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ITPOLOEHA YTUHAJA CPEACTABA 3A UPUT'ALINJY KAHAJIA KOPEHA HA
JEHTUH U TYBYJIE JEHTHUHA 3YBA CA JEJHUM KOPEHOM

PE3UME

¥YBoa; Hpwuramnuja npeacrabiba jeiaH o1 Haj3HAYAJHUJUX MTOCTyMaKa y 1eOpuaIMaHy KaHAITHOT
npoctopa. PacTBopu Koju ce KOpUCTE 3a UpUTALIM]y Y TOKY €HI0J0HTCKE Tepamuje Joia3e y
KOHTAKT je/laH ca JIpyruM yHyTap KopeHCKor kanaia. [locieauna TakBUX MHTEpaKLUja MOXKE
JIOBECTH JI0 CTBapama YBPCTUX MpOoJyKaTa, mpeuunurara. OHM nMajy KIMHUYKU 3HA4aj jep
MOTY JIOBECTH JO OKIy3HWje NEHTHHCKUX TyOyna, CMamema NepMeabWIIHOCTH JeHTHHA,
OMeTajy TEeHEeTpaIjy HHTPaKaHAJTHUX MEIUKAMEeHaTa y IEHTHHCKE TyOyie U KOMIIPOMHUTY]Y
anxe3ujy cuiepa 3a 3uJ0Be KaHaja. XeMHjCKa CTPYKTypa M TOKCHYHOCT MPELMIIUTATA jOII
YBEK HHj€ pa3jallbeHa.

[{uss oBOT HCTpaKuBama je OMO J1a ce MPBO MCIUTA MMEIAM]jaTHO CTBApAbE MPEIMIINTaTa Ha
MOBPIIMHMA KOPEHCKOT JIeHTMHA mocie upuranuje Hatpujym xunoxioputom (NaOCl) u
3aBpmHe upurangje xinopxekcuanHoM (CHX), ermneHnmaMuHTETpacMpheTHOM KHCEIHMHOM
(EDTA) + CHX, MTAD unu QMiX u meroB edexar Ha JASHTUHCKE TyOyle, a 3aTHM Jia ce
OJIpeII XEMH]jCKH cacTaB U MpucycTBo napaxiopanmwinaa (PCA) y npenunurary. Matepujaj
U Mmerone;, Y crynujy je ykjbydeHo 150 mpeamMx MakKCHIApHHUX XyMaHHUX 3y0a KOju cy
METOZIOM CIIy4ajHOT Y30pKa Moje/beHH y mer rpymna (n=30) mpe HHCTpyMEHTauuje Hu
ucnupama ca NaOCl Ha ocHOBY ¢unanHOr nporokoia upuramnuje: CHX (2% CHX), EDTA +
CHX (17% EDTA + 2% CHX), MTAD, QMiX u nectunoBaHa Bojia (KOHTPOJIHA TPyIa).

Cto kopeHOBa 3y0a je aHAJIM3MPAHO CKEHUHT EJICKTPOHCKOM MHKpockomujoM (Scanning
Electron Microscopy (SEM)). TTo ocamHaecT u3 CBake Tpyre je Y3Ay)KHO pa3iBOjeHO paiu
oapehuBama NPUCYCTBA M KOJIMUYMHE MTPEeLUIUTaTa 1 Opoja 3aTBOPEHUX JIEHTUHCKUX TyOyia y
KOPOHApHO]J, cpelii0j U anekcHoj Tpehunu. Ilpeoctana qBa n3 cBake rpymne cy XOpU30HTAIHO
npeceueHa Aa Ou ce ucnurtano (opMmHpame NpeuunuraTta y IeHTUHCKUM TyOynuMma. 3a
HCIIUTUBAKE MEPMEaOMITHOCTH JEHTHHA, TeIecCeT KOpeHoBa je moTorsbeHo y 0,2% pactBop
Rodamina B y Tpajamy ox 24 vaca. HakoH Tora, KOpEHOBU Cy XOPH3OHTAIHO MPECEYCHU H
jeman neo u3 cBake TpehuHe je nM3abpaH MeTOJOM ciy4ajHOT y3opka. Crnuke H3abpaHux
JIeTIOBa Cy CKEHUpPaHEe W COPTBEPCKU aHAIM3HUPAHE paau ofpeluBama MpOIeHTa IIeHETpaIH]je
00je. XEeMHJCKH cacTaB MpPEIHUNUTaTa CTBOPEHOT Ha TOBPIIMHHU JEHTHHCKOT 3Wa KaHaja
KOpeHa y KOpPOHapHO] W amekcHoj Tpehunu je onpeheH momohy eHepreTrcko AucreproBaHe

cnekrpockonuje (Energy-dispersive spectroscopy (EDS)). donarho, 5,25% NaOCI pactsop je



nomeman ca 2% CHX, 17% EDTA u QMiX kao u 2% CHX ca 17% EDTA. PactBopu cy
nomentanu y onnocy 1:1 u npucyctso PCA je ncnuTHBaHO TaHKOCIOJHOM Xpomarorpadujom,
HYKJICQpPHO MarHeTHO PE30HAHTHOM CIEKTPOCKONHMjOM U MH(PALPBEHOM CHEKTPOCKOIH]OM.
Pesyaratu; SEM ananu3om je nokazano ¢hopMupame NpeHUUTaTa Ha MOBPIIMHU ICHTUHA U
y JEHTHHCKMM TyOyiauMma y CBUM TEpalMjCKUM TIpynama, 0K Yy KOHTPOJIHO] TpylH
npeuunuTar HUje youeH. Hajpeha xommumna mpenunurarta je 3abenexxeHa y CHX rpymm.
AHanu30M ToJIaTaka je MOoKa3aHo J1a je KOJMYMHA MPEIHIUTATa Y OBOj TPYIH OMia 3HAYajHO
Beha y ognocy Ha MTAD rpyny y xoponapuoj (p<0,05) omnocno QMiX rpymy y cpenmoj
tpehunn (p<0,05). V anekcHoj tpehunu, npermnurar Gopmupan y CHX rpymu 6mo je
3navajHo Behu ox onor y MTAD u QMiX rpymu (p<0,05). Ilpouenar 3arBopeHHX
neatuHckux TyOyna y CHX je 6mo cnuuan kao y EDTA+CHX rpymnu, anu ce 3HadajHO
paznukoBao ox octanux rpyma (p<0,05). [TeHerparuja 6oje je 6uaa Mama y CBUM TpehrHama
y CHX rpynu y ogHOCy Ha KOHTposy Kao u y ogHocy Ha QMiX u MTAD rpymy (p<0,05).
EDS ananuzom npernunurata y CHX rpynu je moka3aHo CTaTUCTHUYKH 3HAYAjHO BHILE XJIOpA
y nopehemy ca nperunuratoM Gopmupanum y apyrum rpymama (p<0,05). Memame 5,25%
NaOCl u 2% CHX je 6uiio npaheHo ctBapamem OpaoH nperunurara; 5,25% NaOCl u QMiX
HapaHpacto-OpaoH, a wmemamwe 2% CHX u 17% crtBapamem Oenor mnpenumurara.
Komounosame 5,25% NaOCl ca 17% EDTA je moBemo camo 10 cTBapama Mexypwuha.
Pesynraruma oBe cryauwje HHje Moka3aHo crTBapakbe PCA HU 3a jeqHy OJ HCIUTaHUX
KoMOMHaIMja pacTBopa. 3ak/pyuak; [Ipernunurar 6orat xja0pom je OOMIIHUJU Ha MOBPIIMHU
JIEHTUHCKOT 3HJ1a KaHaja KopeHa nociue upuranuje 5,25% NaOCl u ¢punanne upuranmje 2%
CHX mnero mocne upuramuje ca NaOCl u EDTA + CHX, QMIX wmu MTAD. Hberoso
noBehaHo MPHUCYCTBO cMamyje Op0j OTBOPEHUX JAECHTUHCKUX TyOylia Kao U mepMeabuiIHOCT
JIeHTUHA y CBUM TpehnHama kaHaia kopeHa. Memamwe NaOCl u CHX nnun QMiX u CHX ca
EDTA pe3yntupa ctBapamem Tasiora 6e3 PCA

KibyuHe peun: npenunurar, ASHTUHCKH TyOyiH, upuraiwja, nepmeadbunoct, PCA, SEM



INFLUENCE OF DIFFERENT IRRIGATION SOLUTIONS ON DENTIN AND
DENTIN TUBULES OF SINGLE-ROOTED TEETH

SUMMARY

Introduction; Canal irrigation represents one of the most important procedures in the
debridement of the canal space. The solutions used for irrigation during endodontic therapy
come into contact with each other within the root canal. The consequences of such
interactions can be formed solid by-product, precipitate. They has a clinical significance as it
can lead to the occlusion of dentinal tubules, a reduced permeability of dentine, impair
penetration of intracranial medications into the dentine tubules and compromise adhesion of
root canal sealers to the canal walls. Chemical nature and toxicity of the precipitate is still
debated.

The aim of this study was to firstly to investigate immediate precipitate formation on root
dentin surface irrigated with sodium hypochlorite (NaOCI) followed by the final rinse with
chlorhexidine (CHX), ehylendiaminetetraacetic acid (EDTA) + CHX, MTAD or QMiX and
its effect on dentine tubules, and then to determine the chemical composition and presence of
p-chloroaniline (PCA) in the precipitate. Material and Methods; The study included 150
maxillary anterior human teeth randomly divided into five groups (n=30) before
instrumentation and irrigation with NaOCI according to final rinse regimen: CHX (2% CHX),
EDTA + CHX (17% EDTA + 2% CHX), MTAD, QMiX and control group (distilled water).
One hundred teeth roots were subjected to scanning electron microscopy (SEM). Eighteen of
from each group were split longitudinally for evaluation the presence and amount of
precipitate and number of closed dentinal tubules at the coronal, middle, and apical root
thirds. Remaining two of each group were horizontally sectioned to evaluate precipitate
formation in dentinal tubules. For the dentin permeability analysis, fifty roots were immersed
in a 0.2% Rhodamine B solution for 24 hours. After that, roots were horizontally cut and one
slice of each third was randomly selected. The obtained images of slices were scanned and
analyzed using the software for the assessment of leakage in percentage. Chemical
composition of precipitate formed on root dentin surface in coronal and apical thirds was
analyzed by energy-dispersive spectroscopy (EDS). Additionally, 5.25% NaOCI solution was
associated with 2% CHX, 17% EDTA and QMiX as well as 2% CHX was associated with
17% EDTA. The solutions were mixed in a 1:1 ratio and presence of PCA was determined by
using thin-layer chromatography, proton nuclear magnetic resonance spectroscopy and

infrared spectroscopy. Data were analyzed with Kruskal-Wallis/Dunn and ANOVA/Turkey's



tests. Results; SEM analysis showed formed precipitate on dentin surface and in the dentin
tubules in all treatment groups, while the control group revealed root canals without
precipitate formation. The highest amount of the precipitate was recorded in the CHX group.
Data analysis showed that the amount of the precipitate in this group was significantly higher
in relation to the MTAD group (p <0.05) in the coronal third and compared to the QMiX
group in the middle third (p <0.05). In the apical third, the amount of the precipitate formed in
the CHX group was significantly higher than that in the QMiX and MTAD group (p <0.05).
The percentage of closed dentin tubules in CHX group was similar to EDTA+CHX group, but
significantly lower than in other groups (p<0.05). Less dye penetration was found in CHX
group compared with control as well as with QMiX and MTAD group in all thirds (p<0.05).
EDS analysis of the precipitate in the CHX group showed statistically significantly higher
content of CI in comparison with the precipitate formed in other groups (p<0.05). Mixing
5.25% NaOCI and 2% CHX, 5.25% NaOCI and QMiX, and 2% CHX and 17% EDTA led to
the formation of brown, orange-brown and white precipitate, respectively. Association
between 5.25% NaOCI and 17% EDTA yielded the bubbles formation only. The results of the
present study showed no formation of PCA for the none of the investigated combinations.
Conclusion; The precipitate rich in chlorine is more abundant on the surface of the dentin
wall of the root canal after irrigation with NaOCI and final rinse by CHX than after irrigation
with NaOCI followed by EDTA + CHX, QMIX or MTAD. Its increased presence reduces the
number of open dentin tubules as well as the dentin permeability at all root levels. Mixing of
NaOCI with CHX or QMIX, and CHX with EDTA results in precipitate formation without
PCA.

Key words: precipitate, dentinal tubules, permeability, irrigation, PCA, SEM
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1. YBOJ

Ycmex  eHIAOAOHTCKOT  Jieuerha 3aBUCH  OJf  KBAJIUTETHE JIEKOHTAMHHAIIU]E
€HJIOIOHTCKOT TPOCTOpa, YKJIamama 3a0CTajor IyJIIMHOr TKMBa M jaedpuca, oOTypauuje
KopeHckux kaHama (1, 2). MexaHWYKOM HMHCTPYMEHTAIlMjOM VyKiIama ce Behu Jeo
HEKPOTHYHOT TKHBA 3ajeJIHO ca OaKTEpUjCKUM KOJOHWjaMa W3 TJAaBHOI KaHajla M U3
JCHTUHCKUX TyOyJlna TpPWIMKOM INUpPEHa ¢  OOJMKOBamka KOPEHCKOr KaHama. Y
UCTpaXMBAaKUMa |€ MOKa3aHo Ja 0e3 003upa Ha TEXHUKY npenapanmje, 35-40% mnoBpiiuHe
KaHaja ocTaje MexaHu4ku HeoOpaheno (3, 4). CioxkeHa aHATOMH]ja €HAOJOHTCKOT MPOCTOpa
(ucT™MyCH, TUBEPTUKYIIH, JIATEPaTHU U aKIECOPHU KaHaH, pamuduKalyje), moiunHdeximja
U PE3UCTCHTHOCT MUKPOOPraHMW3aMa YMHE Ja caMO €HAO0JOHTCKA MHCTPYMEHTAIN]ja HE MOXKE
OWTH JEIOTBOPHA, Ia jeé HEOMXOoJHa JojaTHa Xxemujcka obpama (5) ma Ou Tepamnuja Oua

yCIenHa.

[ToxxesbHA CBOjCTBAa CpelCTaBa 3a MCIHPAame KOPEHCKUX KaHala Cy: aHTHMHKPOOHO
JIeTIOBaEe, CIIOCOOHOCT pacTBapama OPraHCKOI W HEOPraHCKOT MaTepujayia, Maid
NOBPIIMHCKA ~ HANOH, HETOKCHYHOCT, JyOpPHKAalWjCKO  JeloBame y3  00aBe3Hy
ouokommnatubunHoct (6). Hu jeman wupuranc cam He HUCIyHaBa CBE OBE 3aXTEBE, Y
€HJI0JIOHTCKO] Tepamnuju je MOTpeOHO HUXOBO MehycoOHO KOMOMHOBame 1a Ou WM ce

no6ospinana edukacuoct (7).

VY eHmo0HTCKOM Jieuery Hajuennthe kopuithenn upurancu cy NaOCIl, EDTA u CHX
(8-13). Y nocnenmux HEKOIMKO FOAWHA Y KIMHUYKY MPAKCy Cy yBeAEHA /[Ba HOBA UPHraHCa:
BioPure MTAD (Mixture of Tetracycline, Acid and Detergent; Dentsply Tulsa Dental, Tulsa,
OK, USA), koju mpeacTaBjba CMEIly H30Mepa JAOKCHIMKIMHA, JIMMYHCKE KHCEJIMHE W
nerepuenta, 1 QMiX (combination of EDTA, CHX and detergent; Dentsply Tulsa Dental,
Tulsa, OK, USA), pactBop CHX, EDTA u nerepyenra. Kopucre ce kao (puHATHA UPUTAHCH
3a yKJIamame pa3Ma3Hor Clioja, OJAHOCHO kao cyncrutyrnmja 3a EDTA (14, 15). Ilpennoct
BUXoBe npumeHe y ogHocy Ha EDTA je y Tome mTo ucnosbaBajy Mambu €pO3UBHH eeKaT Ha
nentuH (16). Takohe, 300r mocTojarba AHTHCENTHYKE KOMIIOHEHTE Yy HHUXOBOM CacTaBy
(rerpanmkiana wmm CHX), MTAD u QMiX, wucnoseaBajy M H3paKEHO aHTUMHUKPOOHO

nenopame (14, 15).

[To3Haro je na pacTBOPH KOjU C€ KOPUCTE 3a UPHUTalM]y y TOKY €HJ0JOHTCKe Teparuje

Joya3e y KOHTAaKT jelaH ca JPYTMM yHyTap KopeHckor kanana (7, 17-20). Kao mocnenuia
1



BUXOBUX MHTEPAKIMja MOKE IOhM 10 cTBapama MPEUINUTaTa KOJU UMajy KIMHUYKU 3Ha4aj
jep ce TeIIKO yKJamajy, a MOry OWTH M MOTUCHYTH y MepuUamnekcHe cTpykrtype (21). YV
HajBehem Opojy In Vitro ucrpaxupama nokaszano je aa ce memamwem NaOCl u CHX crBapa
HapaHacTO-OpaoH NpPEIUIUTAT KOJH MOXKE Ja NpoMeHH O00jy 3y0a, H3a30BE OKIIY3H]Y
JCHTHHCKUX TyOysa Kao W Ja cMamemu nepmeadbuianoct aenartuna (17, 20, 22, 23). Takobhe,
peMa HEeKUM Haja3uMa MPEIMIUTAT CaJApKu TOKCUUHY (24) 1 KaHIeporeHy cyrcraHiy (25)
no3Haty kao napaxiopanuwina (PCA). Ykomuko ce CHX xombOunyje ca EDTA nmonasu no
WHTEpaKIMje W CTBapama HETOKCUYHOT MIJIEYHO Oejor mpenunurara (18) koju cmamyje
epukacHoct EDTA pactBopa. ManoOpojHa Cy HCTpakMBama O CTBapamy NpEHHUIIUTaTa
usmel)y NaOCl u komOunoBanux pacteopa MTAD i QMiX. Jlo qanac mocroju camo jeaHa
cryauja (19) y xojoj je mokazano na komouHanmja pesuayansor NaOCl u MTAD noBoau 1o
CTBapama JKyTOor mpeuunurara. [IpucycTBo mnpeuunurara y BehwM KoJMYMHAMa Ha
MOBPIIMHU JICHTHHA MOJXKE 3HAYajHO W Jia yTHUYe Ha ajXe3Wjy CHiiepa 3a KOPEHCKHU JCHTHH,
noceOHO cuiiepa Ha 0a3u cmona (26). KonnunHa M XeMHUjCKU cacTaB MpPEHHUIUTATa KOjH Ce
CTBapa y OBHM HWHTEpaklldjamMa Ha JCHTUHCKOM 3HJy KaHajla KOpEHa joll YBEK HHUCY
ucnutanu. JIok je y MojeIMHUM UCTpaXMBambHMa IMOKa3aHO Ja Ce NPEIUIMTAT CTBapa Ha
noBpiMHU JeHTtuHa (20), y IpyruM cTyadjamMa TpEHUIUTaT HHUje YOUeH Ha TOBPIIUHH
JICHTHHA HH y JCHTHHCKUM TyOy/nnMa HakoH ucnmpama kanaina NaOCl u QMiX (27). tberosa
konuunHa y uHTepakiuju usmehy NaOCl m QMiX jomr yBek Huje oapehuBana. Taxobe,
NeHeTpanyja Mpeuunurata y JOeHTHHcKe TyOyne mocne upuranmje NaOCl u  dunamne
upuranmje CHX, EDTA + CHX, MTAD wumu QMiX joir yBek Huje paszjauimena. Metoze
Koje ce KopucTe 3a aHanusy npucyctsa PCA y mpeuunuraTy cy paziduuTe ajld MOKaszyjy U

napoJioKcasiHo paznuuute ucxone (20, 22, 27, 28).

V3umajyhu y o003up 4MICHMIYy J1a HEXKEJbeHE HHTEepakiuje usmel)y paszauuuTux
MpHUraHaca ¥ CTBOPEHU MpelUnuTaTa Mory KOMIPOMUTOBATH €HJ0IOHTCKY Tepanujy (15, 17-
20), xao u mociequile Koje oBu TokcuuHu cyrcrparu (PCA) umajy Ha omiure 3apasibe (7) u
NepUANMKAIHO TKUBO (21), MUIIJbEHa CMO J1a je Hallle UCTAXHBAKE O] OMTHOT HAYYHOT W
KJIMHUYKOr 3Hayaja. Jla OM ce yCTaHOBMO KIMHUYKM MPHUXBAaT/bUB HadyMH YKJIambamba
MpelunuTaTa y yclioBUMa Kajia ce OH MIaK CTBapa, MPOTOKOJ MpUTallHje MOJUIekKe MPeIory
HOBOT KOHIIETITa Yy IIMJbY MPEBEHIIMj€ aHTArOHUCTUYKUX pPeaklinja u ocuM edukacHe, omoryhu

6e30eHy HpHTralHjy KaHAJIHOT cHUCTeMa 3y0a.



1. IEHTUH

1.1. Cacras

JIeHTHH je BacKyJlapHO, MHHEPAJIM30BaHO, BUTAJIHO TKUBO CHIOJOHIMjyMa M YUHH
Hajpehu neo 3yOHe Mace. Kao BucokomepMeaOWIHO TKHBO, YHWHH MHUHEPAIN30BaHY
KOMIIOHEHTY IyJIMNO-A€HTUHCKOr KoMmIulekca ca oko 70% (IO TeXUHHM) HEOPraHCKOT
MaTepujaiia, yriiaBHOM Yy o00auky kamujym xuapokcunatuta Cajp(POs)s(OH), (29).
MuHepanu 1 eleMeHTH KOjH yias3e y cacTaB JACHTHHA, y HIKMM KOHIIEHTpalujama HEro y
cacraBy riehu, uune a3ort (2,42% - 3,64%), kapoonaru (2,99% - 3,25%) u uuuk oko 300 ppm
(30, 31). Konnenrpanuja dayopuaa y cacraBy aentuna je usmehy 100-500 ppm u 3aBucu o
HUBOA (IyopHr3alrje MmoApydja y KojuMa ojpel)eHu MojeAMHALl )KUBU HUIIU j€ JOJIATHO Y3UMAao
npenapare Giyopa U 1a JiM je ISHTUH KOjU Ce aHalIu3upa npeaxoaHo ouo kapuosa (30, 31).
Takohe, nentun ynan u 20% opraHckor marepujana, KOju YKJbydyje pa3MuuTe KOoJareHe u
HEKOJIareHe TPOTEHHe, JIMIKIE, MpoTeoriukane 1 gakrope pacra (29). Konaren tuna | unau
90% neHTHHCKOT MaTpuUKca, IOK ce KonareHua Biakana tum 1, V u VI Hanaze y Tparopuma
(32). Hekonarenu nporenHy, Koju unHe oko 10% MaTpukca, criaiajy y HeKOJIMKO KaTteropuja:
docdomnporennn, ocreokanuu, Matpukc GLA-TipoTenH, MPOTEOrIMKaHH, PA3TUUYUTH KHCEIN
TJIMKOTIPOTEHHH U cepyMmcku tpotennu (31). O hocdoprnporenHa y cactaB MaTpUKca yiiase
docoomnporenn (HP,MP, LP) u nentun marpuxc nporenn 1 (AGL), 1ok oX TIMKONpPOTEHHA
HaJIa3uMO JCHTHH CHjaJONPOTEUH, OCTCOHEKTHMH U ocrteomnoHTHH (33-35). Hekomarenn
NPOTEHHH MOTY OWMTH B&XHH 3a mpolece TOKoM JeHTuHoreHese (32, 36). Y marpukcy cy
KOPHUCHHU 3a CTBapame MuHepanHux marepuja (32), a kaga ce UMOOWIY3Yjy Ha YBPCTO]
0JIT03H1, HHAYKY]Y (hopmupame anaturta y pusunonomkum yciaosuma (36). Takohe, onn mory
JIeIOBATH Kao PEryjlaTopu BeIWYMHE M Op3MHE KpHUCTalu3aldje M MpoMoBUcaTH AUDY3HUj]y
KaJIMJYMOBUX jOHa y TKHMBY JAeHTHHAa. OJHOC HEOpPraHCKe M OpPraHCKe KOMIIOHEHTE Y
JNEHTUHY HUj€ KOHCTaHTaH, HIP. HUXKH caJip>kaj KojlareHa u Beha KoJiMuynHa MUHEpasa youaBa

ce y OJIM3MHU JeHTHUHCKUX TyOyna.

Jlununu ynne npubmmkHO 2% OpraHcKOr MaTpUKca AEHTHHA, TYCTO Cy pacnopehenu
y3 MOBPIIMHY, a IPUCYTHH Cy Y HHTepriooynapaom nentuny (37). [Ipeocranmux 10% cacraBa
JeHTHHA TipesicTaBba Boga (37, 38). Ox ykymHe KOJMYUHE BOJC Y ICHTHHCKUM TyOy/IMMa je
cmemreHo 72,2%, nok mepocranux 24,8% je MPUCYTHO y MHUHEPAIM30BAHOM MATPHUKCY.

[TokazaHo je ma caapikaj BoJie y ICHTUHY yTHYE HA HETOBY elacTUIHOCT (38).



1.2. CtpykTypa

CTpykTypy [EHTMHA YHHE TpPUMapHH, CEKyHJIApHH U TEpUUjapHH JACHTUH Y
3aBHCHOCTH O]l BpeMeHa CTBapama W mnpucyctBa Hagpaxaja (39, 40). IIpumapHu ACHTUH
dbopmupajy OJOHTOOJIACTM TOKOM pa3Boja 3y0a, HAKOH dYera CIEIu CIOPO TalOKeHe
CEeKYHJApHOT JCHTHHA Tociie n3dujama 3yoa. CekyHnapHu ((DU3UOJIONIKK) JEHTUH j€ CJI0j
JICHTHHA KOjU C€ CTBapa HaKOH IITO 3y0 mocie u3bujama y BUIHMIM MTocTaHe (PyHKIIMOHAIAH.
Tepuujapau eHTHH ce (GopMHpa Kao OArOBOp IyJre Ha HEPHU3UOJOUIKE Hajapa)kaje HIIp.
Kapujec, abpas3uja, epo3Hja, pecTaypaTHBHa Ipernapaiyja ¥ TOoCTaBbamke JSPUHUTHBHOT

ucmyHa (29, 39).

[MTokposuu nentun (mantle dentin) je mpBu c10j IpUMapHOT ASHTHHA KOjH j€ CMEIITCH
ucnox raehu (29). Mame je MUHepaau30BaH U Bapupa y aebsbunu usmehy 5 u 30 pm (41).
L{MpKyMITyJIIIHA JEHTHH TPEICTaB/ba OCTaTaKk MPHMApHOT JEHTHHA W INPUCYTaH je y JBa
00JMKa HHTEPTYOYyIapHHU, KOJH C€ CacTOjU OJ] MHHEPJIM30BAHOT KOJIareHa W MEepPUTYOYIapHH,
UHTPaTyOyJIapHH, KOjH je€ KOMIIAKTHO, BHCOKOMHHEPAIN30BaHO TKHMBO Ca HEKOJareHOM

marepujom (37, 42).

[lpeneHTuH je HEeMHUHEpPAJIUW30BaHU CJOj JACHTUHCKOI MaTpUKCa CMEIUTEH Ha
YHYTpaIIh0j OBPLUIMHU UPKyMIYIHOT neHTuHa (43, 44). [IpuMapHO je KoiareHe mpupoe
u canpxu konared tun I, I, 1, VI u nentun pochonporenn (34, 45). Mehyrum, nocroju
Benmuka pasiuke y neospunu npenentuHa (10 - 30 um) koja ce 3amaxka y 3aBHCHOCTH O[]

CTapOCTH TMOjeIUHIIA ¥ aHATOMCKe Jiokau3anuje (43, 46).

Kao nocnenuna aejcrBa MHQEKTUBHO-TOKCUYHUX, XEMHUJCKUX U (U3UUKHUX HaApakaja
J0J1a3¢ 10 CUHTE3¢ peakTHBHOT JeHTHHA (47, 48). PeakTHBHU JCHTHH CHHTETHUINY TPEKHUBEIIC
MMOCTMUTOTCKE OJJoHTOOMacTuuHe henuje - mpuMapHu ofgoHToOacTu. OBa BpcTa TEPIHjapHOT
JIEHTUHA CaJpXH Mamu Opoj JCHTHMHCKUX KaHamuha ca BehuM wWiIM MamUM CTENEeHOM
uperynapHoctu (48). [ToceOHa BpcTa TepuujapHOT JEHTHHA je U pelapaTUBHH JCHTHH, KOTa
CHUHTETHINY OJOHTOONAacTMMa ciauyHe henMje, HacTajge HAKOH TyOMTKa NpPUMapHHUX
omonToOmacra. Ilpomec pemapatnBHE NEHTHHOTEHE3€ MOXKE CE OJWTPATH M Y TMPHCYCTBY
Ipyrux BpcTa henmuja cmocoOHUX Ja pearyjy Ha choJbalimke Hajapaxaje. Ha Taj HauwmH
CTBapajy ce M oJronapajyhe BpcTe MHUHEpaIM30BaHUX TKHBA - (PUOPOJIEHTHH, OCTEOJIEHTHH
WIH pernapatuBHU ACHTUH (47 - 49). 3a pasiuky O] MPUMAapHOT JICHTHHA, CEKYHJApHH U

TEepLUjapHU JIEHTUH caipxe 3HaTHO Behe konmuumHe kosareHa tuma Ill. Ykomuko ce



MOCMaTpajy HEKOJAareHW TMPOTEWHH, MATPHKC TEPIMjapHOT JCHTUHA WMa CMambeHY
KOHIIeHTpanujy ¢pocopuHa y nopehemy ca mpumapaum aeHTHHOM (49). Dochopun cnana y
rpymny ¢ochonporenHa u Hala3M ce CaMO Y MHHEPATTU30BAaHOM MATPHKCY, AOK Y MPEACHTUHY
uuje nponahen (50). docdonporenHn nMajy BUCOKH aUHHUTET 3a BE3UBAILE jOHA KaJIIHjyMa

U M0Ka3yjy HHIYKTUBHY YJIOTY y IIPOIIECY MUHEpaIu3auje peryiapror aearuna (50).

1.3. JleHTHHCKH TYyOYIH

Oco0eHoCT CTPYKTYpU JACHTHHA Aajy JCHTHHCKU TYOyllM KOjU Ce HpYXKajy LeIoM
IOy’KMHOM of] myinme a0 riaehu, ogHocHo nemenTa. [lo 3anpeMuHH, JEHTUHCKU TYOY/lIM YMHE
10% nospuuHe nentuHa. HenocpenHo y3 mynny oHu ynHe 88% yKyNHOT BOJIYMEHA JIEHTHUHA
a y3 aentuHo-TiaehHy rpanuny camo 4% (38, 50). UcnymweHu cy AeHTHHCKOM TeuyHouhy y
KO0jOj ce Hajaze npojyxenu ogoHTroonacta (50-52). Jlentuncku kananuhu cy y nepudepHuM
JIeIOBUMa pa3MakHYyTH, JIOK cy y Onu3uHu mynne rymhu (ogHoc 4:1 ca mysmnHe, OAHOCHO
rinehue crpane). Bennunna TyOyna mpema nynnu je 3um, J0K y nepudepHOM ACHTUHY Y
Onu3uHU croja ca raehu aujamerap TyOyna je mMamu ox 1 pum (38-53). bpoj meHTHHCKHX
kaHannha je Behu y xpyHmaHoMm gey 3yGa (45,000/mm?), a 3HauajHO MamU Y AIEKCHO]
tpehunn 3y6a (8,000/mm?), mocmarpaHo of myime Ka MOBPIIMHK JeHTHHA. |'ycTHHA

JNEHTHUHCKHUX TyOysa ce cmamyje Ha oko 10,000/ mm? Ha neHTuHo-raehnoj rpanunu (38, 53-

55).

TyOynu Ha MOBPIIMHM ITyJIIe ¢y YOOU4ajHO MPUCYTHU NoJ MpaBuM yrioM. [To3naro je
Jla ce JICHTUHCKU TyOyJIM He MPYXkKajy y MpaBoj JIMHAjA kpo3 3-3,5 mm nebsbuHe neHTrHA Beh
nMajy “S” obnuk (mpuMapHa 3aKpuBJBEHOCT) (ciuka la). Y3 mpumapHe 3aBoje CBaKu TyOyi
MoKa3yje HM3 MalMX BHjyramkba Ha pa3MaKy CBAaKMX HEKOJIMKO MHMKpOHa (CeKyHIapHa
3akpuBsbeHoCcT) (cmuka 10) (56). Msmehy TyOyna mnocroje u3pasura rpaHama Koja
omoryhaBajy Mel)ycoOHy KomyHuKanujy. Jujamerap rpasa je y pacnony o 25 nm a0 300 nm
3a MUKpOTpaH4YHMIlEe KOje c€ MPYKajy IMOJ MPaBUM YIJIOM y OJHOCY Ha TJaBHE IECHTHHCKE
TyOyne, a 300 nm mo 700 nm 3a ¢uHe rpaHe Koje ce Mpyxkajy Mo yriaom 45 CTeneHu, U OJ
0,5um 710 lyum 3a riaBHe rpaHe MOCTaBJbeHE MepUdepHO. Y KOpeHy, IpaHe Cy Yy IujaMeTpy
on 300 nm mo 700 nm (57). JleHTHHCKM TYOynd MoOry OWTH JECTpyHMCaHH 300T
KOHTUHYUPAHOT JeMOHOBamka MUHEpasa, Kajaa Cy MoJ YTHIajeM CTpeca, Kapujeca, TpayMme
Wi ucnyHa. bakrepuje ce mMory Hahu Ha CBMM MOBpIIMHAMa CHCTEMa KOPEHCKOTI KaHaja,
OJTHOCHO, JIEHTMHCKUM TyOynauma MHQHUUUpaHux KaHanua (5). dakropu, Kao ITO Cy BpcTa
3y0a, y3pact, Opoj u Bpcra OakTepuja, OJHOCHO, TY>KWHA EKCIIO3UIIMje KOPEHCKOT KaHaja
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3HAYajHO yTHUY Ha AyOWHY mpojopa OakTepuja y neHTHHCKe kKaHammhe. Kako je mopdonoruja
KOPCHCKOI' KaHaJIa BPJIO KOMIIJICKCHA U CBC MOBPIIMHC KaHaJIa HUCY Yy IMOTIIYHOCTH HJOCTYIIHC
CaBpPEMEHUM CHJIOJIOHTCKMM HWHCTPYMEHTHMMa MOTpeOHAa je JojaaTHa Xemujcka obpama (5).

CmMmatpa ce, 1a je y KOpEHCKOM JIey 3a CKJIEPO3y JIEHTHHA OJr0OBOpHO cTapeme (58, 59).
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Cnuxka 1. (a) [IpumapHa 3aKkpUBIbEHOCT IEHTUHCKUX TyOya ; (0) cekyH1apHa 3aKpUBJbEHOCT

JNEHTUHCKUX TyOysa

1.3.1. TeyHOCT IEHTUHCKUX TYOyJa

TyOynu y neHTuHy HeuHpuuupaHor 3y0a MpeAcTaBibajy YIJIaBHOM IpaszaH MpocCTop,
WCIIyHEH Te4yHomhy ca mpoayxkenuma ojoHToOnacta. Crtora, y MTpOCEKYy Ta TEYHOCT
npencrasiba 10% 3anpeMuHe neHTHHA a y Onu3unaM myine u Bumre o 20%. TeqrocT ce Moxe
cnobonHO Kperatu y TyOynmuma. Ersorenn Hangpaxkaju (kapujec, abpasuja y Be3u ca
¢byHKLIMjOM, epo3Mja, jJaTpOreHH HaApaxaju, Opylewme 3y0a, mpenapanuje) H3a3uBajy
KpeTame TeyHOCTH ((uiyna) y IeHTUHCKUM KaHaauhuMa oJ1 criojba Ka MyJIu Kao ¥ 0OpHYTO,
O]l TyJIIe mpeMa JICHTHHY YKOJIMKO ce mpoiiec omurpasa y nyimnu (60). ¥V xom mpasmy he
nohu o kperama Quyuna 3aBUCH Ol TEMIIEpaType, AeXuaparaiuje AeHTHHa 1 ocMo3e (38,
60). Bp3uHa mpoToka cMamyje ce ca CTapermheM a MOXKE MOTIIYHO HECTaTH Kaja je MPUCYTaH
kapujec (60, 61). TemnepaTypHe mpoMeHe, PECOPITHBHU MPOIECH U (PU3HUYKH CTPEC MOTY
M3a3BaTH TPCHYTHU MPEOKPET TOKa TEYHOCTH YHyTpa ka mnymmu (38). VYkomuko je
Temneparypa nosehana Ha 20°C u3za3Bahe KpeTame TEUHOCTH 32 OKO 5 MM, nomTo Gurynau
uMajy Koe(uIMjeHT ekcrnaH3uje Behu oko jgeceT myra o] 3UAa JEHTHMHCKHUX KaHanuha.
Tomnora, ycnen mupema (Giaynaa Mpoy3poKyje KpeTame JEHTHHCKOT JIMKBOpa Of] CIOJba

IIpeMa IyJN{, a HUCKA TeMIepaTypa, yciell CMambemha HBEroBOI BOJyMEHa IpOy3pokoBahe
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Kperamwe G(iayuaa o Tyine mpema crosba. MelhyTuMm, TOIIoTa, MPETEpaHo CYIICHE
EKCIIOHMPAHOT JIGHTUHA Hu3a3Bahe KpeTame JACHTHHCKOT JIMKBOpAa TpeMa crojka ITo he
M3a3BaTU acmupaiyjy jemapa oJOHTOONacTa y NEHTHHCKE KaHammhe, nedopmanujy, mna u

KHJamhe HEPBHUX 3aBpliieTaka ImTo je npaheno 6osom (38).

