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Beoma je mewxo nowemu u ycmepumu ce Kako OUX C80jy 02POMHY 3AXBATHOCH U3PAZUO CEUMA
OHUMA KOJU CY MU OUPEKMHO UNU UHOUPEKMHO NPYHCATU NOOPUIKY U CIPYYHY nOMOR Yy MoKy uzpaoe
08e 00KmMopcKe oucepmayuje.

Veex je mewixo uzogojumu nexoza noHaocob 3amo wimo b6e3 aHzadco8ara u pazymesarsa Ouno Koje
0cobe Kojy Oux cnomeryo uzpaoa 08e 0OKmMopcKe oucepmayuoje modicoa e ou ouna mozyha.

Hnax npe ceeca 6esepanuuny 3ax6aiHOCm YHYMuo OUX C80M MEHMOpY 6anpeoHOM npoghecopy
Cmomamonowrxoz gaxynmema y Ilanuesy op Braoumupy Buouanumy xoju je ceojum neceOuuHum
3anazareem u capaorom, bez ob3upa Ha 0OUMHOCI C80jux 00ase3a, y C8aKoM MpeHYMKy NPOHAULAO
8peMeHa 0a Mu NOMO2He Y OUNL0 KOM ACneKmy uzpade ose oucepmayuje.

Taxohe bux ce saxeanuo npogecopy op Mapjany Mapjanosuhy u konecama ca KiuHuKe 3a OpaiHy
xupypeujy Cmomamonowroe gaxynimema y Ilanuegy Ha uckpenum casemuma u noMohu y moxy moe
cmpyunoe ycaspuwiasarea. Iloped moea 3axeannocm Oyeyjem u Koreeama ca Hucmumyma 3a
Anamomujy Meouyunckoe gakyimema y bBeoepady, Hapouumo xorecu Bophy Anmonujesuhy,
sanpeonom npogecopy op 3oparny Tamuhy, Meduyuncku gaxyimem BojHomeduyuncka Axademuja,
Yuueepsumema odbpane y beoepady u xonecama ca Mawunckoe gaxyimema y Beoepady uuja je
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KJbYYHE pEUH:

N3Bon (amcTpakt
WO pe3uMe) Ha
JEe3WKy  3aBpIIHOT
pana:

YBOJ:  XpoHHWYHE MepHUANHMKATIHE Je3Uje Cy MaTOJOIIKE Je3Uje Koje
HACTajy y TMpejely aleKCHOr MapoAoHIMjymMa 3y0a ca aBHTAIHOM
nynnoMm. OCHOBHHM BHJ Ji€UY€Ha OBHX JIe3HMja JeCTe EHIOJOHTCKH
TpeTMaH 3y0a y3pounuka. Kana eHIONOHTCKa Tepamuja HE IMOKaxKe
pe3yirare NOTpeOHO je Pa3MOTPUTH EHJIIOJIOHTCKO-XUPYIIKE OIIIHje

(pecekinja Bpxa KopeHa 3y0a).

VY onpehennm ciydajeBUMa, y3 PECEKIIN]y BpXa KOpeHa 3y0a
HEOITXO/IHO j€ U3BPIIUTH PETPOrPaIHy ONTYpallnjy KaHaia KopeHa 3yoa
aJICKBaTHUM MaTepujainumMa. Y Hajuenrhe MHIMKAIH]je 32 PETPOrpaaHy
ONTYpaIHjy CIajajy: MPUCYCTBO KaHAITHOT Ko4unha, HeTPOXOAHH U
o0HMTEepHUCaH KaHaIH, HEeMOTYNHOCT peBU3Hje KaHAIHUX MTyHECHha,

MMPETXO0AHO HCYCIICIIHA peceKL{Hja Ca OpTOrpaiHuM IIYEHCHEM KaHalla.

VY caBpeMeHOj ICHTAIHO] MEIUIIMHU HCTPaXHBamka Cy yYCMEpPEeHa Ha
CBOjCTBa OMOAKTHBHOCTH W OWOKOMIATHOMIIHOCTH MaTepujajia 3a
peTporpaHy ONTypamwjy KOpPeHCKMX KaHama. OBHW  CaBpeMEHU
MaTepHjalid UlakK MoKa3yjy HeloCTaTKe, MOMyT OTeKaHe MaHUIyJIalluje,

AYyror BpeMCHa BE3MBama, ,Z[I/ICKOJ'IOpaI_[I/Ije U pCIIaTUBHO BHUCOKCE LICHC.

Tako ce ykazana nmotpeba 3a W3HANAKEHEM HOBUX Marepujaia, MOMyT
MmarepHjaa Ha 0a3u KallMjyM-CHIIMKaTHUX U (y CKOpuje Bpeme)
KaJIUjyM-aTyMHUHATHUX IIEMEeHaTa, KOjuMa Ou ce J0/1aBambeM
onpeheHnx cacrojaka modoJspiaie nocrojehe ocoOMHe W MPEeBa3UIILIN

HeJlocTaly 1nocTtojehnux MaTepujana.

HONJb: OCHOBHM 1LMJb OBOI HUCTPaXHUBama je JedUHHCAbE
e(UKaCHOCTH pPETpOrpajHe, TPOAMMEH3MOHAJIHE ONTypaluje KaHaja
KOpeHa 3y0a Ha MUKpPO-HHMBOY, IPOLEHOM 3allpEMHHE MUKPOIYKOTHHE
u3Mely pasnMuuTUX KaJlWjyM-CUJIMKATHUX M KaJILK]yM-aJlyMHUHATHUX
[IEMEHAT W 3HMJI0Ba MpenapucaHor perpo-kasurera. IloceOHM LUIBEBU
OBOI' HCTpa)XMBamka OJHOCE CE€ Ha IPOLEHY MHUKPOIOPO3HOCTH, YIJa

KBallICHka, PCHATCH KOHTPACTHOCTH, KOMIIPECHUOHE T-IBpCTOl_le n




pPacTBOPIJEUBOCTH HCIIUTUBAHUX MaTepHjaa.

METO/J: [IlnanupaHo HCTpakMBame je CIPOBEICHO Kao INn Vitro
crynuja, Ha 80 n3Bal)eHUX roOpHHUX CEKyTHha M OYmbaKa.

- 3a mpoueHy 3ampeMHMHE MHKPONYKOTHHE wH3Mel)y marepujana u
JeHTHHA 3MJ0BAa PETPOrpagHOr KaBUTETa, Kao H ojpehuBame
MHUKPONOPO3HOCTH, 3yOH Cy HajIIpe CHJIOJJOHTCKU HAITyHEHU a 3aTHM je
U3BpIICHA PETPOrpajHa ONTYypalrja jeHUM O KOpuheHnX [eMeHaTa.
ProRoot MTA (Dentsply, Tulsa, OK, USA), Iloprmanm muemMeHT
(Italcementi SPA, Bergamo, Italy), uumcr kanumjym-amyMuHar,
KaJII1jyM-aTyMHAHAT ca JOAATKOM LHUPKOHH]yMa-AHOKCH/IA, KaJIIH]yM-
CHJIMKAT Ca JOJAaTKOM XHMJIPOKCHAIaTUTa, KaJIHjyM-CHJIMKAT ca
JOJIATKOM OM3MYT-OKCHJa U KallujyM-KapOoHaTa, KalllijyM-adlyMHUHAT
ca JIOJaTKOM CTPOHIIM]jyM-KapOOHATa U KaIIHjM-aTyMHHAT Ca JOJaTKOM
cTtpoHijym-payopuna. Hakon Bpemena on 30-mana crajama y
pactBopy ,, Phoshphate buffered saline” paguorpaducanu cy
MUKPOKOMITH] YTEPCKOM TOMOTpadujoMm.

- 3a Mepeme yrila KBalllemha, Ha TMOBPIIMHY CBAKOT O]l KOPHUIINEHUX
[IEeMEHaTa HEXHO jeé CTaBJbeHa Mo jenHa karspuma (2ul) pedepentre
TE€YHOCTH (TJIMIEpOia, MUTPAaTHE KPBU M aujonMmeraHa). Clukame je
u3BpIIeHO nomMohy nururtanHe Mukpockorncke USB kamepe, a BpeHOCT
yIJla KBalllelkha u3MepeHa nomohy codrepckor nporpama (,, Image J*)

- 3a Mepeme PeHIIreH KOHTPACHOCTH MCIHUTHBAHUX MaTepujaia, CBaKd
y30pak Marepujana (1e6spuHe 1mm) cMelTeH je y3 Y3AyKHU Ipecek
3y0a ucre ne0JbUHE HEMOCPETHO Y3 CTaHAApANW30BaHE CTENEHUIE O]
amymuarjyma on 1-10mm a 3atum pamuorpaducan AUTHTATHOM
perpoanBeonapHOM panuorpadujoM HaKOH uera je coTBepcku
NpOICHUBaHA PEHTeH-KOHTPACTHOCT.

- HcnutuBame kommnpecruoHae yBpcrohe je BpuieHO moMohy Kujamuile
(tensile testing machine, eng.). 3a oBy cBpXy, TeCTHpaHU MaTepHjaH
Owin cy W3IMBaHU y OONUKY IUIMHAApa (AyXuHE 6mm, MpeyHuKa
4mm) y Te cBpXe M3aJHUPAHUM TEPIOHCKUM KaTynuma.

- PacTBOpsBMBOCT IleMEHaTa HCIUTHBAHA j€ HUXOBUM IMOTANambEeM y

pactBop ,, Phoshphate buffered saline y Bpemenckom mepuony ox 30




nana. Maca y3opaka MepeHa je Impe M IOCie CTajamba y PacTBOpY a
IpoMEHa y Mach HCKa3aHa Yy MPOILEHTUMA y OJHOCY Ha MOYETHY
BPEIHOCT.

PE3YJITATU: Hajmawky BpemHOCT 3allpeMHUHE MHUKPOIYKOTHHE
u3Mel)y MCIIUTUBAHUX IEMEHAaTa W JCHTHHA PETPOrpagHOr KaBUTETA
MOKAa3a0 je KaIIHjyM-aIyMHHAT ca JOJAaTKOM CTPOHIIH]yM-(hiIyopuaa
(4,43x10°mm?;, £391 CJI) (p=0,003; ANOVA). MelycobHnm
nopehemeM MojeMHAYHUX LIEMEHaTa, caMO Cy KalllhjyM-aJlyMHUHAT ca
JOJTATKOM CTPOHIIHjYM-QIIyopuaa U KajlujyM-aTyMUHAT ca J0JaKOM
[UPKOHHU]YM-IUOKCHAa TOKa3alld Mame BPEIHOCTH  3alpeMUHE
MUKpOmyKoTHHe y ogHocy Ha MTA u Iloptnann uement, anu 6e3

craructuuke 3Havajaoctu ( One-Way ANOVA: Post hoc- Scheffe test).

-Hajmamy BpemHocT MukpornoposHoctu cy nokazamu MTA (2,32%;
+0,88), Kkamuujym-alyMHHaT ca JOAATKOM CTPOHLU]jyM-(ropuaa
(2,62%; +2,49) a 3atuM uymcT Kanujym-anymuHat (2,63% =£1,7)
(ANOVA; p=0,744). Ocramu memeHTH cy Mokazanu Behe BpemHocTH
MHUKPOIIOPO3HOCT, ainu 0e3 cratuctuyke 3Hadajuoctu (One-Way
ANOVA: Post hoc- Scheffe test).

- HajHike BpeAHOCTH yIila KBallewma y3 ynoTpedy riiniieposa noka3anu
cy Hoprnann nement (15,73 ; £3,72), MTA (17,68; +3,30:%) a 3atum
KaJIUjyM-aTyMHHAT ca JOJAaTKOM IMPKOHHUJyM-AHOKCHIA, anu Oe3
cratucTHuku 3HaydajHe pasnuke (ANOVA; p<0.001). V ciyuajy kazaa je
kopuitheHa XyMaHa IUTpaTHA KPB, HaJHU)KE BPETHOCTH yTjia KBalllCHha
cy 3a0enexeHe KOJ KallijyM-aJyMHUHAaTa ca JOJaTKOM CTPOHIIH]jYyM-
bropuga W KalnMjyMa-alyMHHAaTa ca JIOJATKOM  CTPOHIIH]yM-
kapOoHaTa, 6e3 Mel)ycoOHe CTaTHCTUYKHU 3HauyajHEe pa3jivKe JT00MjeHHX
Bpeanoctu usehy osux nemenara (One-Way ANOVA: Post hoc- Scheffe
test).

- PeHnreHKoHTpacTHOCT ce 3Ha4yajHO pasiuKoBajia m3Mely rpyma Tako
Ja je KallujyM-aJlyMHUHAT ca JOJATKOM ITUPKOHH]yM-IHOKCHIa WMao
3HavajHO Bumie BpeaHocty (8,00;+ 0,93) y onHoCy Ha CBE y30pKe OCHM

ProRoot MTA (7,63mmAl; +1,06mmAl) (ANOVA; p<0,001), koju je




MMao He3HAuajHO Mamy mpoceuny BpenHoct 3a 0,37 (One-Way ANOVA:
Post hoc- Scheffe test).

- MepemeM KOMIpECHOHE YBpCTOhe MCIHMTHUBAaHKMX IleMeHaTa, HajBehy
BPEIHOCT II0Ka3a0 je 4YuCT Kamnujym-anymuHat (59,61MPa; +13,72)
CTaTUCTHYKU 3HAYAjHY PA3JIMKy y OAHOCY Ha CBE OCTaJle UCIIMTHUBAaHE
rpynie (ANOVA; p<0,001). MTA, [loptnang LEMEHT M KaJHjyM-
QIYMHHAT ca JIOJaTKOM CTPOHIH]yM-(JIopuIa TOKa3alld Cy CIHYHE
BPETHOCTH KOMIIPECHOHE YBpCTOhe, 6€3 CTAaTUCTUYKK 3HAYajHE Pas3iIuKe
mehy cobom (One-Way ANOVA: Post hoc- Scheffe test). .

- Hajmamy pacTBOpJBMBOCT TMOKa3alid Cy KallWjyM-alyMHUHAT ca
noaatkoM cTpoHimjym-diaopuaa (+14,04%; +1,43) ¥ 4KCT KaJIIUjyM-
anmymuHar (+7,71%; +0,70) u onu cy nokasanu yBehawme movetHe mace
je Owro w crarucTMuku 3HadajHo. Hajseha

Koje BPEIHOCT

PacTBOpPJBUBOCTH  PETHCTPOBAHA je KOJ  KaIIHjyM-CHIIMKAaTa ca

noxatkoM xuapokcuanarura (-12,89%; +1,16) ( Paired Samples T-Test).

3AK/bYYAK:

Kao riaBHM 3aKkJbydak OBOT MCTPAKHBamha UCTHYC CE YAFLCHUIIA J1a je
VIIOPETHOM aHAJIW30M CBUX HWCIUTHBAHUX TapameTapa, KallllujyM-
ATyMUHATHH I[IEMEHT ca JOJAaTKOM CTPOHIH]jy-(QIyopuaa IMoKa3ao Aa
yCcHemHo Moxe J1a 3ameHu MTA, kao ,,31aTHU cTaHaapA " TaHalllbULE,
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INTRODUCTION: Chronic periapical lesions are pathologic
lesions located around the apices of non-vital teeth. The mainstay
therapy of these lesions is root canal treatment. However, if
failure occurs, surgical intervention with concomitant retrograde
canal obturation should be considered, especially if endodontic
retreatment is impossible or has already failed and if root canal
posts are in place. Modern obturation materials have been
extensively evaluated for their bioactivity and compatibility.
Furthermore, most recent formulations of pure and enriched
calcium silicate (Ca-silicate) and calcium aluminate (Ca-
aluminate) have showed improved handling properties, shortened

setting times, less discoloration and lower costs.

AIM: The primary aim of this study was to investigate the
efficacy, on microscopic level, of retrograde root canal
obturation using different formulations of Ca-silicate and Ca-
aluminate cements by assessing the volume of the micro gap
between the cement and the dentin lining the prepared cavity.
Additionally, these materials were evaluated regarding micro
porosity, wetting angle, radiopacity, compression strength and

solubility.

METHOD: This in vitro study was performed on 80 extracted
incisors and canines. All teeth were endodontically treated and
sealed. Subsequently, retrograde cavities were made and filled
with one of the following materials: ProRoot MTA (Dentsply,
Tulsa, OK, USA), Portland cement (Italcementi SPA, Bergamo,
Italy), Ca-aluminate, Ca-aluminate with zirconium-dioxide
(Zr0Oy), Ca-aluminate with strontium carbonate (SrCOs), Ca-
aluminate with strontium fluoride (SrF2), Ca-silicate with
hydroxyapatite, Ca-silicate with bismuth oxide and calcium
carbonate (Bi.O3 and CaCOg).

In order to evaluate the volume of the micro gap between the




sealing material and the dentin of the retrograde cavity the
treated teeth were immersed in phosphate buffered saline for 30
days and subsequently radiographed using the computerised
microtomography technique. The wetting angles were measured
using Image J software package on microphotographs of the
prepared discs tested cements following the addition of 2 pL of
either glycerol, human citrate blood or diiodmethane. X-ray
radiodensity was evaluated using digital periapical-sized
radiographs. The treated teeth were cut into 1 mm-thick slices
and, together with a 1 mm discs of cements tested, placed next to
a standardised aluminium stepwdege template (thicknesses
ranging from 1 to 10 mm). The contrasts were measured using a
software Trophy for radiology. A tensile testing machine was
used to investigate the compression strength of the cylinder-
shaped blocks of the tested materials (4 mm base diametre and 6
mm in height) in specially designed Teflon molds. Finally, the
solubility of the tested materials was expressed as the percentage
of weight loss after the period of 30 days during which the
treated teeth were submerged in the phosphate buffered saline

solution.

RESULTS: Ca-aluminate with the addition of strontium-fluoride
(SrF2) had the lowest volume of micro gap (4.43x10% mm?;
(4.43x10°mm3; £3.91) (p=0.003; ANOVA). There were no
statistically significant differences between the materials, even
though some difference was recorded when Ca-aluminate with
SrF> and ZrO groups were compared to MTA and Portland
cement groups. MTA (2.32 % +0.88), Ca-aluminate with SrF
(2.62%; +2.49) followed by pure Ca-aluminate (2.63% +1.7)
(ANOVA; p=0.744) had the lowest level of micro porosity.
However, there were no significant differences among the groups
(One-Way ANOVA: Post hoc- Scheffe test).

Similarly, there were no significant differences between the




groups in the values of the wetting angle (One-Way ANOVA:
Post hoc- Scheffe test), although the lowest values were recorded
when glycerol was applied to Portland cement (15.37;+3.72),
MTA (17.68;£3,30) and Ca-aluminate with ZrO, (ANOVA,
p<0.001). When citrate blood was used, the lowest levels were
recorded in the Ca-aluminate with SrF, and Ca-aluminate with
SrCOz groups but without any significance. X-ray absorption
was significantly higher than all the other groups when Ca-
aluminate was enriched with ZrO; (8.00mmAl; +0.93) except
when compared to the MTA group (7.63mmAl; + 1.06)
(ANOVA; p<0.001).

Compression strength was significantly higher in the Ca-
aluminate group (59.61Mpa; +13.72) when compared to the other
groups, while MTA, Portland cement an Ca-aluminate with SrF
showed similar although insignificantly different values (One-
Way ANOVA: Post hoc- Scheffe test). Ca-aluminate with the
addition of SrF, and pure Ca-aluminate had the lowest level of
solubility (+14.04% +1,43) and (+7.71%=0,70), respectively). In
fact, their increase in mass was statistically significant. In
contrast, Ca-silicate with the addition of hydroxyapatite lost the
most of its initial mass (-12.89 %;+1.16) ( Paired Samples T-
Test).

CONCLUSION: The main conclusion of this research is the fact
that by comparative analysis of all tested parameters, Ca-
aluminate with strontium-fluoride has shown that it can
successfully replace MTA, as the "gold standard™ of today, when

it comes to retrograde root-and obturation.
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CAXKETAK

YBO/J: : XpoHuuHE NepHanukaiHe Je3uje Cy MaToJOIIKe JIe3Hje KOje HACTajy Y Ipeaeity
arieKCHOT MapoAOHIMjyMa 3y0a ca aBUTAIHOM IyiarnoM. OCHOBHHU BUJ JieU€Ha OBHX JIe3Hja
jecTe eHIONOHTCKH TpeTMaH 3y0a y3pouyHuka. Kaja eHIOIOHTCKa Tepamuja HE IMOKaxe
pe3yiaTaTte moTpeOHO je pa3MOTPUTH €HIO0JOHTCKO-XHUPYIIKE OMITHje (peceKirja Bpxa KopeHa

3y0a).

Y oapehennm cinyuyajeBuMa, y3 PECEKIM]y Bpxa KopeHa 3y0a HEOMXOTHO j€ H3BPIIUTH
peTporpazHy ONTypanujy KaHaja KOpeHa 3y0a aJeKBaTHUM Marepujaauma. Y Hajuemihe
WHIMKALMje 3a pETPOrpajiHy ONTypalujy  CHajaajy. MPUCYCTBO KaHATHOT Koywha,
HETPOXOJHU U OOJNMTEpUCAHW KaHAIM, HEMOTyhHOCT peBHU3HMje KaHATHHX MYHheHha,

MPETXOIHO HEYCIIEIIHA PECEKIHja ca OPTOTPAJHUM MYHEHEeM KaHaa.

VY caBpeMeHO] IeHTaTHO] MEANLIMHU HCTPAXKUBAA Cy YCMEPEHa Ha CBOjCTBA OMOAKTUBHOCTH
1 OMOKOMIATHOMITHOCTH MaTepujajia 3a PeTPOrpagHy ONTypalujy KOpeHCKuX kaHama. OBu
CaBpPEMEHH MaTepHjaJIk UIaK IMOKa3yjy U3BECHE HEIOCTATKE, MOMYT OTeKaHE MaHUITyJaIH]e,

AYyror BpEMCEHa BE3UBamba, I[I/chonopaunje H PCIAaTUBHO BHCOKC ILICHC.

Tako ce yka3zana morpeba 3a M3HaNaXEHEM HOBUX Marepujaia, MOMyT MaTepujajga Ha 0a3u
KaJII[1jyM-CUJIMKAaTHUX U (Y CKOpHj€ BpeMe) KallllijyM-aJyMUHATHUX 1IeMEHaTa, Kojuma Ou
ce monaBameM ojapeheHux cacrtojaka moOoJsbiane moctojehe 0coOMHE W TPEBa3UIILIN

HEJIOCTAaIlM MocTojehux Marepujana.

HOWJb: OcHOBHM LIWJb OBOT HCTpaXMBama je NepUHHUCAmHE €PUKACHOCTH PETPOTpasHE,
TPOJMMEH3MOHAIIHE ONTYypallhje KaHala KopeHa 3y0a Ha MHKpPO-HUBOY, HPOIEHOM
3apeMUHE MHUKPONYKOTHHE u3Mel)y pasmuuuTUX KallHUjyM-CHIMKATHUX M KaJI{jyM-
ATYMHUHATHUX OEMCHAT W 3WA0BA MPCIApUCAHOTI PETPO-KAaBUTETA. ITocebuu OUJBEBHU OBOT
UCTpaKMBamka OJIHOCE CE€ Ha MPOIEHY MHUKpPONOPO3HOCTH, YyIJIa KBallelkha, PEHATreH

KOHTPACTHOCTH, KOMIIPECHOHE YBPCTOhE U PACTBOPJHMBOCTH MCIUTUBAHUX MaTepHjaja.

METO/: [Tnanupano UCTpaXMBamke je CIPOBEAEHO Kao IN Vitro crynuja, Ha 80 m3BaheHnx
ropmHux cekyTuha u oumaka.

- 3a mporeHy 3ampeMHHE MHKPOIYKOTHHE u3Mel)y marepwjaia W JACHTHHA 3MJI0Ba
peTporpaHOr KaBUTETa, Kao M oapehuBame MUKPOMOPO3HOCTH, 3yOM Cy Hajupe

CHAOAOHTCKU HAIIYIlbCHU a 3aTuM je HU3BpHICHA pPETpOrpagHa onTypaqua jeI[HI/IM on



kopumthenux 1emenata. ProRoot MTA (Dentsply, Tulsa, OK, USA), Iloptiana memeHT
(Italcementi SPA, Bergamo, ltaly), uucr xannujym-aayMHHAT, KallldjyM-aJlyMHHAT ca
JI0JaTKOM IIMPKOHUjyMa-AMOKCUAA, KAJILIUjyM-CHJIMKAaT ca JOJAaTKOM XHJIPOKCHAIaTUTa,
KaJIMjyM-CWJIMKAT ca JOAAaTKOM OM3MyT-OKCHJIa W KaJlujyM-KapOoHaTa, KaJllHjyM-
QTlyMHHAT ca JOJAaTKOM CTpPOHIIMjyM-KapOoHaTa M KallUjM-aIyMHHAT ca JOJaTKOM
ctpoHnujyM-payopuna. Hakon Bpemena on 30-maHa crajama y pacTBOpy ,, Phoshphate
buffered saline* paguorpaducanu cy MUKpOKOMITH]YTEPCKOM TOMOTpadujom.

- 3a Mepeme yria KBallema, Ha MOBPLIMHY CBaKOr OJi KOpUIINEHHX IleMeHaTa HEXHO je
CTaBJbeHA MO jeaHa karwbuia (2ul) pedepentHe TeyHocTH (INIMIEpOa, ITUTPATHE KPBU H
mjoamerana). Crukame je u3BpIIeHO momohy aurutanHe mukpockoricke USB kamepe, a
BpPEIHOCT YTIJIa KBallemha u3MepeHa nomohy coprepckor nporpama(,, Image J*)

- 3a Mepeme peHAreH KOHTPACHOCTH MCIHMTHUBAHMX MaTephjaia, CBaKH y30paK MaTepHjaia
(nebspuHe 1mm) cMemTeH je y3 y3AYXKHH Ipecek 3y0a ucte AeOJbhHE HEMOCPEdHO Y3
CTaHJapAM30BaHE CTENCHHUIIC O alyMuHHjymMa oa 1-10mm a 3arum paguorpaducan
JUTUTATHOM PETPOATBEOJIAPHOM pagrorpadujoM HAKOH Yera je COPTBEPCKH MPOLCHHBAHA
PEHIeH-KOHTPACTHOCT.

- HcnutuBame xommpecuonae uspcrohe je BpuieHo momohy kumanmie (tensile testing
machine, eng.). 3a OBy CBpXy, TECTHpPaHH MaTepHjadl OWIU Cy H3JIUBAHH y OOJHUKY
MWIMHAapa (Iy)KuHe 6mm, mpedyHuka 4mm) y Te CBpXe IU3ajHUPAHUM TE()IOHCKUM
KaJynuMa.

- PacTBOpJbMBOCT LIeMEHaTa MCHUTHBAHA j€ BUXOBHM IOTaNameM y pacTBop ,, Phoshphate
buffered saline“ y BpemeHnckom nepuony o 30 nana. Maca y3opaka MepeHa je mpe U 1ocie
CTajarba y pacTBOPY a NMPOMEHA y MacH HCKa3aHa y TPOIEHTUMA y OAHOCY Ha IMOYETHY

BPEJIHOCT.



PE3VJITATHU: Hajmamy BpeaHOCT 3alpeMHHE MHUKPOIYKOTHHE Hu3Mely HuCIUTHBaHUX
[IEMEeHaTa U JeHTHHA PETPOrpaJHOT KaBUTETa MOKA3a0 j€ KallMjyM-aIyMUHAT ca JI0JaTKOM
ctponmujyM-payopuna (4,43x10°mm3; £391 CI) (p=0,003; ANOVA). Mehycobrum
nopehewmeM TMoOjelMHAYHUX I[eMEeHaTa, caMO Cy KallujyM-alyMHHaT ca JOJaTKOM
CTPOHIM]yM-(hIyopuIa U KallKjyM-alyMHHAT ca JOJAaKOM LHUPKOHH]YM-IHOKCH A TOKa3alu
Mam€ BPEIHOCTH 3allPEMUHE MUKPOIYKOTHHE y ogHocy Ha MTA u [loptiana neMeHt, anu

0e3 cratucruuke 3Hadajuoctu ( One-Way ANOVA: Post hoc- Scheffe test).

-Hajmamy BpeaHOCT MHKpOMOpo3HOCTH cy mokazamd MTA (2,32%; +0,88), kammujym-
alyMUHAT Ca JOAAaTKOM CTpoHIMjyM-(iopuna (2,62%; +£2,49) a 3aTUM 4YUCT KaJllHjyM-
anymunatr (ANOVA; p=0,744). Ocranmu uemMeHTH cy Tmoka3aau Behe BpegHOCTH
MHKPOIOPO3HOCT, anu 0e3 craructuuke 3uadajuoctu (One-Way ANOVA: Post hoc- Scheffe
test).

- Hajumxe BpemHoCcTH yriia KBamema y3 ymoTpeOy riuiepoiia mokazanu cy lloptimann
mement (15,73 ; £3,72), MTA (17,68; £3,30:%) a 3aTHM KaIujyM-aTyMHHAT ca JOJATKOM
[IUPKOHUjyM-THOKCHIa, anu 0e3 CTaTUCTUYKH 3HadajHe pasnuke (ANOVA; p<0,001). ¥V
cllyuyajy Kaja je KopuinheHa XyMaHa UTpaTHA KpPB, HajHIKE BPEIHOCTH YKJIa KBallleHkha CY
3a0enexkeHe KoJ KajlujyM-aTyMHHaTa ca JOJAaTKOM CTPOHIMjyM-(iopuaa U Kaiujyma-
allyMHHAaTa ca JOAAaTKOM CTpPOHLHUjyM-KapOonara, 0e3 MeljycoOHE CTaTHCTHUKM 3Ha4ajHE
pasznuke n06ujeHux BpeaHoctu usely oBux remenara (One-Way ANOVA: Post hoc- Scheffe
test).

PeHAreHKOHTPAcCTHOCT ce 3HayajHO pasjuKoBala M3Mel)y rpyma Tako Ja je  KallHjyM-
QTYMUHAT ca JOJIATKOM IMPKOHM]YM-ITHOKCHJA MMao 3HadajHo BuIe BpemHocTH (8,00;+
0,93) y omHocy Ha cBe y3opke ocuM ProRoot MTA (7,63mmAl; £1,06mmAl) (ANOVA,
p<0,001), xoju je UMao He3Ha4yajHO Mamy npocedyny BpeaHocT 3a 0,37(One-Way ANOVA:
Post hoc- Scheffe test).

- MepemeM KOMITpeCHOHE YBpCTOhe MCMMTHBAHUX IIEMEHaTa, HajBehy BpeAHOCT MOKa3ao je
YUCT Kanujym-aryMuHar (59,6 1MPa; £13,72) cratucTuuku 3Ha4ajHy pa3yiuKy Y OJIHOCY Ha
cBe octaine ucnutubane rpyne (ANOVA; p<0,001). MTA, IlopTnan 1eMeHT U KalllujyM-
alyMHUHAT ca JIOJaTKOM CTPOHIHN]jyM-(I0pHIa OKa3aIHl Cy CIMYHE BPEJHOCTH KOMIIPECHOHE
yBpcrohe, 6e3 craTucTUUku 3HavajHe pasnuke mehy codom (One-Way ANOVA: Post hoc-
Scheffe test).



- Hajmamy pacTBOpJHBMBOCT IMOKa3add Cy KalIHjyM-aIyMHHAT ca JTOJAATKOM CTPOHIH]yM-
dbaopuaa (+14,04%; £1,43) u yucr kanuujym-anymusar (+7,71%; +0,70) u onu cy nokazanu
yBehame moueTHe Mace Koje je Omio M CTaTHCTUYKM 3HadajHo. Hajeeha Bpennoct
PacTBOPJbUBOCTH PETHCTPOBAHA je KOJ KaJIIMjyM-CHIIMKATa ca JOJATKOM XHJIPOKCHAIaTuTa

(-12,89%; +1,16) ( Paired Samples T-Test).

3AK/bYYAK:

Kao riiaBHM 3akJby4ak OBOT HCTPAKMBaa UCTUYE CE YHIHCHUIIA J1A j€ YIIOPEIHOM aHATU30M
CBUX WCIMTHUBAHHUX TapaMeTapa, KalllijyM-alyMHHATHA LIEMEHT ca JOJATKOM CTPOHIIH]Y-
dbayopuaga moka3zao Jga ycmemHo Moxke aga 3amenn MTA, kao ,3/1aTHH  cTraHmapa’
JaHAIIBUIE, KA je y IUTalky PETPOrpaaHa ONTypaiyja KaHaia KopeHa 3yoa.

KibyuHe peum: AnmMKOTOMHja, MAaTepHjaAId 3a PETPOTPAIHY ONTYpalHjy KaHajda KOpeHa
3y0a, K1) yM-CHIMKATHU [IEMEHTH, KaJIIHjyM-aTyMUHATHH [IEMEHTH

Hayuna o0uact: CTomarosonike Hayke

¥Y:ka Hayuna o6Jact: OpanHa Xxupypruja



ABSTRACT

INTRODUCTION: Chronic periapical lesions are pathologic lesions located around the
apices of non-vital teeth. The mainstay therapy of these lesions is root canal treatment.
However, if failure occurs, surgical intervention with concomitant retrograde canal obturation
should be considered, especially if endodontic retreatment is impossible or has already failed
and if root canal posts are in place. Modern obturation materials have been extensively
evaluated for their bioactivity and compatibility. Furthermore, most recent formulations of
pure and enriched calcium silicate (Ca-silicate) and calcium aluminate (Ca-aluminate) have
showed improved handling properties, shortened setting times, less discoloration and lower

Ccosts.

