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FIgure 5. Preoperat ive view of teeth 
fo r fixed bridge . 

Rgure 6. LBboratory model at 
preparations for zirconia bridge. 

FIgure 7. Zirconia t ramework for 
bridge for Nos. 12 to 14. 

FIgure 8. Zirco nia bridge framework 
after veneering wlth porcelain. 

FIgUre 9. Zirco nia-based bridge 
sea ted on laborat ory model. 

Rgure 10. Postoperat ive view of 
bridge for Nos. 12 to 1 4 cemented 
in place . 
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te red zirco nia are DC-Zirko n 
(DCS Den tal AG) and Ever­
est -ZH (KaVo). 

The second type is a par­
tiall y sintered zir conia , an d 
th e th ird type is nonsintered 
or "green state" zirconia. Due 
to th e s imi la r ma nufacturi ng 
a nd fabr ica ting processes , 
both of these types will be 
considered together (partially 
sintered or non -HIP zi rconia). 
Blocks of these typ es of ma te­
ri al s a re manufa ct u red by 
utilizing a spray-dried zirco­
nia powde r th a t is th en iso­
stat ica lly pressed and incom ­
plete ly sinte red. These mate­
rials rema in softer than th e 
H IP zirconia and are ea sier to 
mill. After milling, the zirco­
nia is then sintered complete­
ly in a furnace a t l ,350°C to 
1,500 °C to achiev e its final 
s hape, st rengt h, an d phys ical 
properties. Examples of thi s 
type are Lava (3M ESPE), Cer- . 
con (DENTSPLY Ceramco), 
and Vita YZ (Vident). 

Another type of zirconia 
product is that employed by 
Nobe l Biocare's Procera sys­
tem . Thi s process u ti lizes a 
s lurry of zirconia oxide that is 
applied to an oversized die 
and then sintered. 

FABRICATION 
The most comm on me thod to 
fabricate a zirconia substruc­
ture is by CAD/CAM milling 
from a solid block. The fully 
sintered zirconia is mil led at 
a 1:1 ratio, while the partially 
si ntered zirconia is mi lled 
20% to 25% larger than the 
des ire d final s ize du e to 
sh rinkage ca use d by the sin­
tering process." For both the 
pa rtia lly si n tered a nd th e 
fully s intered tech niq ues, the 
die is scanned, and then the 
compu te r progra m des igns 
the framework or the coping. 

Afte r the milli ng and any 
necessary sintering, the por­
celai n is then han d-a pplied 
over th e zi rco nia for th e 
restorati on's fina l shape and 
shade. For clinical success , 
the layeri ng por cela in ideally 
should have the same coeffi­
cient of thermal expansio n 
as the zir conia substructure, 
and the refore only specifical­
ly engineered porcelains can 
be used . Porce lain that is 
use d in porcela in-fused- to­
meta l restorations can not be 
u sed with a zircon ia su b­
structure, since delamina­
tion wi ll occur. Further, prop­
er firing of a bonding layer of 

porcelain to the zirconia core 
is essentia l to create a sta­
bl e in ter fa ce be twee n th e 
2 materiala.s 

On average, manufactur­
ers recommend that the min­
imal thickness for a zirconia 
coping should be 0.3 mm for 
a nterior teeth and 0.5 mm for 
posterior teeth . For a fixed 
pros th es is fab ri ca te d with 
zircon ia , th e cross -sectiona l 
dimens ion for a connector 
should be 9 m m-', This is 
much sma ller than the 16­
mm2 connector recom me nded 
for conve ntio nal g lass ceram­
ics. This decrea se in coun ce­
tor dimension is du e to zirco­
nia's greate r s trength, allow­
ing for a small er connector 
and th us resulting in a mor e 
aesthet ic appearance. 

It is iro portan t to note 
t ha t the lab ora tory tech ni­
cia n plays a very important 
role in the fabri cation proc­
ess . Identica l cases sent to 
differ ent la boratories pro ­
duced differen t results .s 
Cli nicia n's shou ld use a labo­
ratory that has good kno wl­
edge of zirconia's prope rties 
and a thorou gh und ers tand­
ing of th e enti re fabrica tion 
pro cess to ensure a successfu l 
clinic al result . 
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Th e question ofte n arises as 
to which type of zirconia (HIP 
or non-HI P ) is bes t to use. It 
appears that they both have 
their a dva n ta ges and disad­
vantages . Fully s in tered HIP 
zirconia has a den ser poly­
crystalline structure with less 
poros ity th an non-HIP ma te­
rial ," and this should trans­
la te clinically into increased 
resistance to frac ture. On th e 
other hand, SOme investiga­
tors have questione d whether 
th e grinding nee ded to mill 
th e fu lly sintered zir con ia , 
an d the heat that is generat­
ed , ca use su rface an d s truc­
tural defect s that can have 
adverse clin ical implica t ions. P 
The margi na l fit of either 
type of ma terial is associated 
with very acceptable clinical 
resul ts . The milled margi ns 
are the equa l of, or a re supe­
rior to, the fit of a restoration 
fabrica ted of a high noble 
all oyf Studies have measured 
the marginal gap of CADI 
CAM-mil led zirconia of both 
var ieties and found that to be 
40 to 70 ]llIl,lO 

Th e manu factu ring proc­
ess for HIP zirconi a is more 
expe nsive, involves more ma­
chining time, and is more 
la bor -intensive t o fi t the 
coping than non -HIP sy s­
toms." As a r es ul t , n on-HIP 
systems cu rren tly dominate 
the marketpla ce. 

