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MOZ00pyBamke Ha BpcKaTa co (paceTHATA KEpaMHUKaA ¥ IIEMEHTHUTE

Surface treatments of zirconium dioxide ceramic for achieving
better adhesion with veneering porecelain and cements

Anera Mujocka’, I'yryBuecku Jby6GeH, Jarona BajeBcka, brtjana KamymeBcka,
Huxona I'nroscku, Becna Kopynoscka, Jana BajeBcka, Emunuja BajpakrapoBa

ABTop 3a KopecnonienIja: AHeta Mujocka

Ancrpakr

JIBOCJIOJHUTE IIEJIOCHO KEpPaMUUYKU CHUCTEMH U IIOKpaj ce IIorojieMaTa IPHMeEHa,
MMOKa’KyBaaT MOHUCKH BPEJHOCTH HA CHJIaTa HA BPCKaTa Koja ja ocTBapyBaaT €O (haceTHUTE
MOPIIEJIAHCKA MAaCH U CMOJIECTUTE IleMeHTH. HepeakTWBHaTa MOBpIIMHA HA IHPKOHHjaTa €
OTHOpHA HA KOHBEHIIMOHAJTHUTE IOCTAIIKM HA HArpu3yBambe, W 3aToa Ce pPa3BHEHU IOBEKe
pPa3JINYHU TUIIOBH HA MOBPIIMHCKU TpeTMaHW. HUBHATa Iies1 e ajTepalyja Ha MOBPIIMHATA,
3roJIEMyBarhe Ha PEAKTUBHOCTA UM a/IXe3WBHATA MOK Ha IHUPKOHUYMIUOKCUIHATA KepaMHKA.
MexaHUYKHM, XEMUCKH, KOMOWHUDAHN W ITEPHATUBHU TPETMAHHU Ce€ HAjYECTO KOPHUCTEHU
IIOCTAalK!, a HUBHUTE IIPETHOCTH, HEJIOCTATOLM U IIPUMeEHa ceyllTe HeZIOBOJIHO padjacHera. e
Ha TPYZOT € J]a Hal[paBU PEeBUCKU IPUKa3 HA IIOCTOJHUTE MOBPIIUMHCKU TPETMAHHU, HAUMHOT HA
u3BeyBame U eheKTOT KOj 0 UMaaT Ha BPCKATa U CIOjyBambeTO Ha IIUPKOHUjaTa CO OCTAHATUTE
€JIEMEHTH.

KoryyHu 300poBH: IIMPKOHHja, IOBPIIHUHCKH TPETMAaH, MOPIEIAHCKHA MaCcH
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Bosejn

[lel0CHO KepaMHUYKHWTE CHCTEMH CE€ IIOYeCTO, Ce 3acTalleHHM BO CeKOjJHeBHaTa
MPOTETUYKA MpPaKTHKA. Pa3MYHUTE KEpaMUYKH MacH KOU ce KOPHCTaT, ce co Tmociaaba
[BPCTHHA O/ KOHBEHIITMOHAIHUTE YeJTUIHU JIETYPU U 3aToa U3PabOTKA HA CKEJIETOT 32 MOCTOBHU
KOHCTPYKIIMH BO ITIOCTEPHOPHUTE PETHH, CE€ U3BEyBa CO BUCOKO OTIOPHU OKCHUIHU KEPAMUKHU —
ATyMUHUYM W ITUPKOHUYM OKCHIHA KepaMmuka'. JleHec YUPKOHUYM OKCUOHama Kepamuka ce
KOPDHCTH 3a I/13p3.6OTKa Ha CKEJIETOT Ha IMOE€ANHEYHN KOPOHKH U MOCTOBH, J€HTAJIHU UMIIJIAHTH,
OpTOOHCKH OpukeTH u 7ip. [IoKpaj mocToemeTo Ha pa3IMaHU MeToau 3a (pabpukaruja (;KemKo
MIpEeCyBakbe, CJIUII U3JIEBAHE U JIP.), COBPEMEHHTE IOCTAIIKH Ha MAIIMHCKO 00IMKyBare co CAD-
CAM cucremute 3a obpaborka (Cimka 1) u ¢daceTupame CO IMOCTalmKaTa Ha KOH/IEH3aIIMOHO
HAaCJI0jyBaibe ce HajuecTo MIPUMeHyBaHU2.

Cauxa 1. CAD-CAM cucmem 3a mawuHncka obpabomxa

Hako mocesmyBaar rojieMa I[BDCTHHA, U3BOHPEIHA OMOKOMITATUOWIHOCT U €CTETHKA,
OUPKOHUYMCKHUTE KEpAaMHYKKH MaCu C€ HEPEAaKTHUBHM KW OTIIOPHHM Ha KOHBEHIHMOHAJIHUTE
MOCTAlKA 32 TOBPIIMHCKU TpeTMaH. TOKMy 3aToa HHUBHOTO IIOBP3yBake CO OCTAHATUTE
€JIEMEHTH-TIOPIEJIAHCKH MacH U [IEMEHTHU € Tocy1abo, U TO MpecTaByBa HAjCJIaOMOT eJIeMeHT Ha
oBHe KOHCTpyKIuu34. Ilo3HaBameTO HA TpeTMaHUTe 3a 00paboOTKAa HAa IUPKOHU]aTa, HUBHUTE
MIPEHOCTH U HEJOCTATOIM, KAKO ¥ HAYMHOT Ha IMPUMeEHA Ce HEOIXO/IHH 3a yCIelTHaTa pabora
CO OBUE CHUCTEMH.

IIpersen Ha iuTeparypa

[MupkoHMjaTa cO cBOjaTa KOMIIAKTHA IOBPIIMHA € OTHOPHA HAa KOHBEHIIMOHAJIHUTE
IIOCTAIIKU HA HarpU3yBambe CO KHUCeJIU U aJKATHU CPEJICTBA, KOU HajuecTo ce MpHMeHyBaarT Kaj
OCTaHATUTe KepaMUUYKu Marepujanu. IlocTamkure Ha HapalaByBalmbe U CTPYXKeEIe, CIIOpes
HEeKOU aBTOPHM MMaaT CIPOTUBeH edeKT Ha I[BPCTHHATA U IOBP3yBAETO Ha IUPKOHHYMCKATa
Kepamukas. lIMeHO, Mako TpU H3Be[yBame Ha /BaTa TpPETMaHM HACTallyBa MeXaHUYKO
OTCTpaHyBake Ha JieJl O IOBpPIIMHATA HAa [HMPKOHUjaTa, CEMAK CTPYKEHmEeTo co TIpybu
IMjaMaHTCKU ceynBa (150 Um) UMa HOMHBA3UBEH KapaKTep U IPU HEr0 HACTAaHYBAAT MIOBUCOKH
TeMIlepatypHu npoMeHu. OBa 3arpeBame MOXKe /1a Oujie HaJ| KpUTHYHATA TOYKa o7 700°C u 1a
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MpeAu3BUKa T0jaBa Ha peBep3WOMIHA, MapTeH3W4YHa t—m TpaHchopmanyja (IpeMUH Of
TeTparoHaJIHa BO MOHOKJIMHUYKa popma) (Cotmka 2 ).

