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RA B MR AT S R

ERMEEM PSR TEE B CAD-CAM R #i 5

ZIRINE EEEM
HTELR KSR & B Be A R R TR B A
SE [ University of lowa JE{E SR} B& AT Kz [ fizs B B2
LR R R 2 BeR Al
FhEE B R S LB AT

R AT 22 -
SR IIZE R R T AR BT
BRI
FCAD-CAM e B 2 LT
B PK TE FHHE FUBRpS

FEIARZERZZBEEM 2Bk
R4 E
SR ZE B RAIFES - Land (1889)BEH H
IR B EPorcelain jacket crown » BESRSEEIFIA
ROFHGR A EERER HAERT A - HR B
Dicor castable crown » Empress pressable glass ceramics ~
Inceram slip casting crown#AEA B E BLELUE 51k |
YE T 5587 » BEELIHAICAD-CAMESEAE » GEY]
IR L T =0 - (B RAERSE 2 R TR
1% H BT BAFTHIRD R R S b8 (v-T2p) DU 5 b
% Y EE (Modified lithium disilicate) » ZFF}H A3
ST B R ACERAN NPT -
1774 Alexis Duchateau First attempt to use ceramic for
making denture teeth.
1889 Charles H. Land All-porcelain  “jacket” crowns
(platinum foil matrix technique)
1940s Acrylic resin was introduced
1950s Abraham Weinstein Porcelain fused to metal(PFM)

crowns

1950s Corning Glass Work Dicor castable crown(tetra

%g

silicic fluoromica crystals)
1962 Weinstein and Weistein Leucite-containing porcelain
and vacuum firing
1965 W. McLean and T.H. Hughes Industrial aluminous
porcelain(>50%) added to feldspathic porcelain
1980s Heat pressing. Leucite reinforced feldspathic
porcelain. Empress I and OPC
1980s Vita Slip-casting. Glass-infiltrated ceramic core
system. Inceram Alumina/Spinel/Zirconia
1990s Nobel Biocare Procera Allceram (Al). First CAM/
CAD core.
1990s 3M Lava, Nobel Biocare Procera Forte, Dentsply
Cercon
1998 Ivoclar Lithium disilicate reinforced IPS Empress II
(70% success rate in S years)
1998 Ceramay GmbH & Co Press to metal. Second-
generation, low-fusing, high-expansion, leucite glass-
reinforced ceramic. Authentic. Press to Zr
2006 Ivoclar Lithium disilicate re-emerged as pressable
ingot and CAD-CAM milling block
Now - Improved strength and esthetics of bilayered Zr
restoration

- Milled monolithic posterior bridge material

[ (Ceramics) BLZE (Porcelain) HYE F2 AN E » F$s
By —TEHENE - JESB (E TR 2R @A)y
(3] AR R 280 B B BEAS (sintering ) FF 7 DA —3 5342 4l
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WERERIE © B vl LU A5 ESHE (crystalline) ~ S EBS>
w5 (partial crystalline) B2 58 2= il i (amorphous) Y
HURE -

& HE (sintering ) S F5 i 5L ZE A B RERL S 112 G 2
JER HE AR AT — LR N2 » SR T T W 5 e Ry —
e MERDEEARREE B2 Al (Fig.1) - BEASHYEE
SR AT g o E LR R B R A IR S S LG
P B ZERERT HR B B 43 B A e A Ml b 40+ AT
HuffeRs 1Rk s -

{HREEENE - — BB 4 S e R
B » B AR ERFI BRI - FZrIY)
(LR S R AR EL PR U8 - Blan A BRER 2 1
Al TR IR SR U - SUE AR NI -

Z(Porcelain) & FEIY—7E - 3BH HF ST R
%8 1 (Kaolin) ~ F45 (Feldspar) 545 5 (Quartz) IV %5 1=
T A0 B Y B RS 22 1200-1400°C » Hi50 K B