AIM: The primary aim of this study was to investigate the efficacy, on microscopic level, of
retrograde root canal obturation using different formulations of Ca-silicate and Ca-aluminate
cements by assessing the volume of the micro gap between the cement and the dentin lining
the prepared cavity. Additionally, these materials were evaluated regarding micro porosity,
wetting angle, radiopacity, compression strength and solubility.

METHOD: This in vitro study was performed on 80 extracted incisors and canines. All teeth
were endodontically treated and sealed. Subsequently, retrograde cavities were made and
filled with one of the following materials: ProRoot MTA (Dentsply, Tulsa, OK, USA),
Portland cement (Italcementi SPA, Bergamo, lItaly), Ca-aluminate, Ca-aluminate with
zirconium dioxide (ZrOz), Ca-aluminate with strontium carbonate (SrCOgz), Ca-aluminate
with strontium fluoride (SrF2), Ca-silicate with hydroxyapatite, Ca-silicate with bismuth
oxide and calcium carbonate (Bi.O3 and CaCQz). In order to evaluate the volume of the
micro gap between the sealing material and the dentin of the retrograde cavity the treated
teeth were immersed in phosphate buffered saline for 30 days and subsequently radiographed
using the computerised microtomography technique. The wetting angles were measured
using Image J software package on microphotographs of the prepared discs of tested cements
following the addition of 2 uL of either glycerol, human citrate blood or diiodmethane. X-
ray absorption was evaluated using digital periapical-sized radiographs. The treated teeth
were cut into 1 mm-thick slices and, together with a 1 mm thick discs of cements tested,
placed next to a standardised aluminium steowedge template (thicknesses ranging from 1 to
10 mm). The contrasts were measured using a software. A tensile testing machine was used

to investigate the compression strength of the cylinder-shaped blocks of the tested materials



(4 mm base diametre and 6 mm in height) in specially designed Teflon molds. Finally, the
solubility of the tested materials was expressed as the percentage of weight loss after the
period of 30 days during which the treated teeth were submerged in the phosphate buffered

saline solution.

RESULTS: Ca-aluminate with the addition of strontium-fluoride (SrF2) had the lowest
volume of micro gap (4.43x10° mm3; (4.43x10°3mm?; £3.91) (p=0.003; ANOVA). There
were no statistically significant differences between the materials, even though some
difference was recorded when Ca-aluminate with SrF, and ZrO2 groups were compared to
MTA and Portland cement groups. MTA (2.32 % ,+0.88), Ca-aluminate with SrF> (2.62%;
+2.9) followed by pure Ca-aluminate (2.63%) (ANOVA,; p=0.744) had the lowest level of
micro porosity. However, there were no significant differences among the groups(One-Way
ANOVA: Post hoc- Scheffe test).

Similarly, there were no significant differences between the groups in the values of the
wetting angle (One-Way ANOVA: Post hoc- Scheffe test), although the lowest values were
recorded when glycerol was applied to Portland cement (15.37;+3.72), MTA (17.68;+3.30)
and Ca-aluminate with ZrO, (ANOVA; p<0.001). When citrate blood was used, the lowest
levels were recorded in the Ca-aluminate with SrF, and Ca-aluminate with SrCO3 groups but
without any significance. X-ray radiodensity was significantly higher than all the other
groups when Ca-aluminate was enriched with ZrO, (8.00mmAl; +093 SD) except when
compared to the MTA group (7.63mmAl; = 1.06) (ANOVA; p<0.001).

Compression strength was significantly higher in the Ca-aluminate group (59.61 Mpa;
+13.72) when compared to the other groups, while MTA, Portland cement an Ca-aluminate
with SrF> showed similar although insignificantly different values (One-Way ANOVA: Post
hoc- Scheffe test). Ca-aluminate with the addition of SrF, and pure Ca-aluminate had the
lowest level of solubility (+14.04 %+1.43) and (+7.71+0,70), respectively. In fact, their
increase in mass was statistically significant. In contrast, Ca-silicate with the addition of

hydroxyapatite lost the most of its initial mass (-12.89 %;+1.16) ( Paired Samples T-Test).

CONCLUSION: The main conclusion of this research is the fact that by comparative
analysis of all tested parameters, Ca-aluminate with strontium fluoride has shown that it can
successfully replace MTA, as the "gold standard™ of today, when it comes to retrograde root-
end obturation.



Keywords: Apicotomy, root-end filling materials, calcium-silicate cements, calcium-

aluminate cements
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1.  YBOJ

XpoHHYHE TEepPUANMKAIHE JIE3Uje Cy MATOJIONIKE Jie3rje KOje HACTajy y Mpeaeiny aneKCHOT
napoJOHIMjyMa 3y0a ca aBUTAJTHOM MYIIOM. Y OCHOBU Cy MYJITHKay3allHE €THOJIOTH]e, C
003MpoM J1a 10 HEeKpo3€ IYJAMHOT TKHBa MOXKE JOhHM Moj yTHUIajeM pa3iuduTuM (akTopa
KOju MOTYy OUTH: MUKpOoOUoJonky, Gpusndku u xemujcku (Siqueira, 2002; Stashenko, 1998).
OcHOBHHU BHJI JieU€Ha OBUX JIE3Mja jeCT€ €HJIOJOHTCKH TpPEeTMaH 3y0a y3pOUYHHKa Ca IUJbeM
Ja ce enuMuHMIIE HWHOQEKIWja ¢W3 KaHajlla KopeHa U chopedyd  peuHpexiuja
TPOJMMEH3UOHAITHOM, XepMETHYKOM onTypanujoM. Kana eHJoI0HTCKa Tepanrja He TTOKaxKe

pesynrare, moTpeOHO je pa3MOTPUTH €HI0JOHTCKO-XUPYPIIKE OTIIH]E.

Apicectomia je JTaTHHCKM M TPYKM TEPMHH, CaCTaBJbEH OJ JBE peur apicis (Bpx) i ectomia
(oncename). ATMKOTOMHja WM peceKIrja BpXxa KOpeHa 3y0a je OpajHO- XUPYPIIKH 3aXBaT y
OKBHUPY KOTa C€ OJCTpamyje alrKaIHH Je0 KOPEHA Y3 HCTOBPEMEHO YKIIAharhe MaTOIOIIKOT
MepruanuKaHOT TKHBa. L[1Jb OBOT 3axBara jecte /a ce YKIOHHW M CIPEYH MPOJIOP IITETHUX
Marepuja U yjeaHo oMoryhu penaparja 000Jesor nepraniuKaIHor TKUBA. 3aJaTak MOJIepHE
MepuanuKaiHe XUPYPTHje j€ YKIamame OBHX JIe3Wja Yy IEJOCTH, 3ayCTaBJbalke IMPOopa
MH(PEKTUBHUX HOKCH, Kako OM ce oMmoryhmia pecTUTyIMja U pereHepalyja nepuanuKaTHor
TkuBa (Bykosuh u cap.2017). Y okBUpY OBe mpolieaype moTpeOHO je moctuhu ageKkBaTHO
3aTBapame PECEIUpaHOr BpXa KOpPEeHa 3y0a Kako OM ce OCTBAPHIIM IMPETXOIHO HaBEICHU

ycnou (Todorovié u cap. 2004; Fonseca u cap. 2008).

VY onpeheHum ciydajeBUMa, y3 PECEKIMjy BpXa KopeHa 3y0a HEOIXOJIHO je HM3BPIIUTH
peTporpagHy ONTypalujy KaHaja KOpeHa 3y0a aJieKBaTHUM MaTepHujaauma. Y Hajuenthe
UHAMKALKje 3a peTporpajHy ONTypalujy cHajaajy: MpUCYCTBO KaHajaHOI Kouuha,
HENpOXOJHM M OOJMTEpPUCAHU KaHalIM, HEMOTYhHOCT peBU3Mje KaHATHUX IyHhewba,
MPETXO0JHO HEYCIEIIHA PECEKIIMja ca OPTOTPAIHNUM MyermbeM Kanana (buouanun u cap.2018;
Bolhari u cap. 2015). ¥ mpouutoct y oBe cBpxe KOpHIINGHH Cy pa3IHYMTH MaTepHjaIu

HOMYT amajiramMa, rjac-joHoMep IieMeHaTa U [IMHK-OKcu eyrenona (Bhagat u cap.2017).

Amaneam je jemaH oJ HajcTapujux M Hajuemhe ymoTpeOsbaBaHHMX MaTepujajia  3a
peTporpaaHy onTypanujy KaHajaa KkopeHa 3yba (Bhagat u cap.2017). llpeacraBiba MelIaBUHY

KUBE U OapeM jeHOT MeTana. 300T MOTEHIMjalTHE TOKCHYHOCTH, HEMOCTOjalha XEMH]CKE Be3e



ca 3yOHUM TKHBHUMa, JIOIIE ECTETHKE U MpedojaBama OKOJTHUX CTPYKTypa JaHac je cBe pehe y
yrnotpebu. Takohe, amanram He 06e30ehyje moOpy TPOAMMEH3WOHAIHY ONTYpalHjy U HE
crpedaBa TpoOJia3ak MHUKpoopranmzama wu3mel)y 3upoBa KaBUTETa M MarepHjaia. 300r

HaBEJICHUX pa3jiora amaliraMm je JaHac cBe pehe y ymorpeOu 3a oBe cBpxe (Bhagat u cap.
2017).

Inac-jonomep yemenmu cy IBOKOMIIOHEHTHHM MaTepHjalid, KOjU CE€ CacToje OJl TEYHOCTH
(BoJleHM pacTBOpP MOJMAKPUIIHE KUCENIMHE) M mpaxa (KOju MOTY YMHUTH Pa3IU4YUTE BPCTE
crakna). Kao marepwjaiii 3a peTporpamHo MyHEHe KOPUCTE c€ 300T CBOJUX JT00pUX
aIXe3MBHUX KApaKTEPUCTHKA, peEJIaTUBHE TOJIEPAHIMjEe Ha BIAKHY CPEeIUHy U
onoxommnaTuOmiHOCTU. [lokasyjy He3amoBoJbaBajyhy paJuloOKOHTPACTHOCT, Ta Cy UM
JI0JIaBaHU PaA3JIMYUTH areHCH paad To0OoJblaka OBe OcoOmHE. Y CBpxe M0OOJbIIamka

PaIMOKOHTPACTHOCTH OBMUM IIeMEHTHMa Hajuenthe ce moaaje cpedpo (De Bruyne u cap.
2004).

Marepujanu Ha 6a3u yunx-oxcuoa u eyeenona (ZOE 1ieMeHTH) Cy BeoOMa pacrpoCTPambeHH Yy
cromatoJiomkoj npakcu. ZOE memenTn cy OMOKOMIAaTHOWIIHW MaTepujalv, Maja UM ce
MIPUTIKCY]€ U UPUTATUBHO JCJCTBO yCIIe MPUCYCTBa eyreHoua. [lokasyjy 1006po MapruHaiHO

3aTBaparme, ali JOIIHje MEXaHHYKe Kapakrepuctuke (Bhagat u cap. 2017).

Kako Om ce mnpeBasunuid HEAOCTAlM M TO0OJBIIATE KapaKTEPUCTUKE J0CAJANIBHX
ONTYpaIMOHUX MaTepHjajia, yKa3ajga ce MmoTpeda 3a pa3BojeM caBpeMeHHUjuX (opmyraiuja.
JlaHalIkBy TPEHIOBH HAa OBOM TI0JbY YCMEPEHH CY Ka pa3Bojy OMOAKTHBHUX MaTepHjaia Koju

Ou cTUMyIHCcAId U OMOTYhHITH pereHepalnjy nepuanuKaIHuX TKUBA.

VY caBpeMeHO] JEeHTAJHO] MEIULMHU MaXHma je yCMepeHa Ha CBOjcTBa OMOAKTHUBHOCTH U
OMOKOMIIATUOMIIHOCTH MaTepujajia 3a pEeTPOrpagHy ONTypalHjy KOPEHCKHX KaHaua.
brokoMmaTHOUITHOCT je crmocOOHOCT MaTepujalia ia MPU KOHTAKTy ca TKUBOM HE y3pOKYje
1BEroBo omreheme, TOKCHYHY peakiujy, UpUTalujy, ynaty, aleprujy 1 Ja Hije KaHleporeH

(Parirokh u Torabinejad, 2010).

HNako Beh mocroju Benuku Opoj OBaKkBUX MaTepHjaja KOJU CE€ YBEIUMKO KOpHCTE Yy
CTOMATOJIOIIKO] MpaKCH, MOMyT MuHepai-Tpuokcua-arperara (MTA) u buonentuna (B),
buoarperara (bA), u nasme cy akTyenHe Moau(UKaIje cactaBa MocTojehnx KoMepIjaTHux

MaTepI/IjaJ'Ia Kako Ou ce MMpEeBa3uIIN HEAOCTAIU U OaJbC YHAIIPCANUIIC (bUXOBC ocooOuHe.
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2.1NPETJIEJ JIUMTEPATYPE

2.1. XpoHuYHe nepuanuKajiHe je3nje

ATIEKCHU MapoJIOHINjYM CacToju ce o Tpu, Mel)ycoOHO UBpCTO TIOBE3aHa TKHMBA: KOPEHCKOT
[IEMEHTa, IEPUOJIOHIIjyMa 1 aJIBeoJIapHe KOCTH. TKUBO IyJIe U MEepHOJOHIIHjyMa Takohe je
aHaTOMCKHM M (PYHKLMOHAJIHO MOBE3aHO, 0e3 jacHe rpaHuile, 300r yera ce oBa JBa OJIuCKa

TKMBA YECTO HA3MBajy MYIITHO-TIEPUOIOHIIMjYMCKH KoMmIuieke (HMseanosuhi u Canmunu, 2003).

XpoHUYHE TIEpHANMKaIIHE JIE3U]j€ MPEJICTaBIbajy TPYITy MATOJOIIKUX MPOMEHA KOje HACTA]y Y
IpeJieNTy areKCHOT MapoIOHIKjyMa 3y0a ca aBUTAITHOM ITYJIIOM. Y OCHOBH, TO jé XpOHHYHA
3amajbeHCKa peakilija TKUBa Koja je Mmociaeauiia KOHTHHYUPAHOT JIEjCTBA IITETHUX HOKCH U3
MHQUITMpAHOT KaHaJla KOpeHa 3y0a Koje JOBOJAE /IO pasrpaame TOMEHYTHX TKHBA

(ITemposuh, 2007).

XpOoHUYHE MEepUANTUKATHE JIC3Hje BeOMa Cy YeCTe MaToJIONIKe IPOMEHE Koje ce cpehy y yCHO]
nymbu. bpojHa ucTpakmBama yKa3yjy Ja OHE TIPEACTaBJbajy BEOMa PaclpOCTPamCH
3IpaBCTBEHU MPOOJIEM KOjU ce CBe denrhe JOBOJU Y Be3y ca HapylIaBamkbeM OMIITET 37paBiha

cranoBHHINTBA (Segura-Egea u cap. 2016, Segura-Egea u cap. 2015).

[IpeBanennyja nepuanuKaiHUX je3uja y eBporckuM 3emsbama kpehe ce usmely 30 u 70%
(Eriksen u cap.2002). Pe3ynraT HCTpakMBama O y4ECTAIOCTH INEPHANTMKAIHUX JIe3Hja Ha
cprckoj nonynanuju (Mauh u cap. 2014) nokasanu cy BUXOBO NMPUCYCTBO Ha 227 ox 3526
ucnuTuBaHuX 3yba (6,4%), mTo je y CKIaAy ca pe3yiaTaTuMa 3eMajba y OKpPYKElhY

(Georgopoulou u cap. 2008, Persi¢ u cap. 2011).

HcTtpaxkuBama cy noTBpauia 1a je Hajsehu Opoj nepuanuKaiHuX Jie3uja JeTeKTOBaH KO/
3y0a KOJI KOjUX j€ YOUeHO Hea/leKBaTHO NMymemhe KopeHcKor KaHana (Pak u cap. 2012; Persic¢
u cap. 2011). Y jenHoj NpOCIEKTUBHO] CTYMjU UCTUTUBAHU CY MOTEHLHJAITHU (aKTOPH
pHU3UKa KOjU Cy JI0OBENHU JI0 HACTaHKa MepHaNnuKaIHuX Je3uja KoJ 473 nauujeHra y nepuoy
uzmehy 1997. u 2003. roaune. Kox 170 ox ykynHo 473 nanujeHara A0ILIO je JO HACTaHKA
Jie3uje y ecTOroAUIIBeM epuo Ly npahema, Ipu ueMy je aHain3a nokasana aa cy
MAIMjeHTH ca HeaJIeKBaTHUM PeCTaypaTUBHUM HCITyHUMA H/MJIM HEaJleKBaTHUM MyHEHheM

KOPEHCKOT KaHasia uMaiu 3,9 u 6,4 myra Behe 1maHce 3a pa3Boj HaBEJAEHUX MATOJOLIKUX
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crama (Kirkevang u cap. 2007). Nako cy pe3ynaTaTu AOCATallbUX UCTPAKUBAHA OTPEUYHH,
3ajeIHNYKHM 3aKJbydaK je Jla ce MepHanuKaiHe Je3uje Hajuemhe youaBajy KOJ HalMjeHTa
crapocHe no06u m3mely 40. u 49. ronuHe KHMBOTA, MPU YeMy HHUje TMOKa3zaHa pa3lUKa Y

YUYECTAJIOCTH Y OJIHOCY Ha 1ot nanujeHara (Kirkevang u cap. 2007).

Takohe, moka3zaHo je Jna ce MepHANMKAIHE Jie3wje demhe yodaBajy Ha 3yOuma ca
KOMIUIEKCHUM KaHAJTHUM CHCTEMOM, NIOMYT pemoJiapa u monapa. C npyre crpaHe, mojeinHe
CTyaM]je MoKa3aje cy Behy ydecTaslocT je3uja Ha (GpOHTAIHUM 3yOuMMa, mTO ce objanrmaBa
Behom ydecramomhy oBe Trpyme 3yba y TUM HUCTpaXuBamuMma. 300T  JIOMIMX
COLIMOEKOHOMCKHX YCJIOBa, MOJIapu U mpemMoJapu yenrhe 0MBajy eKCTpaxoBaHH, JOK Cy 300T
€CTETCKUX pa3jiora ppoHTamHu 3you y Hajpehem Opojy ciydajeBa ouyBanu (Pak u cap. 2012;

Persi¢ u cap. 2011).

[Tocnenmwux roanHa moceOHO je BPILIEHO MCHHUTHBAKE YTHIAja XPOHUYHUX MEepUATUKATHUX
JIe3Wja Ha OMIITE 3/ipaBibe cTaHOBHUIITBA (Olsen u van Winkelhoff 2014, Segura-Egea u cap.
2016). CripoBenieHa eKCIIEpUMEHTAIHA CTY/AMja MTOKa3ajia je Ja JoJia3u J10 noehama HUBOA
C-peaktusHor npotenHa (CPR), uarepneykuna (IL)-12 u IL-6 y opranu3my naioBa, Kojuma
je y BeIITaukKUM YCIIOBHMa MHyKOBaH HACTaHaK Mepuanukaine aesuje (Zhang u cap. 2016).
Takole, mokazano je nmoBehame HUBOA cepyMckor umyHornyoymuna (Ig) A, IgG u IgM kon
ManyjeHara ca TMepUanuKaIHUM Jie3jamMa y OJIHOCY Ha 37apaBe KoHTposie (Gomes u
cap.2013). Tlopen Tora, yka3aHO je Ha IMOBE3aHOCT MPUCYCTBA TEPHUANMKATHUX Je3uja U
KapJIMoBacKyJapHUX o00oJbera, IiehepHe OolecT W XpPOHUYHUX 000JbEHA  JEeTpe

(Khalighinejad u cap. 2016).



2.2. ETHoN0TNja XpOHMYHUX NEePUATTMKATHUX JIe3Uja

XpoHHWYHE MMEepUANTMKAIHE JIe3Hje pa3BUjajy ce Y alleKCHOM MapoJOHIUjyMy 3y0a Koju je
JMIIeH BUTaaHOr myianHor TkuBa (Siqueira 2002). Hajuemrhe HacTajy Kao mocieauiia
HEKpO3e MyJIe, Majia C€ MOTY Pa3BUTH y alleKCHOM MapoJIOHIKjyMy 3y0a KOJ| KOT je myJa
YKJIObCHAa €HI0J0HTCKUM TpermanoMm (Siqueira 2002; Stashenko 1998). Ilepuanukaite
JIe31je MPEICTaBIbajy MYITHKAY3aJTHO 000JBCHE ¢ 003UPOM Ja HEKpO3a MyJIITHOT TKUBA MOXKE
OUTH Y3pOKOBaHA Pa3IMYUTUM ETHOJIOMKUM (akropuma. CBU €THOJIOMKHU (DAKTOPH KOjU
JIOBOJIC /IO HACTaHKa IEpUANMKaIHUX Jie3Mja MOJE/beHU Cy Ha: Ouojomike, (Qu3nMyke u

xemujcke ¢axrope (Siqueira 2002; Stashenko 1998).

Wako paznuuuTtet QakTopyu MONPUHOCE HACTAHKY MEPHANUKAIHUX JIe3hja, YCTaJbeHO je
MHUIIJBEH-E /1 j€ HEKpOo3a MyJIIMHOT TKUBa y HajpeheM Opojy ciydajeBa y3poKoBaHa IIPOI0POM
MUKpOOpranuzama. ¥ TOM CMHUCIY c€ MepHalHuKalHe Je3uje cmarpajy HH(GEKTHUBHUM
000JbEHEM, TIPU Y€MY Cy Y3pOUYHHUIIM Hajuyenrhe OakTepuje MOPEKIOM W3 KOPEHCKOT KaHaia
aBUTANHUX 3y0a. bakrepuje 1m0 MynmHOr TKMBa MOTY JOCHETH Ha pa3jiNuuTe HadWHE.
Hajuemhu HauwH je myTeMm AUpEKTHE KOMYHUKAIM]e MYJMHOT TKHBA Ca YCHOM IYIJbOM IITO
je mocenuiia IpUCYCTBa HeJleueHe KapujecHe Jiesnje. Mehyrum, mocroje u nIpyru HauMHHU
KOHTaMHUHAIlMje MYyJIMHOI TKHUBA Kao INTO CY: OrOJbEHM JEHTHHCKH TYOyNd, MYJMHO-
MEePUOJIOHTATIHE KOMYHHKaIMje, JaTepalHd W alWKaJlHU aKLIEeCOpPHU KaHallu, Kao U
xemaToreHn u JuMdoreHun myr KoHramuHaije (Siqueira 2002; Stashenko 1998;
Takahashi1998).

[IpucyctBo OakTepuja y HEKPOTHYHOM ITYJITHOM TKHBY JI0Ka3aHO je naBHe 1890.romune
(Miller 1890). Mehyrum, ynora 6akTepuja y HaCTaHKY MEPUANIMKATIHUX Jie3dja TOTBpheHa je
Tek 1965. roguHe y jeTHOM eKINEepUMEHTATHOM HCTpaxuBamy. Hanme, y TOM HcTpaxuBamy
je HampaBJbeHa BEITauKa KOMyHHKallMja MyJIMHOT TKMBa MOJjapa [aioBa ca yCHOM JIyIIJbOM.
VY nepuoany on 42 naHa y rpynu HeoOECKIMYEHMX MaloBa MAaTOXMCTOJIOIIKOM aHAJIU30M
NOTBpheH je pa3Boj XpOHUYHE MEpHANUKAIHE JIe3hje Y Mpeesy aleKCHOI HapoJIOHLHUjyMa.
Ca gpyre cTpane, y rpynu 00eCKIMYEHHX MalloBa NaTOXUCTOJIONIKA aHaIu3a HUje IOTBpAMIIa
HacTaHak nepuanukanHe jesuje (Kakehashi 1965). Kachuja uctpakuBama Cy MOTBpIHIIa
OBaj HaJla3 M JI0Ka3ajia MPUCYCTBO Pa3IMYUTUX OAKTEPUJCKUX BPCTa y MH(PULHUPAHOM KaHAIy
KopeHa 3y0a 3axBaheHOr nepuanukaaHuM yesujama (Kantz u cap. 1974, Wittgow u Sabiston

1975).



Wudexnuja myImHOr TKUBA pa3BHja c€ Y CPEAMHHU ca MPETXOAHO CTEPHIIHUM YCIIOBUMa, 300T
Yyera ce MPeTIoCcTaBsbajlo Jia OMI0 KOJU MUKPOOPraHM3aM MoOKe OMTH y3pOUYHHMK HAacTaHKa
3anmajbeHCKe peakuuje. Pa3BojeM MoJeKkylapHHUX METoJa JAETEeKLIHje MUKPOOpPraHu3ama
TOIIJIO CE JI0 Ca3Hama Ja cy OakTepuje y HHQUIIMPAHOM KOPEHCKOM KaHally OPraHU30BaHE y
ctpykrypu Ouodmnma (Paster u  Dewhirst 2009). buodwiM, kao 3ajeqHuna
MHUKpPOOpraHn3amMa y MaTpUKCy OaKTepHjCKOI U CalMBapHOr IOPEKJa, MPEACTaBiba
KOMIUIEKCHU OHMOJIOIIKH CHUCTEM Yy Kome Mel)yCOOHHM OJHOC HeroBHX YMHWIIALA JOMPHHOCH

OuyBamby METa0OIMYKUX aKTUBHOCTH 3ajenuune (Paster u Dewhirst 2009).

UctpaxkuBama 3acHOBaHA Ha CeKBeHIMpamy pubo3zomanine PHK Gakrtepuja, morBpauna cy
npucyctBo tpeko 1000 pas3anuuTux OAaKTEpUjCKUX BpCTa Y yCHOj nymibu (Saito u cap. 2006).
Takohe, morBpheHo je mnpucyctBo mpeko 460 pa3nuuuTUX OaKTEpHjCKUX BpCcTa Y
HHOUIMpAaHUM KaHaJMMa KOPCHOBA aHamu3upanux 3yba (Rocas u Siqueira 2008).
NnentnduxoBann OaKTEpUjCKM MHUKpPOOpPraHW3MH Hajuemihe cy CBpCTaBaHU Y paspee:
Firmicutes, Bacteroidetes, Actinobacteria, Fusobacteria, Proteobacteria, Spirochaetes u

Synergistetes (Baumgartner u cap.2008).

VY mouetHum (dazama uHEKIMje MUKPOQIIOPOM KaHaIa KOpPEeHa JOMHUHHUPAJy aepoOHE u
(hakynTaTUBHO aHaepoOHe OakTepHje, 1a O BpeMEHOM yciie ] yTPOIIIKa KHCEOHHKA JOIIIIO 10
noBehama Opoja oOmuraTHO aHaepoOHHUX MuUKpoopranuszama ([lemposuh u Yoauh 2001).
HctpaxkuBamwa cy mokaszajna jga, Hako je Oakrtepujcka Quopa HHOUIMPAHOT KaHaIa
MOJIMMHUKPOOHA, OaKTEpUOJIONIKK Haja3 WHIMBHIYaTHO Bapupa oJ ocobe 10 ocobe
(Sakamoto 2007). Takohe, ucrpakuBama 1MoKasyjy Ja HH jeJHa OakTepHjcKa BpCTa 3ace0HO
HUje OJIrOBOpHA 3a HacTaHak HHQEKIHje Hero je HuHpeknuja mnociaeauia MmehycoOHe
unrepakuyje 20 mo 30 Hajuemhe wuaeHTH(UKOBaHUX OakTepujckux Bpcra (Sakamoto

2007, Ilemposuh u Yonuh 2001).

VYiiora MUKpoopraHu3ama y HaCTaHKy M IPOrpecHju MepHanuKaaHuX Jie3uja omoryhena je
nejcTBOM OakTepujckux ¢akropa BuUpyieHuuje. dakrope BUpyJeHLHUje OakTepuja YUHE
CTPYKTypHE KOMIIOHEHTE HBUXOBUX helnja W/Miu BUXOBU €KCTpalLlelyapHU MPOAYKTH KOJU

UM omoryhaBajy HcroJbaBame IITETHOr JiejcTBa Ha TkuBa nomahuna (Siqueira u Roégas

2007).



[Topen OWONOMIKMX, HEKpO3a MYJIIMHOT TKMBAa MOXE OWTH Y3pOKOBaHa M MEXaHHUYKHM
eTroyomkuM (akropuma. McrpaxkuBama Cy Mokaszala Ja Tpayma y mpeaeny 3y0a, Kao
nocienuna mnaja, ynapua win GpaxkType, MOXKe y3pOKOBATH HEKpO3y MYJIIMHOT TKHBA yCien
MOTIYHOT —TpPEKWAa CHaOJaeBama KpPBJbY amekcHor mnapopoHmmjyma (JKuskosuh u
Mumwywrosuh 2003). TloceOHY BpCTYy MEXaHHUYKO-jaTpOTeHUX omTehema NepHanuKaTHuX
CTPYKTypa YWHE MHKPOTpAayMe HacTalle Kao IOCJIEIUIla HEaJeKBATHUX PECTaypaTUBHUX
ucnyHa. OHH y3pOKYyjy MeXaHHUYKe MOBpEAE HEYpPOBACKYJIApHOT CTa0sia KOjU yJa3u y KaHall
KOpeHa MPEeKo areKCHOT OTBOpa IITO JOBOJIM JI0 pa3Boja 3amajbeHCcke peaknuje (MKuexosuh u

Mussywrosuh 2003).

3anajpemCcKa peakiifja y arnekCHOM MapoJOHIMjyMYy MOJKE C€ Pa3BUTH U Kao IMOCIeauIa
nejcTBa xeMujckux (pakropa. Hamme, xemujcka omrehema Hajuenthe HacCTajy Kao MOCIeaUIa
MPUMEHE jaKUX AHTHUCENTUYKUX CPEICTaBa 3a MPUTAlMjy WU MEIUKalM]y KaHala TOKOM
€HJI0JIOHTCKE o0pajae KaHaiTHOT cuctema 3yoa (Pascon u cap. 1991; Ilemposuh u Yonuh
2001). UctpaxuBama Cy moKas3ajla Ja W NMPUMEHA PAa3MYATHX Mperapara 3a ONTYpaIu]y
KaHaJla KOpeHa 3y0a MOTY Yy3pOKOBaTH HAcTaHAaK 3alajbeHbCKE PEakiyje y arneKCHOM

napogoHujymy (JKuskosuh u Mumywrosuh 2003).
2.3. [laTorene3a XpOHMYHUX NMEPHATIMKAIHUX Je3Uja

[TaTorene3a XpOHWYHUX TMEPHANUKATHHUX Jie3Mja OOjallbaBa ceé MMYHCKHM OJTOBOPOM
OpraHu3Ma Ha JI¢jCTBO Pa3IMYUTHX INTETHUX HOKCH Y TpPEIeNy areKCHOT MapoOHIHjyMa.
Haumme, mepumanukamne Jeswje cy y Hajeehem Opojy ciydajeBa y3pOKOBaHE IITETHUM
JIejCTBOM OaKTEPHjCKMX MHKPOOpPraHW3Mama U BUXOBUX MpOoJyKaTa M3 KaHaja KopeHa 3y0a
(Baumgartner u cap. 2008). 13 Tora cieau jha Cy Hacraje MPOMEHE y TKHBY alleKCHOT
MapoJIOHIIMjyMa JUPEKTHA mocieania Mel)ycoOHOr o/lHOCa MITETHOT JEjCTBA OAKTEPHjCKUX

MHUKpPOOpPraHu3ama u IMyHCKOT oaroBopa nomahuna (Mdrton u Kiss 2000, Stashenko 1998).

VY TKMBY anekcHOT NapoJIOHLIMjyMa pa3BHja ce Hecneuu(uyHa 3amajbeHCcKa peakliuja Koja
¥uMa 3a LUJb €TMMMHALM]Y IITETHOT JIejCTBA Y30UYHHMKAa U OrpaHMyaBame LIMpeHa HacTaie
3anajbeHcke peaknuje. MHTeH3uTeT, ¢opMa M TOK 3alajbeHCKe peakidje y aneKCHOM
NapoJOHIMjyMy 3aBHCE OJ AYKMHE Tpajama HaJpakaja, BpcTe U Opoja MHUKpOOpraHusama,
CTeleHa HUXOBE BHPYJICHTHOCTH, KA0 M CHOCOOHOCTH OpraHu3Ma Ja ce o] HBHX oA0paHu

(Nair 2004; Stashenko1998). ¥V okBupy UMyHCKOT OArOBOpa jJoMahiHa aKTUBUPAJy CE



peakije ypoheHOr M CTEYCHOT MMYHHTETa, IITO Y3pPOKYje MPUCYCTBO pa3IHMYMTUX
on0paMOeHNX henwja U XyMOpaIHUX MeaujaTopa 3anabemba. [1aTOXUCTONOMKH TOCMaTPaHO
MepHANUKaIHe JIe3Hje TMPEACTaBIbajy MPOAYKTUBHO 3alajbeikhe KOje Ce HajIpe OITUKYje
(bopMupameM rpaHyJallMOHOT TKMBA, a TIOTOM M IMUCTUYHHUX (PopManuja ynje ¢y QyHKIHUje
HCTOBPEMEHO 0/10pamOeHe (3anabebCKe) aau U npoaykTuBHE (pecopruujcke) ([lemposuhi u

Yonuh 2001).