Cauxa 2. [Ipuxas Ha mpu KpucmaaHu Gopmu Ha YUPKOHUYM OKCUOHA KepamuKa
(a.Monokaunuuka b. Tempazonanna c. Kybuuna)

[Ipu ucniutyBamero Ha noppiuHarta co CEM, morosieMo nprcycTBO Ha MOHOKJIMHUYKHU
KpHCTaJI Ha TOBPIIMHUTE, CEMaK € MOIMPUCYTHO Kaj TPETMAHOT CO IIeCOYErhe, OTKOJIKY IIpU
cTpykemeTo®. TeMmIiepaTypaTa Koja ce pa3BHUBa IPU CTPYKEHETO € MHOTY IOBHCOKA U TH
HAIMUHYBa KPUTUUYHHUTE BPETHOCTU IMPEKY KOU IHUPKOHMjaTa MOBTOPHO € CTa0WiHA U He Cce
Tpancdopmupa. Hacripotu Toa, copen Swain u cop.8 Kaj cTpy;kKeHarTa ITOBPIIIHMHA Ha Iiepuja-
crabwin3upanaTa ¢opMa Ha IIUPKOHU]ja, KOJIMYMHATA HA MOHOKJIMHUYKA ¢da3a e 3a IeT MaTu
noBucoka. OcTaHaTUTE IMOCTAIIKA Ha TPETMAH CO alUTUKAIlhja Ha XEMHUCKHU CPEJICTBA Ce IIHPOKO
3acTalleHd, WaK0 U Kaj HUB ce JJOOMEeHH KOHTPAJAUKTOPHH pe3yiaTaTd. YucTemero Ha
MOBpIIIMHATA M HEj3WHA aKTHBaIlFja CO IIOCTAaIlKaTa Ha Ilecouere, W I0TOa HaHeCyBame Ha
Pa3JINYHU IIpajMepy — OCHOBHU NpPeMa3H, MOKa)Kayio TO3UTHBEH eeKT Ha BPCKaTa Kaj ImoBeke
aBTOPH, JI0JIeKa BO CTYAHjaTa KOja ro UCIUTYBaIa eeKTOT Ha JBA TUIA HA CHJIMKOHCKU areHCU
3a CIIOjyBam€ CO CMOJIECTHTE IIEMEHTH, THe He IOKakajie TIOBUCOKHM BPEHOCTH 3a CHUJIaTa Ha
BpcKara’.

Marepujas 1 METOAU

[MomaroruTe 3a MOBPIIMHCKHUTE TPETMAHU Ha IUPKOHHjaTa ce 00uja co mperjies Ha
TPYAOBHU 00jaBEHU BO IOCJETHUTE IETHAECET TOJAWHU O] aHIVIMCKOTO ja3u4yHO nozapadje. Ce
KOpHCTea pa3jIuyHU U3BOPH, CIIOPeN KJIyIHH 300POBH, MHTEPHET ITOJATOIY O] MEJUIIMHCKU
6a3u, KHUTH 01 00J1acTa U TPYIOBH €O JIAOOPATOPUCKU UH BUTPO UCTPAKYBAha.

[TocrankuTe 3a N3BeyBame Ha MOBPIIMHCKY TPeTMaHH Ha IMPKOHUYM OKCH/IHATa KepaMuKa ce
Hajpa3/JIMYHU, HO BOIVIAaBHO HUBHATa mozesba Ou Moxkeyna ga Ouje BO YETUPH TPYIHU:
MEeXaHUYKHM, XEeMHCKH U KOMOWHHDAHU MEeXaHHUYKO-XEMUCKM TpeTMaHH, KaKo U HOBU
AJITEpDHATUBHU TpETMaHHU.

MexaHuukume nocmanku 3a ajTepanyja Ha IMOBPIIMHATA HAa [HUPKOHHWjaTa  omdakaar
IIOCTAlIKU HA CTPYXKEHe U IIecOUerhe, XeMUCKuime nocmanku 3a airepanuja omdakaar
arIMKaIyja Ha pasHU MOJJIOTU-JIajHEPU U OCHOBHH IIpPeMa3u- MpajMepu, a KoMOUHUPpaHume
nocmanku ce HapamaByBame U AIUTHKAIMja HA XeMUCKH CPEJICTBA.
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MexaHUYKH NOBPUINHCKHU TPETMaHU

Hajuecto kopucTeHa MeXaHHWYKA IIOCTAallKa 3a IIOBPIIMHCKH TPETMAaH IIpecTaByBa
necouere co Hvecmuuyu HaA AYMuUHUyYm oxkcud (rpanysaiyja 30/50/100 um, pacTojaHue
10 mm, BpeMeTpaeme 15 Sec, IMPUTHCOK Max 2,3-2,8 bar), Koja mpeau3BHKyBa BO3AYyIIHA
abpasuja Ha MOBPIIMHATA, HO HapallaBeHaTa MMOBPIIMHA MOKe /1a ce orncepBupa camo co CEM
(CKEHHHT €eJIEKTPOHCKM MHKPOCKOII) U Tmpoduiaomerapd. BpemHocTuTe Ha pamaBoCT ce
pas3JINKyBaaT Kaj pa3/IMYHU THIIOBU HA MCIIUTYBaHA IIUPKOHUYM OKcHAHA Kepamuka (In-Ceram
Zirconia, Cercon Zirconia Degudent, Lava 3M-ESPE) u ce aBmxkar oxg 6,94 nm Ra (Ha
HeTpeTHpaHa IOBPIIHHA)Y, 70 45,77 Nm, ma ce A0 1000 nm. PazjmyHara pamaBocT e
MOCJIeIUIIAa Ha Pa3/JIMYHUOT COCTaB Ha Macure, uMeHO In-Ceram IIMpPKOHHjaTa BCYIIHOCT
COZIP:KU 63% ayMUHHUYM U caMo 32% IUPKOHUja W 4% CTaKJIECT MAaTPHUKC, IIITO 3HAUM Taa
ImoceslyBa IIOroJieMa TpaHyJaldja W TBPAWHA W 3aToa IOCTAIllKaTa Ha Ilecodyerhe Kaj Hea e
noedeKTUBHA2, Pa3inyHu rpaHysaliiy Ha YECTUIUTE, IPUTHCOK, BpEMETPaekhe U PacTojaHue
0o/ TIOBpIIMHATa ce cpeKkaBaaT Kaj pas3JIMYHHU aBTOPU. BO HEKOW cjyyaw pamaBocTa Ha
MOBpIIIMHATA UMAa IO3UTHBHO, JIoJleKa BO JPYT'H HEraTUBHO BJIMjaHHeE Ha CHJIaTa HAa BPCKAaTa co
q)aceTHI/ITe KepaMU4YKU MAacH U aIXE3UBHUTE IIEMEHTH 314,

Cmpyiicerbemo Ha nogpuwuHama co JujaMaHTCKu OOpepu €O pasjaudHa (pUHOCT,
co3zaBa y1abOKO HapaliaBeHa TIIOBPIIMHA, BUCOKA TeMIleparypa M TpaHcdopMaluja Ha
MOHOKJIMHWYKa ¢opMa Ha moBpmmHaTa. Camara moctamka OW Mo’Kega Jia Cco3jajzie |
pesuayasieH MOBPIITUHCKH KOMIIPECHBEH CTpPeC CO KOj ce 3ToJIeMyBa CujlaTa Ha CBUTKYBambe U
TBpAWHATA Ha ITUPKOHUYMCKaTa Kepamuka. Op apyra cTpaHa, utabokute sedeKTH MOKe aa
MpecTaByBaaT CTpec MHAYKTOPU KOU MOXKe HETAaTHBHO J1a BJIMjaaT Ha CHUJIaTa Ha BpCKaTals.

