Titan u stomatologiji

Sazetak

Uporaba titana u dentalnoj implantologiji potakla je istraZivanja za
njegovu primjenu i u stomatoloskoj protetici. U ovome radu navedena
su dobra svojstva titana, kao Sto su biokompatibilnost, otpornost na ko-
roziju i niska cijena, kojima on potpuno moze zamijeniti tradicionalne
slitine za izradbu stomatoprotetskih radova. Titan ima i neke nedostat-
ke, primjerice visoko taliste i velika reaktivnost titanske taline s kisi-
kom, §to uzrokuje specifican nacin obradbe i spajanja s estetskim ma-
terijalima (osobito keramikom). Rezultati klinickih istrazivanja potvrdu-
Ju njegova dobra svojstva, no ujedno upozoravaju i na poteskoce u nje-
govoj uporabi. Zbog toga treba nastaviti s klinickim i laboratorijskim
istraZivanjima titana kako bi se poboljsala tehnologije izradbe i eko-
nomicnost primjene te bi se tako preciznije mogle odrediti indikacije
za njegovu uporabu u sklopu raznih stomatoloskih disciplina, posebi-
ce u stomatoloskoj protetici.
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Uvod

U stomatologiji se kovine upotrebljavaju vec ne-
koliko stoljeca. Najprije se je pocelo rabiti zlato i
njegove slitine. Zbog dentalne keramike i porasta ci-
jene zlata, 60-ih su se godina pojavile zamjenske sli-
tine, kao §to su slitine na osnovi paladija, nikla i ko-
balta. No, uporabom tih zamjenskih slitina u usti-
ma povecala se je opasnost od alergijskih i toksic-

nih reakcija na njih. Za neke slitine koje, primjeri-
ce, sadrze nikal i/ili berilij, utvrdena je i kancero-
genost. Te su spoznaje potakle nova istrazivanja, cilj
im je bio pronaci nove slitine koje moraju imati vi-
soku biokompatibilnost te pobolj$ana tehnoloska i
mehanicka svojstva (1).

Bududi da je biokompatibilnost titana bila vec ot-
prije poznata iz njegove uporabe u ortopedskoj ki-
rurgiji, a dobra mehanicka svojstva iz uporabe u zra-
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koplovnoj industriji, ranih se je 70-ih godina dogo-
dio nagao razvoj dentalne implantologije i uporabe
titana za dentalne implantate. Nakon toga titan se je
poceo klini¢ki istraZivati i upotrebljavati, te je po-
stao nezamjenjiva grada u dentalnoj implantologiji
i maksilofacijalnoj kirurgiji (2).

To je pak potaklo daljnja istraZivanja za Siru upo-
rabu titana u stomatologiji. Zbog njegove izvrsne bi-
okompatibilnosti, otpornosti na koroziju, dobrih fi-
zickih i mehanickih svojstava, te povoljne i cijene,
posljednjih se je godina uporaba titana znatno po-
vecala i u stomatoloskoj protetici (2).

Svojstva titana

Titan je kovina otkriven 1791. godine. Po raspro-
stranjenosti je Cetvrti strukturni element u Zemlji-
noj kori, iza aluminija, Zeljeza i magnezija. Dobiva
se iz rutila, koji je uz anatas i brukit najrasprostra-
njeniji i najstabilniji oksid titana. Danas se, medu-
tim, najéesce dobiva metalur§kim postupkom toplin-
skoga raspadanja titan-tetrajodida.

Titan je srebrnobijele boje. Taliste mu je na 1668
°C, §to je vrlo visoka temperatura koja zahtijeva po-
sebnu tehnologiju obradbe. Gustoca mu je mala i
iznosi 4,51 g/cm?. Specifi¢na toplina mu je 0,124,
a koeficijent toplinskoga rastezanja je 4,49 cm/°C
x 107, Stupanj Cistoce titana koji se danas upotreb-
ljava jest 99,5 - 99,7% (3).

Osim fizickih svojstava titana, vrlo su vazna i
njegova mehanicka svojstva. Vrijednost titanove
tvrdoce prema Vickersu, iznosi 210. Cvrstoca mu je
530 MPa, a 0,1%-tna rastezljivost 15-24%. Vla¢na
je ¢évrstoca titana prije lijevanja 400-450 N/mm?, a
nakon lijevanja 750-900 N/mm? (3).

Mala gustoca i mala specifi¢na teZina, te velika
rastezljivost, mala toplinska vodljivost i niska cije-
na ubrajaju se u dobre osobine titana. Uz to, titan
ima, zajedno s tantalom, niobom i cirkonom, najbo-
lju biokompatibilnost. Njegov neutralan okus, dobra
rendgenska vidljivost i otpornost na koroziju izjed-
nacavaju ga sa svojstvima zlata i njegovih slitina.
Alergijske reakcije na titan nisu poznate (4, 5).

Titan na sobnoj temperaturi ima heksagonalnu
kristalnu mreZicu (o.-faza). Zagrijavanjem titana na
882 °C o-faza prelazi u B kubi¢nu kristalnu struk-
turu. Ta je transformacija vrlo spora tako da se po-

novnim hladenjem kristalna struktura zadrzava u 3-
fazi i na sobnoj temperaturi. 3-faza ima nizu tem-
peraturu taljenja, manje je reaktivna, ali ima slabija
fizicka i mehanicka svojstva od o-faze (4).

U krutome stanju titan nije reaktivan, no prigo-
dom taljenja brzo reagira s kisikom. Vrijeme oksi-
dacije je 10° sekunde, nakon ¢ega mu se reaktiv-
nost smanjuje na minimum (6). Zbog brzine reak-
cije oksidacija se stvara samo na povrsini taline,
zbog ¢ega se povrsinski sloj titana pretvara u titan-
dioksid. Povrsinski sloj titan-dioksida debeo 100-
200 wm poznat je pod nazivom a-case sloj. o-case
sloj nije homogen i mnogo je tvrdi od cistoga tita-
na, §to dovodi do vece lomljivosti i postupnoga na-
stanka mikropukotina (2, 7).

LosSa su svojstva titana: visoko taliste, kemijska
reaktivnost taline s kisikom, vodikom i dusikom, te
srebrnobijela boja koja daje neestetski izgled metal-
no-keramickim radovima. Oksidacija prigodom ta-
ljenja uzrokuje poroznost, a reakcija taline s fosfat-
nim materijalima za ulaganje uzrokom je krhosti od-
ljeva. Titan ima mali toplinski koeficijent rasteza-
nja, §to stvara probleme pri spajanju titana s kera-
mickim estetskim materijalima. Reagira s fluoridi-
ma koji se upotrebljavaju u svrhu prevencije kari-
jesa, a to je uzrokom promjene boje i korozije ti-
tanskoga rada (3, 5).