JIeCTpyKTUBHH TIPOIECH Yy TKHBY HHUCY TIOCIEIHIIa WCKJPYYHBO INTETHUX HOKCH KOje
MPOJIYKY]y came OakTepuje U3 KaHajla KopeHa 3y0a, Hero Cy U MOCeauIa AejCTBa CYIICTaHI!
KOje CeKpeTyje MMYHCKH CHCTeM JoMahrHa Kao 0JroBOp Ha MPUCYCTBO OakTepuja (Graunaite
u cap. 2012). Pana (a3za 3amajbeHCKE peakifje KapaKTEepHUIe C€ JEJCTBOM Pa3IMUUTUX
MeIujaTopa 3ama’beba (Ba30aKTUBHM AaMHHH, META0OJIUTH AapaxuJAOHCKE KHCETUHE,
nporHpIaMaTOPHU UTOKUHH, MPOTEUHCKH CUCTEM Iuta3me u ap.). OBu menujatopu he ca
jeHe cTpaHe BOAMTH BacKyJlapHHM IpOMEHaMa y TKHUBY (Ba3zoaujaTaluju U moBehaHo]
nepMeadMIHOCTH KPBHUX CYyJI0Ba), JAaJb0] aKTHBAMjU M MUCPALUJU HEYTPODUITHHUX
rpaHyyionuTa M Makpodara, a ca Jpyre cTpaHe he IOBECTH /0 aKTHBalMje aHTUTEH-

npe3eHtyjyhux henuja m aktuBupama henuja cnenmdudanor umynurera (Graunaite u cap.

2012).

Ca mMaTOXWCTOJIOIIKOT —acleKTa Yy CPeOUINTy 3alabehCKe peakluje  armuKaJTHOT
MapoJIOHIIMjyMa Haja3ud ce 30Ha HEKpPO3e cacTaBJheHa OJi MPTBHX henuja TkuBa, henuja
onOpaHe M MPOAPIUX MHKpoopraHu3ama. OKO 30HE HEKpo3e Haja3u ce NposmdepaTuBHO
IpaHyJIallMOHO TKMBO Ca MPUCYTHUM helrjaMa XpOHHYHOT 3amajbeha. Y MUJby ClpedaBama
mupemka 3alajbeHCKe peakiinje, akTUBUpaHU (GuOpodracTu (GopMHpajy CIUIET KOJAareHUX
BJIaKaHa KOjU OrpaHU4YaBajy 4YHTaB IMPOIEC MpeMa aJBEOJAPHOM KOIITAHOM TKHUBY.
KoHTHHYHpaHUM JI¢jCTBOM WITETHHX HOKCH J0Jla3d 10 mposudepaluje MTpUCcyTHOT
CMUTEIHOI TKHMBa KoOje BoauM mopekino Malessez-osux enutenHux ocTpBana, MTO 3a
MOCIIEUIYy Y3POKYje HACTaHAK MUKPOIMCTHYHE MYKOTHHE, EHEHOT pacTa M MOCICIUYHOT

HacTaHKa paJuKyJapHe IMCTe y MpeJeny amneKkcHor napoioHuujyma (I/lempoeuh u Yonuh

2001).



2.4. EHI0I0HTCKA Tepanuja U NePpUANNKAJIHHA XUPYUIKH 3aXBATH

3yOM ca MaroJIOTHjOM AanuKaJHOT MapoJOHTUTHCA Cy BEOMa paclpoCTpameHu Mehy
oIpaciuM ocobamMa, YIPKOC HalpenoBamy CaBpEeMEHE eHAOJOHTCKe Ttepanuje. Lnib
€HJIOJIOHTCKOT TPeTMaHa je Ja eNMMUHUIIE MH(EKIHjy W3 KaHajla KOpeHa W TpeBeHHpa
peuHdeKIujy TpOAUMEH3UOHATHOM, XEPMETUYKOM OMNTYPAIMjOM Kako OW Ce€ eTMMUHUCAIU

MHUKPOOPIraHU3MHU Kao I'NTaBHU Y3POYHUIN AlTUKAJIIHUX MMapPpOJOHTUTHCA.

[Tocnenmwy a3y eHIO0MOHTCKOT Jieuerma 3y0a Mpe/IcTaB/ba ONTypalja KaHaia KopeHa 3yoa
KOje HMa 3a Wb Aa TPOAUMCH3HUOHAIO, XCPMCETHUYKH HWCIIYHHM KOMIUICTAH CHIOJOHTCKHU
MpOCTOp M YYMHU Ta HENpoIyCHHMM 3a OakTepuje Kako Ou ce MpeBeHupasia

(pe)xoHTaMHHAIIM]a KaHara KopeHa 3yoa (Ingle 1985).

Marepujanu 3a onTypannjy KaHajia KopeHa 3yoa tpedaio 6u 1a 3a10Bojbe oapehena
Havena Koja je mocraBuo Grossman jom 1967. rogune. Ta Hayena cy:

e JeIHOCTaBHO YHOIICHE MaTepHjajia Y KOPSHCKH KaHal,

e JlarepasHO M alTMKAIHO 3aTBapame KOPEHCKOT KaHaja,

e Heckymipame MaTepHjajia HAKOH YHOIIICHA Y KOPECHCKH KaHAT,

e HeocerspuBOCT MaTepujaia Ha BIIary,

e bakrepunuIHO IeNOBamke WK CIIpevYaBame pacta OakTepuja;

e PagnokoHTpacTHOCT;

e Jla He y3poKkyje npebojaBame 3yOHUX CTPYKTYpa;

e Marepujan He CMe Jla yTUY€e Ha CTPYKTYpY 3y0a U HE CMe Jia Y3pOKYje HPUTALIU ]y
MEPUATTUKAITHOT TKUBA,;

e Mopa OUTH CTEpUIIaH WM JIa CE MOXKE CTEPUIIHCATH,

e MoryhHoct nakor ykiamama u3 KopeHckor kanana (Torabinejad u Walton 2009).

HakoH amekBaTHO CIIPOBCACHOI' TpCTMaHa, oquyje CC 3apacCTamC ICpUAIINKAIHE ne31/1je
CMAlCHEM WM UINUC3aBAKEM PACBCTIbCHA HAa KOHTPOJIHUM paﬂnorpaq)ﬂjaMa, 0e3

KIIMHUYKHUX 3HAKOBA XPOHHUYHC UJIM aKYTHC PIH(I)CKI.[PIjC.



OHo mITo MpeAcTaBhba BEOMa MHTEPECAHTAH MMOJJATAK jeCTe TO JIa CE BEJIMKH OpPOj OBHX Jie3Hja
jaBJba KOJ TPETXOJHO CHIOJOHTCKM TpeTupanux 3yba. Kom amexBatHO oOpaheHux wu
ONTYpUCAHUX KaHaJa, YCIeX €HA0JOHTCKe Tepanuje u3Hocuo je oxa 80-90%, mro noBoau 10
pa3marpama MOTyhHOCTH e(pUKacHHjer pemema KOJ Heycrnexa EHAOIOHTCKE Teparuje
(Bystrom u cap. 1987; Tronstad u cap. 1987). Yupkoc Hau3rjiel ajJcKBaTHOM IYICHY
KaHaja KopeHa 3y0a, mpuMeheHo je na ce oapehern Opoj MmepuanvKaIHuX Jie3uja Moxke Hahu
U y OBUM ciydajeBuMa. Pasnor 3a oBo Tpeba NOTPAXUTH y TPHUCYCTBY AalMKaTHHX
pamudukanyja koje H1uje Moryhe ajiekBaTHO OOpaJuTH U Ha Taj HAYWH OOECKIMYUTH KaHAJ
KOpeHa 3y0a y TMOTIIYHOCTH, Tako Ja ojpeheHu neo HEKPOTHUHOT cajapikaja 3ajelHO ca
MHUKPOOpPraHM3MHUMa 3a0CTaje y BHMa W HakoH onrtypanuje. [IpucyctBo Oakrtepuja ca
BUXOBAM TOKCHYHHM MPOJYKTHMa BPIIM XPOHWYHY HUPHTANAY H y3 CHEnupUIHe
MMYHOJIOIIKE pealfje OpraHu3Ma JOBOAM J0 Pa3Boja XPOHWYHHUX TEPHANMKATHHUX JIe3Hja.
HNudnamaropre nepuanukaide jge3nje cy MociaeanIa mupema HHPEKIHje U3 KaHalla KopeHa

3y0a.

VY cnydajeBUMa Heycriexa KOHBEHITMOHAJIHE CHJOJIOHTCKE Tepamnuje, MOTPeOHO je y3eTH y
003up XUPYIIKO JICYCHE OBAKO TPETUPAHUX 3y0a MOCTYIKOM PECEKIINje BpXa KOpeHa 3yoa y3
VKJIaKamkhe MaTOJIONIKOT MEepUaiKaTHOT TKUBA. [[Mib MoJepHe mepuankaine Xupypruje je
YKJIamkamkhe OBUX JIe3Hja Yy IEJIOCTH, 3ayCTaBJbamhe MPpoaopa HHPEKTU(PHUX HOKCH, KaKo O ce

omoryhuiia moTiyHa pecTUTyIH]ja TepHanuKaaIHor Tkuba (Bykosuh u cap. 2017).

Anuxomomuja unu pecekyuja epxa kopena 3y0a je OpPAITHO-XUPYPLIKH 3aXBaT, KOjU
[0JIpa3yMeBa PeCceKlM]y U OJCTpambHBabe allMKAIHOI Jiela 3yOHOT KOpeHa U UCTOBPEMEHO
KUpEeTaxXy M MOTIYHO YKJ/bamake [AaTOJIOIKOr Ipoleca U3 IepHalMKaIHOr IpocTopa
(Fonseca u cap. 2008). 1lusb OBOT 3axBaTa jecTe Ja CIPEUYH yJa3aK MITETHUX MaTepuja
YHyTap KopeHa 3y0a, IITO y3pOKyje ymnajay Koja ce LIMpPHU y MEePUOJOHTAHU JIUTAMEHT U Y
okosnHe cTpykrype (Camka 1). Tako ce yknawajy y3pouyHMIM HMH(EKLIH]je, IITO JAOBOIU 10O
CTBapama YCJIOBa Ja C€ IOBpaTH WHTETPUTET IMOTIOPHMX TKHBA 3y0a M INpOJyXKaBa ce

’KUBOTHHU Bek 3y0a (Fonseca u cap. 2008).
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Cnuxka 1. Pecenupan Bpx KopeHa 3y0a HAKOH yKIJIamkhamba MepUanuKaiite je3uje

VY onpehenum ciydajeBuma (IPUCYCTBO KaHATHOT KOYHMha, HEMPOXOTHW M OOJUTEpPUCAHU
KaHaJIM, HEMOTYhHOCT peBH3Hje KaHAIHMX MYHEHa, MPETXOJHO HEYCIEIIHa PEeCceKIrja ca
OpPTOTPAJHUM MyHEHEM KaHalla, 3aJI0MJbEH €HIIOJIOHTCKA HHCTPYMEHT y alTUKUKAITHOM JeITy
KOpeHa) WHIMKOBAaHA j€ PECEeKIMja BpXa KOpeHa 3yda ca peTporpajHOM OMNTYypaIujoM.
Takolhe, y HEeKMM cHUTyalldjama, YIpKoC aJIeKBaTHOM MyHEHhY KaHajla KopeHa 3y0a, onpehen
Opoj amumKadHUX pamMuUKaIMja Ka0o U HEYCIENHO OO0eCKIMYaBame KaHajla KOpeHa 3yoa,
JIOBOJIE JI0 3a0CTajamba OakTepHuja y anmukaiHoj peruju. [lonekan cama aHaTOMHja KOPEHCKOT
KaHaJla OHeMoryhaBa aJieKBaTHY EHIOJOHTCKY Tepamujy 3y0a MW Taja jernoTpeOHo, Y3
peceKirjy BpXa KOpEHAa W YKIamambe IaTOJIONIKE JIe3Uje, YYUHUTH U PempocpaoHy
onmypayujy kanaia kopena onroapajyhum matepujanuma (buouvanun u cap.2018; Bolhari u
cap. 2015). Ha Ttaj naumH Ou Tpebano Ja ce MOCTUTHE 3aJ0BOJbaBajyhe 3aTBapame
pecelupaHor Bpxa KOpeHa 3y0a ojaroBapjyhuM MmarepujaiuMa, MITO CHpevaBa IMPOoJop

MHUKpPOOpPraHn3aMa U lbUXOBHUX IPOJAYyKaTa y CyC€lHAa TKUBA.
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Martepujanu 3a peTporpaaHy ONTypalujy MOpajy THoceaoBaTH oipeheHe ocoOuHe
Kako Ou omoryhmim 3apacrame MepHarnekCHOT TKHBa U HEroBY pereHepanujy. IIpe csera,
MODajy J1a TIOCeyjy:
e 100py aAXEPEHIIN]y U aJaNTalHjy 33 3UI0BE PETPOrPaIHOT KABUTETA
e Ja cripevaBajy Iypeme Oakrepuja usMel)y maTepujana u IeHTHHA KaHaa

KOpeHa

e J1a cy OMOKOMITATUOWITHU

® Ja Cy HEpECOPNTHBHU

® Ja Cy HEpaCTBOPJHHBH Y TEIECHUM (pynanma

e j1a Oy1y peHAreHKOHTPACTHU

e JIaK¥ 32 PYKOBAaWE U arlIuKalujy

¢ Ja Cy HCTOKCHYHH, HCKAHICPOTCHU U JTUMCH3UOHAITHO cTaOWIHN
e J1a HE W3a3WBajy MMApECTE3N]y

e J1a HE JIOBOJIE JI0 NpebojaBamka TKUBA

e J1a HE KOPOJAUPAJy U JIa HEMA]y eJIEeKTPOXEMHU]JCKY aKTHBHOCT

e J1a TOKa3y]y OaKTEPHIMIHY WIIH 0AaKTepUOCTATCKH edekaT

e 512 omoryhaBajy cTUMYIAIMjy EMEHTOTCHE3€ M PEereHEPATHBHUX MpOIeca y

arnekcHoM mapoaouijymy (Chong i Ford2005; Bhagat u cap. 2017).

bpojuu marepujanu kopunrheHu Cy 3a peTporpajiHy ONTypalujy KaHajaa KopeHa 3yoa,
0J1 amMajirama | TJiac-joHOMEp IeMeHTa, 10 caBpemMeHux martepujaiia MTA u BJl. V3eBmu y
003up HaBeJeHEe YMbeHuIle, HaMmehe ce moTpeda XUpypUIKOT MPUCTYIA CaHAIlMje OBUX JIe3Hja
MOCTYIIKOM peceKlidje BpXa KopeHa 3ybda y3 aJeKBaTHY peTpOrpagHy ONTypalujy

pecerpanor Bpxa KopeHa 3yoa (Bhagat u cap. 2017; buouanun u cap.2018).

VYcnenHocT OBOI MOCTYIKa y BEJIMKO] MEpU 3aBHCH OJ M300pa aJeKBaTHOI ONTYpPallMOHOT
MaTepHjaia, Koju OM CBOjUM ocoOMHama Tpebano Ja o00e30enu TPOJIUMEH3HMOHATHO
XEPMETHUKO 3aNTHBAkE, & CAMUM THM M YCIIOBE 3a U3JeucHe anukanHe naronoruje (Bhagat

u cap. 2017; Buouanun u cap.2018).

CarnenaBajyhu oBe YMHEHUIIE, jaCHA je MOTpeda 3a U3HANAXKEeHEeM e(PUKACHUJUX MPoLEeaypa

JICYCHA, HAPOYUTO KO/ HCYCIIEXa NI HCMOI‘ynHOCTI/I CHIOJOHTCKC TepaHI/IjC, Ina y criiagy ca
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THUM U Y TPEHAY CaBpEeMEHE pereHepaTUBHE MEAMIIMHE U HOBHX MaTepujajia 3a PeTPOrpaaHy

OTITypalujy KaHaia KopeHa 3y0a y TOKY IepHanuKaiHe XUpypruje.

Hampenak mnepuanukanHe XUpypruje IUPEKTHO je TIOBE3aH ca YBOhEHmEM HOBHX
dbopMynanyja ONTypaloOHUX MaTepujaia ca MOCEOHUM aKIEHTOM Ha W3HAJIAXKCHE HOBHX,

T3B. OMOAKTUBHUX MaTepHjaja.

2.5. BUoakTHBHM MaTepHjaJiu 32 PeTPOrpajaHy ONTYPAIHjy KaHAJA KOpPEeHAa

3y0a

VY caBpemMeHO] [EHTaJIHO] MEIUIMHU HCTpakuBamba Cy YCMEpeHa Ha CBOjCTBa
OMOAKTUBHOCTH ¥ OHMOKOMIATHOWJIHOCTH Marepvjaja 3a peTPOrpajHy ONTYpalHjy
KOPEHCKHX KaHajla. BHOKOMMaTHOMITHOCT je CIOCOOHOCT Marepujayia Ja MpU KOHTAKTY ca
TKMBOM HE Y3pOKYje HEroBo olTeheme, TOKCHUHY peaklujy, UpUTalHjy, yrhainy, aleprujy
unu  kanueporeHoct (Parirokh u  Torabinejad 2010). Hajsehm ©6poj crymmja

OMOKOMITATHOMIHOCT MPOIICHbYje MyTeM HCITUTHBama IuToToKCHuHOCTH (Schmalz 1994).

Nneanan OmoakTUBHM Matepujail Om Tpebano na IMOJACTHYE penapamnujy U pereHepanujy
TKHBa, y3 OYYyBamke BUTAIHOCTH W TKUBHE IIEJIOBUTOCTH, OCHUTypa A0OpYy ONTypaiujy
KOPEHCKOT KaHaja Kako Ou oHeMOoryhwo mpojop MHKpOOpraHHM3amMa W THUME CIIPEYHO
MOCJICAMYHNA HEyclexX eHaoAoHTcke Tepanuje. [locroju Behm Opoj KomepHujaTHUX
OMOAaKTUBHMX MaTepujaiia kao mrto cy MTA, Tpukanujym-crumkaTHy 1ieMeHT (bruoaeHTrH)
u apyrd. Melhyrum, mopes BUCOKE IieHE, OHHM TOKa3yjy oxapeheHe Hemocratke. Heke
HETaTUBHE CTPaHE CaBPEMECHHMX MaTepHjajia 3a PETPOrpajHy OINTYpalujy, MOMYT OTEKaHE
MaHUIyJaluje, AYror BpeMeHa Be3MBama, JUCKoJopanuje 3yOa, Hamehy morpelOy 3a
MPOHAIAKEHEM HOBUX, MOJTU(PHKOBAHUX IIEMEHATA, KAKO OU CE TH HEIOCTAIM MPECBA3UIILIH

(Camilleri u cap. 2005; Salem Milani u cap. 2015).

Tako ce mokasana motpeba 3a M3HaANAXKEHEM OJpeheHUX HOBHX MaTepujana, Kao ITO Ou
Ounu Martepujai Ha 0a3M KallMjyM-CWIIMKaTHUX U (y CKOpHje BpeMe) KallujyM-
ATyMHUHATHUX [leMeHaTa, KojuMa Ou ce yOamuBameM ojpeleHuXx nomataka moOoJblane

noctojehe ocoOMHe U MpeBa3uILIM HEJAOCTAllM OoCcTojehux MaTepujana.
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2.6. llemeHTH Ha 0a3H KAJIIMjyM-CHJIMKATA

IlemenTn Ha 0a3u KallUjyM-CHJIMKATa IOKa3yjy BeoMma A00pYy CIOCOOHOCT 3amTHBamba,
OMOAKTUBHOCT M MapTUHAIHY aJIalTaIfjy, IITO UX YHHU ITOTOJHUM 323 PA3IHIUTE TIPUMEHE Y
ctomarosioruju. OBa TMO3WTHBHA CBOjCTBA UCKOpHWIINEHAa Cy 3a TpOW3BOImBY Beh
perucTpoBaHuX KoMeplujaaHux marepujana, nomytr MTA, Iloptiann uementa, buonentuna
u T1. MelytuMm, oHM TIOKa3yjy HEKe HEeJ0CTAaTKe, IMOIMyT JyroT BpeMeHa Be3UBamba U OTEKAHE
MaHUuITyJamnje ca uctuM. Jla Om ce mpeBasuILia OBa OTPaHUYCHA, KaJIIH]yM-CHIIHKATHHM
[IEMEHTHMA JOJIaBaHE Cy pa3Iu4yuTe CYICTaHIle Kako Ou ce moboJspmiane crernuduyHe
KapaKTepUCTUKE OCHOBHOT Matepwjana (Saghiri u cap. 2017.). TloTpaxma 3a HOBUM
dbopmynanujamMma Ha 0a3M KaaIMjyM-CHJIMKAaTHUX IIeMEHaTa Koja he ce KOpPUCTUTH Yy
CTOMATOJIOIIKO] TMPUMEHH CBe je Beha y moriemy mTpeTXOJHOT Ca3Hama O TOBOJAHUM
edpektnma oBuX (opmynanuja Ha henmjcky mnponudepalujy W 3apacTamkbe paHa HAKOH

XHPYIIKOT TPETMaHa, IITO J0BOIH 10 oOoJblamka ycnexa jiedemwa (Qutieshat u cap. 2019).

JIukanujymM-CHIIMKaTHA ~ [IEMEHT TIOKa3zyje BeoMa J00py CmocoOHOCT GdopMupama
XAJPOKCHANIATATA W HUCKY pasrpaikpy Yy KHCEIIOM OKpYXEHhY KaJa ce KOPUCTH Kao
MaTepujan 3a perporpamny ontypanujy (Chiang TY, Ding SJ. 2013). Illto ce THue
[MUTOTOKCUYHOCTH, JTUKAIINjyM-CHIMKaTHU [IEMEHT II0Ka3ao je O0oJbe pesynrare of
tpamuioHaiHor MTA.  JIMKanujyM-CHIIMKaTHA IIEMEHT HMa aJeKBaTHa OWOJIOIIKA
CBOjCTBA M MOXKE C€ KOPUCTHTH Kao MaTepHjall 32 PETPOrPaIHO MYHCHE U TMOoKazyje 100py

OMOAKTHBHOCT M OMOKOMITATHOMIIHOCT y IN Vitro crymujama (Liangjiao u cap. 2015).

MoaudukanujoM OPOIEHTYATHOT OJHOCA TOjJeAHMX KOMIIOHEHTH KallijyM-CHIUKATHUX
[eMeHaTa Y JOJAaTKOM HEKUX HOBHX, IIOKylIaBa ce J0OUTH MaTepujal ca OoJbUM
MEXaHUYKUM M OHOJIOIIKMM CBOjCTBMMA, Kako OM ce mpe CBera MpeBasullId HeI0CTalld
JOCaJAllbUX KOMEPIHUjaATHUX KallllMjyM-CHIMKAaTHUX IIeMEHara, TOMyT AYror BpeMeHa
BEe3MBamka M OTS)KaHE MaHUMYNallhje TOKOM IOCTaB/bamkba Yy YCKE KaHale KopeHa 3y0a

(Antonijevic i sar.2015).

VY Te cBpxe Ionajy ce pasIMyYMTH NMPOLEHTH IUPKOHUjyMa, aTyMHHHjyMa, CTPOHIMjyMa,
ousmyra u xuapokcuanaruta (Martelo i sar. 2016). Mehy oBuM fnomanmma MoKymaBajio ce u

ca ¢popmynanujama Koje caapxe Anoe 6epy, U CBE BUIIIE CYy UCTIUTHBAHH 300T CBOjHX
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TEPaNHjCKUX CBOjCTaBa HOIYT aHTHUHMH(}IAMAaTOPHUX, aHTUOAKTEPH]CKHUX,
AHTUOKCUIATUBHHUX, AHTHUBHPYCHHX, AHTUTJBUBUYHMX W XHUIOTJIMKEMHJCKUX  OcoOMHA

(Borges u cap. 2017).

Y OpojHUM HAayYHHM paJOBHMa ITOKA3aHO je Ja PasIuYWTH JOJAIM MOTy MO0O0JBIIATH
($U3NIKO-XeMHjcKa, Ka0 U OWOJIONIKA, HIIP. OCTEONPOTEHUTOPCKA CBOjCTaBa CTUMYJIAIH]jOM
ocreobyacTa, IEMEHTOONacTa W PEreHepanujy IEePUOJOHIMjyMa, YUME C€ CTHMYJIHIIY
pEereHepaTHBHU MPOIECH Y aNUKaTHOM MapoJIOHIIMjyMY HAKOH PECEKIHje W PETPOTpajHe

onTtyparije kopeHa (Peng u cap.2010; Kim u cap.2004, Saint-Jean SJ u cap.2005).

2.6.1. Munepaa Tpuokcua arperat (MTA)

Jyxu HU3 roavHa, Hajsehy naxmy y 006JacTi OMO-aKTUBHUX LIEMEHaTa MPHUBJIaYd MUHEpa
tpuokcua arperat (MTA) koju ce maHac KOpUCTH Yy OpojHMM uHAuMKanujama. MTA se

Mpenopyvyje 3a pa3inuuTe HaMeHEe y CTOMATOJIOIIKO] TPaKCH.

MTA je MemaBMHa TPUKAIIHMjYM-CUJIMKATA, JUKAIIUA]JyM-CHIIMKATa, TPUKAIIHjyM-
aTyMUHATa, KalnujyM-cyndara ¢  OU3MYT-OKCHIA paad  MOOOJbIIamka  PEHATeH
koHTpacTtHOCTH (Tay u cap.2007). OBaj matepujal je Ha TPKHUIITY JOCTyIaH y aBe (Gopme,
6emu (WMTA) u cusu (GMTA). O6e popmynanuje ce cactoje ox 75% I[loptnana nemenra,
20% oOusmyt-okcuaa u rumncaHor npaxa. GMTA caapxu TeTpakanujyMm-aTyMHUHO(EPUT,
koju Huje npucyradn y WMTA (Fernandez u cap. 2018). [lybnukarnuje cy mokasajie U3y3eTHO
MOXKEJbHE KapaKTePUCTHKE Y IMOTJIeJy XEMHUJCKMX U (U3UYKUX CBOjCTaBa, CIHOCOOHOCTH
3alTHBamka, AaHTHUOAKTEPU]jCKE aKTUBHOCTH, MUKpO-Ilypewma u OuokommatudbunHoctu MTA
(Scarparo u cap. 2010; Parirokh u Torabinejad 2010). Pa3Bujen je u mpemnopydyje ce 3a
MIpEeKpUBame MyJre, MyJInoTOMHU]y, CTBapame anukaiHe 0apujepe Ko 3yda ca HEKPOTUYHOM
MyJAnoM, 3aTBapame nepdopaija KopeHa, peTporpaJHy ONnTypanujy KaHajia KopeHa 3y0a u

nybemha KaHana kopeHa 3yoa (Parirokh u Torabinejad 2010).

Jlocajamima UCTpaXKuBamba MOTBPAMIA Cy HEroBy OMOKOMIATHOMIIHOCT, J0Opa (u3nuka u
XEMHJCKa CBOJCTBA y KOHTAKTY Ca UBPCTUM U MEKMM TKHBHMA, U3PA’KE€H OCTEOKOHIYKTHBHH
noTeHnujan u a06ap antumukpoban edexar (pH 11- 13) (Torabinejad u Parirokh 2010,
Moretton u cap. 2000). Kpucranu xuapokcuanaruta Gpopmupajy ce npexko MTA kana nohe y
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KOHTAKT Ca CHHTETHYKOM TKHBHOM TeUHOCTH. TO MOXe jga Jenyje Kao MaTpuKC 3a
bopmupame Kamuu(UKOBAHUX CTPYKTypa. Y KOHTAKTy Ca TEYHOCTHMA KOje calpiKe
docdare, monazu 10 GopMuUpama KpucTaia Xuapokcuanarura Ha noppmmHa MTA mTo 6u
01O OCHOB 3a peMHUHepalIn3alujy u3Mel)y eMeHTa U OKOJIHUX KalIu()UKOBAaHUX CTPYKTYpa
(do Carmo u cap. 2018). 300r cBojux ocoOMHAa OH je maHac mpuxBaheH Kao ,,3JaTHU
CTaHIapa™“ y CHJIOJOHTCKO] MpaKCH W perporpanauj xupypruju (Parirokh u Torabinejad
2010). Baxxna ocoOmHa OBOT MaTepHjalia je IITO CE HErOBO BE3MBAHE MOXKE OJBHJATH U Y
BII&XXHO] cpenuHu. MehyTum u oBaj maTepujai ToOKazyje H3BECHE HemocTtaTke. Bpeme
BE3MBama OBOI' IIEMEHTA je AY)KE je OJ TpPH caTa IITO Ce cMarpa 3HauajHuM KIMHUYKHM
HeZocTaTKoM oBor Mmatepujana. IIpomsBohau mpenopyuyje memame MTA ca crepunHom
JIECTUJIOBAHOM BOJIOM, IITO CTBapa 3PHACTY, MEIIABUHY IECKOBUTE CTPYKType KOjoj je
noTpe6bHo 2 cata W 45 MMHyTa Kako OM ce MHMIMJATHO Be3ajla M OOWYHO j€ TEIIKO
aruIMKOBAaTH Ha TPa)KEHO MECTO M M3BPIIMTH aJ€KBaTHY KOMIIAKIHM]y, IITO je oTekaBajyha

OKOJIHOCT, HAPOYHTO y TIepHanuKanHoj xupypruju (Kogan u cap. 2006).

OrexaHa KIMHAYKA MaHUIyJalMja IpH paay ca OBUM MaTepHjaJioM Kao W MOTEHIHjaTHO
M3a3uBamke JUCKOJIOpallje TBPAUX 3yOHUX TKHMBa Takole Cy 3HayajHU MpOOJIEMH y MPaKCH
(Camilleri u cap. 2005, Salem Milani u cap. 2015). Tlpumehene cy npomena 6oje 3yba u
THHTMBE HaKOH KIIMHUYKE NPUMEHE Kao IITO Cy: TUPEKTHO 3aTBapame IyIIe, MOTITyHa WIN
JIeTMMHUYHA MYJANOTOMHjA, 3alTUBAkE KOPOHApHHX Mepdopaiurja, MpeJoMH KOPEHOBa H
TpeTMaHH pecopiiuje Kopena 3yoa (Salem-Milaniu cap. 2017). Yupkoc Tome mto je WMTA
pa3BHjeH Kako OM ce MPEeBa3HIILIMA MPOOJIEMH TUCKOJIOpallje Be3aHe 3a MPUMEHY Y3POKOBaHE
ynotpebom GMTA, HekoaMKO cTyadja in VIVO u in Vitro mokasaine cy nmpomene 6oje 3yba
HakoH ynotpebe WMTA (Lenherr u cap. 2012).

Crora cy ucTpaxkuBama ca IMJbeM Ja ce mpoHahe marepujan koju he mmatu cnuune
¢buznuke-xeMujcke ocoonne u oarosapajyhy ounokommnatudbunsoct kao MTA, anu ca kpahum

BPEMEHOM Be3MBamba, joIil yBek akryenHa (Takenaka u cap. 2008).
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2.6.2. IlopTiaana neMeHT

Jlamac je TOpTIaHI [EMEHT Haj3acTyIUbeHHUjHu IIeMeHT y rpaheBuHapctBy. JloOujeHa
(YHKIMOHATHOCT, 3ajeJHO Ca EKOHOMUYHOIINY U BEIMKUM OOraTCTBOM CHPOBHHA, ITOIMTIIC
cy obuuan Iloprnann nemenra (OIIL) onx rpaheBuHCKOr MaTepujana y craTyc Hajuernrhe

KOpUIINEHOT CHHTETHYKOT MaTepHjasia Ha 3emibu (Biernacki u cap. 2017).

[TopTnann 1eMeHT ce YriaBHOM CacTOJd OJf YETHUPH TJIABHE KOMIIOHEHTE: TPUKAIIIH]YM-
cunukata [(Ca0) 3 ¢ Si0y; C3S], mukanmuujym-cunukata [(CaO) ; ¢ SiOy; C,S], Tpukaniujym-
amymunara [(Ca0) 3  AlOs; C3A] 1 rerpakanmujym-arymunodepara [(CaO) 4 ¢ AlL,O3
Fe,03; C4AF] (Dammaschke u cap. 2005).

[To3uTuBHE 0COOMHE OBOT IIeMEHTa UCKOpHILINEHE Cy 3a HErOBY MPUMEHY Y CTOMATOJIOTUjU U
opannoj xupypruju (Steffen and van Waes 2009). Ioka3syje ciuuHe 0coOHMHE M cacTaB Kao
MTA, anu 6e3 Ousmyra y cBoM cacTaBy. Takohe, riena [TopTiana nemMeHTa 3HaTHO je HIDKA y
onHocy Ha MTA. HU3y3eB mpucycrBa OWM3MYyT-OKCHIA Kao pPaJHMOKOHTPACHOT  areHca,
MOKa3aHe Cy CIMYHOCTH M3Mel)y 0BUX MaTepujana Koje YKJbydy]y aHTUMHKPOOHY aKTHBHOCT
n OmokoMmaTuOWIHOCT. Pe3ynratm HHCYy TOKa3add pa3iuKke Yy aHTUOAKTEpHjCKUM
aKTUBHOCTHMA OBa JBa Matepujaia. Hujeman on oBa nBa maTepujaja HUjEe UTOTOKCHYAH
WJIM TEHOTOKCHYaH M 00a TOKa3yjy CIIMYHE peakiuje Ha hemujckum Kyntypama (Shahi u cap.
2016). UcrpaxuBame Ha XKMBOTHILCKMM henujama rmokaszano je na u I[loptimanm nemMeHT u
MTA noka3yjy cnuyal edekar Ha yJnHe hemuje kajga ce KOpUCTe 3a JUPEKTHO MPEKpUBambhe
nyamne ¥ Takohe mokasaiu Ja 06oje Mory Aa CTUMynuily ¢GopMupame JIEHTHHCKUX MOCTOBA

HaKoH mysnoTomuje (Maroto u cap. 2019).