CLINICAL IMPLICATIONS 
Considering zircon ia' s high 
s tr ength , this mater ial en­
ables the clinici an to place a 
ceramic restorati on almost 
anywhere in the mouth . Sin­
gle crow ns, imp la n t abut­
ments , and bridges can be fab­
ricated from zirconia .11,12 

Manufactur er s suggest that 2 
ab utm en t bridges can have a 
38-mm span, and mul tiple 
abutment bridges can have a 
span of 47 mm.f 

Zirconia is a semitrans­
lucent substa nce th a t is only 
s lightly more opaqu e th an 
dentin.3 By varyi ng th e th ick­
ness of the coping, the 
amo unt of opacity can be con­
tro lled. In addition , Lava (3M 
ESPE) and inVizion (Vide nt) 
allow the la b to shade the 
s ubs t r uct ure in the "green 
state ."Th is a llows th e color to 
pene t ra te th e material, as 
opposed to surface stain, giv­
ing the final restorati on a 
natura l appearance ("chroma 
from wit h in"). 

Zircon ia is radi opaqu e, en­
ab ling the clinician to de tect 
more easi ly improper fit an d 
marginal caries. Addi tio nally, 
it has been show n to be bio­
compati ble, withou t any re­
ported cases of toxicity, pa­
tient alle rgy, or se nsitivity,l3 

TOOTH PREPARATION 
The tooth preparation needed 
to accommodate a zircon ia 
restoration is essentially that 
of a porcelain-fused-to-metal 
crown with a few modifica­
tions . The 3M ESPE recom­
mendations for its Lava zirco­
nia is 1.5 to 2.0 mm of 
incisaVocclusal reductio n and 
1.0 to 2.0 mm of axial r educ­
tion. The r ange of red uction is 
related to the ae sthet ic needs. 
The mor e tooth reduct ion , the 
more available space for the 
lab techn ician to appropria te ­
ly layer various porce lai ns to 
achieve better aest hetic s . 
Some clinicians and tech ni­
cians advocate 2.0 to 2.5 mm 
of incisal/occlusal reduction 
for opti ma l appear an ce and 
anatomical form .3 The axia l 
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figure 11 Preoperative view of tooth 
No. 11 and of implant No. 12 (with 
tran sfer coping in place). Note that 
the patient is missing tooth No. 10. 

Rgure 12. Preparation of too th No. 
11 for zirconia crown. 

FIgUre 13. Labora tory mode l at 
preparation No. 11 and implant 
No. 12. 

Rguro 14. Zirconia copi ngs for 
crown Nos. 11 and 12 and zirconia 
imp lant abutment No. 1 2 . 

figure 15. Zirconia coping and zirco­
nia implant abutme nt on laborator y 
model. 

Rgure 16. Zirconia Implant abut­
ment seat ed clinically. 
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ta per should be gre ater th an 
or equ al to 4 0 

, a nd the hori­
zontal angle of th e margin 
should be greate r th an or 
equal to 5". 

Du e to the limitations of 
th e die-scanning process and 
th e subsequent machine mil­
ling , sha rp an gles in the 
preparati on must be avoid ed . 
A circum ferential deep cha m­
fer or rounded s houlder a t 
t he gingival ma rgin is recom­
mended. Ninety-degree shoul­
ders, tr onghing at th e mar­
gins, feather edge margin s, 
undercuts , or sh a rp line an ­
gles are not accep table. 

AESTHETIC QUALITIES 
The metal-free nature of a 
zirconia restorati on is an 
advantage with regard to aes ­
thetics, but if th e preparation 
is inadequate or the laborato­
ry design is flawed , then th e 
finish ed crown Or bridge can 
be un appealing'. The most 
comm on inadequacy is teeth 
that a re not r educed su ffi­
cien tly. This can result in a 
restora tion that is too opaque 
and h a s a mono chromatic 
appearan ce. Likewise, if the 
laborato ry designs a re stora­
tion wi th a copin g that is to o 
thick, or the connectors are 
too large, th e r esul t will be 
a n aesthe t ica lly unappeal­
ing cro wn or br idge th at 

looks too bulky. 
Du e to the inh erent opa c­

ity of the zir conia , the clini­
cia n must be sure that th e 
tooth is prepare d adequa tely 
to all ow enough room for the 
substructure an d the porce­
la in layer. If thi s is not th e 
cas e, t hen the opaque coping 
can show through. In addi­
tion, if the lab oratory techni­
cian creates a restoration in 
which the zir con ia is too 
thi ck, then th er e may not be 
enou gh space for veneering 
porcelain . F urthermore, th e 
technician needs to consid er 
the final shade and sele ct an 
appropriately colored zirconia 
that a llows layering of vari ­
ous translucencies of porce­

la in to develop a restoration 
th at demonstrates "color from 
within ." 