Titan se moZe upotrebljavati kao ¢ista kovina i
u slitini s drugim kovinama, a najéesce se mijesa u
slitinu sa srebrom, kobaltom, kromom, bakrom, Ze-
ljezom, manganom, paladijem i silicijem. Udio tih
elemenata iznosi od 0-30 tezinskih postotaka. Sliti-
niranjem se poboljSavaju mehanicka svojstva titana,
kao $to su tvrdoca, rastezljivost i elasti¢nost. Fizi¢-
ka i mehanicka svojstva titanskih slitina ovise i o
udjelu elemenata u tragovima, kao $to su kisik, Ze-
ljezo, dusik, vodik i ugljik (3). IstraZivanja korozije
titana i njegovih slitina pokazala su da postoji viso-
ka otpornost na koroziju slitina titana koje sadrze
plemenite metale (8, 9). Tomu u prilog ide ¢injeni-
ca da osobadanje atoma titana u usnoj Supljini iznosi
102 mola, $to znaci da bi trebalo oko 100.000 go-
dina za dezintegraciju i gubitak funkcije protetskih
radova na bazi titana koji su u ustima pacijenata (2).

U stomatoloskoj protetici titan se upotrebljava za
krunice, za konvencionalne i adhezivne mostove,
kombinirane fiksno-mobilne radove, te za retencij-
ske elemente suprastruktura implantata. Najéesce se
rabi slitina titana s 20% Cri 0,2% Si, te slitina tita-
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na s 25% Pd i 5% Cr. Te slitine imaju veliku ¢vrsto-
cu, tvrdocu i rastezljivost.

U implantologiji se najcesce rabi Cist titan i sli-
tina titana s aluminijem i vanadijem, Ti-6Al-4V.
Ona ima manju gustocu i ¢vrstocu od elementarnog
titana, a tvrdoca, elasti¢nost, taliSte i specifi¢na to-
plina su joj veci (7).

Glavni cilj implantiranja jest postiéi oseointegra-
ciju implantata, §to zna¢i odgovarajucu kemijsku i
mehanicku vezu izmedu implantata i okolnoga ko-
Stanog tkiva (10). PovrSina implantata mora se obra-
diti tako da se poveca prijanjanje izmedu implanta-
ta 1 kosti, $to kvalitativno ubrzava proces oseointe-
gracije. Jedna od najnovijih tehnika obradbe povrsi-
ne implantata jest obradba titanskom plazmom (5).

U ortodonciji se titan upotrebljava za izradbu bra-
vica i raznih vrsta Zica. Bravice se izraduju iz titan-
skih slitina s razli¢itim udjelom paladija, kroma i va-
nadija, a za izradbu Zica rabi se titanska slitina s ni-
klom poznata kao memory slitina. Slitine za izrad-
bu bravica imaju veliku tvrdocu i ¢vrstocu, a me-
mory slitine imaju veliku ¢vrstocu i elasti¢nost (11).

Obradba titana
Lijevanje titana

Glavni problemi u vezi s lijevanjem titana jesu
visoko taliste i reakcija titanove taline s kisikom. Ti-
tan se lijeva klasi¢nom metodom izgaranja vostano-
ga modela u materijalu za ulaganje.

Postoje tri sustava za lijevanje titana: tlacno-va-
kuumski sustav za lijevanje s odvojenim komorama
za taljenje i lijevanje (Castmatic), tla¢no-vakuum-
ski sustav za lijevanje s jednom komorom za talje-
nje i lijevanje (Cyclarc), i centrifugalni sustav za li-
jevanje (Tycast) (12). Zbog brze oksidacije taline li-
jevati se mora uz nazo¢nost argona, koji je nereak-
tivan plin. U takvu je okruZzju lijevanje titana mo-
guce s minimalnom oksidacijom (13).

Za lijevanje titana vazan je i tlak argona. Herd i
Waarli (14) ustanovili su da je poroznost rada znat-
no veca kod lijevanja pri tlaku argona od 50 mm Hg
nego pri tlaku od 400 mm Hg.

Provedeno je i usporedno istraZivanje svih triju
sustava za lijevanje titana. Bessing i Bergman (12)

ocijenili su centrifugalni sustav za lijevanje najbo-
ljim. Takahashi i sur. (15) takoder su dosli do istih
rezultata, no ujedno isti¢u, kao i Wirz (5), da je svaki
sustav za lijevanje dobar u optimalnim uvjetima.

neodgovarajuce Sirenje materijala za ulaganje i nje-
gova reakcija s titanskom talinom. Zbog neodgova-
rajuceg Sirenja materijala za ulaganje moze se po-
gre$no odrediti obujam rada iz titana. Prigodom re-
akcije uloZnoga materijala s titanom nastaje do ok-
sidacija, pri ¢emu kisik prodire u povrSinski sloj ta-
line, a to povecava povrSinsku mikrotvrdocu titana
(15).

Her6 i sur. (16) pokazali su da se fosfatni mate-
rijal za ulaganje dobro §iri, s neznatnom pojavom
povrsinskih oksida. Medutim, Takahashi i sur. (15)
ustanovili su da fosfatni materijal za ulaganje s 20%
kvarca omogucuje najbolju ljevljivost titana s naj-
manjim otvrdnjavanjem povrS§ine titana.

Proces hladne izradbe titanskih radova

Zbog poteskoda u lijevanju titana Andersson i
sur. (17) ponudili su druk¢iji nacin izradbe titanskih
radova. To je sustav Procera (Nobelpharma, Sved-
ska), koji se sastoji iz dva postupka: strojnoga stru-
ganja i elektri¢noga jetkanja.

Strojnim struganjem dobiva se vanjski izgled
krunice, a elektricnim se jetkanjem ugljenom elek-
trodom oblikuje njezina unutra$njost. Ta vrsta izrad-
be ukljucuje i dva posebna aparata. Jedan je gloda-
lica, drugi je aparat za elektri¢no jetkanje.

Postupak strojnoga struganja i elektricnoga jet-
kanja traje 8-10 minuta. Posto je rad gotov, provje-
rava mu se tocnost na gipsanom odljevu, i ako je
sve u redu, prelazi se na poliranje, te na nanoSenje
estetskog materijala.

Spajanje titanskih elemenata

Provedena su mnoga istrazivanja o spajanju ti-
tana i titanskih slitina. Spajanje titanskih radova
obavlja se laserskim i plazma zavarivanjem. Obje-
ma je tehnikama moguce postici spojeve koji ce iz-
drzati djelovanje sila u Zvacnoj funkciji (18).

Elementi za spajanje trebaju se ucvrstiti poseb-
nim instrumentom ili S pomocu materijala za ula-
ganje. Ne smiju se lijepiti cijanoakrili¢énim ljepilom,
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jer tako kisik i ugljik ulaze u strukturu spoja zbog
¢ega on puca (18).

