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361 Contuct Factigue Thresholds and Strength Degradation in Dental Ceramics. 36
Y-G. JUNG*, 1.M. PETERSON and B.R. LAWN (Nationral Institute of
Standards and Technology, Gaithexsburg, MD, USA)

Strengthening of a Dental Ceramic by Microwave Jon-Exchange. IL
BEN}EYS, JAHOLLOWAY and LA TARR (The Ohio State University, Columbus,
.USA)

Our aim was 1o iy the effect of mucro -assisted on-exchange on the flexural strength of a
dental ceramic  Discs of Optec HSP (13 mm thick, 16 mm diameter) were processed according to
manufacturer’s recommendations Nine groups (n=12) were 1on-exchanged with potassium nitrate 1n a
comunercial microwave oven One group was left untreated as control, another control group was 1on-
exchanged with potassium nitrate m a muffle fumace at 450°C for 30 munutes The discs were
fractured 10 water on a ball-op-ning biaxial fixture 4t 0 5 mm/mun cross-head speed

Four classes of dental ceramics-porcelain, fine-grained micaceous glass-ceramics,
infiltrated alumina and zirconia-exhlbit cracking, fretting and significant
strength degradation after multi-cycle contact damage in water. The threshold
number of cycles required for strength-degrading damage decreases as the coatact
load increases. This relationship is different for each class of materials, and
is eritical for prediction of lifetime characteristics of these materials. For

example, fine-gralned glass-ceramics exhibit significant strength degradation pee

afteg contact fatigue it loads as low as 200N, showing a potential for climical Group Heat treatment Oven type Flexural strength (MPa)
failure in posterior oral regions.  More damage-tolerant waterials, such as ; s lol(l)mc none 920t 5.1
zirconia, can withstand at least 10° cycles at a load of 500N without any strength 3 Po““" ]0033:5‘“““““5 Microwave 960 +22.8
degradation. In order to illustrate the safe regions for use of these materials, 2 P"WU 00%3"“’“"35 l?;{hcmwave 99.8 + 12.8
design maps have been developed which illustrate and compare single-cycle and < POW€I ]00" 2‘“’““[33 icrowave 1159+210
contact fatigue responses under loads ranging from 100 to 3000N, at up to 109 : POWCI';mmZ minutes :}ICIOWEVC 1‘2'0481 14.5
cycles in water in relation to loads experienced in oral function and post— 7 Powﬂ' ’00'% 3"3’"““"5 MICTOWGW 1L3.4t§3.z
indentation strength requirements. Supporced by a grant from NIDR, POLIDEL0976. 3 ngv::: 100% 1 rmsiz[c ngz:x }gggiﬁgg
9 450°C/30 munutes Muffle farmace 1280 115
Microwave 128.1 £26 0

10 Power 80% 2 muautes
11 Power 90% 2 nunutes Microwave 1348+ 171
ANOVA and Tukey's test showed that the mean flexural strengths of groups 5 through 11 were not
significantly different than that of the group treated for 30 munutes 1n a conventional muffle fumace,
but significantly fugher than that of the untreated control group. Microwave-:

Biaxial flexure strength of feldspathic porcelains dispersed with cubic

The Flexural Strength of Ceramics Processed using Different Press Furnaces
363 leucite. K. MATSUO*, § BAN, N MIZUTANI, and ] HASEGAWA

M.J CATTELL’, J C. KNOWLES'and E LYNCH (Dept of Cons Deat . St Bares and

364

the Royal London School of Med and Dent, Londun, E1 2AD, ‘Eastman Dent Inst , London, UK)

