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A friE e Ao R AEH AEH 2 o &
=8 F Ue ARHAY &) ©AE ] A (m)
onol Wyo] A7 uf Feo] MEH o8] 3-5%9]
A Z7gol ot TEe] APdAe whate] WA 2
Efxe B fEdtn 25 799 Hao) o3
ANgel A F7A7E AES gt o]yt of
T2 M AEHoE FHAo] de A Hlst
AzzYolrt E& IS ZHA drt. HAA
Azzvole] 4 ¥ A3 A7l AEEE
(Ca0, MgO, CeO2, Y203)2] 7ol ola) A9
o & AdstEe] AR Qe Alazvole AW
A AHp)olM DA AF(m)eze] HPH=
L& ot M RFHA &3 F IFFHE 73
H& Aot} 2y oz AEH A7 HEEHH
74 Aol dojupa] W F gteo] AR ddel 213
< 9 "t 270l A 4714 HUHEe] Al2ay
ol7} Alg-Eo] AR, dAl= A 23 o}-o] Eg]o}
(zirconia-yttria, ZrOz-Y203) =47} B Bo] ALE-5]
Y] o= Yttria-stabilized Tetragonal Zirconia
Polycrystals(Y-TZP) &}z && A gt} 2357

An ABgoz AeHE A2mohe In-
Ceram Zolol| AHEHE Ao 2A FLAFHZ &
A3} Celay system® copy-milling=4|-2 Ea A
A% £ UEE U2 A=23Yet &5 18n
CAD/CAM milling®-2. 2 A== Al 23 o}7} g)
t} B339 InCeram slip A Wl A8 & X
23aYoks BAYZ 67%2 Ale0Ose} 33% Zr02(Ce
stabilized)7} E€ el Eo|th Celay A2

& A23IYotx 2L 2AE Za g 24E ¥
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B2 yeE Ak E5oltt, vk CAD/CAMEL.
2 A E Azaole 185 Y-TZPS 77
H| 2 1977k AAsHES] 24 S Zie X253
ool Egjo} T (Y-TZP)o]" In-Ceram & A 2=
Yoo} 2] A ZA] fejal o] Zagich

ol A olglgt #F] AHE A2FAYole] B
Aol #all vlwd g vyt A9 gl Aol
olo] B A Hal ol AFEEI e +F A
2340} Algtg] 2 In-Ceram Zirconia, Celay
Zirconia, CAD/CAM Zirconiad] #7124
g 839 J JRIFTPLE BASY] 99

A ettt
[. o7 Az o 2

B 288 98 In-Ceram Zirconia, Celay Zirconia,
CAD/CAM Zirconia7} AH8-5 S (Table 1).

23T 23S g3l 2 Aol E 44 2
ZAZ(ASTM C 1161)E aten, Az de oA
27187 R, 8948 39 4%, a8 iHEE

ot A 3o F=E vlwsiie.
1. AlEe| Hz

3FF9 ABEUACLC, ICZB, TZP)S] AHE 2+ 4
8w 247 10704 904 S ALaAn.

1) ICZCS) AlHA 3}

Al HAZS 93 =9 7|+ 26mm X 26mm
X2mmo|F o2 dtal, AT FEo] A7 F A
A9 =7)E ASTM C 1161-02beld Bads

Table 1. Materials used in this experiment

25mm X 2mmX 1.5mm7} § =% A7) 5] G
2 ICZCY XA & FH[8 ).

o] & Y8} WA 26mm X 26mm X 2mm =712 A
M1 A5AAE )2 A3 (Dublisil_sp, Dreve
manufacture, Germany)& ©] 438t B35}, <l
AAE QA 3, B3E B H8 < 30
5 Ao EAAFT QA tho] Eelg-
22 olg BXY ¥ tpA| EXH 2xdolyt Az
g g7kA] QA E A AT A A ZA
o] A Alo] mhet slipe H|3t] FHIE BEo F Al
Holl AA Wl 7127} A7)A] A 3Kt &
A3 Az A JoAH B9 E AAS L tHEATH

#A AxH slip HelE ZzdA] wio] Azt
BPA A & Je d99EE gelsy] 93
In-Ceram testing liquid(Vita, Germany)& =¥3}
of HARGE & o] Sl ANE AL 93
2 gozitt. o) F A ZALe] ARel whe} A} o
e A, FElE AFAAT. Y /B E
AAS7] $i3f BA AR YA} Diamond(HITZ-
LOS, BUSCH)E AH-& F 2412 R EAH3.Obar,
50¢m Aluminum oxide)E 3}ith.