Roggensack i sur. (19) ispitivali su kakvocu i iz-
drzljivost spojeva dobivenih laserskim i plazma za-
varivanjem. Rezultati nisu pokazali znatnije razlike
u kakvodéi. No Wirz (18) istice kakvocu laserskoga
spajanja zbog uzega podrucja djelovanja topline la-
sera.

Yamagishi i sur. (20) istrazivali su ovisnost ka-
kvoée spoja o okruzju u kojemu se izvodi spajanje
i 0 njegovu intenzitetu. Rezultati su pokazali da se
titanski radovi moraju spajati u okruzju argona, te
da intenzitet spajanja ovisi o kakvodi lasera.

Berg i sur. (21) utvrdili su da nema bitne razlike
u spoju zavarenih lijevanih titanskih radova, odno-
sno onih izradenih tzv. Procera sustavom.

Svojstva spoja dobivenog laserom u okruZju ar-
gona uz odgovarajucu snagu i intenzitet lasera mo-
gu se usporediti sa svojstvima ostalog dijela metal-
noga rada (18).

Poliranje

Prije nego $to je otkriveno postojanje o.-case slo-
ja klinicka ispitivanja titanskih radova nisu davala
zadovoljavajuce rezultate. No ti su radovi bili do-
bra podloga za stvaranje plaka (22). Kada je po-
tvrdeno postojanje povrsinskog sloja titan-dioksida,
tehnologije su lijevanja poboljSane kako bi se sma-
njile oksidacijske reakcije. Time se sloj titan-diok-
sida znatno smanjio, no njegovo se stvaranje ne mo-
Ze potpuno izbjeci. Nakon lijevanja ostaje jo§ tanki
a-case sloj, koji se mora ukloniti kako bi se sma-
njilo stvaranje plaka na povrsini nadomjestka (23).

Poliranje se obavlja pomocu raznim sredstvima
za poliranje. Broj okretaja rotirajucih sredstava
uglavnom je manji nego za poliranje zlatnih slitina.
Broj okretaja za pocetno poliranje je izmedu 5.000
i 15.000 okretaja/min (za zlatne legure 30.000), za
fino poliranje je takoder izmedu 5.000 i 15.000 okre-
taja/min (za zlatne legure 30.000), a za poliranje do
visokoga sjaja iznosi maksimalno 30.000 okretaja
(za zlatne legure 30.000) (24).

Poliranje okluzijskih povrSina titanskih nadomje-
staka teSko je provesti, no njihova se morfologija
moZe bolje sacuvati zbog manjeg gubitka materija-
la. Najbolji se rezultati postiZzu kompletom sredsta-
va za poliranje Dentaurum (Njemacka) (24).

Spajanje titana s estetskim materijalima

Prigodom izradbe djelomicnih proteza, kombini-
ranih fiksno-mobilnih radova, te osobito krunica i
mostova, ¢vrstoca veze izmedu kovine i estetskih
materijala bila je u pocetku odreden problem. Sv-
rha daljnjeg istraZivanja bila je poboljsati vezu izme-
du titana i estetskih materijala (akrilati, kompoziti,
keramika) (2, 5).

Na ¢vrstocu veze estetskoga materijala i titana
utjece nekoliko ¢imbenika; spoj metala i estetskoga
materijala mora izdrZati trajno djelovanje okluzal-
nih sila, neprekidni tijek sline, te promjene tempe-
rature (25).

Mudford i sur. (25) ispitivali su ¢vrstocu veze
izmedu akrilatne estetske obloge i povrSine titansko-
ga rada. PovrSinu titana obradili su na dva nacina.
Prvim su pjeskarili aluminij-oksidom veli¢ine Cesti-
ca 250 wm, a drugim su, uz pjeskarenje, nanosili si-
lanski sloj, kao medusloj izmedu estetskog materi-
jala i povrSine titana. Rezultati su pokazali da je veza
sa silanskim meduslojem mnogo bolja.

May i sur. (26) takoder su dosli do istih rezulta-
ta usporedbom silicoater postupka i pjeskarenja alu-
minij-oksidom veli¢ine ¢estica 110 pm.

Svrha istrazivanja koje su proveli Caeg i sur. (27)
bila je ispitati ¢vrstocu veze akrilata s titanom uspo-
redujuci obradbu povrsine titana elektri¢nim jetka-
njem i obradbu nanoSenjem silanskog sloja na pov-
rSinu titana. Ustanovili su da silicoater postupak daje
bolje rezultate.

Wirz i sur. (4, 28) isti¢u da se silicoater postu-
pak ne smije kombinirati ni s jednom vrstom uobi-
¢ajenih mehanickih retencijskih sredstava (perlice),
jer on slabe snagu veze estetskog materijala s tita-
nom.

Daljnja istraZivanja imala su svrhu ispitati mo-
gucnost spajanja dentalne keramike kao estetskog
materijala s titanom. Postoji znatna razlika u koefi-
cijentu toplinskoga Sirenja titana i estetskih materi-
jala (Ti = 9,6 x 10%K; keramika = 13,7 x 10%K;
akrilati = 81 x 10%/K). Kao vazan ¢imbenik jakosti
veze titana s keramikom mora se uzeti u obzir i tem-
peratura pecenja keramike. Najveci problem cini sloj
oksida koji se stvara na povrSini titana pri pecenju
keramike ‘na cca 1000 °C, Sto oslabljuje vezu kera-
mike i titana, a promjena kristalne resetke titana u
B-fazu slabi mehani¢ka svojstva titana (4, 25). Zato
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je trebalo pronaci keramic¢ki materijal kojega tem-
peratura pecenja pri nanosenju na titansku konstruk-
ciju nece prelaziti 800 °C, kao $to istiCu Kirmura i
sur. (29).

Adachi i sur. (30) ispitivali su pecenje dentalne
keramike na temperaturama od 750-1000 °C i usta-
novili da niZa temperatura smanjuje stvaranje oksi-
da i poboljSava vezu dentalne keramike s titanom.

Veza estetskih materijala (akrilata i keramike) s
titanom ne ovisi o nacéinu izradbe titanskog rada.
Prema Pangu i sur. (31), kakvoca veze jednaka je
za radove dobivene lijevanjem titana i radove dobi-
vene hladnom strojnom obradbom titana.

S obzirom na temperature pecenja keramike i
ogranicenja koeficijenta toplinskoga §irenja, razvi-
jaju se novi estetski materijali koji bi omogudili kli-
nicku uporabu estetskih titanskih radova.

Ocjena klinicke primjene titana u
stomatologiji

U stomatologiji se je titan najprije poceo upotreb-
ljavati u dentalnoj implantologiji. Prou¢avanjem nje-
govih bioloskih svojstava i razvojem novih kirur§kih
tehnika postao je nezamjenjiva grada za ugradnju
endoosealnih implantata. Nakon dugogodi$njih is-
traZivanja svojstava titana u okviru implantologije,
rezultati su pokazali da bi se titan mogao upotreb-
ljavali i u ostalim granama stomatologije, osobito u
stomatoloskoj protetici.