1.3.2. Kononusanuja 6akrepuja

300r BeMMYMHE JEHTHHCKUX TyOyna M yoOWYajeHOr MacHUBHOT TOKa JIEHTHHCKE
TEYHOCTH, KOJIOHHU3AIMja KOPSHCKOT KaHaina OakTepujama MOKe Ja ce MHXHOUpa ajau HE U Y
NOTHYHOCTH CIpPEYH. YKOJHMKO Ce Kapujec He Je4H, OakTepHje W HUXOBH HYCHPOHM3BOAU
y3poKkyjy Hekpo3y mnynme (62, 63). Kana je kopeHcku kaHaia uHOHUIMPaH, TyOyau yop30
nocTajy kojonu3oBanu (64). TyOynu 3yba 0e3 BUTAIHOT IYJITHOT TKUBA, Tj. 0€3 CIIOJbAIIHET
TOKa TyOyJlapHe TEYHOCTH, MOTY J1a OyAy 3apa)XeHH Op)Ke HErO OHH Ca BHUTAJIHHUM IYJIITHUM
tkuBoM (65). JlyOuHa mpoaupama pacte ca BPEMEHOM M OaKTEPUjCKU MPOU3BOIH MOTY
OPOJPETH y MyJNITy, JaKie AUjarOHAHO LIEJIOM IY)XUHOM TyOylna, y TOKY Hezlesby naHa (66-
68). V 3aBucHOCTH 01 OaKkTepHjcKe BpPCTE M TEXHUKE Mepema, NTyOrHa WHBasuje y TyOyine
Moxe Bapupatu mouesim o 50 um g0 375 um, a 600 um 3a E. Coli 1 komrutetro 1000 pm
nyxuHe ucnutuBaHor TyOyna 3a E. faecalis m S. Sanguis (68-70). V ycinoBuma kama ce
MHCTPYMEHTALMjOM M HCIHUPAmEM MOTIIYHO YKJIOHEe OakTepHje W3 KaHajla KOpeHa, OHE Ce U
JlaJbe pa3MHOXKaBajy y TyOyJauMa U MOTY IOCTaTH U3BOp MHQEKIHje. 3a Tepanujy KOPeHCKOT
KaHajia OWI0 OM KOPHUCHO aKo OM Ce IENOKyIMHa TEYHOCT JCHTHMHCKUX TyOysa 3aMeHusa

"unearHUM" €HI0IOHTCKUM UPUTAHCOM KOjH je Y CTamy Jia enuMuHuie oakrepuje (71).

2. HPUTAHCH

Wpuranmja kaHama KopeHa y3 MEXaHWYKY /WM XEMHJCKYy oOpaay uMMa 3a IWJb
yKIamame nedpuca, JTyOpuKalujy KaHala, pacTBapamke TKHBA, CIIpeuaBame CTBapamba
pa3Ma3HOT Cli0ja WJIM HETOBOT pacTBapama. Mpuramuja mMa u OHMOJOIIKY yIOTY Koja ce
Be3yje 3a AHTUMHUKPOOHY e(HKAaCHOCT, WHAKTHBAIIM]y €HJIOTOKCHHA, HETOKCHMYHOCTH Ha

BUTAJIHA TKMBA U MaJId ajeprorenu noreHmnujai (72-75).

"Uneamno” cpeactBo 3a wupuranmjy Tpebamo Ou nga je crabmiiHO, eguKacHo,
JOYroTpajHOr aHTHUMHMKPOOHOT M (PYHTMIMIHOT JejcTBa, CIIOCOOHO Ja TMEeHEeTpupa y cBa
MoJIpyyja KaHajla KopeHa 0e3 HeraTMUBHOT e(ekTa Ha 3y0e, MepHanuKaaIHo TKHBO MU OIILTE

37IpaBJbe, a jepTHHO U Jako JocTynHo (9). MehyTtum, 10 AaHac HUje CUHTETHCAH HU jeAaH



HMPUTAHC KOjU TIOCENyje CBE OBE KapaKTEPHUCTHUKE M 3aTO j€ HEOMXOAHO KOMOMHOBAHE MCTHX

Kako Ou M ce mo0osbIana epUKacCHOCT y CBAKOJHEBHO] KIIMHUYKO] TIPAKCH.

VY eHl00HTCKO] Tepanuju naHac, Hajuenthe ce kopucre upurancu NaOCl, EDTA u CHX,

KOMOMHOBAHHU Ca HOBHjHM IPOU3BoauMa kao mto cy QMiX u MTAD (9, 73, 76).

2.1. HATPUJYM XUIIOXJIOPUT

VY ennonontckoj repanuju NaOCI je Hajuenthe mpuMemHBaHO CPEICTBO 32 UPUTALH]Y

KaHaya KkopeHa. Vicnymasa Hajsehu Opoj yciioBa koje Tpeba aa uma upurasc (76-79).

2.1.1. Xemujcka CTpyKTypa W HauWH JIEIOBAha
VY BomeHom pactBopy, NaOCl je y paBHOTekM ca HATPHjyM XHUAPOKCHIOM H

xumoxyiopactoM kuceaunom (HOCI), koju aucocyjy Ha cBoje jone. Peakiuja je:
NaOCl+H 2 O «<» NaOH + HOCIl <> Na* + OH + H" +OCI" (80).

PactBop NaOCI je jaka 6a3za ca pH>11. V konTakty ca opranckum tkuBom NaOCI noBoau
70 Jlerpajanyje MacTu mnperBapajyhu X y coJid MacHEe KHMCEIMHE M TIMLEpO, cMamwyjyhu
TaKoO MOBPIIMHCKH HamoH mpeoctanor pactBopa. NaOCIl Heyrpanuiie aMUHOKUCETHHE, TIPH
gyemy PH BpemHocT omama. PacTBapamem XJjopa y BOAM U KOHTAaKTOM Ca OpPTaHCKHM
Mmareprjama ctBapa ce crnaba xumnoxiopacta kuceanna (HOCI) koja uma ynory okcuaasca.
OBa kucenuHa Jienlyje Kao pacTBapay, ociobaha XJIop Koju pearyje ca aMHHO rpynamMa
crBapajyhu xmopamuue. Xunoxiopacta kucenuHa u xunoxyoputau jonu (OCI) y3pokyjy
Jerpajanyjy ¥ XHAPOJIU3Yy aMHHOKHCENIWHA. Y peakiuju XJIOpaMHHAIUje ce€ CTBapajy
XJIOpaMHHHU KOju HHTepdepupajy ca MerabonuzMoM henmje. Xiop Kao jak OKCHIAHC U3a3UBa
UPEBEP3UOUIIHY OKCHJAIM]Y CYAPXUIPUIHUX TpyNa €CEHLHUjaTHUX OaKTEepUjCKUX €H3UMa U

Ha Taj HAUYMH peMeTu Metabou3am hemuje (80).

2.1.2. AHTUMHUKPOOHU edekaT

Y  eHmoaoHTCKO] Tepanuju Hajuemthe ce ymorpebsbaBa pactBop NaOCl y
koH1eHTpauujama o1 0,5% 1o 6% jep ucnospaBa NIMPOK CHEKTAp HECTIEUU(UUHOT JEI0Baba
Ha Oakrtepuje, BuUpyce u crnope (81, 82). Beha eduxacnoct NaOCl je 3abenexena ca
noBehameM KOHIEHTpanuje, PH u Temmeparype pacTBopa W aKTHBHUPAHEM pacTBOpa Y3
nmomoh ynrpassyka (83, 84). Mmak, cmarpa ce Ja KOHIIEHTpalldja pacTBOpa HeMa 3HadajaH
yTUIa] HA HErOB aHTUMUKPOOHH e(eKaT yKOJIMKO ce MpUMemYyje KOHTUHYHPAHO HCIHPambe

pactBopoM (85-87), anu ca moBehameM KOHLIEHTpalje 3Ha4yajHO ce rnoBehaBa TOKCHYHU
8



edekar pactBopa (88). NaOCIl je y cramy ga mopemMeTH W pacTBOpu OMOQHIM Kama ce
kopuctu kao 1%, 5,25% wunu 6% pactBop (81, 82). ¥ nabopartopujckum ycmosuma NaOCI
Op30 U epuKacHO eIMMUHUIIE OaKTepuje, U Kaja ce MPUMEHHM Y HH)KMM KOHIEHTpalujaMa
(89-91), mok je y KIMHHYKHM YCJIOBHMa HEroB e(ekaT orpaHuueH 300 IPHCYCTBa
OpraHcKux marepuja, 6e3 003upa Ha MpUMemeHY KoHIeHTpannjy (73). Y mojeaunum in Vitro
cryaujama mokasano je ga NaOCl uma uspaxen edpexar ma Candidy albicans, anu Bpeme
KOHTAaKTa MpUIaHCca ca KaHAJIOM KOpEeHa TOKOM MCIUpama mMopa Outu mpoayxeHo (91-93).
Takohe, y KIMHUYKHM CcTyadjama mokaszano je aa 2,5% NaOCIl ymepeno epukacan mpotus
OakTepuja, au Mame e)rKacaH MPOTUB €HIOTOKCHHA y WHHUIMPAHOM KaHainy kopeHa (94,

95).

2.1.3. Edexar Ha Meka 1 yBpcTa 3yOHa TKUBA

Oprancku caapxaj (ocraly TKHBA, 3allaJbCHCKH €KCYIaT, JIEHTHHCKH KOJIAarcH,
MHKpOOHa 6romaca) moBoje 1o criabsbera aejcta NaOCI (73). NaOCl uma criocoGHOCT aa
pacTBapa OpPraHcKO TKHBO, ali MHOTO e(UKacHHUje pacTBapa HekpoTuuHe Ouomace (9, 96).
JllonaBame cypdakranta pactBopy NaOCl| moxxe na moseha opranonutuuku edexar (86).
CMmamemeM KOHIICHTpAIIMje pacTBOpa U BpeMeHa upHraiuje, cmamyje ce cnocoonoct NaOCI
Ja TEHETpUpa y JICHTUHCKE TyOylle W W3BpIIM HWUXOBY ne3uHdeknujy. Ca nomaTkom
MOBPIIMHCKYA aKTHBHHUX CYIICTaHIIM, KOjUMa Ce CMamyje MOBPIIMHCKH HamoH, rnoBehasa ce
nyouna nenerparuje NaOC| y nentuncke TyOysne u Op3uHa pacTBapama Tkuba (84). 360r
HeratuBHOT edekra Ha MekoM TKuBY, NaOC| Tpeba kopuCTHUTH ca ONMPE30OM OJ] pHU3HKa
MOTUCKUBamka UPUTaHca MPEKo amnekca. Y ciydajy mpebaluBama pacTBopa y MepUaATMKaTHO
TKHBO MOXE Jla C€ JaBH HHTCH3WBAH MMOCTONEPATUBHU 0011, mpody3Ho omreheme TkuBa, enem,
KpBapeme M3 KaHaja ca I0jaBOM XeMOoparmja KoXKe M CIy3HHIE, CeKyHIapHe WHQEKIHje,
anecresuje win mapecresuje (97, 98). Pehe, NaOCI moxe ma m3a3oBe aleprujcke peaxiuje.
Takolhe, oBaj aHTUCENTHK TIOKa3yje U HEXEJbeHU e(eKaT Ha YBPCTA TKUBA, JICHTHH M KOCTHO
tkuBo. Kama je mentun wmsnoxxeH NaOCl youaBa ce cMmameme MUKPOTBpAohe, Mosyna
€TaCTUYHOCTH, OTIOPHOCT HAa CaBHjame, IITO j€ YIJIaBHOM 300T Aerpajaliije KojiareHa |
riryko3amuHorukana (99-105). Takxohe, umpeBep3mOwmiiHa epo3uja JCHTHHA MOXE OWTH

OJI'OBOpHA 3a INTETaH YTHIAj HA MeXaHHuYKe Kapaktepuctuke aeHtnHa (Cruka 2) (16, 105,

107).



Cnuka 2. PenpesentatuBaa SEM mukporpaduja eposuje n1eHTHHA

2.1.4. LIMTOTOKCUYHOCT

LIuTOTOKCHMYHOCT Tpe/cTaB/ba MOJEKYJIapHE IPOMEHE Koje I10Bojae 10 omrehema
henuja (108). TecToBM IUTOTOKCHMYHOCTH Cy MPUMApHO TECTOBH OHMOKOMIIATHOMIHOCTH
Kojuma oxpelhyjemo nmmu3y henmja, naxubunujy henmjckor pacra u ocraie yruuaje Ha hemuje
0 KOjUX JIOBOJI€ MCIHUTHBAaHE Marepuje. JlaHamimu MaTepHjaau ce TeCTHpajy mpema
olpenbama M cTaHgapauMa Koje mpomnucyje Melynapoana opranusanuja 3a CTaHIapAu3aiu]jy
(International Standards Organization (ISO)). Llurotokcuunoct oxapehyje 0e30eaHOCHU
npodus1 JCHTATHUX MaTepujasia (yKJbydyjyhn OJIOHTOAHTHCENTHKE) WM ILIMpE Y3EBIIH,
CTOMATOJIOIIKUX Marepujana. [Ipenopyuenu mnporokon MelyHapoaHe opraHuszaiuje 3a
CTaHJapAM3alMjy 3a HCIUTUBAEkE IIMTOTOKCUYHOCTH JEHTAHUX MaTrepuana yKJbydyje U
BUXO0BO Topeheme ca mo3uTuBHOM W HeratuBHOM KoHTposiom (ISO 10993, 1992) (109).
[Momenytu ISO mpoTokon uMa uetrupu (Base: y npBoj $ha3u MUTOTOKCHYHU eeKaT MaTepujaia
ce MepH y in Vitro ycnoBuma Ha jeqHOCIOjHAM henujckuM KyiTypama mto omoryhyje m1o6py
penpoaykTuBHOCT pesynTara (110). Martepujanu Koju y OBUM TECTOBUMA MOKaXy MaJId HUBO
IIUTOTOKCHYHOCTH C€ JaJbe WMIUIAHTHpAjy y Majie JabopaTOpHjCKe XKHUBOTHEE, OOHMYHO
rJojiape, U mopejie ca KOHTpoJiama YuMe ce Jo0Hjajy IN VIVO IIUTOTOKCUYHE KapaKTEePUCTHUKE
(1SO 10993, 1992) (109). ITocite oBUX TeCTOBA 3yOH Ce €KCTPaxyjy U XHCTOJOIIKH UCITHTY]Y.
VYkonuko 3yOHa TKMBa MOKaXXy HU3aK HUBO henujckux omrtehema 3ajelHo ca OJCYTHUM WM
MUHHMAaJIHUM CTENEHOM 3alajbemha cMarpa ce Aa je marepujai npomao 1SO 3axTeBe u MOxe

ce IPUMEHUTH y UciuTHBamMa Ha nanujeatuma (1SO 10993, 1992).

Hexesmena cBojctBa NaOCI cy m3paskeHa TOKCHYHOCT Ha OpajiHa TKUBA, THHTHBATHE
¢budpobnacte u opanne enurenne henuje (111, 112). I'naBau Hepocrarak NaOCl je na aenyje

IIUTOTOKCHYHO KaJa Mpojape y nepuanekcHo TkuBO (75). TokcuyHm edekTn Ha TKHBA
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OJIpa3yMeBajy XeMOoJIn3y, CuTeNHe yirepaiuje u Hekposy (75). Nishikiori u cap. (113) y in
VItrO cTyauju yCTaHOBWIM Cy Ja je jetainHa go3a kox 50% henuja (LC50) HakoH mpumeHe
NaOCl 0,79 mM. MehyTum, y uctoj cTtyauju HUje youeH nuroTokcnunu edexkar NaOCl Ha
ruHruBainie guopobnacre y konueHtpauuju on 0,005% unu Hioke, anu je OMO eBUIEHTaH y
koHUeHTpauujama u3Han 0,0075%. ¥V ucrtpaxuBamuMa je MOKa3aHO Ja je KOHIEHTpaluja
NaOCl ox 0,5% TokcHYHa 3a MEpHANIEKCHO TKUBO M 300T TOra y €HJIOJIOHTCKO] TepaIuju ce
npernopydyje KonueHntpamnuja o1 1% ma Ou ce oapkao aHTHOAKTEpUJUCKH eeKaT y3 HajHIKY
tokcuuHocT (114). 3a pasnuky o HUTOTOKCHYHOCTH, IOCTOje HeycarjialieHa MHIIBEHha O
TOME J1a JIM MOTYy HacTaTu omnrehema ae3okcupudonykienacke kuceanne (DNK) (115-117).
VY HeKHM CTyaWjama je youeHa M T€HOTOKCHYHOCT, YKJbYy4yjyhH OHE y KOjuMa je MCIUTHBAH

edexar NaOCl na xymanum nmumdonutima (118, 119).

2.1.5. CriocoOHOCT IpoAMpama y JCHTHHCKE TyOyIie

MoryhHoCT upuranaca ga npojpy y ASHTHHCKe TyOyJie je BaykHa 300T Tora mTo MOry
outu umHOHUIMpaHW BHIIC AaHa Wik Hemesba (66, 67, 71). Jlo manac je orpaHuyeH Opoj
crymdja y kojuma je mcnutuBana menerpanuja NaOCl (120, 121). Jlyouna Ha K0joj ce

enUMMUHUITY OakTepHje Moxke na Bapupa on 200 pm g0 500 pm, y 3aBUCHOCTH OJ] TOTa Ja JIk

ce kopuctu 1% umm 6% NaOCI (122-129).

2.1.6. JleakTuBUpame

Nako ce moxe pehu na je NaOCl Op3onenyjyhin areHc umnak je HEONXOAHO 1A Y
KaHany Oyne npucyraH oapeheHu BpemeHcku nepuos. Ilo3HaTo je 1a AeHTHH U MeKa TKHUBa
cMmamyjy antuMukpoOHu edexar NaOCI (86, 130, 131). Xmop, oaroBopaH 3a pacTBapame
TKHBa U aHTUOAKTEPU]CKO JI€JIOBAKE j€ BeoMa HecTabuiiaH U BPJIO JIako OuBa uckopuiiheH y
peakIMju ca KaHaJHUM CYICTpaTuMma, oTmpuinke 3a oko nBa munyta (80, 105) Crora je
HEOIXOJHO CTaJIHO JONpeMame HOBUX KOJMYMHA HpHraHca, jJa ce o0e30enu epukacHa
ne3nH(eKIrja KaHaja U pacTBapame HEKPOTUYHUX MaTepuja. J[o cMamema aHTUMUKPOOHOT
edexra NaOCI moxe moBectu u mweroBo komouHoBamwe ca EDTA (130-134). Yak u HajMame
koHnenrpauuje EDTA mory na u3a3oBy oBaj edekar jep HHXOBa peakiyja JOBOIH JI0
dopmupama Mexypuha U ryOMTKa aKTUBHE KOMIIOHEHTe, xyopa. CiuuHa peakimja Koja

JOBOJIM JI0 Be3uBama xjopa Hacrtaje kaga ce NaOCI| moma nmumyncka xucenuna (131-135).
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EDTA tako cmamyje He camo antuMukpoonu epexkat NaOCI (136), Beh 3HauajHO cMamyje

MoryhHOCT pacTBapama TkuBa (137).

2.2. XJIOPXEKCUANH

XnopxekcuanH, Cy Hzp Cl, Nig 2(Cs Hiz O7) ce kopucTu y MEAUIMHHM JyTH HU3
rojIMHa Kao pacTBop 3a Ae3uHpeknujy (76). Y cToMaTosoryju je perucTpoBaH Kao CPEICTBO y
MPEBEHIUjH KapHujeca, Kao aHTUIUIAK CPEICTBO 3a TPEBEHIIM]Y THHTUBUTHCA, Y TEparuju
MapoJIOHTATHUX 000JbeHha U Kol adTO3HKMX yauepanuja. ¥ enpogonnuju, CHX ce kopuctu
3a pHralyjy KaHajla KopeHa U uHTepceaHcHy Meaukanujy (79, 138). V crymuju Sodhi u cap.
(139) nokazaHo je 1a MocToje BHCOKE CTOIE yCIexa ako Ce BUTAJIHU 3yOM TOKOM TpeTMaHa

upurupajy ca CHX, kana je koutpaunaukosana ynorpeda NaOCI (140).

2.2.1. XemwujcKa CTPYKTypa U HAUUH JIEJIOBaba
CHX je xmopdenun OucOUrBaHUIHN AaHTUMUKPOOHU areHc, ca CTPYKTYpOM O JBa
cuMeTpu4yHa  4-XJopoeHWIHa IpcTeHa W JBe OWrBaHHWOHE Tpyle I[OBE3aHe

XEKCaMETUJICHCKHM JIaHIIEeM (cliuKa 3).

Cl

Cmuka 3. Xemujcka crpykrypa CHX

To je jaka 6a3a, monekyicke mace 505,4 g/mol, koja ©Ma KaTjOHCKH MOTEHIIUjaJl © KOPUCTH
ce y obnuky crabwimne comu (139, 141, 142). V KOHTaKTy ca HEraTHBHO HACIIEKTPHCAHOM
noBpmHOM Oaktepuja, CHX kao MO3WTHBHO HaeneKTpucaH XuApohoOHH U JTUTTODUITHU
MOJIEKYN pearyje ca docoaunuauma | JMHONoaucaxapuauMa hemujcke MemOpaHe
MHUKpOOpranuszama. Ycjex Tora, Jojia3u 10 mnopeMehaja mnepMeaOMIHOCTH MeMOpaHe U

ynacka CHX y henujy Owio akTUBHMM WM macuBHUM TpaHcmoptom (143-146). CHX y

12
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HUCKOj KoHUeHTpauuju oxa 0,2% nenyje 6aKTepuoCTaTCKHU, HHULIMpA PYNTypy henujckor 3uaa
U M371a3aK MOJIEKYyJla Majie MOJIEKYJICKe Mace, Mmpuje cBera xanujyma u ¢ochopa. Y Behum
KOHIIeHTpanjaMa ox 2% ucnoJhbaBa OaKTEPUIIUAHO JCIIOBAKE KOje je TOoCIeauIa
koarynamnuje nuromiasme (144). Kox mojenmuux OGakrepuja CHX Mmoke ma yruue Ha
Meraboyim3aM henuje Tako IMTO HMHXUOUpa aKTUBHOCT ¢ochoTpaHcdepa3sHOT cucTeMa y
MeTabonu3my 1ehepa W cmpedyaBa crBapame kucenuna (139, 142, 144, 147). Kao
AaHTHMHKPOOHM areHC LIMPOKOT CHekTpa, aenyje Ha G' m G  6akTepuje M TJbHBHIIE, alu

edekat npotuB G GakTepuja je Hajuspaxenuju (144, 146, 148).

2.2.2. AHTUMUKPOOHM edekar

AntumukpoOHa aktmBHocT CHX je wWHTEH3WBHO Tectupana. Y  OpojHHM
UCTpaXMBabUMa je KoMIapupaH aHTUMUKpoOHH edexar CHX ca ¢u3nonomkum pacTBopoM
u NaOCl. V nojenunum crymujama nokasano je na NaOCI edpuxacuuje nemyje om CHX (123,
125), nok y mpyrum cryaujama edexkar CHX je 6uo cymepuopuuju (126, 148). Meljyrum,
MOCTOje CTY/AUje Y KOjMa je YOUeH CIHYaH aHTUMHKPOOHHM MOTeHIjaa oba upuranca (149-
152). ¥V in vivo cTyaurjaMa KOHCTaTOBAHO je J1a yKJbyunBambe CHX y mpoTokos upuraimje Kao
¢buHamHOT Upuranca o6uno epukacHuje o pusnosonikor pacteopa (153, 154). C o63upom aa
u NaOCl u CHX wumajy 1 npeHOCTH U MaHa, MHOTH ayTOPH Cy MPENopyUHIN J1a c€ OBa JiBa
upuraHca KOMOMHY]Y y IHJbY NOOOJbIIaka aHTUMHKPOOHE AaKTUBHOCTH Yy KaHaly KOpeHa
(155). Taxohe, y uctpaxuBamuMa je MOKa3aHO Jla CIOCOOHOCT eIMMHUHKCAmba OaKTepHja ca
NaOCl je cmamena Ha jeany uerBpruHy, a ca CHX jeany monoBuHy, W MpolieHa
OakTepHjckuX onTepehema ca NPUMEHOM MOJEKYJIapHUX TEXHHKa Cy IOKazaje CIHYHe
Hanaze (156). Mehytum, OBM Hala3sw HHCY PENPOAYKOBAHU Yy CTYOHjH Ca HUKOM
konneHrpauujom CHX (157). Kaga cy wucnutuBanu edektd Ha OuodpwiM y
eKCIepUMEHTATHUM IN VItro cryaujama, youeno je ma CHX edukacHo ykiaama eHI0IOHTCKA
ouo¢punm Gakrepuja (158). YV mopehemy ca apyrum upurancuma, kao mro je NaOCl, epexar
CHX je Oumo 3HaTtHO HIXH, ITO je mokazamo na CHX He moxe OuTH edukacaH Kao
nojenuHavan upuranc (128, 159). Mehyrtum, mocroje cTyauje y KojuMa je 3amakeHo Ja
ciocobHocT CHX ma mHakTHBHpa Jumononucaxapuae Huje ce pasmukosana ogq NaOCl (94,
95). UcnutuBameM epUKaCHOCTH OBHX MpHTraHaca Ha ripuBHIE, 2% CHX je mokaszao ucry
edexruBHOCT Kao 1,3% NaOCI (92). ¥V ckopujem ucrpaxuBamy o epuxacaoctd NaOCl u
CHX y xMMHUYKUM ycloBHMa HUCY Hal)eHHU JTI0Ka3u KOjH OH MPETOpyYHIIN jeTHOT O] FbUX Kao

cpencTBo m300pa y €HJOJOHTCKOj] Tepaluju, y Jedewmy 3y0a ca mHPUIMPAaHUM KOPEHCKUM
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KaHaMMa jegHokopeHux 3yoa (160). Mehyrum, kaga ce CHX kopuctu kao ren wim pacTBop
Behu aHTUMHKPOOHHM edekar 3abenexeH je y KoHmeHtauuju ox 2% y oguocy Ha 0,2% (161,
162), nako HauMH JejloOBama OcTaje McTH Oe3 o03upa Ha koHieHTpamuje (163). CHX y
KOHIEHTpauuju ox 2% je epukacHuju u umMa ayxu edexar cydcrantuBHoctu Hero 0,12%
(164). MehyTum, akTUBHOCT yHyTap TyOyjga He 3aBHCH OJ KOPHIINEHHWX KOHIICHTpaIldja
(148). Cyrepucano je 1a CyOCTaHTHBHOCT C€ Ocjlama Ha rmoBehame BpeMeHa KoHTakTa u3mel)y

neatuna u CHX, koju Tpeba aa Tpaje oj jeaHor cata 10 cejaam jaaHa (165).

2.2.3. Edexar Ha MeKa 1 UBpcTa 3yOHA TKUBA

CHX 3a pasnuky on NaOCI Huje y cramy 1a pacTBOPH OPraHCKH MaTrepujai yHyTap
KaHajla KOpEHa, INTO MpPEACTaBba jeJaH OJl HErOBHX TJIaBHUX Hemocraraka (166). YV
UCTpaXMBabUMa MMOKA3aHo je J1a HUje OMiIo edeKkTa Ha IYJITHO TKUBO IOBEAAa U MEKO TKHUBO
Hellla CBUIbA, Mocie Kopuinhemwa upuranca (166, 167). Takohe, kama je ASHTHH H3JIOKCH
nejctBy CHX, uucy youene mrerne nocnenuiie (104), 36or Hemoryhuoctu CHX 1a pactBopu
MeKa M TBpAa 3yOHa TkuBa. Y in Vitro crymuju, moxe ce 3amasutd na je CHX umao
WHXUOUTOPHU e(eKaT Ha aKTUBHOCTH MATPUYHE METaJonpoTenHaze 2 (kematuHasza A), 9
(xkenarmHaza b) m 8 (komareHasze 2), U MPEIUIOKEHO je Ja MEXaHWU3aM OATOBOPAH 3a OBY
aKTHMBHOCT MOKe OMTH KaTjoHCKa cTpykTypa (167). Takohe, oBO ce MOke 00jaCHUTH TaKo
IITO 3aBPIIHO Hcnupame kaHama CHX Moke na mojaua Be3y komrmosura 3a jeHTHH (168,
169). V xiIMHHYKUM ycIOBUMA OBaj edekaT HUje 3HAuYajaH, jep BUIlE (pakTopa MOXKe UrpaTH

3HaYajHy YJIOTY Y CTa0MIHOCTH B3¢ KOMITO3UTHE cMote U aeHTrHa (170).

2.2.4. lIMTOTOKCUYHOCT

CHX, y koHLeHTpanujaMa y KOjuUMa ce IpUMEmYje y CTOMAaTOJOTHMjH, HCIOJbaBa
HEe3HAaTHY TOKCHYHOCT Koja Huje henujcku cneumduuna (171, 172). 3abernexeHa je merona
IIUTOTOKCUYHOCT Ha XyMaHe THHTHBaiHE (pubpodnacte, hemmje opanHor emutena, hemuje
NEePUOJOHTAIHOT JIMTaMeHTa, henuje anBeojlapHe KOCTH W octeobnacHe hemmje (173-175).
Cmarpa ce na je oBaj edekar 3aBUCaH O] IPHUMEHCHE KOHIEHTPALUje U AY)KUHE JeOBamba
upuranca (176-178). Ilutotokcuunu epexar CHX 3aBucan o nmpuMemeHe KOHICHTpAIH]je
(0,0024%, 0,004% u 0,02%) Ha henuje Koje aMYe HA OJOHTOOIACTE MMOKa3aH je y cryauju de
Souza wu cap. (179). Mehyrum, y crynuju Lucarotti u cap. (180) youeno je ma 0,01% CHX
omretno 95% xymanux ¢ubpobnacra, mok y cryauju Hidalgo u cap. (181) 3abenexeHo je
NOTIYHO yHUIITeHe hennja pubpobaacra ca pactBopom CHX y xonuentpauuju ox 0,005% .

Takohe, mocroju u Benuku Opoj in Vitro cTyauja y kojuma cy youenu mretHu edexta CHX
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Ha ¢ubpodmacre (138, 181, 182). CHX moke yTuiatd Ha IepBUKaiHEe H mepudepHe
HeyTpoduiie, 300r TUTHYKE akuuje U npekuaa henujcke memOpane. OH nHXHOUpPa QYHKIHU]Y
HeyTpoduina npu KoHuentpamujama sehum ox 0,005% (183). V in vivo ycioBuma, y oHOCY
Ha NaOClI, uurorokcrnunoct CHX je MHOrO Mama, aau Tpeba HAllOMEHYTH Ja MOTY HacTaTH
uH}IaMaIyja y KpaTKOM BPEMEHCKOM NEpUOy M TPaHYJAIllUjCKe MPOMEHE HAKOH JIy)Ker
Bpemena (184). yrorpajua opanna npumena CHX moke OMTH MOBe3aHa ca HEKEIbEHHM
epexkTiMa Kao MmMTO Cy: mpebojaBame 3y0a M KOMIO3UTHHX HCIyHa, mopemehaj ykyca,
CTBapame KOHKpEMEHaTa, €po3Hja CIIy3HHIE, Ka0 W ycrHopeHo 3apactame pane (185), mok

YUYECTAJIOCT M0jaBe aJleprujCKUX peakiiija je oko 2% (186).

2.2.5. CyncTaHTUBHOCT

CHX moctmxke edukacHy pae3uHpeEKIMjy KaHajga KopeHa 300r ocoOuHe
CYIICTAaHTUBHOCTH, Tj. MOCTEIEHOI W TMPOJOHTHPAHOT JejCTBa Ha MHKpoopranusme (187).
[To3utuBHO HaenekTpucana monekyna CHX ce ca Bucokum apuHUTETOM Be3yje M 3a
HEraTUBHO HAaelleKTPUCAHE IMOBPIIMHE y YCHO] OYIJbHU, IITO 3HATHO IONPUHOCH H-ErOBOj
QJICOPIITUBHOCTH ¥ TIPOAY)KCHOM aHTHOAKTepHjCcKOM AenoBamy. Ocum Ha 6akrepuje, CHX ce
ajcopOyje Ha allOyMHUHE U JIPyre MPOTEHHE Y MUbYBAYKUA U CEPYMY, MEIUKYIy Ha TIOBPIIHHH
3y0a ¥ MyKO3HEe MeMOpaHe, a Be3yje ce M 3a xuapokcuanaTut. Ancoprniuja CHX 3a ose
cymcrpare je peBep3ndunHa (188), 30or vera nmocie BesuBama A0Ja3u 10 CIOpor ociobahama
aKTUBHUX KOHIEHTpalnuja pactBopa. [IpoTpaxoBaHM aHTUMHUKPOOHM e(eKaT 3aBUCH O
KOHIICHTpalije upruranca. Y Huxkoj kouueHrpanuju oa 0,12%, CHX je moka3a0 TpeHyTHH
AHTUMHUKPOOHU edekar Ha mnapomonTanHa Tkua (189). V in vitro crymuju, CHX xao
CHJIOIOHTCKH MPUTAHC MMa TPOAYKEHU aHTUMUKPOOHH edekar no 72 cara (163). Mehytum,
y KIMHUYKUM YCJIOBMMa CYICTAaHTHUBHOCT Tpaje 48 caTu HAKOH HHCTPyMEHTalHje HU
upuraije CHX (190). ITocreneno u mposonrupano nenoBatbe CHX ce oOjammaBa kao
peBep3ubmIHO TpuxBaTame u ociobahamwe CHX (191, 192). Kama ce mpuMeHH y HIDKUM
koH1eHTpauyujama (< 0,01%), CHX dopmupa jenan crabuias cioj Ha HOBPIIMHHU, KOJU MOXeE
na yTude Ha (pU3MUKe M XeMH]CKe KapaKTepHCTHUKE MOBPIIMHE 3a KOjJy je Be3aH. [IpuMermeH y
Behum kourentpammjama (> 0,02) CHX dopmupa Buie ciiojeBa Ha MOBPIIMHHU Ha KOjOj
nenyje. OBaj ,, nerno* CHX je y [MHaMHUYKO] paBHOTEXKH ca CIOOOJHUM MOJIEKYIMMa JieKa Ha
Mmecty aenoBama (191, 192). Ilojenuuu aytopu cMaTpajy Ja NpOTpaxOBaHU aHTHUMHUKPOOHU
epexar CHX 3aBucn o1 BeroBe aJCOPITUBHOCTH 3a JIGHTHH Yy TOKY TPBOT caTa JelioBama

(193). [Mocne 3acuhema IeHTHHA UPUTAHCOM Y TOKY IIPBOT cata, aHTUMHKpoOHH epexar CHX
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ce noBehara y QpyHKIuju BpemMeHa. AHTUMHUKPOOHHU e(ekaT y KaHaTy KOpeHa MOXKe J1a Tpaje 1
10 12 Henesba, 3aBUCHO O] KOHIICHTpallMje U BpeMeHa nenoBama (194, 195). M3 tux pasnora
6u ce CHX Tpebao KOpUCTUTH HE caMo 3a UPHUTraIyjy KaHajla KopeHa, Beh 1 3a HHTepCeaHCHY

MEJIUKAIH]y.

2.2.6. CriocoOHOCT poupama y JEHTHHCKE TyOyJie

[Tenerpanuja CHX y nenTtuHCcKe TyOyse ce mpe cBera OJHOCH Ha Mepeme edekTa
CHX na Oakrepuje y NEHTHHCKMM TyOynuMma. Pe3ynraTu ucTpaxuBama Cy IMOKa3ald Jaa
mucrania o 100 um go 300 um y tyOymuma octaje aumut epukacHocta CHX (123, 125,
126, 128, 129, 150, 196, 197). Konnenrpaiuja CHX He urpa 3Ha4ajHy yJIory y IMeHETpaIuju
y aeHtuHcke TyOyne (196), nok monmaBame AeTeplieHTa MOXKe Ja noBeha aHTUMHUKPOOHO
nejcrBo CHX (150). IToctoje MHOTrOOpOjHA UCTpaKKMBamba O HHAMPEKTHOM mpoaupamy CHX
y aeutuHcke TyOyne (123, 125, 126, 128, 129, 150, 196, 197), anmu Hema pacHOIOKUBUX

CTy/M]ja Koje yka3yjy Ha ctBapHo npucycrso CHX y tyOynuma.

2.2.77. JleakTUBUpamHE

[To3naro je na nmeHTHH cMmamyje epukar aHTUMUKpoOHOr aejctBa CHX. OBo je
M3paKeHHje Kaja ce Kopuctu Hmxka kKoHreHtpamuja CHX ox 0,05%, nok, kaga ce Kopucre
koHleHTpanuje Behe ox 0,5%, cmameme je MuHuManHo (131). MexanuzaM cMmamema
edextuBHOCTH je Hero3Hat (198, 199). V uctpakuBamuma je mokasaHo Ja aa0oyMuH roeeher
cepymMa M JCHTUHCKM MaTpukc Mory aa umuxubOupajy CHX Bume Hero aentun (199) a
KOJIareH, ca Jpyre cTpaHe, cinabo mHxuOupa mweroB edekar (199). Mehyrum, komOnHOBambe

CHX u EDTA noBoau mo nnaktuBarmje CHX (198, 199).

2.3. ETUWJIEHANAMUHTETPACUPRETHA KUCEJIMHA

36or cBor mporeeonuTHykor nenoBama, NaOCl je y moryhHocti nma pactBopu
OpPraHCKH, ajli HE W HEOPraHCKH Je0 pa3MasHOr cjoja. 3aTo ce y €HJIOJOHTCKOj Tepanuju
NaOCl xomOmHyje ca XenaTopuMa WM KHCEIMHAMa pPajd ONTUMH3Mpama ePHUKACHOCTH
upuranyje. Jlocanamnima ucTpakuBama ¢y nokasana 1a CHX He Mmoxke ehpukacHO J1a pacTBOpH
nentuH, kao u ga NaOCl moxxe ma mpoyspokyje eposujy (16, 104, 106, 107). Mehyrum,
HUjelaH OJf OBUX HpUraHaca He MOXe e(pUKACHO pPAacCTBOPUTH MHHEpalHE KOMIIOHEHTE
JICHTUHA W YKJIOHUTH pa3Ma3HH Cl0j KOju ce (opMHpa TOKOM HHCTPYMEHTalMje KaHaja
kopena. Camo nomaBameM aeMuHepanu3oBaHor areHca, EDTA, moxke ce ocTBaputu OBaj

edekar (200). Crora, pactBop EDTA kounentpamuje ox 10-17% u pH 7-8 nmenmyje kao
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XeJaTop ¥ KOPUCTH Ce 3a YKJIamamke HEOPTaHCKOT Jiea JICHTHHCKOT 3Uja ¥ pa3Ma3Hor Clioja

(9, 81).

2.3.1. Xemujcka CTpyKTypa M HA4WH JIeJIOBakba

EDTA wuma xemujcky dpopmyny CioHig Ny Og. Kao 6e300jHa, y Boau pacTBOpJbUBa
CYIICTaHIIa CTBapa CTaOMIIHE KOMIUIEKCE Ca METATHUM jJOHMMA Kao IITO Cy KaJIlHjyMOBH jOHH,
QM ¥ JOHW MarHeswjyma, Manrana u 1uaka. EDTA uma Buie o jeHOT mapa clo00IHUX
€JIEKTPOHA M CBaKW OJ THX MapoBa Moke (hopMUpaTH Be3y ca LEHTPAIHO OCTaBJHEHUM

MeTaaHuM joHoM (ciuka 4) (201).
O
@] OH
T OH
N A~ N
HO
O OH
O
Cnmka 4. Xemujcka crpykrypa EDTA

Kana ce moma mectuiioBana BoJa Ha JCHTHH, KAJIIHjyM XUIAPOKCHANATHT C€ JIEIH y CBOje
JOHCKE KOMIIOHEHTE, yIIIaBHOM KaiiujyM u (ocdat, 10K ce He ycnocTaBu paBHOTexka. Kana
ce nona EDTA, xemujcku ce Bexe 3a KaJllldjyM NMpoy3poKyjyhu najbe pacTBapame KallujyM

XHJpoKcuanatuTa. /[Be HCTOBpEMEHE peakiije ce jaBibajy:

EDTA H*+ Ca®*— EDTA Ca* + H" u
EDTA H* + H" — EDTA H,> (201).