53 (Fig.2) SR A FoHEE] 5 35 6 o FH Y 228y £ 22k

51 R R 2K (Figd) »
R4 2 B R R S 12 1Y {55 FH #E Crown, FPD,

. E
Green

Fig. 1

Feldspars (Naturally occurring forms of devitrified glass)

Kz0 * Alz203 *» 6Si02

CaD » Al2073 » 25i02
ﬂu.‘d-j .,"?--tuhliii'.r.m5 Glass Former

Potassium Feldspar (Orthoclase)
Naz0 * Al203 ® 65i02 Sodium Feldspar (Albite)
Lime Feldspar (Anorthite)

Post/core, Veneer, Inlay/onlay, implant abutment#& % /&
Resin-bonded FPD o H:3 8 #HE M Y& LB E
FiGr ¥ WA -

Fabrication technique

®m  Condensation and sintering: Porcelain jacket crown 1889

®m  Casting and ceramming: Dicor 1950

®  Heat-pressing and sintering: Empress, Empress II, Emax
1980-2006

B Sintering and glass infiltration: Inceram 1980

m  CAD-CAM processing: Procera,Cerec,Cercon,Lava 1990-

PR 18 DLBRLE U5 =X B R it 44 S AR 43 JE A
afam > AR USRI A B 1y fH s o F1 1k
B - B0 > Emax #A G Ry 2 Lithium disilicate
RG] » B FEmax Zial@ S LA R - T8
&5 #UAIRF S Heat-pressing 52 CAD-CAM processing
PR o [A]HRF SCA 26 3k e F B 0E 5 B i 13 7
Sr¥E o BB ERKIRE o Glass ceramics NEEH
Empress/Emax—MEAPEMEALAT R & 0% & A EIRI 25 -

w %

Sintered

Faldspar

Fig. 2EAFTRZ LB A LIBHRAPERN=EHEMN * SIO2IKHE

AE > AROIBEMERIENMEE - BINEH - 84 ~ FHRILYA]

BRAKISREIBINIRIEER o

Fig. 3
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Rl - B ARR BT USRI L R 2R B Glass ceramics 17 [RIRF HLAA B A E B G AL HS

o3 AR FTR {HGlass ceramicsH i §3 TE B2 A0 JH BEAE 3 B BE AT
fER 4 e bt BZ Bl o3 EE B2 2 R o 401 IEE G S SR

Composition /NFIZRRE A RERT &) LIGE B 50 55 Bl SE A 225K -
m  Feldspathic porcelain: glass matrix and crystalline Inceramyg —FHFF FIRIAT L » FHiSlip casting technique
Porcelain jacket crown 1889 s M — 1A FLIFRII KA EDIe » R EIAS
Vitablock Mark 11 1991 /TriLuxe 2003 /TriLuxe Forte #}(Alumina, Spinel or Zirconia/Alumina) HEFAE E - i
2007 KIEE R EZERIK T » REHE AT RBERS 22 1120-
m  Glass ceramics: controlled nucleation and crystal formation 1180° CREYIE - 88 P B i BB B SR A0
Dicor 1950; BBEM D - ZYCURNIRA EREEETIBN
Empress, Empress 11, Emax 1980-2006; —F#HGlass ceramics > HELFRARHREER ST ~ ALY
Inceram 1980 SRS P2 TR SR A e A T SIS R SR EE IR - g% Bl

m  Polycrystal ceramics: H At Glass ceramics[F] @ —%H (Fig4D) ©

Procera,Cerec,Cercon, Lava 1990- 5 B FERUA R SR B RS ~ et
- Densely sintered Alumina 8~ MEBYEIEVE B 53 Polycrystal ceramics » B4 DL
- Yttrium-stabilized Tetragonal Zirconia Procera Alumina.Z S8 bLEA TR 47 15 12 i FH B S8 B 8

bt FEEE R R %%Feldspathic porcelain B

Fig. 4 A Feldspathic porcelain; B
Empress I; C Empress Il; D Inceram
Spinel; E Feldspathic porcelain ma-
chinable; F Polycrystal zirconia