Pri izradbi suprastruktura implantata velik je pro-
blem predstavlja korozija. Njome se oslobadaju me-
talni ioni iz slitina, a oni, koji mogu negativno utje-
cati na organizam. Da bi se to izbjeglo, javila se po-
treba uporabe titana kao slitine za izradbu supras-
truktura titanskih implantata, pa su se istraZivanja
usmjerila na proucavanje biomehanickih odnosa ti-
tanskih implantata i titanskih suprastruktura te na ra-
zvoj titanskih estetskih radova (32).

Kod istrazivanja fiksno protetskih radova iz ti-
tana svrha je bila ispitati to¢nost rubnoga prianja-
nja krunica, njihov anatomski oblik, povr§inu i bo-
ju, te usporediti lijevane i strojno izradene titanske
krunice.

Ida i sur. (33) ustanovili su da titanski nadomje-
sci imaju bolju to¢nost rubnog prianjanja od Ni-Cr
slitina, a slabiju od Pd-Ag slitina.

Prema Blackmanu i sur. (34), prosje¢na odstu-
panja ruba titanske krunice od granice preparacije
iznose 50 um. Odstupanja su veca kod preparacija
sa stubom od 90°, nego kod preparacija sa stubom
od 45°.

Baez i sur. (35) dosli su do istih rezultata. Pre-
ma njihovu istrazivanju odstupanje rubova krunica
kod preparacija sa stubom od 45° iznosi 7-100 pm,
a kod preparacija sa stubom od 90° iznosi 8-196 pum.
Ti se rezultati drze klinicki dobrim.

Rubovi radova izradenih strojnim postupkom
Procera imaju prosje¢nu rubnu pukotinu veli¢ine
270-750 pm kod preparacija sa stubom (36).

Harris i Wickens (37) ispitivali su to¢nost rub-
noga prianjanja krunica dobivenih strojnom obrad-
bom titana i lijevanih titanskih krunica. Rezultati su
pokazali da nema znatne razlike.

Napravljene su mnoge klini¢ke studije titanskih
radova. Andersson i sur. (17) su godinu dana nakon
cementiranja estetskih protetskih radova iz titana po-
novno pregledali pacijente i ustanovili da je 99,5%
radova izvrsno prianjalo, 98,9% bilo je nepromije-
njena anatomskog oblika, a 96,8% radova imalo je
nepromijenjenu povr§inu i boju.

Kaus i sur. (38) proveli su 30-mjesec¢no istrazi-
vanje klinickoga ponaSanja lijevanih titanskih estet-
skih radova. DoSli su do sljedecih rezultata: kod
85% krunica i 59% mostova nije bilo promjena pov-
rSine i boje, a rub krunica bio je klini¢ki prihvatljiv,
dok 25,9% radova nije bilo klini¢ki prihvatljivo. Ti-
tanske krunice pokazale su se dugotrajnijima od ti-
tanskih mostova.

Nilson i sur. (39) napravili su dvogodi$nju stu-
diju s estetskim tzv. Procera krunicama. Ispitivali su
nastanak loma keramike, promjenu boje, anatomske
oblike i rubove krunica. Dobiveni rezultati nisu se
razlikovali od rezultata istraZivanja na estetskim li-
jevanim titanskim krunicama.

Bergman i sur. (40) proveli su dvogodi$nje istra-
Zivanje s tzv. Procera krunicama na koje je nane-
sen kompozit kao estetski materijal. 5,2% krunica
imalo je lom kompozita, 70% krunica imalo je za-
dovoljavajuci anatomski oblik, 83% imalo je zado-
voljavajuce rubno prianjanje, a 96,8% krunica boja
i povr§ina nisu se promijenile.

VaZnost male tvrdoce i modula elasti¢nosti tita-
na ocituje se nakon zavr§noga cementiranja titanskih
radova, jer omogucuju laku i brzu okluzalnu prila-

Acta Stomatol Croat, Vol. 32, br. 2, 1998.

355



A. Catovic i sur.

Titan u stomatologiji

godbu. Tvrdoca i elasti¢nost titana olakSavaju i ski-
danje starih cementiranih krunica (40).

Osim u fiksnoj protetici, titan se poceo upotreb-
ljavati i za fiksno-mobilne protetske radove te za
izradbu retencijskih sredstava. Viseclani fiksni pro-
tetski radovi poduprti nekolicinom implantata danas
¢esto zamjenjuju mobilne djelomicne i potpune pro-
teze. Dostupnost takvih dodatnih potpornih sredsta-
va znatno je proSirila mogucnosti izradbe fiksnih
protetskih radova (32, 36).

Wirz i sur. (41) rabe fiksno-mobilne radove iz ti-
tana kao suprastrukture titanskih implantata. Ovisno
o broju i rasporedu implantata izraduju se lijevane
titanske suprastrukture. Kao retencijsko sredstvo
upotrebljavaju se lijevane precke koje sluze za re-
tenciju proteze. Prema Wirzu i sur., svi dijelovi fik-
sno-mobilnih titanskih suprastruktura, to jest baza,
spojke i upiradi, lijevaju se iz titana, a kvacice se
lijevaju iz Co-Cr slitina. Lijevane kvacice ne izra-
duju se iz titana jer on ima nizak modul elasti¢no-
st1.

Usporedno istrazivanje mehanickih svojstava
kvacica lijevanih iz ¢istoga titana, iz Ni-Cr slitina i
Co-Cr slitina, koje su proveli Hummel i sur. (42),
pokazalo je da je elasti¢nost titanskih kvacica ma-
nja od elasti¢nosti kvacica iz Co-Cr slitina, a veéa
od elasti¢nosti kvacica iz Ni-Cr slitina. Retencijska
sila lijevanih titanskih kvacica veca je od retencij-
ske sile kvacica iz ostalih dviju slitina. Pri uspored-
bi retencijske sile kvacica lijevanih iz titanske sliti-
ne Ti-6Al-4V i kvacica lijevanih iz Co-Cer slitina sila
je najprije mjerena pri prvom stavljanju proteze, a
zatim nakon 500 skidanja proteze. Kvacice lijeva-
ne iz titanske slitine imaju jacu retencijsku silu od
kvacica iz Co-Cr slitina.

Za lijevanje djelomi¢nih proteza i baza potpunih
proteza iz titana debljina kovina mora biti 0,70 mm.
Lijevati baze proteza iz titana teZe je nego iz Co-Cr
slitina, jer se mora rabiti deblji vosak kako odljev
ne bi bio porozan (43).

Wakabayashi i Minoru (44) upotrebljavaju 0,75
mm debeli vosak za lijevanje titanskih baza djelo-
micnih proteza tvrdeci da je samo uz tu debljinu vo-
ska mogucde dobiti neporozan odljev.