Kako ce Te peakuuje HacraBibajy, KUCEIM OONMIM BHUIIE JUcOUUpajy M Op3uHa
neMuHepanuzanuje ce ycnopaBa. Monekynu EDTA Bexy kaauujym u Jekanuudukyjy
nentuH (201-203).

2.3.2. AHTUMHKpPOOHU edekar
VY engononumju, EDTA je najuenthe kopumheHu pacTBOp 3a YKJIamame pa3Ma3HOT

cnoja. EDTA yknama pa3masHH ci10j 3a Mamwe o 60 CeKyHI YKOJIMKO OCTBAPH KOHTAKT ca
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3uaoM kaHana. [Iponemyje ce na je edpekar nexannudukanyje Ha jeTHOM 3uay KaHaiaa oko 50
um, oxHocHO 100 pm y 1esiom KaHajy mTo oAroBapa Bpxy unctpymenta 6poj 10. EDTA uma
OTpaHUYEHY BPEIHOCT Kao UTPHUTaHC, jep HCIosbaBa ciaad aHTUMUKpoOHH edekar (204). Kana
ce ymopeau antumukpoonu epexkar NaOCl m CHX ca EDTA, pactBop EDTA caapxku
KOMIIOHEHTE Koje ToKazyjy Mamy edukacHoct (152). Ilojenuuu ayropu cmatpajy maa
cMamemhe Opoja OakTepuja mociie MPUMEHE OBOT XelaTopa HacTaje 300T HmeroBor edekra Ha
pa3masHH CJI0j Ipe HEero aHTHCENTHYKOr nenoBama (205). YV mopehemy ca (Gu3noIOMIKUM
pacTBOpoM, y jemHoj in VIVO cTyauju yodeHo je aa je pactsop EDTA mHoro epukacHuju y
CIMMUHKCaky OakTepja W3 KaHajga KopeHa (206). AHTHcenTHIH, Kao IITO Cy KBaTepHa
jenumema amoHujaka ce noaajy EDTA y nuuspy nojayaBama aHTUMUKPOOHOT fenoBama (205).
JlonaTkoM KBaTepHOT amoHujeBor opomuaa - nerpumun (Cetavlon) passujen je EDTAC koju
nokasyje cnuualn edekatr kao EDTA, y3 Behy kayctuunoct. EDTA ce koMmOunyje ca ypea
MEPOKCHUIOM U TOJMETUIICH IIIMKOJIOM, alld OBE MAcTe HE CIIPEeYaBajy pacTBapame pazMazHOT
cioja. Y mwby mnojadaBama edekra ymmhema pactBopy EDTA moxe nma ce goma u
cypdaxrant (Smear Clear) (205). AxktuBupame HpuraHca TOKOM HCIHparba 1mojadaBa eexar
ynmhema. Melytum, BaxkHO je uctahu na ynTpa3ByyHa akTHBAIMja, OCHM IITO H3a3MBa
M0ja4yaHO aKyCTUYHO MHUKPOKPETalke TEYHOCTH, Y3pOKyje U TmoBehame Temmeparype
pactBopa. Hamme, 3arpeBame pactBopa EDTA nHa Temmneparypu 20-90°C cmamyje

CIIOCOOHOCT Be3MBama joHa Kanujyma (206).

2.3.3. Edexar Ha MeKa 1 yBpcTa 3yOHA TKUBA

EDTA cmamyje mukpotBpaohy aentuna (207, 208) u y3pokyje eposujy (14). EDTA
Je XemaTHO CpeCTBO KOjU pearyje ca jOHMMa Kalllhjyma W3 ICHTHHA U TPaJd PacTBOPJHHBU
KaJlMjyM Xenar. Y HaydHHM cTyAujama mokazaHo je aa EDTA nekanuudukyje neHTHH 10
nyoune ox 20 mo 30 pum 3a Bpeme ox mer muHyta (207, 208). Pesynratu mcTpakuBama
nokasayiu cy na 4ak kKoHuentpauuja ox 0,03% EDTA uma nexanumdukyjyhu edexar Ha
nentuH, 1ok ca 10% EDTA edekar je 3HauajHo Behu (209). O6um nexanuudukanuje je
MoBe3aH ca MnponaykeHuM BpemeHoM KoHTakta EDTA ca momiorom. Bpeme koHTakrta je
Takoh)e AMPEKTHO TMOBE3aHO Ca CMamEemeM TBpAohe NeHTHWHA W AyOWHEe aeKannudukanmje,
Koja Ou morna jga jmocturie u 1o 50 um (209-211). JleBer MuHyTa IMOCJ]E aruIMKaIyje,
TBpAoha ce Moxke cMamuTh Ha 25% (209) u ¢ BpemMeHoM edekar nekanudukamnmje mpecraje
kana ceu Monekynu EDTA Bexy kammujym (205-207). JleHTHH KOJ MaIjeHaTa CTapujux O

60 rommna mojiexxe Behoj MeMUHepanW3alMju WIM €pO3WjH, INTO CE MOXKE O00jaCHUTH
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YMELEHUIIOM J1a ICHTHH CaJpXKH Marmbe OpraHckux KommoHeHTd (212). Takolhe, kpaTkoTpajHO
usnarame jgeHtuHa EDTA uma HeratuBaH ytuiaj Ha MukporBpaohy (213, 214) u cmamyje
OTIIOPHOCT JICHTHHA HA mpUTUCaK. Epo3ujom neHTrHA ce 00e30el)yjy uncTuju 311081 KaHaa
0e3 nebpuca U OakTepuja, ajld ca APyre CTpaHe epo3rja MOXKE MPEACTaB/baTh (PaKTOp pU3UKA
3a HacTaHaK BEPTUKAIHUX (PpakTypa kopeHa (215). YV ucrpaxkuBamruMa je yOUEHO J1a Kaja ce
EDTA yOpusra y meka TkuBa, ungpiaamamnuja je ymepena (209). EDTA y koHueHTpanujama
u3Haz 0,5% nenpumupa MeTabOIMUKY aKTUBHOCT henuja, MehyTuM HUje y CTamy J1a YHUIITH

konareH (216).

2.3.4. lIUTOTOKCHYHOCT

[Mokazano ce na EDTA uma Behy uurtotokcuunoct Hero NaOCI (217). Pasnor moxe
outu 1a NaOCl ca rybutkom xyopa Op3o cmamyje edukacHoct, a EDTA nenyje mok cy
uzonoBanu cBu jouu kamujyma (80, 201). Nygaard-Ostby (218) je ucnutuBao yrunaj 15%
EDTA Ha xymaHy IyJIIy W NEpUaneKkCHO TKUBO 3y0a ca BUTATHOM U HEKPOTUYHOM ITYJIIIOM.
Pesynrtatu Tor uctpaxkuBama mnokasanu cy ga EDTA He moBoau o omrehema epuanekcHOT
TKHBa 14 Mecemny IMmociie WHUIMpama y MEepPUaneKCHO TKUBO, KA0 M J1a HEroBa MpPUMEHa y
Tpajamy oa 28 maHa HE TOBOIW JO HEKpO3e MYNINe IOCie IMyJmoToMuje. 3a0ernexeH je
murorokcnurn epexkar EDTA na ¢ubpobiacte u makpodare koju je mpo3H0 3aBucan (116,
219-221). Kana ce armiukyje y TKHBO JOBOJIU 1O M3paXKCHE HPHUTAIHje, KOja MOXKE OHTH

npucyTHa u 28 nana nocie npumene EDTA (222).

2.3.5. CriocoOHOCT poaupama y JEHTUHCKE TyOyJie

Nako cy cnaba antumukpo6Ha cBojctBa EDTA, y jenHoj cTynuju mokasaHo je Aa
EDTA uma criocoGHOCT Zia poJipe U eTMMUHHMIIE OaKkTepHje y AeHTHHCKUM TyOyauma (129).
Mebhyrum, y crynuju  Orstavik & Haapasalo (197) moka3aH je MUHMMAQJIHU WM HHUKAKaB
yruna) EDTA na TyOyne. Unak, ETDA kao nemuHepann3oaHu areHc Moke Op30 J1a mpoaupe
y nentuHcke TyOyne go 20-30 um. Iocie nyropouHor ucnupama, IpaHUlla TMEHETpalyje
moxe outn 50 um (210). OBo je moTBpheHo y BHIE CTyaHja IIe je MepeHa MeHeTpalija Wik
U3JI0KEHOCT JIeHTUHCKHX TyOyna (209, 211, 213, 223). Epo3uja AeHTHHA MOXE JTaKO HACTaTH
ca mpexoMepHuM ucrnupama ca EDTA (212), mto 3HayajHO yTH4e HA WHTEPTYOyJIapHH U

neputyOynapHu AeHTHH (211).
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2.3.6. JleakTuBHpame
AxrtuBHoct EDTA Tpaje cBe JOK MOJICKYJIH KHCEIIMHE HE BEXKY joHE Kanujyma (224).
300r Tora 3a mornyHy mHaktuBanujy EDTA je morpebano Bpeme. ITokazano ce na EDTA

cmamyje antumukpobu edexkar NaOCI, mehyrum BesuBamem kamujyma EDTA He Mmema

edpuxacaoct NaOCI (133, 134,136).

2.4. KOMBUHAIIMJE NPUT'AHACA

VY nocneamux HEKOJIMKO roJIMHA Ha TPXKUIITY CY CE M0jaBUIM KOMOMHOBaHH PacTBOPHU
3a UCIHUpame KOjU CaapiKe BUIIE O] jeHEe aKTHMBHE KommoHeHTe. Hajuemthe mpencraBibajy
KOMOMHAIM]Yy aHTUMUKpOOHOTr areHca (terpauukiuHa win CHX), xemaropa (EDTA wim
JUMYHCKe KucenuHe) u jnerepiieHta (73). IloBpIIMHCKN aKTHBHE CYICTaHLE-AETEPLEHTH Ce
701ajy 1a OM ce CMamuO IMOBPIIMHCKHM HAIlOH MpHUraHaca, 1moBehao KOHTaKT ca 3HI0BHMa
KaHaJla U yHanpeauia epUKacHOCT. Y TI0jeJMHUM UCTPAKUBABbIMa MTOKA3aHO je J1a 10/IaBakbe
OBHX CYIICTaHIIM T00OJHIIaBa TICHETPALM]y UPUTAHCA Y HEMHCTPYMEHTOBAHE JIEJIOBE KaHaa,
yoOp3aBa 3ameny moctojeher pactBopa, moBehaBajyhu aHTHMHKPOOHY e(UKacHOCT U edekar
pactBapama TkuBa (84). CypdakraHt, areHc 3a BlaXeme ce Hajuemrhe 10/1aje pacTBOpUMa
kao mro cy NaOCl, CHX uiu EDTA. Crora, y €HIOJOTHCKO]j Teparuju KOPUCTE Ce HOBU
komOunoBanu upuranicu MTAD u QMiX (73). Ilocroju Benmuku Gpoj in Vitro crymuja y
KOjuMa je HMCIUTHBaHA mHxoBa edukacHoct (123, 125, 126, 151, 225-235), mok in Vivo

CTy/M]j€ HElOCTajy.

2.4.1. JETEPIIEHTH

JleTepileHTH WM TMOBPIIMHCKM AKTUBHM areHcM OOWYHO ce 0/]ajy MpUTaHCHUMa Y
Y MOOOJBIIAka BHHUXOBE €(PUKACHOCTH, CMambEHEM TOBPIITHCKOT HaroHa pactBopa (231).
[Mokazano ce na koutakTHu yrao NaOCl u neHTHHA je 3HAYajHO CMameH Yak M ca MaJuM
JI0IaTKOM MOBPILIMHCKK aKTUBHOT areHca. OBaj mojarak He Mema apyra cojctBa NaOCI, kao
IITO CYy IMTOTOKCHYHOCT, CaJpkaj CJIOOOJHOT XJIopa M aHTUMHKPOOHO JejcTBO (236).
Hexonuko crynuja, koje cy mcuTHBaNE epexaT KOMOMHOBAaHMX WpHTaHaca Mokaszaiie Cy Ja
J0/laBame JIeTepleHaTa cMamyje BpeMe moTpeOHo 3a youjame E. faecalis u emumunncame
Beher Opoja Oaktepuja (158, 199, 237). Tlopen Tora, muUXoBa pe3uayanHa e¢PUKACHOCT je
noGosbimana (237), IeHTUHCKHU TyOysu ¢y oTBopeHH (238) 1 crmoCOOHOCT MpUTaHca J1a PoJIpe
U eJIMMUHHMIIEC OakTepuje y JCHTHHCKUM TyOynuma je 3HadajHo moBehana (130, 150).

Mehytum, HeKH 01 TUX Hajla3a Cy OCIOpPEeHH y apyruM ctyaujama (233, 234). Tlokasamo je na
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HEKOJIMKO KOMOMHOBaHMX HMpHUraHaca KOju caapxke cyp(hakTaHTe HUCY MOTJIM YKOJIOHHTH
O6uodmIM Koju ce popMHupao Ha MOBpIIMHU AeHTHHA (233, 234). Melytum, nmocToje crynuje y
KOjUMa je YOUeHO Jia Pa3IMuuTe KOMIIOHEHTE JCHTHHA MOTY OMTH OATOBOPHE 32 MHXUOULIU]Y
aKTMBHOCTH HWpWIaHaca, ajd J0JaBaleM JCTEPIEHTa IHEroBa JEaKTHBALMja CE MOXKE

cmamutu (198, 199).

24.2. MTAD

MTAD je upuranc Koju MpeACTaBJba MEIIABUHY AaHTUOMOTHKA (TETPalMKIMHA),
JUMYHCKe KucenuHe u nerepienta. Y cactaB MTAD ynaze noxcunukiud (3%), muMmyHcKa
kucenuna (4,25%) u nonucopbar (Tween) 80 nerepuent (0,5%) (14). Kao roroB mpousBo,
MTAD ce cacroju u3 1Ba jena, mpaxa M TEYHOCTH KOJU c€ Memiajy mpe ymorpebe. YV
eHI010HTCKOj Tepanuju, MTAD ce kKopHCTH 3a 3aBpIIHY UPUTALH]y, OJHOCHO 32 KaHAIHY
ne3nH(EeKIHjy U YKIamkamke pa3MaszHor ciioja. Tayan MexaHU3aM JIeloBamba HUje TI03HAT, allu
epekar Ha pasMasHU CIIO] CE MPHUIUCYje AHTHOMOTHUKY (TETPAIMKIMHY) W JHUMYHCKO]

kucenunu (239).

2.4.2.1. AuTUMHKPOOHU edekaT

AntnmukpoOHu epexatr MTAD mnotude oa NOKCHIMKIMHA, jep HEMa JIOBOJHHO
nojaTaka o epeKkTy JUMYHCKE KHUCeNHMHEe Ha OakTepuje y KaHaly KopeHa. JIOKCHIUKIMH je
TeTPALMKINH MIHPOKOT aHTUOMOTCKOT CIEKTpa KOjU CBOj OaKTepHOCTAaTCKH e(eKaT HCIosbaBa
uHXUOUIMjoM cuHTese mpotemHa (14, 19, 240). MTAD nenyje ma G* aepobme u
(hakynTaTUBHO aHaepoOHE OaKTepuje KOje Cy JIOBEICHE Y Be3y C HEYCNEIIHUM €HI0IOHTCKUM
nedyemeM. [ToceOHO je edukacan y enumuHucamwy ouodpunma E. Faecalis Hakon nnuimjansor
ucrupama 1,3% NaOCl (240-242). V uctpaxuBamuMa IOKa3aHO je Ja aHTHMHUKPOOHU
epekar MTAD je cnabuju om NaOCl u CHX (14, 240, 241). To ce moxe 00jacHUTH
okcumparjom MTAD mox nejcteom NaOCI (19). MelyytuMm, y Apyrum cTyaujamMa youeHo je
na MTAD nenoTBopHHjH y eTUMUHALKjU OaKkTepHja U3 UH(QUIMPAHOT KOPEHCKOT KaHaja OJ1
5,25% NaOCIl (240). Om mnpumukoM pasonaxkema on 200 myra jom yBeK HMa
aHTHOaKkTepujcku yunHak Ha E. Faecalis 3a pasmuky o NaOCI koju ra rybu ako ce paspean
Bumie ox 32 myra (14, 243). Y cryaujama in Vitro youerno je ma rotoBo 40% KOpeHCKHX
kaHana ocraje mHpumpano HakoH ynorpede NaOCI| xao u cynepuopuuju yunnak MTAD
KOJU CBOJUM IPOJOHTHPAHUM AHTUMUKPOOHHM JI€OBakeM CMamyje NOoTpely cTaBibarba
MEIUKAaMEHTHHX YJIO)Kaka W BHIIECEAHCHH CHIOMOHTCKU TpeTMmaH (243). Y KIMHHYKUM

ycnoBuma, (¢unamHa wupuranmuja MTAD wHuje moBe3an ca Behom ydectanomnihy
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MOCTONepaTuBHOT O0ja y mopehemy ca XeMOMEXaHMYKOM WHCTPYMEHTAIMjOM Y3 TIPUMEHY
NaOCl u EDTA (244), xao uu ca BehuM cMmamemeM Opoja OakTepuja O OHOT KOjU je
MOCTUTHYT XEMOMEXaHHUKOM 00pagoM kaHana (245). Ilpema mportokony, S ml MTAD ce
KOPHUCTH 3a (PUHAIHY MPUTAIIH]Y Y TPajalby O] 5 MHHYTA, IMOCcJie o0pajie KaHalla ¥ WpUTaIuje

1,3% NaOCI (246).

2.4.2.2. Edexkar Ha Meka 1 yBpCcTa 3yOHa TKHBa

MTAD je HOBHje CpPeACTBO 3a YKIamame pa3Ma3HOr clioja. Y HCTpakKHBamHMa
MoKa3aHo je ma edekar ykiamama pasMasHor cioja MTAD ciandan kombunanuju NaOCI u
EDTA (14, 247, 248). CriocoOHOCT yKiamama pa3MasHOr Clioja Ce MPHIUCYje ACIOBambY
JUMYHCKE KHCEIHHE U JAoKculmkiuHa. [lopen Tora, mocroje cTyamje y KojuMa je OTKPHBEHO
na MTAD edukacHuje ykinama pazMazHu cinoj y nopehesy EDTA, HapouuTo y amekcHoj
TpehuHu, mpu Yemy y3poKyje Mamu epo3uBHH edekaT Ha neHTHH (247). MunHumanan
€pO3UMBHM YTHUIAj HA JNEHTHH MMa 3axBasjbyjyhu HuckoMm pPH (2,5), ne Memwajyhu Qusnuka
CBOjCcTBa JleHTHMHA U moBehaBajyhu cHary Be3e. ['maBHa pasznuka usmehy EDTA u MTAD je
BEIMKH Aa(QUHUATET JOKCHIMKIMHA Ha JEHTHH 300T KOjer IOCTOjH MPOIYKEHH
anTubakrepujcku edpexkar. MTAD He moceayje CriocOOHOCT pacTBapama OPraHCKOT TKUBA U
ErOBa MPHMEHA Ce Ipenopydyje Kao (puHATHK UPUTAHC MOCHE LEIOKYITHE XeMOMEXaHHMUKE

obpajie kaHana KopeHa (246).

2.4.2.3. IIMTOTOKCUYHOCT

MTAD je OuoxommatuOminan Mmatepujan (249-251). Ilo cmpoBeneHHM cCTynujama,
MTAD je uMao Mamy IHMTOTOKCUYHOCT OJi €yreHojia, 3% BOJOHMK MEpOKCHJA, IacTe
KanqujyM xuapokcuga, 5,25% NaOCl u EDTA (245). V wucrpaxuBamuma je Takohe
nmokazaHo ga MTAD je nurorokcuunuju ox 2,63%, 1,31% u 0,66% NaOCl (252).
KonTpanngukoBan je KoJ TpyaHUIA, JOjUjba W JIEllE€ HCIOJ OcaM ToJauWHa 300r

JMCKOJIOPALIMjCKOT JIeTIOBakha JOKCHIIMKIIMHA Ha 3y0e y pa3Bojy (249).

2.4.2.4. CiocoOHOCT MPOUpamha y ICHTHHCKE TyOysIe

Herepuent y cactrasy MTAD cmamyje NOBPIIMHCKY HAIlOH U OJIAKIIaBa MEHETPaLn]y
pacrBopa. Husak mospumnckn Haron MTAD (34,5 mJ/m?) Moxe 1a ocHrypa MOTIYHHjH
KOHTAaKT HWpHUTaHCa ca JCHTHHOM KaHaJla KOpeHa W TuMe moBeha cmocoOHOCT myOsper

npoavpama HUpUTaHCa Yy JACHTHUHCKE KaHaHI/IhC, qyuMe oOcurypasa C(I)I/IKaCHI/IjC YKIIakbamhC
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pa3MasHor cioja, Ae3uH(eKIr]jy KaHaia, 00Jby U Jakury Audy3ujy 1ejCTBEHUX KOMIIOHEHATa

MHTpaKaHAJIHUX MeanKameHara (253).

2.4.2.5. JleakTuBHUpamHE
Cmamena aktuBHOCT MTAD ce Moxe 00jaCHUTH HETOBOM OKCHIAIUjOM TIOJ
nejctBom NaOCI (243). Takohe, epuxacHoct MTAD Moke OMTH CMameHa IPUCYCTBOM

CepYMCKHX aJOyMuHa y KaHaiy KopeHa (254).

2.4.3. QMiX

QMiX (cmema 2% CHX, 17% EDTA u nerepuieHTa) je pelnaTUBHO HOBHjE CPEICTBO
3a WpUTalKjy KaHajla KOPEHa M Ha TPXHINTY C€ I0jaBUO TOCICAHBHUX HEKOJUKO TOJUHA.
[IpencraBiba MEUIABUHY PA3IMYMTUX KOMIIOHEHTH KOj€ MCIIOJhaBajy aHTUMHKPOOHO JI€jCTBO,
Kao W OpraHo - U MHUHEPAJIOJIMTUYKH epeKaT Ha KaHAIHU JIETPUTYC W pa3MmasHu cioj (73).
[Ipenopyka nmpoun3Bohaya je qa ce KOpUCTH Kao (puHATHU UpUraHc y Tpajamy 60-90 cexynuu,
[0CJIe MHUIIMjaHOT UCTHpama KOpeHCKuX kaHana ca 5,25% NaOCI (225, 255). Ykonuko je
NaOCI kopuritheH 3a upuraiyjy, KaHaji je HEOMXOIHO MCIPaTH (HU3HOIOMIKUM PACTBOPOM Y
[IUJbY MPEBEHIIM]e HeXXE/beHe MHTEpakiuje pactBopa (73, 255). Jour yBek HeAOCTajy HOJaIH

0 HETOBOj KIMHUYKO] e(hUKACHOCTH.

2.4.3.1. AHTUMUKpPOOHU edekar

QMiX wucnosbaBa wu3paKeH aHTUMHKpPOOHH edekar cmuuan 6% NaOCl, a
cynepuopuuju o1 2% CHX, MTAD umu NaOCI| npuMmermeHOr y HHKUM KOHLIETpalfjama y
excriepuMeHTaHUM yeaoBuma (151, 225). QMiX je edukacan y enumunucamy E. Faecalis
kao 1% NaOCI, anu moka3zaHo je 1a Opke ykinama 0HoGUIM U eTuMHUHUIIE OakTepuje o1 2%
CHX u jennako mo6po kao 2% NaOCI (151). ¥V cryauju Pai u cap. (243) youeno je na QMiX
epukacaH y eJIMMUHHUCamy OakTepuja, anu HeeukacaH y ykiIamawmwy OHOQMIMA, IITO
CMamYyje BeroB cBeoOyxBaTHH aHTUMUKPOOHH edekaT. Takohe, Ordinola-Zapata u cap. (233)
nmokasainu cy na je QMiX pactBop mame edukacaH y ykiaamamy onodrmima o 6% NaOCl,

anu uma Behu edexar ox 2% CHX.

2.4.3.2. Ecexar Ha MeKa 1 yBpcTa 3yOHa TKHUBA
VY cryamjama re je mpoydyaBaH edekar yKiamama pa3MasHor cioja ca QMiX
pacTBOPOM 3amakeHo je ciauyaH wiu cynepuopHuju ox 17% EDTA (151, 228, 231), npu

yeMy merona mnpenHocT y oaHocy Ha EDTA je mamu epo3uBHU edekar Ha neHTHH (230).
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VYxnamame pazmasHor cioja ca QMiX u EDTA moske OuTH y Be3u ca YHHEHUIIOM Ja MOCTOj!
CIIMYHA jauyWHa Be3e JICHTUHA U CHUIIepa, Tocie ynorpedbe opux upuranaca (228, 231). Iopen
yKIamama pasMazHor cioja, QMiX wumma cmocoOHOcT na moBeha BIaXXHOCT JHEHTHHA
3axBasbyjyhu getepiieHTy y cBoM cactaBy, Aok EDTA mMma ciabuju NOTEHIHjasl BlIaKeHa
(229). Y ctanymuju Aranda-Garcia u cap. (227) nmoka3sano je ma 17% EDTA y3pokoBana Behy
epo3ujy neHTHHa y ogHocy Ha QMiX, MoK ce peaykiuja MUKpOTBpaohe NeHTHMHA HAKOH

IIPUMEHE OBUX MPUTaHACA HUjE PA3TUKOBAJIA.

2.4.3.3. IIUTOTOKCUYHOCT

QMiX uma mamy nutotokcudaHocT ox 17% EDTA, 2% CHX u 3% NaOCI (256).
Hako cy NaOCl u QMiX TOoKCHYHHU 3a Me3eHXHUMayIHe hesuje, pe3yaTaTd UCTPaKHUBamba Cy
MoKa3aJli J1a je u3jiarame Me3eHXxuManHux hemmja QMiX pactBopy mMmano 3HadajHO Behu
nporieHat npexuBibaBama hemuja ox NaOCIl (257). Takohe, SEM aHanu3oMm cy youeHe
MUHUMAaIHEe Mopdoonike npomMeHe Ha henujama koje cy O6mne uznoxxkeHe QMiX pactBopy
(256). Ca pmpyre cTpaHe, y CTyIuju Tlie je IpOoy4YyaBaH HUTOTOKCUYHH edeKaT pasiIuyuTHX
eHnoJoHTcku mpuranaca (5,25% NaOCl, 2% CHX, 17% EDTA, MTAD u QMiX) Ha
Me3eHxuMaHe henwje, mporeHar npexuBenux hendja je OMO 3HAYajHO MamkH y TpyrnamMa
NaOCl, EDTA, MTAD u QMiX, y oxHocy Ha rpyny CHX (258). QMiX pactBop je umao
HIDKY HUTOTOKCHYHOCT y ofaHocy Ha MTAD u EDTA, a Behy y ognocy Ha NaOCIl u CHX,
i  HEroBa IMTOTOKCMYHOCT C€ Memaja TOKOM BpeMeHa Yy mopehemy ca Jpyrum

pacTBopuMa.

2.4.3.4. CiocoOHOCT Mpoupama y ISHTHHCKE TyOyIIe

HctpaxxuBamwa o nenerpanuju QMiX y geHTHHCKe TyOyne ce 0OIHOCH Ha UCITUTHBAbE
ErOBE AHTUMHKPOOHE e(QHKAaCHOCTH y TOKY HpHUTanHdje, Yy pa3IudUTHM BPEMEHCKUM
HWHTpBaJIMMa IIPU Y€MYy ce Mepro Opoj eleMuHKcaHuX Oaktepuja y Tyoyauma (123, 125, 126).
ITokazano ce na je QMiX HCMOJBHUO CBOje aHTUMUKPOOHO J€JCTBO 10 MCTE NyOuHEe Kao 6%
NaOCl, nmpu yemy cy 06a upuranca elMMHUHHCAIA OAaKTEpHje LEIOM JTyKHHOM JEHTUHCKUX
TyOyna y Tpajamy on Tpu muHyTa. [lopen tora, youeHo je na Gakrepuje 6uoduima crapor
jenaH qaH cy Ouie eneMuHKMCaHe y TyOymuma mponopunonaino usmehy QMiX u 6% NaOCl,
amn QMiX je 6uo epukacuuju Hero 2% CHX u NaOCl y mmxum xonuenrpanujama (126).
Mebhytum, ucnutuBamem O6uodpuiMa crapor Tpu Hepesbe QMiX pacTBop je moka3ao Mamwy
eduxacHocT o 6% NaOCI, anu unak je 6uo edpukacHuju on apyrux mpuranaca (123). ¥V

Jpyroj CTYAWjU HABOJAU C€ Ja CIOCOOHOCT OakTepuiuaHOT AenoBamba QMiX Ha OmoduiM
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YHyTap JCHTUHCKHMX KaHanuha, HakoH m3narama 6% NaOCl y tpajamy on mecer MuUHyTa
edukacHuja je on komoOuHanuje 6% NaOCl, 17% EDTA u 2% CHX (123, 126). Taj edekar
je youen Ha ayounu g0 300 um (125).

2.4.3.5. JleakTuBHUpamHE

[lpmimkoM ucnuTHBama aHTUMHUKPOOHOT edexata QMiX pacTBopa MOIBPTrHYTOT
MHTEpAKIMjH ca JEHTHMHOM YOUYEHO je Ja IeroBa €(pHUKacCHOCT OIJIOKEHA, alh HEroB
aHTUMUTPOOHH edekaT HUje y MOTIYHOCTH eleMuHHcaH. Mako ce aHTUMHUKpOOHHW edekar

HETIOCPEIHO OJIOKHPA, Ca BpEMEHOM CE BPaTH aHTUMHUKPOOHO AejcTBO QMiX (259).

3. AHTEPAKIIMJE UBSMEBY UPUT'AHACA

KoMOnHOBamWe Ba WM BUIIEC MpUTAHACA Ce Mpernopydyje jep moBehaBa eduracHOCT
upuranuje (136, 155, 238). Memame wupuranHaca MOKe IMPOY3POKOBATH J€aKTHUBUPAE
HajMamwe jenHor on mux (132-136), na je moTpe6HO Mo3HaBaTH Moryhe mHTepakuuje uzmehy
upuranaca ja O ce Cpedmiio CTBapamke YBPCTHX MPOAYKaTa MO3HATHX KAO0 MPEUUITUTAT U Ja

OU ce ONTHMHU3HUPAO TPOTOKOJ HPHUTAIIH]E.

3.1. NaOCl u CHX

VYcraHoBibeHa je uHTepakuuja u3mely naBa Hajuemhe kopumrheHa Hpuranca y
ennononTckoj tepanuju, NaOCl u CHX, koja ce oriena y cTBapamy HapaHLIacTO-OpaoH
npenunurara. ¥ jeIHOM OJi MPBUX HCTpaKHWBama 3amaxka ce MOryhHOCT peakiuje usmehy
NaOCl u CHX, npu yemy yo4yeHO je Jaa XJIOpXEKCHAMH-XJopua moBehaBa edukacHOCT
upuranyje (155). Ca npyre crpaHe, MocToje CTyauje y KOjUMa Cy OBU Pe3YyiTaTU OCIIOPEHH.
Konnensyc je na oBa MemIaBuHa J0BOU 710 (popMupama MpeuunuTaTa Koju je MOTEHIHjaTHo
tokcuuad (17, 23, 132, 139, 165, 260-264). Ctora, TpeHyTHa peakiifja MOCTOjH U OTJieia ce y
npoMeHu 0oje pactBopa kaaa ce 2% CHX momernia yak 1 ca BpJio HUCKUM KOHIIEHTpalfjama
NaOCl (0,023%). Iloehame xkonuentpamuje NaOCl na camo 0,19% noBomu u 10
dbopMupama BUIJBHBOT NPELUINUTATa 4YMja Cc€ KOoNWuMHA ToBehaBa ca KOHIIEHTpPAIHjOM
NaOCl (17). Youena je mpomeHa 0oje pacTBOpa OJ CBETIO 0 TAMHO OpaoH, MpHU YeMy je
HajTaMHH]y Mpe0ojeHOCT moka3zao pacTBop ca Hajeehom koHnentpaijom NaOCl. [Ipucyctso
MpenunuraTa y 3aMmyheHoM pacTBOpY j€ 3ala)Xe€HO TeK HAaKOH IeHTpudyrupama. Yak u ga
koHneHTpanuja CHX Oyzae necer myra mama ox 0,2% CHX Hacraje TpeHyTHa peakiuja ca

25



0,5% NaOCI (262, 263). Y oBoj cryauju mokaszano je na uarepaknuja usmeh)y NaOCl u CHX,
Kao W CTBapame MNpenunurara, He 3aBuce camo o konientpamuje NaOCl, Beh u ox

koHnenrpauuje CHX.

3.1.1. [Ipeuunurar u nerekuuja napaxiaopanuiarna (para-chloroaniline) (PCA)

[Ipomena 06oje oBOr pacTBOpa MMa W KIMHUYKH 3HA4a] jep MOXKE JOBECTH JIO
JUCKOJIOpallje JIGHTUHA a CTBOPEHU MPEIUIUTAT yTUYe Ha IMEHETpaIujy HWHTpPaKaHATHHX
Me/IMKaMeHaTa y IEHTUHCKE TyOyie U KBaJUTET aJIXe3rje Cuiepa 3a 3u10Be kanana (22, 265).
[Ipenunurar Hactaje y anuao-6a3Hoj peakuuju y kojoj CHX, kao kucenuna, uma MoryhHOCT
npenaje nporoHa, a NaOCl je 6a3a koja MOXKE€ MPUXBATHTU MPOTOHE. YClEJ OBE M3MEHE
JI0J71a37 JI0 CTBapama HEYTPATHOT U HEPACTBOPJEUBOT jeUbeha, nperunurara (17). 'masau
cacrojak nperunurata, PCA, (17, 165), ucrospaBa TokcuuaH edekar, aeiyje KaHIeporeHo Ha
KUBOTUIE (266) W MOTEHLHUjaTHO je KaHIEporeH 3a udoBeka (267). Mehyrum, mojeaunu
UCTpa)KMBa4YM HUCY YOUHJIM JIa C€ Y MHTEpaKIMju oBa /Ba antucentuka PCA cTtBapa y Behoj
koinuunHu (260, 261, 268), Beh ma moma3sw 10 HacTaHKa JApPYrux jeAumema. Mmak
MeTaboIM3MOM HOBOCTBOPCHHX jeIHIbEH-a J10ma3u 10 u cTBapama PCA. PCA Moxe Hactatu
u y oacyctBy NaOCl, paznaramem CHX y mpucycTBY CBETIIOCTH M TOIUIOTE. 3aTO, IOCTOje
IUIIeMe y TIOTJIely cacTtaBa mnperunurara Hactaior memambeM NaOCl u CHX. Ha ocHoBy X-
ray CHeKTpPOCKOIMjeé U CEeKyHJapHEe MaceHe CIeKTpOMETpHUje, y cacTaBy IMpelunuTara
OTKPUBEHO je& TMPHUCYCTBO XJIOPAHMIMHA KOJU MMa XJIOp U aMHHO TPYITy Be3aHy 3a OCH3EHOB

npcten (17) (cmuka 5).

NH,

Cl

Cnuka 5. Mosiekyicka CTpyKTypa IapaxJopaHuiInHa

Ogne MOke OUTH YKIJbyueH Onio Koju ox Tpu nzomepa anuiauna (Cl (CgHg) HoN), omHocHO 2-
XJIOPOAHWIIMH, 3-XJIOPOAHWIMH W 4-XJIOpPOaHWJIMH, IITO YHHU mnapaxiopaHwimH wm PCA.
Takohe, oBu Hamazu cy mnoTBpheHH KopuithemeM TEXHUKE AMa30TH3aluje, KOjoM ce

,Z[CTCKTYje OpHUCYCTBO apOMATUYHHUX aMUHA. 3aKJ'Ly‘-IeHO je Ja Cy XJIOPOAHUJIMH U apOMaTUYIHU
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aMuH 3aucta Owam npucytHu (165). YV HapemHoj cTyauju, KopumihemeMm racHe
xpomatorpaduje ca MaCeHOM CIIEKTPOMETPHJOM PE3yJTaTH Cy TOKa3aln Ja 2-XJIOpOaHWIHHA
U 3-xJopoaHwIMH HHUCYy Owimm mnpucytHu, camo PCA je nerektoBan y Tanory (269).
KonTpaaukropHu pe3ynratu JOOHMjEHH Cy Kajia C€ TaJor aHAIM3HPao HyKJIeapHO-MarHeTHO-
PE30HAHTHOM CIICKTPOCKOITHjOM U HHje youeHa MepJbuBa koauunHa PCA (260). YV apyroj
cTyauju, KopuirhemeM bajiamTajHOB TecTa pacTBOPJHUBOCTH MTOKA3aHO j€ MPUCYCTBO XJIOpa U
aHWJIMHA U TIOHOBO MOTBpleH nmapamnoinoxkaj xiopa, npumeroM NMR criekTpockorcke aHanmze
(264). Takohe, jemna rpyna ayropa je 3akjbyuyuja Ja KOpPUIINEHEM jeAHOIMMEH3UOHE H
neoaumensnone NMR criekTpockonuje ¢y uaeHTH(PUKOBaHA JBa CYOCTUTYHCAaHA jEIUbCHA
Oenszena, kao mro cy mapa-xaopodenmaypea (PCU) u mapa-xmopodenunrsanuami-1,6-
nurBaauI-xekcad (261). Kako je PCA Hecrabuian, To Moke OMTH pa3jior HeMOryhHOCTH
IEroBe JeTekiuje. Y OKpyKemy Koje oMoryhaBa na y3opak ucnapaBa, PCA ce He Moxe
OTKpUTH. 3a pPa3lMKy OJ OBHX Haja3a, Kopuctehu cekyHmapHy MaceHy CIEKTPOCKOICKY
ananu3y (TOF-SIMS), yodeno je na Kkaga ce y30paK MpEIHHIHATA OXJAAH W CHPEYH
ucnapasame, Benuku mopact PCA je otkpuseH, ¢ 003upom aa nereknuja PCA je cmameHa Ha
cobHnoj temreparypu (139). [Ipumaphna enektpocinpej joHU3AIMjCKa MaceHa CIIEKTPOMETpHja
(ESI-MS) je jom jemmom motBpamiaa mpucyctBo PCA  (126). Takohe, racHOM
xpomarorpadujom/maceHom crekrpomerpujom (GC/MS) motepheno je mpucyctBo PCA,
Kopuctehu Tpu nena Jiokaza. Bpiiemem enekTpocrpe] JoHU3aluje ca KBaJpOoroJl MaceHOM

criekrpomerpujoM (ESIQ-TOF-MS) Huje nerekroBan curHai koju oaroosapa PCA (132).