To enhan ce a nte rior aes­
th eti cs, the clinician ca n use 
a r ounded sh oulder pr epara­
tion, then cut back the zir co­
nia coping s ligh tly to pla ce a 
more translucent por celain 
at the margin. This a llows 
light to pass through the 
tooth structure and better 
bl end the restoration/root 
junct ion, resul ting in a natu­
ral ap pearance. 

PLACEMENT TECHNIQUES 
Placement of zirconi a restora­
ti ons ca n be via standard 
cemen tation or by bonding. 
Thi s can simp lify the place­
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Agure 17. Zirconia-based crowns 
on laboratory model. 

Flgure 18. Postoperati ve view of zlr 
conia Implant abutment and crown 
Nos. 11 and 12 . 

ment process and gives th e 
dentist a number of options. 

Due to zirconia 's inherent 
strength, conven t iona l ce­
ments like zinc pho sphate or 
polycarboxylate ca n be used, 
These cements ma y not be 
the first choice, however, du e 
to their physical properties as 
well as th eir opaque nature. 
Opaque cements may show 
th rough the zirc onia and 
a ffect th e final appearan ce of 
th e res tora tion. Glass iono­
m er, resin- modifi ed glass 
ion omer , and self- e tching 
re sin cements have a ll been 
used with success,14,15 and 
th ese have the potential to 
enh an ce aesthet ics. Further, 
with these cemen ts th e clean­
up of the excess cem ent at the 
margin is eas y, an d elimin a­
tion of exces s ce me nt is 
a lways clini ca lly bene ficia l. 

In th e case of short or ex­
tre mely ta pere d preparati ons, 
a bond ed resin cement may 
be best. Th e probl em is how to 
achieve adherence to the zir­
conia. Zirconia does not etch 
with hydr ofluori c aci d du e to 
lack of a glass ma trix , nor 
does it conta in silica to allow 
s ilane coupli ng to occur. By 
sandblas ti ng the in taglio sur ­
face with a luminum oxide 
particles, a relatively weak 
bond can occur bet>veen the 
z:i reonia and th e resin .l '' The 
bond to z:i rconia can be fur­
th er improved by using a 
che mical surface treatment 
with th e Rocatec sys te m (3M 
ESPEl prior to bcnding.l? 

Th e choice of placement 
technique ultimately depends 
upon th e clinical situat ion . 
Th e dentist needs to deter­
mine how much ret ention th e 
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After reading this article, the individual will learn: 

• the phys ical prope rties of zirco nia oxide materia ls, a nd 
• c linica l appli cations and techniques for zirconia materials. 

1. The type of zirconia oxide used in den­ 5 . Preparations for zircon ia restorations 
tistry is composed Df__' must not have 

a . a matrix-free , den se polycrysralline a 1.5 mm 102.5 mm of incisaVocciusal 
mate rial reduction 

b. ce ra mic crysta ls e mbedded in a glassy b. 1.0 mm to 2.0 mm of axial reduction 
matrix c. an axial tape r of at least 4" 

c. a reucite-reinforced pressed ceramic d. s harp, 900 shoulder preparations 
d. a metal a nd glass heterogen eous 

mixt ure Bondinq of zlrconia restoratlons can be 
problematic because _ _ " 

2. Transformational tDughening refers to a. there is nota glass matrix to acid-etchand 
zirconia's ability to __. they do not contain silica for silanating 

a . produce a "clamping effect' on cracks to b. hydroftuoric acid denatures the tetragonal 
stop their continued growth crystalline structure 

b. change its physicalstate when repeatedly c. dentaladhesives willnot set under zirconia 
heated and Cooled due to chemical inhibition 

c. exhibit m etal~ i ke properties such as d. resin cements willexpand and fracture 
ductibility and burnishability the coping 

d. transform the vereering porcelain irtto a 
zirconia-like ceramic 7 . The main clinical concern with zirconia 

restoratiDns is 
3. The most common way to fabr icate a a. they are too unaesthetic foruse in the 

zirconia substructure Is by _ _ . ante rior region 
a. CAD/CAM technology b. they are cost prohi bitive to use in daily 
b. the "lost waX'technique practice 
c. electrophoresis c. they have been shown to be highly 
d. the plasma-spray metl10d allergenic 

d. long-term clinicalstudies are not yet 
4 . Zirconia restorations demonstrate available 

a. highftexu ralstrength and highfracture 
toughness 8. At present, recommended usage of zir­

b. se mitranslucency and ability to be conia is restricted to 
cemented a. single crowns 

c. radiopacity and good marginalfit b. anterior implantabutments 
d. allof the above c. short-span bridges 

d. allofthe above 
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