XeMUCKH NOBPIINHCKY TPETMaHU

XeMHCKHTE IMOBPIIMHCKH TPETMAaHW Ha IUPKOHMjaTa IIpPEcTaByBaaT alIMKaluja Ha
Pa3INyYHA XEMHUCKH CPEJCTBA Kako ¢dochamMu moHOMepu, a JeHec I0CTOjaT W IOBeKe
KOMEpIIMjaJTHU CUCTEMH KOU Ce KOPHUCTAT 3a Taa HameHa (AZ Primer-Shofu Dental Corporation,
San Marcos, CA), Clearfil Ceramic Primer-Kuraray America, Houston, TX), Monobond Plus-
Ivoclar Vivadent (Cauka 3) u ap. Cure THe COAp:KAT pasJMYHKA KOHIIEHTPAIUK U TUIIOBH Ha
MOHOMEPH, U CE CO PA3JINYHU TEXHUKHU M BPEMe Ha allIhKaIujae.

Cauxa 3. Pazauunu munosu hocghamHu moHomepu
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docdaraure MoHOMepU HOPMHUPAAT XEMUCKH BPCKHU CO MOBPIIHMHATA HA IIMPKOHM]ATA,
MIpeKy HUBHHTE CMOJIECTH BPCKU Ha KPaeBUTeE, CO KOU Ce IMOBP3yBaaT CoO a/IXe3UBHUTE IIEMEHTH.
Tue mpecraByBaaT KHCeJWHH, a HeKOU kako Monobond Plus, compkar u cuiaHu, co Kou ce
OCTBapyBa BpCKAaTa CO OCTaHATH CWJIMKOHCKA TOBpIMHU. CHopes; HEKOUM aBTOPHU
KOMOWHUPAKETO Ha CHJIAHU BO KHCeJIa CPeJIMHA, MOXKe JIa BOJU KOH HaMaJieHa CTaOMJIHOCT Ha
CWJIAHOT U mocsaba cuia Ha BpckaTta'Z-'8. [ToBekero mpajMepu He /aBaaT 3HAYAJHO TMO3UTUBHU
pe3yJsiTaTH, Ia 3aToa IOeAWHH aBTOPH IIpejJiaraaT Ipes alUIdKallfjaTa IMOBPIIMHATA Ha
IIUPKOHUjaTa, 1a Oujie MeXaHUYKH TPeTHPaHa CO IOCTAIKaTa Ha Iecouere.

Jlpyr THUI Ha XeMHCKHU CpeZICTBA 3a ajITepanyja Ce CUWAUKOHCKUME a2eHCU 3a
cnojyearve  (trialkoxysilani) kou mpecraByBaaT XUOpPHUIHH, HEOPTaHCKO-OPTAaHCKH
OuYHKIMOHATHYA MOJIEKYJIH, Kou opMupaaT Mpeka co xuapokcuanute rpynu (OH) Ha Si Bo
KepaMuyKaTa IOBPIINHA, MOJUMEPHU3UPAAT CO CMOJIECTHOT MAaTPUKC Ha KOMIIO3UTHUTE, ja
HaMaJTyBaaT MOBPIIMHCKATa T€H3Wja W HA TOj HAYWH BPIIAT U ,BJIaKHEEHE Ha IMOBPIIMHATA
(Rely X—ceramic primer -Ivoclar Vivadent, Amherst, NY) (Cuka 4)2°.

!
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Cauxa 4. CunauKoHCKU az2eHC 3a XxeMUcCKU mpemmaH

Bo 1moOHOBO BpeMe ce KOpHCTAT IIpajMepu KOW IpecTaByBaaT MeIIaBUHA Ha
opranodocdaT U KapOOKCUIIHN KUCEJIM MOHOMEDPH, KOH IOKaXKasie I0Opu u Op3u pesysITaTh
BO azxe3ujara. M mokpaj moBeKke TUIIOBH HA CHJIAHCKU CPEJICTBA, CENAK THE HE MOKAKyBaaT
3HauaeH e(peKT Ha MOBPIIMHATA HA IUPKOHUjaTa, KOja UMa IMOMaJIa I MUHUMAaIHA KOJTUIUHA
Ha Si2'. Toa ce A0JKU BEPOjaTHO U HA XUIPOJUTHYKO pa3jarame Ha CUJINKOHCKUTE BPCKHU KOe
Cce jaByBa BO OPaJIHUOT MEJUYM, IIITO BJIMjae HA CTAOMJTHOCTA HA a/IXe3UBHATA IIOBPIITUHA2.
Marepujasii Kou ke OCUTypaaT KOHTUHYHPAaHO, (U3UUYKO CIIOjyBalbe U KOMIIEH3aluja Ha
HeazekBaTHuTe KTE (kxoeduimeHTH Ha TepMHYKa €KCIaH3HWja) Ce nopuyeaaHcKume
nood.ao2u-aaqjHepu. Tue npecTaByBaaT KepaMUYKH Macd KOM MMaar IeJ1 /a ja OAHMrpaar
yJiorata Ha OIaKepoOT Kaj MeTay-KepaMuukute pecraBpaiuu. [Tommorara-najuep (Cercon Ceram
Kiss Liner-Degudent, IPS e.max Zir liner), Bo ¢popma Ha roToBa macra, Wid mpaB ¥ TEIYHOCT, Ce
HaHECyBa BO TEHOK YHH(OPMEH CJIOj 0,1 MM CO CTAKJIEH TOITYECT HHCTPYMEHT, U IIOTOA Ce Ieve
CIope/i YIATCTBOTO HA MPOU3BOAUTEJIOT. JIajHEpUTe ce KepaMHYKH Macu 4duja QyHKIHja e
obe3benyBarbe Ha MOBPIIMHCKA pamaBocT, MoaudUKanuja HA HUjaHcaTa Ha Oesara
IUPKOHUYMCKA OCHOBA U M0/I0OpYBake HA MEXaHU3MOT Ha CIojyBame co moprenanute (Cauka
5). CTakJecTHOT KepaMHYKH JIajHEp 3aMelllaH CO COOJBETHA KOH3UCTeHIWja Ou Tpebasio sa
IpecTaByBa U MUTMeHTeH cJioj U “wash bake” mocramnka.
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Cauxa 5. Ilopyenarcku najHep 8o hopma Ha 2omosa nacma

Hekou aBTOpM BO CBOWTE HCTpakyBarha CelaK II0COYYyBaaT JleKa alUTHKalldjaTa Ha
JIQjHEPOT MMa caMO ecTeTCKu e(deKT, HO He W BJIMjaHMe Ha CWjaTa Ha BpcKata IoOMery
KepaMUYKHTe Macu. AIUIMKalFja Ha JIajHEP BO TEHOK CJIO] CO IIOCTAIlKa Ha CIIOPO JIAJIEHhe
mokakasia 1 e(eKT Ha HaMaJTyBakbe Ha Pe3UAyaTHUOT CTPEC BO KepaMHUUKaTa Macaz3.

KoMOuHHpaH NOBPIIUHCKU TPETMAaH

KomOuHMpaHUTe TMOBPIIMHCKH TPETMaHU ce Memodu 3a OenoHuparwe Ha Si
(mpubo-xemucku mpemmaHu) Kou IpecraByBaar Jjabopatopucku (Rocatec system) u
xinanuku metogu (Cojet system), Kou BpIIAT IMeCOYerhe Ha IMOBPIIMHATA HA IUPKOHUjaTa CO
aMyMHUHCKH vectun obsoxkenu co Si (Ciauka 6). Tue ce co pazjauyHa TpaHy/anuja, 110 um
(Rocatec) win 30 um (CoJet) u ce atuinIpaar co MakCUMaJsieH IIPUTHCOK of 2,5-2,8 bar.