3.1.2. Xemmnjcka ctpykrypa PCA

Komnunna crBopeHor PCA je aupekTHo mpomnopuuoHanHa koHueHTpamuju NaOCl
koju uHTeparyje ca CHX (17). CupherHa kuceianmHa MOKE€ PACTBOPUTH MPELMIIUTAT allu
nmpoMeHa 00je M Jajbe MOCTOJH, IUTO CE€ MOXE O0JaCHUTH YHMHECHUIIOM Mame IMOJIAPHOCTH
pou3Bojia U MoryhHomhy crBapama MpenunuTara y BoAeHoM pacTBopy (262). Cmarpa ce 1a
npeuunurar u PCA nactajy anuno-6aznom peakuujom. CHX uma xuceny peakuujy (pH 5,5-
6,0) u ciocobHocT na nonupa npotone, a NaOCl je 6a3a koja MOke MPUXBATUTH MPOTOHE, Ca
PCA xoju ocraje neo Tor nperunutara (17, 271). Maunujanaa crpykrypa CHX je moka3zana
Jla CTBapame MpeLUnuTaTa ce MOCTIKE XJIOpHUCamkeM I'BaHUIHOT a3oTa (132). AnTepHaTUBHO
y KHCEJIOM pacTBOpY, pacTBapay HamaJoM Ha YIJb€HHK ca Je(PUIUTApHUM €NEeKTPOHHMA Y
CHX, moBomu 10 TeTpaxemapcKor MHTEpMeaMjaTa ca M3jiasHuM rpynama koje cy PCA wm

amonujak. PCA nakmie HamycTH TpyIry, 3aTO IITO aMOHHjaK je BHIIE Y OCHOBH y OJHOCY Ha

27



apomatnune amuHe w3 PCA. Te peaknuje umajy oOJMK mapa-xjaop(eHMIOurBanuI-

aMHJITHOYpEe WM Mapa-XJopheHUITBaHUA-aMUIMHO-TIapaxIopheHII-ypee.

3.1.3. Tokcuunoct PCA u npenunurara

Pesynrar amumo-6azne peakmuje CHX um NaOCl je dopmupame HepacTBOPJHHUBOT
npenunurara, Koju ce cacroju o PCA, 3a Kora je mokaszaHo ja genyje Tokcuano (123, 272).
Mehyrum, jenna cryauja je mokaszanma HetokcuunocT PCA (273). Kama je mperumnurart
TECTUPaH y eKCIIEpUMEHTUMA CyOKyTaHe MMJIAHTaIlMje KOJ MaIoBa, MOoKa3auio ce J1a je BUIIEe
tokcruad Hero CHX wmmm NaOCIl, moce6HO y KpatkopounoMm Tectupamy (25). PCA je
I0Ka3a0 MMUTOTOKCHYAH W KapleHOreHu edekaT Ha xuBoTHC (25, 274). Takohe, cmarpa ce

71a je MOTEHIIMjATHO KaplEHOTeH 32 YOBEKAa U MOXKE M3a3BaTu MeTXxeMorioounemujy (274).

3.1.4. IlpeBenuuja

Jla O6u ce cripeuro HACTaHAK MPEIMITUTATA U eBEHTYaITHO MpedojaBame 3y0a, He Tpeba
no3poiutu g1a NaOCl u CHX nobhy y Henocpenan koHTakT. Mehytum, To HUje yBek mMoryhe.
VY HEKOJIMKO CTyAWja TJe Cy HCTpaXMBaHE METOZAE NpEeBeHIHMje (OopMHUpama MpEenuIuTaTa
(132, 134, 264, 270, 275). IToka3zano ce na 3aoctanu NaOCI nocie ucnupama KaHaia Tpebda
VKJIOHUTH JECTHJIOBAaHOM BOJIOM M KaHal KOpPEHa MOCYIIUTH IalupHUM TIO€HHMa IIpe
upuranuje ca CHX. Meroaa nmpuMeHe nmanupHOT MoeHa 3a ykiamamwe pesunyatHor NaOCl u3
KaHala, MOXKE Jla CMambH alMd He eJIMMHUHMIIE Opoj OKIYyIMpaHUX TyOysia MpPEeLUIUTaToM y
KaHaly KopeHa (275). [Ipyru Meron 3a NpeBEHLM]y HacTaHKa MNpeLunurara je ymnorpeda
MHTEpMe/IMjapHOT UcTupama u3melhy aBa upuranca (22, 264, 270). IlpemioxkeHo je na ce
JMMYHCKa KHCEJIMHA KOPUCTH Ipe puHanHor ucnupama ca CHX, npu uemy je nokasano aa cy
JACHTUHCKU TyOYIIH OCTalu OTBOpeHU Oe3 ¢popmupama npeuunurara (22). Mehyrum, PCA je
jorr yBek O6wita npucytHa (270). YV nuiby npeBeHIje cTBapamba NpeuikTaTa npeaiokeHa je
JIeCTUIIOBaHA BOJIA, Kao jOII jeJlaH MPHTaHC KOJH MOXKE J]a CIPEYd WIH CMamH (opMHparbe
tanora (132). PesynraTu ucTpaxkuBama Cy IMOKa3ald Ja aKo ce KOpHUCTe (DU3MOJIOIIKH
pacTBop MM AectuioBaHa Bojaa npe CHX, nebipuHa mpernunuraTta ce cMamyje y nopehemwy
ca JIGHTUHOM KaJa HHUje KOpUIIheHO WHTEpPMEIUjepHO HaBOAWmABAkE. Y IOjeIUHUM
JabOpaTOPHjCKUM CTyMjaMa J0Ka3aHo j€ Jia aJKoXoJ U cupheTHa KucearnHa MOTY J1a CIpede
CTBapame npenunurata (262, 276). Jlo ckopa je 1 pU3MOIOUIKH pacTBOpP OMO Mpelaral Kao
NorojaH Mel)y-upuranc Koju yCIEIIHO ,, pa3JBaja“ pacTBOpe 3a HCIHpame KaHala KOpeHa
3y0a (264). Mehytum, uzmeh)y CHX u ¢uznonomkor pactBopa Moxke IOCTOjaTh HHTEPaKIHja

KOja ce OrJieia y CTBapamy HEpacTBOPJHUBOT OenmryacTor nperunurata (132).
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3.2. NaOCl u EDTA

Kama ce momema NaOCl ca EDTA jaBma ce TpeHyTHO ocinoOahame Xiopa.
[Mpenunurar ce He Qopmupa, Beh cy mpumehenm camo mexypuhwm (132-135). T'yOurak
aKTUBHOT XJopa je Op3. Yak u ca manom komumuuHoM EDTA usryOseeno je no 80% xiopa
(133). ITopexn Tora, moke ce merekroBatu maa PH Bpeanoctu (277). Cmatpa ce na EDTA
MHIyKyje noBehame HeratuBHUX joHa yknamameM Na™ u3 NaOCI, mro noBoau 10 cMamema

PH 1 3HaYajHO yTHYE Ha CMamemke eeKTa pacTBapama TKUBA.

3.2.1. Xemujcka peakiuja
Mexypuhu yrinaBHo Hactajy kaga ce EDTA mnomema ca NaOCl, a Buge ce kao
nocneaunia ornymTama xjopa (132-135). Cnenehe nBe peakiyje cy OATOBOpHE 3a OBQj

MOCTYMAaK:
NaOCI + H,0 <> NaOH + HOCl < Na*" + OH + H" + OCI

2HOCI + 2H" + 26" — Cl, (g) + 2H,0 (132).

3.2.2. EdexaT Ha MeKa U UBpcTa 3yOHA TKUBA

['youtak xjopa u3 pactBopa NaOCl yruue Ha cnocoOHOCT pacTBapama OcCTaTaka
MyJTHOT TKMBA YHyTap KaHana. Y CcTyAMjaMa y KOjuMa je UCIIUTUBAH MPOTEOJOTHYKH edeKaT
NaOCl nHa mynmHO TKMBO CBHEa M TOBEla 3amaka ce IMOTIYHO pacTBapame TKUBA, 0K
nonaBatbeM EDTA TkuBa HucCy pactBopeHa. OBO ce MoXe O0jaCHUTH UYWHLCHHUIIOM [1a
nonaBame xenaropa goBoau no neakruBaimje NaOCI (136, 137). V untepakuuju EDTA u
NaOCl, xemarop 3aapkaBa CHOCOOHOCT Be3uBama Ca joHa, OrPaHONOUTHYKH edekar ce
NaOCI cmamyje u y pactBopy Hema cioboanor xiopa (133, 135, 136). Crora, y KIHHUYKAM
yCJIOBMMa OBa JBa MpHUranca tpeba ga ce kopucte camoctanHo. EdexkacHoct EDTA na
YKJIOHH pa3ma3Hu ciioj Huje HapymeHa pactBopom NaOCI (134). NaOCl uuje y cramy aa
cnpeun nemuHepanusyjyhe aejctBo EDTA Ha neputyOynapHu M MHTEPTYOyJIapHMU JEHTHUH,
jep oBOIM 10 BeoMa criope Aerpaznanuje oBor xenaropa (EDTA). 36or Tora ce npemnopydyje

kao (¢uHanHM upuranc nocie EDTA (269).

3.2.3. IIpeBenuyja
WNuTepMennjapHO NCIMpamke KaHaIa KOpeHa JIECTHIIOBAaHOM BOJIOM Ce Tpernopydyje aa

ce cripeun win cMamu peaknuja uzmel)y NaOCl u EDTA (132). Ipyru HauuH j1a ce u30erse
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peakiuja je oomno ucrupame ca NaOCl mocie ymotpedbe EDTA, 1a 61 ce yKIOHUIHM OCTaIn

xenatopa (133, 134).

3.3. CHX u EDTA

KombunoBawe EDTA u CHX je mpaheno cTBapameM 0eIuvacTor WM MJIEUYHO-0eIor
npenunurara. Y jeAHO] CTyOWju, TPEHyTHa peakinuja je yodeHa (opMupameM
HEPaCTBOPJHUBOT PYKHUYACTOT MpamkacTor npeuunurara (277). Ananusupajyhu nperunurar,
MPUMEHOM aTOMCKE allCOPHIIMOHE CHEKTPOMETpHje, MOKa3aHO je Ja MPEIHIUTAT CaAPKU
EDTA u CHX y ognocy 1:1. CTBopeHH mpenumnuTaT HUjEe pe3yaTaT XEeMHJCKE Jerpajaiuje
CHX, Beh mpecraBspa meroBy co. [locToje moka3u aa ce OBaj MPEHUIHUTAT HE CACTOJU O
PCA, Beh ra umHe conm Koje Hacrajy Heyrpanusanujom katuoHckor CHX um aHmoHCKOT
EDTA (277). Y cryaujama Koje Ccy JAeTaJbHHUje MCIUTHBAJIC MPEUUIHUTAT, IPUMEHOM TCUHE
xpomaTtorpaduje BUCOKUX MepPoMaHCH, MpenunuTar je onucad na caapxu 90% EDTA wunu
CHX, 6e3 nerpagauuje CHX u crBapamwa PCA (18). CiauuHo, y Apyroj CTyauju, MPpUMEHOM
MaceHe CIIEKTPOMETpHUje 3a aHaIM3y MPEIHUIUTAaTa OTKPUBEHO j€ TPUCYCTBO OPTMHATHHUX
jemumema Yy TPEHHIATATy, IITO jeé TOHOBO YKa3aJlo Ha KHCeNo-0a3Hy peakmujy 0e3
nerpaganuje CHX (132). Mako HEeTOKCHYaH ca XeMH]CKOT acleKTa, OBaj MPEIMITUTAT MOXKE
OUTH TOTHUCHYT Yy TMEpPHANEeKCHU MPOCTOp WM MPEICTaBbaTH CMETHY JIe(OUHUTHBHOM

nymemwy (275).

3.3.1. Xemujcka peakuuja

Crnenehe jenHaurHe ONUCY]y peakinjy Koja Hactaje kaga ce EDTA momerna ca CHX:
2HEDTAY (4) + 3H2CHX" ) <> (HEDTA), (H,CHX)3
H2CHX2+(aq) + ZOH-(aq) > CHX(S) + H20(|) (18)

O06e peakiyje MOTY JIOBECTH JI0 GOpMHUpama YBPCTE CyIcTaHIe koja caapxku CHX. Mehyrum

Jpyra peaxiija, TokoM Gopmuparma Mopaia ou aa caapsxu EDTA (18).

3.4. NaOCl u MTAD

NaOClI je moka3ao na pearyje ca MTAD y npucycTBy CBETJIOCTH, Y3pOKyjyhu OpaoH
nuckosiopanujy neatuna (14). Haume, 1o nanac paljena je camo jeana in Vvitro cryauja y Kojoj
ce 3amaxa (popMupame KyTOT MPEHUIUTaTa, HEMO3HATOT XEMHjCKOT cacTaBa, My 3UI0Ba

KaHasa kopeHa kana je MTAD kopumihen 3a ¢punanno ucrmpame HakoH NaOCl (19). Takohe,
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ayTOpH Cy NMPHUMETHIH LPBEHO-JbyOHYacTo 00jee ICHTHHA HAKOH HM3JIarama CBETIIOCTH, a
Mocjie MHUIMjAIHOT UCIHpama kKanaiga kopena ca 1,3 % NaOCI| mpahenor ca ¢unamHIM
ucnupatbeM MTAD (243). Ilo3naro je ma nocroju peakinuja usmehy NaOCl u numyncke
KHCEIIMHE, Koja je joBena 10 GopMuparma 0eIor mperunuTara, Mro j€ yKa3aio Ha CI0KEHY
untepakijy usmehy NaOCl m MTAD koja 3axTeBa Ja/ba HCTPaKHMBama 3a IPOBEPY

CUT'YpHOCTH U KOPUCHOCTH OBE KOMOMHanuje upuranaca (19).

3.5. NaOCl n QMiX

Kombunoamwe NaOCl u QMiX moske 1a m3a30Be mpoMeHy 0oje pacTBopa aimu 0e3
dbopmupama TpenunuraTa, 1ma je npenopyka mpousbohaua na ce usmel)y oBa nBa mpuranca
KaHaJl KopeHa ucrepe Gu3noaomkum pactBopoM (278). Ocum Tora, mocroje e o0jaB/beHE
CTy/Hje ca CYypPOTHHM Haja3MMa O CTaBapamy mnperunurara, nmocie uarepakiuje NaOCl u
QMiX (20, 27), a y kojuma PCA Huje OTKpUBEH Kao MOCIEAnIa CMeIIe pacTBopa. MehyTum,

XEMHU]JCKU cacTaB IOCMATPaHOT MIPELUIIUTATA JOII YBEK HHje Y MOTIIYHOCTH pa3jalllbeH.
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2. IUJBEBU UCTPAKUBAIHA
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2. HIUJBEBU UCTPAKUBAIbBA

Orpanunuen Opoj in Vitro cryamja o uHTepakiuju u3melhy MOjeIMHUX UpPUTAHCa KOjU Ce

KOPHCTE Y CaBpEMEHO] €HJIOJIOHTCKOj Tepanuju, ca jeJHe, a ca Jpyre CTpaHe YHICHMIA /a

MoCeANIIe TUX UHTEpaKIK]a, KOje KapaKTepullle cTBapambe NpeuunuTaTa, MOry UMaTH yTHUIIa]

Ha UCXO0J CHIOJOHTCKE Tepalmje IIOCTaBHIIM CMO cliesehe mubeBe HUCTpaXuBama:

1.

YTBpIUTH MPHUCYCTBO M KOJIMYUHY MPEIMIATATA HA YHYTPALIbEM 3HIY JICHTUHA Y
KOPOHAPHOj, CPeAbOj U anekcHoj TpehnHu kaHala KopeHa HakoH upuranuje 5,25%
NaOCl u 2% CHX, 5,25% NaOCl u 2% CHX + 17% EDTA, 5,25% NaOCIl u QMiX
u 1,3% NaOCl u MTAD npumenom SEM.

YTBpauTu O6poj 3aTBOPEHUX JIEHTUHCKUX TyOyna y KOPOHApHOj, CPEIh0] U aleKCHO]
Tpehunu kaHana kopena HakoH upuranuje 5,25% NaOCl u 2% CHX, 5,25% NaOCl u
2% CHX + 17% EDTA, 5,25% NaOCIl u QMiX u 1,3% NaOCl u MTAD npumeHom
SEM.

YTBpOUTH NEHTHHCKY NPOMYCTJBHBOCT y KOPOHAPHO], CPEArb0j M anekcHoj Tpehunm
KaHaJsla KopeHa HakoH upuranuje 5,25% NaOCl u 2% CHX, 5,25% NaOCl u 2% CHX
+17% EDTA, 5,25% NaOCl u QMiX u 1,3% NaOCl u MTAD.

YnopenuTy KONWYMHY IpeuunuTara, Opoj 3aTBOPEHUX JACHTUHCKHX TyOyna H

JAEHTHUHCKY MPOIMYCTJHUBOCT U3Mel)y ucnutuBanux rpyma (rpymna 1, 2, 3, 4, 5).

YTBpAUTH M YHOPEIUTH XEMHUJCKU CacTaB IMpEHMIINTaTa y anekCHO] U KOPOHApHO]

TpehuHH KO MCIUTHBAaHUX Tpymna mpumenom EDS.

Hcrtmratn mnpucyctBa PCA 'y cacraBy mnpenumuraTta HPUMEHOM TaHKOCIOjHE
xpomarorpaduje (Thin Layer Chromatography (TLC)), HykieapHO-MarHeTHO-
pesonanTHe criektpockormje (Nuclear magnetic resonance spectroscopy (*H-NMR)) u

undpanpsene cnekrpockonuje (Infrared spectroscopy (IR)).
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3. PAIHA XUITOTE3A
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3. PATHA XMIIOTE3A

Hpuranuja kanana 5,25% NaOCl u 2% CHX noBoau mo crBapama Behe konmunHe
MpELUIIMNTAaTa Ha MOBPIIMHM JEHTHHA KaHalla KOpeHa, Hero upuramuja 5,25%;/1,3% NaOCl u
EDTA + CHX, QMIX wm MTAD, cmamyjyhu Opoj OTBOpEHHUX NEHTHHCKUX TyOyja M
nepMeabuITHOCT JEHTHHA Y CBHM KOpeHCKUM TpehmHama. MemameM pacTBOpa KOjH Caapike

CHX ca nmpyrum mpurancuma npaheHo je cTBapameM npenunurarta koju He caapxu PCA.
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4. MATEPUJAJI U METOIE
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4. MATEPUJAJI U METOJAE

4.1. IU3AJH CTYAUJE

HcTtpaxuBame ce cactojamo w3 jABa jena. [lpBu jgeo je 1u3ajHUpaH  Kao
CKCIICpUMCHTAIHA PaHJIOMH30BaHa CTyJIWja Ha MaTepujajly XyMaHOTr mopekia in vitro. ¥V
OBOM [IeNy je WCIUTHBAaH YTHIAj MPEIUIIUTATa, HACTAIOr Y HWHTEPAKIUjH Pa3IuuUTHX
UpHUraHaca, Ha MOBPIIMHY JICHTHHA U JICHTUHCKE TyOyJie eKCTPaxOBaHUX XyMaHUX 3y0a, Kao 1

XEMHU]JCKU CacTaB CTBOPEHOT MPEIHUIUTATA.

Jlpyru 1o je au3ajHUpaH Kao eKCIepUMEHTaaHa IN VItro cryauja y K0joj je UCIHMTHBAHO
npucyctBo PCA y mpenumurary HacTalloM KOMOWHOBAaEKkEM pa3IMYMTHX pacTBOpa 3a
upuranujy kanaia kopena. Etiuuku on6op Meaunuuckor dakynrera y @oun, YHUBEp3UTETA
y Uctounom CapajeBy je omobpuo crpoBoheme ucrpaxkuBama (bpoj: 01-3-88/2015). Jynuop
npojekat (bp. 2016/06) ®akyntera MemunuHckux Hayka YHuBep3utera y Kparyjesiy

omoryhwo je cy(hruHaHCUPake OBE CTYIH]C.

4.2. OJABUP U TIPUITPEMA Y30PKA

4.2.1. Onaéup y3opka

VY30pak je cauuMmpaBalio CTO TMENECET JeTHOKOPEHHMX WHTAKTHUX TOpPHHUX 3y0a
eKCTPaxOBaHMX W3 MAapOJOHTONOMIKUMX pasznora. Kpurtepujymu 3a YKIbY4YHBaAKHE Y
UCTPaKUBaKE Cy OMIIM: MHTAKTaH 3y0, KOjU MPETXOJHO HUje €HI0IOHTCKH JICYEH U KOjU HeMa
KOpOHapHe pectayparuje. 3yOu ca KapujeCHUM Jie3ujama, He3aBPIICHUM PacTOM KOpEHa, Kao
Y OHHU TJIe j€ Ha paguorpaMruMa yO4YeHO TMOCTOjame Kallu(uKkaiuja, HHTEPHUX PECcOpIIlrja
WIH [IOCTOjambe CI0KEeHEe KaHaJIHe MOp(OJIoTrHje Cy UCKIbYUEHH U3 UCTpakuBama. IIpucycTso
jeIMHOT, NEHTPAIHO TIOCTaB/bEHOI KaHaja Oe3 aHAaTOMCKHX BapHjalyja KOMOpe IIyJire
notBpheHo je pammorpaducamem. HakoH ykiamama MEKHX TKHBa ca IMOBPIIMHE KOpeHa
€KCTaXxOBaHU 3yOM Cy 4yBaHU y (U3HOJIONIKOM pacTBopy ca gonarakoMm 0,2% Tumona Ha

TCMIICPATYpPU O 4°C A0 MMOYCTKAa CKCIICPUMCHTA.

Kpynune 3yb6a cy oaBojeHE AMjaMaHTCKHM JUCKOM Ja OM ce J0OMiIM KOPEHOBU
CTaHJapAM30BaHe TyxHHE ol 14 mm. VY 3aBHCHOCTH OJ] BpCTE€ MpUraHaca KopuiIheHor 3a
(buHATHO UCTIMpamke KaHalla KopeHa 3yOr Cy METOIOM CIIy4ajHOT y30pKa (TaOyuIle CiiyqdajHuX

OpojeBa) nmoaesbenu y net rpyma (n=30):
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1. CHX rpyma (2% CHX pactBop, Consepsis, Dentsply Tulsa Dental, Tulsa, OK, USA)
(cnuka 6.1)

2. EDTA + CHX rpyna (17% EDTA, ENDO-SOLution, Cerkamed, PPH Cerkamed, Stalowa
Wola, Poland /2% CHX pacteop (Consepsis, Dentsply Tulsa Dental, Tulsa, OK, USA))
(cnuka 6.2)

3. MTAD rpyna (MTAD, Dentsply Tulsa Dental, Tulsa, OK, USA) (cauka 6.3)
4. QMiX rpyna (QMiX, Dentsply Tulsa Dental, Tulsa, OK, USA) (cauka 6.4)

5. JlectTuiioBaHa BojAa (KOHTPOJIHA TPyTIa)

IndiSpense
Refill

Cnuka 6.1. 2 % CHX pactsop (Consepsis, Cnuka 6.2. 17% EDTA pacteop (ENDO-

Dentsply Tulsa Dental, Tulsa, OK, USA) SOLution, Cerkamed, PPH Cerkamed,
Stalowa Wola, Poland)

Cauka 6.3. MTAD (Dentsply Tulsa Dental, Cnuka 6.4. QMiX (Dentsply Tulsa Dental,
Tulsa, OK, USA) Tulsa, OK, USA)
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4.2.2. UncTpyMeHTalMja KaHAJIa KOpeHa

WucTpyMeHTanMjy KaHalla KOpEHa je CIPOBEO jelaH JIOKTOp, CIIeHHjaTucTa
enpoaoHIMje. 3a onpehuBame pagHe My)KuWHE KaHana kopuiiheHa je pydna K-typmuja O6poj
#15 (Dentsply, Maillefer, Ballaigues, Switzerland). Typnwuja je miacupana y KaHaa KopeHa
CBE JIOK BPX MHCTPYMEHTA HHje JOCETao alMKaIHU OTBOP. 3aTUM je Ta AyXKHHa ckpaheHa 3a
jemaH MUIMMeTap W JT0OMjeHa BPEIHOCT je KopullheHa Kao paaHa AyKHHA. ATEKC CBaKOT
KOpEHa je HaKOH Tora 3arme4yaheH po3e BOCKOM Kako OU ce CIIpEeyrsIo UCTUCKUBAKE UPUTAHCA

IIPCKO aIlICKCa TOKOM o6paz[e KaHajia.

Kanaim cy mnpenapucaHu KpyHUYHO-alIeKCHOM T3B. ‘‘crown-down” TEXHHKOM,
kopuihemeM MaIMHCKUX —HHUKJI-THTaHUjymMckux Protaper Universal wuHcTpymMenaTa
(Dentsply, Maillefer, Switzerland) mMemanux mocie cBakor meTor KopeHa (Impema yIycTBY
npou3Bohaua). BemuumHa amekcHe mpemnapanuje y cBuM rpymnama je usnocwia 40/0.06
(uactpyment F4). Tlokperame MHCTpyMEHaTa BPINEHO je MOMONY €IeKTPUYHOT MOTOpa X-
Smart (Dentsply, Maillefer, Ballaigues, Switzerland) u penxykiuuonor Mmukpokosemaka (16:1),
ca yjemHaueHoM Op3mHOM potamuje ox 300 oOpraja y MUHYTH M KOHTPOJOM OOPTHOT

momMmenTa of 1,4 Ncem.

[Tocie cBake MHCTpyMeHTalje kaHan je ucrnupan ca 1ml 5,25% pacrsopa NaOCl,
ocuM y MTAD rpynu rae je koputthen 1,3% NaOCI, npema npeomnopyuu npousBohaua. 3a
UCIIUpame KaHala KopeHa npuMermnBaHa je urna Bennunde 27G (Endo-Eze, Ultradent, South
Jordan, UT, USA) koja je moctaB/bana 1 mm kpahe o1 pagHe Qy)KHHE U y TOKY HHI[Mparba
MpHUTaHca IoMepaHa aleKCHO-KpYHHYHO. HakoH 3aBplieHe HHCTpYMEHTAIMje CBU KaHAIH CY
ucrupanu ca 5 ml 17% EDTA y Tpajamy 01 NeT MUHYTa y LUJbY YKIamamba pa3Ma3HOT
Cll0ja, a 3aTUM U JIECTHIIOBAaHOM BOJIOM, Jia ce yKJIoHe ocTtauu pactBopa EDTA. Hakon tora

KOPEHOBH Cy UCTIMPAaHU Ha cieaehu HaumH:

1. CHX rpyna: 5 ml 5,25% NaOCI 2 munyta + 10 ml nectunoBane Boge 2 munyta + 5 ml 2%
CHX 2 munyTa

2. EDTA + CHX rpymna: 5 ml 5,25% NaOCI 2 munyra + 10 ml nqectunoBane Boge 2 MuHyTa
+5ml 17% EDTA 2 munyta + 10 ml gectunosane Bone 2 munyta + 5 ml 2% CHX 2 munyTa

3. MTAD rpyna: 5 ml 1,3% NaOCI 2 munyra + 10 ml gectunosane Boae 2 munyra + 5 ml
MTAD 2 munyta
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4. QMiX rpyma: 5 ml 5,25% NaOCI 2 munyra + 10 ml gectunosane Boxe 2 munyta + 5 ml
QMiX 2 munyTa

5. Koutposna rpymna: 5 ml 5,25% NaOCI 2 munyta + 10 ml gectunoBane Bojie 2 MuHyTa + 5

ml nectuiioBane Boje 2 MUHYTA.

HakoHn 3aBplieHe upuraimje, KaHaid Cy MOCYIICHHM nanupHuM moeHuma (Paper Points,

Dentsply, Maillefer, Switzerland).

4.3. SEM AHAJIM3A Y30PAKA

SEM ananu3a y3opaka KaHajga KopeHa je ypaheHa Ha Pynapcko-reosiomkom

dakynrery, Yuusepsutera y beorpany, Cpbuja (ciuka 6.7).

nan @

Cnuka 6.7. JIabopatopuja 3a SEM-EDS (neBo); JEOL JSM-6610LV mukpockon ca

MPUKA3aHUM JETeKTOpUMAa (IECHO)

4.3.1. Ilpunpema y3opka

OcamHaecT y30paka U3 CBake TpyIie je o10apaHo 3a UCTIMTHBAKE YTHUIAja PA3IMIUTHX
(UHATHUX WpUTaHCa Ha MOBPIIMHY JACHTHUHA. /[MjaMaHTCKUM TUCKOM j€ HallpaBJ/beH TaHKU,
y3AyXKHHU pe3 ca OykalHe W JUHTBAJHE TMOBPIIMHE KOpeHa Bojehu pauyHa na He nobe 1o
nepdopanuje kanana. Ha moBpmHM KopeHa yCEUeHH Cy U TUTMTKH XOPU3OHTATHU KJICO0BH
Ha pacTojamy O ABa, CeaM M IBaHeacT mm oj BpXa KOpeHa, Kako OW ce 3a CBaKH y30paK
npenu3Ho JeduHUCcANa Tadyka TocMaTpama mo Tpehunama kanama. Ha Taj HauuH je
WCKJbYYEHAa M TPHUCTPACHOCT MOcMaTpava Mpu ofabupy peruje 3a mocMmaTpame. Y3IyKHO

nename 3yoa je ypaheno momohy masor anera u yekuha, mocTaBbeHOT Y (GOPMHUpaAH Y3IyKHH
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ype3. [lonoBuHa KopeHa Koja ce MPaBWIIHM]E OJJIOMHJIA M Ha KOjO] HUCY OWJIa MpHCYyTHA
omrtehema je kopumihena 3a nampy ananm3y. OnabpaHa TOJIOBHHA y30pKa je ouuinheHa of
MpaimivHe, BIakaHa, manupa, 3aMamheHux JeIoBa U OTHUCaKa NPCTUjY U 3aTHM JEXHUIpHpaHa
pacTBOpOM €TaHoJia y Tpajakby OJ HEKOJMKO MHUHYTAa Y YJATPa3BYYHO] KaJid, MOCTEIECHO
noBehaBajyhu koHueHtpanujy pacteopa (25%, 50%, 75% u 100%) (ciuka 6.8). Y3opiu cy
3aTMM HamapuBaHu 3matom neGsume 20 nm 19,32x10°° kg/m® (SCD050 Sputter Coater;
LEICA, TO, Japan) ca mmbem mnoBehama eleKTPONPOBOAJEUBOCTH OIHOCHO ITOCTHU3aha

KBAIUTETHUje CTPyKType ciuke (cimka 6.9). Y3opak je mocTaB/beH Ha alyMHHU]YMCKE

Hocaue moMohy JyierbrBe Tpake u ananusupanun SEM-om (SEM, JEOL-JSM-6610LV, Tokyo,
Japan) (ciuka 4.10 m 4.11).

Crnuka 6.8 YnTpa3BydHa Kajia 3a IpUnpeMy Cnuka 6.9 Ypehaj 3a HanmapuBame y30paka

y30paka (SCDO050 Sputter Coater; LEICA, TO, Japan)

Cmuka 6.10. ATyMUHU]jYMCKH HOCAd y30paKa Cmuka 6.11. SEM ypebhaj 3a mocmaTpame
y3opaka (SEM, JEOL-JSM-6610LV, Tokyo,
Japan)

[loBpinHa JeHTHHA Y KPYHMYHO], CPE0] M aluKaiHo] TpehMHM KOpeHa je aHanu3upaHa

npu yBenuuamwy o 500X, 2.000x u 4.500X y ¢das3u Bucune o 10mm u Hanony 15kV.
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3a yTBphUBame MNPUCYCTBA NpPEIUNUTATA Yy JCHTHHCKUM TyOynuMma J0JaTHO je
aHAJIM3UPAHO JIECET KOpPEeHOBa 3y0a, Mo J1Ba U3 CBaKe rpymne. YrpahuBaHu cy y CMOJy U HAKOH
TOTa MOIMPEYHO MPECEYSHN Ha TPH, LIECT U JIeBET MM 0J1 BpXa KopucTehr TujaMaHTCKU JUCK
U MamH 0poj oOpraja. Y3opuu cy AeXxuIpupaHd KopulrhewmeM pacTyhux KOHILEHTpaluja
eranona (25%, 50%, 75% wu 100%), mocTaB/beHH Ha aTyMHUHHUjYMCKH JApkad (ciuka 6.12),
HalapuBamkEeM MPEBYYCHU 3J7aTOM M Ha Kpajy ananmsupanun SEM-om (JEOL-JSM-6610LV,

Tokyo, Japan) mpu yBehamy ox 3 700% 10 6 500X,

Cnuka 6.12. AnyMMHH]yMCKH HOCad 3a ImocMaTpame y3opaka nog SEM-om

4.3.2. OgpehuBame KOTMYMHE NPEIUIIATATA HA MOBPIIMHHU JEHTHHA KAaHAJIAa KOPEeHa
Tpu muxpodororpaduje HanpaBbeHe cy npu ysennuamy on 2000X y KopoHapHO],
CpeImk0j U anekcHOj TpehnHu KopeHa, YKYITHO JIBET CIIMKA 10 Y30pKY, OAHOCHO YKYITHO 162
ciuke no rpynu. Mukporpaduje cy cauyBane y TIFF ¢popmaty. PenpesenraruBna monpydja
cBake TpehrMHe KaHala KOpeHa Cy aHalM3upaHa nomohy pauynapckor mporpama Adobe
Photoshop CS5, Adobe Systems. Cnuke cy craHgapau30BaHe Ha BelHuuHy 47um X 63um u
onpehen je Opoj muKcena MENOKYIHE CIMKE. 3aTHUM je MOoMohy MarHeTHOT IOKa3uBada
O3HAYeHa MOBPIIMHA CIMKE Ca HAcTaJluM IpeuunuratoM U onapehen je Opoj mnukcena.

Z[e.]'beH)eM OBHUX z(Bejy BPCAHOCTU U3pavyHaT je MMpONLCHAT MPEUUIINTATa 3a CBAKY CIIUKY.

4.3.3. OgpehuBame Opoja NOTIYHO 3aTBOPEHUX JEHTHHCKHUX TYyOy/1a KaHAJa KOPeHA
bpoj mormyHO 3aTBOpeHHMX JACHTHHCKUX TyOyna je oxapehuBaH Ha HCTHM
Mukpodororpadpujama koje cy kopumrhere 3a SEM anamusy npenunurata. bpojame TyOyia
paheno je momohy kommjyTepckor mporpama 3a oopanay mukpodororpaduja- Imagel 1.48V
(Java 1.7.0 71; Wayne Rasband National Institutes of Health, USA). Bpoj 3atBopenux
TyOyna, oapeheH y oqHOCY Ha KOHCTAHTHY JE€IMHHITY TTOBPIIHMHE, j€ U3PAKEH Y MPOIEHTHMA

(cnuka 6.13).
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Crnuka 6.13. lllemarcku npuka3 mukporpaduje (yenudame 2000X) 3a Opojarmbe OTBOPEHHUX

(upHa) ¥ 3aTBOPEHUX JEHTUHCKUX TyOyna (IpBeHa)

4.4. UICTIMTUBAIGE IEPMEABHJIHOCTHU JEHTUHA

[IpeocTanux meaeceT y3opaka je KOpuirheHo 3a UCIUTHBAE YTHIAja TPELUIUTATa Ha
nepMeaduITHOCT JIEHTHHA KaHaja KopeHa 3y0a. KopeHoBu cy o0iokeHu moinumepusyjyhom
enokcuaHoM cmoiioMm (Brascola Ltda; Sdo Bernardo do Campo, SP, Brazil) ocraBibajyhu
ci000/IaH OTBOp KaHaua, a 3aTuM notorsbanu y 0,2% pactBop Pogamuna b (Rhodamine B).
Haxon 24 4aca, cy KOHTMHYMpaHO MCHUpPAaHU MOJ MiIa3oM Tekyhe Bojxe TOKOM HapenHa 24
yaca. HakoH Tor mepuoja cMoia je yKJIOHhEeHa OLUTPUM HOXKEM a KOPEHOBU CY TOJIOXKEHU y
nojimectapcky cMoiy. CBakM KOpeH MCEUEH je Ha XOPU30HTAIHE TUCKOBE JeOsbrHe o1 1 mm
nmoMohy MaIlIMHe 33 ceuewmhe, y3 MPUMEHy Mayor Opoja oOpTaja u xjaheme BOJCHUM MIIa30M
(Extec Labcut 1010, Enfield, CT). CBu mpeceuu cy HCIOTHPAHU Ca CHIMIH]YM KapOUIHUM
OpyCHHUM ManupuMa Kako Ou ce Jo0uiia paBHa noBpuuHa. M3 cBake TpehnHe kopeHa nzabpax
j€ HaCYMHYHO IO jeJlaH XOPWU3OHTAJIHU JUCK, Hajuenthe w3 cpemmer jnena TpehuHe Koju je
ckenupan (Epson Perfection 1240U skener, Epson Corp., Tokyo, Japan) ¢ pe3oiyiujoMm o
400dpi u anammsupan momohy codrBepa ImageLab 4.1 (Bio Red, Tokio, Japan) y mumy
onpehuBama noponopa 6oje. IIpomgop 60je y neHTHHCKe KaHaiuhe U3paXkeH je Kao mporeHaT

MOBPIIMHE Y KOjy je MeHeTpupaia 60ja y OJJHOCY Ha YKYIHY IOBPLIMHY TpehnHe KopeHa.
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4.5. XEMHNJCKA AHAJIM3A ITPEHNUIIMTATA HA TTIOBPIIMHU JTEHTUHA
KAHAJIA KOPEHA

[Ipeunnurar Ha MOBPIIMHU ACHTHHA KaHaa KopeHa 3y0a ucnurtuad SEM-om je name
noaspruyt EDS ananmsu y uniby oapehuBama xemujckor cacraBa npeuunurara. KommunHa
enemenara Ca, P, C, O, Mg, Cl, Na u N y mpeuumnurary cBakor y30opka je MepeHa y JBe
Tayke Oy KaHalla KOpeHa, y KOPOHApHO] M anekcHoj Tpehuuu (cmuka 6.14). Y KOHTPOJHO]
rpynu EDS anammuszom je onmpehen xemujcku cactaB JIeHTHHa KaHaja KopeHa. KommumHa
eJIeMEeHaTa y CacTaBy IMpEIHNUTaTa OJHOCHO JEHTHHA (KOHTPOJHA TpyIa) je HU3pakeHa y

MPOIICHTHMA.

Cnuka 6.14. llemaTcku nprKa3 3a MEpEHE KOJMUMHE XEMH]CKUX €JIEMEHATa y MPEeLUInUTaTy

4.6. OIPEBUBAIGE PCA'Y ITIPEHUIIUTATY

Onpehusame npucycrsa PCA y npenunurary je o0aB/beHO Ha MIHCTUTYTY 32 XeMH]y

ITpupoaHo maremaTnukor ¢akynrera, Y Husep3utera y Kparyjesiy, Cpouja.

