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Abstract: The tendency of new technologies is to use more and more
biological and biologically inert materials for implant and reconstruction of organs in
the human body. Zirconium dioxide is a material that fullfils most of the necessary
conditions, so it can be part of this group. It is biologically inert, a feature that makes it
useable in orthopaedics — artificial hips; in dentistry — porcelain crowns, and so on.

We have used Y-ZrO, for more than three years. Our experience with this
material confirms these assumptions, and Y-ZrO, takes its place in everyday dental
reconstructive practice. We manufacture the all-ceramic constructions on plaster models
made with an outpouring of imprint taken from teeth that were previously prepared
using knife-edge preparation. The dilemma whether to use shoulder preparation or
knife-edge preparation no longer exists. With the latter mode of preparation we save
more than 20% solid tooth substance.
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Introduction

At the beginning of the 21st century we have fewer and fewer contem-
porary approaches to patients. Rather, progress in dentistry is exclusively based
on updating the materials technology, i.e. physics and chemistry.

The purpose of this work is to present zirconium as a material of this
century, a material that we use for the manufacture of crowns, bridges, inlays
and on-lays. Using this material, we achieve all-ceramic prosthetic superstruc-
tures that have many positive aspects, but also remarkable disadvantages.
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For many centuries zirconium was considered a jewel. In the year 1789
the German chemist Klaproth defined this mineral as zirconium dioxide. With
further research it was stated that ZrO, is a polymorph compound that can be
found in three allotropic modifications. At room temperature, we find it in
monoclinic — M form, at a temperature higher than 1170° C it turns into tetra-
gonal — T form, and at a temperature above 2370° C it turns into cubic form [2].

The most frequently used stabilizer of zirconium oxide is MgO or Y,Os.
As a stabilizer, magnesium oxide is used most in the industry because of its
large-grain structure. This oxide, together with zirconium dioxide, gives a rough
surface with a microstructure between 50 and 100 microns. In contrast with this
Yttrium, as stabilizer of zirconium dioxide, gives a microstructure which has a
roughness of less than one micron (this is precisely the reason why this element
is used as a stabilizer of ZrO,; in dentistry).

According to factory researches, the hardness of Y-ZrO, is between 900
and 1300 MPa, and the moment of torsion at one point is from 9 to 10 MPa.

An important phase in the further defining of zirconium dioxide as a
material for dental use is also the process of sintering, more commonly known
as the HIP- procedure [1]. At a temperature from 1300 to 1350 °C and under
increased pressure, the zirconium dioxide stabilized with Yttrium enters into a
HIT-procedure (with hot isostatic pressure), a process that gives the zirconium
oxide greater toughness, less porosity, and greater stability. This is a biolo-
gically compatible, chemically isolated material, inert to acids and bases [3].
The problem of zirconium is its snow-white colour, adequate to the colour of
the opaque of the metal shell of the metal ceramic crowns, and its small lumi-
nescence. If the material, or more precisely the metal shell, completely blocks
the flow of light, it means that the 100% transparency of the zirconium is partial
(it is near 48%). Comparatively, the transparency of alumina oxide is up to
78%.

The refractive index of tooth enamel is 1, 67. Ceramic has the refractive
index 1, 5; alumina oxide 1, 8; and zirconium 2, 3.

Method and material

Fixed zirconium tooth replacements are made with the use of
CAD/CAM technology. This type of technology, despite its two decades of
application in industry, has been in use in dentistry for only about fifteen years.
The CAD/CAM (Computer Aided Design / Computer Aided Manufacturing)
system consists of PC Software adjusted to its purpose, a specific scanning
device, specific grinding system and furnace for the sintering of zirconium
constructions [4].

Contributions, Sec. Biol. Med. Sci., XXX/1 (2009), 205-215



Zirconium — clinical experiences 207

There are procedures of direct and indirect scanning (mechanical and
optical). We use the method of indirect optical scanning, a method widely
adopted in dentistry (Fig.1).

Figure I — CAD/CAM systems
Ciuka 1 — CAD/CAM cucitiem

After the abutment tooth is adequately prepared, we take an imprint
using the classical and conventional method. We outpour the taken imprint and
with the opening of the outpoured imprint we get a working model. This model
is centered on a special pedestal. This is necessary for the adequate performance
of the optical scanning process (Fig.2).