m hERFHBETRES The Academy of Prosthetic Dentistry, Republic of China
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HiFlexural strengthZ8E K E » KT
veneering porcelain(<100MPa) * $#3 Glass ceramics(300-
400MPa) * Inceram (400-600MPa) * & fEY &%
P S SRS Y Alumina J2 Zirconia * EiH Zirconia AJ3E
1200MPa (Fig.5) ° AT EE =Y EREE sm s g -
HA s e Ee B e HE S g s - 3B I RO -
EEIRRFE o TRBRE IR EIFAYPORIRE - FETEER
JEE Bl 5ZE A Jekoz P SPEAT

Strength Evolution of Dental Ceramics

Fig.5 Strength evolution of dental ceramics

Lithium Disilicate (Z R B2 $H)
SRR AE S (Figo) » BRI BB -
FINE709%6 2B EEBI o AHER 5 25 Empress 11 > Emax
PEGI R RERI AN ~ BURB RO AR - IR R Y
SREE o HESRGEFERGIN - B HABR S LRSI
FEBALAIHT B R 8K (Refractive index) » 155 HAJREA
FERESTHERAT B E IR R -

IPS Emax lithium disilicate H /i 7] DL fEHeat-
pressing FICAD-CAMNATEBL/E 7= » HZSBE 845
t4 HT (High Translucency), LT(Low Translucency),
MO (Medium opacity), Impulse (Value, Opal) PYF#HBlocks ©
FITECAD-CAMHEf » HZEBRAE — 1 Soft intermediate
state » #EE Y] HIEIE T A ZHE K840 B2 B2
20min * DUERBRIREALEHE « RIS
&g Dimensional change ° KINANEE -

Zirconia Polycrystal (&b &% 2 SR E8)

AL X WFE F Ceramic steel » H B R IIHRE
4 & 2K H Transformation toughening © 25 A L #E L
VERFAEHERF Tetragonal form » & SZE I K FEERAEE
F o B4R B8 (crack) 388 1Y Tetragonal zirconia®F F B
8/t FyMonoclinic form(Fig.7) » [AIFRFBERE 3% /2
A5 0 B Anig EAREAE AR LAETS Crack FRBR[E]
HEMTFHEE T Crack propagation(Fig.8) o Kl FLEL At

Monoclinic (M)

Tetragonal (T)

Fig.7 Tetragonal and monoclinic form

Particles changing from tetragonal
te monoclinic —,
\

\ Monoclinic ,nlfm.w particle
\

Ti‘l‘rﬂgmm!;p!msc particle

Fig.8 Crack propagation and transforma-
tion toughening
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Alumina

Zirconia

Response to Vickers Hardness Test
high magnification

Fig. @

ZEAALYIMH L REIR TR 2 - 58T (Fig9) -

FAbSE L EA RIFrIAEYMEA M - Rl
T EERR T L B RS BT - FREER - &
PR B A F o - ARS8 B R - Ak
FEEA RIFIIRREGEIR - ARTE AR A T HE
1G5 L Eveneering porcelain B G U BN T FE AL i
AR A —EK - ST H B crack initiation fE porcelain
WEL 5540 - EALEEII B IR FR B (Coefficient of
thermal expansion, CTE) EE & @K » #IM%R510 x 10-6 ©
[A] bE 0 78 58 P 55 R Y 2250 DURS B 5 BV IR -
EAZEBMEERADCTE » hIRE O H iR
(e.gLeucite or Fluoroapatite) 1 ELAI » TIHC 5 SE & 75
A REFIRF AU H B B B G 1R IT -

Ko 7 A LEEAE = T HEFF Tetragonal form
AEIMATRER o H FLAYHE magnesium oxide (MgO),
yttrium oxide, (Y203), calcium oxide (CaO), cerium oxide
(Ce203)5F - M AV SEALEE A2 F Fyttrium
oxide Ry R a2 il » ERIT0 #5247 S Yttria-stabilized tetragonal
zirconia polycrystal(Y-TZP) °