4.6.1. Xemukanuje u pacTBapadu

VY crymuju 3a xemujcky aHanmmzy PCA xopumheHu Cy KOMEpHIIHjaTHO JOCTYITHA
pactBopu 3a wmpuranujy (5,25% NaOCl, 2% CHX, 17% EDTA u QMiX), kao u apyre
XeMHUKalMje TOoTpeOHe 3a aHanmu3y (MapaxJopoaHWIMHE, ETWII-alleTaT, XeKcaH, HaTpujyM
cyndar u aeHarypucanu numetrui-cyiaporcun (DMSO-d6, Sigma-Aldrich, Sent Luis, Mizuri,
SAD). Cse xemukanuje cy Ouie 0e3 aHaIMTHUKE YncTOoNe pearcHaca u ynotpedsbeHe cy 6e3

najber npeuninhaBama. ExkcriepuMeHT je o0aBibeH Ha COOHO] TemmepaTypu (25°C).

4.6.2. Kom0nHoOBame M Melllakhe MPUraHaca
IMomermrano je 5 ml 5,25% NaOCI ca 5 ml 2% CHX, 17% EDTA wm QMiX, a 2%
CHX pactBop ca 17% EDTA. CBu upurancu cy usmemanu y oanocy 1:1 (B/B), a qobujene
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CMelle Cy KBaJUTaTUBHO aHaJIM3WpaHE Ha MPOMEHY 0oje, CTBapame MpPEHHNHUTaTa H/Win

dbopMmupame Mexypuha. BusyenHu acriekT Meliama UpUTraHaca je npukasad Ha cioumm 6.15.

a) 0) B) r)

Cnuka 6.15. Busyennu acnekt untepakuuje usmelhy upuranaca: 5,25% NaOCl u 2% CHX
(a); 5,25% NaOCl u 17% EDTA (6); 5,25% NaOCl u QMiX 2% (8); CHX u 17% EDTA (1);

4.6.3. OnpehuBame PCA

[Mpenunurar HacTao MemIameM HpUTaHaca je HM3/ABajaH CTaHAAPIHOM IPOIETYPOM
(Tpu myta nomohy 15 ml eTui-anerara), 1a 61 ce MPEHUIUTAT IPEBEO Y OPraHCKH pacTBapau.
Tako W3IBOjeH OpraHCKH CJIOj jé OJIBOjJeH M IOCYIIEH MPEeKO aHXUIPOBAHOT HATPHUjyM
cyndara (28). PactBapau je YKJIOWEH IOJ CHaXXHUM TIPUTUCKOM W JOOHjeH je UBPCT

TPEIHITHTAT KojH je ananusupan nomohy TLC, *H-NMR w IR.

4.6.3.1. TLC ananu3a

3a TLC anmanu3y je kopumiheH cuimuko ren nquamerpa 60 MM Koju je MOCTaBbeH 10
QATYMUHHJYMCKUM I1odama JnebsprHe 0,2 mm. Jlecer Muiurpama 4BpPCTE CYIICTAHIE je
pactBopero y 5 ml erun auerara. J[Be kanu oaroBapajyher pactBopa cy yopusrane Ha TLC
wio4y. Y ONM3UHHU OBOT MECTa, ABE Kamu pacTBopa nobujene pactBapamem 10 mg PCA y 5
ml erun-anerara cy yOpusraHe Kao cTanpoHMpaHa ¢asa a 1uioda mocTtaBjbeHa y TLC
pe3epBoap KOju CaapKd CTHJI-alleTaT/XeKcaH MelraBuHy y oxuocy 1:2 (V/V) kao mokpeTHa

dbaza.

45



4.6.3.2. '‘H-NMR ananusa

[Mperumurar u 20 mg PCA cy pactBopenu y 0,7 ml DMSO-db u npenetn y 5 mm
NMR enpysery. "H-NMR crextpu cy Genexenn ua 25°C y crextpomerpy (Varian Gemini
2000 NMR Spectrometer Systems) na 200 MHz. Xemujcka nomepama cy uzpaxena y ppm (o)

U CKaJIapHe CIIOjHUIIE Cy u3paxeHe y Hz.

4.6.3.3. IR ananu3za
IR cmextpu cy oapehenu momohy KBr muck texmmke (PerkinElmer Spectroscopy,

Waltham, MA), ciiekrpomerpom y pacrory 4000- 4500 cm-* .

4.7. CHAT A CTYJMJE U BEJIMUYNHA Y30PKA

Benuunna y30pka 3a OleHY pas3iiMKe Y KOJWYHMHU CTBOPEHOT Mpeuunurara usmely
rpyna je oapeleHa Ha ocHOBY mcTpakuBama Arslan u cap. (20) y kKojeM je ucnuTHBaHA
uatepakija NaOCl u CHX u QMiX pactBopa (He3aBucHe Bapujabje) y CTBapamy
HapaHIIacTO-OpaoH NpenuuTaTa (3aBUCHa Bapujadma). Y3umajyhu y 003up a y MoMeHyToj
cryauju 'y 5,2% cnydyajeBa HHje 3a0€NIe)KEHO CTaBpame MpelunuraTa y Tpynd Iae je
kopumnthena komoOuHanuja NaOCl u CHX, oxnocHo y 49,1% cnydajeBa rae je kopumihena
komOunarja NaOCl u QMiX pactBopa ojpeljeHa je BeauunHa y30pKa oJ1 10 HajMmame 18
3y0a y CBakoj Tpymu, MpU CTAaTUCTHYKO] cHa3u Tecta o1 80% (rpemka Il Tuma) u HUBOOM

3HavajHOCTH 011 5% (rpemika I tuma) (G*Power 3.1).

4.8. CTATUCTUYKA OBPAJIA ITIOJATAKA

Craructinuka oOpama mojaraka je ypahena y cratuctmukom mporpamy SPSS 20.0
(IBM Corp., Armonk, NY, USA). Pesynrtatu cy npuka3aHu y OOJHKY CPEIHHX BPEIHOCTH U
CTaHJapAHUX JeBHjalnMja. 3a nopeheme pasiavka y KOJMYMHHM Tanora, Opojy 3aTBOPEHHUX
JICHTHHCKUX TyOyna U XxeMHjckoM cactaBy npenunurata (Kolmogorov—Smirnov test p<0,05)
usmel)y u ynyrap rpymna je kopumthen Kruskal-Wallis test, ca Dunn post hoc anamuzom u
Mann-Whitney test. Pasnuke y nenerpanuju 6oje (Kolmogorov—Smirnov test p>0.05) uzmehy

rpyna cy ozapehene mpumeHnom jemHocmepHe ananmse Bapujance (AHOBA), ca post hoc
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aHamu3oM KopuinhemeM Tukey's Tecta. HUBO craTHCTHYKE 3HAYajHOCTH AehUHHCAH je Kao

5% (mpar 3nauajnoctu p<0,05).
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S. PE3VIITATH
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5. PE3YJUITATH

5.1. KosiuyuHa npenqunurara (popMUpPaHOT HA MOBPIIUHY JIeHTHHA KAHAJIA KOPEHa —
SEM ananusa

SEM anamm3om je mokazaHO Ja je IMOCie pa3IuyUTHX IPOTOKOJa HpHUTaIfje Ha
MOBPIIMHU JEHTHHA (OPMUPAH MPEUUNUTAT y CBUM HCHUTHUBAHUM TIpylaMa, OCUM
KOHTPOJIHE, TJIe MpeuunuraT Huje youeH (ciuka 7.1). Konmuunna ¢opmupaHor npenunurara

Ha TIOBPIIIMHM JIEHTHHA, TI0 KaHAJTHUM TpehrHaMa je mpuka3aHa y Tabemnu 1.

Tabena 1. Ilpoceune Bpemnoctu (+SD) xomuuuue upenunutata (%) dopmupaHor Ha

IOBpIIMHU ACHTHHA KaHa/la KOPCHA HAKOH Pa3JIMYUTHX ITPOTOKOJIAa HpHraque

13,13 + 13,47 730 + 4,92°% 4,34 + 3,04°52 4,69 + 5,025
11,81 + 14,23 6,79 + 6,545 3,85+ 4,125 4,30 + 4,674%
10,07 + 5,96 6,70 & 4,49°52 3,57 + 4,47°14 3,66 + 4,921

Cpenme BpeHOCTH ca UCTHM BEIUKHUM CIOBUMA (pel) WU MalUM CJIOBHMa (KOJOHA) HUCY

Owuite cratuctiuky 3Hayajue (p>0,05).

Hajseha xonuunna npenunurata je 3abenexxena y CHX rpynu. Ananus3om nojaraka
Jj€ TIOKa3aHo Ja je KOJIMYMHA MPElUIHUTaTa y OBOj rpynu Ouiia 3HayajHo Beha y onHOCy Ha
MTAD rpyny (p<0,05) y xoponapoj Tpehunu u mopeherno ca QMiX rpymom y cpeamoj
tpehunan (p<0,05). V anekcHoj Tpehuum, mperunurar ¢opmupan y CHX rpymu 6mo je
3HauyajHo Behu ox onor y QMiX u MTAD rpymnu (p<0,05). 3HauyajHa pa3nuka y KOJIUYHHU

npenunurara je 3adenexxena y anekcHoj tpehunn u m3meh)y EDTA+ CHX u MTAD rpyne
(p<0,05).

[Tocmatpano mo TpehmHama KkaHajga KopeHa, HajBeha KolMyuMHA NpenunuTara je
youeHa y KOpOHapHOj a HajMama y anekcHoj TpehuHu y cBUM TpynamMa, aju Ta pa3iuka HHje

JOCTHUTIIA CTATUCTUYKY 3Hajuajuoct (p>0,05).
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a) CHX rpyna

6) CHX +
EDTA rpyna

B) MTAD
rpyna

BEG_ 20kV
U A

r) QMiX
rpyna

[*oEc 200
UB.RGF

1) ecruioBana
BOAA

AnekcHa Tpehuna Cpeama Tpehuna Koponapna Tpehuna

Cmuxa 7.1. PenpesentaruBHe SEM mmkporpaduje mpeuumnurara Ha HOBPIIMHHU JEHTHHA
KaHaJla KOPEHa y afeKCHOj, CPEeIh0] U KOPOHAPHO] TpehWHM HAKOH Pa3IMYUTHX MPOTOKOJIA
upuranuje. CHX rpyma (a); EDTA + CHX rpyna (6); MTAD rpyna (B); QMiX rpyna (1);
JeCTUIIOBaHa BoJa (KOHTpoIHa Tpyma) (1).
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5.2. IlpucycTBO NpEeNUMNNTATA YHYTAP JeHTHHCKUX TyOyaa — SEM ananu3a

Ha SEM wmmkporpadujama mONpedHOT Mpeceka KaHajda KOpPEeHa TOoCTe Pa3inuuTUX
MIPOTOKOJIa MPHUTaIfje j€ YOUCHO MOCTOjambe MPEUUIUTaTa U YHyTap JEHTHHCKHX TyOyna y

CBUM HCIIUTHBAHUM IpyliamMa, OCHM KOHTPOJIHE, Te MPEUUIUTAT Hije mpoHaleH (ciuka 7.2).

a) CHX rpyna 0) EDTA+CHX rpyna B) QMiX rpyna

r) MTAD rpyna n) JlecTtuiioBaHa Boaa

Cmuka 7.2. PenpesenratuBne SEM wmmkporpaduje (yBehama mamehy 3 700x u 6 500x)
NpeLUIUTaTa YHyTap JEHTHMHCKUX TyOyjla HaKOH pa3iIMYUTHX MpoTokoja upuranuje: CHX

(a); EDTA + CHX (6); MTAD (8); QMiX (r), nectunoBana Boaa (KOHTposHa rpyma) ().

5.3. SEM anajnu3a - Bpoj 3aTBOpeHHX TeHTHHCKHX Ty0yJia KaHaJIa KOpeHa

VY Ttabenu 2. mpuka3aH je OpOj 3aTBOPEHUX NCHTUHCKHUX TyOyja 3a CBaKy TpyIy IO
TpehnHama kaHana kopeHa. Hajmamu Opoj 3aTBOpeHHX TyOyJia je yoUeH Y KOHTPOJIHOj TpYIIH,
7oKk je HajBehum Opoj 3aTBOpeHMX JEHTMHCKUX TyOyna 3abenexen y rpynu CHX y cBum
KOpeHCKuUM TpehnHama kaHana. CTaTUCTMYKOM aHAJIM3a0M je TOKa3aHOo Jia je y KOPOHAapHOj
tpehunu Opoj 3aTBopeHux aAeHTuHckux Tyoyna y CHX u EDTA + CHX rpynu 6uo 3HauajHO
Behu y omnocy Ha cBe apyre rpyme (p<0,05). ¥V cpenmoj Tpehunu, Opoj 3aTBOpEHUX
neHTruHCKuX Tyoyna y CHX rpymnu je 6uo 3nauajHO Behu y nopehemy ca konTpoaaom, QMiX
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1 MTAD rpymiom (p<0,05) u y EDTA + CHX rpynu y oxHocy Ha kouTpoiany u QMiX rpymy
(p<0,05). ¥ anekcHoj Tpehunu, 3Ha4ajHo Behu OpOj 3aTBOPEHHUX ICHTUHCKUX TyOyia je HaheH
y CHX rpynu y ognocy Ha cBe rpyne, ocum EDTA + CHX rpyne. Takohe, 3nauajna paznnka
je 3abenexxena msmelly EDTA + CHX wu kontponue rpyme (p<0,05). Bpoj 3arBopenux
neHTUHCKuX TyOynma y QMiX u MTAD rpynu je OuMo ciau4aH Kao y KOHTPOJIHO] TPYIH
(p>0,05).

Ananmzom Opoja 3aTBOpEeHHX JAEHTHHCKHX TyOyna mo TpehuHama je moka3aH HajBehu
Opoj 3aTBOPEHMX JCHTUHCKUX TyOylla y amneKCHOj, a HajMambu y KOpPOHApHO] TpehuHH, ca
3HauajHOM pasznukoM u3Mely koponapHe u amnekcHe Tpehune y EDTA + CHX u MTAD
rpymu, kao u usmel)y koponapue u npyrux tpehuna y QMiX rpynu (p<0,05). Y KOHTpOIIHO]
n CHX rpynu Huje 3a0enexeHa pasuka y Opojy 3aTBOPEHHX TyOyJa y OJJHOCY Ha KOPEHCKY

tpehuny (p>0,05).

5.4. YTnnaj npeuunurara Ha nepMeadMJIHOCT JEHTHHA KAHAJIA KOPEeHa

[Ipoceune BpeaHoCTH TNeEHeTpaluje Ooje y JEHTHHCKE TyOyle y OJHOCY Ha BPCTY
¢buHaNTHOT WpHraHca Cy mpukazaHe y tabemu 3. Hajseha menerpamuja 6oje je HaleHa y
KOHTpPOJIHO] TpynH, a HajMama y CHX rpymu. YV koponapHoj tpehmnu 3nauyajuo Beha
neHerpaiyja 6oje y nqeHTuHCKe TyOyne je youeHa y MTAD, QMiX u KOHTpOIHO] rpymH y
ognocy Ha CHX rpymy (p<0,05). ¥V cpenmoj tpehurn y cBuM rpymama je 3abeneixeHa
3Ha4yajHo Beha menerparrja 60je Hero y CHX rpymu (p<0,05). V anmekcuoj tpehunu, Beha
neHerpanuja 6oje je nponaleHa y KOHTPOJIHO] TPYIH y OJHOCY Ha ¢Be octaje rpyime (p<0,05)

ukao uy MTAD u QMiX rpynu y nopehewy ca CHX rpymom (p<0,05).

VY cBakoj o MCIUTHBaHMX Tpyna Hajeha meHerpanuja 0oje y JEGHTHHCKE TyOyse je
3a0ene)xeHa y KOpPOHApHOj, a HajMama y amnekcHoj TpehuHu. 3HauajHa pa3iMka je youeHa
n3mely cBux TpehrHa kaHala KOpeHa y CBakoj Ipylnu YyKJbYy4dyjyhu W KOHTPOJIHY Ipymy

(p<0,05).
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Tab6ena 2. [Ipoceune Bpennoctu (+SD) Opoja 3aTBOpeHUX AEHTHHCKHUX TyOyia KaHaja KOpeHa
(%) HAKOH PA3MTUYUTUX MPOTOKOJIA UPUTALIH]E

Tpehuna HdectunoBana | CHX rpyna CHX+EDTA QMiX rpyna MTAD rpyna
Kanana Bona

KopOHapHa 22,21+8,33" 67,82+18,78" 48, 89ﬂ:15 35‘5a 24,67+8,32"  25,65+10,29"
27 26+10,70"  68,17+17,07** 55,41+16,89"*°  35,79+12,29"°  38,70+16,04"°

34,31+15,28%*  79,38+13,86" 68,19+19,68"°  50,04+17,25"°  52,80+17,86""°

Cpenme BpeHOCTH ca UCTUM BEIIMKHUM CIIOBUMa (pea) WM MalluM CIOBHMA (KOJIOHA) HUCY

oune craructuuku 3Hauajue (p>0,05).

Tabemna 3. Ilpoceune Bpennoctu (+SD) nenerpanuje 6oje (%) y JeHTHHCKE TyOylie KaHala
KOpEHa HaKOH pa3IMYUTHUX NIPOTOKOJIA UpUTalHje

Tpehuna JdectunoBana | CHX rpyna CHX+EDTA QMiX rpyna MTAD rpyna
Kanana Bona

Koponapﬂa 83,77+17,65"  61,61+14,56™ 76, 72:|:10 71*“5a 81,33+6,74"  79,28+7,81"

65,50+18,28%°  2580+9,03"°  52,95+15,28"° 62,24+15,37"°  58,52+13,30"°

36,01+12,19%"  14,43+3,85""  16,80+4,91°"" 24,57+523" 25 87+6,56'""

Cpenme BpeqHOCTH ca UCTHM BEIMKHM CIOBUMA (Pea) WM MalliM CIOBHMa (KOJOHA) HUCY

Ouie cratuctiuky 3uHa4ajue (P>0,05).
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5.5. Xemujcku cacTaB npeuunurara (pOpMMpPaHOr HA MOBIIMHY JeHTHHA KaHAJIa
kopena— EDS ananu3za

VY Tabenu 4. mpukazaHe Ccy MPOCEYHE BPEAHOCTH XEMHjCKHUX €JIEMEHaTa y CacTaBy
NpEeIUIUTaTa HACTAIOT IOCIE PAa3IMYMTUX IMPOTOKOJA HMpUTAIMje M TOBPIIMHA JICHTUHA
KaHayia KopeHa (KoHTpoJsiHa Tpyna). EDS ananmu3zom npernunurara y CHX rpynum je mokaszano
3nauajHo Bume Cl y mopehemy ca mpenumnurarom QopMupaHuUM y JIpyrdM Tpylama u
nopeheno ca Bpeanoctuma Cl y nenTuny kanana kopeHa (kontposiHa rpyna) (p<0,05). pyru
enemMeHTH y nperunurary y CHX rpynu ce HECY 3Ha4ajHO pa3MKOBAJIM O] OHUX Hal)eHUX y
EDTA + CHX u QMiX rpynu. Takole, nperunurar ctBoped y EDTA + CHX rpynu Huje ce
3HA4YajHO PA3JIMKOBAO Yy IOIJICAY XEMHJCKOTr cacTtaBa oj oHor Hactaior y QMiX rpymu. Ca
Ipyre cTpaHe, Xxemujcku cactas nperunurara y MTAD rpynu je 3Ha4ajHO Bapao y OJHOCY Ha
apyre ucnutuBaHe rpyne. HauMe, 3nauajHa pasinuka je Hahena y konmuunu Ca, P, C, Cl u Na
usmeh)y MTAD u QMiX rpyme, nok je y oarocy Ha CHX u EDTA + CHX rpyny pasiuka

youeHa 1 y koinuuuHu Mg u O.

AHam3oM cacraBa HpeLUnuTaTa y anekcHOj U KOpOoHapHO] TpehrHM KaHaja KOpeHa
HUje TMOKa3aia 3Ha4yajHy pa3iuKy y BPEJHOCTHMAa XEMHjCKHX ejeMeHaTta y rpymama CHX,
EDTA + CHX u QMiX (p>0,05), ocum 3a Bpeanoct Cl y CHX rpymu (p<0,05). 3nauajue
pasnuke y koimuuuHu Ca, P, Mg, Cl u Na y npenunuraty usmel)y anexkcHe U KOpoHapHe

tpehune cy youene y MTAD rpynu (p<0,05).
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Ta6ena 4. Ilpoceune Bpeanoctu (£ SD) XxeMujcKkux ejgeMeHara

HAKOH Pa3JIUUTUX MPOTOKOJIA HPUTALIU)E

ArnekcHa
Koponapna
ArnekcHa
Koponapua
ArnekcHa
Koponapha
ArnekcHa
Koponapha
ArnekcHa
Koponapha
AnekcHa
Koponaphna
AnekcHa
Koponapna
ArmnekcHa

Koponapna

23,43+3,80"
23,20+3,27
17,07+5,47"°
16,62+5,44"
44,6143,55"
44,8243 99"
17,94+5,00%
18,22+5,19%
0,79+0,27"
0,80+0,29"
0,55+0,74"
0,49+0,32"
0,53+0,50""
0,59+0,69""
0,00+0,00"

0,00:£0,00%

16,71+5,97%
15,45+3 52"
10,752,485
10,78+2,074%
37,34+6,97°"
36,26+7,96%
28,01+7,11%
28,21+6,70%
0,57+0,20"%
0,72+0,24"
2,16+0,71%
3,09+1,26™
0,850,321
0,89+0,38""
0,70+2,217

0,59+2,29%¢

19,62+2,32°%
17,48+4,30°%
10,08+1,78%
10,34+2,14%
38,49+10,73
35,39+9,40""°
22,65+5,17°%
23,19+4,62°%
0,620,174
0,77+0,18"°
0,640,331
0,63+0,22°™
0,98+0,26"
1,07+0,25"
0,31+0,86"

0,26:+0,63"

17,86+4,21%
18,92+3,79%
9,69+2,52%
9,40+1,56""
34,27+7,20°™
34,98+4,88" "
28,58+6,60"
27,81+7,10%
0,47+0,17°*
0,65+0,29"°
0,91+0,09"%
0,80+0,35"
0,82+0,55"
1,11+0,39"°
0,17+0,49"

0,17+0,47"2

(%) y cacraBy mperunuraTa

10,20+4,54%
13,36+3,90'°
4,58+1,35"
6,84+1,64"°
30,50-+5,48"%
28,05+4, 75
45,04+4,65"%
45,16+9,44"%
0,33+0,17"
0,61+0,29"°
0,33+0,29"
0,47+0,114°
0,39+0,12
0,61+0,17*°
0,21+0,57"

0,19+0,45"

Cpenme BpeHOCTH ca UCTUM BEIUKHM CIOBUMa (PEa) WM MalluM CIOBHMA (KOJIOHA) HUCY

Owune craTuctiuky 3ua4ajue (p>0,05).
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EDS cauke moBpmmue nperunurara y CHX, EDTA + CHX, MTAD u QMiX rpynu u

MOBPIIMHE JICHTHHA Y KOHTPOJHO] TPYIH CY MPUKa3aHe Ha CIUIH 7.3.

Spectrum 1

60pm

B) QMiX rpyna
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Spectrum 1

Spectrum 1
<

70pm

n) JecTujoBana Boaa

Cnuxa 7.3. PenpesenratuBHe EDS cnmke mpeuumnurara Ha MOBPUIMHU JEHTHHA HAKOH
paznmuuuTHx npotokoia upuraimje: CHX (a); EDTA+ CHX (6); MTAD (8); QMiX (r) u

JICHTHHA KaHala KOPEeHa MOCIIe HPUTallije TECTUIOBAHOM BOJIOM (KOHTpOJIHA rpyma) ().
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5.6. MpucycTrBo PCA y cacTaBy nmpenunurara

BusyenHe kapakTepUCTHKE pacTBOpa HACTAIMX MEIIAKkEM Pa3IMYMTHX HpUTraHaca
npukasade cy y tabenu 5. Oamax HakoH merama 5,25% NaOCl u 2% CHX dopmupan je
Opaon mpenunurar. Kombunamuja 5,25% NaOCl u QMiX je mama HapaHacTo-OpaoH
npebojaBama pactBopa u (Gopmupama Mexypuha, nok je memame 5,25% NaOCl u 17%
EDTA noseno camo 1o crtBapama Mexypuha. Memame 2% CHX u 17% EDTA Ouno je

npaheHo cTBapameM Oeor mpernunuTaTa.

TaGena 5. Busyenne kapakTepucTuke KOMOMHOBaHUX MpUraHaca

Pactop 1 PacTtBop 2 Busyenne kapakrepuctuke™

5,25% NaOCl 2% CHX bpaon nperunurar

5,25% NaOCl QMiX Hapannacro-6paon npebojaBame 1 Mexypuhu
5,25% NaOClI 17% EDTA dopmupame Mexypuha

2% CHX 17% EDTA benu npenunurar

*PactBopu cy Merianu y oxHocy 1:1 (V/V) Ha coOHOj TemmepatypH.

5.6.1. Pesyararu TLC ananu3e

TLC ananu3u3om mocie Memiama pacteopa 5,25% NaOCl u 2% CHX, 5,25% NaOCI
u QMiX, 5,25% NaOCl u 17% EDTA, u 2% CHX u 17% EDTA Huje moka3aHo MPHCYCTBO
PCA (cmuke 7.4-7.7).

Cnuxka 7.4. TLC ananusa npucycra PCA 'y
MIPOM3BO/IY HACTAJIOM MelameM 5,25%

NaOCl u 2% CHX; TLC mioua nipe (11€B0)

1 HaKOH pa3BHjamba y pacTBapady (JIeCHO).
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Cnuka 7.5. TLC ananusa npucyctsa PCA
y TPOU3BOJY HACTAJIOM MemameM 5,25%
NaOCl u QMiX; TLC mroua HakoH

pa3BHjama y pacTBapavy

Cnuka 7.6. TLC ananmusa npucycrsa PCA
y MPOU3BOJY HaCTAJIOM MemmameM 5,25%
NaOCl u 17% EDTA; TLC mioua HakoH

pasBHjama y pacTBapauy
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Crnuka 7.7. TLC ananmu3a npucycrea PCA
y MPOU3BOJY HaCTAJIOM MemameM 2%

CHX u 17% EDTA; TLC mioua HakoH

pa3BUjama y pacTBapavyy

5.6.2. Pesyarartu 'H NMR anammse

'H NMR criexrap PCA n perimutara Hactanmux memamem 5,25% NaOCI n 2% CHX,
5,25% NaOCl u QMiX, 5,25% NaOCl 17% EDTA, 2% CHX u 17% EDTA, cy npuka3anu Ha
cimkama 5.8-5.11. *H NMR crextap PCA kapakrtepuire mocrojame curana Ha 7,01 u 6,56
ppm ca KoHcTaHTOM Komykuuje J = 8.8 Hz xoju ce mpunucyjy apomMatudyHoM npotoHy Ha
oarocuo Hb, nok cy NH; nporonn onroBopuu 3a curhan Ha 5,22 ppm. Kapakrepuctunanu
curHaim 3a PCA Hucy Hal)eHn HE y jenHOM ol cTBOpeHUX npenunurara. [lonasame PCA y
pacTBOp MEIIaBMHE MpHraHaca je J0JaTHO yKasajo Ja MPeLUUIHUTaT HAacTao Kao Mocieaula
xemujcke uHTepakiuje 5,25% NaOCl u 2% CHX; 5,25% NaOCIl u QMiX; 5,25% NaOCl u
17% EDTA; 2% CHX u 17% EDTA ne canpxu PCA.

5.6.3. Pesyararu IR ananu3ze

Kao mocnenuna mpucyctBa octarka amuHa, IR cnextap PCA kapakrepuiry 1Ba
curHana Ha 3472 cm™ u 3382 cm™, 360r ACUMETPUYHE M CUMETPUYHE BUOpaIije NCTEe3amba.
Hu jeman on oBHMX CHTHaja HHje OTKPHUBEH y TMPOW3BOJUMA HACTAIMM MelameM 5,25%
NaOCl u 2% CHX, 5,25% NaOCI u QMiX, 5,25% NaOCl u 17% EDTA, 2% CHX u 17%
EDTA wmro yka3yje ma oBe KOMOWHalMje MpuraHaca He aoBoje g0 Hactanka PCA (ciumke

5.12-5.15).
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Ha Hb Cl
(a)

b
amino / b

NH,

7.5 7.0 6.5 6.0 5.5 5.0

4.5
f1 (ppm)

(b)

v T T T T T r T r T T
9.5 9.0 8.5 8.0 75

7.0 6.5 6.0 5.5 4

5.0
f1 (ppm)

Cimka 5.8. Jlenosun *H NMR cnexrpa (apomariann peruon) 3a PCA (a) u 6paoH 4BpeTy

cyrncraniy Hactaine Memamem 5,25% NaOCl u 2% CHX (6) y DMCO-d6 na cobHOj
TeMIIEepaTypu
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Cl
Ha Hb

(a) a a
b b
amino
N NH,
I |
| . 1
| F | ] '.\‘
R R S e S — —
T * T * T i T " T ¥ T " T
75 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)
7.5 7.0 6.5 6.0 5.l5 5.0 4:5 4:0
f1 (ppm)

Cika 7.9. Jlenosu *H NMR cnekTpa (apomaruyHu peruon) 3a PCA (a) u HapaHyacTo-OpaoH
YBPCTY CyICTaHIy HacTane memameM 5,25% NaOCl u QMiX (6) y DMSO-d6 na coOHoj

TEeMIIEpaTypH

62



Cl
Ha Hb

(a) a a
b b
anilno NH2
| l!
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Cmmka 7.10. Jlemosun "H NMR crekrpa (apomarmunn pernon) 3a PCA (a) u Geny 4Bpery

cymncraniy Hacrajge memamem 5,25% NaOCl u 17% EDTA (6) y DMSO-d6 Ha coGHOj

TeMmIreparypu
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Cl

Ha Hb
(a) a a
b b
arTno NH2
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Cmmka 7.11. Jlenosn *H NMR cnektpa (apomarmynu pernon) 3a PCA (a) m Oemy uBpCTY
cyncranily Hacrane memameM 2% CHX u 17% EDTA (6) y DMSO-d6 Ha co06HO]

TemIreparypu
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6. ITNCKYCHJA
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6. JMCKYCHJA

ExcrieppuMeHTaHH TPOTOKOJ y OBOM HCTPaXHBamy j€ pa3BHjeH y CKIaay ca
NPEAXOJHO OIMCAHUM MOJeNMMa 3a MNpOLEHY YTHIAja CpelcTaBa 3a HMpHranujy KaHaia
KOpeHa Ha JCHTHH W TyOyne aeHtuHa (22, 275, 279). 3a pa3nuky o1 KIMHHYKHX, iN  VIVO
UCIUTHBAKka, OBaKBa IN VIr0 MCIHUTHBaWka Ce MOTY CIIPOBECTH MO CTPOr0 KOHTPOJIMCAHHM
ycnoBuma. CraHgapau3aiidja YHYTpalllkbe aHATOMUje KaHalla ce Moxe moctuhu ymorpedbom
XyMaHUX 3y0a ucte MOp(QOJIOIIKe Tpyle U CIMYHUX AMMEH3HMja KaHajla KOpeHa, Kako Ou ce
CMamUO YTHIIA] aHATOMCKUX Bapujabam Ha pesynrate (280-282). Crora cy y oBOM
UCTPaXMBaky KOPUIINECHU MPEIHbU MAKCHIAPHU 3yOU ca jeJHHM INPaBHM KaHAJIOM KOJU Cy
npenaprcaHy J0 UCTE BEJIMYMHE almuKalHe mpernapanudje. Y in VItro ucTpaxuBamuma HUjE
Moryhe 06e30enuTi ycioBe KOjU BiIa/lajy TOKOM HHCTPYMEHTAIlMje M HCIHpamka KOPEHCKUX
KaHasla y KIMHUYKAM yciaoBuma (280, 281). la Ou ce MMUTHPAIN KIMHUYKH YCIOBH Y OBOM
UCTpaXMBamy je KOpHIINEH 3aTBOPEHH MOJET NIpenapaiyje KaHajga. 3a MHCTPYMEHTALUjy
KaHaia KopuirheHn cy MHCTPYMEHTH IpeMa Mpernopynu npousBolhada, a CBaku HHCTPYMEHT
je yorpeOsbeH 3a mpemapaidjy camo rmeT kaHama (283, 284). Hakon 3aBpiicHe
MHCTpyMEHTauuje, KaHanu cy ucnpanu 17% EDTA y Tpajamy mer MuHyTa, mpe JIpyror
mukiayca ucnupamwa NaOCl u ¢uHamHOr Wcnupama, y Wby YKIamama pa3MasHOr Clioja.
Crora ce MOXe MPETIOCTABUTH Ja jé Ha TMOBPIUIMHMA JCHTHHA W JEHTHHCKHM TYyOynnMa
320CTa0 caMO NpELUNHUTaT. Y ApyroM IMKIYCY MCIUpama JeCTHIIOBaHA BoJa je KopuurheHa
3a ykiamame octataka NaOCl mpe ¢unanHor ucnmpawa CHX, QMiX u MTAD, nok je y
EDTA + CHX rpynu npumemeHa u npe u nocie ucnupama EDTA y mmpy mpeBeHiuje

Moryhe uHTepakiuje u3mel)y upuranaca, Kako je mpernopy4eHo 3a KinHuuke yciose (76).

3a BuU3yenM3alMjy NpPEeUUIUTaTa Ha MOBPUIMHM M YHYTap JAEHTHHCKMX TyOyna u
oapehuBame HEroBOr yTHIAja Ha TMOBPIIMHY JAEHTHHA (Mepeme Opoja 3aTBOpEHUX
IeHTUHCKUX TyOyna) xopuithern je SEM. SEM npencraspa Hajuenthe kopunrhern MeTo 3a
OlLICHYy NOBpILIMHE JEHTHHAa M JACHTUHCKUX TyOyla, MpUcycTBa Jedpuca, pazMa3HOI Clioja,
NpelunuTaTa, Kao0 W EPO3WBHUX W JPYTHX MHUKPOCTPYKTYPHUX TIPOMEHa HaKOH
WHCTPYMEHTAIIMje U MpUTralyje KaHaia kopena (22, 275, 285, 286). To omoryhaBa Benuku
pacIioH yBeluyama 3a ocMaTpame MOBpIIMHE JIEHTHHA, Koje ce kpehe o 10x mo 500.000x.
Melytum, jour yBeKk He MOCTOJU ycarjlallleHO MHIJbEHE KOJ€ je€ ONTHMAJHO yBEIUYame 3a
ananu3y (285). [To3naro je ma Mame yBeiawuame oMoryhaBa carjieqaBarbe INHPE MMOBPIIHHE

ACHTHUHA, IpU Y€MY CC MOT'Y Hahwu ounnrhena u HeounmheHna MoBpHInHa I[eHTI/IHajC,Z[Ha nopen
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npyre. C npyre crpane, Beha yBemnuama oMoryhyjy yBUI Y MHUKPOCTPYKTYpy W rpabhy
JICHTUHA, Ka0 U MPEUU3HHjy MPOLEHY OcTaTaka MaTepHjaia, IEHTHHCKOT Jiebpuca, pa3Ma3sHor
clloja, Tperunurata U Opoja 3aTBOPEHHMX JCHTHMHCKHX TyOynma (22, 275). Taxohe, npu
omabupy peruje 3a aHaiu3y He Tpeba 3aHEeMapHTH PU3UK OJ MPHUCTPACHOCTH, MOCEOHO MpH
kopunihemy Beher yBennuama (287). Ctora je y 0BOj CTyAHju KOPHIIHNEHO Mambe YBEIHYAE
(2000x) 3a mpolieHy KOJTHMYUHE MPELHUIUTATA U OpOjarbe ICHTUHCKHUX TyOyia, CIIMYHO Kao U Yy
ApyruM ucTpakuBamuma (22, 275, 279). Takohe, y umipy cmamema HPUCTPACHOCTH,
CpeIMIIbY €0 KaHaia je y cBakoj ox TpehuHa onbapan 3a amamusy (22, 275, 288). 3a
XEMHUJCKY aHaJIU3y MpelunuTaTa CTBOPEHOT Ha MOBPIIMHM JeHTUHA KopulheH je EDS. EDS
MPEJCTaBJba MUKPO-aHAIUTHYKY TEXHHUKY KOja C€ IIMPOKO NPUMEYje 32 XEMH]CKY aHAIHU3Y
enemeHara jaentuHa (289). HoBuja uctpakuBama noteplyjy npumeny EDS 3a ucnurusame
NPUCYCTBA peruaya kaHaaHux upuraHaca (290) xao u 3a oapeljuBambe XEMHjCKOT cacTaBa
npeuunurara (279). 3a oueny npucyctBa PCA y mpeuumnuraty HacTalioM KOOMHOBaHmEM
Pa3IMYUTUX PacTBOpA 3a UpHTAIHjy KaHasa kopeHa npuMmemerne ¢y TLC, NMR u IR ananmm3a.
Y npeaxoxuum cryaujama (17, 28) nokazaHo aa ynorpeda IeCTPYKTHBHHX METO/a, Kao IITO
Cy MaceHe CIEKTPOCKOINHjEe 3aCHOBAHE Ha pasjiaramy NpPEIUINTaTa, MOXKE YTHIIATH Ha
KBAIINTET NOOHMjeHNX pe3yiITara, y oBoj cryauju cy npumersene TLC, *H-NMR u IR 360r tora
LITO OBE METOJIE TI0Ka3y]y BEIMKY OCETJHHBOCT, OMOryhaBajy uaeHTU(PUKAIN]Y KOMIOHEHTH

y J1aTOj cMelu U ozipelyyjy unctohy MosieKysia cMele.

