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Fracture Strength of All-Ceramic 3-Unit Fixed Partial Dentures
Manufactured by CAD/CAM and Copy-Milling Systems

Hoo-Won Kang, Hee-Jin Kim*, Jang-Ju Kim**, Myung-Won Ko**

Dept. of Dental Lab. Technology, Dong-A In-Jae College, Jeonnam 526-705, South Korea
Dep. of Dental Lab. Science, Graduate School, Catholic University. of Pusan*
Dept. of Dental Lab. Technology, Gwang Yang Health College, Jeonnam 545-703, South Korea**

[Abstract]

Purpose: Fracture strength of all-ceramic 3-unit fixed partial dentures manufactured by CAD/CAM and copy-
milling systems were evaluated.

Methods: Zirconia cores were made by milling the pre-sintered zirconia block by CAD/CAM or copy milling
method followed by subsequent sintering. By building-up the corresponding porcelains on the core, all-ceramic
bridges were fabricated, and those were evaluated in comparison with PFM fixed partial denture.

Results: During the flexural test of the 3-unit PFM bridge, the porcelain started to chip or break at 507.28(+
62.82)kgf and the metal framework did not break until the maximum load level of 800kgf which was set in the
testing instrument of this study. However, among all-ceramic restoration test groups, Everest(EV) group showed a
peeling off or breakage of the porcelain from 365.64(+64.96)kgf and the core was broken at 491.77(+55.62)kgf.
Those values of Zirkonzahn(ZR) were 431.03(+58.47)kgf and 602.74(+48.44)kgf, respectively. The break
strength of the porcelain of PEM(PM) group was significantly higher than that of EV (p<0.05) group and there was
no significant difference when comparing to that of ZR (p>0.05). ZR group showed higher break strength than that
of EV group however there was no significant difference (p>0.05). The break strength of cores were in the
increasing order of EV < ZR < PM (p<0.05).

Conclusion: We could find that even though the PM group fractured at much higher value than all-ceramic cores,
the breakage values of the porcelain of PM group with crack formation or delamination, which will be regarded as
clinical failure, was significantly higher than that of EV group and not significantly higher than that of ZR group at
p-values of 0.05. The break strength of ZR group was higher than that of EV group at an insignificant
level(p>0.05).

©Key words : fracture strength, all-ceramic 3-unit fixed partial dentures, CAD/CAM system, copy-milling
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4= (porcelain fused to metal crown; PFM)
2 A olg) WA WA Reh FARe] Tl W
A 422 (fixed partial denture; FPD)ZA] 40H 9]
AA A% QITHChristenson, 1986). 184 PFM
TEES o 5349 E4 e Mz FAAA
2ol w2 Au)d &S M|, An)d FolE St
T3t 2o} Aol whE x40l gt oFFdk, A
A5 ghpo] A9 F&ol et Iz, 18l 559

Hla 2o wE Apdghy 5ol gt 9

o] #A7F = aL QltHMorris, 1987).

ojgl g5 wAIES sidsty] fivt Wit
stz dRuUE dojz AR AR E=AH(all-
ceramic crown)?l Dicor7} 1984Wd o] m]=+e] At
of3f) 7= HA (Probster L, 1992) th=2] Aol 4] t}
&t FFY AREATE FolE A Aste] Al
A gsto] gAIk, A& o] AL 7]% Foll 'HAgst
< "AEg] Al sl e AT abEd 7 e}
W2 A7 QlojA] TR A Fogk Al o= AR
Ett (Adam & Gross, 1984; Campbell & Sozio,
1998; Krmer & Frankenberger &, 1999). 184 7=
b =& AStolEE MRS A=A Yol (yttria-
stabilized tetragonal zirconia polycrystals; Y-TZP)
7b 3oz N OB M =2 8l W AR AR
=R A 54927t A8 7] AlAeEiTE Y-TZP+
A2F5 a3 ARAAA A23 A2 oHZrO)e
4Fb4(Ca0), AFHEIH#(MgO), ©lE2]oHY203),
A5 (CeO2) 52 3~5% H7Fsto] Azt A
A A2FY o= 38 WA =W TAPA R Hsto] 3
~5% Q=0 FuAte qhtt, o]23k A MRS
NHAE EAMAIZ]AL +E 9] %13 chobe ARE 72
SHtransformation toughening) &35 4ot =
2 H Hlo]| mE A= YAl dE5ES
7¥sto] stdo] AutEfo] Urbe 21 SAlska e 74
S A A 23 Yoks 2577 900~1000mm 7
71 B EAS zH=t} (Ralph & Mandy 5, 2004).
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Aided Manufacturing)® 7+a]2 & (copy milling) A]2
do] =EHA & F=E 7 A2 Yote] 7kl
7FesiAth. RAE ARaye #wstelal ks d4
g 5 Qe AFsshAEo] AE ATE oY A3 ]E
oA ZA T5= WA Fsithrl, 19909 SRl
AHdA oz o] gE AL Sl= 33k 271d, CAD/CAM 7|
=0] 7|33 FEEEA Assto] BAE 7HsHA| E
ok, A A7)gel Fojz ARgEE dREL E A
2o} E53} 71g4H]Ql CAD/CAM % 7H " A]
28-S Alzshs SAPE AIAA .2 200971 Aol ol=
Ao &3 A5t ko] o] fo x| AL it