Blackman i sur. (45) ispitivali su dimenzijske
promjene prigodom lijevanja titanskih baza djelo-
micnih proteza. Izmjerene su promjene volumena od
2,6% vodoravno i 1,8% okomito. Zbog tih razmjer-

no visokih postotaka mora se nastaviti s istraZivati
¢imbenike koji stvaraju dimenzijske promjene pri li-
jevanju titanskih baza djelomic¢nih proteza kako bi
se ono moglo nadzirati.

Provedena su i klinicka istraZivanja na kombini-
ranim fiksno-mobilnim protetskim radovima iz tita-
na. Trogodi$nje klinicko ispitivanje titanskih djelo-
mic¢nih proteza pokazalo je da se mehanic¢ka svojs-
tva protetskoga rada nisu promijenila, jedino se mo-
gla opaziti blaga promjena boje povrsine titansko-
ga rada (44).

Dvogodi$nja klinicka studija pratila je ponasanje
laserski spojenih titanskih baza proteza. Kontrola
protetskih radova u 87 pacijenata nakon dvije godi-
ne pokazala je da je jedna baza pukla. Drugih pro-
mjena na protetskim radovima nije bilo. Zanimlji-
vo je da je viSe implantata izgubljeno ispod laser-
ski spojenih proteza nego ispod lijevanih proteza
(46).

Vecina bravica koje se upotrebljavaju u ortodon-
skoj mehanoterapiji izraduje se iz kovine zbog nje-
zine mehanicke snage i jednostavne izradbe razlici-
tih oblika bravica. Buduci da se plasti¢ne bravice
izoblicuju zbog apsorpcije vode i djelovanja torzi-
jalnih sila, a keramicke bravice abradiraju antago-
nisticke zube, rjeSenje problema je izraditi titanske
bravice koje imaju visoku biokompatibilnost i neu-
tralnu boju (47). Titanske se bravice mogu vrlo do-
bro vezati s povrS§inom zuba pa su zato vrlo vazne
u klinickoj uporabi (11).

Zakljucak

Izvrsna svojstva titana, kao $to su visoka biokom-
patibilnost, otpornost na koroziju, niska toplinska
vodljivost, tvrdoca, mala gustoca, mala teZina, neu-
tralan okus, dobra rendgenske vidljivost i prihvat-
ljiva cijena, ¢ine ga modernim materijalom u stoma-
tologiji. Do danas nije opaZen ni jedan slucaj sustav-
ne ili lokalne, alergijske ili toksi¢ne reakcije na ti-
tan 1 njegove slitine.

Titan ima i neka losa svojstva: niski modul ela-
sti¢nosti, visoko taliSte i ekstremnu reaktivnost ta-
line s kisikom. To uvjetuje promjene u tehnologiji
lijevanja i obradbe titana. Problemi se javljaju i pri
vezanju estetskih materijala za povrsinu titana. Ve-
zanje estetskih materijala s titanom pokazuje dobre
rezultate ako se kao estetski materijal upotrebljava-
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ju akrilati i kompoziti, a rezultati vezanja s kerami-
kom su slabiji. Jedna od dodatnih poteskoca jest i
visoka cijena uredaja za lijevanje, strojnu obradbu i
zavarivanje titana.

Tako se titan vec Siroko rabi u dentalnoj implan-
tologiji i ortodonciji, u protetici se jo§ uvijek ne ra-
bi mnogo. Rezultati klini¢kih ispitivanja pokazuju
da se lijevanjem i strojnom izradbom titanskih ra-
dova moze dobiti protetski rad zadovoljavajuce ka-
kvoce, no da bi se potpuno ispitala njegova ucinko-
vitost, a time i mogucnost da zamijeni postojece ko-
vine, treba nastaviti s istrazivanjima.
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Summary

Application of titanium in dental implantology encouraged resear-
ch into its use also in restorative dentistry. This paper describes the
advantages of titanium, such as its biocompatibility, resistance to cor-
rosion and low price, by which it can completely replace traditional
alloys in dental restoration (production). Titanium also has certain di-
sadvantages, like a high melting-point and extreme reactivity with ox-
ygen in its molten state, which calls for specific technology of proce-
ssing and bonding with aesthetic materials (especially ceramics). Re-
sults of clinical investigations confirm its advantageous properties, and
at the same time point to difficulties in its application. This is the re-
ason why it is necessary to continue with clinical and laboratory rese-
arch on titanium, in order to improve its production technology and
economical application, so that indications for its application within
various branches of dentistry, especially prosthetic dentistry, can be mo-
re precisely determined.

Key words: titanium, biocompatibility, clinical investigations, den-
tistry
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Introduction

In dentistry metals have been used for centuries.
At first gold and its alloys were used. With the in-
troduction of dental ceramics and with the rise in the
price of gold, substitute alloys were developed in the
1960s, such as alloys based on palladium, nickel and
cobalt. However, with the application of these sub-

stitute alloys in oral surroundings, the danger of al-
lergic and toxic reactions to them increased. Some
alloys, which contain nickel and/or beryllium, we-
re found to be carcinogenic. This has stimulated new
research, the aim of which was to find new alloys
that would have high biocompatibility, as well as
improved technological and mechanical properties

(1).
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Since titanium’s biocompatibility was already
known from its use in orthopaedic surgery, and its
excellent mechanical properties from its use in the
airation industry, the early 1970s rapid development
of dental implantology occured and use of titanium
for dental implants. In the following years titanium
was clinically investigated and applied, and has sin-
ce become an irreplaceable material in dental im-
plantology and maxillofacial surgery (2).

This has encouraged further research aiming at
a wider application of titanium in dentistry. Due to
its excellent biocompatibility, resistance to corrosi-
on, good physical and mechanical properties, as well
as price, in recent years the use of titanium has also
considerably increased in prosthetic dentistry (2).

Properties of Titanium

Titanium is a metal discovered in 1791. Accor-
ding to its spread, it is the fourth structural element
in the earth’s surface, after aluminium, iron and
magnesium. It is produced from ruthile, which is,
together with anatas and brouxite, the most wide-
spread and stable titanium oxide. Today, however,
it is mainly produced by the metallurgical proce-
dure of thermal decomposition of titanium-tetraio-
dinum.

Titanium is silver white. Its melting-point is at
1668 °C, which is a very high temperature, calling
for specific processing technology. The density of
titanium is low and amounts to 4.51 g/cm?®. Its spe-
cific heat is 0.124, and the coefficient of thermal ex-
pansion amounts to 4.49 cm/°C x 10°. The degree
of purity of the titanium used today is 99.5-99.7%
3.

Beside the physical, properties the mechanical
properties of titanium are also very important. Tita-
nium’s hardness according to Vickers amounts to
210. Its strength is 530 MPa, and its 0.1%-elasticity
15-24%. The yield strength of titanium before ca-
sting is 400-450 N/mm?, and after casting to 750-
900 N/mm? (3).