VY oBom uctpaxkuBakby SEM anHann3om je mokaszaHo Jia ce MpelunuTaT He cTBapa Ha
NOBPLIMHK JCHTHHA y y3opuuma koju cy ucnmpanu 5,25% NaOCl u nectunoBaHom BoIoM
(xonTposnna rpyna) (Cimka 5.1 x). Ca apyre cTpaHe y KOPSHCKHM KaHAJTMMa KOjU Cy
WCTIMPAHH Pa3IMYUTHM (PMHATHUM HPUTAHCHMA MPEIUIUTAT je Hal)eH Ha MOBPIIMHU ASHTHHA
(Cnuka 5.1 a, 6, B, ). Hamom ctynujoM moka3sanu cMo Ja je upuraiuja kaHaina kopesHa 5,25%
NaOCI u 2% CHX Ouina npaheHa cTBapameM MPELHUITUTATA, KOjH HHje CIIPEUeH HH IPUMEHOM
JIECTUIIOBAHE BOJIE Ka0 MHTEPMEIMjapHOT UPUTAHCa, IITO je Y CKIaay ca pe3ylTaTHMa JpyTrux
uctpaxubama (264, 291). V unrepakiuju n3mel)y NaOCl u CHX crBapame HeyTpaaHOT U
HEpacTBOPJBMBOI IpenunuTara OpaoH 0oje mocieAuua je anujo-06a3He peakuuje usmehy
kucenune, CHX, koja nonupa npotone u 6aze, NaOCl, xoja Moxe Ja TpuXBaTH MPOTOHE U3
CHX (17). ITopen NaOCI, CHX moxe na pearyje u ca EDTA. Y Toj peakiuju gosia3u o0
CTBapama HepacTBOPJBUBOT pykudyactor (277) winu Gennvactor nperunutara (18, 132). OBaj

MPEeIUIUTAT je BepoBaTHO co Hactana Heyrpamusamujom CHX EDTA. Pesynratm oBor
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UCTpa)KuBamwa Cy Mokazanu Aa ¢unHamHo ucnupamwe 17% EDTA + 2% CHX je moseno no
CTaBapama NpElUNHUTaTa Ha TOBPIIMHHU JeHTWHA. Takole, oBM Haylasu Cy yKasalud W Ja
npuMeHa aectusioBane Boje uzmely 17% EDTA u 2% CHX Huje 1oBosbHA Ja y OTITYHOCTH
cripeur uHTepakuujy. Prado u cap. (279) cy mokasajiu a HCIHpame KaHalda JIeCTHIOBAHOM
BogoMm mocie 2% CHX u mpe npumene 17% EDTA je moBOJbHO 10 chpeyu CTBapame
XEMH]CKOT pa3Ma3Hor cJioja, OJHOCHO mpenunurara. Mnak, kaga ce kaHanu ucnupajy 5,25%
NaOCl a 3arum pectunoBanoMm BojoMm, 17% EDTA, nectunoBanom BoJOM U Ha Kpajy 2%
CHX, npenunurar ce yoyaBa Ha HMOBPIIMHH JeHTHHA (279), IITO je y CKIIaay ca pe3yaTaTuMa
OBOT' HCTpaKuBama. [IpermocraBiba ce Ja je HACTAM MPEUUIHNTAT PE3y/ITaT MPUCYCTBA
NaOCI mpuje nero unrepakimje CHX u EDTA (279). ¥ QMiX pactBopy MHTEpakiuja
usmeh)y CHX u EDTA je crnpeuena xemujckum au3ajHom pactBopa (151). Mmak, mocroju
moryhuoct na CHX u3 QMiX pearyje ca NaOCI. Ilpema HekuM Hanta3uMa KOMOHWHOBAHE
NaOCl u QMiX moBoau g0 mpomeHe 00je pacTBopa ainu 0e3 cTBapama nperunurara. Crora
je mpenopyka mpousBohaua ga ce u3Mel)ly oBa JBa HMpUTaHca KaHaJla KOpeHa UCIepe
¢busnonomkum pactsopoM (255). V mpuiior Tome roBope u Hamazu Kolosowski u cap. (27)
KOjU HHCY HalUIM TPEHUINHUTAT Ha TMOBPUIMHU JCHTWHA JEHTHHCKHUX OJIOKOBa KOJH CYy
nororsbeHn y 2,5% NaOCI, a morom y ¢usuosnomku pactsop u QMiX, nmpumernom TOF-
SIMS. CrekTpockoricka aHaaM3a MOBPIIMHE JCHTHHA KaHama kopeHa Arslan u cap. (20)
nokaszyje na ucrnupame kaHaita 2,5% NaOCl u QMiX, 6e3 MHTepMeIujapHOT HCIUPaba,
JIOBOJIM JI0 CTBapama HAapaHIACTO-OpaoH MpeluIuTaTa Ha MOBPIIMHM JAeHTHHA. CIMYHU Cy
pesynratu u oBor SEM ucrpaxusama rue je npumena QMiX nakon 5,25% NaOCI npahena
CTBapameM IMPENUITUTaTa Ha MIOBPIIMHH KaHajla KOPeHa NaKo je KaHajl HCIIPaH JeCTUIOBAHOM
BojioM wu3Mel)y aBa wupuranca. Paszmuke y pesynratuma u3Mmel)y Hamer ¥ MOMEHYTHX
UCTpaXHBamka MOTY C€ MPHUIUCATH pa3iukama y KoHueHTpauuju npumemeHor NaOCl.
Moryhe je 1 1a pU3HOIOMKH pacTBOp MoXke Ja cripeur uHTepakuujy usmehy NaOCl u QMiX
u npernunutaiyjy kaaa ce NaOCl npuMeHu y HIDKUM KOHIICHTpallMjama, ald He W Kajaa ce

npuMeHu kao 5,25% pacTBop.

Bpcra umHTepMequjapHOT MpUraHca Koju ce kopuctd 3a ykinamame NaOCl moxe
takohe MMaTtu ytuIia] Ha npeuunuranujy (264, 270, 279). Haume, nokazano je na CHX
pearyje u ca ()U3MOJIOIIKUM PAacTBOPOM IITO je mpaheHOo cTBapameM IpeuunuTara (Con)

(132). Crora, Moxxe ce MpPETONOCTABHTH Ja WCIUpPamke KaHala KOpeHa (U3UOJIOIIKAM
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pactBopom m3mehy NaOCl u QMiX cmamyje xomuumny ciobognor CHX u3z QMiX 3a

peakiujy ca NaOCl, 3a pa3nuky oj aectusioBaHe Boje, koja camo ykiama NaOCl.

PaznuuuTti pesynrtatu crynuja ce Takohe MOTY HPUIIUCATH PAa3IMYUTHM METOAaMa
Koje cy kopumheHe 3a BU3yeNnu3alyjy NpeluInTaTa, Kao U KapaKTepuCTHKama y3opaka H
npoTokoiny upuramuje. Y cryauju Kolosowski cap. (27), 6;10K0BH IeHTHHA Cy OMIIH OTBOPCHH
Ha 00a Kpaja, mMTO je OMOTryhMJIO jeHAKy EKCIIO3WIIM]y W aJIeKBaTHY 3aMEHY HMpHUTaHaca y
CBHUM Y30pLMMa, BEpOBaTHO crpeyaBajyhu uHTEepakuujy usmely mHUX, 3a pa3iuKy Ol
ucTpaxkuBama Arslan u cap. (20) U OBOr HUCTpakMBama TJ€ CY y30paK YHUHHIN KOPCHCKH
KaHAJIM UCTIIHPAHH y3 KOpPHUIINCHe IINPHIIA U HIJIe, TAe HUje MOryhe OCTBapHTH JOIpeMare
HCTE KOJMYMHE UPUTaHca Y CBE JIeIOBE KaHaia KopeHa. Y crymuju Tay u cap. (242) youeHo je
na ce memamem NaOCl u MTAD nomasu g0 QopMmupama XyTOr NpEeHUINHUTaTa, Kao
nocjenuna OKcupanuje gokcunukimHa y npucyctBy NaOCl. Takohe, y KIMHUYKUM
yCJIOBHMA JKYTH MpPEUUIUTaT ce (GopMupa Oy 3UJ0Ba KaHajla KOPEHAa HAKOH yIOTpeOe
1,53%-6,15% NaOCl y3 ¢unanno ucnuparwe MTAD (248). V ckiamy ca pesyiraruma
MIOMEHYTUX MCTPaXHBamka Cy M Haja3W Hame cryadje. Hawmme, mpenmmnurar je HaljeH Ha
MOBPIIMHYA KOPEHCKOT JICHTHHA mocie upuranuje kaHana kopena 1,3% NaOCIl u dunamHor
ucnupawa MTAD. 3anumibuBo je uictahu 1a mpumena aectunoBane Boje HakoH 1,3% NaOCI
HUje CIpeymsia MpeluIuTaln]jy, HaKo je MPEenopydyeHo Ja ce KaHal UcCIepe JIeCTHIOBAHOM
BoJOM uiau HekuM apyrum pactBopom mocie NaOCl na Ou ce crnpeunso ¢dopmupame

nperunuTara (242).

VY HaIoj CTyAMju KOJUYMHA CTBOPCHOT MPEIMIUTATa Mmociie ucnupama 5,25% NaOCl
u ¢unamHOT Hcnupama 2% CHX je O6una 3a oko 2-3 myra Beha of Komu4nHE TperumnuraTa
CTBOPEHOI Yy JApPYrMM MWCIOUTHBaHUM TIpynama. Mnak, 3HayajHa pas3uka y KOJIWYHU
npeuunurara usMely CHX u npyrux rpyna je 3ebenexeHa caMO y KOPOHAPHO] U CPENH0]
tpehunu y ongocy Ha MTAD rpyny u y anekchoj tpehunu y onnocy Ha QMiX u MTAD
rpyfny, WITO j€ BEpOBAaTHO TMOCJIEIUIa BHCOKHMX CTaHIpaJHUX JeBHUjallfja y CBaKo] O]
ucnuTHBaHUX Tpyna. Takobe, nobunu cmo aa xonumuuHa npeuunutara y EDTA + CHX u
QMiX rpynu Huje 3HauajHO paznuuuTa, anu je npeuunurar y EDTA + CHX rpymu 6umo
ckopo nBocTpyko Behm. OBakBe Hajaze MOxeMoO 00jacCHHUTH MamoM KojaumamHoM CHX y
QMiX pactBopy, jep muTepakuuja usmeh)y NaOCl u CHX u crtBapame mperunurara He
3aBucu camo oj kouneHrpamnuje NaOCI (17) Beh u on konnenrpanuje CHX (263). 13 ucrtor

pasjiora ¢c€ MOKC IPECTIIOCTABUTU Ja UCIIUpPAKLC KaHalla Ca HUXKOM KOHI_ICHTpaI_II/IjOM NaOCl
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(1,3%) npe mpumene MTAD je noBeno 1o cTBapama Mame KOJIWYMHE MPELUIIUTaTa y OBOj
rpynu. MHTEpecanTHO je ucrahum na je CIMYHa KOJIMYMHA MPELUIUTAaTa CTBOPEHA Y CBUM
KOpeHCcKuM TpehnHama, ca HajBehoM KOJIMYMHOM y KOPOHApHO] a HAjMamkOM Y aleKCHO]
tpehunn kanama. Krishnamurthy & Sudhakaran (264) ucniutyjyhu uarepaxiujy usmelhy 2,5%
NaOCl u 2% CHX cy crepeoMHKPOCKOIICKA H3MEpHIM HajBehy neO/bHuHY Hpelunurara y
KOPOHApHO] a HajMaWmy y amneKcHOj TpehwHH, ca 3HAYajJHOM pa3IMKOM H3Mely amekcHe U
apyre nse tpehune. Konnenrpamuja NaOCI, kao 1 HaYMH aHaIM3€ MPELUIUTATa U HETOBE

KBaHTH(HKAIFje Cy BEPOBATHO Pa3Jo3u pas3iuka uMmely uctpaxuBama.

[Topen ucnuTHBamka NMPUCYCTBA M KOJIMYMHE IMPELUUNHTATa HA MOBPIIMHM JICHTHHA
HAaKOH NPHMEHE PAa3IHMYUTHX KOMOMHAIMja MpUraHaca 3a UCIHpame KaHala KOpeHa, Y OBOM
UCTPAXMBAy j€ HCIOUTAaH W YTULAj CTBOPEHOT IMPEUMIIUTaTa Ha TOBPIIMHY JEHTHHA
onpehuBamem Opoja 3aTBopeHUX TyOyna. JloOMjeHH pe3yniTaTd Cy MOKa3aau J1a MPEIHUITUTAT
Hactao mocie ¢unainne upurammje 2% CHX nakon wucnupama 5,25% NaOCl 3unauajHo
cMambyje Opoj OTBOPEHHX JECHTUHCKHX TyOysia y CBUM KopeHckuM Tpehunama. Bui u cap.
(275) cy mnpumenom armoctepckor (environmental) SEM na wmukpodortorpadujama
noBpmuHe KaHana (4000x) yrBpawm na ce y peakiuju usmehy 5,25% NaOCl u 2% CHX He
dopmupa 3HavyajHa KojauuuHa mperunurtara (7,91+19,34), anu CTBOPEHH MPELUIUATAT
3HauyajHOr moBehaBa Opoja 3aTBOPEHUX JCHTHHCKUX TyOyna y kopoHapHoj (102,33+4,40) u
cpentoj tpehunn (15,93+£19,40) kanana kopena, 6e3 o63upa na ju je NaOCl ykiomen mpe
ucnupama CHX. [Ipenunurar koju je Hactao y EDTA + CHX rpymu je y3pokoBao 3Ha4ajHO
noBehame Opoja 3aTBOPEHUX NEHTUHCKUX TyOyna y mopehemy ca KOHTPOJHOM TPYIOM Y
CBUM KOpeHCKMM Tpehunama. IlltaBuine, Opoj 3aTBOPEHMX AEHTCKUX TyOyna, HaKO MambH,
HUje ce pa3iukoBao oj oHor 3abenexHor y CHX rpynu. 3HauajHo je uctahu na je 6poj
3atBopeHux Tyoyna y EDTA + CHX rpynu 6uo u 3navajno Behu y onnocy Ha QMiX rpymy
(pacTBOp KOjU caaipku 00a UpUTraHca) OCHM Y arnekcHoj Tpehunu. OBaj pe3yaTaT HHIUPEKTHO
noTBphyje mperxoaHe Hanasze na je unrepakuuja usmehy EDTA u CHX y QMiX cnpeuena
(151), amu wve m m3mehy CHX uz QMiX u NaOCIl. Nnak, cTBOPEeHN NPEIMITUTAT TOCIIE
¢bunanue upuraiuje QMiX mociie NaOCl u mectunoBane Boje HHje HMA0 3HAYajaH yTUIA] HA
MOBPIIMHY JIEHTHHA UCIIMTUBAH MPEKO Opoja 3aTBOPEHUX NEHTUHCKUX TyOyna. CiudHo, 6poj
3aTBOpEHUX JeHTUHCKUX TyOoyna y MTAD rpynu ce HHUje pa3nuKOBaO O] KOHTPOJIHUX
y3opaka. [Tocmarpano no kopenckum tpehunama, y EDTA + CHX u MTAD rpymnu paznuka

y Opojy 3aTBOpPEHUX JEHTHUHCKUX TyOyJa je youeHa m3Mel)y arekcHe U KOpoHapHe TpehuHe,
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oxHocHO Y QMiX rpymu u3mel)y kopoHapHe u apyre ase tpehune. OBy Hamasu OU ce MOTIIH
NPUNKCATH CMAambCHOM JIOTIPEMakby HUpUTaHca Yy amneKcHe mopiuje kaHama (275), mro
MOCJICAMYHO JIOBOJM U JIO CTBapama Mame KOJIMYMHE MPEIHUINTaTa y OBUM JeioBuma. Mako
pe3yaTaTH OBOT MCTPaXMBakba HUCY TOKA3al 3HAYajHY PA3JIMKy Y KOJWYMHHU TPEIUITHTATA
no kopeHckuMm TpehmHama, Beha KonMuYMHA mMpenMIMTaTa je CTBOpEHa y CBUM TpyramMa y
KOpOHapHOj a HajMama y anekcHoj TpehuHu. 3anumMibHBO je uctahu aa y rpynu ca CHX, nuje
3a0enexxeHa pasnuka y Opojy OkinyaupaHux TyOyma mo TpehwHama, mTo mOTBphyje
MPETXOHE Pe3yiITaTe Jia je y 0BOj Ipynu (hopMupaHa 3HATHA KOJMYUHA MPEIUITUTATA Y CBUM
JIeIOBUMa KOpPEHCKOT KaHaia. Takole, ckiepo3a TyOyna Koja 3allovHi-e Y arneKCHOM ey
KaHaja OM MOTJIa IMaTH YTHIATH Ha JoOujeHe pesynrare. Mnak, 3HavyajHa pasznuka y Opojy
3aTBOPCHUX JICHTUHCKUX TyOyjga HHje 3a0eleKeHa Yy KOHTPOJIHHM Y30pIHMa, IITO

HHAUPEKTHO HOTBpI;)y_ie Ja KapaKTCPUCTUKE Y30pKa HUCY YTHLAJIC HA PE3YyJITaTe.

Hpurancu Koju ce KOpUCTE y €HI0JOHTCKO] MPOLEAYPH AETyjy OCHM Ha MOBPLIMHY
JCHTHHA U Ha JACHTHHCKE TyOyne. Hanme, mokasaHo je Aa MPUTaHCH KOjU Cy KOpHIINEHH U y
HallleM HUCTPaXHUBAWKy MNPOAPUPY Y JACHTUHCKE TyOyne u ao ayoune ox 500 pum, mpema
HaJa3uMa HCTPKMBaKa KOja Cy KOPUCTHIIA MPOJOp O0je WM aHTHOAKTEPH|CKU edeKaT, Kao
Mepy neHetpanmje pactBopa (125, 126, 292). Crora, nHTepakuuja u3Mel)y upuraHaca Mosxxe
Ja ce JeCH M Yy JIEHTMHCKMM TyOyiauma, a He caMO Ha MOBPILIMHM JIEHTHHA, Ila CTBOPEHH
MPELUINTAT MOXKE J1a EP3UCTUPA Y JEHTUHCKUM TyOyJIMMa Yak MaKo ce YKJIOHHU U3 TJaBHOT
KOPEHCKOT KaHajia. Y HalleM uctpaxuBampy SEM anammzom mompedHux mpeceka KOpEeHCKUX
KaHajla TI0CJIe Pa3IMYUTHX IPOTOKOJA HMpHUTAlMje TOKa3aHO je IOCTOjarme MperUIuTaTa
YHYTap JEHTHHCKHMX TyOylla y CBMM HCHUTHBAHUM TIpylama, OCUM KOHTPOJIHE Trpyre, Ie
IpeUunuTaT HUje youeH. Kao MHAMpEKTHa Mepa KOJUYMHE CTBOPEHOT MpelunuTaTa y
JCHTUHCKUM TYOyJIHMMa y HallleM HCTPaKUBAWby je MCIMUTHBAHA JEHTUHCKA MPOIYCTJBHBOCT
MepemeM Mpojiopa 0oje. Pesynratu oBe cryamje Mmokasyjy Ja je ucnupame kaHaia 5,25%
NaOCl u 2% CHX noBeno 1o cMmamema MepMEaOWIHOCTUH JICHTHHA Y CBUM KOPEHCKUM
TpehnHama y nopehemy ca koHTpoaHMM y3opuuma. Kopucrehn ucty meromonorujy Akisue n
cap. (22) cy youwnu na je mpenumnuraT Hactao nocie upurandje kanaita 1% NaOCl u 2%
CHX y3pokoBao cMameme epMeabUITHOCTH ISHTHHA CaMo Y arekcHoj Tpehunm, y mopehemy
ca KOHTPOJHOM TpyrnoM (0e3 mpuranuje) U KOpeHCKUM KaHajJuMa Koju cy ucnupanu 15%
mumyHcKoM kucennHoM u 2% CHX. Ilpouenar npogopa 6oje nocie upuranuje 5,25% NaOCl

u 2% CHX y oBoM uctpaxkuBamy je 610 Mamu o1 oHor nocie upuranuje 1% NaOCl u 2%
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CHX y crymuju Akisue u cap. (22) y kopenckoj (61,61+14,56 vs. 72,90+13,42) u cpeamoj
(25,80+9,03 vs. 54,74+20,44), nok je y amekcHoj TpehuHM MpoleHaT mpojaopa 0oje OO
nemro Behm (14,43+£3,85 vs. 16,59+10,14). Pasnuke y pesyiaratuma wusmel)y MOMEHYTE
CTy/Hje ¥ OBOI HCTPaKMBarba CE€ MOTY Mpuiucartu pasirkama y koueHrpamuju NaOCI (1%
vs. 5,25%), jep dopmupame mnperunurata 3aBucu on koumenrpauuje NaOCl (9). V
KOPEHCKHM KaHaimMa Kkoju cy uctupanu 17% EDTA + 2% CHX, QMiX wim MTAD mnocne
NaOCIl nuje 3abenexHa 3Ha4YajHA pasivKa y Hpoaopy Ooje y mopehemy ca KOHTPOITHOM
IPYIIOM y KOPOHApHO] W cpeamo] TpehumHu. Mnak, y anmumkaiHo] TpehwHH CBe Tpymne cy
MoKa3ajie 3HauajHO MambH Mpoaop 00je y 0JHOCY Ha KOHTPOJIHY rpymy. Takohe, nmpomop 6oje
y QMiX u MTAD rpynu je 6uo 3Hauajuo Behu y ogHocy Ha oHaj Halen y CHX rpynu y cBuM
tpehnnama. OBM Hana3uw ykadyjy Ja ce MPEIUINTAT BEPOBATHO CTBAapa Yy JCHTUHCKHUM
TyOynuma nociie upuranuje 17% EDTA + 2% CHX, QMiX u MTAD, anu He y TOJHUKO]
MepH Ja 3Ha4ajHO CMamU MepMeabHIIHOCT JEHTHHA Yy KOPEHCKO] M Cpelamoj TpehuHu, 3a
pasnuky ox uHTepakiuje usmelhy 5,25% NaOCl u 2% CHX. 3anumibuBo je ucrahu ma
Kolosowski u cap. (27) HuCy NpOHAIUIM MPEHMUIIUTAT HUTA HAa TIOBPLIMHU JICHTUHA HUTH Y
JCHTUHCKUM TyOyjama HaKOH TOTamama JIEHTHHCKUX OyiokoBa y 2,5% NaOCI, nmorom y
¢busmonomiku pacteop U QMiX, mpumenom TOF-SIMS. Unak, mupektHa mopehema Huje
Moryhe cripoBecTH 300T 3HATHHUX METOAOJIOMKHX pasiuka. OICYCTBO 3Ha4ajHE pas3lIUKe y
nepMeadbuaHOCTH neHTuHa u3Mely kontponHe u EDTA + CHX, QMiX u MTAD rpyne y
KOpPOHapHO] U cpeamoj TpehuHu, ykasyje Aa JecTWIOBaHAa BOJAa MMa 3HATaH yTUIA] Ha
dbopMupame IpeluunuraTa y AeHTUHCKUM TyOyJauMa, OCUM Y ameKkcHoM Jeny. OrpaHudema
KopumiheHOT MPOTOKOJa WPHTalfje W CMameHO JONpEeMame MPUTAaHCA Y alleKCHE IMOpIHje
KaHama, YKJbydyjyhm © JeCTHIIOBaHY BOAY, MOTYy OHWTH pa3Jior CMameHE areKCcHe
nepmeadbunroctu aeatura y EDTA + CHX, QMiX u MTAD rpymu. Ha nenerpaiujy 60je y
JICHTUHCKE TyOyJje, ToceOHO y ameKCHOM Jielly, yTU4de U ckiiepo3a TyOyna u Mopdosomka
rpyma 3y6a (281, 282). Crora y 0BOM HCTpaXMBamy YTHIIaj OBa JBa ()aKTopa je CMambeH Ha
HajMawy Moryhy mepy onabupom XoMoreHor y3opka (TOpwmHU jeIHOKOpEeHH 3yOu ocoba

minahux oz 30 roauHa).

VY ckmany ca pesyntatuMa APYrux MCTpakuBama (22, 281, 293) 3HavajHa pasiuka y
npoaopy 6oje uzmel)y Tpehuna je 3abenexkeHa y cBUM rpynaMa, ykjbydyjyhu U KOHTPOIHY
rpymny, ca HajpehoM mneHeTpaiujoM 0oje y KOpPOHApHO] a HajMAamkOM Y ameKkcHoj TpehuHu

KaHaja KopeHa. HempaBWJIHOCTH AEHTUHCKUX TyOyja y ameKCHOM [eily, Kao U Mambe
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JMMEH3Hje ¥ Marba I'YCTHHA JCHTHHCKUX TyOyia y amekCHOM ey kopena (281) cy moryhwu
pas3no3u Mame JEHTUHCKE MPOMYCTJHMBOCTH OBOT jefia KopeHa. Hamme, Opoj NEHTHHCKHX
TyGyna mpema mynmH ce cMamyje ca 40 000 mm™ koponapro 10 14 400 mm™ anmkaiHO
(294). lraBume, cMameHa e(pUKACHOCTH HpPHTalldje y OBHUM JEJIOBHMa KaHalla KOpeHa, a

CaMHM THUM U y JCHTUHCKUM TyOYJIHMa, MOKE TaKkohe uMaTH yTHIIQ].

KnuHuuky 3Hayaj mpenunuraTa CTBOPEHOr y MHTEpaklfjamMa pa3InduTUX MparaHaca
joIn yBHjeK HHje TOBOJBHO mMo3HaT. [Ipermmurar Hactao y untepakimju 5,25% NaOCl u 2%
CHX ©6u morao na pemeru Ae3MH(EKIMjy JACHTHHA W JCHTUHCKUX TyOyna. Haumme,
cMamyjyhu Opoj OTBOpPEHHX ACHTUHCKHX TyOyJa M TEepMEaOMIIHOCT JEHTHHA, Kako je
[I0Ka3aHO y OBOM HCTpaXHBamy, MNpeHunurar Ou Morao Ja CHpPeYHd IpOJHpare
WHTpaKaHAIHUX MEAMKaMEHTa y ACHTUHCKe TyOyne (22, 275). Hamme, y unbummpanum
KOPEHCKHM KaHaJluMa OakTepuje ce Mory Hahu y IeHTHHCKMM TyOyiaama, u 1o 375 um (295),
U HBUXOBA NEP3UCTEHIIMja HAKOH XEMOMEXaHWYKe Mpenapaiuje Moxe OUTH OJroBOpHA 3a
penH(deKrjy KaHana 1 Heycliex Jeuyerma. Takohe, cTBOpeHH MPEeLUIUTaT MOXe Aa yTude Ha
aJIXe3Mjy MarepHjajyia 3a NymeHke 3a 3HJ0BE KaHala KopeHa (265) m Moke Ja CMamu
MIEHETPAIM]y MaTepHjaiia 3a Mymkemke Yy IeHTHHCKe TyOyire. [leneTpanuja cuiepa y TEHTHHCKE
TyOyne nosehaBa NOBPIIMHCKM KOHTAKT U3Mel)y I€HTHHA M MaTepHjajia 3a MyHhemhe, YNMe ce
MO’Ke TMOOO0JBIIATH pETEeHILMja MaTepujaja 3a MyHeme, ald U OCTBAPUTH aHTHUMUKPOOHH
epekar Ha OakTepuje Koje 3a0CTajy y ACHTUHCKUM TyOyiauma, u3o0iyjyhum ux oJ u3Bopa
XpanspuBHX Matepuja (296). lllTaBuine, npenumuTaT MOKe Aa MPEACTaBjba IyT MPEKO Kora
MoXe J0hu 10 mypema u3mel)y mymema KOpeHCKOT KaHalia U 3uj1a ieHTuHa. Vivacqua-Gomes
u cap. (265) cy youmnu na ce kombuHoBamwe 1% NaOCl u 2% CHX kox 3yba ca KaHaTHUM
nymemeM (aBopu3yje M0jaBy KOPOHAPHOI MHKpPOIypema. 3aHMMJBMBO je ucTahu naa je
npenunuTar crBopeH nocie upuranuje 17% EDTA + 2% CHX noBeo 10 3HayajHe OKITy3Hje
JNEHTUHCKUX TyOyna y CBUM JIeJIOBUMa KaHajla, anu Oe3 3HauyajaHujer yTHUIaja Ha
nepMeabuiIHOCT AeHTUHA. Ca Apyre cTpaHe, MpelUnuTaT CTBOpeH nocie upuranuje QMiX u
MTAD Huje 10Beo 10 3HA4ajHUX MPOMEHA y OpOjy OKIYAMPAHHUX JEHTHHCKHUX TyOyja HUTH
nepMeaOMIHOCTH JAeHTHHA. Mako Hucy 3alenexxeHe 3HavajHE TNPOMEHE Ha ITOBPIIWHHU
JNeHTHHA, npequnuTar crBopeH nocie upuranvje QMiX u MTAD, a noce6HO oHaj HacTao
nocie upuraimje 17% EDTA + 2% CHX je notpebHo nasbe ucnuTatu, moceOHO jep mopen

pe3yiTara OBOT UCTPaKMBamba, OBU MOJIALM Y IOCTYITHO] IUTEpaTypy HEOCTajy.
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HammM wucTpaxuBameM MpEHUNHTaTa YOYCHOT Ha MOBPIIMHM JACHTHHA JaJbe
nonspruyrom EDS ananmusum y 1muiby NOTBpAE MNpenumnurara U ojipehuBama HEroBOT
xemujckor cactaBa. ¥ CHX rpymu EDS ananusza mpenmmurara je mokasana IOCTOjambe
3nauajuo Bumie Cl y mopehemy ca npenunuraroM (GOpMUpAaHHM Yy APYTUM rpylnama U
Bpennoctuma Cl y neHTHHY KaHanma kopeHa (KOHTposiHa rpyma). CIMYHO OBUM Haja3uMa
Prado u cap. (279) cy takohe mokazamu Bucok HHBO Cl u mpucyctBo N u C y xemujckom
pa3mMa3HOM CJ10jy (MpenunuTary) HactaaoM rnocie komouaoBamba NaOCl u CHX. V3umajyhy
y 003up ma oBu enemenTH yiase y cacraB CHX (Cy2H30Cl2N1g) ayropu cy mperomocraBuiu
na je mpenunurar pesyarar gerpaganuje CHX okcumatusuum nenoBamem NaOCI (261). V
MIPUJIOT TOME ToBope M Hanasu o oacycTBy N u Hruckom HuBoy Cl y pasmasHoMm ciojy koju je
pe3yaTar MHCTPYMEHTalWje Kao W Ha 4YHCTOj MOBpUIMHM jAeHTHHA (261). U y oBom
UCTPaXUBaWky y KOHTPOJIHUM y3opiuMa koju cy ucnupanu NaOCl u pectuinoBaHoM BoIoM
nuje aerekroBan N 1ok je Cl Ouo npucyran y MaiuM KoJimuyrMHAMa. 3aHUMIBUBO je ucTahu ja
ce xeMujcku cactaB npeuunurara creopeHor y EDTA + CHX rpymu HEje pa3nukoBao o
oHor Hacraimor y QMiX rpymnu, mto He u3HeHalyje yzumajyhu y o03up aa QMiX y cBom
cacrapy capxu EDTA u CHX. MehytuMm, mpeuumnuraT y OBUM TIpymama ce IO CBOM
XEMH]CKOM CacTaBy HHUje 3Ha4ajHO pa3iukoBao HU of oHor HaheHor y CHX rpymu, ocum 3a
Bpennoct Cl. Morso 6u ce mpeTnoCTaBuTH Ja Ce CIMYHE PeakKilnje O/(BUjajy Mocie HPUraIuje
kanana 5,25% NaOCl u ¢unanne upuranuje 2% CHX, 17% EDTA + 2% CHX u QMiX,
OJTHOCHO J1a MPELUIUTAT HACTA0 Y TUM HMHTEpaKIijaMa je BepOBATHO MOCIEANIIAa HHTEPAKIIH]je
NaOCl u CHX mnpe nero unrepakuuje EDTA u CHX, xako je W paHHje CyreprcaHo Of
ctpane uctpaxupada (261). Mnak, y3umajyhu y 003up /1a je 0BO IPBO HCTPAXKUBAKE Y KOjeM
je aHaIM3WUpaH XEMHUJjCKU CTacTaB MpeHunuTara nocie upuranuje kanama 5,25% NaOCl u
¢unanne wpurammje 17% EDTA + 2% CHX u QMiX Huje moryhe crpoBecTu noaaTHa

nopeh C€Hhba U aHaJIn3cC.

OBoO je mpBO UCTpaXUBame y KojeM je oapelheHa xemHjcka CTpyKTypa MperunuraTa
Hacrasor nocne upuranuje kanana 1,3% NaOCl u MTAD. Cacras nperunurara y MTAD
TpylnH je MoKazao 3HayajHE BapHjallyje y OJHOCY Ha Apyre HUCIUWTUBaHE Irpyne. 3HadyajHa
pasznuka je Hahena y xonuunnu Ca, P, C, Cl u Na usmeh)y MTAD u QMiX rpymne, 10k je y
onHocy Ha CHX u EDTA + CHX rpyny Ta pasznuka ykbyuniaa 1 Mg u O. Jlokanu3zamuja
npeuunuTara (anekCHO/KpYHHYHO) HUje MMalla YTUIA) HAa XeMUJCKU cacTaB MpeLUNuTara y

CHX, EDTA + CHX u QMiX rpynu (ocum 3a Bpeauoct Cl y CHX rpymnu), miro Huje 61O
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cnydaj ca nperunurarom y MTAD rpynu rae cy yodeHe 3HavyajHe pazinke y konmnuuau Ca,
P, Mg, Cl u Na u3mel)y anexcHe u kopoHapHe Tpehune. Tayan y3pok OBHX pa3jiMKa joIl yBEK
HUje jacaH, aJld yKa3syje Jia XeMHjcke peakiuje koje ce nemanajy usmehy NaOCl u MTAD ce

3HAYajHO pa3jMKyjy o1 oHuX Koju yKibyuyjy NaOCl u CHX.

VY Bomenom pactBopy CHX moxke mocremeno nma xuaponusyje u dopmupa PCA. Crora
memame CHX u NaOCIl moxe ma y3pokyje xumponusy CHX Ha mame ¢parmente. IIpema
HEKUM TPETIIOCTaBKaMa MpBO J0Ja3H J0 KUAama Be3e n3Mely yribeHuKa u a3ora 300r Maie
JUCOLIMjalliOHe eHepruje Be3e u3Mmely oBa nBa aroma. Yciea oBe IUCOIHjallHje T0JIa3H 0
cTBapama u3Mel)y ocranux npoaykara u PCA (17). Cmarpa na je PCA kaHIeporeH 3a 4oBeka
u okuBotume (25, 260, 297) m ma MoKe JOBECTH JIO METXEMOIJIOOMHEMHjEe KOJI
HoBopohenuaau (298). [Ipeuunurar, 30or Tokcuunor egexra PCA Ha mepuanukaiHo TKHUBO,
MOXE OWTH OJrOBOpaH 3a MambM YCIEX CHIOJOHTCKE Tepanuje KaHaiga kopeHa (273).
JlureparypHH MOAALM Cy yKa3ald Jla TOKCHYHOCT HCIoJbaBa He camo PCA, HEero m meroBu
nerpaganonn npoayktu (260, 261). 3uatHe konmunHe PCA y mpenunuraty HacTaaoM y
unrepakuuju uzmel)y NaOCl u CHX cy HaljeHe mprMeHOM CIEKTOPCKOIHjEe PEHATCHCKUM
doroenektponuma (X-ray photoelectron spectroscopy (XPS)), TOF-SIMS (17) u GC/MS
(20). Nnak, PCA Huje HaljeH y mpenumuraTy Kaja je 3a aHaiu3y KopuiiheHa HyKJIepaHa
marHetHa pe3oHaniia (NMR) (260), kao vu teuna xpomarorpadwuja (high-performance liquid
chromatography (HPLC)), 'H-NMR, TLC, IR cmekrpockomuja 1 GC/MS  (28). V oBom
WCTpaXWBamwy je 3a amammsy mnpucycrBa PCA  xopumhena TLC, 'H-NMR u IR
cniekTpockonuja. CBe TpU aHaimM3e Cy MOKa3ajie Ja Ce y NMPEHUIHUTATy HACTaJOM MEUlameM
5,25% NaOCl u 2% CHX ne crBapa PCA, mro je y cariacHOCTH ca pe3yiaTaThMa
UCTpaXkuBama y KojeM cy kopuinheHe oBe Merone uiacHTH(ukanuje (28). 3aHUMIBUBO je
ucrahu ga Nowicki & Sem (261) nocne memara NaOCl u CHX nucy nanum PCA npumenom
NMR, amu youumnu TOCTOjalbe€ JBa JApyra MOJeKyna: mapa-xjopheHunypee W mapa-
xyoppeHunTBaHuAnI-1,6-IurBaHu NI XeKcaHa. TOKCHYHOCT OBUX jeAHICHA jOII HUje
UCTpakeHa, anu XxJjopdeHuiaypea Moxe gasbe na merabomume y PCA. CympoTHO OBHM
Hala3WMa, pes3yaTatd crymdja Basrani m cap. (17) u Arslan u cap. (20) cy ‘H-NMR
CIIEKTPOCKOMHjOM TOKa3aiu jaa mperunurar Hactao y uaTepakimju NaOCl u CHX y cBom
cactaBy caapxku PCA. V crymuju Arslan u cap. (20) ayropu cy Tymaummn "H-NMR criextap
u3melhy 6,5 u 8,5 ppm u mokazanu na curHanu 3abenexxenu Ha 7,0-8,0 ppm mpencrasibajy

PCA. MehyTum, 'H-NMR CTIIEKTPOCKONHjOoM HUCY oO0yxBaTuiu ananu3y yrcror PCA. Hanwme,
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na 6u ce morio pehu ga ce PCA dopmupa y peaknuju NaOCl u CHX npumenom 'H-NMR
aHaJM3e, HEOMXO/IHO je aa ce 3abenexu curnai amuuo rpyne (NH) va 5-5,5 ppm, mro Huje
MOKa3aHO y MOMEHYTOM HCTpakuBamy. To MOXe Ja yTHue Ha BEpOJOCTOJHOCT 10OMjeHOT
pesyarara. [lopen pa3nuka y eKCIepHMEHTATHUM YCIIOBUMA U aHAJUTHYKUM Meronama (27,
28) pasnuke y pesynraruma u3Mmel)y cryawja ce mory mponucatd U HectabuimHoctu PCA y
npucyctesy NaOCI (299). Haume, ycnen oxcumatuBnor aenoBama NaOCl PCA ce 0Op3o
TpaHcopMmHuILIe Y TapaxJop-HUTPOOCH3EH M JApyre MNpPOAYKTe, KOju Takohe HCIoshaBajy
Tokcn4daH edekar. Crora je moryhe na ce PCA cTBapa y nmpeuunuraty ajau Ja merora Op3a
Jerpajanmja cupedyaBa mweropy uacHrupukamujy (299). Memame 5,25% NaOCl u QMiX,
koju y cebu canpxku CHX, je 6uno npaheno HapaHyacTo-OpaoH mpebojaBameM pacTBOpa U
dbopmupameM mpenunuTara ¥ Mexypuha, anu (HopMUpaHU TPOIYKT y ceOM HHUjE CaIp>KUO
PCA. V H-NMR crniekTpy HakoH Memama 5,25% NaOCl u QMiX uuje naljeH HM jemaH of
curHana y peruony 4,50-8,50 ppm yxspyuyjyhu u one 3a CHX. To ce moxe mpunucatu
Hwkoj kommunan CHX y QMiX pactBopy (20). Ciuuno, crynuja Kolosowski u cap. (27),
npumeHoM TOF-SIMS metoze je moka3zana na ce He cTBapa HUTH npeuunutat Hutu PCA Ha
MOBPIIMHM JCHTHHA M y IEHTHHCKMM TyOymuma mocie Mmemama NaOCl u QMiX. Tlopen
NaOCl, CHX y kanany mosasu y koHTakT u ca EDTA, Te je cTora ucnurtaHo jaa Jiu ce y OBOj
uaTepakiju Gopmupa PCA. Jlobujenu pesynratu TLC u CHEKTPOCKOIICKHX aHAln3a Cy
nokasanu jga y npucyctBy EDTA we ponasu no pasnarama CHX u crBapama PCA. OBu
Hajas3u cy y carnacHoct ca cryaujom o uHrepakuuju CHX u EDTA (18) rme je HPLC
a”Hamu3a ykaszana ga CHX wne pasrpahyje EDTA u nma Genu Tamor xao mocieauua oBe
peakmyje mpeacTaBjba co (GopMupaHy HeyTrpamusanujom katujoHckor CHX u aHmoHcke

EDTA, npema jenHauuHu:

3 H2CHX2+(aq)+ 2 HEDTA3-(aq) «» (H2CHX)3(HEDTA)2(s) (jennaunna 1)

Kao pesynrar oBe unTepakiuje, goiaszu 1o cinabbema epexkra EDTA Ha pazmasnu cioj, e ce
300r TOra mpenopydyje Hcrnupame KaHaia (U3HOJIOIIKUM PacTBOPOM M3Mely /Ba pacTBopa
(18). Hacympor oBom Hamazy, kaaa ce 5,25% NaOCI| nomemra ca 17% EDTA, noGujenu
pe3yaTatd Cy ToOKa3alu Ja ce mnpenunurar He (opmupa, Beh cy Owim youeHH camo
Mexypuhu. IlpoaykT noOMjeH HUXOBUM MeEIIalkeM I0Ce HCIUpama pacTBapadya HUje
canpxkao PCA. Mexypuhu cy yriaBHOM HacTainu 300r (opMmupama Xjopa y CKIagy ca

cnenehum jennaunnama (132, 133):
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HOCl(aq) + NaOH(aq) «» NaOCl(aq) + H20(l) K= 3.20.106 (jemHauuna 2)
Cl12(g) + H20(1) «~» H+(aq) + HOCl(aq) + Cl-(aq) K= 1.04.10-3 (jennaunHa 3)
HOCl(aq) <> H+(aq)+ OCI-(aq) Ka= 3.20.10-8 (jennaunHa 4)

riae je K= koncranTa paBHOTe)ke W Ka = KOHCTaHTa paBHOTEKE KUCEIUHE U JIUCOLIH]jaIlH]e
OBwu pesynratu Mory ce objacautu tako mro je HOCI jako okcumarmono cpenctso u Cly

MOJKE HAaCTaTH PEIyKIHUjoM OBe Kuceaune y npucyctsy EDTA (133).