B Ao AMEl: Aset Ao WA g of
3 Fee MgE okstul 3 A2 aujol Alzhn
AF2E F0]9 HAASE (Futoshi & Thomas
2005; Rosentritt & Behr 5, 2006), o] A52] &
Y% (Erdelt & Beuer 5, 2004; Wagner & Chu,
), Zolo FALE (Kelly & Teskl &, 1995;
Thompson & Anusavice &, 1994; Tinschert & Natt
5, 2001; Aggstaller & Beuer &, 2006; Oh &
Anusavice, 2002), Zoj9] 2o tigt {3t
A} (Ichim & Li 5, 2007), % AF-=A2] AME 23
A (Chang & Hart 5, 2003; Jahn & Bode &, 2006)
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CAD/CAM % 7lujdg A|AES

stglom ZRadE A2aold CAD/CAM 3 7hu
o AARS ol g molE HAL Thgsle] AT T 2
2yo) A2glo|A] SR EAS 1 glof ZAfste] AR
SR 1Y FaolX] ABES ARSI 2 AF2
thal 54K AL ARl WS A B 1S ol g 3te] 2
4w AFo] 3] ZHE HAPEES vEg Y K-
EE B4 F Duncan's TEHS) AFAAS stol 54

ejsto] o142 B7Hsksic

1. X|UHX| =8 M=

TR 3 LA A00F] RS S mEow
A A2 5@ Al A AREsEAch AR 3449 5%
S AN F49AE tho](Bridge type die G-003
Seiki Co., Japan)®] A& 7|02 AAea, ohd
A= A A HPEAY EER] e FES AEE
2es g5 AY 7hsto] AtiA] % (metal die)=
Akt w2 sk Al EYFol WA A==

T @RS BAY YAl 3 543 ekt

i

(@)

Fig. 1. (a) Photographs of metal dies simulating posterior
3-unit fixed partial denture abutments (occlusal
view); (b) lingual view of metal die shown on (a)
and (c) magnified view of deep chamfer margin
preparation used for all ceramic restoration.
Brass was used for die material

olg3tof AlAet FAF 3-FH LY T4 9 wpEE=

Q=S ARt on], AREA 1G4 40X A
=99 M= A A S & deep chamfer FEHE B4
3 ok, 2l FE =AY AR AR ¢
o F3e &= HARE shoulder FHZ 31aL, A=
2 chamfer FER7t = A Fig. DI Zo] FAJsH3ATh
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(Alphadent Co., Korea)g ©|-83dto] 4 U Ads}od]
2t Al 570 ARkl

CAD/CAM A1~EIQl Everest(KaVo Dental Co.,
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Yok(yttrium—stabilized zirconium oxide) &% 7ZS—
Blanks(KaVo Dental Co., Germany)S A4} 7}15-3}0]
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A5Gl o]ojA 7k A =3 Uo} HojE A3 color
liquidell 5% =<t t] g3} 458 FoF AZAI7] £ 1,500
ToAlAl 13417t 2248}0o] FA17F 0,.5mQl ol & FF4 o
2 Ak AR Foj= =Aeke] dekee SXA717]
gisto] T MEBAAE H2h T A2} 1
ZAQl Creation®(Klema, Australia)& ARgsto] 54
4 adsto] HFEA7F1.5me] ZR AFEEAHIAGY a4
9)2] AYHZRI~ZR5) AlH 570 Al2tsaiet.

N

It

3. 23TT A0 Qo ETTE =T

(Fig. 29 Zo] 2334 ZE S457] AsiA Al
HE a3 dAeEE ARE Arted 21
Luxatemp®(DMG Co. Ltd., Germany)& A3t #
2Zkskoleh, M2k Al Aoks 4571(HCT-50; F4189,
Korea)Z ©]83dto] 20kgf2] stzo] 7l A5 ot 3
Zkskgint. oln HUAMES ARg-sto] HAFSHA] o= o]

gl

S AW T AR FHoRNH shEE A Hels
) A 1 S1el, A8 AT e S
3 We Wame} BEAS A B AP 1Y

3
He o F23 %k% T FAY AME S5 L

4302, England)& AM&sto] 270] 5me] 73857} vt
3l 5k 8= ol 7heAl o w4 Hcentral
fossa) £¢lo ZHEE W) 717 2L 7lstgh ol
cross head speed+= 0.5mn/min .= 6]—93\1:}. A 2=

ofe] 27] wba gt A ES

?l',
N
jabad

Zirkonzahn

Fig. 2. Flexural strength measurement of posterior 3—
unit fixed partial denture cemented on metal die
using universal testing machine
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g Wil Batgk e e
18.0% o]-83to] HlR4: 59 K-3t# 24 & Duncan’s
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m Z 3}