Low density and low specific weight count are
the advantages of titanium, as well as its great ela-
sticity, low thermal conductivity and low price. In
additions, titanium, together with tantalum, niobium
and zirconium, has superior biocompatibility. Its ne-
utral taste, good radiographic visibility and resistan-

ce to corrosion equals the properties of gold and its
alloys. There has been no reports of allergic reacti-
ons to titanium (4, 5).

At room temperature titanium has a hexagonal
crystalline structure (o-phase). By heating titanium
to 882 °C, the o-phase is transformed into a 3 cu-
bic crystalline structure. This transformation is very
slow, so that when cooled down again, the crystal-
line structure remains in the B-phase even at room
temperature. The B-phase has a a lower melting tem-
perature, is less reactive, but has poorer physical
and mechanical properties than the a-phase (4).

In solid state titanium is not reactive, but during
melting it becomes extremely reactive with oxygen.
The oxidation time is 10 seconds, after which its
reactivity is reduced to the minimum (6). Due to the
short reaction time, the oxidation reaction takes pla-
ce only on the surface of the mould, so that the sur-
face layer of titanium changes into titanium dioxi-
de. The surface layer of titanium dioxide is 100-200
um thick, and it is known as o-case layer. o-case
layer is not homogeneous and is much harder than
pure titanium, which results in higher fragility and
leads to a gradual development of microfractures (2,
7).

Titanium’s disadvantages are its high melting-po-
int, chemical reactivity with oxygen, hydrogen and
nitrogen in its molten state, as well as its silver white
colour, which does not look aesthetic in metallic-ce-
ramic restorations. Oxidation during melting causes
porosity, and reactivity of molten titanium with pho-
sphate investment materials results in a fragile cast.
Titanium has got a low coefficient of thermal ex-
pansion, which causes problems in bonding with ce-
ramic aesthetic materials. Titanium reacts with flu-
orides, which are used for the prevention of caries,
which cause a change in colour and corrosion of ti-
tanium restorations (3, 5).

Titanium can be used as a pure metal and in com-
bination with other metals. It is most commonly al-
loyed with silver, cobalt, chromium, copper, iron,
manganese, palladium and silicon. The share of the-
se elements is 0-30 weight percentages. Alloying
improves themechanical properties of titanium, such
as its hardness, flexibility and elasticity. Physical
and mechanical properties of molten titanium de-
pend also on the share of trace elements, like ox-
ygen, iron, nitrogen, hydrogen and carbon (3). Stu-
dies concerned with the corrosion of titanium and
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its alloys have shown that there is a high resistance
to corrosion of precious alloys of titanium (8, 9).
This is justified by the fact that the release of tita-
nium atoms in oral surroundings amounts to 10-12
mol, which means that it would take ca 100000 ye-
ars for loss of integrity and function of a titanium
based restoration in a patient (2).

In prosthetic dentistry titanium is used for crow-
ns, conventional and adhesive bridges, combined fi-
xed-removable restorations and for retention ele-
ments of implant superstructures. A titanium alloy
with 20% of Cr and 0.2% of Si and a titanium alloy
with 25% of Pd and 5% of Cr are most commonly
applied. These alloys persens grreat hardness, stren-
gth and elasticity.

Pure titanium and a titanium alloy with alumini-
um and vanadium, Ti-6Al-4V, are mainly used in
dental implantology. This alloy is less dense and
strong than pure titanium, but its hardness, elasti-
city, melting-point and specific heat are greater (7).

The main goal of implanting is to achieve osse-
ointegration of implants, which means an adequate
chemical and mechanical bond strength between an
implant and surrounding bone tissue (10). The im-
plant surface must be processed in order to gain bet-
ter implant-bone interface, which qualitatively spe-
eds up the osseointegration process. One of the most
recent processing techniques is by titanium plasma
5). |

In orthodontics titanium is used for the produc-
tion of brackets and various types of wires. Brac-
kets are made of titanium alloys containing a diffe-
rent share of palladium, chromium and vanadium,
whereas for wires production a titanium alloy with
nickel is used, known as memory alloy. Alloys for
bracket production have great hardness and stren-
gth, while memory alloys have great strength and
elasticity (11).

Processing of Titanium

Casting of titanium

The main problems associated with casting tita-
nium are its high melting-point and the reactivity of
molten titanium with oxygen. Titanium is cast by a
classic method of burning a wax model in the inve-
stment material.

There are three different systems for casting of
titanium: a pressure-vacuum casting system with se-
parate chambers for melting and casting (Castma-
tic), a pressure-vacuum casting system with one
chamber for melting and casting (Cyclarc) and a
centrifugal casting system (Tycast) (12). Due to the
fast oxidation of the mould, casting must be perfor-
med in a medium with argon, which is a non-reac-
tive gas. In such atmosphere casting is possible with
a miminum possibility of oxidation (13).

Argon gas pressure is also important for casting
titanium. Her6 and Waarli (14) established that the
porosity of a restoration is considerably greater
when casting is performed under argon pressure of
50 mm Hg than under pressure of 400 mm Hg.

Parallel research of all three systems for casting
titanium has been conducted. Bessing and Bergman
(12) assessed the centrifugal casting system as the
best. Takahashi et al. (15) came to the same con-
clusion, at the same time pointing out, as well as
Wirz (5), that any casting system is statisfactory in
optimal conditions.

Another problem in casting technology is inade-
quate expansion of the investment material and its
reaction with molten titanium. Inadequate expansi-
on of the investment material can result in false de-
termination of the volume of a titanium restoration.
During the reaction of the investment material with
titanium, oxidation reaction takes place, and oxygen
penetrates into the surface layer of the mould, which
results in higher surface microhardness of titanium
(19).

Herd et al. (16) showed that the phosphate inve-
stment material gives adequate expansion with ne-
gligible surface oxides. However, Takahashi et al.
(15) established that the phosphate investment ma-
terial, with 20% of quartz, enables the best castabi-
lity of titanium with minimum hardening on the sur-
face of titanium.

Process of cold production of titanium restorati-
ons

Due to problems in titanium casting, Andersson
et al. (17) offered an alternative for titanium resto-
rations production. This is the Procera system (No-
belpharma, Sweden), which comprises two proce-
dures: milling and spark erosion.
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The outer shape of the crown is formed by mil-
ling, and the inner surface is processed by spark ero-
sion with a carbon electrode. This type of producti-
on includes two special tools; a milling machine and
a spark erosion apparatus.

The process of milling and spark erosion lasts for
8-10 minutes. After the restoration is finished, its ac-
curacy is proved on a plaster cast, and if it corre-
sponds, polishing and bonding with aesthetic mate-
rials can be performed.

Joining of titanium elements

Various studies on the joining of titanium and its
alloys have been undertaken. Joining of titanium re-
storations is performed by laser or plasma welding.
With both techniques it is possible to create joints
capable of enduring stresses resulting from chewing
activity (18).