H i BRI S L EE TG & R A A L e R
M EZEAMEK » 43 A2 FEEIRIMetoxit (http://www.
metoxit.com) 5 HZASHY Tosoh(http:/ /www:tosoh.com) °
ALY FOR R IF A E R E 2 - HRER AL
sHE B R EEST » BIAYitrium oxideHY EH 43 EL
—IE3-10 mol% » JEA S BERS B 58 B BEAS

(Partially sintered or fully sintered) o HrRZFF} F 2 25
R 23 mol% yttrium oxide 355 BERE 2
EENLL - USRI A A R R SR ELE R
[FEIR/ INEALSERERL (grain size) LS HTFEEE ©

LRMPr R E R B - LSS TeRy RIBEEL
B 5ER A 5 H A BB TRAR (Fig.10)

|_Process Step _|Processing Parameters

Powder  * CO-Precipitated * Translucency
(mest powders) * Strength
* Miced Chade Process = Longevity
(chaaper) : i
- [ £ . * Hydrolytic Stability
Grain Sl.m.itl.u? 0.3ym) o Sitar Baftavior
= Spray &
Organic S
Pressing  * Axial Compacting * Marginal Fit
* knstaticc Compacting * Translucency
* Pressure (800-3,000 bar)  * Strength
* Clean Aoom
o i pctions
[alrbgﬂp:i'mptmgjﬁr
Pre-sintering * Temperature * Marginal Fit
* Time * Machinability
Coloring  * Pigments (part of the * Marginal Fit
powder processing) * Translucency
* Liquids * Strength
* Longvity
Final sintering * Temperatura * Translucency
(1,360°C-1,550°C) » Strength
" Time * Longavity
* Hydrolytic Stability

Fig.10 Zirconia processing workflow

hERBEETFIESR The Academy of Prosthetic Dentistry, Republic of China



2012.00 BAF AR FRERERE BT =

- BAREERR ¢ BE TR CO-Precipitated (25 B3
A bk 3%) 88 FyMixed Oxide Process * H:Grain size
R/NFyfrl S 25898 » 58 Spray drying £l 1
organic binder Ry (i LS AR T e o2 AU REATIRE R
I EALSERERL - 35 to &y s B F B RS R 1Y E W
&~ SRR ~ KFERSERE ~ Sy OBERIRB -

. JBEAI (Pressing) : MRIECAD-CAMEETZFEK » F]
FHAEE BRI IRE TR S8 L85 ¥y R s JBR B B P R 1Y
JEAR © PressingfHZ i /& Axial compactingBllsostatic
compacting (2 Ui FH k) - B JJK/IN(800-
3000bar) A HEEH AT RESZ BEEEHE O ~ &
B K GEEE -

. HBERS (Presintering) + LR E S R[] 52 B2 R IR
st 8 B BT 1)

. CAD-CAMYJJHI]

. Ef(Color) © BRI RERZBES B A & ~ B
Ciilic

. B&EBERS (Final sintering) * 3EHH ~ 5REE ~ BE A

IKIRREE

o]

184 = = pl
— lﬁ' &f_
i
‘E 14 4
g 124
% 104 . ] L
g .
g 5
= 44

P

1]

1350 T4y 1450 1500

Sintering Temperature (°C)

Fig. 3 Transmittances of specimens prepared from zirconia powders
of particle size 40 and M) nm at four different sintering lemperatuncs

Fig.11A,B

Sinter instructions

B R EACFE BB 2 B A BRI Ky 1350-
1600° C:Z [ » FRFFEIAES- 14/ NRFARSE - (HAE B2
HAALSEFORNZ SR FTREAHIE] - BEks a5 E A [l
HE s Bk SR EEYINIZREL © Jiang et al(2011)
UL AL SRR BLBE RS IR B s BEE W B SO -
40nm particle sizefF 1350-1450° CHREFEER B IH R
FEMEA90nm particle size © 1450-1500° CEEASF HIFEE
A FEE R (Fig 1A, B) » SBIMNERAR G & 2 fd 8
ZZRIRFE - TR EARBRFRI TR ESR (3007 C/hr) By
BUERR A R —212(600° C/hr) (Fig.12) ©