The aim of the study was 10 test the biaxial flcxural strength of Opumal shaded ceramics (Jeneric
Pentron) processed using different press fumaces Forty disc specimens (14 x 2mm) were sprued,
invested and preheated according to the manufacturer’s tnsiructions Specimens were pressed using
Optimal shaded ceramics in both the EP500 press fumace (Ivoclar-Vivadent, group 1) or the
Optimal autopress (group 2) at the recommended pressing cycle and a pressing temperature of
1165°C. After divesung, samples were lapped through to 800 gnt silicon carbide paper, cleaned and
subjected to the following ded finng sched 2 incisal, 1 stan and | glaze finng
Twenty disc specimens per test group were tested using the biaxial flexure test (ASTM F394-78) 1n
a unuversal testing machine at a crosshead speed of 0 | Smm/nunute. Mean biaxial strengths (MPa =
SD) were: group 1 1328 + 18.0; group 2 139.7 = 144 No staustical strength difference was
indicated when a t fest was carried out (p>0 05) Weibull m values were: group | 8 5 and group 2
126 Weibull m values were not significantly different when compared for the overlap of their

(School of Dentistry, Aichi-Gakuin University, Nagoya, Japan)

Our previous studies reported that cubic and tetragonal leucite were quantitatively
analyzed in commercial dental porcelains. The purpose of the present study was
undertaken to investigate the influence of cubic leucite on mechanical properties of
dental porcelains through biax:al flexure test. The cubic leucite, stabilized by
ncorporation of Cs as substitution for K, was prepared from the mixture of KHCO;,
Al;03. $103, and Cs,COs by firing at 1550°C for 8 hr. A feldspathic glass matnx was
prepared from the mixture of KHCO3, AlO3, SiO3, and Na,COs by finng at 1450°C
for 3 hr  After pulvenzation of these fired bulks, the cubic leucite and the glass
powder were characterized by X-ray diffractometry The muxtures of 5, 10, 20, and
30 wi% of cubic leucite to the glass powders were prepared. A slurry of the
porcelain powder was vibrated and condensed 1nto a mold 16 mm in diameter and 2
mm n depth The disks were fired at 900, 1000, and 1100°C for O, 1, and 2 mun

using a vacuumn furnace. After polishing, biaxial flexure strength of these disk
specimens were determumed by a piston on three ball-method. Biaxial flexure strength
for the specimens contaimng 5, 10, 20. and 30 wt% of cubic leucite were 33.248.1,

confidence intervals at the 95% level 1% and 5% probabilities of failure (MPa) were group |
1008. 114.7 and group 2' 81.4, 98 7 Characteristic sirength values were -group 1:140 3 and group

2 1451 X ray diffraction ind d the pi of { leucite in both test ups. :
i ocessed 10 gither 1l 500 or the Optimal_auto; f::sﬂzm%: 33.5¢7.6. 33.247.3. and 34.248.5 MPa, respectively. There were no significant
without any biaxial flexural strength difference. differences in the biaxial strengths of the fired specimens dispersed with cubic leucite
(p<0.05) t ispersto; i i 1t 1
f f athic i
Intluence of Specific Surf L Surface Roughness and Flexural Strength of Laminated In-Ceram/Vitadur Alpha
365  Lhimee.ot metess surtece tarer aRnre cion of & Glase- 366 orcein CS CHur. N FRANKEL and D, SEYGHELL, (Faculty of Dennstry,

(Tsurwni University School of Dental Medicine Yokol
It was reported that a specific surface layer was recoqnl’zcd no'::.mo‘r:l;ar:nl’?icor
glass-ceramic but in another mica-based glass-ceramic, OCC (Olympus Optical
Co., Japan). The layer in oOcCC mainly consisted of bar-shaped crystala, and
refractory matecials in OCC investment. The layer was supposad to appol; due
to OCC investment that could not be removed from the glass gurface by 50 im
glass beads sand-blasting. The crystals were larger than the original crystals
of OCC. It could be considered that deflection was induced when crystals
baving different sizes grew in a glass during thermal treatment for
crystallization. The objective of this study was to investigate whethar the
deflection would be induced under tha existence of the layer. Fourteen plates
{2x4x20 mm} of OCC glass were cast and divested using the sand-blasting. The
specimens were randomly divided into two groups. Treatments for the groups
weres Group l: all planes of aeach apecimen were traated with rotary cutting
inatyumants and sSic papexrs for complete removal of the investment; Group 2:
the planes except a top 4x20 mm were treated for the removal. The deflections
(D1} of the specimena were measured using a profile projector. The specimens
were then cryatallized according to the manufacturer's instruction, and the
deflections (D2) were measured again. Resulting data for the two gz'oupl were

The University of Hong Kong, and Eastman Dental Institute, University of London.)