SesassnuEe

Cauxa 6. Cojet cucmem 3a KOMOUHUPAH NOBPUUHCKU MPEMMAaH

ITo mecouemeTo mocTankaTa ce KOMOMHUPA CO aIUIMKAIMja Ha CHJIMKOHCKH IIpajMep U CO
Toa ce ¢dopMHpa peakTHBHA MOBPIIMHA KOja OCTBapyBa mozobpa Bpcka. Cemak, pa3HU aBTOpU
JIOIILJIe 71O CIIPOTHCTABEHU Pe3Y/ITaTH U CIOpeJ] HEKOW OBaa IIOCTallKa cO37laBa IOBPIIMHA CO
IIOMaJIa ParmaBoCT U 0C/Iab0 MEXaHUYKO TIOBP3YBAKhE CO IIEMEHTHUTE?4.
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AJITepHaTHBHU TPETMaHU

[TorpebaTa ma ce 3rojieMH PeaKTUBHOCTA HA MOBPIIMHATA Ha IUPKOHHjaTa JOBEJA JI0
Pa3Boj HA MHOTY HOBH, HO CEYIIITE HEOBOJIHO UCITUTAHU MOBPIITUHCKH TPETMAHU.
Hanecysarmwe na naasma (hexamethyldisiloxane) co momorn Ha peaktop (Plasma Electronic,
Germany), 6u co3zlajia KOBaJIEHTHH BPCKU KOW ja 3roJIeMyBaaT cujiaTa Ha Bpckara. Ilimasmara
COJIP’KH JOHU3WPAHU TaCHU jJOHH, €JIEKTPOHH U aTOMH, a HAUMHOT Ha JIeJIyBakhe He € CeyIlTe
JTOBOJTHO pa3jacHeT?5.

Jlacepckomo mpemuparee so Er:YAG(epouym) uau CO- aacepu, Moxe aa ce
MpUMEeHyBa KaKO IIOCTallka 3a OCTBAapyBame I07I00pa BpPCKa €O IeMeHTHUTe, a e(peKTOT Ha
JlacepoT Ha IIMPKOHHjaTa ce o0jacHyBa €O OTCTpaHyBalbe€ HAa YECTHI[M O IMOBPIIHMHATA CO
MHUKPOEKCILJIO3UH U HCIIapyBambe, BO MPOIieC HapedeH abJiarmjac.

Memodom Ha ceaeKmMueHo uHurmpayuorHo Hazpusyeare (SIE) ja
HapamaByBa MOBPIIIMHATA HA IUPKOHHjaTa CO TOIUIOTHO CTapeerme U Audy3rja Ha TPAaHUYHUTE
yecTHuku. Ha MOBpIIMHATA ce HAaHECyBa HUCKO TOIUIMBO CTaKJIO, U TOTOA CO IMOCTalKa Ha
TOIJIOTHO WHJyIIMpaHa GuiaTpanuja ce BPIIN peapaHKUparmbe Ha KPUCTAINTE HA IUPKOHUjaTa.
CrakjoTo ce OTCTpaHyBa CO BoJieHa Oama co 5% GIIyopBOJIOpOAHA KHUCEIHWHA, CO IITO Ha
MIOBPIIIMHATA OCTAHYyBaaT HAHOIOPO3HOCTH CO HUCKO BHCKO3€H CMOJIECT MaTepHjasl Koj Iocie
MoJIMMepPHU3allfjaTa OCTBapyBa COJIU/THA BpCcKa?’.

OsBaa mocrarnka ja akTUBHpPa MOBPIIMHATA HA UPKOHUjaTa HA MUKPO HUBO, HA HUBO HA
TpaHy/IM, KOM Ha IIPOMEHA Ha TeMIlepaTypa pacTaT BO roJieMHHA U JI03BOJIyBaaT audy3uja HA
paznuuHu eneMeHTH. OBOj (EeHOMEH T MeHyBa TIIOBPIIMHCKUTE KapaKTEPUCTUKU Ha
IUPKOHUWjaTa, TH IOKAuyBa KAaMMWJIAPDHOCTA W CIJINTE HA TeH3HWja, BPIIM peapaHKMaH Ha
TpaHyJIUTe, HUBHO OJ[BOjyBalbe WM Jin3rarbe. HUCKO TOIUIMBOTO CTAaKJIO KOe ce HaHecyBa Ha
MOBPIIMHATA COAPKU 65% cumunuyM, 15% aIyMHUHHYM, 10% HaTpUyM OKCHJ, 5% KaJIUyM
okcusl U 5% tutaHuyMm okcup, co kommnatubmieH KTE, u Toa mocie 3arpeBamero Koe e
KOMIIJYTEpCKH KOHTPOJIMPAHO, IIOCTUTHYBA ONTHMaJIHA JAudy3uja CcoO TpaHyJIuTe Ha
KepamMHuyKaTa Maca.

Anaukayuja Ha cmakxaernu nepau win silicon tetrachloride (SiClg) co racua
JIETIO3UIMja € TIOCTANKA O] TOHOB KapaKTep U HEj3UHHUOT e(eKT Bp3 IMOKAUyBaHeTO Ha
KOHIIeHTparyjaTa Ha Si, 6apa JONMOJHUTEJTHH HCTpakyBarba. Kaj 0BOj TpeTMaH HacTaHyBa
JIeTo3uIlfja Ha cuukateH caoj Si(x)O(y) co mana aebennHa 10 2,6 nm, €O IITO Ce 3roJeMyBa
OpojoT Ha MecTaTa Ha KOU Ce OCTBApyBa XEMUCKO CIIOjyBahe CO COO/IBETEH OPTaHCKU-JIKAJIEH
IpajMep O7] KOHBEHIIHOHAJIHUTE TIOCTAIIKI28.

HanocmpykmypHo 00.10%cysare cO arymMuHuym e TocTanka co 6Opsa
MpEeUIUTAIja HA AIyMUHUYM XUAPOKCH/ (KOj MOTEKHYBa OJ XUpoJyn3ara Ha HaHeceH AIN
MpAlIOK HAa NOBPIIMHATA Ha IUPKOHHjaTa) IPH IITO CE€ CO3/aBaaT IEPHEHAUKYJIAPHO
IIOCTaBeHN HYyKJIeaTH, KaKO XeTeporeH ¢JIoj co JebeqmHa 6 nm U JO/DKMHA 240 nm HA
MOJIUKpPUCTATHUTE JaMenu. OBHe TPENUIUTATH II0 3arpeBarkbe Ha 900° C dopmupaar
TPAaH3UTEH AIYMHUHHUYM, a CcaMara IIOCTAallKa € XEMHCKH IpeATpPeTMaH KOj ja 3rojiemMyBa
PeaKTUBHOCTA ¥ OBO3MOXKYBa II0JIECHO BJIAKHEH€ Ha ITUPKOHUjaTaI.