Figure 2 — Centering of master cast using a special scanning tray
Cawnka?2 — llenitipuparse Ha paboitiHUOm MoOOen Ha HocebeH HocilameHil
3a CKeHuparse

We intervene in the machine's software to determine the margins, the
interspaces and the thickness of the crown (the zirconium part) (Fig. 3).
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Figure 3 — Computerized designing of fixed prosthodontic restaurations:a) indirect
optical scanning, b) determination of margin, spacing and thickness of the crown
(zirconia part)

Canka 3 — Komiijyitiepcko Ousajuuparse Ha (puKCHOUpoetiuKuitie
HAOOMECTHOUU: @) UHOUPEKTUHOLO OUUUYKO CKeHUparbe, 6) 00pedysarbe
Ha Zpanuyuilie Ha KOPOHKATIA, MeZyIpOCopoill U OebeauHailia Ha KOPOHKAILA
(UupkoHuymckuoiti Oen)

The preparing of the crown or the bridge construction, which refers to
its size, shape and thickness, are steps that do not have to be performed by
entering parameters in the software. If the dentist and the dental technician think
that it would be more adequate to model the abovementioned elements in wax,
to be scanned later as such, we go to the next procedure. The wax crowns and
bridge constructions first have to be fixed in the scanning zone. This is followed
by the stage of covering the surfaces with "silver powder". This powder
provides optical recognition of the crown or bridge body (Fig. 4, 5). If, on the
other hand, the ray goes across the wax the object cannot be scanned.

Figure 4 — Application of “silver powder” on the a) wax model of the bridge
construction, and b) crown coping
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Canka 4 — @asza Ha dipemaukysarbe co ,, cpebpena yopa“ Ha: a) 0coO1eH MoOen
34 MOCIOBCKA KOHCIUPYKUUja u 6) Kailuuka 3a KOpOHKa

Figure 5 — Milling of the adequate zirconia block and production of the desired
software construction or replica of the wax model
Camka5 — @a3zaitia Ha ¢ppe3ysarbe HA A0eKBATUHATIA UUPKOHUYMCKA KOUKA
(640K) u 0Oobusarbe peliaurka 00 HOCAKyB8aHAlA COPIBeEP KOHCIUPYKUUJa
UAU petiauKka 00 MOOeAUPAHATIA BOCOYHA KOHCIUPYKUUA

The following stage is the grinding of the adequate zirconium bone
(block), and what we get is a replica of the desired software construction or a
replica of the modelled wax construction (Fig. 6).

Figure 6 — Sintering process or so-called HIP-ing
Cmnka 6 — IIpoyec na CHHTEPYBABE uau tiosnaiu kako XHII-ysarse

We should bear in mind that this zirconium construction is 25-30%
bigger and more voluminous than the planned construction. In order to get an
adequate model, we need to go through the sintering stage. This means we need
to heat the model in a furnace at a temperature of 1350°C and under increased
pressure. With the sintering process. also known as the HIP-procedure, we get
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an absolutely adequate zirconium construction, but this time it is much tougher
and far less porous (Fig. 7)

=5

Figure 7 — Margin designs: (1) knife edge; (2) shoulder; (3) rounded shoulder,
(4) bevelled shoulder; (5) comparation of the margin designs with the knife edge design,
20% difference in tooth substance loss
Crrka 7 — Buoosu demaprayuonu aunuu: (1) ilanzenyujaara;
(2) co upasoazoana citiatianxa; (3) co 3aobaerna ciaiianrka, (4) iipasoazoarna
ciiaiianxa co 3akocyeame; (5) Kominapuparse Ha 000eaHuUitie OemMapKayuLL
80 OOHOC HA THAHZEHUUJAAHAILA 34 Z0AEMUHATHA HA 003eMEHATHA

imepoa 3abna cyticiianuyuja 3a 20%

Representation of cases (Case performance)

The manufacturers of zirconium recommend that the type of prepa-
ration should be exclusively with a shoulder. That is the reason why we suppose
that the stairway serves as a buttress to the margin edge of the crown, something
which will increase anti-breakage safety and will provide better margin closure.
Consulting the literature, as we mentioned previously when we discussed stabi-
lization with Yttrium, the stabilized Zirconium oxide is resistant to a pressure of
1000N. From this point of view, we consider zirconium to be a material with
respectable strength and a material that has no problems associated with
breakage. For us, the paradigm in tooth preparation is the long-forgotten Black's
Theory. According to this theory, the dentist should "save the tooth's substance,
because there is nothing that can replace it". Motivated by this, we made the
preparation on our patients’ teeth using the classical tangential preparation
mode. We were convinced that we would get adequate prosthetic all-ceramic
constructions that would not let us down, while bearing in mind that using this
type of preparation we save 20 to 25 % of the tooth substance.