Knunnuka ynorpeba [loptmann memenra Owna Om anrepHatmBa MTA-y y mocrynuuma
perporpajaHe OnTypalMje KaHajla KopeHa 3yba. PereHepanuja mepupaaukyiaapHOT TKHBA je
npuMeheHa y cBUM cilydajeBuMa, 0e3 3HauajHUX pasiuvka y GopMupamy KOCTH y mopehemy
ca ynorpebom MTA wu Iloprnann neMeHTa Kao ONTYpallMOHOI MaTepHjaja HaKOH
anukotomuje (daSilva u cap. 2015). Y cryauju kojy je cnposena Camilleri (2011) Bpureno je
nopeheme IlopTinana memMeHTa M TPUKAIIMjyM-CHIMKATHOT [EMEHTA y IMOTJEAY HHXOBOT
xeMujckor cacraBa U pH Bpeanoctu HakoH 28 naHa. IbuxoBu pesynraTv mokasaju cy Ja ce

[TopTnang nemeHT cactoju u3 68% TpUKAILNjyM-CHUIINKATA, JIOK j€ TPUKAIIUjyM-CUINKAaTHU
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reMeHT omo 99% umcr. Takohe, TokoM xuaparamuje obda IeMeHTa Cy JOBella 0 CTBapama
XHJIpaTucaHor KamujyM-cuiaukatHor rena (CSH) m kammujym-xuapokcuga. Ocnobahame
Kamujyma Omino je 3Hauajuo Behe y Xewkogom claHOM pacTBOpY HEro y BOAM, 3a 00a
MaTepHjaiia, alu je TPUKAIINjyM-CHIMKATHU IIEMEHT T0Ka3ao 3HauyajHo Behe ocnobabhame
Kamujyma y omHocy Ha lloprmann mement. CxomHo Behem ociobahamy kammujyma w3

TPUKAIIIH]yM-CHIIMKATHOT IIEMEHTa U leroBa pH BpeaHocT je Ouna 3Hadajao Beha.

Ha ocHOBY oBuX pe3ynaTara, U3BEICHM CY 3aKJbYUIM Ja TPUKAILIH]JyM-CUIMKATHU LEMEHT
300r cBOje ,,urctohe® mpeacTaB/ba aaeKBaTHY 3aMeHy kommnoHeHTe [lopTianj memenTa y
MTA (Camilleri 2011). Mehytum, Heka HCTpakuBama yKa3yjy Ha BEJIHMKE HEIOCTAaTKe
[TopTmanna memenTa, Kao MTO Cy MPUCYCTBO M OTHYIITame apceHa u oyioBa (Duarte MA u

cap. 2005).

2.7. llemeHTH Ha 0a3M KAJIHjyM-aJyMUHATA

Llemenmu Ha Oa3u Kanwyujym-arymunama TIOKa3yjy Beoma J00pe o0coOMHE Kako Yy
pecTaypaTMBHUM 3axBaTHMMa, TaKO M amuKamHO] xupypruju. OHH T0Kazyjy mo00py
OMOKOMIATUOMIIHOCT, MEXaHW4YKa M (U3UYKO-XEMHjCKa CBOjcTBA. Kanmmwjym-amymMuHaTHU
[IEMEHT UMa BEJIMKH MOTEHIMja]l Kao OromaTepHjai KoJ pernaparopHux mpoiieca omrehema
KOCTH]Y, jep CYy 10 CBOM XEMH]CKOM CacTaBy U KOC(PHUIIMJEHTY TEPMHUYKE CKCIAH3H]e CIMIHH
3youma u Jbyackum koctuma (Oliveira u cap. 2018).

[lemeHT KanmujyM-aJyMuHaT ce cactoju oja (asa kammjym-anymuHara (CaO.AlO;) u
kanujymoBor-guanymunara (Ca0.,AlLO;), Koju cy OArOBOPHH 3a IOCTYyMaK Mpoleca
BE3HMBamba y IPHCYCTBY BOJE. PacTBapare y HOAMpPY ca BOJOM MoacTHye ocitobahame Ca’
Al (OH) 4) u OH  joHna, Koju HacTajy TaJoOKemeM KaluujyMm-anymuHaT-xuapara (C-A-H) u
anymuHujyM-xunapokcuna (AH) 36or 3acuhema pactBopa.

Ilementn Ha 0a3u KanujyM-aTyMHUHaTa cMaTpajy ce€ XHUIpayJIMdyHUM IIEMEHTHMA, jep
BUX0BA Peakiiyja 1moJjia3u oJ] cMmele mpaxa ca Bojgom (Garcia 2014).

YomnmteHo riieaBIiy, XeMHjcKa peakiiija OATOBOPHA 3a Be3UBamE IIEMEeHTa Ha 06a3u

KaJ'II_II/IjYM'aJ'IYMI/IHaTa MOKEC CC IIPCTCTABUTH: )

CaCO +Al O =Ca(Al0) +CO
3 2 3 2 2
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[Ipema HeKUM ayTopUMa KalIlHjyM-aTyMHUHATHH IIEMEHT je KIaCH(PUKOBAH Ka0 IEMEHT KOjU
Ka0 TEYHOCT KOPHUCTHU JIECTUIIOBAHY BOJY M KOj€ TPYKa pa3IMuUTe MPETHOCTH, MOMYyT Op30T
CTBp/HbaBakba Ha COOHOj TeMIEepaTypy M TOTOJHUX PEOJIOIIKUX CBOjCTaBa, y mopehemy ca
TpaauIMoHaTHIM Marepujaauma (Garcia 2014).

[To3Haro je ma mpuxamyujym-arymunam uMma Hajpehy Op3uHy xwmapatanuje Mel)y TriIaBHUM
komrnioHneHtama IlopTmann nementa. Ha Taj HaumH ce yOp3aBa mpolec Xuaparaiuje u
noboJplIaBa KpaTKOTpajHa KOMIIpECHBHAa uBpcToha TPHUKAILN]yM-CHIMKAaTHOT LEMEHTa Yy
nopehemy ca OHOM KOJI YHCTOT TPUKAJIIUjYMOBOT cuiiKaTta. Mel)yTum, mpoMeHe y ’eroBomM
cacTtaBy u ¢opmyraluje Koje YKJbydyjy U lberoBe MUHEpAIHE arperaTe U pa3Boj HOBUX KJiaca
MarepHjaia y TOKYIajy Ja ce nmpeBa3ul)y HeraTUBHE KapaKTEPUCTUKE MOCTOjehrX KalIujyM-
QTYMUHATHUX U CUJIMKATHUX IleMeHaTta (Koje YKJbyuyjy Melrdyany KOH3UCTEHITy KOja OTexaBa
MaHUITYJIAIH]y, BEJIMKO PacTBapame IITO JOBOIM JI0 TyOMTKAa MaTepujaia Kaga ce KOPUCTH
Kao MaTepujall 3a peTporpagHo MymhEembe, JIONY AUCIIEP3U]y, BETUKY MOPO3HOCT, AYTO BpeMe
Be3MBama U JUCKoJopanujy) Beoma cy akryenue (Oliveira u cap. 2010).

VY HEeKuM pajoBHMMa, MOKA3aHO j€ Ja C€ Pa3InuuTe KOJMYUHE aJuTHUBa (HMP., MUPKOHU]YM-
JIMOKCHI, I[IMHKOB-OKCHJ, XHAPOKCHANaTHT, TpUKainujyM-pocdar) ™Mory momaBaTu
KaJIIHMjyM-aTlyMHHATHOM IIEMEHTY M Ha Taj HAYMH 3HA4YajHO My MemaTh ocobune (Parreira i

cap.2016).

MoauukanujoM MpONEHTYATHOT OJJHOCA TIOjeJTHUX KOMIIOHEHTU KAAYUjyM-ANLYMUHATIHUX U
KAAYUjyM-CUTKAMHUX YyeMeHama W JOAaTKOM HEKUX HOBHX, MOKYyIIaBa ce JOOMTH MaTepHjall
ca 0OJPMM MEXaHWYKHMM W OMOJIONIKMM CBOJCTBHMA, Kako OW ce, Tpe cBera, MpeBasHILIN
HeJIOCTallM A0CATAlIbUX TPAAUIHOHATHUX MaTeprjasa.

VY Te cBpxe 07ajy C€ Pa3IMUUTU NPOLEHTH LUPKOHUjyMa, aJyMUHHjyMa, CTPOHIMjyMa,
ousmyra u xuapokcuanarura (Martelo i cap. 2016). YV OpojHAM HaydyHHM paJOBHMa
MI0Ka3aHo je Ja OBM JOoJalM NOoO0O0JbIIaBajy OCTEONPOTreHUTOPCKAa CBOJCTABA CTUMYJIAIMjOM
ocreo0yacTa, IeMEHTOOJacTa M pereHepanujy MNEepUOAOHIMjyMa, YUME C€ CTUMYIUITY
pereHepaTHBHHU MPOLIECH y alMKaJTHOM MapOJOHIHUjyMy HAKOH peceKlMje M peTporpaaHe

onrypanuje kopeHa (Peng u cap.2010; Kim u cap.2004; Saint-Jean SJ u cap.2005). Ha
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npuMep, J0/JaBalbEe LUWHK-OKCHJA W XHUAPOKCHANATHTA y KaJlHjyM-aJlyMUHAaTHU IIEMEHT
CTBOPHJIO je Y30pKE Ca HHCKMM HHBOOM MOPO3HOCTH M MamUX BEJIMYMHA MOpa HAKOH
IbUXOBOT KOHTaKTa ca CHUMYJHpaHuUM TeinecHoM TteuyHomthy. Illto ce Tuue pesynrara
PaIMOKOHTPACTHOCTH, MPOLCHCHN CACTABH CY MOKa3aIn 00Jbe pe3ynraTe 0J] KOMEPIHjATHUX

npou3sBoja, ocuM MTA (Peng u cap.2010; Kim u cap.2004; Saint-Jean SJ u cap.2005).

271  LWpKOHUjyM-THOKCHA Kao0 AOAATAK KAJUHjyM-CHJIMKATHUX W KAJUHjyM-

AJYMHHATHHUX EMEHaATa

Jonanu nonyt yupkonujym-ouokcuoa (Zr0O,), 1eTajbHO Cy MPOYyYaBaHU M TECTHPAHH, YUME
Cy AOOHMjeHU OJUTMYHM PE3yJATaTh ¢ 003UpOM Ha HHUXOBa OMOJIONIKA, XEMHUJCKA M (DU3UIKO-
MexaHnuka cBojctBa (Huck u cap. 2017). Jlomarak HTHUPKOHHUjYM-IHOKCHIA IOKa3ao je
Mo0OJBIIAEe  PAJAMOKOHTPACTHOCTH, KOMIIPECHOHE uBpcTohe, BpeMeHa Be3WBama,
XHUJIpaTalyje 4YecTHIla, pacTBOPJbUBOCTH M ancop6Ouuje. HdonmaBawe 15% umpkoHujyMm-
IMOKCUAa MaTepHjally IMoKa3aio ce JIOBOJHHO Jia ce moBeha panoKOHTPacHOCT Ha BPETHOCTH
Behe on TOXEpPHMX, EKBUBAJCHTHUX IUIOYMIIAMA alyMHHHjyMa JeO/bMHE 3mm
omoryhaBajyhu meroBo paauorpad)cko OTKpHUBame 0€3 MpoMeHe HeroBux (pu3nyko-

XeMHUJjCKUX U Onosomkux cBojcraBa (Ochoa-Rodriguez u cap. 2019).

Jlomatak IUPKOHHM]YM-TUOKCHIA J1a0 je 3aJ0BoJbaBajyhe pesynrare m cmarpa ce a00poMm
AITEPHATHBOM OHM3MYT-OKCHAY Kao paJHoOKOHTpacTHU areHc. llltaBumie, HUpPKOHH]yM-
JTMOKCUJ Kao JO0JaTaKk y KaJIUjyM-CHIMKAaTHOM IIEMEHTY II0Ka3ao je O0JbH OHMOJIOIIKH
OJrOBOp OKOJIHOT TKuBa (Silva u cap. 2014). Ilokazano ce ga ZrO, He yTHuYe Ha CBOjCTBA
neMeHnra, kao mro cy Ph u Bpeme BesuBama. CryaMja je mokasana jJa MPOLCHTYalHa
3aCTYIJBCHOCT OBE CYICTAHIIC Yy MCIIaBHHHM YyTHYe Ha OBE OCOOMHE M Ja je HeHa
3actyiubeHOCT y 30% pmanma Hajontumanuuje pesynrare (Camilleri u cap. 2011).
VYcraHoBsbeHa je Beha kommpecnoHa uBpcToha KOJA KallMjyM-CHJIMKAaTHMX IleMEHaTa ca
nonatkoMm ZrO2 (CS + ZrO;) y nopehemy ca onnma xoju cy ymecto ZrO, caapxxain OU3MyT-
okcun (CS+Bi03), anmu je KaluujyM-CHIMKATHH IIEMEHT MOKa3zao Hajpehe BpemHOCTH
KOMIIpecuoHe 4BpcTohe y mopehemy ca mperxoaHa aBa marepujana. bpoj nndiaamaropHux

henuja u IL-6 henuja y matepujanuma ca ZrO, 3HauajHO je cMameH y nopehemy ca
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KaJI1jyM-CHJIMKaTHMa KOJU Cy cajpanu Ou3mMyT-okcua. Pesynratu cy mokazamu aa ZrO;
mokasyje 3a70BoJbaBajyhe (U3HUKO-XeMHjCKE KapaKTepuCTHKe Kama ce nonajy y CS.
IrtaBume, nogarak ZrO, CS-y je moka3zao 00JbH OMOJIOMIKK OJTOBOP OJ J0JaBama OM3MYT-
okcuna (Silva u cap. 2017). CnencTBeHO TOME, Y IIEMEHT j€ YMECTO OU3MYT-OKCHJIA JI0/1aBaH
[IUPKOHHUjYM-TMOKCH]T J]a OM ce moOOJBIIANI0 MEXaHWYKO IOHAIIamke, OTpaHuymia Moryha

TOKCHYHOCT ¥ noBehana OnoakTuBHOCT 1ieMenTa (Kamali u cap. 2016).

272  CTpoHHHMjyM Kao [10JaTaK KAJIUUjyM-CHIIMKATHUX H KaJIHjyM-aJIyMHHATHX

neMeHarTa

Cmponyujym je moka3ao no0ap ydrMHaK Kao paJMOKOHTPACTHO CPEJCTBO Y CACTaBy IEMEHATa.
[Ipumehyje ce ga cy aromcku O6poj, aToMCKa Maca U T'yCTHHA €JIeKTpOHa CTpOHLMjyMa Behu
0J1 KaJIMjyMa, TaKo Ja CTPOHIHUjyM arcopOyje Buile X-3paka HEro KajalujyMm, HHAYKY]jyhu

00J6M KOHTpAcT u3Mel)y MaTepujaa y urjeM je cactaBy u okosHor TkuBa (Wu i sar. 2019).

VKbyunBame Maje KOJWYMHE CTPOHIMjyMa, Hajuenihe y BHUAY CTpPOHIUjyM-(iryopuaa,
CTPOHIIMjyM-KapOoHaTa ®  CTPOHIIMJyM-OKCHIa, Mory TmioBehatm OWoakTMBHA WU
OMOMH/IYKTHBHA CBOjCTBa OBUX IIEMEHAaTa Kao OITYPallMOHMX MarepHjaia, IMTO je Ol
M3Yy3€THE BAXHOCTH MMOCEOHO Yy MEPUANTUKAIIHO] XUPYPTHjH (pEeTpoTpaHe ONTypalrje KaHaia
KopeHa 3y0Oa). [lo3HaTto je ma CTPOHIMjyM CMamyje PECOPIIH]Y KOCTH M CTHMYJIHUIIE
cTBapame HOBEe KOCTU. CTPOHIIMjYM JIeNIM UCTH (PU3UOJIONIKH MYT Ka0 KAIIHUjyM Y JbYACKOM
TEIy U MOXE C€ TAIOXKUTU y MUHEPAITHO] CTPYKTYpH KOCTH. OTKPUBEHO j€ Ja CTPOHIIH]YM
nenyje OJaroTBOPHO Ha OCTEOONACTUYHY AKTMBHOCT M 1M00OOJbIIaBA BUTATHOCT U
mudepennujanujy henuja. KOHKpPETHO, CTPOHIIMjyM CTUMYJHUIIE AaKTUBHOCT aJIKalTHE
dbocdarase, ekcrpecujy KoyareHa TUma 1, OCTEOKAIIUH U OcTeonpoTerepun (Saghiri u cap.
2017). Tlokazamo ce [a CTPOHIMjyM TOACTHYE OHOAKTUBHOCT, DPaJMOKOHTPACTHOCT
MaTepHjaiia, ald M Ja IoKa3dyje HM3BECHY aHTUMUKPOOHY aKTHMBHOCT. MHKpPOCTPYKTYypHE
Moau¢ukanyje koje cy yodeHe Ha SEM Mukporpadpuma NOpeloMIbEHHX NOBpIIMHA Y
CarjacHOCTU Cy ca noBehameM YKyIHE MOPO3HOCTU U Ca MAJUM CMambeHheM KOMIIPECHOHE
yBpcTohe, KOMOMHOBAHUX ca CTapeHEM MaTepujaiia, ca rnoBehameM cajapikaja CTPOHLIMjyMa

(Panzavolta u cap. 2008).
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273  BHU3MYT-OKCHJ KAa0 [J0JaTaK KaJUUjyM-CWIMKATHHX M KaJIUjyM-aJyMHUHATHX

nHeMeHarTa

Busmym-ouoxcuo (Bi,0Os) xopuctu ce Kao gojmaTak Koju moBehaBa pagrOKOHTPACTHOCT
Martepujaia, Toka3dyjyhm Behe BpeOHOCTH  PAAMOKOHTPACTHOCTH  OJf  TOXKEJbHUX
CKBHUBAJICHTHUX AeO/bMHNA 3MM Ha anymuHujymckoj ckamu (1SO-6876:2002, “Dental root
canal sealing materials” ) ( Corral u cap. 2018). Melyytum, mokasaio ce ja HUje UHEPTAH U
peMeTH XuapaTallMOHE MEXaHHM3Me, Memajyhn (U3NYKOo-XeMHjCKa CBOJCTBA lieMEHaTa Ha
0asu kannujym-cunukara (Pires-de-Souza u cap. 2013). Tlpumehena je jaka auHEeapHa
Kopenamja usMel)yy penatuBHE TOPO3HOCTH Kao M 4YBpCTOhe, Memajyhun KOMIIPECHOHY
ygpcTohy ox 82,1 mo 28,7 Mpa kako ce KoHIeHTpanuja 6usmyra nosehama 0 na 40%
caapxkaja omsmyT-okcuaa (Saghiri u cap. 2017). Takohe, nomaBame OM3MyTa IIEMEHTHMA Ha
0a3y KalujyM-CHIIMKaTa W KalUjyM- aJyMHHATa 3HATHO CMambyje BUXOBY KOMIIPECHOHY
yBpcTohy U 10BOM /10 pebojaBamka TKUBA. YKa3aHO je J1a OU3MyT-OKCHJT HE WHIYKYjEe pacT
henuja u muxoBy nponudepanujy (Pires-de-Souza u cap. 2013; Salem-Milaniu cap. 2017,
Oliveira u cap. 2010).

Mehytum nogatak OM3MyT-OKCHIa HE HapylllaBa OMOKOMIIATHOMITHOCT, jJep C€ MPETIOCTaBIbha
Jla BHCOKa KOHIIEHTpAaIlMja joHa KalmujymMa ociobOoheHux wu3 Marepujana HamgokHabyje
Henoctatak hemujcke nposmdepanuje (Oliveira u cap. 2010). Ca apyre crpane XucTosoruja
TKUBA MMOKa3aja je XxpoHu4YHU uHdIamaropan henujcku uHbuaTpar nosezan ca MTA. Jlpyra
CTy/Mja TOBOPH Jia OU3MYT-OKCHI, HaKO MpYXa JoOpy PaMOKOHTPACTHOCT IIEMEHTA, OMETa
My MeXaHM3aM XujpaTauuje, yrpoxanajyhu ocinobahame jona xanuujyma y TkuBo (Garcia u
cap. 2014). 30or tora, opMupame TBPAOT pPEMapaTUBHOT TKHBA HAa H3JI0KEHO] MYyINH U
CTBapame KOMIUICTHE MUHEpaln30BaHe Oapujepe Moxe OuTH mociemuna yruiaja BiOs y
cactaBy MTA (Huck u cap. 2017). MTA cryna y uHTepakuujy ca TKMBMMa AoMahuHa u
y3pOKYj€ XPOHUYHY VIalHy peaklujy UMIUIAHTHPAH MOTKOXKHO KOJ EKCIepUMEHTATHHUX
KHUBOTHH-a. OBO ce moBe3yje ca ocnobahamem OusMyTa y ;eroBoM cactay ( Wismayer u cap.

2016).
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274 XuApOKCHANATHT Kao0 JA0AATAK KAJUUjyM-CHIIMKATHUX M KAJIHjyM-aTyMHHATHX

neMeHarTa

Tpenyrna motpeba 3a OmokommnatuOmiaHOmINy, OHMOAaKTHBHOWMINY M AOOPUM MEXaHUYKHM
KapaKTepucTUKaMa, 0e3 0/10alrBamka UMYHOJIOIIKOT CHCTEMa NPEeCTaB/ba BEIUKH M3a30B 3a
Hay4YHUKE. Xuopokcuanamum c€ NIMPOKO KOPUCTH y OMOMETUIIMHCKOj M CTOMATOJIOIIKO]
MPaKCH, jep MOKa3yje BENHKY CIMYHOCT Ca TJaBHUM MHUHEPAIHUM KOMIIOHEHTaMa TKHBa
JbYJICKOT TeJa, MOIMYT KOCTH]Y ¥ 3yOHUX CTPYKTYpa, U lbUXOBE CIMYHOCTU Y OMOAKTUBHOCTH,
OMOKOMMIATUOMIHOCTU U €J1a00] pacTBOPJBMBOCTH Y BIAXHUM MenujuMma (Barandehfard u
cap. 2016). Xuapokcuanatut (XA) je TJIaBHH cacTojak KOCTH]Y U 3y0a KHUMermaka,  jefaH
je ox obehaBajyhux cacrojaka 3a CHHTE3y MaTepHjaia 3a oBe cBpxe. Xuapokcuamatut (XA)
j& KepamHKa ca XeMHJCKUM CacTaBOM CIMYHHUM MHHEPATHO] KOMIOHEHTH TPUPOJIHE KOCTH
KOja je IPUBYKJIA MaXXiky 300T CBOje OMOKOMIATHOUITHOCTH U OCTEOKOHIYKTHBHOCTH (Szczes

u cap.2017).

In Vvivo ucTpaxuBame yTHIaja mpucycTtBa XA Mmokasaio je jJa KocT uMma Behu aduHHUTET
rpeMa MaTepujajuMa KOJU Caap’ke BUCOK MPOIEHaT XA y OJHOCY Ha OHE KOjHU Ta caapiKe
camo y TparoBuma (Woodard u cap. 2007). Kanujym-CHIIMKaTHU IEMEHTH ca JOJIaTKOM XA
MoKa3ajd Cy 3HA4YajHO Mamy TOKCHUYHOCT OJ KOHTPOJHOT Mmatepujama - MTA.
[uToTOKCHMYHOCT ce MOKe OapeM [eIMMHYHO TMPUMUCATH KUHETHIH BpeaHoctu Ph vy
GbyHKIIMjH BpeMeHa. XHUCTOMATOJIONIKY MPErJIe]T M0Ka3ao j& CIIMYHY HH(IIaMaTOpHY PeaKIujy
okostHOT TKUBa (Petrovi¢c u cap. 2015). Y mocnenme BpeMe ce KOPUCTH HAHOMETPHUYHU
XUJIPOKCHANATUT Kao MYyHWIO Yy JACHTAJTHUM IIeMEHTHMa Kako Ou uMm ce mnoBehana
kommpecuoHa uBpcroha (Moreno-Vargasau cap. 2017). MemaBuHa XuApOKCHANaTHTa WU
KaJII[1jyM-CHJIMKAaTHOT 1IEMEHTa MMaja je 3a IuJb J00Hjame OuomMarepujana KOju Moceayje
OMOJIOIIKY aKTUBHOCT Kanuujym-pocdara, mehytum, merosa ynorpeda kao Ouomarepujana
orpaHuueHa je cnab/berheM MeXaHHYKe 4YBpcTohe KOojy JOHOCHM Kao CacTojak OBHX

marepujana (Oliveira cap. 2016).
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3. H1Jb UCTPAKKUBAIHA

OCHOBHHM IIWJ/b OBOT HCTpaXHUBama je NePUHHUCAKHE EPUKACHOCTH PETPOTrpajHe,
TPOAMMEH3MOHAIIHE ONTypaluje KaHaja KopeHa 3y0a Ha MHKPO-HHBOY, IPOLEHOM
3allpeMUHE MHUKPOMYKOTHHE U3Mel)y pasIuuuTUX KaJUjyM-CHIIMKAaTHUX M KaJlHjyM-

ATYMHUHATHUX HEMCHATA U 3UJJ0Ba MMPCIapruCaHOr pCTPO-KaBUTCTA.

IToceOHM MULEBH OHOCE CE HA:

e [IporieHa MUKpOTIOPO3HOCTH UCIIUTUBAHUX MaTepHjajia

e [lporena yrna kBamiema (KOHTAKTHOT yIiia) u3Mehy HCIUTUBAHUX MaTepHjajia U

omabpanux Quymnmga
e OppehuBame peHITeHKOHTPACTHOCTH UCIIUTUBAHUX MaTepHjaia
e [Ipomena kommnpecuoHe YBpcTohe HICTMTUBAHUX MaTepujajia

e [IporeHy pacTBOPJbUBOCTH UCIIUTHBAHUX MaTepHjalia
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XHUITOTE3E HCTPA’KUBAIbBA

1. EXcrnepruMeHTaIHU KaJlHjyM-CHJIMKATHU W KaJlUjyM-aIyMHUHATHH LEMEHTH
MOKa3yjy Mamy WIH UCTY MUKPOIYKOTHHY y ogHOCcy Ha [Toptinanny u MTA

2. EKCHepUMEHTAIHH KaJIUjyM-CHJIUKATHU WM KaJIIWjyM-aJlyMHAHATHA IIEMCHTH
MOKa3yjy UCTY WA Malkby MUKPOIIOPO3HOCT y ojiHOCY Ha [loptnann u MTA

3. EKCHepUMEHTAHH KaJIHjyM-CHJIUKATHA W KaJIIHjyM-alyMAHATHA TIEMCHTH
MOKa3yjy MamHu yrao kpamiema y ogHocy Ha [loprmang u MTA

4. ExcnepuMEHTaIHM KallHMjyM-CHJIMKATHU M KaJlUjyM-aJIlyMUHaTHH LEMEHTH
MoKa3yjy 00Jby PEHATEHKOHTPACTHOCT y oHOCY Ha [TopTmann u MTA

5. ExcrnepuMeHTalnHM KaJllWjyM-CUJIMKATHU M KallWjyM-aJlyMHUHATHU IIEMEHTH
MoKa3yjy UCTy win Behy komrpecnony uBpcrohy y oanocy Ha IlopTnann u
MTA

6. ExcrnepuMeHTalHM KaJlWjyM-CUJIMKATHU U KallWjyM-aJlyMHUHATHU LIEMEHTU
MOKa3yjy Mamy WIH UCTY PACTBOPJHMBOCT Y ojHOCY Ha [TopTimann u MTA
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4. MATEPUJAJIN U METOJE UCTPAXKUBAIHA

[TnanupaHo MCTpaKUBaKE je CIPOBEACHO Kao IN VItro cryauja, Ha u3BalleHUM TOpPHUM
CeKyTMhnMa W OdYmaluMa, y3 NpPETXOAHO J0OMjeHy NMHCMEHY CarjlaCHOCT IaldjeHara o
no0OpOBOJEHOM JIOHWpamky u3BaleHMX 3yba 3a motpede crymuje. Crtyamja je omoOpeHa o
ctpane Etuukor omgbopa Cromaronomkor ¢akynrera y [lanueBy (nmemoBomnu 6poj:1074/1-
2019). [lpyru 1eo HCTpaxXuBama CIPOBEICH je Ha MOCEOHO IU3ajHUPAHUM Y30pIIMMa
KopuitheHnx MaTtepujaiia (OMMCaHo Y 1aJbeM TEKCTY 3a CBaKU UCIMTHUBAHU MTapaMeTap).
UctpaxkuBame je cnpoBeneHo Ha Cromatosomkom dakynrery y [lanueBy, MHCTHTYTY 32
Anatomujy Menuuunckor ¢axynrera y beorpany u Mamunckom dakyntery y beorpany y
BpemeHckoM niepuoay o 04.07. mo 01.11.2019 roaune.

Y 0BOM HCTpaxuBamy KOpHIINEHa Cy JBa KOMEpIMjalHA M MIECT EeKCIIEPHMEHTAITHUX
KaJIIIHjyM-CHJINKaTHUX U KaJIIHjyM-aTyMHUHATHIX [[leMEHATA.

- Komeprujasiau (KOHTPOJIHH) IEMEHTH:

1.ProRoot MTA (Dentsply, Tulsa, OK, USA)
2.IToprnang nemenT (Italcementi SPA, Bergamo,Italy)

- ExcniepuMeHTaTHu IEMEHTH:

3.UucT xamujym-aaTyMruHaT

4. Kaniujym-aayMyHar ca 10J1aTKOM HupKoHHjyMa-okcuaa (30%)
5.Kanuujym-crIMKaT ca 1oaaTkoM xuapokcuanatuta (48%)
6.Kamujym-cunukar ca nogarkom ousmyr-okcnaa (30%) u kaniujym-kapooHaTa
7.Kanuujym-aayMuHaT ca 104aTKOM CTPOHIUjyM-KapOoHaTa

8. Kanujm-aayMHHAT ca 101aTKOM cTpoHIujyM-diayopuaa (30%)

CBH IIEMEHTH YKJbYYEHH Y MCTPAKHUBAIHE MEIIAHH Cy PYYHOM METOJOM Y3 oaHoc 1Q mpaxa ca 0.4ml
JIECTUIIOBAHE BOJIE (JIOK Cy KOMEPIIMjaTHH IEMEHTH MEIIaHu o crienuuKalnju Iponu3Bohaya).

KopnmheHa je YCJIMYHA MIIaTyJia 3a MCHIALE U CTAKIICHA IIJIOYHUIIA Kao IoAJIora.
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4.1. Ilpouena 3anpeMnHe MUKponykoTuHe usmel)y 3maoBa perporpaasor

KABUTETA U MCIIUTUBAHUX MaTepujajia

VY ucTpakuBame je YKIbYYCHO YKymHO 80 eKCTpaxoBaHMX 3y0a KOjH Cy CIIy4ajHHM H300poM
noaesbeHn y 8 rpyna mo 10 3yba. CBu 3yOHM Cy IMOC/IE CKCTpakiuje OWIM MEXaHUYKH
ouniheHn MapoJOHTAIHUM KUpeTaMa CIloJba W Yy KOPEHCKOM Jely OJ OcTaraka
MEePUOJOHTATHUX BJaKaHa M KOHKpeMeHaTa. 3aTuM cy 3you motormbeHH y 10% pacTBOp
dbopmanuHa y KoMme cy crtajam 7 nmaHa. Ilocrme Tora, 3yOum cy eHIOMOHTCKH oOpaheHu

MaIIMHCKUM KaHanHuM mpomrpuBaunmMa (BioRaCe, FKG, Swiss).

Cmuka 2. EndoPilot: Schlumbohm GmbH & Co. KG
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Kananmu kopena cy 3atum ontypucanu ryranepkom (Hygenic; Coltene/Whaledent AG,
Altstatten, Switzerland) u AX+ nacrom (Dentsply De Trey GmbH, Konstanz, Germany),
TEXHUKOM JIaTEPATHE KOMITAKTaXKE JI0 AHATOMCKOT alMKaIHOT O0TBOpa y3 momoh Exmonmior
ypehaja (EndoPilot: Schlumbohm GmbH & Co. KG). 3y0u cy 3arum paauorpaducasu
PETPOAIBCOJIAPHUM JUTUTAITHUM allapaToOM KaKoO 6I/I CC MOTBPAHUO KBAJIMTCT U KOMIIAKTHOCT

onryparuje (Trophy Radiology; Cedex, Saint Maur, France).

Hakon Tora, 3youma cy ¢ucypHuM kapOuIHUM OOpeprMa BPXOBU KOPEHOBA pecelpaHu

IOJ1 TIPABUM YTJIOM Y OJTHOCY Ha Y3yKHY OCOBHHY 3y0a y Ty>KWHHU 0J1 2-3mMm.

Cnuka 3. Peceniupame Bpxa KOpeHa
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http://www.schlumbohm.de/index.php%3Fid%3D13%26L%3D3

Ha pecernpanim BpXoBHMa KOpPEHOBA je 3aTUM NoMohy ynrpasByuyHor anapata (MECTRON

Piezosurgery®) usBpiiieHa mpenapaiiija peTporpaaHor kapurera gyoute 3 mm (Crvika 4).

Crnuka 4. [Ipenaparuja peTporpagHor KaBUTETa

[IperxomHo ounniheHW W OCYIICHH PETPOTPaJHM KABUTET j€ HANMyHEH JeAHUM of &
Pa3IMUUTUX  KAJIIUJyM-CUJIUKATHUX WM Kannujym-anymuHatanx (Cnuka 5)  (zmBa
KOMepIMjalHa ¥ MIECT eKCIEPUMEHTATHUX  KaJIHjyM-CHJIMKATHUX WM  KaJIHjyM-

QITyMUHATHHX) IeMEHATa.