0O06.103cy8are cOo KepamMuuku NPAWOK € HEWHBa3WBHA IIOCTAIKa CO KoOja ce
HaHeCyBa KalllecT ¢JIOj Ha IIUPKOHUYMCKU MPAIIOK. 3a BpeMe Ha CHHTepyBamweTo ce ¢popMupaar
IOPH CO PAa3JIMYHU JUMEH3UU M CO TOA IMOBpIIMHATA ce akTuBHpa. OBa € HEWHBA3WBHA
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IIOCTAIIKA, KOja YIIITe IPOU3BOIUTEIOT OM MOXKEJI /1A ja alUTHUI[Mpa Ha paMKaTa U PecTaBpalliuTe
Jla ce BeKe IIOJITOTBEHH 3a CIIOjyBambe.

I'achama gayopunHusayuwja e xemucka MogudUKanuja co co3faBalbe Ha TEHOK
okcu(uyopuzieH CJI0j Ha TOBPIIMHATA, KOj € TIPETIPUEMYHUB 332 OPTaHOCHIMKATHUTE.
ITponeaypara e KOMIUIEKCHA, ce W3BeyBa BO ILJIa3Ma PEAKTOp, CO BaKyyM M aIUIMKanuja Ha
¢dyopot Bo racHa cocrojba.

Pe3ysraTti U JUCKycHja

[TecouerweTo IpecTaByBa IIMPOKO KOPUCTEH TPeTMaH BO CTOMATOJIOTHjaTa M OBaa
IocTankKa ce MpPHMeEHyBa 3a Jia Ce CO3/a/ie HapalaBeHa IMOBPIIMHA Koja OM OBO3MOXKHKJIA
IIOCHJTHA MeXaHUYKa MUKPO-pPeTeHI[Hja Ha OCHOBaTa CO KepaMUYKHUTe Macu 3a daceTupame U
neMeHTU. [lecouermeTo ja MeHyBa IMOBpIIMHATA HAa IUPKOHHjaTa M HEj3MHATa PAlaBOCT, HO
e(deKTOT Ha OBOj TPETMaH HA CHJIaTa Ha BPCKATa JlaJl CIIPOTHUCTABEHU PE3YJITATH BO MOBEKETO
cryauu. Criopesi HEKOM aBTOPH camaTa IIOCTAallKa 3aBHCHO O] TPaHyJIallfjaTa Ha YECTHUKUTE
VMMa HeTaTUBHO BJIMjaHUeE Ha MOBPIIMHATA U MPEJU3BUKYBA CTPEC KOj BOJIM KOH MOHOKJIMHUYKA
daszna TpaHchopmanyja U MOBPIIMHCKH KOMIIDECUBHH CTPECOBH KOM /IaBaaT 3ToJIeMeHa
IBPCTMHA Ha KpIIeme, HUCKA TEPMUYKa Jerpazanuja u npcHatuHu. [Ipomopnujata Ha
MOHOKJIMHIYKATA (pa3a Kaj MUPKOHUjaTa ke 3aBUCU O/ [MjaMeTapoT Ha aOpa3uBHUTE YECTUUKU
U HUBHATa yZapHa eHeprujas’. Op Apyra cTpaHa CIOpeZ HEKOU aBTOPH BHCOKATa KMHETHYKA
€HEepTHja of yJapHara cria Ha abpa3svBHUTE YECTHYKHU MOXKE XEMHUCKH J]a ja KOHTAaMHHUpPa
MOBPIIIMHATA W JIa ja 3roJIeMH aTXe3WBHATa CHUjla IOMery JBeTe CIOjHU MOBpIIMHHU. Ha Toj
HAYMH TECOYEHETO CO Majia TpaHyJIalija U HU30K IPUTHUCOK ja HapalaByBa MOBPIIUHATA U OU
MOJKEJI0O /a ja B3ToJIeMH CHWJIaTa Ha MUKPOTEH3WJIHATA aTxXe3Wja IoMely KepaMHuKaTta |
nopresaHckata macas'. Cropes Jpyra cTyAdja Koja € W3BelleHa CO aJyMHHHYMOKCHUIHU
YeCTHYKH CO PA3JIMYHA rojieMuHa (25-250 MUKDOHH), ITOCTUTHATA € HaparaBeHa IOBPIIWHA
KOja IOCTUTHYBA 0100 aTXe3UBHU PE3YJITATH BO OJTHOC HA OCTAHATUTE ITOCTAIIKU32.
CrnopezieHO €O IOCTAIKaTa Ha CTPYKEHe, IeCOUErHheTo € MO(UH IMPOoIEeC U CO Hero ce rybu
3HAUMUTEJTHO IIOMasia KOJWYMHA Ha Marepujan ojf moBprmimHara. Ilocramkara co3zgaBa
MIOBPIIIMHCKY JlepeKTH, HO THe HEMaaT HEeraTHMBHO BJIMjaHHE Ha I[BDCTHHATA HAa MAaTepUjaJIoT,
TyKy HaAIpOTHUB OM MOKeJie Ja uMaaT mo3uTuBeH edekt. OBa ce objacHyBa co edeKTOT Ha
TpaHcopMHUpaHaTa MOHOKJIMHMUYKA ¢aza Koja Co3/laBa KOMIIDECUBEH CTpeC KOj ce
CIIPOTHCTABYBA HAa CUJIATA HA JIeTpajialifja o/ HacTaHATUTE JTePeKTr33.

KombuHupaHa mocranka Ha IMecouere W alUIMKalldja Ha XeMHUCKO CPEJICTBO JIAjHEp €
IocTamnka koja 06e36e/myBa panaBa MOBPIIMHA 32 MUKPOMEXaHUYKO ITOBP3YBabhe, 3r0JIEMYBAhEe
Ha XeMHCKHOT KallallUTeT U 3roJIeMyBabe Ha CUJIaTa Ha Bpckara. KoMOuHMpare Ha mocTamkara
necoueme U pochaTHN MOHOMEPHU-METATHHN IIPajMEPH, UCTO TaKa MMa IMTO3UTHBHO BJIMjaHHUE HA
BpCKaTa CO CMOJIECTHTe IieMeHTH34. I[lecouemeTro HMMa HAjrojeMa yjaora BO YHCTEHE U
3r0JIEMYBarbe Ha KOHTAKTHATA MTOBPIIIMHA, CO3/IaBajKU YCJIOBU 3a I00pa XeMICKA BPCKA.

Jlajuepure ce 0OJIOTM KOU Ce HAHECYBAaaT KaKO TEHOK MerycjIoj-MHTep30Ha IOMery
IIIpKOHMjaTa U daceTHATa KepaMHuKa. Tue cofpKaT NUTMEHTH BO CBOJOT COCTaB U HA TOj HAUUH
BpIIAT ¥ KOpeKIMja Ha Oesata 06oja Ha IIMPKOHUYMCKaTa OCHOBA, HO KCTOBPEMEHO ja
3IJIeMyBaaT CIIOCOOHOCTA Ha BJIaXKHEHe Ha MOoBpIIMHaTa. [IpajMepuTe ce cpe/icTBa KOM BpPIIAT
XeMHCKa IMpUIpeMa HAa KepaMUYKaTa IOBPIIMHA U TO 3aCUIyBaaT aTXE3UBHOTO CIIOjyBarbe
rnoMery pasjnyHu MOBpIIHHU. OBaa mocTamka HacTaHyBa CO CO3/IaBambe Ha CJI0j KOj T MeHyBa
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XuIpOPUIHNTE KapaKTEPUCTHKA HA IMOBPIIMHATA M OBO3MOXKYBAa HEJ3MHO OITHMAJIHO
HapJIaKHyBame. CHJIaHUTE KOM Ce KOPHCTAT 3a aTXE3UBHU IIEJIU C€ TPHAIKOKCH CHJIAHCKH
mpajMepu IITO 3HAYM JleKa IocelyBaarT pas3iudHu peaktuBHu rpymu (M,R,X) 3a cekoj
MaTepHjajl co KOj MMaaT CIIOCOOHOCT Jia ce IoBp3yBaaT. I'pymara X e Xuapou3upaHaTa rpyma
KOja OBO3MOXKYBa IIOBP3yBake CO XHAPOKCWJIHATA Trpyla Ha AaKTUBHpPAHATa KepaMHYKa
moBpiuHa. [IpajMepuTe cO CBOETO JeyBambe JlaBaaT JIOJTOTPajHa CTAOMJIHA BpCKa CO
CMOJIECTHUTE [IEMEHTH, HO CaMO BO KOMOMHAIH]ja CO ITeCOYerhess.