Inall four types of preparation described in the literature, the closure of
the tooth with the margin of the crown is dotted. That is the reason why we
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expect quality constructions. The cases presented are cases of patients that are
interesting to discuss from a number of aspects.

Patient A. A., 47 years
10.2005 — 10.2008

This patient is a male, middle-aged person, of strong masseteric type.
Although we did not measure the strength of his chewing force, we expect it to
be higher than the average chewing force characteristic of the male gender.
What we made was a bridge construction in the lower right quadrant and an
appendix with inlay on one tooth in the lower left quadrant. Despite the enlisted
use of zirconium, found in the recommendation for use provided by the
manufacturer, in this case we preformed with high risk (to make the result more
inspiring, we made the preparation on the tooth without a shoulder, i.e. it was
knife-edge) (10. 2005) (Fig. 8).

Figure 8 — Patient A. R.: a) before taking impression with knife edge preparation of
abutments, b) zirconia bridge framework; c) gingival part of the bridge; d) occlusal
part of bridge, e) oral cavity with incorporated bridge
Canka8 — Iayueniti A. P.: a) INayuenitioiu, fipe0 3emarbe Ha Oilile4aitiok
co aHzeHyujaana penapayuja Ha 3abHuitie wpyiuqursa; 6) Cxeaeill Ha MOCIO8U
uzpaboitier 00 UUPpKOHUYM Kepamuka, 8) [unzusaanuoiti dea 00 mociiosuitie;
2) Oxaysaanuoii Oea 00 mociiosuitie; 0) YcHa UpasHUHA cO 82Pa0eHlU MOCILO8U

Patient E. M., 29 years
11.2005 - 11.2008

This young lady thinks that the upper two lateral incisors are the
problem in her life. The left incisor is bright; this tooth caused hypertrophy on
the marginal gingival edge and has a slight metallic glow. The upper right
lateral incisor is much darker than the other frontal teeth.

After performing a detailed intra-oral check up, we came to the conclu-
sion that this was a much more serious case that needed a more comprehensive
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approach. We intervened on the central incisors in the lower jaw, and on their
gingival recession, using gel for artificial bone; we made a bridge construction
in the lower right quadrant, but our aim was to achieve the desired aesthetic
effect on the two upper central incisors, made from zirconium (Fig. 9).

¥

Figure 9 — Patient E. M.: a) oral cavity of patient before treatment; b) knife edge

preparation of abutments 12 (metal cast post and core) and 22; c) gingival aspect

of crowns, d) oral cavity with CAD/CAM crowns inserted
Cauxa 9 — Iayuenitika E. M.: a) YcHailia ipasnuna kaj dayueHitoi ipeo
wipetimanoitt; 6) Tanzenyujaana tpeiiapayuja Ha 3a6Huitle tUpyudurba Ha 12 3a6
(uHOUBUOYAAHA NeaHa MeTHAAHA HA002Zpadba) u 22 tpellapuparo 3a6HO Tpyilie;
8) M321e0 Ha ZunzusaaHuoill 0Oea Ha KOpOHKUille, Z) YcHailla ipasHuHa
co uociuaseru CAD/CAM kopoukuitie

Patient P.A., 50 years
2.2006 — 9.2008

This lady is well-experienced in dentistry and at the same time she isa
protagonist of conventional resolving of dental problems; from the prosthetic
point of view, our purpose was to combine the zirconium constructions with the
skeletal acrylate prosthetic. The results we achieved are satisfactory (Fig. 10).

Figure 10 — Patient P. A.:a) master casts with wax up of restaurations, b) wax object
covered with silver powder, CAD/CAM milled frameworks with knife edge preparation;
¢) gingival aspect of crown and bridge; d) upper jaw with CAD/CAM crown
on tooth 26, e) final patient appearance
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Camnka 10 — [ayuenitika I1.A.: a) Pabottinu modeau co usmooeaupani
Hadomecitiouu 80 80coK; 6) BocouHuilie 06jexitiu co HaneceHa cpebpera iiyopa,
uapexcaruitie co CAD/CAM ckeneitiu co iuanzenyujaiHa 2panuya Ha iupeiapayuja;
8) M32ne0 Ha mociioii u KopoHKaiia — 2unzusaner oea; 2) F'opna suauuya
co CAD/CAM koponka Ha 26 3a6; 0) Heunuitiuger uszaeo Ha iayueHilikaiia