AR 43S {8l WA A7) A (Herig, USA)
= AH8te] 400 grit thololB s 2 B2 y7iA]
7% B FHoZ A (3500-4000RPM,
0.5mm/sec)dtHth. WA E=oA slipE THEH
T AT slipe]l £F5H7] Wi 4 ET}
AA wHE Aolth, o] A|He AntE 93 +HY
B A4} (Model Hrg 150, Korea)E o] &3] &
2 YA 7] & AeldlA 600grit tholotRE & o]
£33t} AlH o) 28 A2H3000 RPM, 2¢m/sec) S 8t
At PR Ete 2 A7) (Lapmaster, 8 inch diam-

Ceramic Material Code Manufacturer

In-Ceram Zirconia, 170 Al20s3 67%. ZrO2 (Ce stabilized) Vita Zahnfabric, Bad
Conventional 33% (weight %) Sackingen, Germany
Celay Zirconia, 1C7B Al203 67%, ZrOz (Ce stabilized) Vita Zahnfabric, Bad
Blank type 33% (weight %) Sackingen, Germany

CAD/CAM zirconia 7P

ZrO2(Y-stabilized) + Coloring
oxides({1wt%)

Adens Zi-Ceram
Seoul,Korea




eter polishing machine, USA)& ©]€-&] 6um <)
Zpe] thololZE HEHE AlZtsto] XA 02 1um
o] gelolE = ¥ 2 3Pt} AW & ArH(70RPM)
S, dnnA = AHe) Mol BARS +
0.0lmm 2xPH9 Wellxl Slatlar, z+ A|A e
371 =3 £0.0lmm 2XPEH A 2485
o] ZAle] AlE-® AH|= Height gauge(Nikon,
Japan) 24 5pme] extolfil BEEg 2tw gt}

2) ICZBS} Al A2
ICZB*‘: ulg] &S AR el B AlH A3t
Fol F50) A7|1A] devt wetd Yol A=
%“ﬂé o8 Ay & AH3t] 25mmX 2mm X 1.5mm
o HF A7z £55 A9 § AxAke A
e} frel g Az e welel AlAe AlEd
ohe 9o A5 st LAl Algsii.

3) TZP2] AlHA 2}

TZP= ICZBY= 2] Feld %7t Hegle vlg
nEe M*ﬂ)rajol g85d pU% A2ayel B2&
ALgatg o Al AZFA L AdensAelA A
TEEF ASTMO] 23 AN =(25mm X 2mm
x1.5mm) AlAFZ DA Asach, Ao 23
7 oviRe HRe A7l AFE gt FAEA
A3t

1 741/4-5}]_,] 17134‘7}5

7 A g 24719 ARE Aol F4lo] A=A
ARA7] 3L BHE A8 7] (Instron 4465, USA)NA Al
He| FAd #2o2 Fat& 7hetth(Fig. 1). ¥
3= 0.5mm/ming cross head speed A|#o]
44 u7tA] riete], gAdE e £ Fat g
ZR&c. 2re] Ay Frle g g2e
wao g 7k A S Aatslgdnt @

M=3WL/2BD*

o714 We Ad 383 (MPa), L2 AlH9
(mm), BE Al#e] Zolt}, &, 71eliA< o]
AqNA Ao e FHe] A7loj mmE #7]gH.
© Al FAlo|a ZtelA e 3ol Wkl A B3P
Hoze] A7)l mmE VAT
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2) 4 ¢8 Fo| 234ES) 24

Zk Al E & 5B T2 =99 3029 AFATLE
5003 & IHLEFNEAA A2 FA)) 2 7]
A g F Ao AFE wyoe g 7} 250 Ay
o BRPEE 2t

3) A2 Ee &3

zZt ARE 72 A7l (Instron 8871, USA)dl
AR A7) 32, 37T Eoll AEAIZ FefA] vbE-E-3t
£ 100N9] #3812 10° cycle@ 20Hz2| sine wave)
FER 1477 748k o) o] Aggt whHeR

2t 259 AR TIYEE SPAAG

3. E724

wsgdlg ABY £R% APPYoE o
Two-Way ANOVA 42 3ttt FHE L2

Duncan®] ¥& Aor, #8352 0. 05 Fow
St 3k AlH ] WSS D7)93) Weibull Al
FE Tt Hlmstdom P Al 10%7 Asjd
35 7kol B10 strength® F48tH 1, A1# 2] 50%
7t AN E a9 A G MTTF #t= 314
o} A3 2 Duncan®| W& AHSSHETH

=] L,

(Y Test Specimen (Y
.
SIS, p—

T A AR R R R S
+F 9 E
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e ___ B
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TEST SPECIMEN
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Fig. 1. Four-point flexural strength test(L.=20mm,
d=1.5mm).