HOCI(aq) + 2H+ + 2e- « CI2(g) + 2H20 Eo=1,63 V (jenHauuna 5)
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7. 3AKJbYUIIU
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7. SBAKJbYYII

1.

2.

3.

4.

Wpuranuja kanaiga kopera 5,25% NaOCl u 2% CHX, 5,25% NaOCl u 17% EDTA +
2% CHX, 5,25% NaOCl u QMiX u 1,3% NaOCl u MTAD mnpahena je ctBapamem
NpeUUIUTaTa Ha MOBPIIMHU JICHTHHA KaHajla KOpeHa W y JCHTHHCKHM TYOYJIHMa.
[Ipeuunurar Huje HaleH mocne wucnupama KaHama KopeHa 5,25% NaOCl wu

JIECTUIIOBAHOM BOJIOM (KOHTPOJIHA TPYIIa).

Hajseha konwunHa mpenumnurara CTBOPEHA je Y KOPOHApHO], a HajMama y aneKCHO]
TpehMHU KaHaJla KOpeHa y CBaKOj O] MCIIMTHBAHUX KOMOHWHAIMja UpUTaHaca, JOK IO

KOpPEHCKUM TpehrHaMa Huje OUo pa3imke.

[MTocne upuranuje 5,25% NaOCl u 2% CHX, konu4nHa CTBOPEHOI MPEIMITUTATA Y
KopoHapHOoj TpehumHu kanana xopeHa Ouna je 3HayajHO Beha y mopehemy ca oHOM

crBopenom mocie upuraiuje 1,3% NaOCl u MTAD.

[Tocne mpuranumje 5,25% NaOCl u 2% CHX, xoimunHa mpenumnurata y Cpeiahoj
TpehnHu xanana xopeHa Ouia je 3Ha4ajHO Beha y OIHOCY Ha MPELUIHUTAT CTBOPEH

nocine upuranuje 5,25% NaOCl u QMiX.

[Tocne upuranuje 5,25% NaOCl u 2% CHX, konuyuHa TperunuTara y aneKcHoj
TpehnHu KaHana kopeHa Ouia je 3HauajHO Beha y nopehemy ca OHOM HaCcTaJIOM Mocie

upuranyje 5,25% NaOCl u QMiX u 1,3% NaOCl u MTAD.

bpoj 3aTBOpeHNX NEeHTHMHCKUX TyOyiia Ha MOBPIIMHM KaHalla KOPEHa MOCie HpUTaluje
5,25% NaOCl u 2% CHX je y cBuM kopeHCKHUM TpehmHama Ouo 3Ha4ajHo Behu y
nopehemy ca 6pojem 3aTBOpPEHUX JCHTUHCKUX TyOyJIa mocie ucnupama 5,25% NaOCl
U IECTUIIOBAHOM BOJIOM (KOHTpoJHa rpyna), 5,25% NaOCl u QMiX u 5,25% NaOCl
u MTAD.

bpoj 3aTBOpeHuX NEHTUHCKUX TyOyna y KopoHapHO] TpehuHu je 6uo 3HauajHo Behu
on oHor mocie ucnupama 5,25% NaOCl u QMiX u 1,3% NaOCl u MTAD a y

cpenmoj Tpehnan 3HagajHo Behu o1 oHOT Tociie ucupama 5,25% NaOCl u QMiX.

bpoj 3aTBOpeHHMX NEHTHMHCKUX TyOyjia y MCIHUTHBAaHUM KOMOMHallMjaMa HMpuUraHaca

6uo je HajBehm y anekcHOj, a HAjMalbU Yy KOPOHAPHOj TpehMHHU KaHaNa KOpeHa.
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[Tocne upuranuje 5,25% NaOCl u 17% EDTA + 2% CHX u 1,3% NaOCl u MTAD
Haa3uMo 3HavajaHo Behu Opoj 3aTBOpPEHHMX JEHTHHCKUX TyOyia y ameKCHOj HEero y

KOpOHapHOj TpehuHu.

[Tocne upurarmje 5,25% NaOCl u QMiX nanazumo 3Hadajano Behu Opoj 3aTBOpEeHHX

JNEHTUHCKUX TyOyJia y alleKCHOj ¥ Cpeiih0] Y OAHOCY Ha KOpOHApHY TpehuHy.

. OTBOpeHOCT NEHTUHCKUX TyOysa J0Ka3aHa je 3HauajHo BehoM meHerparjom 0oje y
JeHTUHCKE TyOyne, mocine wupuramgje 5,25% NaOCl u gecTuinoBaHoM BOAOM

(KOHTpOJHA TpYyIIA).

VY CcBUM HCIHUTHUBaHMM KOMOMHallMjamMa HMpHUraHaca je 3a0esie)keHa 3Ha4dajHO Beha
ne”erpauuja 6oje Hero nocie upuranyje 5,25% NaOCl u 2% CHX u oTBOpeHOCT

JCHTUHCKUX TyOyia je Onia HajJIoluMja mocie Hpurayje 0BOM KOMOWHAIIH]OM.

[Tocne upuramuje, komOunanujom 5,25% NaOCl u QMiX, kao u kombunauujom 1,3%
NaOCl u MTAD, y cBuUM KOpeHCKUM TpehuHamMa OCTBapeHH Cy pe3yiTaru

HAjIIPUOJIMKHUjH KOHTPOJIHOj TPYIIH.

. Hajeeha menerpammja 60je je 3abeiexkeHa y KOpPOHApHO)j, a HajMama y aleKCHO]
TpehHM KaHajga KOpPEHa Yy CBakoj OJf UCIHMTHUBAHMX KOMOWHAIMja HMpHraHaca, ca

3HA4YajHOM pa3nuKoM u3Mel)y kopenckux rpehuna.

. Y ogHOCY Ha MCIIUTHBAH XeMHjcku cactaB, EDS ananuzom mokaszaHo je na KOTU4HMHE
Cl y canpxajy npenunurata, Hactaior mocie upuraiyje 5,25% NaOCl u 2% CHX

J€ 3HauyajHO BUILM y opehemy ca CBUM Ipynama, yKjbydyjyhu U KOHTPOJIHY Tpymy.

CacTaB XeMHjCKHX eJleMeHaTa y mpeuunutary mnocie upuramuje 5,25% NaOCl u 2%
CHX, 5,25% NaOCl u 17% EDTA + 2% CHX u 5,25% NaOCl u QMiX y anekcHoj
U KopoHapHoj TpehmHH kaHana ce Huje pa3nukoBao ocuM 3a BpegHoct Cl mocie
ucnupama 5,25% NaOCl u 2% CHX. Ilocne upwuranuje xanama 1,3% NaOCl u
MTAD xemujcku cacTaB NpeLUIIMTaTa j€ HajBHUILIE IPOMEHEH, ca 3Ha4ajHOM
paznukoMm y konmuuuu Ca, P, Mg, Cl u Na y cactaBy mpenunurara usmel)y anekche

U KOpoHapHe TpehuHe.

. IIpucyctBo PCA y cactaBy npenunuraTa HUje MOKa3aHO HU Yy jeJHOj OJf KOMOMHaIMja
upuranaca kopumhersem TLC, '"H NMR u IR anamusa.

84



8. IUTEPATYPA

85



8. JUTEPATYPA

1.

10.

11.

12.

13.

14.

Fernandez R1, Cadavid D, Zapata SM, Alvarez LG, Restrepo FA. Impact of three
radiographic methods in the outcome of nonsurgical endodontic treatment: a five-year
follow-up. J Endod. 2013;39(9):1097-1103.

Ricucci D, Russo J, Rutberg M, Burleson JA, Spangberg LS. A prospective cohort
study of endodontic treatments of 1,369 root canals: results after 5 years. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod. 2011;112(6):825-842.

Sjogren U, Figdor D, Persson S, Sundgvist G. Influence of infection at the time of root
filling on the outcome of endodontic treatment of teeth with apical periodontitis. Int
Endod J. 1997;30(5):297-306.

Dalton BC, Orstavik D, Phillips C, Pettiette M, Trope M. Bacterial reduction with
nickel-titanium rotary instrumentation. J Endod 1998;24(11):763-767.

Heling 11, Chandler NP. Antimicrobial effect of irrigant combinations within dentinal
tubules. Int Endod J. 1998;31(1):8-14.

Haapasalo M, Shen Y, Wang Z, Gao Y. Irrigation in endodontics. Br Dent J 2014;
216(6):299-303.

Rossi-Fedele G, Dogramaci EJ, Guastalli AR,Steier L, de Figueiredo JA. Antagonistic
interactions between sodium hypochlorite, chlorhexidine, EDTA, and citric acid. J
Endod 2012; 38(4):426-431.

Nogo-Zivanovic D, Bjelovic Lj, Ivanovic V, Kanjevac T, Tanackovic |. Consideration
of therapeutic possibilities of irrigants in endodontic therapy. Ser J Exp Clin Res 2018;
in press [DOI:10.1515/SJECR-2016-0095].

Zehnder M. Root canal irrigants. J Endod 2006; 32(5):389-398.

Calt S, Serper A. Time-dependent effects of EDTA on dentin structures. J Endod
2002; 28(1):17-19.

Mohammadi Z, Abbott PV. Antimicrobial substantivity of root canal irrigants and
medicaments: a review. Aust Endod J 2009;35(3):131-139.

Rogas IN, Siqueira JF Jr. Comparison of the in vivo antimicrobial effectiveness of
sodium hypochlorite and chlorhexidine used as root canal irrigants: a molecular
microbiology study. J Endod 2011;37(2):143-150.

Souza MA, Montagner A, Lana DL, Vidal CM, Farina AP, Cecchin D. Comparative
evaluation of the retaining of QMix and chlorhexidine formulations on human dentin:
a chemical analysis. Clinical Oral Investigations 2016; doi:10.1007/s00784-016-1837-
9.

Torabinejad M, Shabahang S, Aprecio RM, Kattering JD. The antimicrobial effect of
MTAD: an in vitro investigation. J Endod 2003;29(6):400-403.

86



15.

16.

17.

18.

Lin Dai, Khaled K, Sara K, et al. The effect of QMiX, an Experimental antibacterial
root canal irrigant, on removal of canal wall smear layer and debris. J Endod
2011;37(1):80-84.

Qian W, Shen Y, Haapasalo M. Quantitative analysis of the effect of irrigant solution
sequences on dentin erosion. J Endod 2011;37(10):1437-1441.

Basrani BR, Manek S, Sodhi RNS, Fillery E, Manzur A. Interaction between
sodium hypochlorite and chlorhexidine gluconate. J Endod 2007;33(8):966—969.

Rasimick BJ, Nekich M, Hladek M, Musikant BL, Deutsch AS. Interaction between
chlorhexidine digluconate and EDTA. J Endod 2008;34(12):1521-1523.

19. Tay FR, Mazzoni A, Pashley DH, Day TE, Ngoh EC, Breschi L. Potential iatrogenic

tetracycline staining of endodontically treated teeth via NaOCI/MTAD irrigation: a
preliminary report. J Endod 2006;32(4):354-358.

20. Arslan H, Uygun AD, Keskin A, Karatas E, Seckin F, Yildirim A. Evaluation of

21.

orange-brown precipitate formed in root canals after irrigation with chlorhexidine and
QMix and spectroscopic analysis of precipitates produces by a mixture of
chlorhexidine/ NaOCI and QMix/ NaOCI. Int Endod J 2015;48(10):1199-1203.

Luiz PC, Fernandes D, Damiao M, et al. Determination of parachloroaniline and
reactive oxygen species in chlorhexidine and chlorhexidine associated with calcium
hydroxide. J Endod 2008;34(12):1508-1514.

22. Akisue E, Tomita VS, Gavini G, Poli de Figueiredo JA. Effect of the combination of

23.

24,

25.

sodium hypochlorite and chlorhexidine on dentinal permeability and scanning
electron microscopy precipitate observation. J Endod 2010;36(5):847-850.

Cintra LT1, Watanabe S, Samuel RO, da Silva Facundo AC, de Azevedo Queiroz 10,
Dezan-Junior E, Gomes-Filho JE. The use of NaOCI in combination with CHX
produces cytotoxic product. Clin Oral Investig. 2014;18(3):935-940.

Kacmar P, Pistl J, Mikulal. The efect of p-chloroaniline on leucocytes of cheep
peripheral blood under the migration-inhibition test conditions. Immunopharmacol
Immunotoxicol 1995;17(3):577-584.

Chhabra RS, Huff JE, Haseman JK, Elwell MR, Peters AC. Carcinogenicity of p-
chloroaniline in rats and mice. Food Chem Toxicol 1991;29(2):119-124.

26. Vivacqua-Gomes N, Ferraz CC, Gomes BP, Zaia AA, Teixeira FB, Souza-Filho FJ.

27.

Influence of irrigants on the coronal microleakage of laterally condensed gutta-percha
root fillings. Int Endod J. 2002;35(9):791-795.

Kolosowski KP, Sodhi rn, Kishen A, Basrani BR. Qualitative analysis of precipitate

formation on the surface and in the tubules of dentin irrigated with sodium
hypochlorite and final rinse of chlorhexidine or QMix. J Endod 2014;40(12):36-40.

87



28. Orhan EO, Irmak O, Hiir D, Yaman BC, Karabucak B Does para-chloroaniline really
form after mixing sodium hypochlorite and chlorhexidine? J Endod 2016;42(3):455-
459.

29. Linde A, Goldberg M. Dentinogenesis. Crit Rev Oral Biol Med 1993;4(5):679-728.

30. Coklica V, Brudevold F, Amdur BH. The distribution and composition of density
fractions from human crown dentine. Arch Oral Biol 1969;14(5):451-460.

31. Foreman PC, Soames JV. Comparative study of the composition of primary and
secondary dentine. Caries Res 1989;23(1):1-4.

32. Linde A. Dentin Matrix Proteins:Composition and Possible Functions in Calcification,
Anat Rec 1989;224(2):154-166).

33. Woltgens, J.H.M, Bronckers, A.l1.J.J, Lyaruu, D.M. Fifth international conference on
tooth morphogenetis and differentation, Connect Tissue Res 1995;32,33,554 pp.

34. Butler WT, Ritchie H. The nature and functional significance of dentin extracellular
matrix proteins. Int J Dev Biol 1995;39(1):169-179.

35. Gage JP. Electrophoretic characterization of peptides from normal mature human
dentine. Arch Oral Biol 1984;29(8):575-580.

36. Lussi A, Lide A. Mineral Induction in vivo by Dentine Proteins. Caries Res,
1993;27(4):241-248.

37.Weiner S, Veis A, Beniash E, Arad T, Dillon JW, Sabsay B, et al. Peritubular
dentin formation: crystal organization and the macromolecular constituents in
human teeth. J Struct Biol 1999;126(1):27-41.

38. Pashley DH. Dynamics of the pulpo-dentin complex. Crit Rev Oral Biol Med
1996;7(2):104-133.

39. Kuttler Y. Classification of dentine into primary, secondary, and tertiary. Oral
Surg Oral Med Oral Pathol 1959;12(8):996-999.

40. Zilberman U1, Smith P. Sex- and age-related differences in primary and secondary
dentin formation. Adv Dent Res 2001;15(8):42-45.

41. Herr P, Holz J, Baume LJ. Mantle dentine in man--a quantitative microradiographic
study. J Biol Buccale 1986;14(2):139-146.

42. Berkovitz BK, Holland GR, Moxham BJ. 3rd ed. Edinburgh: Mosby International
Limited; 2002. Oral Anatomy, Embryology and Histology.

43. Torneck CD. Dentin pulp complex. In: Tencate AR, editor. Oral Histology. 5th ed.
Singapore: Harcourt Asia Pte Ltd; 1999. p. 152.

44. Becker J, Schuppan D, Benzian H, Bals T, Hahn EG, Cantaluppi C, et al.
Immunohistochemical distribution of collagens types 1V, V, and VI and of pro-
collagens types |1 and 1ll in human alveolar bone and dentine. J
Histochem Cytochem 1986;34(11):1417-1429.

88



45. Praveen SB, Ram MM, Ravi PA, Mandana D, Sushruth N, Selvamani M. Predentin

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

S7.

58.

59.

60.

61.

thickness analysis in developing and developed permanent teeth. Journal of Natural
Science, Bilogy and Medicine 2015;6(2):310-313.

Michel G, Askok BK, Marian Y, Adele B. Dentin: Structure, Composition and
Mineralization. Front Biosci (Elite Ed). 2011;3:711-735.

Stanley HR, White CL, McCray L. The rate of tertiary (reparative) dentine
formation in the human tooth. Oral Surg Oral Med Oral Pathol 1966;21(2):180-189.

Linde A, Goldberg M. Dentinogenesis.Critical Rewiews in Oral Biology and medicine
1993; 4(5):679-728.

Hug N L. N-terminal sequencing analysis of bovine dentine phosphophoryn after
conversion of phosphoseryl to S-propyl-cysteinly residues. J Dent Res 2000;
79(11):1914-1919.

Byers MR, Sugaya A. Odontoblast processes in dentin revealed by fluorescent Di-I. J
Histochem Cytochem 1995;43(2):159-168.

Goracci G, Mori G, Baldi M. Terminal end of the human odontoblast process: a study
using SEM and confocal microscopy. Clin Oral Investig 1999;3(3):126-132.

Goracci G, Mori G, Marci F, Baldi M. Extent of the odontoblastic process.
Analysis by SEM and confocal microscopy. Minerva Stomatol 1999;48(1-2):1-8.

Garberoglio R, Brinnstrom M. Scanning electron microscopic investigation of
human dentinal tubules. Arch Oral Biol 1976;21(6):355-362.

Fosse G, Saele PK, Eide R. Numerical density and distributional pattern of dentin
tubules. Acta Odontol Scand 1992;50(4):201-210.

Carrigan PJ, Morse DR, Furst ML, Sinai IH. A scanning electron microscopic
evaluation of human dentinal tubules according to age and location. J
Endod 1984;10(8):359-363.

Zaslansky P, Zabler S, Fratzl P. 3D variations in human crown dentin tubule
orientation: a phase-contrast microtomography study. Dent Mater 2010;26(1):e1-10.

Mjor IA, Nordahl I. The density and branching of dentinal tubules in human teeth.
Arch Oral Biol 1996;41(5):401-412.

Vasiliadis L, Darling Al, Levers BG. The amount and distribution of sclerotic
human root dentine. Arch Oral Biol 1983;28(7):645-649.

Vasiliadis L, Darling Al, Levers BG. The histology of sclerotic human root
dentine. Arch Oral Biol 1983;28(8):693-700.

Tagami J, Hosoda H, Burrow MF, Nakajima M. Effect of aging and caries on
dentin permeability. Proc Finn Dent Soc 1992;88 Suppl 1:149-154.

Coffey CT, Ingram MJ, Bjorndal AM. Analysis of human dentinal fluid. Oral
Surg Oral Med Oral Pathol 1970;30(6):835-837.

89



62.

Siqueira JF, Rogas IN, Paiva SS, Magalhdes KM, Guimaraes-Pinto T. Cultivable
bacteria in infected root canals as identified by 16S rRNA gene sequencing.
Oral Microbiol Immunol 2007;22(4):266-271.

63. Nair PN, Sjogren U, Krey G, Kahnberg KE, Sundqvist G. Intraradicular bacteria and

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

fungi in root-filled, asymptomatic human teeth with therapy-resistant periapical
lesions: a long-term light and electron microscopic follow-up study. J
Endod 1990;16(12):580-588.

Siqueira JF, De Uzeda M, Fonseca ME. A scanning electron microscopic
evaluation of in vitro dentinal tubules penetration by selected anaerobic bacteria. J
Endod 1996;22(6):308-310.

Nagaoka S, Miyazaki Y, Liu HJ, Iwamoto Y, Kitano M, Kawagoe M. Bacterial
invasion into dentinal tubules of human vital and nonvital teeth. J Endod
1995;21(2):70-73.

Lundy T, Stanley HR. Correlation of pulpal histopathology and clinical symptoms in
human teeth subjected to experimental irritation. Oral Surg Oral Med Oral
Pathol 1969;27(2):187-201.

Olgart L, Brinnstrom M, Johnson G. Invasion of bacteria into dentinal tubules.
Experiments in vivo and in vitro. Acta Odontol Scand 1974;32(1):61-70.

Horiba N, Maekawa Y, Matsumoto T, Nakamura H. A study of the distribution of
endotoxin in the dentinal wall of infected root canals. J Endod 1990;16(7):331-334.

Sen BH, Piskin B, Demirci T. Observation of bacteria and fungi in infected root canals
and dentinal tubules by SEM. Endod Dent Traumatol 1995;11(1):6-9.

Love RM, Jenkinson HF. Invasion of dentinal tubules by oral bacteria. Crit Rev Oral
Biol Med 2002;13(2):171-183.

Hargreaves K, Cohen S. Cohen's Pathways of the Pulp Expert Consult. In. 10th ed. St.
Louis: Mosby Elsevier; 2011. p. 246.

Shen Y, Gao Y, Lin J, Ma J, Wang Z, Haapasalo M. Methods and models to study
irrigation. Endod Topics 2012;27(2):3-34.

Haapasalo M, Shen Y, Qian W, Gao Y. Irrigation in endodontics. Dent Clin North Am
2010;54(2):291-312.

Shuping GB, Orstavik D, Sigurdsson A, Trope M. Reduction of intracanal bacteria
using nickel-titanium rotary instrumentation and various medications. J Endod
2000;26(12):751-55.

Hiilsmann M, Rodig T, Nordmeyer S. Complications during root canal irrigation.
Endod Topics 2007;16(3):27-63.

Basrani B, Haapasalo M. Update on endodontic irrigating solutions. Endod Topics
2012;27(3):74-102.

90



77,

78.

79.

80.

81.

82.

83.

84.

Slaus G, Bottenberg P. A survey of endodontic practice amongst Flemish dentists. Int
Endod J 2002;35(9):759-767.

Clarkson RM, Podlich HM, Savage NW, Moule AJ. A survey of sodium
hypochlorite use by general dental practitioners and endodontists in Australia. Aust
Dent J 2003;48(1):20-26.

Dutner J, Mines P, Anderson A. Irrigation trends among American Association of
Endodontists members: a web-based survey. J Endod 2012;38(1):37-40.

Estrela C, Estrela CR, Barbin EL, Span6 JC, Marchesan MA, Pécora JD. Mechanism
of action of sodium hypochlorite. Braz Dent J 2002;13(2):113-117.

Del Carpio-Perochena AE, Bramante CM, Duarte MA, Cavenago BC, Villas-Boas
MH, Graeff MS, et al. Biofilm dissolution and cleaning ability of different irrigant
solutions on intraorally infected dentin. J Endod 2011;37(8):1134-1138.

Giardino L, Ambu E, Savoldi E, Rimondini R, Cassanelli C, Debbia EA. Comparative
evaluation of antimicrobial efficacy of sodium hypochlorite, MTAD, and Tetraclean
against Enterococcus faecalis biofilm. J Endod 2007;33(7):852-855.

Basrani B, Haapasalo M. Topical disinfectant for root canal irrigation. In: Cohenca N,
editor. Disinfection of root canal systems: The treatment of apical periodontitis.
Wiley-Blackwell, 2014;p;109-40.

Stojicic S, Zivkovic S, Qian W, Zhang H, Haapasalo M. Tissue dissolution by sodium
hypochlorite: effect of concentration, temperature, agitation, and surfactant. J Endod.
2010;36(9):1558-1562.

85. Bystrom A, Sundqvist G. Bacteriologic evaluation of the efficacy of mechanical root

86.

87.

88.

89.

90.

canal instrumentation in endodontic therapy. Scand J Dent Res. 1981;89(4):321-8.

Moorer WR, Wesselink PR. Factors promoting the tissue dissolving capability of
sodium hypochlorite. Int Endod J 1982;15(4):187-196.

Siqueira JF Jrl, Rogas IN, Favieri A, Lima KC. Chemomechanical reduction of the
bacterial population in the root canal after instrumentation and irrigation with 1%,
2.5%, and 5.25% sodium hypochlorite. J Endod. 2000;26(6):331-4.

Spangberg L, Engstrom B, Langeland K. Biologic effects of dental materials. 3.
Toxicity and antimicrobial effect of endodontic antiseptics in vitro. Oral Surg Oral
Med Oral Pathol. 1973;36(6):856-71.

Gomes BP, Ferraz CC, Vianna ME, Berber VB, Teixeira FB, Souza-Filho FJ. In vitro
antimicrobial activity of several concentrations of sodium hypochlorite and
chlorhexidine gluconate in the elimination of Enterococcus faecalis. Int Endod J
2001;34(6):424-428.

Radcliffe CE, Potouridou L, Qureshi R, Habahbeh N, Qualtrough A, Worthington H,
Drucker DB. Antimicrobial activity of varying concentrations of sodium hypochlorite
on the endodontic microorganisms Actinomyces israelii, A. naeslundii, Candida
albicans and Enterococcus faecalis. Int Endod J. 2004;37(7):438-446.

91



91. Vianna ME, Gomes BP, Berber VB, Zaia AA, Ferraz CC, de Souza-Filho FJ. In vitro
evaluation of the antimicrobial activity of chlorhexidine and sodium hypochlorite.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2004;97(1):79-84.

92. Waltimo TM, Orstavik D, Sirén EK, Haapasalo MP. In vitro susceptibility of
Candida albicans to four disinfectants and their combinations. Int Endod J
1999;32(6):421-429.

93. Martinho FC, Gomes BP. Quantification of endotoxins and cultivable bacteria in root
canal infection before and after chemomechanical preparation with 2.5% sodium
hypochlorite. J Endod 2008;34(3):268-272.

94. Vianna ME, Horz HP, Conrads G, Zaia AA, Souza-Filho FJ, Gomes BP. Effect of root
canal procedures on endotoxins and endodontic pathogens. Oral Microbiol Immunol
2007;22(6):411-418.

95. Silva LA, Leonardo MR, Assed S, Tanomaru Filho M. Histological study of the effect
of some irrigating solutions on bacterial endotoxin in dogs. Braz Dent J
2004;15(2):109-114.

96. Gordon TM, Damato D, Christner P. Solvent effect of various dilutions of sodium
hypochlorite on vital and necrotic tissue. J Endod 1981;7(10):466-469.

97.Behrents KT, Speer ML, Noujeim M. Sodium hypochlorite accident with
evaluation by cone beam computed tomography. Int Endod J 2012;45(5):492-498.

98. Kleier DJ, Averbach RE, Mehdipour O. The sodium hypochlorite accident:
experience of diplomates of the American Board of Endodontics. J Endod
2008;34(11):1346-1350.

99. Kerbl FM, DeVilliers P, Litaker M, Eleazer PD. Physical effects of sodium
hypochlorite on bone: an ex vivo study. J Endod 2012;38(3):357-359.

100. Zaparolli D, Saquy PC, Cruz-Filho AM. Effect of sodium hypochlorite and
EDTA irrigation, individually and in alternation, on dentin microhardness at the
furcation area of mandibular molars. Braz Dent J 2012;23(6):654-658.

101. Slutzky-Goldberg I, Maree M, Liberman R, Heling I. Effect of sodium
hypochlorite on dentin microhardness. J Endod 2004;30(12):880-882.

102. Grigoratos D, Knowles J, Ng YL, Gulabivala K. Effect of exposing dentine
to sodium hypochlorite and calcium hydroxide on its flexural strength and elastic
modulus. Int Endod J 2001;34(2):113-119.

103. Marending M, Paqué F, Fischer J, Zehnder M. Impact of irrigant sequence on
mechanical properties of human root dentin. J Endod 2007;33(11):1325-1328.

104. Butt N, Talwar S. In-vitro evaluation of various solvents for retrieval of
mineral trioxide aggregate and their effect on microhardness of dentin. J
Conserv Dent 2013;16(3):199-202.

92



105. Oyarzin A, Cordero AM, Whittle M. Immunohistochemical evaluation of
the effects of sodium hypochlorite on dentin collagen and glycosaminoglycans. J
Endod 2002;28(3):152-156.

106. Niu W, Yoshioka T, Kobayashi C, Suda H. A scanning electron microscopic
study of dentinal erosion by final irrigation with EDTA and NaOCI solutions. Int
Endod J 2002;35(11):934-939.

107. Zhang K, Tay FR, Kim YK, Mitchell JK, Kim JR, Carrilho M, et al. The effect
of initial irrigation with two different sodium hypochlorite concentrations on the
erosion of instrumented radicular dentin. Dent Mater 2010;26(6):514-523.

108. Aldridge WN. The biochemical principles of toxicology. Exp Toxicol
1993;5:56-78.

109. ISO 10993. Biological evaluation of dental devices. International Standards
Organization 1992.

110. Schmalz G. Agar overlay method. Int Endod J 1988;21:59-66.

111. Barnhart BD, Chuang A, Lucca JJ, Roberts S, Liewehr F, Joyce AP. An in

vitro valuation of the cytotoxicity of various endodontic irrigants on human
gingival fibroblasts. J Endod 2005;31(8):613-615.

112. Alacam T, Omiirlii H, Ozkul A, Gorgiil G, Misirligil A. Cytotoxicity versus
antibacterial activity of some antiseptics in vitro. J Nihon Univ Sch Dent
1993;35(1):22-27.

113. Nishikiori R, Nomura Y, Sawajiri M, Masuki K, Hirata I, Okazaki M.
Influence of chlorine dioxide on cell death and cell cycle of human gingival
fibroblasts. J Dent 2008;36(12):993-998.

114. Spangberg L, Engstrom B, Langeland K. Biological effects of dental
materials. Toxicity and antimicrobial effect of endodontic antiseptic in vitro. Oral
Surg 1973;36:856-871.

115. Heling I, Rotstein I, Dinur T, Szwec-Levine Y, Steinberg D. Bactericidal and
cytotoxic effects of sodium hypochlorite and sodium dichloroisocyanurate solutions
in vitro. J Endod 2001;27(4):278-280.

116. Masillamoni CR, Kettering JD, Torabinejad M. The biocompatibility of some
root canal medicaments and irrigants. Int Endod J 1981;14(2):115-120.

117. Marins JS, Sassone LM, Fidel SR, Ribeiro DA. In vitro genotoxicity and
cytotoxicity in murine fibroblasts exposed to EDTA, NaOCI, MTAD and citric acid.
Braz Dent J 2012;23(5):527-533.

118. Meier JR, Bull RJ, Stober JA, Cimino MC. Evaluation of chemicals used for
drinking water disinfection for production of chromosomal damage and sperm-head
abnormalities in mice. Environ Mutagen 1985;7(2):201-211.

93



119. Ishidate M, Sofuni T, Yoshikawa K, Hayashi M, Nohmi T, Sawada M. Primary
mutagenicity screening of food additives currently used in Japan. Food Chem
Toxicol 1984;22(8):623-636.

120. Gul S, Savsar A, Tayfa Z. Cytotoxic and genotoxic effects of sodium
hypochlorite  on human peripheral lymphocytes in vitro. Cytotechnology
2009;59(2):113-119.

121. Kuga MC, Gouveia-Jorge E, Tanomaru-Filho M, Guerreiro-Tanomaru JM,
Bonetti-Filho I, Faria G. Penetration into dentin of sodium hypochlorite associated
with acid solutions. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2011;112(6):e155-159.

122. Zou L, Shen Y, Li W, Haapasalo M. Penetration of sodium hypochlorite into
dentin. J Endod 2010;36(5):793-796.

123. Wang Z, Shen Y, Haapasalo M. Effectiveness of endodontic disinfecting
solutions against young and old Enterococcus faecalis biofilms in dentin canals. J
Endod 2012;38(10):1376-1379.

124, Berber VB, Gomes BP, Sena NT, Vianna ME, Ferraz CC, Zaia AA. Efficacy
of various concentrations of NaOCI and instrumentation techniques in reducing
Enterococcus faecalis within root canals and dentinal tubules. Int Endod J
2006;39(1):10-17.

125. Wang Z, Shen Y, Haapasalo M. Effect of smear layer against disinfection
protocols on Enterococcus faecalis-infected dentin. J Endod 2013;39(11):1395-1400.

126. Ma J, Wang Z, Shen Y, Haapasalo M. A new noninvasive model to study the
effectiveness of dentin disinfection by using confocal laser scanning microscopy. J
Endod 2011;37(10):1380-1385.

127. Berutti E, Marini R, Angeretti A. Penetration ability of different irrigants into
dentinal tubules. J Endod 1997;23(12):725-727.

128. Buck RA, Eleazer PD, Staat RH, Scheetz JP. Effectiveness of three endodontic
irrigants at various tubular depths in human dentin. J Endod 2001;27(3):206-208.

129. BuckR , Eleazer PD, Staat RH. In vitro disinfection of dentinal tubules by
various endodontics irrigants. J Endod 1999;25(12):786-788.

130. Slutzky-Goldberg I, Hanut A, Matalon S, Baev V, Slutzky H. The effect of
dentin on the pulp tissue dissolution capacity of sodium hypochlorite and calcium
hydroxide. J Endod 2013;39(8):980-983.

131. Haapasalo HK, Sirén EK, Waltimo TM, Orstavik D, Haapasalo MP.
Inactivation of local root canal medicaments by dentine: an in vitro study.
Int Endod J2000;33(2):126-131.

132. Prado M, Santos Junior HM, Rezende CM, Pinto AC, Faria RB, Simao RA, et
al. Interactions between irrigants commonly used in endodontic practice: a
chemical analysis. J Endod 2013;39(4):505-510.

94



133. Clarkson RM, Podlich HM, Moule AJ.Influence of ethylenediaminetetraacetic
acid on the active chlorine content of sodium hypochlorite solutions when mixed in
various proportions. J Endod 2011;37(4):538-543.

134. Zehnder M, Schmidlin P, Sener B, Waltimo T. Chelation in root canal therapy
reconsidered. J Endod 2005;31(11):817-820.

135. Baumgartner JC, lbay AC. The chemical reactions of irrigants used for root
canal debridement. J Endod 1987;13(2):47-51.

136. Grawehr M, Sener B, Waltimo T, Zehnder M. Interactions of ethylenediamine
tetraacetic acid with sodium hypochlorite in aqueous solutions. Int Endod J
2003;36(6):411-417.

137. Irala LE, Grazziotin-Soares R, Salles AA, Munari AZ, Pereira JS. Dissolution
of bovine pulp tissue in solutions consisting of varying NaOCI concentrations and
combined with EDTA. Braz Oral Res 2010;24(3):271-276.

138. Loe H, Schiott CR. The effect of mouthrinses and topical application of
chlorhexidine on the development of dental plaque and gingivitis in man. J Periodontal
Res 1970;5(2):79-83.

139. Sodhi R, Manek S, Fillery E, Basrani B. Tof-SIMS studies on chlorhexidine
and its reaction products with sodium hypochlorite to ascertain decomposition
products. Surface and Interface Analysis 2011;43(1-2):591-594.

140. Jordan RA, Holzner AL, Markovic L, Brueckner I, Zimmer S.Clinical
effectiveness of basic root canal treatment after 24 months: a randomized controlled
trial. J Endod 2014;40(4):465-470.

141. Ng YL, Mann V, Gulabivala K. A prospective study of the factors affecting
outcomes of nonsurgical root canal treatment: part 1: periapical health. Int Endod J
2011;44(7):583-609.

142. Fardal O, Turnbull RS. A review of the literature on use of chlorhexidine in
dentistry. J Am Dent Assoc 1986;112(6):863-869.

143. Davies A. The mode of action of chlorhexidine. J Periodontal Res Suppl
1973;12:68-75.

144. Hugo WB, Longworth AR. The effect of chlorhexidine on the electrophoretic
mobility, cytoplasmic constituents, dehydrogenase activity and cell walls of
Escherichia coli and Staphylococcus aureus. J Pharm Pharmacol 1966;18(9):569-578.

145. Hugo WB, Longworth AR. Some aspects of the mode of action of
chlorhexidine. J Pharm Pharmacol 1964;16:655-662.

146. Hennessey TS. Some antibacterial properties of chlorhexidine. J Periodontal
Res Suppl 1973;12:61-67.

147. Hugo WB, Longworth AR. Cytological aspects of the mode of action of
chlorhexidine diacetate. J Pharm Pharmacol 1965;17:28-32.