The elements for joining must be fixed using a
special instrument or by means of the investment
material. They must not be glued together with a
cyanoacrylic resin, since this causes inclusion of ox-
ygen and carbon into the structure of the joint, which
can result in fractures (18).

Roggensack et al. (18) examined the quality and
endurance of joints created by laser and plasma wel-
ding. The results did not show any considerable dif-
ferences in quality. Wirz (18), however, strenses the
quality of laser welding because of the thinner he-
at-affected zone.

Yamagishi et al. (20) investigated the dependen-
ce of joint quality on the atmosphere in which wel-
ding is performed, as well as on its intensity. The
results showed that welding of titanium must be per-
formed in an argon atmosphere, and that the inten-
sity of welding depends on the laser quality.

Berg et al. (21), found no relevant difference bet-
ween joints of welded titanium castings and titani-
um castings produced by the so-called Procera sy-
stem.

The properties of a joint created by laser in an
argon atmosphere with an adequate power and in-
tensity of the laser, can be compared to the charac-
teristics of other metallic parts of the restoration
(18).

Polishing

Before the existence of the oi-case layer had be-
en determined, clinical trials of titanium restorati-

ons did not offer satisfactory results. Such restora-
tions had large affinity to plaque deposits (22). Af-
ter the existence of the superficial titanium dioxide
layer had been confirmed, casting technologies we-
re improved in order to minimize the oxidation re-
actions. The titanium dioxide layer was considera-
bly reduced, but its formation cannot be completely
avoided. After casting there is still a thin residual
o-case layer, which must be removed in order to re-
duce the plaque build-up on the restoration surfa-
ces (23).

Polishing is performed by means of various po-
lishing kits. The revolution rates are mainly lower
than those required for polishing gold alloys. The
revolution rates for smoothness are between 5 000
and 15 000 rpm (for gold alloys 30 000), for fine
polish they are also between 5 000 and 15 000 rpm
(for gold alloys 30 000) and for high polish they
amount to a maximum 30 000 revolutions (for gold
alloys 30 000) (24).

Polishing of occlusal surfaces of titanium resto-
rations is difficult, but their morphology can be bet-
ter preserved because of the lower material reducti-
on. The best results are achieved by the Dentaurum
polishing kit (Germany) (24).

Bonding of Titanium to Aesthetic Materials

When constructing partial dentures, combined fi-
xed-removable restorations and especially crowns
and bridges, the bond strength between the metal
and aesthetic material was at first an issue of con-
cern. Further research was oriented towards impro-
vements in bonding titanium to aesthetic materials
(PMMA, composite resins, ceramics) (2, 5).

Several factors influence the bond strength bet-
ween the aesthetic material and titanium; the joint
of the metal and aesthetic material must withstand
continual exposure to occlusal forces, constant flow
of saliva and temperature variations (25).

Mudford et al. (25) examined the bond strength
between a PMMA aesthetic veneer and titanium re-
storation surface. The titanium surface was proce-
ssed in two ways. The first was by sandblasting with
250 um aluminium oxide, whereas the second in-
cluded, beside sandblasting, application of a silica
layer, as an intermediate layer between the aesthe-
tic material and the molten titanium surface. The re-
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sults showed that the bond with an intermediate si-
lica layer is much better.

May et al. (26) reached the same conclusion by
comparing the silica coating procedure to sandbla-
sting with 110 wm aluminium oxide.

The purpose of the trial undertaken by Caeg et
al. (27) was to examine the PMMA- titanium bond
strength, by comparing processing of the titanium
surface by spark erosion and by applying silica la-
yer to the titanium surface. They concluded that the
silica coating procedure gives better results.

Wirz et al. (4, 28) emphasized that the silica co-
ating method must not be combined with any co-
nventional mechanical retention elements (pearls),
because they weaken the bond strength between the
aesthetic material and titanium.

The aim of further research was to determine the
possibility of joining dental ceramics as an aesthe-
tic material with titanium. There is considerable dif-
ference between the coefficient of thermal expansi-
on of titanium and aesthetic materials (titanium =
9.6 x 10%/K; ceramics = 13.7 x 10%K; PMMA =
81 x 10%/K). The temperature of ceramic firing must
also be taken in to consideration as an important fac-
tor in the titanium-ceramics bond strength. The gre-
atest problem is the oxide layer which builds up on
the titanium surface when firing ceramics at ca 1 000
°C, which reduces the ceramics-titanium bond stren-
gth, whereas the change of the titanium’s crystalli-
ne structure to the B-phase weakens the titanium’s
mechanical properties (4, 25). This is the reason why
a need was recognised for finding a ceramic mate-
rial, the temperature of whose firing in the course
of its application to the titanium construction wo-
uld not exceed 800 °C, as Kirmura et al. (29) requ-
ire.

Adachi et al. (30) investigated dental ceramics fi-
ring at temperatures from 750-1 000 °C and conclu-
ded that a lower temperature reduces adherence of
oxides and improves the dental ceramics-titanium
bond.

The bond between aesthetic materials (PMMA
and ceramics) and titanium does not depend on the
production technology of titanium restorations. As
described by Pang et al. (31), there is no difference
in the bond quality for the restorations produced by
titanium casting and restorations produced by cold
machine processing of titanium.

With regard to the temperature of ceramics firing
and thermal expansion coefficient limitations, new
aesthetic materials are being developed to enable cli-
nical use of titanium aesthetic restorations.

Assessment of Clinical Applications of
Titanium in Dentistry

In dentistry titanium was first used in dental im-
plantology. With the examination of its biological
characteristics and the development of new surgi-
cal techniques it has become an irreplaceable mate-
rial for endoosseous implants loading. The results
of long-time research of titanium’s properties in den-
tal implantology indicated that titanium could also
be used in other branches of dentistry, especially in
prosthetics.

Corrosion is a great problem in implant supers-
tructure production. Corrosion brings about the re-
lease of metal ions from alloys, which can have
adverse effects in the body. In order to avoid this, a
need was recognized for the use of titanium as an
alloy for the production of titanium implant super-
structures. Therefore, current research is oriented
towards the examination of biomechanical relations
between titanium implants and titanium superstruc-
tures, and also towards the development of titani-
um aesthetic restorations (32).

In the course of the study of titanium fixed pro-
sthetic restorations, the object was to examine the
marginal fit of crowns, their anatomical shape, sur-
face and colour, and to compare cast titanium crow-
ns with titanium crowns produced by machining.

Ida et al. (33) established that titanium implants
have better marginal accuracy than Ni-Cr alloys, and
worse than Pd-Ag alloys.

According to Blackman et al. (34), the average
deviation of a titanium crown from the preparation
boundary amounts to 50 pm. Deviations are grea-
ter with preparations with a shoulder of 90° than
with preparations with a shoulder of 45°.