44 2 A3 Fo EE NHEe sEH
o] Zejsk ANEAEZA S Aol7} WA HuBH o
2 oA YehteAE 27198 Axdn) 3 (JSM-
840A, JEOL, JAPAN)S AH8-3te 242} 30000 =
st BAEAT

I AT 9H

=

1. 48 2

JH

PALSE]

I

res
T

329 Azaole AzAE, @ £8 A
5 T

Fefet HHE Ratge] g Alee Fo
Table | ¥ Fig. 29} Zt}.

AR A= doAMe 24 1|
CAD/CAM ZirconiaZ} 7V 7 =7} ZstAl Vel
3, 32 9geg2e @ 84T A9Ystn Celay
Zirconia, In-Ceram Zirconia &2 2 Yehtl

A2 Inceram-Zirconia, Celay Zirconia,
CAD/CAM Zirconia®l 44 237 % 327
Hoxe= 474 605.6 MPa, 669.9 MPa, 806.5
MPaclglom Ztz+e fo4 Sle Aolzh AT
(P{0.05)(Table 1). H 253} $o] 2} FHo 23
ZEE 601.7 MPa, 674.9 MPa, 806.0 MPazA &
& 94 e Aozt UATHPK0.05). € +3
Ag] F9 7t 79 234=E 44 605.4 MPa,
604.2 MPa, 791.2 MPa °]21eH, CAD/CAM
Zirconiatte] T o Hl&f o e & A=

o W,
fe o

s

o

—

<0
2 o
3T

&g EATHP0.05).

gy, A whebd & Celay Zirconia®
A9 d £ A, T FFAE #helA] FF W
& z2pol 7} e A(P0.05) % A staue 2t AsAt
o U] e BT fo gk Aol UE
WA %THPY0.05).

2. Weibull modulus £

7+ Al 2 =g B $18te] Weibull modulus
4 AFel Table 13 22 Z73E AAJh
Weibull modulus &l 2 Z-&(m>20), AlHe]
A7 o woe AL EstY £ 04

1000

900

800

700 [o)] %

600 EXPERIMENTAL METHOD

22 [ "

T o B8 Fatigue loading
5 50
z [ thermocyciing
=
) B None

N= 10 10 10 10 i 10 1010 10
In-ceram Zirconia CAD/CAM Zirconia
Celay Zirconia

MATERIAL

Fig. 2. Four—point flexural strength according to
experimental methods.

Table II. Flexural strength of each zirconia according to the experimental methods

Method Ceramic Material Averge Maximum Minimum Standard Deviation
Inceram-Zirconia 605.6 668.7 555.0 41.3

Dry Celay Zirconia 669.9 760.8 588.0 55.7
CAD/CAM zirconia 806.5 896.4 666.1 71.8
Inceram-Zirconia 601.7 700.4 512.5 51.9

Fatigue loading Celay Zirconia 674.9 7304 617.1 36.7
CAD/CAM zirconia 806.0 873.5 758.8 36.3
Inceram-Zirconia 605.4 718.3 480.9 92.9

Thermocycling Celay Zirconia 604.2 640.9 574.9 20.0
CAD/CAM zirconia 791.2 883.0 688.3 70.4
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Table III. Weibull modulus

Weibull

BIO Strength

Code Method Modulus(m) Mean (MTTF)
Dry 16.9 546.5 605.1
ICZC Thermocycling 84 492.5 607.1
Fatigue Loading 12.8 523.7 599.8
Dry 13.8 590.3 669.0
ICZB Thermocycling 32.5 572.5 603.2
Fatigue Loading 20.7 620.5 674.0
Dry 145 716.5 807.2
TZP Thermocycling 144 702.3 792.0
Fatigue Loading 23.7 748.4 804.3
Provabity Plo or STRENGTH e Db, ot 300

Percent

L

A 1

P A w o
STRENGTH

S0 1000

Fig. 3. Failure probability of three kinds of zir-
conia under dry condition.

Probability Plot for STRENGTH
Weibull Distritution - ML Estimates - 85.0% CI
Complete Data

Shepe Scale  AD' FIC
2] 2387 62300 14 10m
-] mre @375 1% 100
-1 12785 62144 150 100

B HABBIBRR B
T I

Percent

2
|

I

STRENGTH

Fig. 5. Failure probability of three kinds of
zirconia after repeated loading.
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:
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Fig. 4. Failure probability of three kinds of
zirconia after thermocycling.