Patient B. J,. 54 years
3.2006 —9.2008

Every dentist's great challenge is to have such a patient. This was a
patient whose teeth were partly prepared with incomplete preparation and
protected with provisional crowns. We made multiple interventions on this
patient: we implanted 5 implants, whitened his teeth, filled the teeth that needed
filling, made provisional acrylic crowns, and made final zirconium crowns and
bridges over the implants (Fig. 11).

iy s e

Figure 11 — Patient B. J.: a) oral cavity of patient during first visit; b) x-ray, first,
¢) abutments with knife edge preparation, d) final patient appearance after
implantologic and fixed prosthetic treatment with CAD/CAM restaurations;
e) x-ray, final
Cauxka 11 — Hayuenin b. J.: a) Ycuaita iipa3suna xaj nayueHinioil upu ipeaitia
woceitia; 6) PTI-chumka, iipsa; 8) 3abHU WpYUHURA CO HAHZEHUUJAAHA ZPAHULA
Ha upeiapayuja, 2) epunuitiuser u3zaeo Ha UAUUEHINOL 0 UMIAAHILO
¢urcro dpotietiuukuoin wipetumar co CAD/CAM nadomecitioyu;
0) PTT-chumka, Oegpunuiniuena

Conclusion
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The zirconium crowns and bridges made completely fulfil all the
necessary conditions for a contemporary, high quality, biologically compatible
prosthetic construction that needs to be placed in the human body (the oral
cavity).

Despite the manufacturer's recommendations, according to which zirco-
nium crowns and bridges should be made on teeth previously prepared with
shoulder or chamfer preparation, we found that the knifeedge preparation comp-
letely fulfilledall the requirements, considering the strength and the aesthetics of
the replacement. We recommend knife-edge preparation with a thickness of the
zirconium crowns from 0.8 to 1.2 mm on the chewing surface, and from 0.2 to
0.4 mm on the axial surfaces of the crown.
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Pesume
OUPKOHUYM - KITMHUYKU NCKYCTBA
Bankoscku B.,! Kopauescka I
! Karenpa 3a genranna nmmrantannja,

?Karegpa 3a ¢ouxcra cromaroomika nporetaka, CTOMaTOMOIIKH (DaKYATET,
Yumsepsurer,, Cs. Knprr u Merognj*“ Ckomnje, P. Makegonmja

AnctpakT: TeHaeHuujata Ha HOBUTE TEXHOJOTUH € KOPHCTECHETO Ha
ct moBeKe OMOJIONIKY WX OMOMHEPTHH MaTEepHjajiil 3a BrpajyBame U 3a PEeKOH-
CTpyHpame Ha OpPraHUTE BO YOBEKOBHOT opranum3aM. LIMpKOHHMYM MUOKCHAOT €

Contributions, Sec. Biol. Med. Sci., XXX/1 (2009), 205-215



Zirconium — clinical experiences 215

MaTepujall KOj T WCIOJHYBa MOBEKETO YCIOBU Aa OWje fiesl Off oBaa rpyrma.
HeroBaTta 6uonHEepTHOCT IO MpaBU MaTepyjal 3a ynorpeba BO OpTONefmjaTa —
BEIITAaYKN KOJIKOBHU; BO CTOMATOJIOTHjaTa — MOPIeJIaHCKN KOPOHKH 1 JAP.

HamaTta npumena Ha Y-ZrO, noBeke off Tpu FOIMHA TW NOTBPAYBa OBHE
MPETIOCTaBKY U TO 3a3eMa MECTOTO BO CEKOjJHEBHATA PEKOHCTPYKTUBHA CTOMA-
TOJIONIKA NMpakTrKa. 3paGoTKaTa Ha OBUE LEJTOCHO KePaMUUKU KOHCTPYKINH ja
MpaBUMe MPeKy 3eMeH OTIevYaToK Off 3a0u MpenapupaHu cO TaHTeHIUjaTHa Mpe-
napanyja. [unemara 3a mpenapanyja co cTanajgka WM TaHTeHIWjaJlHa Mpena-
panyja e ordpiiena. Co BTOPHOT HAUMH HA Npenapupame 3aliTeyBaMe moBeke
o1 20% op 6uosomKaTa CyncTaHluja Ha 3a00T.

Knyunn 360poBu: nupkonuyM puokcup, KAJI/KAM, cuHTepyBame, TaHT€HLU-
janmHa mpemnapanuja.
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