3rojieMyBameTO Ha KOJIMYECTBOTO Ha Si Ha MOBpIIMHATA Ha IUPKOHHjaTa II0
TPUOOXEMUCKUOT TPETMaH 3a IoBeke 071 70% BO KOMOWHAIMja CO CHJIMKOHCKH areHCH, MOXKe /1a
ja 3aCHJIH BpCKaTa coO CMOJINTE, HO He U (paceTHUTe KepaMUYKH MacH. J[pyru aBTOPH IIOCOUyBaaT
JleKa KOHIleHTpamujara Ha Si Ha moppmmHarta Ha In Ceram Zirconia M HEKOW HUTpHja-
CTaOWIN3UPAHU UPKOHUYMCKH MacH, IIOCJIe TPDETMAHOT € MHOTY ITOHUCKA 1,25-4,2%, U TaKa He
ycIeBaarT /ia OCTBaparT JI0JITOTPajHa U cTabKIHA BPCKase.

TemmepatypHuTe MPOMEHH (3arpeBame U JIaJlelhe) KOM Ce jaByBaaT 3a BpeMe Ha
JIACEPCKUOT TPETMaH, Ipelu3BUKyBaaT ¢azHa TpaHcdoOpMalpja BO KepaMHUYKaTa Maca U
Hej3UHO omTeTyBame. Ce mpemopadyyBa HHCKAa JlacepcKa MOK M TOCTOjaHO, OOWJTHO BOJAEHO
JIaziee, Nako 106ueHuTe Jab0paTOPUCKH PE3YJITATU OFf OBOj THUII Ha TPETMaH, ce co mocaab
edeKT 071 MEXaHMIKUTE TPETMAHU3’.

CesleKTHBHOTO HWHGQWITPAIMOHO HArpU3yBakhe CO37[aBa HapalaBeHa IIOBPIIMHA, a
IpeHOCT HA IOCTalKaTa € KOMIIjyTepcKaTa KOHTposa Ha JyaboumHara Ha Opasaure. Hekoun
CTYyIUH YKa)KyBaaT JIeKa ITOPO3HOCTUTE KOHM CO OBaa IOCTamka ce opMUpaar Ha MOBPIIMHATA
1,5Um, cenak He ce JIOBOJIHU 32 JIa ce CJIyuH AudysujaTa Ha CTOIIEHOTO CTAKJIO.

[Tocramkata cO HaHeCyBam€ KEPAaMHUYKU IIPAIIOK JaBa MOMKHOCT 3a IOIIMPOKO IIOJIe HA
alUInKaIyja Ha [MUPKOHUjaTa, 0COOEHO MpU M3pabOTKA HA TEIIKO PETEHIIMOHU CKEJIETH KAaKO
JIAMUHATHU U AJITEPHATUBHU KOHCTPYKITUMS3S,

JlobueHuTe TO/IATOIM Of AHAJIM3UPAHUTE TPYJOBU U HUCTPAKYBamha JaBaaT Pa3jIudyHU,
IypU U KOHTPAJUKTOPHH PE3YJITaTH, HO TOA BEPOjaTHO Ce JOJDKU IpeJ Cce Ha Pa3THIHUTE
TUIIOBU HA IUPKOHUjA U TECTUPAYKH MeToAu. TOKMYy XeMHCKHOT COCTaB HA IUPKOHHjaTa UMa
MO:KeOU IMPUMAapHO 3HAUEHe BO ITOCTAlKaTa Koja 6u Tpebasio Jja ce MpUMeHU 3a A0OUBame Ha
ONITHMAaJIHU PEe3YJITaTH 32 CHJIaTa Ha BPCKaTa, IIOTOA PACTOjaHHUETO, IPUTHUCOKOT, COCTABOT HA
abpa3WBHUTE YECTHUIH, KAKO U COCTABOT HA aIJTUIIMPAHUTE XEMUCKHU CPEZICTBA.

3axryqonu

Crnopes orpaHUYyBamara KOW TM UMAaaT in vitro ucrnuTyBamaTa U JOOUEHUTE PE3YJITaTU
O] pasIJIe/IaHNTe CTY/IUH, MOJKe JIa ce 3aKJIyUH JleKa:
- I/1360pOT Ha TIOBPIIMHCKHOT TPETMAaH 3aBHCA O[] THIIOT W XEMHCKHOT COCTaB Ha
IHUPKOHUYMCKATA U (haceTHATa KEPAMUKA, KAKO U Ha CMOJIECTUTE [IEMEHTH;
- aITMKanpja Ha JlajHepH KaKO XeMHUCKH TPeTMaH IMOKa)KyBa Hajio0pa BpCKa CO KEpAMUUKHUTE
MacH 3a paceTrparbe Kaj MacuTe o/ UcTU cucteMu co komnatuomiau KTE;
- amMKanyja Ha TpPUOOXEMHCKU TpeTMaH (mecouerwe + cmiInKaTuzanwja) u docdaTHH
MOHOMepH, ITOKaXKyBa Hajio0pa BPCKa CO CMOJIECTUTE KOMIIO3UTH;
- QJITEpHATUBHUTE TPETMAHHU CEYIITE HE ce JJOBOHO HUCIUTAHU U MOTPeOHO € BHUMATEHO JI1a ce
MIpUMEHYBAaar.
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Surface treatments of zirconium dioxide ceramic for achieving
better adhesion with veneering porecelain and cements

Aneta Mijoska“, Jagoda Bajevska, Ljuben Guguvcevski, Biljana Kapusevska, Nikola
Gigovski, Vesna Korunovska, Jana Bajevska, Emilija Bajraktarova

Corresponding author: Aneta Mijoska

Summary

Bi layered all ceramic systems despite great clinical use, still show lower values for shear
bond strength with veneering porcelains and resin cements. Zirconia possesses nonreactive
surface, resistant to conventional treatment procedures like etching, and therefore many
different types of surface treatments are developed. In this review of the existing surface
treatments alteration, they are classified according to the manner of performance and the effect
on the relationship and adhesion of zirconia with other elements. Surface treatments of zirconia
perform alteration of the surface, increase of reactivity and adhesive power of ceramic in
relation to the porcelain veneer and cements. Mechanical, chemical, combined and alternative
treatments are most commonly used procedures, and their advantages, disadvantages and
applications are still contradictory in relation to there effects and test methods.