A great deal of controversy exists concemning the best methods for reducing surface roughness, and
improving the gth of porcel Therefore, 90 laminated In-Ceram/Vitadur Alpha
(Vna) self-glazed porcelain discs were fabricated and randomly divided into three groups (n=30
each) Group | consisted of 30 of the onginal discs Six operators then polished 60 of the discs

ding to the d of American Academy of Esthetic Denustry. Group 2 consisted of
30 of these pohished discs. The other 30 pohished discs were reglazed (Group 3) Average roughness
values (Ra) of the veneers were measured using a profilometer. Twenty discs 1n each group were
then subjected to a flexure test, with either 10 of the In-Ceram cores or Vitadur Alpha veneers placed
in tension The Ra values were 0 53 £ 0 07 um (mean + SD) for Group 1, 0 73 £ 0 27 pm for Group
2,and 0 39 + 0.08 pm for Group 3 Following one-way ANOVA, Bonferront’s multiple companison
tests found that Groups | and 3 were significantly smoother than the polished group (p<0 001)
Reglazed discs were significantly smoother than the original self-glazed group (p<001) With the
i veneers in tension, the flexural strengths were 150 80 + 21 91 MPa (mean + SD) for Group 1,
:*‘:ﬁ;f;lzvfnﬂ}ﬂﬁi by one-way ANOVA and Fisher's PLSD (p<0.01). Means 11760 + 2212 MPa for Group 2, and 172.20 + 22 12 MPa for Group 3 Foliowing one-way
G::u; 5 o8 ‘:,:’?:: ;r’l":n‘ " G_‘;";“; lzls "m" tgrl?z “’;MD;. ::‘: ‘{r*clgu um tor D2 ; ANOYA, Bonferroni’s multiple comparison tests found that Groups 1 and 3 were similar (p>0 05),
aignificancly different, however, a nqnxnc;nt dsﬁetonc.e rw“p lze:-;‘g:s::; and sigmficantly stronger than the polished group (p<0 05) Reglazin lishe celain surfaces
bat:een tha means for D1 and D2 in Growp 2. i ic ved the surface & sical strength of o aterials tested

aurfsce layer induced the detlaction in the mi h d_gl

ic

367 Infl of § Sub 368 Effect of Tempenng Shoulder Porcelain in Silicone Fiuids on Flexural Strengn;_
- L KJ ANUSAVICE, TJ HILL*, AA BARRETT , AND JE MOORHEAD (Depts o
N-Z Z}{ANG , K. J ANUSAVICE, and } E MOORHEAD (Department of Dental Dental Bromaterals and Biostaustcs, University of Flonda, Gainesville, USA}
1als and D of University of Flonda, Gamesville, Flonda,

USA) Tempening 1s used exiensively i mdustnal applicauons of glass and ceramics to increase slrcnfglg and
In a previous study we reported that fluorcanasite gl (F) has a rel ly high fracture enhance reliability  Hopatie and Anusavice (1993) estabhshed that air and ol tempenng of dental
toughness (s 50 Mpa.m'g‘)” However, the influence of the supporting substrate prsper%ihes on the porcelains improved to crack and fallure  Thic study tcsied the hypothesis that
i H h fain from a hugher than its glass transisan temperature, to 100° C 0 a low