Aol 5152 sfehd AEFL 7o) UehiA ek
Z2 2uR] g Jukdel el 7|4 4%

o o]zw\]a—lgg 1147]-’6]—Z]D EZHh Q]

ISO 6872 7|&2.& 24 oﬂAﬂ XIXl'é 1-ollA] _Ps‘— 7t
= 3F EAE T 2% A e 2

2 Ate AR 34U 1A 4R 9] M“PE
£ 24317 YaliA dizatel PMt E Algel EVatdt

JRA-S A2t B =9} Fojo] ZAuANYES ZAF
ik, =3sksol ofgt i ATE (Table Dol Yet
Wom, ti2ael PMuta ddwel EVat % ZRw9] =

Aot s1019] HAAEE (Fig. 3)9 (a), (b) R ()]l 22
et 34524 184 4002 507.28 £62.82kg
foll A} A7} shd 7] AAgon HEuEd s 23
SHAIE Al AT sk H91Ql 800kgf7HA| &= wHd
B 2] FSItkFig. 3, &y, AFEA 144 H40X|Q1 BV
9] A= 365.64+64.96kgfollA] EA7F THEE]7] A
Zlgiom  Fojo] ubEL 491 77+55.62kgf2] 1ol A
HAISFATH g, 3, by, 3HH ZRuw- 431.03+58.47kgf

oA =7t ahdE7] AJREEG o S0l 602,74+
48.44kgfo A THEEICHFig. 3, o). FIFEAH] 2
g 3-HFE FAS 29 BV 29 A9 S5
U/ AR ZR-9] -0l ]l =) mhA o
A A% 3Tt B TS WAE ST AR e
A 2 w29 B FEHEA 1S T4 X|<}
vl ZA A Al EAjubE o] AJRFE 1L S-2 o]
t] 7}l A4E sLojoflA] TA7E Al48] sl AS
Btk 53] EVaEe] 9 EAjubao] AR $- Fofo]
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S 2 75 A] oA mhdo] AJAtE|e] A|thA] &
PO & vAESH ZME & 5458 AF =A7) ot
© YL B3tk Fig. 4 (b)) (o) AREA 174
4 =X 7e] opdE AlHARIeIt BV ZRwE9
e 73 A] Kt EAjoll A 27] uhd
2HEl & 47 sHof|l A Ao AA o8 ubEE =
P Bk AN EVitthe 2 ZRy-e 565
3 P o] AR Ko of
ZFB|AESH ool XHH F whe Rl A Bl
9 Fo] o) b7t Pghat EFEHAE Table
13} <Fig. 5ol Uehlem, zF gatgh 7k ol ide
H| 4 58] K- 4 $ Duncan's TR ¢ AF-A

A2 slo] A28+ HTable 1).
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Fig. 3. Load—displacement curves of (a) PM, (b) EV and
(c) ZR groups

olg 3ol ARE FAR 3-§4

14 Baolx)e) AT

Fig. 4. Fractured morphology after flexural strength test;
(a) PM, (b) EV and (c) ZR groups
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o

Zirkonzahn

Fracture load (kzf)

Groups

Fig. 5. Fracture load values(kgf) of tested groups. For
PFM group, metal core fracture did not occur
until the end of loading at 800kgf as denoted
with “x" mark
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Table 1. Break loads (kgf) of the 3—unit fixed partial denture measured by flexural strength test

(n=5)
PFM(PM) Everest(EV) Zirkonzahn(ZR)
1 metal . .
porcelain framework porcelain core porcelain core
1 423.09 NA# 315.84 515.7 467.78 559.46
2 521.34 NA 385.10 437.12 397.18 631.14
3 490.74 NA 467.78 554.36 473.56 568.59
4 597.85 NA 307.25 428.99 343.76 673.82
5 502.28 NA 352.21 52270 472.88 580.67
Mean. 507.28" NA 365.64° 49177 431.03" 602.74°
S.D. 62.82 64.96 55.62 58.47 48.44

* Within same row, mean values with the same superscript letter are not statistically different(p)0.05).
# The values were not available because the metal core of PFM group did not break down until the maximum load limit (800kgf) of

the test.

Vo E

ZAS] AP EE PME(507.28+62.82kgh)o] EV:
(365.64% 64.96kgh)ell BIs oI5l #3kaL(p<0.05),
ZRwH(431.03£58.47kgf)oll HIaiAl= Rolgt =52 A}
oli= Ho|Z] okSktHpy0.05). ESE ZREo] EVate] H]a]
Fre EROU FO7E Afol= HolA] (RkTHpy0.05).
Fojo] A= EVE(491.77+55.62kef), ZRT:
(602.74+48.44kgf), 71231 PM¥-(800kgf ©]4He] 40
2 FolsHA F7FskAhp<0.05).
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