29



Crnuka 5. PerporpagHo ontypupas 3y0

Caaka rpymna je cagpskana mo 10 3y06a peTporpaaHo onTypHpaHUX OBUM MaTepujaanma. 3you
cy 3aTuM notorubeHn y docharau mydep (PBS-Phoshphate buffered saline) u ommoxenu y
BpPEMEHCKOM Tmiepuoay o Ttpuaecer naHa (Cnuka 6). PactBop docdatHor mydepa je
mydepCKu pacTBOP KOJU ¢€ OOMYHO KOPUCTH Y OMOJIOIIKAM UCTpaKUBamUMa. To je pacTBOp
cosiu Ha 0a3u BOJIE KOJU Caap KU IUHATPUJyM XuaporeH-(ocdar, HaATpHjymM-XJIOpUa U, y
HEKUM (opMyIanujama, KalujyM-XJIOpua U Kanujym muxuaporeH-pocdar. Ilydep momaxe
na ce oxapxku koHctanTan Ph (7,4). OcmonapHOCT W KOHIIEHTpalMja joHa pacTBOpa
OJIrOBapajy KOHIIEHTpalMjaMa y JbYACKOM Tely U 3axBajbyjyhu TOME CHUMY/IHpa yCJIOBE Y
JbYZICKOM OpraHM3My U BHXOB yTHIIa] Ha KopultheHe maTepujaie (M30ToHHYaH je). Hakon
peTporpajgHe onTypaluje y30pKOBaHUX 3y0a U HBUXOBOI cTajama y PBS-y, usBahenu cy us

pacTBopa, MPOCYIICHHU, a 3aTUM j€ MPUCTYIIJLEHO IbUXOBOM aHAIU3UPADY.
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Crnuka 6. boma ca pactBopom PBS-a u rpyna perporpaano ontyprucanux 3y0a MoTOTIbEHUX

y pacTBop

Hakon Tora, M3BpIIEHO je CHUMAame Jielia KOPEHa ca PEeTPOTPAJHUM IYHEHEM Ha MHKPO
kommjyrepusoBanoM ckenepy (LCT) (kopucrehm cienehe mapamerpe: 73kv 135mA) rae je
aHaJM3UpaHa 3alpeMHMHA MUKPONMYKOTHHE W3Mel)y KOPEHCKOT JIEHTHHAa W MarepHjaia 3a
perporpaaHy onrtypanujy. [IpopauyHu 3anpeMuHe MUKPO IMyKOTHHE M3Mel)y nemeHTa u 3uaa
KOpPEHCKOT KaHajia u3BeaieHu cy nomohy codpreepa CTAN

1.16.4.1. Peruon ox unrepeca (The region of interest (ROI)) je u3pauynar y coprBepckom
padyHapckoM ToMmorpadckom aHammzaTopy ca nparom m3mely 149 u 255 3a nedunucame
peruona. Kako 6u neduHMCaNM peruoH, ykjbydyjyhu IeMEHTHH MaTepujajl, U YKJbYUHIIH CBE
YyecTulle y peruony, ocuMm Hajeher objekra y 3 aumensuje (Tyraepka), ONKpojeH o0jexaT y
nBoauMeH3noHanHoM (2/]) mpoctopy y paaujycy on 15 mukcena, aunatupan objekar y 2/J[
npocropy y panujycy on 10 mukcena, komupana je ciuka na o6u ce aedpunucana npsa ROI,
nunatupan ofjexat y 2]/ mpocropy 3a 20 nukcena u oxyszetr npsou ROI- ja ox nobujenor
o0jexta na Ou ce nedunucao xkonayan ROI. Cnuka ce MOHOBO y4yMTaBa y3 Ipar y OJHOCY
u3mehy 32 u 255 3a Busyanuzauujy uHTepdejca npazHuHa u 3/ aHanu3y 3a M3padyyHaBame

YKYITHE 3allpeMHHE Nopa U IpoceyHH npeyHuk mykoTuHe (Ciuke 7 u 8).
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Raw image ROI - gap Thresholding

Cnuxka 7. [IpoTokost 3a u3pauyHaBambe MUKPOITYKOTHHE U3Mel)y MaTepujajia i KOPEeHCKOT
JIEHTUHA y3 TOMOh MUKPOKOMITH]yTE€pHU30BaHe ToMoTpaduje

Maxinum (an)
1002.45
115557

1119.00

36ETIF6.E0  mn Trisngles:

B204TT.54 o’ Points:

@ Help |4 Hide details

Cnuxka 8. TpoauMeH3MOHATHA PEKOHCTPYKIIHja KOPEHCKOT KaHajla UCIYHhEHOT TyTaliepKkoM
u [lopTnann nemeHrom (3kyro-ryramnepka , pHo- [lopTinang neMeHT, pBeHo-

MUKPOITYKOTHHA).
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4.2. TlpoueHa MUKPONIOPO3HOCTH HCTIMTUBAHUX MaTepHjaJia

VY3o0puu 3a ogpehuBame MUKPOIIOPO3HOCTH JOOHMjEHY Cy IpaBJbeeM 1o 10 KpyKHUX npoduiia

IMpCUHHKa 6mm I[C6J'I)I/IHG 1mm cBakor O UCIIMTUBAHUX IICMCHATA.

MuKkponopo3HoOCT LeMeHTa je oapeleHa CKEHHpameM Y30paka ca MHUKPOKOMIIjyTepH30BaHOM
tomorpadujom (LCT) (SkyScan 1172; Bruker microCT, Kontich, Belgium). kopucrehu cnenehe
mapamerpe : 73 kV u 135 mA ca BpemeHom wuznaramwa 1200 MmumucexkyHau, OakapHU
aTyMUHHUjJYMCKH GunTep, a potanuja o 180 y 0,4 kopaka, 3,5 mm uzotponHe pezonyuuje u 2048
x 2048 nukcena no npeceky. CreueHe cimke cy pekoHcTpyucane kopucrehu coprep NRecon
v.1.6.9.8 software (SkyScan) ca mparom ox 0 mo 0,065, y3 kopekiujy apredakra y ox 9%,
KOPEKIINjy OTBp/ilbaBarma cHoma o1 54% u ycknahuBameMm on 1. Crnuke cy aHanu3upaHe nmomohy
CTAn 1.16.4.1 codreepa (SkyScan). I'mobGamHa BpemHOCT  CHBE  TrpaHHIe  Tpara  je
mocrtaBjbeHa oA 90 mo  255. Pauynatu cy cieaehu mapamerpu: yKyIHa MOPO3HOCT

WCIIUTHBAaHUX MaTepujaia. MUKpOTIOPO3HOCT je MmpuKa3ana Ha ciukama 9 u 10.

Cnuka 9. MUKpONIOPO3HOCT UCITUTUBAHOT Y30pKa y3 TTOMOh MHUKPO-KOMITHjyTepU30BaHE
ToMorpaduje (CHBO-LIEMEHT, 3eJIeHO-TIope). Kamujym-arymMmuHaT ca IupKOHU]yM-

JIMOKCHJIOM.

Cnuka 10. TporumeH3HoHaIHA PEKOHCTPYKIIHMja Opa KO KaILKjyM-aTyMHHATa ca
LIUPKOHHU]YM-THOKCHJIOM Y3 TOMOh MUKPOKOMITjyTepH30BaHe ToMorpaduje
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4.3. Ilpouena yriia KBalemha HCIUTUBAHUX MaTepujajia

3a Mepeme yrjia KBallema, HarpaBJbeHo je 1o 10 kpyxHuX npoduia (Hanuk TadieTuiama

MpeYHHKa 6 mm y MpeTX0qHO MpUIpeMbeHUM TedaonckuM karmynuma) (Cruka 11).

Crnuka 11. MU3nuBenun npoduim y30pKa IeMeHTa

3aTuM je Ha MOBPIIUHY CBAKOT OJ] KOPUITheHWX MaTepujajia, OJHOCHO UCITUTUBAHUX y30paKa
HEXHO CTaBJheHA MO jefaHa Karubuia (2ul) ucnurtuBane TeYHOCTH (TJIHMIEpOa, XyMaHe
UATpaTHE KPBU U JUjOIMETaHa), Aa OU ce CIIMKAJIO0 pasiMBamke KallJbUIIC TPEKO MaTepHjaa.

CBaku y30pak y BUAY JUCKa (HAIUK TaOJIETUIIN), TOCTABJhCH j€ Ha CTAKJIEHY TUIOYHIlY HAKOH
yera je Ha mera HaHeceHa Karubuia. Crnukame je BpmeHo 30 CeKyHIU HAaKOH arlIuKalluje

karpuie (Cnuka 12).

Cnuka 12. Kambuna qujoaMeTaHa HaHellleHa Ha MOBPLIMHY Y30pKa
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Cnukame je wusBpiieHo nomohy murutamHe mukpockorncke USB kamepe (Camcolmsl,

Velleman®) mox yriom o 90° y oxHocy Ha y3opak (Cowuka 13).

Crnuka 13.Cnukame y30pka MoMohy AUTUTaIHE MUKPO-Kamepe

3atum cy momohy codTBepckor mporpama Image J ca aHaam3aToOpoM KOHTAKTHOT yrIiia
(Contact angle analyser) m3MepeHr KOHTaKTHH YIJIOBM Ha MECTy JOJAMpa KalJbUIIC H

MOBpPIIMHE KOpPHUIINEHOr y30pKa HCHUTHBAHOI IIEMEHTa Y BHIY JHCKa (yrao KBalllema)

(Cnuka 14).

e ? 1 Y ¥

Cnuka 14. Mepemwe konTakTHOr yria (Image J)
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4.4. OnpehuBame peHATeHKOHTPACTHOCTH HCIIMTHBAHMX MaTepHujaJia

3a onpehuBame PEHAreHKOHTPACTHOCTH WCIHUTHBAHUX MaTepujajia, CBaKH Yy30paK
MatepHjana (y oOnuMKy Jucka mpedHnka 6 mm aeOspMHE 1mm) CMEIITeH je y3 y3Iy>KHHU
npecek 3y0a mcre ne0JbuHE HEeTOCPEIHO Y3 CTaHIapIH30BaHE CTENCHHIE O] aTyMUHHjyMa
on 1-10 mm (umja ce nebGipuHa cykiecuBHO TmoBehaBa 3a 1mm), Ha JUTHUTATHU
perpoanseosapuu cenzop (Insight Kodak, Rochester, NY, USA). Kopumrhero je po 10
JTMCKOBA CAYMIbEHUX OJI CBUX MCIMUTUBAHUX IleMeHaTa (ykynHo 80 nuckoBa). Hakon Tora je
u3BpIIeHo paauorpaducame penaren amaparom (TrophyRadiology, Cedex, France) koju

pamu Ha 65 kV, 7 MA, 3a 0,32 ¢ u ca Gokycom 10 IubaHe yaabeHocT o1 35 cm (Crwuka 15).

Crnuka 15. Paguorpam 3a oapehuBame peHAreHKOHTPACTHOCTH

CremeH TOHa CHBO-Oelle CKalle y30paka H3padyHaT je KOpUIINemeM KOMITjyTepCKOT
nporpama Trophy for Windows Software. M3Bpiueno je ouuTaBame aeceT y3opaka, H
U3padyyHara je cpelmba BPeIHOCT CHBO-Oeie ckane. Cpembe BPEeAHOCTH CUBO-0elie CKaje Cy
npuKasaHe mpemMa 0pojy aTyMHHHjYMCKHX CTETICHHUIIA, CTETICHUIIE CY JIMHEAPHO perpecupane,
a 3atuM KopuitheHe 3a HCKa3WBame CKBUBAJICHTHE IcO/bMHE alyMHUHHjyMa Kako O ce

ynopeauia peHAr€¢HKOHTPACTHOCT.
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4.5. Ilpouena koMInpecruoHe YBpcTohe HCIUTHBAHUX MaTepHjajia

HcnutuBame kommpecuone 4Bpcrohe BpiieHo je momohy kumanuue (tensile testing
machine, eng. Shimadzu AGS-X), kapaciteta 100kN (Cnuka 16 u 17). Jlomwa dYesbyct
KHJIQIHAIIC je HEMOMHUYHA, JIOK Ce TOpma 4YesbycT Kpehe y BepTHKamHOM MpaBIily moMohy
TpaBep3e ( JpyomuacTo ca 3HakoM '’Shimadzu’’). Ha tpaBep3y je mHctamupan *’load cell’’,
KOju OCJIe)KU MOCTHTHYTY CHJIy TOKOM HMCIHUTHBama (Ha CIMIMU TPEICTABJbEHO IPHUM ca
rajranoM). HaBenena kumanuia noceayje oarBapajyhu codrBepcku mporpam ’Trapezium-
X’ (Shimadzu Corp., Kyoto, Japan), 3axBasbyjyhu kKoMe ce yHOCE TapaMeTpH UCITUTHBAbA.
VYpehajem je moryhe umcnutuBatu matepujane u OpsumHOM on cBera 0.00lmm/min, ca
TauHomrhy Mepema cuiie on ceera +/- 0.5N. Benuka O6p3uHa y3opkoBama ypehaja ox 1mumm-

cekyHzie 00e30el)yje BUCOKY TauHOCT JOOMjEHUX BPEIHOCTH.

Cnuka 16. Kumanuna (tensile testing machine, eng.) Shimadzu AGS-X
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Cmuka 17. Shimadzu AGS-X

3a OBy CBpXY, TECTUPAHH MaTepujaau cy OWiu u3nuBaHW y oOnuky o mo 10 muiuHmapa
(myxmHEe 6 mm , mpeyHHka 4 mm) y T€ CBpXe AW3ajHUPAaHUM Te(MIOHCKHM Kaaylmuma
Mepeme je BpIIEHO y TPEHYTKY Mylama y30pka, 24h HakoH Balema y30paka M3 pacTBopa

PBS-ay kome cy OMIH MMOTOIJBEHU y BpeMeHCKoM Teprory o1 30 nana (Cruka 18).

Cnuxka 18. V30pak y TpeHYTKy ylLiama
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4.6. Hpouena PAaCTBOP/bUBOCTH UCTMTUBAHUX MaTepnjaJIa HAaKOH

crajama 'y PBS-y

PacTBop/pMBOCT KOpHITNEHWX MaTepHjaia TOJpa3yMeBa Jia jeé XEMHUJCKO JeIUIbCHE Y
YBPCTOM CTaly Y XEMH)CKOj PABHOTEKHU Ca PACTBOPOM TOT je[Mbermha y QIyuay y KoMme ce
Haya3u. MOJIEKyIM 4YBpCTE CYINCTaHIE (MCIUTHBAHUX I[EMEHATa) MHUTPHUPAj)y y NPHCYCTBY
pacrapaua (PBS) wusmely uBpcre m Tewune ¢ase, m TO cy Op3uHE pacTBapama U
npenunuTanyje. Y uCTpakuBamy, HCIUTHBAHN MaTepHjain (y OOIMKY IHINHAApa TyKUHE 6
mm x 4 mm) (Cnuka 19) CBaku oJ ieceT y30paka MaTepujajia CAuYMbEHUX O] HCTUTUBAHUX

[IeMEHaTa MojeIMHAaYHO Cy ToTanaHu y pactBop PBS-a y Bpemenckom nepuoay ox 30 maHa.

Cnuxka 19. TednoHcku Kaityn 3a U3JIHBamke y30paka y OONUKY HWIHHAPA U JOOUJeHH Y30PLH

[Ipe moTtamama y30opaka MpeHU3HO UM je H3MepeHa Maca (mg) Ha AHAIUTUYKO] Baru
(Pioneer® PA413CM,0OHAUS Europe GmbH,Switzerland) (Cauka 20). Hcto je ypahero u
HakKoH Baljema U3 pacTBopa Kako Ou ce 1o0uo yBUJ y TyOUTaK OJHOCHO OOMTaK Mace MO/

7iejcTBOM KopuiheHor duiynna.
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Cnuka 20. AgaauTudka Bara
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4.7. CrtaTHCTHYKA aHAJIM3a U 00pajia moaaTaka

3a cTaTUCTHYKY aHAIKU3Y ¥ 00pay mojaataka kopuiihen je softverski paket SPSS 20.0.
On memooa oeckpunmugHne cmamucmuke y UCTPRKUBamby Cy KopuiiheHe:
- Apummemuuka cpeOuHa-npoceyHa BPEIAHOCT,
- Cmanoapona  Oeeujayuja-anicoiyTHa  Mepa  Bapujaluje  MOjeANHAYHUX
BPEHOCTH O] TPOCEYHE BPEIAHOCTH,

On memooa oughepenyujanne cmamucmuke y iCTpaxuBamy Cy KOpUITNCHHU:

- Ilapamempujcku mecmoeu He3a8UCHUX Y30PaAKA
o Humepsan noyzoanocmu 3a éeposamuohy p= 0.95, uatepBan y kome Tpeda

odekuBaTH Ja he ce Hajma3uTH BpeIHOCTH, ca BepoBaTHOhoM o1 95%,

o Ananusza eapujance- One-Way ANOVA: Post hoc multiple Comparison - Scheffe test
- ITlapamempujcku mecmosu 3a6ucHux y3opaxa

o Paired Samples T test
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5.PE3VYJITATHU

5.1.P63yJITaTI/I 3anpeMHuHe MUKPONYKOTHHE HCITUTHBAHUX leMeHATa

3anmpeMrHa MHUKpO-TIyKOTHHE u3Mel)ly IeHTHHAa peTporpagHOT KaBUTETAa U
WCIIUTUBAHUX IIEeMEeHAaTa MepeHa je Ha Mukpo-1[T-y. Hajmamy BpenHOCT 3anpemune Muxkpo-
HYyKOmuHe TI0Ka3a0 je KaJIUjyM-aIyMHHAaTHH IIEMEHT ca JI0JaTKOM CTPOHIUjyM-(Iiryopuaa
(p=0,003; One-Way ANOVA) (Ta6ena 1, I'papuxon 1). Ca apyre cTpaHe, KalIHjyM-
QATyMUHATHU IIEMEHT ca JOJaTKOM CTPOHIMjyM-KapOoHaTa ToKa3ao je 3HaudajHO Behe
BPEIHOCTH 3alpeMUHE MHUKPO-IYKOTHHE u3Mely IieMeHata W JEHTHHAa y OJHOCY Ha
KaJIUjyM-aIlyMHHATHA [[EMEHT ca J0JaTkoM cTpoHimjyM-¢uyopuna (One-Way ANOVA:
Post hoc-Scheffe test; p=0,05) (Tabema 2). Mehycobnum mnopehemeM MmojeMHAYHUX
LIeMeHaTa, caMo Cy KaJlllMjyM-aJlyMHHAT ca JI0JIaKOM CTPOHLUjyM-(payopuaa U Kallujym-
QlyMHHAT ca JO0JAaTKOM IUPKOHHMjyM- THOKCHIA TOKa3adl Mambe BPEIHOCTH 3anpeMUHE
Mukpo-nykomune y omnocy Ha MTA wu Iloptmann mnemeHT, amu 0€3 CTaTHCTHYKE
snavajuoctu (One-Way ANOVA: Post hoc-Scheffe test; p=0,05) (Tabemna 2). Ocranu 1ieMeHTH
cy mokazanu Behe Bpeanoctn y ogHocy Ha MTA wu IlopTinana 1ieMeHT, anv HA OBJE HH]E
OWJIO CTaTUCTHYKHM 3HAuYajHE paslIMKe y BPEAHOCTH 3alPEMHHE MHUKpPO- IMyKOTHHE m3Mehy

IIeMEHaTa 1 3UI0Ba peTporpaaHor kapurera (Tademna 1 u 2).

Tabesa 1. 3anpemMrHa MUKPOYKOTHHE W3Mel)y HCIUTUBAHUX IIEeMEHATa U JEHTHHA 3UJI0Ba
PETPOrpaHOT KaBUTETA

95% wHTEpBaN

MOBEPEHa 3a CPEIbY

BPETHOCT
Cpenma Homa lopmwa
BPETHOCT CI rpaHdlia  TpaHMIA
3anpeMuHa MEKpOIyKoTHHE H3Mel)y MaTepujana u nentuHa (x10°mm®)
ProRoot MTA 60,01 32,95 25,43 94,59
[MopTian 1eMeHT 69,90 51,72 22,07 117,73
YHUCT KaJIujyM-aTyMAHAT 60,74 45,29 13,22 108,27
Kanmujym-anmyMuHaT ca T0JaTKOM [UPKOHH]yM- 37,65 46,96 -5,78 81,07
JANOKCHAA
Kamujym-crimkar ca JIoaTKOM XHIPOKCHAaTHTa 74,78 46,53 25,95 123,60
Kanuujym-anmyMuHaT ca 101aTKOM CTPOHIH]yM- 140,46 84,15 52,14 228,77
KapOoHaTa
KanmujM-anyMuHar ca J0AaTKOM CTPOHITH]YM- 4,43 3,91 0,32 8,54
¢dyopunaa
p BpenHoCT* 0,003

* One-Way ANOVA
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Tabesa 2. [lopeheme Mel)ycoOHUX BpeHOCTH 3allpeMHUHA MUKPO-ITYKOTHHE H3Mel)y maposa
WCIIUTUBAHUX [[EMEHATa U JCHTUHA 3U]I0BA PETPOTPAJTHOT KAaBUTETA

(II) 3ampemuna- (I-11) Paznuka
(I) 3anpemuna- MUKpPO P BPEIHOCT
MHUKPO-TYKOTHHE  CPEIbUX BPETHOCTH
MYKOTUHE

2 -9,889 1,000

3 -0,732 1,000

1 4 22,364 0,998
' 5 -14,765 1,000
7 -80,447 0,446

8 55,578 0,708

3 9,157 1,000

4 32,253 0,979

2. 5 -4,876 1,000
7 -70,558 0,561

8 65,467 0,481

4 23,096 0,997

5 -14,033 1,000

3 7 -79,715 0,457
8 56,310 0,695

5 -37,129 0,965

4. 7 -102,811 0,139
8 33,214 0,960

5 7 -65,682 0,682
8 70,343 0,438

7. 8 136,025 0,005

* One-Way ANOVA: Post hoc- Scheffe test; p=0,05

Bpcra nementa: 1- ProRoot MTA; 2- Tloptnann uement; 3- YucT KanujyM-aityMuHaT; 4-
Kanmujym-anymuHaT ca [A0JaTKOM LUPKOHHMjyM-AHOKcuna; S5- Kammujym-cunukar ca
JIOJIaTKOM XHJpoKcuamatuTta; 6- Kamnujym-cunmukar ca JoJaTKOM OH3MYT-OKCHAA H
KaluujyMm-kapooHnara; 7- Kanuujym-anymMMHaT ca J0JaTKOM CTPOHIMjyM-KapOoHaTa; 8-
Kanmujm-anymMuHat ca 101aTKOM CTPOHIIUjyM-(ayopuia
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5.2. Pe3yJiTaTH MUKPONOPO3HOCTH MCIMTUBAHMUX LIEeMEHATA

MHUKpPOTIOPO3HOCT MCHUTHBAHUX IleMeHata oapehuBana je Ha Mukpo-LIT-y, kxao
YKYITHA IIOPO3HOCT (30Mp OTBOPEHE M 3aTBOPCHE MOPO3HOCTH). Hajmamy mMukponopoznocm
cy mokazaimu MTA, xanuujyMm-aIyMHHAT ca JOJATKOM CTPOHIH]yM-(pJopuaa a 3aTUM YUCT
kamjym-arymuaatr (One-Way ANOVA:; p=0,744) (Tabema 3, I'padukon 1). Ocramm
[IEMEHTH Cy ToKa3anu Behe BpeIHOCTH MHKPOTIOPO3HOCTH, il 0€3 CTaTUCTHYKE
3HAYaJHOCTH.
Mehyco6Hum mnopehewmeM Marepujana, CBU MCIUTHBAHM IIEMEHTH IMOKa3zaiau cy Behe
BPEAHOCTU MUKponoposnocmu y onnocy Ha MTA, ok je Hajpehy MUKPOIIOPO3HOCT MOKa3a0
[Moptmana nement (One-Way ANOVA: Post hoc-Scheffe test; p=0,05) (Tabena 4). Pasnuke y
BpEAHOCTUMA MHUKPOIIOPO3HOCTH Mel)ycoOHMM mopehemeM CBUX HMCIHUTHBAHUX IeMeHaTa

Hucy Ouie craructiuku 3Hadajue. (One-Way ANOVA: Post hoc-Scheffe test; p=0,05)

Taodesa 3. BperHOCTH MUKPOIIOPO3HOCTH UCITUTUBAHUX IIEMEHATa

95% HMuTepBan nosepema 3a

Cpemba Cpenby BPEIHOCT
BPEAHOCT CA Joma Lopma
rpaHua rpaHuna
Bpennoctn MEUKpOIIOPO3HOCTH NCTIMTHBAHUX 1ieMeHaTa (%)
ProRoot MTA 2,32 0,88 1,39 3,25
[TopTmana neMeHt 4,27 4,18 0,41 8,14
Yucr KanujyMm-atyMuHaT 2,63 1,70 0,84 4.42
Kanmujym-anymunar ca
J0JJATKOM ITUPKOHH]yM- 3,68 1,73 2,08 5,28
THOKCHIA
Kanmujym-cunukar ca 101aTkom 3.96 2.75 1,07 6.84
XUAPOKCHAIATUTA
Kamujym-anymunar ca
J0JJaTKOM CTPOHLIU]yM- 2,66 2,82 -0,29 5,62
kapOoHara
Kanmujm-anymuHar ca 101aTKOM 2,62 2.49 0,01 5,24

CTpOHLUjyM-(IryopHia

p BpenHocT* 0,744

* One-Way ANOVA
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Tabesa 4. Melyco6Ho mopeheme BpeqHOCTH MUKPOTIOPO3HOCTH n3Mely nusmely maposa
HUCIIUTUBAHUX IEMEHAaTa

0) () (1D

MuKkponopo3HocT  MHKPONOPO3HOCT P%J;ZSZHC(I)’;I‘;HX p BpeHoOCT
2 -1,954 0,931
3 -0,308 1,000
1 4 -1,363 0,088
S -1,635 0,975
7 -0,342 1,000
8 -0,302 1,000
3 1,646 0,969
4 0,591 1,000
2. S 0,319 1,000
7 1,613 0,972
8 1,653 0,969
4 -1,055 0,997
5 -1,327 0,992
> 7 20,033 1,000
8 0,007 1,000
5 -0,272 1,000
4. 7 1,021 0,998
8 1,061 0,997
5 7 1,293 0,993
8 1,333 0,991
[£ 8 0,040 1,000

* One-Way ANOVA: Post hoc-Scheffe test; p=0,05

Bpcra nementa: 1- ProRoot MTA; 2- Tloptnann uement; 3- YucT kanujyM-aityMuHaT; 4-
Kanmujym-anrymuHar ca JOJaTKOM IHMPKOHUjyM-muokcunaa; S5- Kammujym-cunmkar ca
JI0JaTKOM XWJpoKcuanatuTa; 6- Kammujym-cunukar ca J0AaTKOM OM3MYT-OKCHAA U
KaluujyMm-kapooHnara; 7- Kanuujym-anymMMHaT ca JOJaTKOM CTPOHIMjyM-KapOoHaTa; 8-
Kanuujm-anymuHaT ca 104aTKOM CTPOHIMjyM-(iyopuaa
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I 3anpemuna MukponykoTHHE
2507 I MukponopoaHocT

200

130

100

(cpeawa BpeaHocT +-1 CM)
g

3anpemMWMHa MMKPONYKOTMHE U MUKPOMOPO3HOCT

a0

Bpcta uemeHTa

Bpcra nemenra: 1- ProRoot MTA; 2- Tloptnann uement; 3- YucT kanujyM-aiyMuHaT; 4-
Kanmmjym- anymuHat ca J0JaTKOM IUPKOHHjyM-IUOKcHaa, S5- Kamnujym-cuwimkar ca
JIOJJaTKOM XuJpoKcuanatuta, 6- Kammujym-cuiawkar ca J0JaTKOM OWM3MYT-OKCHAA U
KanujyM-kapOonara; 7- Kammujym-agymuHaT ca JI0JAaTKOM CTpPOHIHjyM-KapOoHaTa; 8-
Kanmujm-anymMuHar ca 101aTKOM CTpOHLMjyM-(ayopuia

I'pa¢ukon 1. BpenHocT MUKPOIYKOTHHE M MUKPOIIOPO3HOCT UCIIMTUBAHUX MaTepHjaia

*HATIOMEHA: Kanmujym-aryMUHATHA IIEMEHT ca JOJATKOM OM3MYT-OKCHIA M KallijyM- KapOoHaTa IIoKa3ao
j€ BEIIMKO OTBPIMm-aBarke¢ CHOIA, HAajBEPOBATHHjE 300T BHCOKOT aTOMCKOT Opoja M KOJOYHHE OM3MYT-OKCHAA
(30%) y meroBom cacTtaBy, IPHINKOM paguorpaducama MUKPO-KOMIIN]yTEpH30BaHOM ToMorpadujom mro je
OMEJI0 TIPaBWJIHY HHTEPIPETAljy MOOMjeHMX pe3yAaTa, Ma jeé OH UCKJbYYCH M3 ONMCHBAmba.
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5.3. Pe3yaTaTu yrja KBaliemha MCIMTUBAHUX IleMeHATA

Hajumxe BpemHocTH yena Keawterwa y3 yNoTpeOy TiHIepoja TOKa3aad Cy
[Toptnang nement, MTA a 3aTuM KalllujyM-aTyMHHAT ca JIOJATKOM ITUPKOHU]yM-THOKCHIA
anu 0e3 CTaTUCTHYKU 3HAYajHE pa3iiuke Ao0ujeHux BpeaHocT usely oBux nemenara (One-
Way ANOVA: Post hoc-Scheffe test; p=0,05) (Tabena 5 u 6). Hajpumy BpemHocT yria
KBalllelha M0Ka3a0 je KaJllM]yM-CHJIMKAT ca JOJAaTKOM XHJpOKCHallaTUTa Koja HHje Ouia
CTaTUCTHYKH 3Ha4YajHA Y OJJHOCY Ha OCTalle IIEeMEHTe, U3y3eB y oaHoCy Ha [lopTmana memeHT
u MTA rae je mokasana BHCOKa craThcThuka 3HauajHoct (One-Way ANOVA: Post hoc-
Scheffe test; p<0,05).

Tabena S. Yrao kBammema usmel)y riaumeposa 1 HICIUTHBAHUX IIEMEHaTa

95% WnTepBan nmosepema 3a

Cpenma Il Cpeby BPEIHOCT
BPEIHOCT Joma I'opma
rpaHuIa TpaHuIa
I'nuuepo (BpeaHoCT yria KBaimema©)
ProRoot MTA 17,68 3,30 14,92 20,43
[Toptnang uemeHT 15,73 3,72 12,62 18,84
Yuct xamujym-aTyMUHaT 24,37 11,87 14,45 34,30
KaHHHJYM-aHYMHHaT ca JIOIATKOM 18,82 7.48 1257 2508
LIUPKOHU]YM-IUOKCUIA
Kanmujym-cunukar ca 101aTKOM 33.40 12.72 2276 44,04
XUJIPpOKCUAIATUTA
KaJ'IL[I/I_]yM-CI/IJ'II/IIFaT ca JI01aTKOM OU3MYT- 2820 5,68 23 45 32,95
OKCHJIa U KaJujyM-KapOoHaTa
KaHHH]yM-aHYMHHaT ca J0JAaTKOM 2899 5,19 24,65 33,33
CTpOHIIMjyM-KapOoHaTa
Kanuujm-anymuHar ca 101aTKOM 32,22 5,16 27.01 36,54

CTPOHLHUjyM-(IryopHia

p BpeaHocT* <0,001

* One-Way ANOVA
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Ta6ena 6. MehycoOHo nopeheme yria kBamema ICIUTUBAHUX MaTepHjajia U TIHIEepoa

(I-1T) Paznuka

(I) Yrao xBamemwa f{g;?;r;:a cpeamux P BpEIHOCT
BPEIHOCTH

2 1,945 1,000

3 -6,699 0,875

4 -1,148 1,000

1. 5 -15,724 0,031
6 -10,525 0,389

7 -11,313 0,294

8 -14,549 0,063

3 -8,644 0,649

4 -3,093 0,999

) 5 -17,670 0,009
6 -12,470 0,181

7 -13,258 0,125

8 -16,494 0,019

4 5,551 0,951

5 -9,026 0,596

3. 6 -3,826 0,994
7 -4,614 0,982

8 -7,850 0,753

5 -14,577 0,062

4 6 -9,377 0,546
' 7 -10,165 0,437
8 -13,401 0,116

6 5,200 0,965

5. 7 4,412 0,986
8 1,176 1,000

6 7 -0,788 1,000
8 -4,024 0,992

7. 8 -3,236 0,998

* One-Way ANOVA: Post hoc- Scheffe test; p=0.05
Bpcra nementa: 1- ProRoot MTA; 2- Tloptnann uement; 3- YucT KanujyM-aityMmuHaT; 4-
Kanmujym-anymuHaT ca [A0JaTKOM HUPKOHHMjyM-AHOKcuna; S5- Kammujym-cunukar ca
JIOJIaTKOM XHUJpoKcuamatuTta; 6- Kamnujym-cunmukar ca JoJaTKOM OW3MYT-OKCHAA H
KaluujyM-kapooHnara; 7- Kanuujym-anymMMHaT ca J0JaTKOM CTPOHIMjyM-KapOoHaTta; 8-
Kanmujm-anymMuHat ca 101aTKOM CTPOHIIUjyM-(ayopuia
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VY cinydajy kaga je kopuirheHa XymMaHa IUTpaTHA KPB, HAJHMKE BPEAHOCTH YIJia
KBallleHka Cy 3a0eliexeHe KOJ KallujyM-aTyMHUHaTa ca JOJAaTKOM CTPOHIUjyM-(iayopuaa u
KaJIMjyM-aTyMAHATa ca JI0JIaTKOM CTPOHIHjyM-KapOoHarta 0e3 Mel)ycoOHEe CTaTHCTHYKU
3HayajHe paznuke. [loka3zaHa je BUCOKA CTATUCTUYKA 3HAYAJHOCT y Pa3JIUIM OBUX BPEIHOCTH
M OCTAIMX IIEMEHATa Ca W3y3eTKOM KaJUjyM-CHIMKaTa ca JOJaTKOM XHUIPOKCHAIATHTA.
Hajeumy BpemHOCT yria KBalllelka IMOKa3ao je€ YUCT KallUjyM-aJlyMHHAT U OHAa je Omiia
CTaTUCTHYKW 3HayajHa y OJHOCY Ha CBE OCTajlie MCIUTHBaHe rpyme emenara (One-Way

ANOVA: Post hoc-Scheffe test; p<0,05) (Tabena 7 u 8).