SEASEALEEA R CAD-CAM /7 UM N8 4%
FEE - R OEIRZ 2K (25-100 £ m) < {H
BB RS o WY R R AR e B
BRE H IR R SC B - fRE 1 Transformation
toughening I DAMKPTET S AE R » KFcrack/BR[E] - {HITZ
JEEE) ST ETE - — B
crackfJ5PREEIE NAERE - [ transformationfH [F] B i
HERE—R - K TFZE/EMachining 5 &S Y
RE - BB EERABERSAT -

& "
a *,...-""'"-—_'
§
b -
) 59
- B ] Lo
E L3:]
a
'E 574
;g 56 1

L1

1350 140 14850 160

Sintering Temperature ("C)

Fig. 2 Sinlerad densatis of speamens preparcd [om  circoia
powders of panicls size 40 and 90 pm ot four dilferent a.im.urinr_
WA ML

Ramp | - Dl
Rate 'E‘ Time
*C/h h
Crowms 800 1500 i
Standard Grade
Briciges 300 1500 1
Easy Sintering Crowns 600 1400 1
Grade =asge Bridges 200 a0 ;
Crowms B00 1550 1
Translucent «TL=
Bridges 300 1550 1

Cooling
Fig.12 MetoxitP{# A Z [E#E
IREBEARRR T BE o
Matural
Fumace
cooling

The Academy of Prosthetic Dentistry, Republic of China,/ P EREEETHIEE
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AT A B i PR B 52 208 B 2 2R AR W B hE 3k
veneering porcelainfJ %7 (chipping) » H AJHEIR K Ky
BERSIE TR PRI AN ~ porcelainBilzirconia coref
BB IR PR ESEBC A EE B Zirconia core 127 1 4E
LSz #Eporcelain © FES A Fzirconia core FFEIF 2 IE
& cutback DR 158 22 Bl G porcelain » W] AR H]
B fEdouble scanning B B2 UK BE/E H 27 S
cutback#URE -

Crack propagation 87k 73 TR I F ] -
Salazar Marocho et al(2010)Z& ¥ In-Ceram Zr JZIn-Ceram
AlfEwet cyclic loading 5% & 2 L 133 & EEAERZ 1R RY
ERIGIR o [KILEEVERE - MrraPrd haysm BB 1E
TE PU B R BRI i 2 i LS -

Sl H; B A B BFEEAE T FPD connectorfT 2 -
St #EEEES 2 connector area FII A FPDEER 7 mm? » %
FFEPDZEAE9-12 mm? » FHEHAEmax Lithium Disilicate
RILAZHEE9-12mm? » [T ELAEERE A FAERTAFPD -

EZEMERERE

TE PR A 2 2550 Ko r] € Lo — B PEM A 56 56
B L T A T T it o 25 B <5 JR 1O 525 FH RE R 2 A
HRFTHERR © Liu et al(2011)F2 H AR 7T LAHRRRAY
S HH B SEEEME 50,07 Contrast Ratio difference © FFEBY
Contrast Ratio(CR) 2 &R — 8 ¥y#e B e R T ke
TARMETS = N 2 BIRYRHRE R R - SEREVHREY
SRR T BAEH R EE (chromatic) HYER 53 HET i i
Y HHZERE (achromatic) » A —253H P Munsell system
HYZEEE (Value) » (HETRESE2ANA] « CRIEFEI TR0
Fl1 2] - R — s EHYIRE - 12 e
B o AREEEITIE » enamel SBHAEEF0.1-0.3

dentin #J0.4-0.6 © Spyropoulou et al. (2011)HJHHF
TR BLALSERBH IR A B CRIH - Light,
medium Sintense B5 /7 /20.87-0.88 7547 ©