fracture mode and fracture resistance has not been evaluated for this glass-ceramic system The M e
objective of this stud! he hypothesis tha [ Y viscosity siicone fluid, would yield the greatest increase n biavsal flexurat sirength  Disks (16 mm dwa
jective y was 1o tesl the hypothesis that the fracture mode of glass-ceramic F 1s dependent X 2 mm) of two shoulder porcelans (V and C) were produced according to the manufacturer’s
on the properties of the supporting substrate matenal  Cast glass rods were cut into disks 16 mm m sstructions and pohished through | jm, then divided 1nto 20 groups Three sihicone fluds (Dow
diameter and 06 to 2 2 mm thickness Each disk was polished and sandblasted by 50 pm alumpa Coming®) 210H (F1), 550® (F2), 800™ (F3) with respective viscosiues of 50 20 and 3 ¢s at 100° C
abrasive  Twenty two groups of six glass-ceramic disks each with a thickness of 0 5, 1 0,15 0r20 were selected  Specimens were heated o one of three temperatures, Tg (T1), Tg +50° (T2) and Tg +
mm, were bonded with Variolink® I resin cement to one of the following supporting substrates with 100° (T3), held for three minutes and quenched Biaxial flexure testing was performed using a pin-on-
vanable elastic modul (E) that were 18 mm in diameter and 2 mm thickness (I;’group P, photoelastic three ball fixiure in a3 umversal tesing machme at a crosshead speed of 95 mm/min  Representahve
resin (E = 3 1 GPa), (2) Group S, Silux Plus (E = 5 9 GPa), (3) grou resin (E = 9 5 GPa), (4 st-fracture surfaces for each group were examined by SEM  Porcelain C specimens exhibited a “bi-

, (3) group xy resin (E ), (4) po:
group Z, 2100 composite (E ~ 122 GPa), and (5) group K, Ketac-Silver (E = 50 GPa) Each modal” fracture appearance Mean biaxial flewural strength (BFS) values were calculated for each of
supporting material was bonded to four disks of different thickness (05, 10, 15, and 2 0 mm) Dicor the 20 groups BES values ranged from 858 £ 57 MPa 10 2643 2 80 MPa with control Mtrengths of
glass-ceramic, bonded to Ketac-Silver, was used as the control (group D’K) "All of the bonded samples 570 £ 38MPafor C and 533 £ 112 MPafor V. Data was analyzed using the ANOVA procedure 1n
were supported on a flat ngid surface and loaded at the center of the ceramuc with a 1 6 di SAS Duncan's Multiple Range test was used to compare means and Dunnett’s T test for companson
. it a mm diameter aganst the control  There was no sigmificance at the 005 level between fluad (F) and temperature (T)
pio at a cross-head speed of 0 5 mm/mun until crack mitiation ocourred  The mean faslure load (F) of for porcelain V  However, there was a significant interaction between F and T (p = 00424) for the
group K10 (1862 £ 298 N) was significantly greater (p < 0 05) from the mean F value of all other porcelan C groups  Within groups FI and F2, T1 showed a significant effect (p = 00001) on BFS
groups (ELO, P10, and DK1,0), and the mean F value of group E1Q (1424 + 91 N) was not Their mean BFS values are T1-F1 858 57 MPa, TI-F2 8341 66 MPa The bimodal distnbuuion in
significantly different (p > 0 05) from that of group P10 (1295 £ 75 N) The fajure load and fracture BFS 1s probably duc to flaws produced internally which propagate to the tensile surface during
mode were affected by the elastic modulus of the supporting substrates “The low flexure strength of the tempering. Tempenn, rcelain C from the glass transition temperature does yield an_increase 1n
group K substrate Jed 10 fracture of the subsirate without any ewdence of ceramic fracture We flexural strength in Contrast, higher emperatures decrease the strength compared with that of control
WWMM&MM ith | ing_elasti specimens T‘hermal’:em&"'n“n§ did nol Increase (he strength of mrtefan'n T e tudy was supported
th by - rant
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