Keywords: zirconia, surface treatment, veneering porcelain
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Introduction

All ceramic systems are more often represented in everyday prosthetic practice. Various
ceramics used for manufacturing of the core, have weaker strength from conventional steel
alloys, and therefore the substructure of the bridges in the posterior region is performed by
highly resistant oxide ceramics-alumina and zirconium oxide ceramics!. Today zirconium oxide
ceramics are used for making the core of single crowns, bridges, dental implants, orthodontic
briquettes and others. Despite the existence of various fabrication methods (hot pressing, slip
cast etc.), modern milling procedures with CAD-CAM processing systems (Figure 1) and the
procedure of layering veneering porcelains are most common.

Figure 1. CAD-CAM system for machining

Besides possessing high strength, excellent biocompatibility and aesthetics, zirconia
ceramics are non-reactive and resistant to conventional procedures for surface treatment.
Therefore their adhesion with other elements-veneering porcelains and cements is lower, and
represents the weakest part of these constructions34. Surface treatments of zirconia, their
advantages and disadvantages, as well as the application, are necessary for the successful
operation of these systems.

Literature review

Zirconia with its compact surface is resistant to conventional procedures of etching in
acidic and alkaline media that are commonly applied with other ceramic materials. Roughness
procedures and grinding, according to some authors have the opposite effect on flexure strength
and adhesions. When performing both treatments, we mechanically remove part of the zirconia
surface, however grinding with rough diamond blade (150um) has more invasive character and
it incurs higher temperature changes. This heating can be above the critical point of the 700°C
and cause reversible matrensic t—m transformation (transition from tetragonal to monoclinic
crystal form) (Figure 2).
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Figure 2. Overview of three crystalline forms of zirconium oxide ceramics
monoclinic b. tetragonal c. cubic)

When examining the surface with SEM, greater presence of monoclinic crystals on the
surface, is more common among treatment with air-abrasion, than during grinding®. The heat
developed with grinding is much higher, and exceeds the critical value in which zirconia is again
stable and is not transformed. In contrast, according to Swain et al.8 in the grinded area of ceria-
stabilized form of zirconia, the amount of monoclinic phase is five times higher. Other
procedures of treatment with application of chemicals are widely represented, although they
obtained conflicting results. Cleaning of the surface and its activation with the air- abrasion
procedure, and then applying various primers, showed a positive effect on the adhesion among
multiple authors, while the study examining the effect of two types of silicone agents for
adhering with resinous cements, did not show higher values of the adhesion strength 7.

Material and methods

This review of the surface treatments for zirconia, is based on the papers published in the
last fifteen years, in English language. We used a variety of sources, according to the keywords,
online medical data bases, books and papers in the field, with laboratory in vitro studies. The
procedures for carrying out surface treatments of zirconium oxide ceramics are different, but
mostly, their division might be into four groups: mechanical, chemical, combined mechanical-
chemical treatments and new alternative treatments.

Mechanical procedures for alteration of zirconia surface include grinding and air-abrasion,
chemical alteration procedures include application of various substrates-liners and primers, and
combined procedures are mechanical with application of chemicals.

Mechanical surface treatments

Most common mechanical procedure represents air-abrasion with particles of aluminum
oxide (grain 30/50/100 um, distance 10 mm, length 15 sec, max. pressure 2,3-2,8 bar), which
causes air abrasion on the surface, but roughened surface can be observed only with a SEM
(scanning electron microscope) and profilometar9. The values of roughness vary with different
types of zirconium oxide ceramics (In-Ceram Zirconia, Cercon Zirconia Degudent, Lava 3M-
ESPE) and range from 6, 94 nm Ra (the untreated surface) *°, up to 45, 77 nm, up to 1000 nm*:.
The different roughness is a consequence of the different composition of the zirconia, namely
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In-Ceram zirconia actually contains 63% aluminum and only 32% zirconia and 4% glassy
matrix, which means it possesses greater granulation and strength, and therefore the air-
abrasion procedure is more effective'2. Different grain sizes, pressure, duration and distance
from the surface are found in different authors. In some cases surface roughness impact
positively, while in others has a negative impact on the strength of the adhesion with the
veneering porcelain and adhesive cements?3.4.

Grinding of the surface with diamond burs of different fineness creates deep roughened
surface, high temperature and monoclinic transformation on the surface. The procedure itself
could create residual compressive stress, which increases flexure strength and hardness of the
zirconia ceramic. On the other hand, the deep defects may represent stress inducers which may
adversely affect the strength of the adhesion?s.

Chemical surface treatment

Chemical surface treatments of zirconia represent application of different chemicals as
phosphate monomers, and today there are several commercial systems used for that purpose
(AZ Primer-Shofu Dental Corporation, San Marcos, CA), Clearfil Ceramic Primer-Kuraray
America, Houston,TX), Monobond Plus-Ivoclar Vivadent (Figure 3) and others. They contain
different concentrations and types of monomers, with various techniques and time of
application?®.

Figure 3. Different types phosphate monomers

Phosphate monomers form chemical bonds with zirconia surface through their resinous
connections at the ends, which are associated with adhesive cements. They present acids and
some as Monobond Plus, contain silane, which enables the connection with other silicon
surfaces. According to some authors combining silanes in an acidic environment, can lead to
decreased stability of silane and weaker adhesion force 178, Most primers do not provide
significant positive results, so the individual authors propose mechanical treatment of the
surface with air-abrasion, before the application?.

Other types of chemical alteration are silicone coupling agent (trialkoxysilan) which
are hybrid, inorganic-organic bi functional molecules, that form a net with the hydroxyl
groups(OH) of Si in the ceramic surface, polymerize with the resinous matrix composite,
reducing the surface tension, and thus perform the "wetting" of the surface (Rely X-ceramic
primer, Ivoclar Vivadent, Amherst, NY) (Figure 4)2°..
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Figure 4. Silicone agent for chemical treatment

More recently used, new primers are mixture of organophosphates and carboxylic acid
monomers, and which have shown good and quick results. Although several types of silanes
exist, they do not show significant effect on the zirconia surface which has reduced or no amount
of Si2t. This is probably due to the hydrolytic decomposition of silicon connections occurring in
the oral medium, which affects the stability of the adhesive surface2=.

Materials that will ensure continuous, physical adhesion, and compensation of
inadequate CTE (coefficients of thermal expansion) are porcelain liners. They represent a
ceramic materials that aim to play the role of opaque at the metal-ceramic restorations. Surface
liners (Cercon Ceram Kiss Liner-Degudent, IPS e.max Zir liner), are used in the form of paste or
powder and liquid, and is applied in a thin uniform layer 0,1 mm with a glass ball tool, and then
baked under the instructions of the manufacturer. Liners are ceramic materials whose function
is to provide surface roughness, modification of color of the white zirconium base and improve
the mechanism of adhesion with porcelain (Figure 5). Glassy ceramic liner involved with proper
consistency is supposed to represent a pigment layer and "wash bake" process.

Figure 5. Porcelain liner in the form of a paste
Some authors in their studies still indicate that the application of liner has only aesthetic
effect, and does not influence the strength of the relationship between ceramic materials.
Application of a thin layer of liner, and slow cooling process had showed the effect of reducing
the residual stress in ceramics23.

Combined surface treatments

The combined surface treatment for depositing Si (tribo-chemical treatments) which
represent laboratory (Rocatec system) and clinical methods (Cojet system), represent surface
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air-abrasion with aluminum particles coated with Si (Figure 6). They have different grain sizes,
110 um (Rocatec) or 30 um (CoJet) and apply a maximum pressure of 2,5-2,8 bar.

Figure 6. Cojet system combined surface treatment

After air-abrasion the procedure is combined with an application of silicone primer, and
thus form a reactive surface which achieves a better connection. However various authors have
come to conflicting results, and according to some, this procedure creates less surface roughness
and less mechanical connection with cements 24.

