol, 73(10) :
1184~1187, 2002.

Jung Y. -G, Wuttiphan S, Peterson I. M., and Lawn
B. R. : Damage modes in dental layer structures. J.
Dent. Res, 78(4) : 887~897, 1999.

Tinschert J., Zwez D, Marx R, and Anusavice K. J. :
Structural reliability of alumina-, feldspa-, leucite-,
mica-, and zirconia-based ceramics. J. Dent, 28 : 529
~535, 2000.

Wiederhorn S. M. : Influence of water vapor on
crack propagation in soda-lime glass. /. Am. Ceram.
soc., 50 : 407~414, 1967.

Peterson 1. M,, Pajares A, Lawn B. R, Thompson V.
P, and Rekow E. D. : Mechanical characterization of
dental ceramics by Hertzian contacts. J. Dent. Res.,
77(4) : 589~602, 1998.

Jung Y. -G, Peterson 1. M,, Pajares A, and Lawn B.
R. : Contact damage resistance and strength degra-
dation of glass-infiltrated alumina and spinel ceram-



286

25)

26)

27)

ics. J. Dent. Res, 78(3) : 804~814, 1999.

Jung Y. -G, Peterson I. M., Kim D. K., and Lawn B. R.
: Lifetime-limiting strength degradation from contact
fatigue in dental ceramics. J. Dent. Res, 79(2) @ 722
~731, 2000.

Lawn B. R, Deng Y., Lloyd L K, Janal M. N, Rekow
E. D, and Thomson V. P.
ceramic-based layer structures for crowns. J Dent.
Res, 81(6) : 433~438, 2002.

Deng Y., Lawn B. R, and Lloyd I. K. : Chaacteriza-
tion of damage modes in dental ceramics bilayer
structures, J. Biomed. Mater. Res. (App! Biomater),
63 . 137~145, 2002.

. Materials design of

28)

29)

30)

Kelly J. R, Giordano R, Pober R, and Cima M. J. :
Fracture surface analysis of dental ceramics, clini-
cally failed restorations. Int. J. Prosthodont, 3 : 430
~440, 1990.

Kelly J. R. : linically relevant approach to failure test-
ing of all-ceramic restorations. J. Prosthet Dent,
81 : 652~661, 1999.

Wakabayashi N., and Anusavice K. J. : Crack initia-
tion modes in bilayered alumina/porcelain disks as a
function of core/veneer thickness ratio and support-
ing substrate thickness. J Dent Res, 79 : 1398~
1404, 2000.




]. Gifu Dent. Soc. EMEEIEEET I v 7 ARDIBISHICE5 2 58
Vol. 29, No. 3, 281~287

February 2003

Influence of Occlusal Contact Area on the Stress Distribution of
In-Ceram Alumina/Vitadur Alpha Porcelain Bilayered Ceramics
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Abstract The object of this study was to analyze the effect of contact area, over which the load was uni-
formly distributed, on the stress distribution in Vitadur Alpha Porcelain / Glass Infiltrated Alumina Core bi-
layered ceramics. Three-dimensional finite element models for the bilayered ceramics subjected to a bite load
of 300 N were developed. Bilayered structures of porcelain with thicknesses of 0.3, 04, and 0.5 mm, and a core
thickness of 1.0 mm, were evaluated. Stress analysis demonstrated that the peak value of principal tensile
stress, which occurred at the surface of the porcelain, decreased with increasing contact radius, but was inde-
pendent of the porcelain thickness. For a contact radius of 0.2 mm, the peak value of principal tensile stress
was much higher than the mean bending fracture stress of the porcelain. The results indicated that Herztian
cone cracking was the domimant fracture mode of bilayered ceramics. For a contact radius was 0.7 mm, how-
ever, the peak value of principal tensile stress was much lower than the mean fracture stress of the porcelain.
The results showed that the fracture mode of an all ceramic crown under bite load was dependent on the oc-
clusal contact area. For the conditions analyzed in this study, we concluded that contact area had a major in-
fluence on the stress distribution and fracture mode of bilyered ceramics.
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