PFM crown X By <& B A FEEHEOGTE - KIFLCRIE
WAERIE1.0 > Lithium DisilicateP 375 6 M AE ST 72 5
FHEKR » /120.33-0.74 o H I B K AT HE Kyl & T
H 2 FOE B R AR -

A ZEEE VAR [R] Rr S REE W R B G R E » 5R

R EERIMP R B S - S bEsRE 2 E
AT iR o AR R (EERIE AN B H i =R
W% Emax lithium disilicate3B | &2 #8324 o

F E3f A% » Lithium disilicate3?s B JREAE R 2L
$% > AL S EHAPEM - 1 HLH 2 EER R ARR AT
DIgEasny o KA S E 2 R E R R e = 358
EERIE 2 F5 5K ~ R A Bk A ~ AKELE AR 0=
JETRTY ~ TR BN ST AR A AN R AR G E
T AR -

BHRCAD-CAM R EERERAKTR
151

NHUEE ] By PR S A CAD-CAM R #fi iz 22

E=

AJYJHIAE (zirconia, lithium disilicate, wax, feldspathic
porcelain, high density resin+*)
1P BRI S M
[RIFRF S 22 B8 (Multiple die scanning)
=R T O CAME A
ZEHEME LR
HRHEIORE « MUREE R ~ SRR - HEjA
REIS 5 e B2 TH ~ FEHER 2% ~ X Implant
abutment/suprastructure 278 * Double scanning#if iy
Marginal fit
Scanner type (contact probe, laser strip line, optical
scanner)
H R Impression
ZEBR (zirconia) R AEL ~ SRS ~ B ~ BERGRE
A E (R EEIRFfH])

=5 A B I Full contour zirconia
P A, R A E S B E e -

Sinora Cerec 3D

Long history of success
Materials and technique support by IPS E.max, Vitablocs,
etc.

Intraoral optical scanner: Cerec Bluecam. Optical

m hERBEETFIESR The Academy of Prosthetic Dentistry, Republic of China
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impression superimposes separate images to create 3 D NobelProcera
model - Conventional stylus type scanner
Virtual articulator - NobelProcera scanner: Conoscopic technology
Biogeneric tooth model - laser scanner
Cerec 3DfEchairside scanner§ KHARYE D) » H -impression scanning
R RS R R R R = Pk P milling materials £ $H . 4shade of zirconia, 2 shade of alumina
Emax ~ VitablocsZ§ - Implant abutment: support miltple implant systems

zirconia, alumina, titanium

3M Lava - Crown, FPD, abutment, milled bar

Laser strip scanner - Good research data

Dry milling ERFHICAD-CAMRM L — » A RIIAYEL
Translucent zirconia materials RS - BREHAYStylus type scannerZ Fh » HHY
Shaded zirconia Open design laser scannerLARTETR RS  AILLE BT
Good marginal fit FEENREEAS » EREHERETY o Procerald —FFEEE ¥R
Abundant research data Implant systemPJSZ#% » B T Nobel Biocare:lZ 4} » &
Lava Chairside scanner HESZ #%&Straumann, SPI, Astra%;ﬁ\:ﬁl;‘%fﬁﬁa@f/ﬁimplant
Rocatec treatment (silanization) abutment, FPD framework, milled bar and suprastructure °

LavalV A LS VLB HE & » BHEEEZ - AEFEBlIscanbodyfffifiimplant connectionZ {17 B AR HLE
(A A5 BE B 11 22 6 ) 28 S BT IH R AT L - S I zirconia abutment(Fig.13) * T AN & EH A R it
FriYLava Ultimate » —F# ] FH S L EEEL A LRV E Ry fifiimplant abutment metal basefEfzirconia abutment 8 H{ 2k
namomer fillerY5E{LASAE - FRE (Fig14)

Fig.13 Implant abutment fabrication by Procera

The Academy of Prosthetic Dentistry, Republic of China,/ P EREEETHIEE

'Ib
<
o



S/ 1T 201200 A AR SRR W

Fig.14 Fl i@ ffimetal base?R&{Ezirconia abutment by Kavo Everest
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