Baez et al. (35) came to the same results. Accor-
ding to their investigation, the deviation of crown
edges with preparations with a shoulder of 45° is 7-
100 wm, and with preparations with a shoulder of
90°, 8-196 um. These results are considered clini-
cally good.
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The edges of the restorations produced by the
machining procedure Procera have an average mar-
ginal gap of 270-750 pum in the case of preparati-
ons with a shoulder (36).

Harris and Wickens (37) examined the marginal
fit of crowns produced by machine processing of ti-
tanium and of cast titanium crowns. Their results
showed no significant differences.

Numerous clinical studies on titanium restorati-
ons have been conducted. Andersson et al. (17) exa-
mined their patients a year after cementing titani-
um aesthetic prosthetic restorations, and they deter-
mined that 99.5% of the restorations fitted very well,
the anatomical shape of 98.9% remained unchanged,
and with 96.8% of the restorations there were no
changes in their surface and colour.

Kaus et al. (38) conducted a 30-month-study on
clinical use of cast titanium aesthetic restorations.
They achieved the following results: with 85% of
the crowns and 59% of the bridges the surface and
colour were not changed, and the crown edge was
clinically acceptable, whereas 25.9% of the resto-
rations were clinically un acceptable. Titanium
crowns proved to be more durable than titanium
bridges.

Nilson et al. (39) conducted a two-year-study
with aesthetic, so-called Procera crowns. They exa-
mined the development of fractures in ceramics, the
change in colour, anatomical shape and crown ed-
ges. The achieved results were not different from the
results of studies on cast titanium aesthetic crowns.

Bergman et al. (40) conducted a two-year-study
with Procera crowns, on which composite resin is
applied as the aesthetic material. In 5.2% of the
crowns there were fractures in the composite resin,
70% of the crowns had a satisfactory anatomical
shape, 83% satisfactory marginal integrity, and with
96.8% of the crowns the colour and surface remai-
ned unchanged.

The importance of titanium’s low hardness and
module of elasticity is manifested after the final ce-
menting of titanium restorations, since they enable
easy and a quick occlusal adjustment. Titanium’s
hardness and elasticity also facilitate easy removal
of old cemented crowns (40).

Apart from in fixed prosthodontics, titanium al-
so began to be used for fixed-removable prosthetic

restorations, as well as for retentive element produc-
tion. Multiple-unit fixed prosthodontic restorations
supported by dental implants are now often used in-
stead of removable partial and complete dentures.
The availability of these additional means of sup-
port has greatly expanded the scope of fixed prost-
hodontic treatment (32, 36).

Wirz et al. (41) use titanium fixed-removable re-
storations as superstructures of titanium implants.
Cast titanium superstructures are produced, depen-
ding on the number and position of implants. Cast
bars are used as retention elements, which serve to
support dentures. As described by Wirz et al, all par-
ts of titanium fixed-removable superstructures, ie
frameworks, connectors and retention elements, are
cast from titanium, whereas clasps are cast from Co-
Cr alloys. Cast clasps are not made of titanium, since
it has a low module of elasticity.

Parallel research on the mechanical properties of
clasps cast from pure titanium, from Ni-Cr alloys
and Co-Cr alloys, conducted by Hummel et al. (42),
showed that the elasticity of titanium clasps is lo-
wer than the elasticity of the clasps made of Co-Cr
alloys, and higher than the elasticity of the clasps
made of Ni-Cr alloys. The retentive force of cast ti-
tanium clasps is greater than the retentive force of
the clasps made of the other two alloys. When com-
paring the retentive force of the clasps cast from the
titanium alloy Ti-6Al-4V and clasps cast from Co-
Cr alloys, the force was first measured when the
denture was attached for the first time, and then af-
ter it had been removed 500 times. The clasps cast
from the titanium alloy possess greater retentive for-
ce than the clasps made of Co-Cr alloys.

For casting partial dentures and frameworks of
complete dentures made of titanium, the metal mu-
st be 0.70 mm thick. Casting of titanium denture fra-
mework is more difficult than from Co-Cr alloys,
since thicker wax must be used, to ensure that the
cast is not porous (43).

Wakabayashi and Minoru (44) use 0.75 mm thick
wax for casting titanium frameworks of partial den-
tures, claiming that only with such a thick wax is it
possible to obtain a non - porous cast.

Blackman et al. (45) measured dimensional chan-
ges in casting titanium frameworks of partial den-
tures. There were changes in volume of 2.6% hori-
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zontally and 1.8% vertically. This rather high per-
centage requires further investigation of factors that
cause dimensional changes in casting titanium fra-
meworks of partial dentures, so that this can be con-
trolled.

Combined fixed-removable prosthodontic titani-
um restorations were also clinically examined. A
three-year-clinical study of titanium partial dentu-
res showed that their mechanical properties were not
changed, and there was only slight change in the co-
lour on the surface of the titanium restorations (44).

The object of a two -year-clinical study by were
laser-welded titanium frameworks for dentures. A
check-up of the prosthetic restorations in 87 patients
after two years showed that one framework was bro-
ken. There were no other changes in prosthodontic
restorations. It is interesting to note that there were
more lost implants under laser-welded dentures than
under cast dentures (46).

Most of the brackets used in orthodontic mecha-
notherapy are made of metallic materials because of
their mechanical strength and because they can ea-
sily be formed into various shapes. Since plastic
brackets might deteriorate due to water absorption
and deform from applied torque force, and with ce-
ramic brackets the antagonistic teeth are subjected
to abrasion, the production of titanium brackets
which possess high biocompatibility and neutral co-
lour offer a solution to the problem (47). Since the
bonding strength of titanium brackets is very high,
they are very important in clinical applications (11).

Conclusion

Titanium’s superior properties, such as its high
biocompatibility, resistance to corrosion, low ther-
mal conductivity, hardness, low density, neutral ta-
ste, good radiographic visibility and acceptable pri-
ce, make it an excellent contemporary dental mate-
rial. There have been no reports of systemic or lo-
cal, allergic and toxic reactions to titanium and its
alloys.

Titanium also possesses some less advantageo-
us properties: a low module of elasticity, a high mel-
ting-point and extreme reactivity with oxygen in its
molten state. This calls for changes in casting and
processing technology of titanium. Problems also
arise in bonding aesthetic materials to the titanium
surface. Bonding aesthetic materials to titanium
shows good results if PMMA and composite resins
are used as aesthetic materials, whereas the results
of bonding with ceramics are less favourable. The
high price of instruments for casting, machine pro-
cessing and welding of titanium are an additional
problem.

Although titanium already has a wide spectrum
of application in dental implantology and orthodon-
tics, it is still not sufficiently applied in restorative
dentistry. Results of clinical investigations show that
by casting and machine production of titanium re-
storations prosthetic restoration of satisfactory qu-
ality can be constructed. However, research must be
continued to fully examine titanium’s effectivene-
ss, and the possibility of it replacing existing me-
tals.
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