Table oA <& Azl F9 Celay Zirconia
(32.5), Wt8 H3l9] Celay Zirconia(20.7) ¥
CAD/CAM Zirconia(23.7)7} sl @=la, 8 38 A
2] F9] In-Ceram Zirconia(8.4)7} 7}4 &2 <
YER I

B10 strengthe ®¥H& §3& %o CAD/CAM
Zirconia(748.4MPa)7} 7F8 &4 Yebdn, 4 8
2] %o} In-Ceram Zirconia?} 7} HEA Exsk=
Aoz Vel

MTTF#-& Ax/gellA CAD/CAM Zirconia
(807.2MPa)7} 7V &A VER 2, W ¥ $9
Celay Zirconia7} 71 @A X8l A2 VERTh

Z+ AP, A23ole] FHYE HAYSEEES
A& Fig. 3. 4, 59 YeRII T Weibull modulus m
ol 25 M 71877 A3, A 7187 FF



Fig. 6. Scanning electron microscopic view of frac-
tured surface of In-Ceram Zirconia(x3000).

Fig. 8. Scanning electron microscopic view of frac-
tured surface of CAD/CAM Zirconia( x 3000).

o 2709 I Tz 95% AIEE YERIT
Weibull modulus m#te] E42 2 AjJH 9] A3 =7}
Foe A& Uehdt

B A3 A3 Weibull modulus m#ke ztz}F 95%
21877l ZAATHFig. 3, 4, 5). 23 BZ o]
Ago] golE TEHA AL ouy} vta B
T AT DY ZAA xFf A LEEOS R ZeE T
27t & A5YE el 2, Weibull modulus mak
= Adez AA3% 71877 45 A EY A=
7} 4R 2 Eohe A Ve Fig. 3, 4, 5l
%] CAD/CAM Zirconia®l 18 Z7} 7} 95 &

l

Aste] 2 Ame] Frrt 37k APz HE

Ethe AL YERATE, 18] 12 Weibull modulus m3k
< Table Il Vel ule} 2oy,
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Fig. 7. Scanning electron microscopic view of frac-
tured surface of Celay Zirconia(x3000).

3. ufEHol BE(SEM)

CAD/CAM Zirconia®= In-Ceram Zirconia®ll H]3]
nAEv AR R F o Adstn AEd dATE
g Zie FE Bt B30 In-Ceram Zirconia
9} copy-milling& In-Ceram Zirconiax 22 A&
olmZ FARF FFE BAH(Fig. 6, 7, 8).
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Al@u o] Ztgl 4ol glomA ol Al
St HlaA E7] wfgolr} 1219

Az A e Zenlmor 22 In-Ceram
Zirconia®| X &= Conventional type , slip-injection
P2 A AROE, v 249 B JeHE
U9} milling machine2 2 A%} sk Hejof A=
7} A4 JeRgth. 71€9) In-Ceram Alumina®
Celay In-Ceram Alumina®] 237%7} °F 10% %
T #0a 4EA gor ole AAFA M9 g
of g & B4 R gAZT

In-Ceram Zirconia®.t} CAD/CAM Zirconia® 7
=7 #A Y& 32, CAD/CAM ZirconiaZ} In-
Ceram BT} 750 A3-S n)x)&= 2| 2311 0}e] 3
o] €4 B7] yFo|t}. & In-Ceram Zirconia:
AR 33%9] AE2FYolwre ot bl
CAD/CAM Zirconiax °F 95%3 o] A 23 olE
43k ot Atha o2 In-Ceram Zirconia®l
Hjg] Z=rb 24 vehta, AEd JAFEE 2
7] Wl 2Rt 4z} 2holl et ol ek A
el Ao2 AadH(Fig. 8).
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Azl haj A= Weibull modulus?t 2H&45 3
A Hrh @2 g8 gtofA] Ba)7) dojd &g
7¥etAl "t o] B g BlOgtel & A3 e
10%7} 24 & ;Lg-% vehd wjo] ZE2A, 24 A
89 w}2 HFA In-Ceram Zirconia, Celay
Zirconia, CAD/CAM Zirconia2] B10#tS 747+
515.1 MPa, 568.3 MPa, 720.4 MPa ©|it}. ] B10

#AE QaRoz AuY B g BoE 9gde

ofN

2] 2 9vg sdvka gelA o

ARE Azdvelx B ohet & £8%9 A,
W RalE 7l Fo] REE ST o g AR
Beld e A3t 7R A44EAE Wl
3e] ekt dojuteA| & Fobir] fg Aelrh