Tabesa 7. Yrao kBamema u3mel)y HICHTUBAHUX 1IEMEHATa U XyMaHE LIUTPaTHE KPBU

95% HuTepBain moBepema

Cpenma Il 3a CpebY BPEMHOCT
BPEIHOCT Joma Tlopwa
TpaHuLA rpaHuLa
HutparHa KpB (BpPeIHOCT yIiia KBallema®)
ProRoot MTA 41,02 9,12 33,39 48,64
[Toptnanng uemeHT 56,04 5,47 51,46 60,61
Yucr kanujyMm-atyMuHaT 80,09 3,59 77,09 83,09
Kamujym-anyvunar — ca - JOMATKOM 5907 1577 4839 69,74
UUPKOHU]yM-THOKCUA
Kanujym-cunukar ca J0JIaTKOM 18,86 6,00 13,76 23,95
XHUJIPOKCHAIIATUTA
KanuHJyM-cnnmfaT ca JI01aTKOM OU3MYT- 30,24 764 23,85 36,63
OKCHJa U KaJujyM-KapOoHaTa
KaJIL[I/IJYM-aHYMHHaT ca JOJIaTKOM 15,61 3,43 12,74 18,48
CTpOHIIMjyM-KapOoHaTa
KaJ'II_II/I_]M.-aJ'IYMI/IHaT ca J0JIaTKOM 10,55 238 8,57 12,54
CTpOHIMjyM-(ryopuaa
p BpenHocT* <0,001

* One-Way ANOVA
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TaGena 8. MehycoOHo mopeheme yria Kpamielkha HCIUTHBAHUX I[EMEHATa yIOTPeOOM XyMaHe
HUTPATHC KpPpBU

(I-I)Pa3nuka

(I) Yrao kBamemwa  (II) Yrao kpamema Cp/EHX BPCIHOCTH P BpEIHOCT
2 -15,019 0,023
3 -39,073 <0,001
4 -18,053 0,002
1. 5) 22,157 <0,001
6 10,778 0,258
7 25,410 <0,001
8 30,463 <0,001
3 -24,054 <0,001
4 -3,034 0,998
9 5) 37,176 <0,001
' 6 25,797 <0,001
7 40,429 <0,001
8 45,482 <0,001
4 21,020 <0,001
5 61,230 <0,001
3. 6 49,851 <0,001
7 64,482 <0,001
8 69,536 <0,001
1 18,053 0,002
2 3,034 0,998
3 -21,020 <0,001
4. 5 40,210 <0,001
6 28,830 <0,001
7 43,462 <0,001
8 48,516 <0,001
6 -11,379 0,196
5. 7 3,252 0,997
8 8,306 0,603
5 7 14,632 0,030
' 8 19,685 0,001
7 8 5,054 0,955

* One-Way ANOVA: Post hoc-Scheffe test; p=0,05

Bpcra nementa: 1- ProRoot MTA; 2- Tloptnann uement; 3- YucT KanujyM-aityMmuHaT; 4-
Kanuujym-anymuHar ca JoJaTKOM IMPKOHHMjyM-Auokcuna; 5- Kammnujym-cunukar ca
JOJaTKOM  XUJpoKcHanatuTa; 6- Kammujym-cuiaukar ca J0AaTKOM OWM3MYT-OKCHAA U
KaluujyMm-kapooHnara; 7- Kanuujym-anymMMHaT ca J0JaTKOM CTPOHIMjyM-KapOoHaTa; 8-
Kanuujm-anymuHaT ca 104aTKOM CTPOHIMjyM-(yopua.
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MepemeM BpeIHOCTHU y2ina Keauiera y3 IpUMEHY T1joIMeTaHa, HajHukKa BPEIHOCT
npoHaljeHa je KoJ KaJlujyM-aTyMuHaTa ca JOJaTKOM CTPOHIMjyM-(iIopuaa U mokasaia je
BHUCOKY CTAaTHUCTHYKY 3HA4YajHOCT y OJHOCY Ha YHCT KaJUjyM-QIyMHHAT M KaJIlHjyM-
alyMUHAT ca JOJAaTKOM nupkoHHjyM-aunokcuma (One-Way ANOVA p<0,001) . Hajsumia
BPEIHOCT yIila KBallleha M3MEPEHA je KOJ YHCTOT KaIIHjyM-aJlyMHHATa KOja je ImoKa3aa
BHCOKY CTaTHCTHYKY 3HAYajHOCT Y OJIHOCY Ha OCTaJIe IEMECHTE U3y3€B KaJIIUjyM-aTyMHHATA
ca jmomatkoMm IpkoHHjym-okcuaa (One-Way ANOVA: Post hoc-Scheffe test; p=0,05)
(TaGene 9 u 10).

Tabena 9. Yrao kBamema u3mel)y uiCUTHBaHUX IleMeHaTa U JIMjOMEeTaHa

95% WnTepBan moBepema

Cpenma 3a CpebY BPEMHOCT
CA
BPEIHOCT Joma Tlopwa
rpa”Huna rpaHMIa
JujoaMeran (BpeaHoCT yriia KBamiema®)

ProRoot MTA 49,43 4,68 45,52 53,35
[Toptnana uemeHT 49,20 7,97 42,54 55,87
YucT xamujyMm-aTyMuHaT 73,04 3,52 70,10 75,98
Kamujym-anymmnar ca MOMATROM 4476 1268 60,18 81,37
IUPKOHU]YM-THOKCHUAA
Kanmujym-cunukar ca JIOJTATKOM 5458 2.78 52.25 56.90
XUJIPOKCUANATHATA

Kamuujym-cunukar ca [mogaTkoM OH3MYT-

. 50,42 11,34 40,94 59,90
OKCHJIa M KaJIIIHjyM-KapOoHaTa
KaJIL[I/IJYM-aJIYMI/IHaT ca AOJATKOM ) oo 6.39 37,29 47,97
CTPOHIIjyM-KapOOHaTa
Kanmujm-anmymMuHaT ca 104aTKOM CTPOHIIH]yM- 51.85 3.50 48,92 54,78
bayopuaa
p BpenHocT* <0,001

* One-Way ANOVA
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Ta6ena 10. Mehyco6no nopeheme yria KBaiiemha UCIUTUBAHUX IIEMEHATa YIIOTpeOoM 1joIMeTaHa

(I) Yrao kBamemwa  (II) Yrao kBamema (I-DPasmka P BpEIHOCT
CpeImbUX BPETHOCTH

2 0,230 1,000

3 -23,611 <0,001

4 -21,344 <0,001

1. 5 -5,143 0,963
6 -0,989 1,000

7 6,807 0,850

8 -2,419 1,000

3 -23,841 <0,001

4 -21,574 <0,001

) 5 -5,373 0,953
' 6 -1,219 1,000
7 6,577 0,872

8 -2,649 0,999

4 2,267 1,000

5 18,468 0,004

3. 6 22,621 <0,001
7 30,418 <0,001

8 21,191 <0,001

5 16,201 0,018

4 6 20,354 0,001
' 7 28,151 <0,001
8 18,924 0,003

6 4,154 0,989

5. 7 11,950 0,201
8 2,724 0,999

6 7 7,797 0,737
' 8 -1,430 1,000
7 8 -9,226 0,537

* One-Way ANOVA: Post hoc-Scheffe test; p=0,05
Bpcra nementa: 1- ProRoot MTA; 2- Tloptnann uement; 3- YucT KanujyM-aityMuHaT; 4-
Kanmujym-anymuHaT ca [A0JaTKOM HUPKOHHMjyM-AHOKcuna; S5- Kammujym-cunukar ca
JIOJIaTKOM XHUJpoKcuamatuTta; 6- Kamnujym-cunukar ca JoJaTKOM OW3MYT-OKCHAA H
KaluujyMm-kapooHnara; 7- Kanuujym-anymMMHaT ca J0JaTKOM CTPOHIMjyM-KapOoHaTta; 8-
Kanmujm-anymMuHar ca 101aTKOM CTPOHIIMjyM-(ayopuia
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Bpcra nemenTa: 1- ProRoot MTA; 2- Tloptnana niemenT; 3- UUCT KalujymM-alyMUHaT; 4-
Kamujym- amymMMHaT ca J0JaTKOM [HPKOHHjyM-AHOKcHIa; S5- Kanmujym-cuiukar ca
JIOJJaTKOM XuJpoKcuanatuta, 6- Kammujym-cuiawkar ca J0JaTKOM OWM3MYT-OKCHAA U
KanujyM-kapOonara; 7- Kammujym-aaymuHaT ca JI0JaTKOM CTpPOHIHjyM-KapOoHaTa; 8-
Kanmujm-anymMuHar ca 101aTKOM CTpOHIUjyM-(ayopuia

I'paduxon 2. Yrao kBaiiema UCITUTUBAHUX MaTepujalia
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5.4. Pe3yaTaTn PpEeHAT€HKOHTPACTHOCTH UCITUTHUBAHUX LleMeHATA

AHanmu3a pEHATeHKOHTPACTHOCTH HWCHUTHBAHUX MaTepHjaia U3pakaBaHa je
JjenMHHUIIaMa Koje OAroBapajy NeO/bMHN aTyMHUHUjJYMCKUX CTETICHHIIA (Imm), 3a MaTepHjall ce
cMaTpao Ja HuMa 3aJ0BOJbaBajyhy pEHAr€HKOHTPACTHOCT ako jé HMao KOHTPACHOCT
€KBUBAJICHTHY KOHTPACTHOCTH MUHUMYM 3 mm Je0JbuHE aTyMHUHHjyMa. Y ouaBa ce 3Ha4ajHO
BHIIIA BPEIHOCT KOHTPACTHOCTU KO IieMeHTa ProRoot MTA wu kammujym-asiymuHara ca
J0JJaTKOM IHMPKOHUjyM-IHOKCHIA Y oJHOCY Ha Apyre Bpcre memeHara (One-Way ANOVA:
Post hoc-Scheffe test; p<0,001).

PeHreHKoHTpacTHOCT ce 3HauajHO pa3iaukoBasia m3Mmely rpyna Tako na je ProRoot
MTA umao 3Ha4ajHO BHIIIE BPETHOCTH Y OJTHOCY Ha CBE y30pKE OCHUM KaJllUjyM-aIyMHUHATa
ca JI0OJaTKOM IMPKOHHU]YM-AHOKCHIA, KOJU je UMao HE3HAa4ajHO BHIIY TPOCEUHY BPEIHOCT 3a
0,37. Hajamka BpenHocT je Hahena kon umcror kamujym-anymuHata (One-Way ANOVA:
Post hoc-Scheffe test; p=0,05) (Ta6ene 11 u 12, I'padukon 3 ).

Tadesa 11. BpegHocTu peHATEHKOHTPACTHOCTH MCIUTHBAHUX IIEMEHATa HW3PAXKEHU Y

€KBUBAJICHTY PEHT€HKOHTPACTHOCTH AeOJpbHHE (MMm) aTlyMHUHU]yMa

95% HnTepBan
MOBEPECHHA 32 CPEEhY
BPEIHOCT
Cpenma Homwa l'opwa
Bpenoct CJI rpanuma rpaHuIa
ProRoot MTA 7,63 1,06 6,74 8,51
[TopTmana neMeHT 2,75 0,46 2,36 3,14
Yucr kanujyM-aTyMuHaT 1,63 0,52 1,19 2,06
Kamujym-aayMuHaT ca 101aTKOM IIUPKOHU]yM-
oxe Iﬁa ™ y 800 093 7,23 8,77
Kanmujym-cunukar ca 101aTKOM XUAPOKCHANaTUTA 250 0,53 2,05 2,95
Kanmujym-cunukar ca 1o1aTKOM OU3MYT-OKCHIA U 388 083 318 457
KaJlMjyM-KapOoHaTa ' ' ’ ’
Kanmujym-anymuHaT ca 101aTKOM CTPOHIIH]yM- 350 053 305 305
kapOoHara ' ' ’ ’
Kanmujm-anymuHat ca 10JaTKOM CTPOHIIU]jyM- 538 052 494 581
¢dnyopuna ' ' ’ ’
p BpenHocT* <0,001

* One-Way ANOVA
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Tabena 12. Mehyco6Ho nopeheme peHAreHKOHTPacTHOCTH n3Mel)y mapoBa UCIIUTHBAHUX

LeMeHara
(I-1I) Pa3nuka
(I) KontpacHoct (I) KontpacHoct CpenmBUX P BpeaHOCT
BPEIHOCTH
2 4,875 <0,001
3 6,000 <0,001
4 -0,375 0,992
1. 5 5,125 <0,001
6 3,750 <0,001
7 4,125 <0,001
8 2,250 <0,001
3 1,125 0,206
4 -5,250 <0,001
9 5 0,250 0,999
' 6 -1,125 0,206
7 -0,750 0,719
8 -2,625 <0,001
4 -6,375 <0,001
5 -0,875 0,532
3. 6 -2,250 <0,001
7 -1,875 0,001
8 -3,750 <0,001
5 5,500 <0,001
4 6 4,125 <0,001
' 7 4,500 <0,001
8 2,625 <0,001
6 -1,375 0,052
5 7 -1,000 0,350
8 -2,875 <0,001
5 7 0,375 0,992
' 8 -1,500 0,023
7 8 -1,875 0,001

* One-Way ANOVA: Post hoc-Scheffe test; p=0,05

Bpcra nementa: 1- ProRoot MTA; 2- Tloptnann uement; 3- YucT KanujyM-aityMuHaT; 4-
Kanmujym- amymuHar ca [qoJaTKOM LHUPKOHHMjyM-AMOKcuna; S5- Kamnujym-cunukar ca
JIOJIaTKOM XHJpoKcuamatuTta; 6- Kamnujym-cunukar ca JoJaTKOM OW3MYT-OKCHAA H
KaluujyMm-kapooHnara; 7- Kanuujym-anymMMHaT ca J0JaTKOM CTPOHIMjyM-KapOoHaTa; 8-
Kanmujm-anymMuHat ca 101aTKOM CTPOHIIMjyM-(ayopuia
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Bpcra nemenra: 1- ProRoot MTA; 2- Tloptnann uement; 3- YucT kanujyM-aiyMuHaT; 4-
Kanmmjym- anymuHar ca J0JaTKOM IUPKOHHjyM-IUOKcHaa, S5- Kamnujym-cuimkar ca
JIOJJaTKOM XuJpoKcuanatuta, 6- Kammujym-cuiawkar ca J0JaTKOM OM3MYT-OKCHAA U
KanujyM-kapoonara; 7- Kammujym-aaymuHaT ca JI0AAaTKOM CTpPOHIHjyM-KapOoHaTa; 8-
Kanmujm-anymMuHat ca 101aTKOM CTPOHIUjyM-(ayopuia

I'pa¢gukon 3. PeHAreHKOHTPAaCTHOCTH MCIIUTUBAHUX MaTepHjajia
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5.5. PesynraTn Mepema KoMnpecuoHe 4Yppcrohe ncnuTuBaHMX LeMeHATA

MepemeM komnpecuone uspcmohe VCUUTHBaHUX IieMeHata, Hajehy BpemHOCT
M0KA3a0 j€ YUCT KAIIUjyM-aTyMHHATHU IEMEHT (CTATHCTUYKH 3HAYajHY PA3IMKy Yy OJHOCY
Ha cBe ocraie ucnutuBane rpymne) (Tabema 14). MTA, Iloptiana HEMEHT W KallujyM-
QTyMUHATHH LIEMEHT ca JOJAaTKOM CTPOHIHUjyM-(IIOpHIa TOKa3adl Cy CIMYHE BPEIHOCTH
KOMIIpECHOHE YBpcTOhe, O0e3 cTaTUCTHYKK 3HavajHe pasnuke Mely cooom (One-Way ANOVA:
Post hoc-Scheffe test; p=0,05) (Tabena 15, I'padpuxon 4). HajMamy BpeIHOCT KOMIIPECHOHE
yBpcTohe MOKa3ao je KallUjyM-CUJIMKAT ca JOJATKOM XHIPOKCHAINATHUTa Ca CTATUCTUYKHU

3HAYajHOM Pa3JIMKOM y OJJHOCY Ha BehnHy ucnuTuBanux nemenara (Taoemna 15).

Tabesa 14. Komnpecnona yBpcroha nCnuTUBaHUX MaTepujaia

95% HnTepBan
MOBEPECHHA 32 CPEIIHY
Cpenma BPEIHOCT
BPEIHOCT Homwa I'opwa
(MPa) CJI rpaHuuma  rpaHMua
ProRoot MTA 32,65 10,14 25,40 39,91
[TopTmana neMeHt 28,01 11,27 19,35 36,67
YucT kamujym-aTyMuHaT 59,61 13,72 51,32 67,90
Kanuujym-aaymMuHaT ca1oaTkOM IUPKOHU]yM- 3,76 1,00 3,04 4,48
JIMOKCHIA
Kanuujym-cunukar ca 101aTkom 1,09 0,52 0,65 1,53
XHJIPOKCHAIIATUTA
Kanmujym-cunmkar ca 101aTKOM OU3MYT- 3,40 0,98 2,64 4,15
OKCHJIa U KaJlujyM-KapOoHaTa
Kanmujym-anymuHaT ca 101aTKOM CTPOHIIH]yM- 6,62 2,02 5,17 8,06
KapOoHaTa
Kanmujm-anymuHar ca 10JaTKOM CTPOHIIU]yM- 2552 15,30 13,76 37,29
¢bnyopuna
p BpenHoCT* <0,001

* One-Way ANOVA
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Ta6ena 15. Mehyco6no nopeheme komnpecrnone yBpcrohe HCIUTHBAHUX MaTepHjaia

(I-1I) Pa3nuka

(I) Kommpecnona (IT) Komnpecuona
yBpcToha yppcroha Cpeamux P BpeaHOCT
BPEOHOCTH
2 4,641 0,991
3 -26,957 <0,001
4 28,892 <0,001
1 5 31,560 <0001
6 29,257 <0,001
7 26,036 <0,001
8 7,129 0,904
3 -31,598 <0,001
4 24,251 <0,001
2 5 26,919 <0,001
' 6 24.616 0,001
/ 21,395 0,003
8 2,488 1,000
4 55,849 <0,001
S 58,517 <0,001
3. 6 56,214 <0.001
7 52,993 <0,001
8 34,086 <0,001
S 2,668 1,000
4 6 0,365 1,000
' 7 2,856 1,000
8 -21,763 0,002
6 -2,303 1,000
5. 7 5,524 0.979
8 -24,431 0,001
6 7 -3,221 0,999
' 8 22,128 0.002
! 8 -18,907 0.014

* One-Way ANOVA: Post hoc-Scheffe test; p=0,05
Bpcra nementa: 1- ProRoot MTA; 2- Tloptnann uement; 3- YucT KanujyM-aityMuHaT; 4-
Kanmujym-anymuHaT ca [A0JaTKOM HUPKOHHMjyM-AHOKcuna; S5- Kammujym-cunukar ca
JIOJIaTKOM XHJpoKcuamatuTa; 6- Kamnujym-cunmukar ca JoJaTKOM OM3MYT-OKCHAA H
KaluujyMm-kapooHnara; 7- Kanuujym-anymMMHaT ca J0JaTKOM CTPOHIMjyM-KapOoHaTta; 8-
Kanmujm-anymMuHat ca 101aTKOM CTPOHIIUjyM-(ayopuia
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Bpcra nemenra: 1- ProRoot MTA; 2- Tloptnann uement; 3- YucT kanuujyM-aityMmuHaT; 4-
Kanmmjym- anymuHar ca J0JaTKOM IUPKOHHjyM-IUOKcHaa, S5- Kamnujym-cuimkar ca
JIOJJaTKOM XuJpoKcuamnatuta, 6- Kammujym-cuiawkar ca J0JaTKOM OWM3MYT-OKCHAA U
KanujyM-kapoonara; 7- Kammujym-aaymuHaT ca JI0AAaTKOM CTpPOHIHjyM-KapOoHaTa; 8-
Kanmujm-anymMuHat ca 101aTKOM CTPOHIUjyM-(ayopuia

I'pa¢guxon 4. Komnpecrona yBpcroha HCIUTHBaHUX MaTepHjaia
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5.6. Pe3yaTaTu pacTBOP/bMBOCTH HCIMTHBAHUX LlEeMEeHATA

PacTBOpP/bMBOCT HCIIUTHBAaHUX Yy30paka IIeMEHaTa IpUKa3aHa je€ MPOMEHOM
BpPEIHOCTH HHUXOBE Mace HakoH crajama y PBS-y. Hajseha BpemHocT pacTBOpJEMBOCTH
perucTpoBaHa je KoJ KajlijyM-CUIMKaTa ca I0AaTKOM XUJpOKCHanaTuTa (Koju je y MpoceKy
ryono 1,21 mg) m xanuujym-alymMuHaTa ca JIOJATKOM LHUPKOHUJyM-IUOKcuAa (Koju je y
npoceky ryouo 0,48mg). Melhyrtum, HH jegaH o OBUX y30paka HHUje MOKa3a0 CTATUCTUYKU

3Ha4ajHy BPEIHOCT pacTBOPJbUBOCTH (Paired Samples T-Test).

HajMamy pacTBOpJEMBOCT TMOKa3adM Cy KalIMjyM-aIyMHHAaT ca JOJAaTKOM
CTPOHIUMjYM-(IOpUAA U YUCT KaJIUjyM-adTyMUHaT. IHTepecaHTHO je IITO je Y OBOM CIy4ajy

MpoMeHa Mace WIuia y cmepy noBehama mace m y 06a ciaydaja moka3aHa jeé CTaTUCTUYKH

3HauvajHa pasnuka (Tabemna 16, 'padukon 5).

Tabesa 16. PacTBOps/pMBOCT y30paka UCIIUTUBAHUX LIEMEHATA IPOMEHOM BPEAHOCTH

BUXOBE Mace Tpe u nocie crajama y PBS-y

PacTBOp/bHBOCT ITpe (MQ) ITocae (mQ) P
% Bpel
Cpenmwa Cpenma IIPOMEHE HOCT
BpPEIHOCT CA  spemnoct CJ *
ProRoot MTA 15,62 0,85 15,43 0,79 -1,22 0,322
[TopTmana nemMeHT 14,12 0,85 13,78 0,99 -2,41 0,002
Yucr KanujyMm-atyMuHaT 14,01 0,71 15,09 0,70 +7,71 <0,001
KaJILu/I_]yM-aJIyMHHa}T ca 1473 0,98 14.25 0.90 -3,26 0,001
J0JATKOMITUPKOHH]yM-THOKCHIA
Kanuujym-cunukar ca 1ogaTkom 9,39 0,51 8,18 1,16 -12,89 0,001
XHUJIPOKCHAIIATUTA
Kanmujym-cunukar ca 101aTKOM +4,11 <0,001
OM3MYT-OKCHA U KaJIUjyM- 12,55 0,30 13,07 0,41
kapOoHara
KaHHHJyM-aHYMHHaT ca JOJaTKOM 12.04 0,81 1231 0,08 +2,24 0,083
CTpOHIMjyM-KapOoHaTa
Kanuujm-anymuHat ca 0/1aTKOM 11.89 151 13.56 143 +14,05 <0,001

CTpOHLUjyM-(IryopHia

*Paired Samples T-Test
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Bpcra nemenrta: 1- ProRoot MTA; 2- Tloptnann uement; 3- YucT KanuujyM-aiyMuHaT; 4-
Kanmmjym- anymuHar ca J0JaTKOM IUPKOHHjyM-IUOKcHaa, S5- Kamnujym-cuimkar ca
JIOJaTKOM XuJpoKcuamnatuta, 6- Kamujym-cuiawkar ca J0JaTKOM OWM3MYT-OKCHAA U
KaluujyM-kapooHnara; 7- Kanuujym-anymMMHaT ca J0JaTKOM CTPOHIMjyM-KapOoHaTa; 8-
Kanmujm-anymMuHar ca 101aTKOM CTPOHIUjyM-(ayopuia

I'padguxon S. PacTBOP/BUBOCT UCIMTUBAHUX LIEMEHATA
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5.7. 30MpHO paHTrMpame NapaMeTapa MICIMTUBAHUX LleMEeHATA

VY tabenu 17 u Ha rpadukoHy 6 Cy Tpaganujcku mopehane cBe BPEIHOCTH MOJSAUHUX
WCIUTHBAHUX IIEMEHATa y OJHOCY Ha J00WjeHe BpPEAHOCTH HCIHTHBAHUX IIapamerapa.
Kpanuduxopane cy peauum OpojeBumMa on 1 1o 8, oa HajOOBMX Ka HAJIOWIMJUM. YKyHaH
30up OcCBOjeHHX O00J0Ba CMO TPEICTABWIM 30MPHUM MHIEKCOM BPEIHOCTH OIECHEHHUX
napametapa. IlITo cy BpeaHOCTH OBOT Tapamerpa HIDKE, TO je IEMEHT IoKa3ao 0oJbe

KapaKTepUCTUKE OIICHhUBAHUX MTapameTapa, U 00paTHO.

Tako je mperyienoM Tabene HaJHUKY BPEIHOCT 30MPHOT MHACKCA MOKA3a0 KaJIH]jyM-
ATMMUHATHA TIEMEHT ca JO0JIaTKOM CTPOHIMjyM-QuIyopHaa, a caMUM THM U Haj00Jbe
Kapaktepuctuke. Hajehy BpeaHoCT 30MpHOr HMHAEKCA IMOKa3ao je KajlujyM-aJlyMHUHATHU

IIEMEHT ca JI0JIATKOM XUPOKCHAaTUTA.

*HAITOMEHA: Kanmuujym-amyMuHaTHU [IEMEHT ca JOJAaTKOM OM3MYT-OKCHZIA U KaJIIHjyM-
KapOoHaTa MoKa3ao je BEJIMKO OTBPAmAaBamke CHOIA, HajBEpOBaTHH]E 300T BUCOKOT aTOMCKOT
Opoja u xosounHe 6m3myT-okcuaa (30%) y BeroBoM cactaBy, MPHIKKOM paauorpaducama
MHKPO-KOMITH]YTEPU30BAaHOM TOMOTrpadujoM IITO jeé OMEJO MPAaBWIHY HHTEPIIPETAIU]y

NOOMjeHHNX Pe3yJITa, Ma je OH UCKJbYUYCH U3 OIUCHBAMA.
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Ta6esal7. BpenHoctu no0HjeHUX MapamMeTapa UCIIMTHBAHUX IIEMEeHATa (PaHTUPaHUX
opojeBuma o 1 1o 8)

3anpemuHa MUKpONOpo3H VYrao Penrenkontpact Kommpecno PactBopssuB 30upH
MUKPOIIYKOT KBallIClkha HOCT Ha oCT n
HUHE HUCIIMTUBAHUX HWCIIMTHBAH HUCIIMTUBAHUX '{BpCTOha HUCIIMTUBAHU HWHACK
HUCIIMTUBAHUX nux neMeHarta HUCIIMTUBAH X ICMCHaTa c*
neMceHara neMeHara- ux
LUTpaTHa IieMeHara
KpB

ProRoot MTA 3 5 2 2 5 18
[opTinang 5 6 6 3 6 33
LIEMEHT
Yucr 4 8 8 1 2 26
KaJIHjyM-
aTyMHUHAT
Kamujym- 2 7 1 6 7 28
aTyMHUHAT ca
JOJATKOM
IUPKOHHU]yM-
IUOKCHIA
Kamujym- 6 3 7 8 8 38
CHUIMKAT ca
JOJATKOM
XHUIPOKCHATIAT
nTa
Kamujym- / 4 4 7 3 /
CHIIMKAT ca
JOJATKOM
OM3MyT-
OKCHJIa U
KaIHjyM-
KapOoHaTa
Kamujym- 7 2 5 5 4 28
aTyMHUHAT ca
JIOJIATKOM
CTPOHIIHjYM-
KapOoHaTa
Kamujm- 1 1 3 4 1
aTyMHUHAT ca
JIOJIATKOM
CTPOHIIHjYM-
¢yopuaa

* 36I/IpHI/I HWHJACKC BPECAHOCTHU YCHICITHOCTHU OLICHCHUX IMapaMeTapa
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36UpPHUN UHAEKC BPEAHOCTM YCNeLHOCTM OLLebUBaHUX
napameTapa

I—— 12

28

OuerbMBaHM LLEMEHTUX

26

18

Bpcra nemenra: 1- ProRoot MTA; 2- Tloptnanna uement; 3- Yuct kanmujym-aqiyMuHar; 4-
Kanmujym- amymuHar ca [qoJaTKOM LUPKOHMjyM-AMOKcuna; 5- Kanuujym-cuiukar ca
JIOJIaTKOM XHJpoKcHuamnatuTta; 6- Kamuujym-cunukar ca JoJaTKOM OM3MYT-OKCHAA H
KaluujyM-kapooHnara; 7- Kanuujym-anymMuHaT ca JOJaTKOM CTPOHIMjyM-KapOoHaTa; 8-
Kanmujm-anymMuHar ca 101aTKOM CTpOHLUjyM-(iayopuaa

I'pa¢gukon 6. 30upHO paHrupame NapameTapa UCIIUTUBAHUX LIEMEHATa
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6. luckycuja
6.1. 3anpeMnHAa MUKPO-ITyKOTHHE HCITUTUBAHUX LIEMEHATA

OCHOBHU IIWJb OBOT HCTpaKMBama OMO je Ja ce MPOIEHH KBAIUTET TPOIUMEH3HOHAIHE,
peTporpagHe ONTypaluje KaHajda KOpeHa Ha u3Bal)leHHM, jeTHOKOPEHHM 3yOMMa TOpH-e
BUJIMIIE, KOPHCTEhM pa3nuyuTe KallijyM-CUIMKAaTHE M KaJUjyM-aIyMHHAaTHE JCHTAITHE
neMente. Ha kBanmuTer onTypaiyje yTudy, Opex TeXHUKE OINTypaluje, MUKPOIIOPO3HOCTH
caMUX Marepujajia, U CTEleH HUXOBe KBalUbMBOCTU (Biocanin u cap.2018). V Hamem
WCTPaXHMBAKy, KBATUTET PETPOTpaHE ONTYypaluje onapehuBaH je MepemeM 3anpeMuHe
MUKPO-TIYKOTHHE H3Mel)y MCIUTHBAaHWX IIeMeHaTa M JCHTHHA PEeTPOTpagHOr KaBHTETa Ha
UCT-y. Crora, moOujeHH pe3ylTaTH MOTY C€ CMaTpaTh BUCOKO peneBaHTHUM, jep UCT
MpeICTaBJba HAjIIOY3/1aHN]y HEWHBA3UBHY METO/IY 3a TPOJANMEH3NOHATHO MEPEHEe KBATUTETA

peTporpaaHe onTypalije KaHaia KopeHa 3yoa.

PesynTatu koje cMo mo0wMIIM MTOKA3alM Cy Ja jeé HajMamy MUKPOIYKOTHHE u3Mely neHTuHa u
WCIIUTHBAHUX I[EMEHATA MOKA3a0 KaJIIHjyM-aJJyMUHATHH [IEMEHT ca JOJaTKOM CTPOHIUjyM-
bayopuaa U KaliyjyM-aIyMHUHAT ca JOJAaTKOM ITUPKOHU]YM-THOKCHIA Ik 0€3 CTaTUCTUIKE
3HAYajHOCTH y OJHOCY Ha KOHTpOJIHE IeMeHTe. OBakaB pe3yliTaT MOXKE OUTH IMOCIEeanIa
JEIMHCTBEHE OCOOMHE KaJlMjyM-aJyMUHATHUX IIEMEHaTa Ja ce Mpolec Xujaparainuje
(cTBapama CTAOMJIHMX W METAaCTA0MIHMX XHJAPUJA) W TPEIUNHUTAIMje HacTaBJba HAKOH
WHUIMJATHOT BE3WBama, ycie ] npucycrsa gaynaa. [locmaTpaHo ca KIMHUYKOT aclieKTa OBO
O0u ce MOIJI0 TyMayuTH Kao MO3UTHBHA OCOOMHA KOja OW JT0BeNa 10 CMambemha MHUIMjaTHe
MUKpPOMYKOTHHE, jep je mpaheHa yBehameM MOYETHE Mace ONTYpPAlMOHOT MaTepujana y

byukuuju Bpemena (Garcia u cap. 2014, Tobon-Arroyave SI u cap. 2007).