Alternative treatments

The need for better reactivity of the zirconia surface led to the development of many new,
but still insufficiently tested surface treatments.

Application of plasma (hexamethyldisiloxane) using a reactor (Plasma
Electronic, Germany), would create covalent bonds which increase the strength of the
relationship. The plasma contains ionized gas ions, electrons and atoms, and the manner of
operation is not yet sufficiently understood2s.

Laser treatiment so Er: YAG (erbium) or CO2 lasers can be used as a procedure
for achieving a better relationship with the cement, and the effect of the laser on zirconia is
explained with the removal of particles from the surface, by evaporation and micro explosions,
in a process called ablation2¢.

The method of selective corrosion infiltration (SIE) is roughening zirconia
surface with thermal aging and diffusion of the limit particles. Low melting glass is applied on
the surface, and then the process of heat-induced filtration is carried out to rearrange zirconia
crystals. The glass is removed in a water bath with 5% hydrofluoric acid, and the nano porosities
remain on the surface like low viscous resin material, achieve solid adhesion after
polymerisation27.

This procedure activates the zirconia surface on micro level, the level of the granules, and
when the temperature change, they grow in size and permit the diffusion of other elements. This
phenomenon changes the surface properties of zirkonia, rise the capillarity and forces of
tension, and does the rearrangement of the granules, their separation and sliding. Low melting
glass applied to the surface is comprising 65% silica, 15% aluminum, 10% of sodium oxide,
potassium oxide 5% and 5% of titanium oxide with a compatible CTE, and after computer
controlled heating, optimal diffusion of the ceramic granules is obtained.
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Application of glass pearls or silicon tetrachloride (SiCl,) with gas deposition
procedure is of recent nature and its effect on the increasing of the concentration of Si, requires
further research. In this treatment deposition of silicate layer Si(x)O(y) with a small thickness of
2,6 nm, increase the number of places which implement chemical coupling with suitable organic
alkaline primer by conventional procedures=s.

Nanostructure coating with aluminum is the procedure of rapid precipitation of
aluminum hydroxide (derived from the hydrolysis of AIN powder applied on the zirconia
surface) which creates perpendicular nucleates as heterogeneous layer with thickness of 6 nm
and a length of 240 nm of polycrystalline plate. These precipitates after heating on 900° C form
transient aluminum, and the procedure itself is a chemical pretreatment which increases
reactivity and makes zirconia wetting easier 29.

Coating with ceramic powder is non-invasive procedure when sludgy layer of
zirconium powder is applied. During sintering pores with different dimensions are formed and
the surface is activated. This is a noninvasive procedure that manufacturer can apply to the
frame and restorations would have already been prepared for connecting.

Gas fluoridation is a chemical modification which creates a thin oxy-fluoride layer on
the surface, that can easily connect to organic silicates. The procedure is compley, it is carried
out in a plasma reactor, with vacuum, and application of fluorine in the gaseous state.

Results and Discussion

Air-abrasion is widely used treatment in dentistry, and this procedure is applied to create
roughened area, which would enable stronger mechanical micro-retentions of the core and
veneering porcelains and cements. Air-abrasion alter the zirconia surface and its roughness, but
the effect of this treatment on the adhesion strength gave opposing results in most of the
studies. According to some authors the procedure is depending on particle size and has a
negative impact on the surface, and causes stress which leads to monoclinic phase
transformation and surface compressive stresses that provide increased flexure strength, low
thermal degradation and cracks. The proportion of monoclinic faze in zirconia will depend on
the diameter of the abrasive particles and their impact energys°. On the other hand, according to
some authors, the high kinetic energy of impact force of the abrasive particles may chemically
contaminate the surface and increase the adhesive force between two interface surfaces. That
way air-abrasion with small granularity and low pressure can roughen the surface and could also
increase the strength micro tensile adhesion between zirconia and veneering porcelain.s:.
According to another study that has been conducted by the various authors, aluminiumoxide
particle size (25-250 microns), roughened surface achieves better adhesive results compared to
the other proceduress2.

Compared with the procedure of grinding, air-abrasion is finer process, and is losing
significantly smaller amount of the material from the surface. The procedure creates surface
defects, but they do not negatively affect the firmness of the material, but on the contrary could
have a positive effect. This is explained by the effect of transformed monoclinic phase which
creates compressive stress which is opposing the force from the degradation of the occurred
defectsss.
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Combined procedure of air-abrasion and application of chemical substances liner is a
procedure which provides roughened surface for micromechanical connectivity, chemical
increase in capacity, and an increase in the strength of the adhesion. Combining the procedure
of air-abrasion and phosphate monomers-metal primers, also has a positive impact on the
adhesion with resin cements34. Air-abrasion has the biggest role in cleaning and an increase of
the contact area, and creating conditions for good chemical relationship.

The liners are applied as thin interzone between zirconia and veneering ceramics. They
contain pigments in their content and in the way correct the white color of zirconia core, but at
the same time increase the ability for surface wetting.

The primers do chemical preparation on ceramic area and intensife the adhesion
between different surfaces. This procedure formate a layer which is changing the hydrophilic
characteristics of the surface of and allows its optimal wetting.

Silanes are trialkoxy silane primers which means that they possess different reactive
group (M, R, X) for each material they have the ability to link together. The group X is
hydrolyzed group that allows connection with hidroksil group on activated ceramic surface.
Primers are giving long-term stable adhesion with resin cements, but only in combination with
air-abrasions3s.

The increase in the quantity of Si on the zirconia surface after tribochemical treatment
for more than 70% in combination with silicone agents, can strengthen the adhesion with resins,
but not veneering ceramics. Other authors point that the concentration of Si on the surface of In
Ceram Zirconia and some yttrium-stabilized zirconia ceramics, are much lower after the
treatment from 1.25 to 4.2%, and so they fail to establish long-term and stable relationships3®.
Temperature changes (heating and cooling) that occur during laser treatment, are causing phase
transformation in veneering ceramic and its damaging. Low laser power and steady, water
cooling is recommended, although the received laboratory results for this type of treatment
showed the weaker effect then mechanical treatments7.

Selective infiltration etching creates roughen surface, and the advantage of the procedure
is computerized control of the grooves. Some studies said that the porosity which are formed on
the surface by this procedure are 1,5um, but however, they are not sufficient for melted glass
diffusion.

The procedure with the coating of ceramic powder gives the possibility of much wider
scope of application on zirconia, especially during the preparation of the hard retentive cores as
laminates and alternative constructions3s.

Data from the analyzed papers and research were giving different, even contradictory
results, but it is probably owed to the various types of zirconium and testing methods. Chemical
composition of zirconia maybe has the primary importance in the procedure that should be
applied to obtain the optimal results for the strength of the adhesion, then the distance,
pressure, composition of the abrasive particles, as well as the composition of the applied
chemical agents.

Conclusions

According to the limits of in vitro testing and the results obtained from the reviewed
studies, it can be concluded that:
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- The selection of the surface treatment depends on the type and chemical composition of
zirconia and veneering ceramics, as well as the resin cements;

- Application of the liner as chemical treatment shows best adhesion with veneering porcelains
of the same systems with compatible CTE,;

- Applications of tribochemical treatment (air-abrasion + silikatization) and phosphate
monomers, shows best adhesions with resin composites;

- Alternative treatments are still not being tested enough, and it is necessary to be carefully
applied.
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