B

19589 Shand® ¢} 19593 Mould $2-& &9 &
A7} silicate glasseset B2 thE Alghd] AE2E] 7
TE F3AZtha . Jones™& TA7E Bl
=28 v Frr A4S SHET. Hilligw
Charles,® Michalske®} Freiman®-& &84 ol A
TA9] A5t ashe 3L ov| EAGe A2
Adsol AR APL Tislo] Aug -5
o o fasicta &t

d &8 X3y 2JEE ST ‘”OW
AZA 9] 225 5TolA 55T M= g ol
Tl 25§ 9lel tidted Nelson 5%-& 40«] &
o] AAZ 7 ol oz = 9¢rtEz 60T
A9 e 52TE VYebdtla 31991, Peterson 52
7+ 2ol 0, 60 AR 77 A 15T,
45CE 2R EUTk 19}, Palmer 522 77 W
A W, &5 ol nlgA td AWM 2=F
223 A3} 0collA 67 e 31921, Michalesco
S X FARo] A 17CAM 47Ce HH7F
Asiear st th. Noguchi 52 A2 Ul &
o Agolx] duigle] AAH 2= 4CA 60T
3 B33ttt Wendt 508 B3t o] |4 FZd

e exRiste] vt thef ZlaskuA 7 &

T xfo]|Z HA] 4T 8¢, A3 45T 60CH
3 Bt B4 g oA Auhi A ook

\

3HA o] FA 3 itk G WA AlFAIH E‘H"i
T 2%oA 4AIZAR] ThekEAl AlEE T Q)

Retief %,% Muchksgaard %, Mandras %,38)
Wendt 52 15%, Darbyshire &, Moore$}
Vann,” Bullard 5" 30%, Welsh®} Hembree,*
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Fayyad$} Shortall*® Fuks 5Ye 1%, Momoi
& 2%, Staninec 5 o AFAIEL
S 22t Algsiednt. & "a“dﬂl/\ < °]
< Zasty ZAA FAE 7IE 5,
F2 5~5579 &% 99 3029 AFA
ke 2 5008] Aldatdch 2 23 3% A 231
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ABSTRACT

THE STUDY OF FLEXURAL STRENGTH OF VARIOUS
ZIRCONIA CERAMICS

Jae-Hong Park, D.D.S., Jung-Won Hwang, D.D.S., M.S.D., Ph.D.
Sang-Wan Shin, D.D.S., M.Ph., Ph.D., M.Sc.

Department of Prothodontics, Graduate School of Glinical Dentistry, Korea University

Statement of problem: Increasing demand of esthetic restorations made lots of kinds of ceram-
ic materials. Among them, zirconia has been being focused by many dentists. But, mechanical prop-
erties of zirconia were still unclear.

Purpose: The purposes of this study were to analyze the flexural strength of various zirconia
ceramics which had been currently used for clinic i.e., In-Ceram Zirconia(Vita Zahnfabrik, Bad
Sackingen, Germany), Celay Zirconia(Vita Zahnfabrik, Bad Sckingen, Germany) and CAD/
CAM Zirconia(Adens Zi-Ceram, Seoul, Korea).

Material and methods: The four point bending test(ASTM C1161) was used to measure the
flexural strength of a specimen before and after circular heat treatment and fatigue loading.

Results:

1. The average value of flexural strengths of CAD/CAM Zirconia, Celay Zirconia, In-Ceram Zirconia
in dry condition were 806.5 MPa, 669.9 MPa, 605.6 MPa, respectively. There was a statistically
significant difference in strength among the types(P<0.05).

2. After thermocycling, the average flexural strengths of CAD/CAM Zirconia, Celay Zirconia,
In-Ceram Zirconia were 791.2 MPa, 604.2 MPa, 605.4 MPa, respectively. CAD/CAM Zirconia
showed statistically significant higher strength(P{0.05). The others showed no significant dif-
ference after thermocycling(P)0.05).

3. After fatigue loading in wet condition, the average flexural strengths of CAD/CAM Zirconia,
Celay Zirconia, In-Ceram Zirconia were 806.0 MPa, 674.9 MPa, 601.7 MPa, respectively.
There was a significant difference in strength among the types(P<0.05).

4, There was no statistically significant difference in strength of the specimens according to exper-
imental methods except for before and after thermocycling in Celay Zirconia(P0.05).

Conclusion: Besides high esthetic quality, zirconia had sufficiently high mechanical strength.

Key words : Zirconia, CAD/CAM, In-Ceram, Thermocycling, Fatigue loading, Flextural strength
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