Bpennoctu 3anpemMuHe MUKpO-IIyKOTHHE U3Mel)y IeHTHHA KOpeHa peTporpajHor KaBUTeTa U
UCIHUTHBAHUX I[EeMEHAaTa KOje CMO JOOWIM y HallleM UCTpaXHBamy, a Koje cy Ouie Mame y
onHocy Ha MTA wu Iloprnann umeMeHT, MoOKa3ao je M KaJIlHjyM-aJlyMHUHaTHH LIEMEHT ca
J0AaTKOM LUPKOHUjyM-auokcuia (ZrOz) Beposatho je na je nogarak ZrO; y IpOLEHTY OA
30% NO3UTHBHO YTHIIA0 HA XOMOTEHOCT IIEMEHTHE MELIAaBUHE KallUjyM-alyMUHATHOT
[IEMEHTa, HApoyuTo UMajyhu y BHIYy Ja je YHUCT KaJIUUjyM-aTyMHHAT IOKa3ao CKOPO

JBOCTPYKO Behe BpeHOCTH 3anpeMuHe MUKpO-TIyKoTHHE (cauuHo MTA-y).
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Malhotra i Hedge (2015) ucnutuBanu cy MBUYHY aJanTaOMIHOCT Pa3IUYUTHUX KaJIIH]jyM-
CHJIMKATHUX [IEMEHAaTa W TJac-jOHOMEp IeMEHTa ca JCHTHHOM, Kopucrehum merony
neHeTpanuje Mactwia. JloOunm cy ma je, 3HadajHO HAjOOJbM pe3yaTaT Kaja je KasiujyM-
CUJIMKAaTHOM IieMeHTy nonat ZrO, kao KoHTpacHo cpeactBo. Ca apyre crpane, Soundappan u
cap. (2014) xopucrehim SEM (CKEHHHI €JIEKTPOHCKH MHUKPOCKOII), MOKa3ajdd Cy 3HA4ajHO
0ospy mBHuHy ananrtanujy MTA (cagpxku BiO; ka0 KOHTpacHO CpPEICTBO) ca JCHTHHOM Y

nopehemy ca buogentiuHoMm (koju caapxu ZrOz Kao KOHTPACHO CPEJICTBO) MPUMEHCHAM 32

peTporpaaHy onTyparujy.

MTA y Hamoj cTyauju NokKa3ao je HEIITO HWKE BPEIHOCTHU 3allpeMUHE MHUKPO-IIYKOTHHE
(60x10° mm®) y nopehemy ca pesynraruma Buouanuna u cap. (2018) rae je xopurnhen
npenapar MTA" u e je BpeqHOCT H3HOCHMIA 80x10° mm?. Ca npyre ctpase, Al-Fouzan u
cap. (2012) cy mepehu 3anpemuny Mukpo-mykotuHe Ha PCT — y u3mely neHTHHA U CHBOT

MTA npoHauum BpeaHoCT 01 53x10% mm®.

Hako je y Hamem UCTpaKUBamy KaJIIAjyM- ATyMHUHATHHU IIEMEHT Ca JIOJJaTKOM CTPOHIIU]yM-
KapOoHaTa Mmoka3ao HemTo Behe BpeJHOCTH 3alMpeMHHE MUKPO-ITYKOTHHE u3Mehy neHTHHa 1
HCIIUTUBAHUX IIeMEHaTa y oJHOCY Ha KoHTpojHe rpyne (MTA u [lopTiann), Huje 3amakeHa

CTaTUCTUYKHU 3Ha4yajHa pa3iuKa.

6.2. MUKpPONMOPO3HOCT HUCTUTUBAHMUX LleMeHaTa

[IpucycTBO TOpa y ONTYpallMOHMM MaTepHujajiiMa je HermoxeJbHO. [Iopo3HOCT HeraTuBHO
yTuye Ha (QU3MYKe O0COOMHE M yTW4e Ha MUKpolypeme Oakrtepuja (Coomaraswamy u cap.
2007, Milutinovic¢-Nikoli¢ u cap. 2007). Y neHTaTHUM IEMEHTUMA, MIOPO3HOCT C€ OJTHOCH Ha

KOJIMYMHY BOJIE KOja UX UCIYHaBa.
Tekcrypa nopa y A€HTaJIHUM LIEMEHTUMA [IOTUYE U3 TPU U3BOpa:

1. cenexTHBHE PacTBOPJbUBOCTHU MOjEANHUX KOMIOHEHTH
2. 0]1 HeM3pearoBaHe BOJe

3. 3apo0sseHor Bazayxa (Coomaraswamy u cap. 2007).

Bennuuna mopa 3HauajHO yTH4e HAa pacTBOPJBMBOCT MaTepHjaja M ypacTamke HOBOI TKHBA.
ITope ce mory kinacu(puKoBaTH Ha: MUKPO Iope (I1jaMeTpa Mame 011 2 nm), Me30Iope
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(mujametpa ox 2-50 nm) u makporope (mujamerpa mpeko 50 nm). [Tope ce mame mory
KIacu(UKOBATH Ha 3aTBOpPEHE, OTBOPEHE HAa JeJHOM Kpajy M OTBOpPEHE Ha o0a Kpaja.
3aTBOpeHe Mope YTHYy Ha MaKpOCKOIICKe OcoOMHEe MaTepujaia, Kao IITO Cy T'yCTHHA,
€JIaCTUYHOCT, MEXaHWYKa CHara U TOIUIOTHA NMPoBOTbUBOCT (du Sart u cap. 2011). OtBOpeHe
nope uMajy IWpPEKTaH yTUIAj) Ha NeHeTpauujy Oakrepuja W OaKTEpPUjCKUX TOKCHHA
(Milutinovié-Nikoli¢ u cap.2007). ToTanHa MOPO3HOCT C€ OJHOCH Ha 30HUP CBUX MOPO3HOCTH

(3aTBOpEHE ¥ OTBOPEHHUX) U U3PaAKaBa C€ Y MPOLICHTUMA.

VY Haioj cTyauju MUKPOTIOpO3HOCT je MepeHa Ha WCT-y, ca pe3onaynujoM CKeHepa o1 SiL.
CBH NCIIUTHBAHU [IEMEHTH Y HAIlIEM MCTPAXKHUBamY, n3y3eB [lopTian ieMeHTa, mokas3aiu cy
Majie BpeIHOCTH TOTaJTHE MUKPOMOPO3HOCTH, ucnion 4%. Hanme, HajMarkby MUKPOTIOPO3HOCT
on 2,32% moxkazao je MTA, anu 6e3 CTaTUCTUYKH 3HA4YajHE Pa3JIUKE y OJHOCY Ha OCTaJe

WCIIUTUBAHE IIeMEHTHE (hopMyIaIuje.

Baxno je umcrahm ga je W3 rpyne EKCNEPUMEHTATHUX I[eMEHAaTa HajMamke BPEIHOCTH
MHKPOIIOPO3HOCTH TI0Ka3a0 KallMjyM-aJyMHHAT ca JOJAaTKOM CTPOHIHjyM-(uryopuaa
(2,62%) koja je Obuna Beoma Ommcka mukponoposHoctu MTA. ¥V crynmju Biocanina u cap.
(2018), xojm cy Takohe xkopuctmiu MCT 3a UCHUTHBAKE MHUKPONOPO3HOCTH,
Mukponopo3HocT MTA u3Hocuna je csera 1,3%. Ca apyre cTpane, y cTyadjama y Kojuma je
MHUKpPOIIOPO3HOCT ~MepeHa MoMoNy JKUBUHE moposumerpuje  (,, mercury — intrusion
porosimetry*) nmoOujeHe Cy 3HATHO BHIIE BPEIHOCTH MuKporopo3Hocth MTA u Pro Root
MTA (28,41 u 30,1 %) (Marciano u cap. 2019; Antonijevi¢ u cap. 2014). OBakBa paziuka y
OJIHOCY Ha pe3yJjTare Hallle CTy/Auje BEpOBaTHO je MOCIeauIa Pa3InuuTe METOI0JIOTHje KOja
je xopuinheHa 3a UCNMUTHBaKE MUKpomopo3HocTH. Oliveira u cap. (2010) cy xopuctehn
MMEP3MOHH TECT 3a MEpEeHhEe MUKPOMOPO3HOCTH, MOKa3adl MUKPOMOPO3HOCT KaJlldjyM-
allyMUHATHOT leMeHTa o1 4%, nok je 3a MTA (Gray MTA, Angelus) u3Hocuna yak 28%.
OBe 3HATHO BUIIIE BPETHOCTH MUKPOTIOPO3HOCTH OJ1 pe3yiaTara koje cMo Mu noounu 3a MTA
U KallMjyM-aJlyMHHAaTHE IIEMEHTE€ BEPOBATHO Cy MOCIEIUIa Ipyraduje METOJ0JIOTHje 3a
UCIHUTHBakE MUKponopo3HocTH. Ca nipyre ctpane, Bastruk u cap. (2014) xopucrehu pCT 3a
WCIUTUBAKE MHUKPOMOPO3HOCTH paznuuuTux Qopmynanuja MTA nemenara, nobunu cy
BPEHOCTU MUKPOIIOPO3HOCTH HEIITO UcHof 2%, IITO je MPUOIMKHO Pe3ylnTaTy KOju CMO MU
nobwunu 3a mukpornoposzHoct Pro Root MTA (2,32%). Torres u cap. (2018) cy xopucrehu

uCT nponamum Mukponopo3noct Oeror MTA Angelus on 22,5%. Osako poOujeHe
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pEIaTUBHO BUCOKE BPEITHOCTH MHKPOIIOPO3HOCTH y OJJHOCY Ha HAIlle pe3yJTare, Mory OuTu
mocJIeUIa pe3oayluje ckeHepa oa 9u, y mopehemy ca pe3odaylujoM oI S| KOjy CMO
KOPUCTHJIM y HAllleM HUCTpaxuBamy. MHTEpecaHTHa je YMIbEHUIlA J1a MEXaHWYKO MEIIame
[IEMEeHaTa OBOAM JO IojaBe Behe MUKPOIOPO3HOCTH y OJHOCY Ha PYYHO MEUIame, YCIesa
Beher 3apoOspaBama yectuna Bazayxa. OBHM MOXKEMO OOJaCHHTH PEIaTUBHO HUCKE H

yjeIHaueHe BPETHOCTH MUKPOIIOPO3HOCTH KOje CMO JOOWIIH Yy HAIlIEeM UCTPAKUBAY.

Baxxan acmekT MmMopo3HOCTH MaTrepHjajia jecTe Ja JUPEKTHO YTHYe Ha HUXoBa (pu3muka
CBOjCTBa, a CaMUM TUM U IOHAIake y OKpyxkewmy. [lopo3HOCT MoXxe OMTH moBe3aHa ca
pacTtBopJbuBOIIhy Marepujana, yka3dyjyhu na TOpO3HMjU MaTepujajid IoKazyjy Behy

pactBopsbuBOCT (Torres u cap. 2018, Vazquez-Garcia u cap. 2016).

6.3. Yrao Kkpamniesha HCIUTHBAHUX [[EMEHATA

VYrao kBamiema (KOHTaKTHH yrao) TpeacTaBiba yrao mi3mel)y moBpmmHe uBpere (aze
WCTIIUTHBAHOT IIEMEHTA W TAHTCHTE Ha CJI000THY MOBPIIMHY TEYHOCTH Y TaYKH KOHTAKTa ca
MOBPIIMHOM YBPCTOT, UCIUTHBAHOT IIEMEHTA. YTao KBalllekha 3aBHCH O] CHJIa ajxe3uje u
KoXxe3uje. AIXe3uoHe Cuie Jenyjy u3Mmel)y MoJieKyjga TEYHOCTH W YBPCTOT Teja, JOK Ce

KOXE3HMOHE CHUJIE jaBJbajy yHyTap MoJiekyia came Teunoctu (Yuan i Lee 2013).

VYrao KBaliewa MpeIcTaB/ba BeoMa BaKHY KAPAaKTEPUCTHKY CBUX ONTYPAIIMOHUX MaTepHjajia
300T yCIOCTaBJbamka Be3e U3Mel)y JIeHTHHA 3U0Ba KaHaia KopeHa 3y0a M caMor MatepHjaia
(Na u cap. 2018). KontakTHu yrao yrnotpedibeHe TEYHOCTH W YBPCTOI MaTepHujaia je Beoma
Ba)KHA 0COOMHA jep je oBe3aHa ca HBeroBOM CIIOCOOHOIINY /1a ce aaxepupa Ha OKOJIHA TKUBA.
3anpaBo, KOHTaKTHH Yrao MpeJCcTaB/ba MeEpy KBallJBUBOCTH HCHUTHBAHOT  MaTepujajia
(Medi¢ u cap.2010). Manu xoHTakTHH yrao (ucmoa 90 cTemeHHw) OJroBapa BHCOKO]
KBaIllUBMBOCTH, JOK BEJIMKH KOHTaKkTHH yrao (mpeko 90 cTemeHu) ojaroBapa Majoj

kBanuprBocTH (Yuan i Lee 2013).

I'maBHM (akTOpu KOjU yTUUY Ha BpPEIHOCT yIJla KBallelka Cy XpamaBOCT M XEMHjCKa
IIpOMEHa MCIUTUBaHE NMoBpLIMHE Matepujana (Biocanin u cap.2018). Crymuja Kwona u cap.
(2019) nokazana je ga cy Behe BpeAHOCTH KOHTAKTHOT yIJia (Mama KBallJbUBOCT MaTepHjaia)
y HEraTMBHO] KOpeJaluju ca Mohu 3anTuBama W MOTYhHOCTH NEHeTpaluje mMarepujaia y

JICHTUHCKE TyOyJIe.

68



[TomapHOCT MCIIUTHBAHOT MaTepujajia U JEHTHHAa KopeHa 3y0a omoryhaBa WUXOBY 00JbY
Besy. llITo ucnutuBanu Marepujan uma Behy MoJIapHOCT, TO je HeroBa Besa 3a JJeHTUH 00Jba.
HanMe, ISHTHH ce cacTOji 01 XUAPOKCHAIATHTA KOjU ce cactoju o jora Ca’" u OH u PO4Z.
TeyHocT 3a WCHIUTHBaKkE yIiia KBalllekha YKOJIMKO jé BHUCOKO MoJjiapHa (KpB, TIHILIEPOI),
nokazahe Mamu yrao KBamiema, Tj.00Jby aIXxe3ujy ca UCHUTHBAHUM MatepujasioM. OBO HaM
MHJIUPEKTHO yKa3yje Ha BHCOKY IMOJIAPHOCT MCIUTHUBAHOT LIEMEHTA U IMOCJICIUYHO HETOBY

no6py Besy ca aentuHoM (Yassen u cap. 2015).

VY HameM HUCTpaXHWBamy KOPUCTHIIM CMO TPH TEYHOCTH 3a oapehuBame yria Kpamiema:
TJIMIEPOJI, XyMaHy LIUTpPaTHY KpB W AujoaMeraH. [nuiepon je m3abpaH kao pedepeHTHa
TEYHOCT jep Ce cMarpa TOTOBO HJCATHHM AaHAJIOrOM KpBH, Ca CIMYHHM BHCKO3UTETOM
(Yassen u cap. 2015). Xymana kpB je u3abpaHa 300T YMIEHUIIC a Y KIMHUYKAM YCIOBHMA
TOKOM TI€pHANTUKAIHE XUPYPrHje IMEMEHTH 3a PETPOrpaaHy ONTYpalHjy J0Ja3e Y AUPEKTaH
KOHTaKT ca KpBJbY, 11a Haj0OJbe CUMYIIUpa KIMHIUYKE YcaoBe In Vitro. JlujoameraH je ogadbpan

Kao HETIoJIapHa TEYHOCT.

VY Hamoj cTyauju HajMame BPETHOCTH KOTAKTHOT yria u3Mel)y MCIUTHBAHHUX IleMEHaTa U
XyMaHe LUTpaTHE KpBU TMOKAa3aId CYy KaJllWjyM-alyMHHAaTHH LIEMEHTH ca JIOJAATKOM
CTpOHIMjyM-(hayopuaa u cTpoHnjymM-kapoonata (10,55° u 15,61°). OBu pe3ynratu cy Ouimm
CTAaTUCTUYKU 3HAYAJHO MambH y 0JTHOCY Ha KoHTpoJiHe rpyne MTA u IlopTnana niemeHT, Koz
KOJUX Cy BPEJIHOCTH KOHTAKTHHUX yriioBa uzHocwie 41,02° u 56,04°. OBa paznuka MOXxe ce
00jaCHUTH YWICHUIIOM Ja KainujyM-cuiukaTHu IemMeHTd (MTA wu Iloptnanm) mokasyjy
XEMHJCKY aJTepallkjy W MPEHUIUTANN]y KpHUCTaja Ha CBOjOj MOBPIIMHM HAKOH OOpaBKa y
PBS. OBH LeMeHTH [0Ka3yjy GHOAKTHBHOCT, Tj.CLIOCOOHOCT 1a ociobalajy jone Ca?* u OH

KOjU OHJIa TIPEIUITUTHPA]y Y KOHTaKTy ca docharaum pactBopuma (Camilleri u cap.2013).

Takas je 610 ciyyaj y Hamem uctpaxuBamwy rae je kopumhen PBS. Hakon 30 nana Gopaska
UCIHUTHUBAHUX Yy30pakKa IieMeHaTa y pactBopy PBS-a, Ha moBpmmHM KaniujyMm-CUIMKaTHUX
[IEMeHaTa JIOLUIO je JO NpelUNHTalije KpucTala Ha MOBPUIMHH, LITO j€é U MaKpOCKOIICKH
youeHo. OBO je I0BeJO /10 HeCyMBHBOT noBehama XpamnaBocTH MOBPIIUHE, IITO je YTUIAIO0
Ha HemTo Behe BpeAHOCTM KOHTAaKTHOT yria. KamiujymM—cuiaMKaTHU IIEeMEHT ca J0JaTKOM
XUJPOKCHANaTUTa MOKa3ao je HHCKe BpelHOCTH KOoHTakTHor yria (18,86°). OBo ce Moxe
00jaCHUTH YHMIEHUIIOM Jla J0JaTaK XUAPOKCHANaTHTa y KaJILUjyM-CUIMKATHU LIEMEHT

AOBOJHU 10 CMAakCHhd KOHTAKTHOT YIJIa, BEPOBATHO KA0 IMMOCJICAUIa CMAKCHha ITIOPO3HOCTU U
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JMjaMeTpa Tmopa Kao mocieaniia OnoakTuBHOCTH xuapokcuanatuta (Oliveira u cap.2016).
HajBehy BpeaHOCT KOHTaKTHOT yrja y HalleM HCTPaKHMBamy IMOKAa3a0 je YHCT KaJlujyM-

QITyMUHAaTHU LIEMEHT Y KOHTAKTy ca IUTpaTHOM KpBJby (80,09°).

Mehytum, nomaBameM CTPOHIHjyM-KapOoHATa W CTPOHIHjyM-QIIyOpUAA Yy KaJIlujyM-
QTyMUHAaTHH I[IEMEHT, BPEIHOCTH KOHTAKTHUX YIJIOBAa 3Ha4YajHO omaaajy. To ce Moxe
00jaCHUTH TPOMEHOM XEMHjCKE CTPYKType TOBpIIMHE W BEpOBATHUM IMoBehameM HeHOT

HOJIApUTETA.

Kaga cMO npuMEHHIM TJIHMIEpPOT Kao TEYHOCT 3a HCIHTUBAKE Yria KBallleka, CBH
WCIIUTHBAHU IEMEHTH Cy IMOKA3alHd pEeNaTUBHO HUCKE BPENHOCTH, Tj.J00pY KBaIJBHUBOCT.
Hajmamy BpeqHOCT yria kBamiewma mnokaszao je [loptmann nement (15,73°). CynpoTHO KpBH,
HEIITO BHWINE BPEAHOCTH Ca TJIMIEPOJIOM 32 KOHTAaKTHH Yrao TIOKa3ald Cy KaJllHijyM-
QITyMUHATHU [IEMEHTH ca J0JaTKOM CTpoHIMjyM-(iayopuaa (32,22°) u KaluujyM-CUIIUKaT ca
nomatkom xuapokcuanatuta (33,40°), anmu u qasee cy Ouiie A0CTa UCIO TPAHUYHOT YIiia 3a

n06py kBanusuBocT (90°)(Yuan i Lee 2013).

6.4. PeHATeHKOHTPACTHOCT MCIIUTUBAHUX I[eMeHaTa

PeHAreHKOHTPAaCTHOCT JACHTATHUX MaTepHjaia jeIHO je O] lbUXOBUX HAJBAXXHUJUX CBOJCTABA.
W3 tux pasnora, IEHTATHUM [IEMEHTAMA JI0JIajy C€ PA3JIMYNUTa PEHATCHKOHTPACTHA CPEIICTBA.

Wneanno peHAreHKOHTPACTHO CpeACTBO Ou Tpebdaso aa je:

1. OuoxoMnaTHOUIHO
2. WHEPTHO
3. Ja ce ca IITO MakbOM KOJMYMHOM y IIEMEHTHO] OpMyNH MOCTUTHE 33]J0BOJbaBajyha

PECHATCHKOHTPACTHOCT.

PeH,[[FCHKOHTpaCTHO CpCACTBO 3aXTCBa MaTeijaJIe Cca BUCOKMM aTOMCKHM 6p0jeM. TaKOIje,
PCHATCHKOHTPACTHA CPEACTBA HE oun Tpe6aJ10 Ja HCTAaTUBHO YTHUYY Ha XeMI/IjCKa u CI)I/I3I/I‘H(O'

MEXaHMYKa CBOJjCTBA JACHTAIHUX ieMeHata (Shahravan u cap. 2011).
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[Ipema cranmapay ISO 6876-:2002 mox Ha3uBOM ,,JIeHTaTHW MaTepHjaau 3a ONTYypaIujy
KaHaja KOpeHa®, paJiOKOHTPACHOCT JACHTATHUX MaTepujaia He Ou Tpebayo ga Oyne Mama

0] EKBHBAJICHTA PAaIMOKOHTpacHoCcTH 3 mm nebspune anymunujyma (Corral u cap. 2018).

[To mpyrom crarmapay, ISO 9917:2007 ,,lleMeHTH KOji KaO TEYHOCT KOPUCTE NCCTHIOBAHY
BOJIY* paJMOKOHTPACHOCT Ou Tpebano na uM Oyae MUHMMYM Kao KOHTpacHOCT | mm

ne6spune anymunujyma (Corral u cap. 2018).

VY Haioj CTyIuju, peHIreH KOHTPACHOCT JIEHTAIIHUX MaTepHjaia MpuKa3aHa je kao 6poj Koju
oaroBapa aeOpMHM (mm) creneHuna on amymumHujyma (ox 1-10 mm). YV wHamem
UCTPAKUBAKY, CTATUCTUYKH 3HAYaJHO HajOOJbY PEHAT€HKOHTPACTHOCT MOKA3a0 j€ KaJllhjyM-
QTyMUHATHU LIEMEHT ca JIOAATKOM LMPKOHMjyM-AuoKcunaa (BpexHoct 8). Behuna ocrammx
WCIIUTUBAHUX IIeMEeHaTa ToKaszajla je J00py pPEeHAreHKOHTpPAacTHOCT (WM3Ham 3), H3Yy3eB
[Toptnana uementa (2,75), uucror kamuujyMm amymuHara (1,63) u kanuujym cuiaukara ca

JI0aTKOM XupoKcuanaTura (2,5).

CBM UCITUTHMBAHM JICHTAJTHU IIEMEHTHU 33/10BOJbIIIM Cy cTanaapa [ISO 9917:2007, 1j. umanu cy
peHAreHKOHTpacTHOCT Behy o koHTpacTHOCTH | mm amymuHHjyMma. [{upKoHU]yM-AHOKCHT
Kao paJHMOKOHTPACTHO CPEICTBO MpHCcyTaH je y buonentuny y kouuentpauuju 20% u
Pa3IMYUTH ayTOpHU Cy MOKa3alu HEroBy PaJMOKOHTPACTHOCT of y pacmony ox 1,5 go 4,1
mmAl (Camiliieri u cap. 2013, Grech u cap.2013, Tanalp u cap. 2013, Kaup u cap. 2015). Y
Hamioj crynuju je ZrOy 1oaat KajllujyM-aJTyMUHAaTHOM LEeMEeHTY y u3Hocy on 30% u merona
peHAreHKoHTpacTHOCT Omia je yak 8. [lokazaHna pasznuka Moxe OUTH MOCHEAMIAa pa3iuKe y
KOHLIEHTPALIMJU JOJATOT IMPKOHUjyMa. Y HAIIO] CTYAUJU U3paKeHa PEeHATreHKOHTPACTHOCT
1eMeHTHe (opMmynanuje KaalijyM-aTyMUHAaTHOT I[eMEHTa ca JOJAaTKOM IMPKOHUjyM-
JMOKCH/Ia TIOCTIEINIIA je BEIHKOT aTOMCKOT Opoja nupkoHHjymMa koju uznocu 40, kao u 30%
Mace LIHUPKOHHjyMa 3acTYyIJbeHOCTH y (dopmynanuju 1ementa. Haume, mo3HaTto je Aa Ha
ariCOpIIMjy PEHAreH 3paKa, Ma CaMUM TUM U PEHATEHKOHTPACTHOCT yTUYe, Mope 1eOJbUHE,
I'YCTHHE Marepujajia, TajacHe Ay)KWHE PEHAreH 3paka u aromcku 6poj (Coomaraswamy u
cap. 2008). Hanme, TBpJa 3yOHa TKHBa Cy YIJIaBHOM CaddibeHA O] Kamujyma u ¢ocdopa
(aromcku 6poj 20 u 15) u 300r Tora je MokKeJHbHO Ja MaTepujaiu 3a ONTypanujy umajy Behu
aTOMCKH OpoOj OJ1 BUX, Kako OM UMald 00JbY PEHATEHKOHTPACTHOCT M OWJIM JIAaKO YOUJbHUBU
Ha paauorpamy. Takole, mokas3aHo je Ja MaTepujaid KOjU ce cacToje 0J (PMHO YCUTH-EHHX

yecTulla ancopOyjy BHIIE BOJAE KOja CMamyje pPEHITCHKOHTPAaCTHOCT MaTepujajia
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(Coomaraswamy u cap. 2008), mro Moxxe OUTH pazior cinadbuje KOHTPACHOCTH KaJII[HjyM-

CHJIMKaTa ca JI0JAaTKOM XHJIpOKCHanaTuTa 1001jeHo0]j Y Halloj CTYAU]H.

PeHAreHKOHTPACTHOCT —KaNlMjyM-aIyMHHATHUX [EMEHaTa ca JO0JAaTKOM CTPOHIUjyM-
dnyopuna (SrF2) u ctpornujym-kapoonara (SrCQOs) Oua je BHCOKa. Pa3jior BepoBaTHO JICKH
Y YMECHUIM Ja St UMa aTOMCKH O0poj 38, mTo je 3HaTtHOo Butie o kanmujyma (20). Wu u cap.
(2019) cy noxazanu na peHAr€HKOHTPACTHOCT JIMHEAPHO PAcTe ca IMOCTEIEHUM J10/1aBalbeM
Sr y nmenrtanHe memente. Y Hamoj ctyauju MTA je Takohe mokazao u3y3eTHO 00py
penarenkonTpactHoct (7,63). Haume, y cacray MTA nanasu ce 20% OusmyT-okcuja.
[To3nato je nma je atomcku Opoj 6usmyra 83, MWITO My Jaje BEIUKY PEHATC€HKOHTPACTHOCT.
VYcnen HeraTUBHUX 0COOMHA OM3MYT-OKCHJIA, Kao IITO je mpebojaBame 3y0a, mpemiake ce
IETOBa 3aMEHa ca MUPKOHUjyM-TuoKcuaoM (Duarte u cap. 2018). 3nagajao je ucrahm na
J0JaTak pPaJMOKOHTPACTHUX CpeICTaBa yThde OWTHO W Ha MEXaHMYKEe W Ha OMOJIOIIKE

ocobuHe aeHTanHuX nemenara (Wu u cap. 2019).

Taxohe, u 1pyru painoOKOHTPACTHU areHCH MOTY 3aMeHUTH Ou3myT-okcua. Kana je y nuramy
PEHAT€HKOHTPACTHOCT, PE3YJITaTH Halle CTyAuje NOTBPIWIM Cy HW3Y3€THY pEHIreH
KOHTPAaCTHOCT IIEMEHTa ca JO0JAaTKOM ITUMPKOHHUJYM-IMOKCHIA, a Takohe W CTPOHIHjyM-
bnayopuga u cTpoHIMjyM-KapOoHarta. IIpuMeHOM IMPKOHHWjYM-TUOKCHIA, CTPOHIIH]YM-
KapOoHaTa M CTPOHIMjyM-QuIyopHuia Kao PaJdOKOHTPACTHUX areHaca, MOXKE ce MOCTHhH
3a/10BoJbaBajyha paJMOKOHTPACTHOCT KOja je€ CIMYHAa KOHTPACTHOCTH IIEMEHTA ca OM3MYyT-
OKCHJIOM, aJIH je 3a OBaj edekar MoTpeOHO J1a ce 10/1ajy y HemTo Behoj KOJMYKMHHU, IIITO MOXKE

HETraTUBHO YTUIAaTU HA MEXaHUWYKa U XeMI/IjCKa CBOjCTBa JCHTAJIHUX LIEMCEHaTa (Duarte u cap.

2018).

6.5. Komnpecunona uBpcroha ucnuTMBaHUX IleMeHATA

Komnpecnona uBpctoha je jenHa o] HajBaXXHMJUX KapaKTEepUCTHKa MaTepHjaia 3a
peTporpagHy ONTypalMjy KaHaja KopeHa 3y0a M OHa je y KOpelalMju ca CTElNeHOM

XHJIpaTalurje KoJ IeMeHaTa KOji Kao TeYHOCT KOPUCTE IeCTHIIOBany Boay (Kogan u cap.
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2006). OBa ocobuHa moapa3ymeBa Hajehu BEpTUKAITHU MPUTUCAK KOJH MATEPUjall MOXKE J1a

U3IPXKH, a 1a He fohe 1o nyuamwa (van der Varst u cap. 1993).

Komnpecunona uBpcroha je mokaszartesb peakiyje Be3MBama Kao M CTAOMIIHOCTH MaTepHjaia.
W3 oBor pasnora cmaTpa ce jeITHUM O] HajBaKHHjUX (PM3MUKHUX CBOjCTaBa IIEMEHATa KOjU Kao
TEYHOCT KOPHUCTE JIeCTUIOBaHy Boay. CTyauje cy mokasaie Jja KOMIpecrHoHa YBpcToha OBHX
MaTepHjajia MOXe OHTH TpOMEmEHa IOJ JCjCTBOM pa3IMYUTHX YTULAja, MOYEBIIH O]
MOJEAMHUX cacTojaka y ¢opmymaiuju eMeHaTa U BbuXxoBoTr MelycoOHor ogHoca (mpaxa u
TGLIHOCTI/I), IIPUTUCKA Y TOKY KOHI[GHSaIII/IjC, Ka0 W CaMHMX TCXHHWKa MCIIaka IIpaxa Hu

teuHocTH (Basturk u cap. 2015, Bidar u cap. 2015, Sahebi u cap. 2015).

KonTamuHanuja ¢u3noNOMIKUM TEYHOCTUMA, TOMYT KPBU U THOja, jaBjba ce y BehuHH
KIMHAYKAX CHUTYyalllja KaJa Cce KOPHCTEe OBH MaTephjalii, HApOYUTO Kao CpEICTBa 3a
peTporpajHy OnTypaiujy KopeHa 3yda. 300T Tora je BaXXHO Ja OBa YMIbEHHIA HE CMe Ja
yTHY€ Ha CBOJCTBA JICHTAJTHUX IeMeHaTa. MehyTuM, HEKOJMKO CTyAHja je TOKa3aio Ja
KOHTaMHUHAaIMja KpBJbY M (PU3MOJIOIIKMM pacTBOpMMa IIOKa3yje HeraTuBaH yTHLA] Ha
ocoOuHe nmemMeHara Ha 6a3u Boje (,, Water-based cements*) (Nekoofar u cap. 2010, Bolhari u
cap. 2014). Y oBoM HCTpaXuBamy Hajsehy BpeaHOCT KOMIpPECHOHE uBpcTOhe IMoKa3ao je
YUCT KaJIHjyM-adyMHHATHH eMeHT (59,61MPa) HakoH TpuaeceToaHEBHOT OoOpaBKa Y
pactBopy PBS-a. OBo je y ckiaay ca BpeAHOCTHMA KOje Cy MpeAcTaBi Kirca M capaHULIHA
(2013) koI KOjUX je MCTH IEMEHT T0Ka3a0 BPEIHOCT KOMIIPECHOHE UBpCcTOhEe HAKOH jeJHOT
naHa (63,2MPa) aimu 6e3 mznarama (ayuauma. Y JAPYyroj CTyAWjU KOJ YUCTOT KaIHjyM-
aTyMHUHaTa HM3MEpPEeHa je BPEAHOCT KommpecuoHe uBpcTtohe on 32MPa nakon 24 cata
Be3WBama, Ja OM HaKOH BpeMeHa oJ1 15 gana nocturia BpeaHoct oa S1MPa (Oliveira u cap.
2010). Paznmuke y mojamuma NOpeACTaB/BEHUM OJl CTpaHe OBa JBa ayropa MOTY OWUTU
MOCJIeUIA HEKOJIUKO (paKTopa KOjU Cy YTUIAIM Ha MIPUKa3aHe BPEIHOCTH, Kao CTO Cy: OJIHOC
mpaxa W TEYHOCTH, BENMYMHA M OOJMK YeCTUla, pa3jMyuTe TEXHUKE MeIllamba Hu
Mmanumyiaiuja ca marepujanuma (Camilleri 2010). Pasnuka y 100ujeHHMM BpeTHOCTUMA KOje
je mpencrtaBuo Kirca u capamaunu (2013) u Hame BpeIHOCTH MOXE ce€ 00jaCHUTH
pacTBopJpHBOIINy OBOT ILileMEHTa Koja peMeTH merosa ¢usuuka cojctBa (Oliveira u cap.
2010). Mehyrum oBo He Aaje ofjammene 3a pesynrtate Oliveira-e u capannuka (2010) jep je
BpPEAHOCT KOMIPECHOHE YBpCTOhe HacTaBuia Ja ce moBehaBa y pyHKIHjU BpeMeHa YIPKOC

npucyctBy PBS-a. M3rnena na npucyctBo pactBopa Huje MMaio Beher yruiiaja Ha BpeIHOCT
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KOMIIpECHOHE YBpcTOohe y TOKY TPUIECET JlaHa, y3eBIIN Y 003Up Ja je y ucTpaxuBamwy Kirca
u capangauka (2013) ona mepena Beh HakoH 15 manHa, anu y oncyctBy duiyuaa. 3HadajHO je
ucrahm 1a je KommpecMoHa uBpcroha KallUjyM-adyMHHAaTHOT IIEMEHTa [OKa3aia
CTaTHCTUYKK 3HA4YajHO Belly BPEIHOCT y OJHOCY Ha CBE OCTaje HCIUTHBAaHE TIpyIe
ykIpyuyjyhu 1 MTA. MTA je HaKOH HCTOBETHE TPOIIETYPE MOKA3a0 BPEAHOCT KOMIIPECHOHE

yBpcrohe ox 32,65MPa.

3aHUMJBHBO je Ja je y uctpaxuBamy Tanomaru-Filho-a u capagnuka (2012) cipoBeneHor
0e3 u3iarama OBOI IIEMEHTa OMJI0O KaKBUM areHcuMa JoOHjeHa BPEJHOCT M3HOCWIJIA CBEra
14.3MPa, HakoH Mepema Mocie jJeHOT JaHa, JOK je Mepeme HakoH 21-or jgaHa M3HOCHIIA
43,4MPa. OBa pasnuka y OJHOCY Ha Hallle pe3yliTaTe KOMIIPECHOHE 4YBpCTOhe Kaa je y
nutaky MTA, Moxke ce 00jacCHUTH pacTBOPJHUBOIINY OBOT IIEMEHTa y MPUCYCTBY (uyuaa

KOjU HapyIlaBa u mberose ¢pusnuke ocooune (Oliveira u cap. 2010).

Hamm pesynratu 3a MTA (32,65MPa), Iloprmiang uement (28,01MPa) u xanuujym-
QTYMUHATHH TIEMEHT Ca J0JaTKOM CTpoHIHjyM-dopuma (25,52MPa), mokazanu cy caiudyHe
BPEIHOCTH KOMIIPECHOHE uBpcTOhe, 0€3 CTaTHMCTHYKH 3HavajHe pa3iauke mehy cobowm.
VY3eBmm y 003up 1a ce MTA cmatpa ,,371aTHUM CTaHAAp0M TaHAITHUIIE Y TICPHATHKATHO]
XUPYpPruju, CMaTpaMoO Jila Cy OBU IIEMEHTH CAacCBHM 3aJIOBOJBUIIM Ca BPEIHOCTHMA

KOMIIpecHOHe uBpcTohe Kao Marepujana 3a peTporpagHy omntyparujy 3yoa (Parirokh u

Torabinejad 2010).

Kanmnujym-anymuHar ca J04aTKOM IHUPKOHUjyM-IHOKCH/IA, KaJIIHjyM-CHIMKAT ca JO0JaTKOM
XUJPOKCUAINATUTA, KAIIUjyM-CHIIMKAT ca JOJATKOM OM3MyT-OKCHJIA M KallujyM-KapOoHara
U KaJIIUjyM-aJlyMUHAT ca JIOJAaTKOM CTPOHIIM]yM-KapOOHaTa MOKa3aJid Cy M3y3€THO HHUCKE
BpPEAHOCTU KOMIIpecHOHe uBpcTohe HakoH crajama y PBS-y, Koje cy cTaTucTUYKu 3HA4ajHO
paznukoBaie y ogHocy Ha MTA, T[lopTiana U KaiujyM-aTyMHHATHH [IEMEHT ca JI0JaTKOM
CTpoHIMjyM-(hiayopuaa. YOea/bUBO HajHUKE BPEJHOCTH KOMIIPECHOHE YBpCTOhe MOKa3ao je
KaJIIIMjyM-CHJIMKAaTHU IIEMEHT ca JojaTkoMa xujapokcuanartura (1,09MPa) mto ce u moruo
OUEKMBATH y3€BIIN y 003Mp BHCOKY KOHILEHTpalujy xujapokcuanaruta (48%) y MemaBuHH.
Jlonatak XuApOKCHanaTHUTa MMao je 3a LuJb noBehame OMOAKTUBHOCTH, ajlM HEroBa
OrpaHuYeHa Cy cllabibehe MeXaHHuKe YBpcTohe Kojy JOHOCH Kao cacTojak OBUX MaTepHjaia
(Oliveira cap. 2016). Kanumjym-cunukar ca J0JaTKOM OH3MYT-OKCHJA W KaJIHjyM-

kapOoHaTa MoKa3ao je Takohe HUCKe BpeAHOCTH KomrpecuoHe uBpcrohe (3,40MPa). OBaj
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pe3ynTaT je pa3yMJbMB Kaza ce y3Mme y o03up Ja je mpuMeheHa jaka HeraTMBHA KOpelaluja
u3mely konwumHe OM3MYT-OKCHAA, KOjU je y Hamoj popmymamuju 6uo Bucok (30%), u
KoMIIpecroHe uBpcTohe IemeHata y umjeMm je cacraBy (Saghiri u cap. 2017). Bpennoctu
KOMIIPECHOHE 4BpcTOohe KanmujyM-aTyMUHATHOT IIEMEHTa ca JO0JATKOM ITHPKOHH]jyM-
JMOKCH/IA KOje CMO JOOWIIN Y HaIlleM HCTPaXHBaky HUCY y CArIaCHOCTH Ca MoaluMa HEKUX
ayropa (Tanomaru-Filho u cap. 2012; Kamali u cap. 2016). Moryha Hecnarama Yy
NOOWjEHUM pe3yATaTHMa MOTY OWUTH TOCIICHIA PA3IMIUTE TEXHUKE MPUIIPEME MCIIaBHHE,
KpyIHE TpaHylalyje LUPKOHUJyM-TUOKCHAA IITO OM YCIOBMJIO HEXOMOI'€HOCT NOOHjeHe

MCHIABUHEC IMPUJIMKOM HAICT UCTPaKMBamba.

6.6. PAaCTBOP/bMBOCT HCIUTUBAHUX LIEeMEeHATA

PactBopspHBOCT j& 0COOMHA CYTICTaHIIE /la C€ MOYKE pacTBOPUTH Yy oapeheHoM pactBapauy
oy oapehennm yciaoBuMa. MHTEpakiija nu3mely MoJieKkyna pacTBapada U CyICTaHIIe Koja ce
pactBapa Ha3uBa ce pactapambe (Clugston M. and Fleming R. 2000). [Tokazano je 1a y3opuu
MambHUX TUMEH3HMja MOTY OHTH OJpXXHBa AJTEpPHATHBA 33 HCIUTHBAKHE PACTBOPJHUBOCTH
MaTepHjaiia 3a mymerhe KaHana kopeHa 3yba (Specification No. 57 of the American National
Standard Institute/American Dental Association (ANSI/ADA)) (Carvalho-Junior JR u cap.
2007). TIpema cramapauma 3a pactBopsbuBocT marepujana ANSI/ADA no. 573 (2000) ona He
Ou Tpebana nma mpenasu BpeaHOCTH oj ryoutka 3% mouetHe mace. HoBuja mcTpakuBama
MoKa3ajia Cy Jia 3alTUBamkEe KAUjyM-CHIIMKaTHUX 1eMeHata (MTA) Moxe OUTH HapyIIEHO
BUXOBUM PACTBApamkEM y NPUCYCTBY ¢uiynza kKoje moBehaBa MUKPOIYKOTHHY W HapyllaBa
Be3y u3Mel)y Marepujana u IeHTHHA KaHaJla KOpeHa 3y0a. PacTBOpJbUBOCT M JIe3UHTErpalyja
neMeHata je (U3NYKO-XEeMHjCKa OCOOMHA KOja je JUPEKTHO MOBe3aHa ca ONTYPalUOHUM
CIOCOOHOCTHMA LIEMEHTA, jep je OJrOBOpPHA 3a BHUXOBO MOHAIIAKE U JUMEH3UOHE TIPOMCHE

HAKOH aluTHKaIije y peTporpaanu kasureT (Garcia u cap. 2014).

OBakBH HEJOCTAIM MOTY MPEJICTABIbATH BEJTUKU KIMHUYKU MpoOIeM y3eBIIM y 003up Aa cy
NOTEHIMjalHU NyT 3a IMpoja3ak OakTepuja M HUXOBUX TOKCHHA, KAa0 U CIEACTBEHY
penHdeKIMjy nepHaniKaIHOT TKHBA U Heycnexa Tepamnuje (Tobon-Arroyave SI u cap. 2007).
OBH LIEMEHTH CY MOKA3a/IH CIIOCOGHOCT OTHyIITamba Kamujyma (Ca’") i XHAPOKCHIHHX joHa

(OH") koju ce 3aTiM pe-penunUTUpajy TpanchopmMumyhu ce y Kpucraie KaiujyM-
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docdara y mpUCYCTBY TEYHOCTH Koje caapxke (ocdare (TKMBHE TEYHOCTH, IUbYBA4Ke U Y
Hamoj cryauju PBS-a). OBo je Beoma BaxkHa KIMHYKAa OCOOMHA jep je IOKaszaresb U

ouoaktuBHOCcTH Marepujana (Abedi-Amin u cap. 2017).

Y npyroj crymuju, MTA, BuojeHTHH ¥ IeMEHTH Ha 0a3u KallujyM-aJlyMHUHATa ITOBE3aHH
Cy Ca TaJ0XKEHmEeM KpHCTajda HAaKOH KOHakTa ca pactBopoMm PBS-a toxom 14 nana, xoje je
npaheHo ¢opMupameM pa3nuuuTHX (aza KpuUcTajla XHIPOKCHANaTUTa, alld je Takohe
YTHIIAIO Ha W3MEIITamkbe OTIIOPHOCTH MaTepHjasia BaH peTporpaaHor kasureta (do Carmo u

cap. 2018).

VY Hamewm HucTpakuBamy HajBehy pacTBOpJbUBOCT NpaheHy ryOMTKOM Mace Mociie CTajama
y pactBopy PBS-a nmokasao je kaJiiujyM-CUIMKaTHU IIEMEHT ca J0JIaTKOM XHJIPOKCHAINAaTUTA
(-12,89%). Nako ce oBa BpeJHOCT HUje CTATUCTUYKH 3HAYAjHO PA3JIUKOBAja OJ] IPYTUX, HUjE
3aJJ0BOJbHIIA CTAHJIAp/e 3a ONTypallMoHe MaTepHjaie KaHama kopeHa 3yoa (ANSI/ADA no.

573 (2000)).

VY cTymuju Koja je MCIUTHBAjIa PacTBOPJBMBOCT MaTepHjaja 3a PETPOTpagHy ONTYypalujy
Hajsehy pacTBOPJHPMBOCT TIOKa3a0 je KallMjyM-CUJIUKATHH IIEMEHT ca JO0JIaTKOM
xunpokcuanatuta (20%). XumpokcuamnaTUT je Y4YecTBOBaO y IpOMEHaMa Koje Ccy ce
JielaBajge y TOKy Be3MBama IeMeHTa U MpOAYKUJie BpeMe HEeroBor Be3uBama. OBa mojaBa
MOke OuTu pasznor mnoBehaHe pacTBOPJHLUBOCTU KallllMjyM-CUJIMKATHUX IIeMEHaTa ca
NOJIaTKOM XWUTpoKcuamaruta. [Ipema OBOM HCTpakuBamy JOJaTaK XUAPOKCHANATHTA
KaJIIIA]yM-CHUJIMKaTHOM IIEMEHY HETaTHBHO je YTHIIA0 HeroBa (pu3nyka CBOjCTBa YKIJbYUyjyhu
u pactBopJeuBoct (Guerreiro-Tanomaru u cap. 2016). TlpoueHar XHapOKCHAIaTUTa Y
cacTaBy Halller LleMeHTa Ouo je BeoMa BUCOK (48%) 1mTO MOXke 00jaCHUTH OBAaKO BHCOKY

BPEAHOCT PAaCTBOPJHUBOCTH JI00MjEHY Y HAIIO] CTYAU]U.

Bpeanoctu pactBopssuBoctu MTA (-1,22%), [loptnann uementa (2,41%) u kamujym-
aJIlyMUHATHOT IIEeMEHTa ca JJOJaTKOM LUPKOHUjyM-auokcuaa (-3,26% nouyetHe mace) Ouiie cy
y CKJaay ca JHUTEepaTypoM M HHUCY IOKa3ajle CTaTUCTUYKH 3HauyajHe pasiauke Mehy codom.
Taxole, BpenHocTH cy Ouiie y CKJIaJy ca MOCTaBJbeHUM CTaHAapAMMa O TyOMTKY Mace ycien
pacTBopJpMBOCT MambeM o 3% (Guerreiro-Tanomaru u cap. 2016, Garcia u cap. 2014).
BpenHocT pacTBOPIJPMBOCTH KallUjyM-alyMUHAaTHOT IIEMEHTa ca JI0JAaTKOM LUPKOHUjyM-

JMOKCHUJIA j€ HE3HATHO MpeMallnia BpeaHocT nponucane ctanaapaoM (ANSI/ADA no. 573
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(2000)), amm ce OHAa HHje CTAaTHCTHYKHA 3HAYAJHO pA3IMKOBaTa OJ BPEIHOCTH

pPacTBOPJEMBOCTHU TOpE HaBe/eHa ABa KOHTposHa nueMenta (MTA, Tloptinang nemenr).

Y Hamoj CTyAWju pacTBOPJEUBOCT HHjE CATUCTHYKH 3HadajHo moBehaHa g0JaTKOM
UPKOHH]yM-THOKCHIa Y 3HavajHoM mporeHTy (30%) Kao mTo je TMOKa3aHO U Yy JPYroj

crynuju (Marciano u cap. 2016).

JequHCTBEHA O0COOWMHA KaJIMjyM-aJyMHUHATHUX IIEMEHATa je Ja MPOIEC XHIpaTalije MOxKe
pe3yITHpATH CTBAapamkbeM CTAaOUITHUX XuJpara, HECTaOWIHUX Xujapara © jour uemrhe
MelaBuHe oBe ABe KoHburypamuje (Scrivemer u cap. 1999). Ouu Takohe 3axTteBajy
pellaTUBHO BENMKY KOJMYMHY BOJE 3a TMIpolleC Be3WBama U Iocenyjy Jo0py
OMOKOMIIATHOMITHOCT YKJBY4yjyhu In Situ peakuuje ca pocdaTrHuM joHnMma TenecHux Qayuaa
KOj€ M3a3MBajy CTBapame OMOJIONIKOT amaTUTa M HEroBy NMpEelUuNUTalljy Ha MOBpIIMHAMa

oBor Matepujana (Engqvist u cap. 2006).

[lojaBe mpukazaHe y MPETXOJHUM CTyaHjaMa MOTy OUTH O0O0jallllbeme 3a WHTEPECAHTHE
pe3ynTaTe BpeJHOCTH PACTBOPJBUBOCTH YUCTOT KallllMjyM-aJlyMHHATa, KaJlijyM-aJyMUHaTa
ca J0JIaTKOM CTpPOHIMjyM-KapOoHaTa M KaJlldjyM-aJlyMHHaTa ca JOJAaTKOM CTPOHIIH]yM-
dbnopuna. Hanme, y Hammem ucTpakuBamy OBH IIEMEHTH Cy HakoH 30-0 THEBHOT CTajama y
pactBopy PBS-a mokazanu yBehawe mouetHe Mace y pacnony of +2,24% no +14,05% y3
CTAaTUCTUYKU 3HAYajHy pa3lUKy Y OJHOCY Ha KOHTPOJHE LIEMEHTE Y Cy4ajy KaJllUjyM-

allyMHHaTa ca J0JaTKOM CTPOHLHUJyM-(IopuIa U YUCTOT KaIIHjyM-aTyMHHATA.

W3rnena na cy koA OBUX LieMEHAaTa HAKOH MHUIIM]aIHOT Be3UBamba ycien npucycrsa Giayuaa
HACTaBJbEHU XUJPATALMOHHU U MPEUUIHUTALMOHY IPOLlecH KOjU Cy JoBenu 10 yBehawa mace.
ITocMaTpaHo ca KIMHUYKOT acleKTa OBO OM ce MOIJIO TyMayuTH Kao IO3UTHBHA OCOOHMHA jep
Ou JoBena 10 CMamemha WHUIMjATHE MHKPOIYKOTHHE H3Mel)y marepujaina U 3ua0Ba
perporpagHor kaButera y (yHkuuju Bpemena. Ca jpyre cTpaHe, IOKa3aHO je Ja je
pacTBOPJBUBOCT LieMeHTa IpaheHa ne3uHTerpanyjoM nosehaBa 3apeMUHy MUKPOITYKOTHHE
U CcTBapa TMOTEHLHUjaTHM TMYyT 3a HOPOAOpP HOKCH, IITO HapymaBa e(QHUKacHOCT
TPOJMMEH3MOHAJIHE PETpOrpajHe ONTypaluje KaHana KopeHa 3y6a (Garcia u cap. 2014;

Tobon-Arroyave SI u cap. 2007).

)4 & rpymne CHUJIMKAaTHUX LCMCHATA, noehame Mace moka3ao je jCIlI/IHO KaJ'ILII/IjYM-CI/IJII/IKaTHI/I

[IEMEHT Ca JI0JIATKOM OU3MYT-OKCHa U KamlujyM-kapooHnata (+4,11%) u ona ce
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CTAaTHCTUYKM 3HAYajHO pAa3IMKOBAaJla y OJHOCY Ha KOHTpoyiHe Tpyme. Objammeme OBe
no0ujeHe BPETHOCTH BEPOBATHO Tpeda MOTPAKUTH Y BHCOKOM Cajpikajy OM3MyT-OKCHIA
koja je m3Hocmna 30% oBe ¢dopmynanuje. Hamme, ycraHOBJbeHA je CHa)kKHA JIMHEapHA
Kopenanuja u3mely cagpixaja OM3MyT-OKCHIIA M YKYITHE MOPO3HOCTH CHJIMKATHUX I[eMEHaTa
(Saghiri u cap. 2017). OBa mnojaBa Ou Moryia ycioBuTH moBchame mace, y OBOM Clydajy

ycnen nopehane arcoprmuje diayuaa.

6.7. 30upHO paHTHpamke NapaMeTapa HCIUTHUBAHUX LlEMEHATA

VY Tabenu 17 ynopemHo cMo MpeacTaBUIIM JAOOHjEeHE pe3ysiTaTe OlCHhMBAHUX MapameTepa 3a
CBaKM OJ] UCTIMTHBAHUX IIeMeHaTa. Pe3ynratu cy BpeqHOBaHM OpojeBHMa OJ jeJlaH JI0 0caM
(1-Haj6ospu pe3ynTaT OJ CBHX HCIHMTHBAHHX IIEMEHaTa 3a ojpeleHy KapakTepUCTHKY, 8-
HaJJIOIIH]HA pe3yaTaT). 30Mp OlIeHAa 3a CBAKY OJ1 UCTIMTHBAHUX KapPAKTEPUCTHKA T10jeTUHATHUX
[IeMEHAaTa MPEJICTABJhEH j€ BpeaHOoINy 30upHOT MHAeKca. Mako je 30upHU MHAEKC OTOaH y
CMHCITY TIPETJICIHOCTH U Op3e MPOIICHe BPETHOCTH UCIIUTUBAHUX TTapaMeTapa, Mopa ce y3eTh
y 003Wp Ja W TOpea HUCKHX BPEAHOCTH 30MPHOT HWHICKCA, TOjeIWHAYHU TapaMeTpu He

MOpajy J1a 3a710BOJbE MPOIMUCAHE BPETHOCTH CTaHIapAa.

Hajoo.su pezynmam (najruusicy 6peoHocmu 30upHo2 UHOEKCa) Yy HAWO] cmyouju noKa3ao je
Kaiyujym-aiyMuHamuu yemenm ca 000amkom cmponyujym-gayopuoa (12). Ha ocnogy
ynopeone ananuze HAWUX UYENOKYRHUX Pe3YImama, MOMCEMO NPEnopyYumu Kaauyujym-
AIYMUHAMHU UEMEeHM ca 000aAmKOM CHMPOHUUjyM-(ayopuda Kao adeKeamuy 3ameHy
oanawreem ,3namuom cmanoapoy MTA-y u Ilopmnand yemenmy 3a pempozpaowny
onmypayujy kKauana kopena 3yoa. Ha ocnosy o0oodujenux pesyamama, modxncemo

3aKkmyuumu 0a cy nomeplene cee nagedene paone xunomese y HauL0j Cmyouju.
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7. 3ak/byuinu

1 Hajmamy BpeaHOCT 3alpeMHHE MHUKPOIYKOTHHE HM3Mel)y MCIUTHBAaHMX IIeMEHaTa U
JICHTUHA PETPOrPATHOT KaBUTETa 3y0a IMOKa3ao je KallujyM-aTyMHUHATHU IIEMEHT ca
JOJaTKOM CTPOHIHjyM-(ayopuaa. Y morieay OBOT mapamerpa OHIIo je CTaTHCTUYKH
3HayajHe pa3jivKe u3Mel)y HCIUTHBAHOT 1IEMEHTA U KaJlHU]yM-alyMHUHATHOT LIEMEHTA

ca JIOJIaTKOM CTPOHIIMjyM-KapOoHaTa.

2. Y morjexy MHUKPOIIOPO3HOCTH WCIHTHBAHUX IEMEHATa, HUje YOUeHAa CTaTUCTUYKH
3HavajHa pa3nuka. Beoma Mamy BpemHOCT MUKpOmopo3HOCTH (ucrmoa 3%) mokasanu
cy, nopeq MTA, U 4uCT KaJlujyM-aJyMUHATHU IIEMEHT, U KaJl{jyM-aJlyMHUHAaTHU
IIEMEHTH ca JOJAaTKOM CTPOHIHjyM-(Iayopuga W CTpOHIHMjyM-kKapOoHaTa. Hajsehy

MHUKPOIIOPO3HOCT Moka3ao je [TopTians 1eMeHT.

3. CBM LEMEHTH TOKa3alu Cy J0OpY KBAaIlJEUBOCT Ca CBE TPU HCIHUTHBAHE TEYHOCTH
(rnuuepos, XymaHa IMTpaTHA KpB M Aujoa-meTaH). Kana je y mutamy nuTpaTHa KpB,
HajHIKE BPEAHOCTH KOHTAKTHOT yria (M Haj00Jbe KBAIICHE) MOKA3IHA Cy KaIIU]jyM-
QTYMUHATHH [IEMEHTH Cca JIOJATKOM CTPOHIUjyM-(Iyopuaa W CTPOHIHUjyM-

KapOoHarTa.

4. Haj0ospy pEHAre€HKOHTPACTHOCT II0Ka3a0 je KallujyM-aIyMHUHATHH IIEMEHT ca
JOJJATKOM IIMPKOHUjYM-IMOKCHU/IA, HEIITO BHINE OJi peHAreHKoHTpacTHocTH MTA.
YucT KanujyM-aTyMHHATHH [IEMEHT 0e3 KOHTpacTHOT cpenctsa, [lopTiana nemeHT
U KaIIUjyM-CHIIMKATHH I[IEMEHT ca JO0JAaTKOM XHIPOKCHAIATUTa MMald CYy HUXKE
BPEIHOCTH 01 cTanaapaa (Bpeanoctr 3MMAL), 10k cy CBU 3a10BOJBUIIN CTaHAAP] 38
JICHTAaTHE I[EMEHTe KOJU Kao TEYHOCT KOPHUCTE JEeCTHWIOBaHY BOAY (BPEIHOCT

>1mmAl).

5. HajBumy BpeAHOCT KOMIIpECHOHE UBpPCTOhE MOKAa3a0 je YMCT KalllKjyM-aJlyMUHATHU
LIEMEHT (CTaTUCTUYKHU 3HAYajHO BUIIIE OJ1 CBUX OCTAINX UCHIMTUBAHUX LIEMEHATA), TOK
je HajMame BpEIHOCTH T0Ka3a0 KAaJIHMjyM-CUJIMKAaTHH IIEMEHT ca JI0JaTKOM

XHMJIPOKCHAIIATUTA.
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PacTBOopspHBOCT HCIUTHBAHKX IIEMEHATA MOCIe moTanama y PBS Ouna je nHajseha xox
KaJIIUjyM-CHJIMKAaTHOT IIEMEHTa ca JO0JaTKOM XHJApOKcHamnaruta. HacympoT memy,
BEOMa WHTEpECaHTaH pe3yiTar je na je BehumHa KamujyM-aTyMHHATHUX II€MEHATa
roKaszajia TpeH 1 mopacta mace nocie oopaBka y PBS-y, mTo Moke nMatu KJIMHUYKA

3HAYaj.

Kao rnaBHUM 3ak/bydak OBOT HCTPaXXMBamka HCTUYE CE€ YHMILEHUIA /1 j€ YHOPETHOM
AQHAJIM30M CBHUX MCIMTUBAaHMX IIapaMeTapa, KaJllujyM-aJlyMUHaTHU LIEMEHT ca
J0JIATKOM CTpOHLMjyM-(iyopuja IOKa3ao Ja YCHEIIHO Moxke Jaa 3ameHu MTA,

Kao ,,3JIaTHU CTaHJap/ " JaHAIIBULE, KaJl je y IUTakby PeTporpaaHa OnTypamuja.
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9. Ilpuao3mu

9.1. Ipuaor 1. O6pa3an 3a o6aBelITe€ MANMjEeHTA O IVIAHUPAHO]
NpoueaypHu U nNoTpedu qoHanuje 3yda 3a morpede HCTPAKUBAHA

ObaBemTeme NAUjEeHTY

ITomrroBanu/a,

Konx Bac je mmanupano Baheme 3y0a koje he OMTH U3BEACHO y YCIOBUMA JIOKATTHE aHECTE3H]|e
y3 TpUMEHY JIOKaTHOT aHecTteTuka 2% numokawmH ca aapenamuHom (1:80.000) (Lidokain-
adrenalin ICN Galenika®) i y ckimany ca ocranuM npuHIunEMa Baljersa 3yoa. Hakon Baljersa
3yba Bame mpaBo je ma 3ampxkute u3BaheHu 3y0, uiu OH OMBa OJjIaraH Kao MEIUIIMHCKH

OTMaJl y CKJIaly ca MPOMHCaHUM Mepama.

Y mwpy moTtpeba MCTpakuBama MpoleHe e(PUKaCHOCTH Mymhema KaHala KopeHa 3yba ca
CTpaHE HErOBOT BpXa YIOTPEOOM pa3IMYMTUX 3yOHUX IleMeHara, MH hemo Bamr 3y0
3aapkaTd. Bamum nuuHu momamu (ume, mpe3uMe, roAwHa pohema, moJi) Hehe ce Hurae

CIIOMHUEATH Y TNIAHUPAHOM UCTPAKUBALY.

Ykonuko umaTe OUII0 KakBa MHUTama WM HEJOYMHUIIE Yy BE3U OBE Mpolieype oopaTuTe ce Ap
Brnagumupy buouyanuny, np Hemamu BykoBuhy nimm nexxypaom nekapy, Kinuauka 3a opanny

xupyprujy, Ctomaronomku gaxynrer y [lanuyeBy.

[Ipod. np Bnagumup bruovyanun Acc. np Hemama BykoBuh
CIEeLUJAINCTA OpATTHE XUPYPrHje CHeLHjaINCTa OpajiHe XUPYpruje
CTY/IEHT JIOKTOPCKHX CTyaHja

TenedgoHu Ha Koje ce MOXKETe jaBUTH CY:
@uxcuu tenepon: 013.2366.582

Moo6unau tenedon: 064.1555.150
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9.2. lpuior 2. O0pa3an 3a JaBame CarJIaCHOCTH NALMjeHTAa 32 JOHAUjY
3y0a y cCBpXe HCTPaKUBaKa

CarsiacHocT nanujesra

3a noHnpame n3BaleHor 3y0a y un/by HCTpakuBama

Ja, , poben-a , carjacaH-a caMm Ja

J0OPOBOJFHO YYECTBYJEM Y UCIIUTUBAKY €(DUKACHOCTH TPOIUMEH3UOHAHOT MyHhEHha KaHala
KopeHa 3y0a ca CTpaHe HEroBOT BpXa, YMOTPeOOM pa3IUYUTHX 3yOHUX IleMeHaTa

noHupajyhu cBoj 3y0._.

[IperxonHo cam neTasbHO HHGOPMHUCAH-a O 3Ha4ajy OBOT UCIUTHBAKA, Ka0 U MOTpedH

Bahema maTor 3yoa.

Ymo3opeH-a cam 1a y cBaKOM MOMEHTY 10 TIpe/iaje u3BaheHor 3yba Mory J1a OyCTaHEM OJ]

JOHAITH]E.

[IpuxBaTam mpeaioxkeHy JoHAIM]y n3BalheHor 3y0a ¥ TIOTBP/IjyjeM J1a caM Tepareyra, nmpemMa

CBOjUM Ca3HambHMa, eTaJbHO YIIO3HA0-JIa Ca CBOJUM 3/IPABCTBEHUM CTAHEM.

Hatym

[Tornuc nanujeHTa [Tormuc Tepaneyra

IloTmmmc cBenoka
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10. buorpaduja

np Hemamwa Bykosuh (1982., beorpan)

Pohen je 28. pebpyapa 1982. romune y beorpamy. OcHoBHy U UeTpHaecTy 6eorpaicky

TUMHA31]y 3aBpIINO je y beorpany, ca oaIMIHAM yCIIEXOM.

Menuuuncku pakynter YHuBepsurera y beorpany, ynucao je mkoiucke 2001 / 2002.
roJIMHE, I€ je y IpeaBUl)eHOM POKY /a0 YCJIOB U yIHCAO0 APYry FOJIMHY PEIOBHUX CTYIH]ja.
Ha Cromatonomku dakynrer Yuusepsutera y beorpany npebarmo ce mrkoscke 2002 /
2003. rogune, T€ je 300T pa3auKe y HAaCTaBHUM ITporpaMuMa MoHoBo noxahao oapehene
IpeIMeTe ca MpBe TOAUHE CTYyHja.

Junomupao je 2009. roguHe ca mpocedHoM otieHoM 9,36.

[IpunpaBHUYKHY CTaX y Tpajamby O]l TOJUHY JaHa, 00aBHO je Ha CTOMATOJIOIIKOM

dakynrety YHuBep3utera y beorpany.

Bojuy o6aBe3y je ucnynuo nikonyjyhu ce y lllkonu pe3epBHUX opHIpa CAHUTETCKE

cnyx0e BojHo MeauImHCKe akagemMuje ca mpocedHoM orieHom 8,95.

ToxoM cTynuja 0aBHO ce HAYYHO — UCTPAKMBAYKKUM PAJIOM M YYECTBOBAO HA CTYACHTCKUM

KOHIpecuma.

HoxTopcke cryauje ynucyjena CromatomnomkoM dakyntety y [lanueBy, YHuBep3urtera

[IpuBpenna akanemuja, HoBu Can.

Pannu ogroc Ha CtomaronomkoM (akynrety y [lanueBy 3acHoBao je janyapa 2011.

rojauHe, Ha ojapeheno Bpeme (nepuox 2011 — 2014. ronuna), Ka0 CTUNIEHANCTA TOKTOPAHT

MuHucTapcTBa 32 HYKY M TEXHOJIOUIKH pa3Boj Penyonuke CpOuje.

Crenpjanuctuyke akajgeMmMcke cyauje cromarosiordje 3aspiuo je 01.10.2012. roaune Ha

CromaronoumkoM akyntery y IlanueBy, Yuusep3utera IlpuBpenna akanemuja, Hosu Cap,

ca MpoceyHoM oleHoM 9,71. 3npaBcTBeHy crienujanu3annjy U3 opajHe XUpypruje 3appIino

20.03. 2017. T'on. Ha CtomatomnomikoMm ¢akynrety y [lanueBy.

HctpaxuBay je Ha TpPOjeKTy , AHTHOKCHJIaTUBHA 3allITUTa M MNOTEHIMjAl 3a

mdepeHLnjalijy M pereHepanujy Me3eHXMMaJHUX MaTWYHMX henuja M3 pa3iuyuTHX

TKHMBa TOKOM IIpolieca CTapema’, KOju y OKBHpY nporpama ,,OCHOBHA HCTPaXMBama“, y

obmactu ,Menununa®, 3a nepuox 2011 — 2019. roguna, ¢unancupa MuHHCTApCTBO 32
95



HayKy M TEXHOJIOWKHU pa3Boj Penybnnke Cpbuje (cama MuHHCTapCTBO MPOCBETE M HAYKE
Penyonuke Cpouje).

31paBcTBEHY CIEIUjAIM3AIN]Y U3 OpaliHe XUpypruje 3aspiuo je 2017. roaune.

['oBOpH €HIJIECKH je3HK.
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