95



148. Vahdaty A, Pitt Ford TR, Wilson RF. Efficacy of chlorhexidine in disinfecting
dentinal tubules in vitro. Endod Dent Traumatol 1993;9(6):243-248.

149. Bystrom A, Sundqvist G. The antibacterial action of sodium hypochlorite and
EDTA in 60 cases of endodontic therapy. Int Endod J 1985;18(1):35-40.

150. Wang Z, Shen Y, Ma J, Haapasalo M. The effect of detergents on the
antibacterial activity of disinfecting solutions in dentin. J Endod 2012;38(7):948-953.

151. Stojicic S, Shen Y, Qian W, Johnson B, Haapasalo M. Antibacterial and
smear layer removal ability of a novel irrigant, QMiX. Int Endod J 2012;45(4):363-
371.

152. Ohara P, Torabinejad M, Kettering JD. Antibacterial effects of various
endodontic irrigants on selected anaerobic bacteria. Endod Dent Traumatol
1993;9(3):95-100.

153. Zamany A, Safavi K, Spangberg LS. The effect of chlorhexidine as an
endodontic disinfectant. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2003;96(5):578-581.

154, Tanomaru Filho M, Yamashita JC, Leonardo MR, da Silva LA, Tanomaru JM,
Ito Y. In vivo microbiological evaluation of the effect of biomechanical preparation
of root canals using different irrigating solutions. J Appl Oral Sci 2006;14(2):105-110.

155. Kuruvilla JR, Kamath MP. Antimicrobial activity of 2.5% sodium
hypochlorite and 0.2% chlorhexidine gluconate separately and combined, as
endodontic irrigants. J Endod 1998;24(7):472-476.

156. Vianna ME, Horz HP, Gomes BP, Conrads G. In vivo evaluation of microbial
reductio after chemo-mechanical preparation of human root canals containing necrotic
pulp tissue. Int Endod J 2006;39(6):484-492.

157. Siqueira JF, Rogas IN, Paiva SS, Guimardes-Pinto T, Magalhdes KM, Lima
KC. Bacteriologic investigation of the effects of sodium hypochlorite and
chlorhexidine during the endodontic treatment of teeth with apical periodontitis.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2007;104(1):122-130.

158. Lima KC, Fava LR, Siqueira JF. Susceptibilities of Enterococcus faecalis
biofilms to some antimicrobial medications. J Endod 2001;27(10):616-6109.

159. Chéavez de Paz LE, Bergenholtz G, Svensiter G. The effects of antimicrobials
on endodontic biofilm bacteria. J Endod 2010;36(1):70-77.

160. Gongalves LS, Rodrigues RC, Andrade Junior CV, Soares RG, Vettore MV.
The Effect of Sodium Hypochlorite and Chlorhexidine as Irrigant Solutions for Root
Canal Disinfection: A Systematic Review of Clinical Trials. J Endod. 2016;42(4):527-
32.

161. Basrani B, Santos JM, Tjdderhane L, Grad H, Gorduysus O, Huang J.
Substantive antimicrobial activity in chlorhexidine-treated human root dentin. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 2002;94(2):240-245.

96



162. Basrani B, Tjidderhane L, Santos JM, Pascon E, Grad H, Lawrence HP.
Efficacy of chlorhexidine- and calcium hydroxide-containing medicaments against
Enterococcus faecalis in vitro. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2003;96(5):618-624.

163. White RR, Hays GL, Janer LR. Residual antimicrobial activity after canal
irrigation with chlorhexidine. J Endod 1997;23(4):229-231.

164. Lin S, Levin L, Weiss El, Peled M, Fuss Z. In vitro antibacterial efficacy of a
new chlorhexidine slow-release device. Quintessence Int 2006;37(5):391-394.

165. Basrani BR, Manek S, Fillery E. Using diazotization to characterize the effect
of heat or sodium hypochlorite on 2.0% chlorhexidine. J Endod 2009;35(9):1296-
1299.

166. Okino LA, Siqueira EL, Santos M, Bombana AC, Figueiredo JA. Dissolution
of pulp tissue by aqueous solution of chlorhexidine digluconate and chlorhexidine
digluconate gel. Int Endod J. 2004;37(1):38-41.

167. Naenni N, Thoma K, Zehnder M. Soft tissue dissolution capacity of currently
used and potential endodontic irrigants. J Endod 2004;30(11):785-787.

168. Gendron R, Grenier D, Sorsa T, Mayrand D. Inhibition of the activities of
matrix metalloproteinases 2, 8, and 9 by chlorhexidine. Clin Diagn Lab Immunol
1999;6(3):437-439.

169. Breschi L, Mazzoni A, Nato F, Carrilho M, Visintini E, Tjdderhane L.
Chlorhexidine stabilizes the adhesive interface: a 2-year in vitro study. Dent Mater
2010;26(4):320-325.

170. Carrilho MR, Carvalho RM, de Goes MF, di Hipolito V, Geraldeli S, Tay FR,
et al. Chlorhexidine preserves dentin bond in vitro. J Dent Res 2007;86(1):90-94.

171. Sartori N, Stolf SC, Silva SB, Lopes GC, Carrilho M. Influence of
chlorhexidine digluconate on the clinical performance of adhesive restorations: a
3-year follow-up. J Dent 2013;41(12):1188-1195.

172. Giannelli M, Chellini F, Margheri M, Tonelli P, Tani A. Effect of
chlorhexidine digluconate on different cell types: a molecular and ultrastructural
investigation. Toxicol In Vitro. 2008;22(2):308-317.

173. Almazin SM, Dziak R, Andreana S, Ciancio SG. The effect of doxycycline
hyclate, chlorexidine gluconate, and minocycline hydrochloride on osteoblastic
proliferation and differentiation in vitro. J Periodontol 2009;80:999-1005.

174, Lee TH, Hu CC, Lee SS, Chou MY, Chang YC. Cytotoxicity of chlorhexidine
on human osteoblastic cells related to intracellular glutathione levels. Int Endod J
2010;43:430-435.

175. Mariotti AJ, Rumpf DA. Chlorhexsidine — induced changes to human gingival
fibriblast collagen and non-collagen protein production. J Periodontol 1999;70:1443-
1448.

97



176. Bernardi A, Teixeira CS. The properties of chlorhexidine and undesired effects
of its use in endodontics. Quintessence Int. 2015;46(7):575-582.

177. Gomes BP, Vianna ME, Zaia AA, Almeida JF, Souza-Filho FJ, Ferraz CC.
Chlorhexidine in endodontics. Braz Dent J. 2013;24(2):89-102.

178. Babich H, Wurzburger BJ, Rubin YL, Sinensky MC, Blau L. An in vitro study
on the cytotoxicity of chlorhexidine digluconate to human gingival cells. Cell Biol
Toxicol. 1995;11(2):79-88.

179. De Souz LB, de Aquino SG, de Souza PP, Hebling J, Costa CA. Citotoxic
effects of different concentrations of Chlorhexidine. Am J Dent 2007;20:400-404.

180. Lucarotti ME, White H, Deas J, Silver IA, Leaper DJ. Antiseptic toxicity to
breast carcinoma in tissue culture: an adjuvant to conservation therapy? Ann R Coll
Surg Engl 1990;72(6):388-392.

181. Hidalgo E, Dominguez C. Mechanisms underlying chlorhexidine-induced
cytotoxicity. Toxicol In Vitro 2001;15(4-5):271-276.

182. Faria G, Celes MR, De Rossi A, Silva LA, Silva JS, Rossi MA. Evaluation of
chlorhexidine toxicity injected in the paw of mice and added to cultured 1929
fibroblasts. J Endod 2007;33(6):715-722.

183. Agarwal S, Piesco NP, Peterson DE, Charon J, Suzuki JB, Godowski KC, et al.
Effects of sanguinarium, chlorhexidine and tetracycline on neutrophil viability
and functions in vitro. J Periodontal Res 1997;32(3):335-344.

184. Yesilsoy C, Whitaker E, Cleveland D, Phillips E, Trope M. Antimicrobial and
toxic effects of established and potential root canal irrigants. J Endod
1995;21(10):513-515.

185. Dumitrescu AL, editor. Antibiotics and Antiseptics in Periodontal Therapy.
Berlin: Springer-Verlag: 2011.

186. Krautheim AB1, Jermann TH, Bircher AJ. Chlorhexidine anaphylaxis: case
report and review of the literature. Contact Dermatitis. 2004;50(3):113-6.

187. Mohammadi Z, Abbott PV. Antimicrobial substantivity of root canal irrigants
and medicaments: a review. Aust Endod J 2009; 35:131-139.

188. Hjeljord LG, Rolla G, Bonesvoll P.Chlorhexidine-protein interactions. J
Periodontal Res 1973;12(Suppl):11-16.

189. Stabholz A, Kettering J, Aprecio R, Zimmerman G, Baker PJ, Wikesjo
UM. Retention of antimicrobial activity by human root surfaces after in situ
subgingival irrigation with tetracycline HCI or chlorhexidine. J Periodontol
1993;64(2):137-141.

190. Leonardo MR, Tanomaru Filho M, Silva LA, Nelson Filho P, Bonifacio KC,
Ito I'Y. In vivo antimicrobial activity of 2% chlorhexidine used as a root canal
irrigating solution. J Endod 1999;25(3):167-171.

98



191. Emilson CG, Ericson T, Heyden G, Magnusson BC. Uptake of chlorhexidine
to hydroxyapatite. J Periodontal Res Suppl 1973;12:17-21.

192. Lin S, Levin L, Weiss El, Peled M, Fuss Z. In vitro antibacterial efficacy of a
new chlorhexidine slow-release device. Quintessence Int 2006;37(5):391-394.

193. Saini HR, Tewari S, Sangwan P, Duhan J, Gupta A. Effect of different apical
preparation sizes on outcome of primary endodontic treatment: a randomized
controlled trial. J Endod 2012;38:1309-15.

194. Khademi AA, Mohammadi Z, Havaee A. Evaluation of the antibacterial
substantivity of several intra-canal agents. Aust Endod J 2006;32(3):112-115.

195. Rosenthal S, Spangberg L, Safavi K. Chlorhexidine substantivity in root canal
dentin. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2004;98(4):488-492.

196. Vahdaty A, Pitt Ford TR, Wilson RF. Efficacy of chlorhexidine in
disinfecting dentinal tubules in vitro. Endod Dent Traumatol 1993;9(6):243-248.

197. Orstavik D, Haapasalo M. Disinfection by endodontic irrigants and dressings
of experimentally infected dentinal tubules. Endod Dent Traumatol 1990;6(4):142-
149.

198. Portenier 1, Haapasalo H, Rye A, Waltimo T, Orstavik D, Haapasalo M.
Inactivation of root canal medicaments by dentine, hydroxylapatite and bovine serum
albumin. Int Endod J 2001;34(3):184-188.

199. Portenier I, Haapasalo H, Orstavik D, Yamauchi M, Haapasalo M. Inactivation
of the antibacterial activity of iodine potassium iodide and chlorhexidine digluconate
against Enterococcus faecalis by dentin, dentin matrix, type-1 collagen, and heat-killed
microbial whole cells. J Endod 2002;28(9):634-637.

200. Ram Z. Chelation in root canal therapy. Oral Surg Oral Med Oral Pathol
1980;49(1):64-74.

201. Hiilsmann M, Heckendorff M, Lennon A. Chelating agents in root canal
treatment: mode of action and indications for their use. Int Endod J 2003;36(12):810-
830.

202. Seidberg BH, Schilder H. An evaluation of EDTA in endodontics. Oral Surg
Oral Med Oral Pathol 1974;37(4):609-620.

203. Calvo Pérez V, Medina Cardenas ME, Sanchez Planells U. The possible role of
pH changes during EDTA demineralization of teeth. Oral Surg Oral Med Oral
Pathol 1989;68(2):220-222.

204. Goldman M, Kronman JH, Goldman LB, Clausen H, Grady J. New method of
irrigation during endodontic treatment. J Endod. 1976;2(9):257-260.

205. Di Lenarda R, Cadenaro M, Shaizero O. Effectiveness of 1 mol L-1 citric acid
and 15% EDTA irrigation on smear layer removal. Int Endod J. 2000;33(1):46-52

99



206. Zehnder M, Paque F. Disinfection of the root canal system during root canal
retreatment. Endod Topics 2008;19:58-73.

207. Eldeniz AU, Erdemir A, Belli S. Effect of EDTA and citric acid solutions on
the microhardness and the roughness of human root canal dentin. J Endod
2005;31(2):107-110.

208. Aslantas EE, Buzoglu HD, Altundasar E, Serper A. Effect of EDTA, sodium
hypochlorite, and chlorhexidine gluconate with or without surface modifiers on dentin
microhardness. J Endod 2014;40(6):876-879.

2009. Patterson SS. In vivo and in vitro studies of the effect of the disodium
slat of ethylenediamine tetra-acetate on human dentine and its endodontic
implications. Oral Surg Oral Med Oral Pathol 1963;16:83-103.

210. Nygaard-@stby B. Chelation in root canal therapy. Odontologisk Tidskrift
1957;65(2):3-11.

211. Calt S, Serper A. Time-dependent effects of EDTA on dentin structures. J
Endod 2002;28(1):17-19.

212. Ozdemir HO, Buzoglu HD, Calt S, Cehreli ZC, Varol E, Temel A. Chemical
and ultramorphologic effects of ethylenediaminetetraacetic acid and sodium
hypochlorite in young and old root canal dentin. J Endod 2012;38(2):204-208.

213. De-Deus G, Reis C, Fidel S, Fidel R, Paciornik S. Dentine demineralization
when subjected to EDTA with or without various wetting agents: a co-site digital
optical microscopy study. Int Endod J 2008;41(4):279-287.

214, Cruz-Filho AM, Sousa-Neto MD, Savioli RN, Silva RG, Vansan LP, Pécora
JD. Effect of chelating solutions on the microhardness of root canal lumen dentin. J
Endod 2011;37(3):358-362.

215. Uzunoglu E, Aktemur S, Uyanik MO, Durmaz V, Nagas E. Effect of
ethylenediaminetetraacetic acid on root fracture with respect to concentration at
different time exposures. J Endod 2012;38(8):1110-1113.

216. Lindemann RA, Hume WR, Wolcott RB. Dentin permeability and pulpal
response to EDTA. J Prosthet Dent 1985;53(3):341-343.

217. Serper A, Calt S, Dogan AL, Guc D, Ozgelik B, Kuraner T. Comparison of the
cytotoxic effects and smear layer removing capacity of oxidative potential water,
NaOCIl and EDTA. J Oral Sci 2001;43(4):233-238.

218. Nygaard-Ostby B. Chelation in root canal therapy: etylendiamintetraacetat acid
for cleansing and widening of root canals. Odontol Tidskr 1957;65:3-11.

219. Malheiros CF, Marques MM, Gavini G. In vitro evaluation of the cytotoxic
effects of acid solutions used as canal irrigants. J Endod 2005;31(10):746-748.

220. Segura JJ, Calvo JR, Guerrero JM, Jimenez-Planas A, Sampedro C, Llamas
R. EDTA inhibits in vitro substrate adherence capacity of macrophages:
endodontic implications. J Endod 1997;23(4):205-208.

100



221. Segura JJ, Calvo JR, Guerrero JM, Sampedro C, Jimenez A, Llamas R. The
disodium salt of EDTA inhibits the binding of vasoactive intestinal
peptide to macrophage membranes: endodontic implications. J Endod 1996;22(7):337-
340.

222. Zaccaro Scelza MF, da Silva Pierro VS, Changas MA, da Silva LE, Scelza P.
Evaluation of inflammatory respons of EDTA, EDTA-T, and citric acid ai animal
model. J Endod 2010;36:515-519.

223. McComb D, Smith DC, Beagrie GS. The results of in vivo endodontic
chemomechanical instrumentation--a scanning electron microscopic study. J Br
Endod Soc 1976;9(1):11-18.

224, Akpata ES, Blechman H. Bacterial invasion of pulpal dentin wall in vitro. J
Dent Res 1982;61(2):435-438.

225. Dai L, Khechen K, Khan S, Gillen B, Loushine BA, Wimmer CE, et al. The
effect of QMix, an experimental antibacterial root canal irrigant, on removal of
canal wall smear layer and debris. J Endod 2011;37(1):80-84.

226. Alkahtani A, Alkahtany SM, Mahmood A, Elsafadi MA, Aldahmash AM, Anil
S. Cytotoxicity of QMix™ endodontic irrigating solution on human bone
marrow mesenchymal stem cells. BMC Oral Health 2014;14(1):27.

227. Aranda-Garcia AJ, Kuga MC, Chavéz-Andrade GM, Kalatzis-Sousa NG,
Hungaro Duarte MA, Faria G, et al. Effect of final irrigation protocols on
microhardness and erosion of root canal dentin. Microsc Res Tech 2013;76(10):1079-
1083.

228. Aranda-Garcia AJ, Kuga MC, Vitorino KR, Chavez-Andrade GM, Duarte
MA, Bonetti-Filho I, et al. Effect of the root canal final rinse protocols on the debris
and smear layer removal and on the push-out strength of an epoxy-based sealer.
Microsc Res Tech 2013;76(5):533-537.

2209. Ballal NV, Tweeny A, Khechen K, Prabhu KN, Satyanarayan,Tay FR.
Wettability of root canal sealers on intraradicular dentine treated with different
irrigating solutions. J Dent 2013;41(6):556-560.

230. Eliot C, Hatton JF, Stewart GP, Hildebolt CF, Jane Gillespie M, Gutmann JL.
The effect of the irrigant QMix on removal of canal wall smear layer: an ex
vivo study. Odontology. 2014;102(2):232-40.

231. Elnaghy AM. Effect of QMix irrigant on bond strength of glass fibre posts to
root dentine. Int Endod J 2014;47(3):280-289.

232. Guerreiro-Tanomaru JM, Nascimento CA, Faria-Junior NB, Graeff MS,
Watanabe E, Tanomaru-Filho M. Antibiofilm activity of irrigating solutions
associated with cetrimide. Confocal laser scanning microscopy. Int Endod J 2014.

233. Ordinola-Zapata R, Bramante CM, Garcia RB, de Andrade FB, Bernardineli N,
de Moraes IG, et al. The antimicrobial effect of new and conventional endodontic
irrigants on intra-orally infected dentin. Acta Odontol Scand 2013;71(3-4):424-431.

101



234. Pai S, Thomas MS. The effect of QMix, an experimental antibacterial root
canal irrigant, on removal of canal wall smear layer and debris. J Endod
2011;37(6):741; author reply 741-743.

235. Malkhassian G, Manzur AJ, Legner M, Fillery ED, Manek S, Basrani BR, et al.
Antibacterial efficacy of MTAD final rinse and two percent chlorhexidine gel
medication in teeth with apical periodontitis: a randomized double-blinded
clinical trial. J Endod 2009;35(11):1483-1490.

236. Bukiet F, Couderc G, Camps J, Tassery H, Cuisinier F, About I.Wetting
properties and critical micellar concentration of benzalkonium chloride mixed in
sodium hypochlorite. J Endod 2012;38(11):1525-1529.

237. Ongag O, Hosgor M, Hilmioglu S, Zekioglu O, Eronat C, Burhanoglu D.
Comparison of antibacterial and toxic effects of various root canal irrigants. Int Endod
J 2003;36(6):423-432.

238. Brannstrom M, Nordenvall KJ, Glantz PO. The effect of EDTA-containing
surface-active solutions on the morphology of prepared dentin: an in vivo study. J
Dent Res 1980;59(7):1127-1131.

2309. Haznedaroglu F, Ersev H. Tetracycline HCI solution as a root canal irrigant. J
Endod. 2001;27(12):738-740.

240. Dunavant TR, Regan JD, Glickman GN, Solomon ES, Honeyman AL.
Comparative evaluation of endodontic irrigants against Enterococcus faecalis biofilms.
J Endod. 2006;32(6):527-531.

241. Mohammadi Z, Giardino L, Palazzi F. Evaluation of the antifungal activity of
four solutions used as a final rinse in vitro. Aust Endod J. 2013;39(1):31-34.

242. Tay FR, Hiraishi N, Schuster GS, Pashley DH, Loushine RJ, Ounsi HF,
Grandini S, Yau JYY, Mazzoni A, Donnelly A, King NM. Reduction in antimicrobial
substantivity of MTAD after inital sodium hypochlorite irrigation. J Endod
2006;32:970-975.

243. Portenier I, Waltimo T, Orstavik D, Haapasalo M. Killing of Enterococcus
faecalisby MTAD and chlorhexidine digluconatewith or without cetrimide in the
presence or absence of dentinpowder or BSA. J Endod 2006;32:138-141.

244, Torabinejad M, Shabahang S, Bahjri K. Effect of MTAD on postoperative
discomfort: a randomized clinical trial. J Endod. 2005;31(3):171-176.

245. Malkhassian G, Manzur AJ, Legner M, Fillery ED, Manek S, Basrani BR,
Friedman S. Antibacterial efficacy of MTAD final rinse and two percent chlorhexidine
gel medication in teeth with apical periodontitis: a randomized double-blinded clinical
trial. J Endod. 2009;35(11):1483-1490.

246. Shabahang S, Torabinejad M. Effect of MTAD on Enterococcus faecalis-
contaminated root canals of extracted human teeth. J Endod. 2003;29(9):576-579

102



247. Tay FR, Pashley DH, Loushine RJ, Doyle MD, Gillespie WT, Weller RN,
King NM. Ultrastructure of smear layer-covered intraradicular dentin after irrigation
with BioPure MTAD. J Endod. 2006;32(3):218-221.

248. Tay FR, Hosoya Y, Loushine RJ, Pashley DH, Weller RN, Low DC.
Ultrastructure of intraradicular dentin after irrigation with BioPure MTAD. Il. The
consequence of obturation with an epoxy resin-based sealer. J Endod. 2006;32(5):473-
477.

249. Zhang W, Torabinejad M, Li Y. Evaluation of cytotoxicity of MTAD using the
MTT-tetrazolium method. J Endod 2003;29(10):654-657.

250. Pappen FG, Souza EM, Giardino L, Carlos 1Z, Leonardo MR, de Toledo
Leonardo R. Endodontic chelators induce nitric oxide expression by murine-cultured
macrophages. J Endod 2009;35(6):824-828.

251. Yasuda Y, Tatematsu Y, Fujii S, Maeda H, Akamine A, Torabinejad M. Effect
of MTAD on the differentiation of osteoblast-like cells. J Endod 2010;36(2):260-263.

252. Ring KC, Murray PE, Namerow KN, Kuttler S, Garcia-Godoy F. The
comparison of the effect of endodontic irrigation on cell adherence to root canal
dentin. J Endod 2008;34(12):1474-1479.

253. Giardino L, Ambu E, Becce C, Rimondini L, Morra M. Surface tension
comparison of four common root canal irrigants and two new irrigants containing
antibiotic. J Endod 2006;32(11):1091-1093.

254, Machnick TK, Torabinejad M, Munoz CA, Shabahang S. Effectof MTAD on
the bond strength to enamel and dentin. J Endod 2003;29(12):818-821.

255. QMiX 2inl Irrigating solution. In.: Dentsply Tulsa Dental Specialities; 2012.

256. Chandrasekhar V, Amulya V, Rani VS, Prakash TJ, Ranjani AS, Gayathri C.

Evaluation of biocompatibility of a new root canal irrigant Q Mix™ 2 in 1- An in vivo
study. J Conserv Dent 2013;16(1):36-40.

257. Alkahtani A, Alkahtany SM, Mahmood A, Elsafadi MA, Aldahmash AM, Anil
S. Cytotoxicity of QMix™ endodontic irrigating solution on human bone marrow
mesenchymal stem cells. BMC Oral Health 2014;14(1):27.

258. Farhad Mollashahi N, Saberi E, Karkehabadi H. Evaluation of Cytotoxic
Effects of Various Endodontic Irrigation Solutions on the Survival of Stem Cell of
Human Apical Papilla. Iran Endod J. 2016;11(4):293-297.

259. Morgental RD, Singh A, Sappal H, Kopper PM, Vier-Pelisser FV, Peters
OA. Dentin inhibits the antibacterial effect of new and conventional endodontic
irrigants. J Endod 2013;39(3):406-410.

260. Thomas JE, Sem DS. An in vitro spectroscopic analysis to determine whether
para-chloroaniline is produced from mixing sodium hypochlorite and chlorhexidine. J
Endod 2010;36(2):315-317.

103



261. Nowicki JB, Sem DS. An in vitro spectroscopic analysis to determine the
chemical composition of the precipitate formed by mixing sodium hypochlorite and
chlorhexidine. J Endod 2011;37(7):983-988.

262. Marchesan MA, Pasternak Janior B, Afonso MM, Sousa-Neto MD,
Paschoalato C. Chemical analysis of the flocculate formed by the association of
sodium hypochlorite and chlorhexidine. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2007;103(5):e103-105.

263. Gasic J, Popovic J, Zivkovié¢ S, Petrovic A, Barac R, Nikolic M. Ultrastructural
analysis of the root canal walls after simultaneous irrigation of different sodium
hypochlorite concentration and 0.2% chlorhexidine gluconate. Microsc Res Tech
2012;75(8):1099-1103.

264, Krishnamurthy S, Sudhakaran S. Evaluation and prevention of the precipitate
formed on interaction between sodium hypochlorite and chlorhexidine. J Endod
2010;36(7):1154-1157.

265. Van der Bijl P, Gelderblom WC, Thiel PG. On the mutagenicity of
parachloroaniline, a breakdown product of chlorhexidine. J Dent Assoc S Afr.
1984;39(8):535-537.

266. Chhabra RS, Huff JE, Haseman JK, Elwell MR, Peters AC. Carcinogenicity of
p-chloroaniline in rats and mice. Food Chem Toxicol. 1999;29(2):119-124.

267. Matsumoto M, Aiso S, Senoh H, et al. Carcinogenicity and chronic toxicity of
parachloronitrobenzene in rats and mice by two-year feeding. J Environ Pathol
Toxicol Oncol 2006; 25(3):571-584.

268. Mortenson D, Sadilek M, Flake NM, Paranjpe A, Heling I, Johnson JD, et al.
The effect of using an alternative irrigant between sodium hypochlorite and
chlorhexidine to prevent the formation of para-chloroaniline within the root canal
system. Int Endod J 2012;45(9):878-882.

269. Basrani BR, Manek S, Mathers D, Fillery E, Sodhi RN. Determination of 4-
chloroaniline and its derivatives formed in the interaction of sodium hypochlorite and
chlorhexidine by using gas chromatography. J Endod 2010;36(2):312-314.

270. Zong Z, Kirsch LE. Studies on the instability of chlorhexidine, part I: Kinetics
and mechanisms. J Pharm Sci 2012;101(7):2417-2427.

271. Lueken A, Juhl-Strauss U, Krieger G, Witte I. Synergistic DNA damage by
oxidative stress (induced by H202) and nongenotoxic environmental chemicals in
human fibroblasts. Toxicol Lett 2004;147(1):35-43.

272. Chhabra RS, Thompson M, Elwell MR, Gerken DK. Toxicity of p-
chloroaniline in rats and mice. Food Chem Toxicol 1990;28(10):717-722.

273. Sakagami Y, Yamazaki H, Ogasawara N, Yokoyama H, Ose Y, Sato T. The
evaluation of genotoxic activities of disinfectants and their metabolites by umu test.
Mutat Res 1988;209(3-4):155-160.

104



274. van der Vorst MM, Tamminga P, Wijburg FA, Schutgens RB. Severe
methaemoglobinaemia due to para-chloraniline intoxication in premature neonates.
Eur J Pediatr 1990;150(1):73.

275. Bui TB, Baumgartner JC, Mitchell JC. Evaluation of the interaction between
sodium hypochlorite and chlorhexidine gluconate and its effect on root dentin. J
Endod 2008;34(2):181-185.

276. Valera MC, Chung A, Menezes MM, Fernandes CE, Carvalho CA, Camargo
SE, Camargo CH. Scanning electron microscope evaluation of chlorhexidine gel and
liquid associated with sodium hypochlorite cleaning on the root canal walls. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod. 2010;110(5):e82-7.

277. Gonzalez-Lopez S, Camejo-Aguilar D, Sanchez-Sanchez P, Bolafios-Carmona
V. Effect of CHX on the decalcifying effect of 10% citric acid, 20% citric
acid, or 17% EDTA. J Endod 2006;32(8):781-784.

278. Dentsply Tulsa Dental Specialities (2012) QMiX® 2 in 1 Irrigating Solution,
Directions for Use. In.

279. Do Prado M, Simao RA, Gomes BP. Evaluation of different irrigation
protocols concerning the formation of chemical smear layer. Microsc Res Tech.
2013;76(2):196-200.

280. Hata G, Uemura N, Kato AS, Imura N, Novo NF, Toda T. A comparison of
shaping ability using ProFile, GT file and Flex-R endodontic instruments in simulated
canals. J Endod 2002;28:316-320.

281. Paqué F, Luder HU, Sener B, Zehnder M. Tubular sclerosis rather than the
smear layer impedes dye penetration into the dentine of endodontically instrumented
root canals. Int Endod J 2006; 39(1):18-25.

282. Ribeiro RG, Marchesan MA, Silva RG, Sousa-Neto MD, Pécora JD. Dentin
permeability of the apical third in different groups of teeth. Braz Dent J. 2010;
21(3):216-219.

283. Imura N, Kato AS, Hata G-I, Uemura M, Toda T, Weine F. A comparison of
the relative efficacies of four hand and rotary instrumentation techniques during
endodontic retreatment. Int Endod J 2000;33(4):361-366.

284. Schwerz L, Eduardo C, Bueno S, Eduardo C, Arruda DA, Andréa R, et al.
Comparison of the effectiveness of the protaper system versus hand
instrumentation in endodontic retreatment: a scanning electron microscopy study.
RSBO Rev Sul-Brasileira Odontol 2012;9:368-374.

285. Goldstein JI, Newbury DE, Echlin PP, Joy D, Fiori C, Lifshin E.
Scaning electron microscopy and X-ray microanalysis. A text for biologists,
material sciencist, and geologists. 2ndedition, New York: Plenum Press 1992,

286. Prado M, Gusman H, Gomes BPFA, Simdo RA. Scanning electron
microscopic investigation of the effectiveness of phosphoric acid in smear layer
removal when compared with EDTA and citric acid. J Endod 2011;37:255-258.

105



287. Metzger Z, Solomonov M, Kfir A. The role of mechanical instrumentation in
the cleaning of root canals. Endod Top 2013;29:87-1009.

288. Delong A. Electron sources for electron microscopes. Eur Microsc Anal
1993:9-11.
2809. Wang Z, Maezono H, Shen Y, Haapasalo M. Evaluation of Root Canal Dentin

Erosion after Different Irrigation Methods Using Energy-dispersive X-ray
Spectroscopy. J Endod. 2016;42(12):1834-1839.

290. do Nascimento AL, Busanello FH, S6 MV, Kuga MC, Pereira JR, Grecca FS.
Residues of different gel formulations on dentinal walls: A SEM/EDS analysis.
Microsc Res Tech. 2015;78(6):495-499.

291. Magro MG, Kuga MC, Aranda-Garcia AJ, Victorino KR, Chavez-Andrade
GM, Faria G, Keine KC, S6 MV. Effectiveness of several solutions to prevent the
formation of precipitate due to the interaction between sodium hypochlorite and
chlorhexidine and its effect on bond strength of an epoxy-based sealer. Int Endod J
2015;48 (5):478-483.

292. Saghiri MA, Delvarani A, Mehrvarzfar P, Malganji G, Lotfi M, Dadresanfar B,
Saghiri AM, Dadvand S. A study of the relation between erosion and microhardness
of root canal dentin. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2009;108(6):e29-34.

293. Thaler A, Ebert J, Petschelt A, Pelka M. Influence of tooth age and root
section on root dentine dye penetration. Int Endod J. 2008; 41(12):1115-1122.

294. Mjor 1A, Smith MR, Ferrari M, Mannocci F. The structure of dentine in the
apical region of human teeth. Int Endod J. 2001; 34(5):346-353.

295. Peters LB, Wesselink PR, Buijs JF, van Winkelhoff AJ. Viable bacteria in root
dentinal tubules of teeth with apical periodontitis. J Endod. 2001; 27(2):76-81.

296. Mamootil K, Messer HH. Penetration of dentinal tubules by endodontic sealer
cements in extracted teeth and in vivo. Int Endod J. 2007;40(11):873-881.

297. World Health Organisation. International Agency for Research on cancer:
IARC monography on the evaluation of carcigoneic risks to human. Lyon, France,
2006;86:1-25.

298. Messmer A, Nickel CH, Bareiss D. p-Chloroaniline poisoning causing
methemoglobinemia: a case report and review of the literature. Case Rep Emerg Med
2015;2015:208732.

299. Nocca G, Ahmed HMA, Martorana GE, Calla C, Gambarini G, Rengo S,
Spagnuolo G. Chromographic Analysis and Cytotoxic Effects of Chlorhexidine and
Sodium Hypochlorite Reaction Mixtures. J Endod. 2017;43(9):1545-1552.

106



CKPAREHHUIIE

Ca
CHX
Cl
DNK
EDTA

EDS

ESIQ-TOF-MS

ESI-MS

HOCI

GC/MS

ISO

LC50

Mg

Na

NaOCl

VYrbenuk (enri. Carbon)

Kanuujym (errn. Calcium)
Xnopxekcuaul (enrit. Chlorhexidine)
Xinop (enrit. Chlorine)

JlesokcupubonykienHcka kucenuna (euri. Deoxyribonucleic Acid)

Etunenauamunrerpacupherna kucenuna (enrit. Ethylendiaminetetraacetic

Acid
Eneprercko nucneprosana crexkrpockonuja ( enri. Energy-
Dispersive Spectroscopy)
Enextpocmnpej joHnsaiuja ca KBaJIporoy MaceHOM CIIEKTPOMETPH]OM
(eurut. Electrospray ionization quadrupole time-of-flight mass
Spectrometry)
[TpumapHa enekTpocnpej jOHU3aIUjCKa MaceHa CIEKTpOMeTpHja (€Hr .
Electrospray ionization mass spectrometry)
Xwumnoxopacrta kucenuna (eari. Hypochloric Acid)
I'acHa xpomarorpaduja/macena cnexktpomerpuja (enri. Gas
Chromatography/ Mass Spectrometry)
Nudpanpsena cnekrpockonuja (enri. Infrared spectroscopy)
Mehynapoara opranusaija 3a cranaapauzanyjy (eura. International
Standards Organization)
(enrsn. Median lethal dose)
Maruesujym (enra. Magnesium)
Asot (enri. Nitrogen)
Harpujym (enrn. Sodium)

Harpujym xunoxsoput (enri. Sodium hypochlorite)



NMR Hykeapno-mMarueTHo-pe3oHaHTHa criekTpockonwuja (enrit. Nuclear

magnetic resonance spectroscopy)

@) Kuceonuk (enri. Oxygen)

P docdop (enra. Phosphorum)

PCA [Mapaxmopanunun (erri. Para-Chloroaniline)

PCU [Mapa-xnopodenunypea (eurn. Para-chlorophenylurea)

SEM CKeHHUHT eJIeKTPOHCKa MUKpockomija ( erri. Scanning Electron

Microscopy)
TLS Tankocinojua xpomarorpaduja (euri. Thin-Layer Chromatography)
TOF-SIMS CexyHaapHa MaceHa CIIEKTPOCKOIICKA aHaau3a (€HIJI.

Time-of-flight secondary ion mass spectrometry)



BUOI'PAD®UIA

Jbusbana (pohena Kymmh) Bbjenosuh je pohena 10.05.1984. rommne y Doum,
Penyomuka Cpricka. OCHOBHY M cpelilby MeauIuMHCKy Koy 3aBpiimia je y douwm.
Cromaronomku ¢akynrer y @oun, YuuBepsutera y Hcrounom CapajeBy ymmcana je
2003/04 romuue a awmmomupana 25.12.2009. roamHe ca TPOCEYHOM OICHOM §,48.
JokTopcky nuceprauujy moxa HasuBoMm  Ilpomena yruiaja cpencraBa 3a UpHUranujy
KaHaJla KOpeHa Ha JICHTHMH U TyOyJe JMEeHTHHA 3y0a ca jeIHUM KOPEHOM' TIpHjaBUiia je
2015. rogune Ha DakynTeTy MEANIIMHCKUX Hayka, Y HuBep3urera y Kparyjepimy. Ynucana
je chmemujanuctuyke cryamje u3 bomectu 3yba u enmomonnuje 2013. roamHe Ha
MenuuunackoM dakynrery y @oun, YHuBep3utera y Mctounom CapajeBy U MONOXKHUIA

cnenujanuctudky uenut 21.12.2015. roauHe ca OJUIMYHUM YCIIEXOM.

On 2010-2014. rogune je 3amocieHa Kao acUCTeHT, a o 2015. roauHe Kao BUILIN
acucTeHT Ha MeauuuHckoM dakynrery, YHuBep3utera y Mcrounom CapajeBy, 3a yxKy
Hay4yHy oOmact Cromaroiioruja, opajHa XHpYpruja U MeAWIUHA. YYecTBOBAJIA je Kao
capaJIHMK Ha BHIIE HAyYHMX IpojeKkaTa. AyTop je BUIIE HAyYHHUX U CTPYUYHUX pasioBa.
YuyecTtBoBana je Ha OpojHuM MehyHapogHuM u jaomMahuM HAyYHUM W CTPYYHUM

CKYIIOBHMA.

BUBJIMOI'PAOPUJA

1. PagoBu 00jaB/pb€HH V HAVYHUM 4aconmucuma wMehyHapoaHor 3Hauaja

(kateropuja M20):

1. Bjelovi¢ Lj, Kruni¢ J, Stojanovi¢ N, Eri¢ J, Kanjevac T. Evaluation of permeability of
root dentin after different irrigation protocols. Srp Arh Celok Lek 2018; 146(9-10):
492-497. (M23)

2. Bjelovi¢ Lj, Glisi¢ B, Zivkovié M, Kanjevac T. Investigation of P-chloroaniline
formation in the reactions between different endodontic irrigants. Kragujevac J Sci.
2019; 41: 000-000 (M24)

3. Nogo Zivanovi¢ D, Kanjevac T, Bjelovi¢ Lj, Risti¢ V, Tanaskovié¢ 1. The effect of
final irrigation with MTAD, QMix, and EDTA on smear layer removal and mineral
content of root canal dentin. Microsc Res Tech DOI: 10.1002/jemt.23239 (M22)



4. FErié J, Tihaéek-Soji¢ Lj, Bjelovi¢ Lj, Tsakos G. Changes in oral health related quality
of life (OHRQoL) and satisfaction with conventional complete dentures among elderly
people. Oral Health Preventive Dentistry 2017; 5(3):237-244. (M23)

5. Eri¢ J, Stan¢i¢ I, Tihadek-Soji¢ Lj, Kuli¢ Lj, Popovac A, Tsakos G. Prevalence,
severity, and clinical determinants of oral impacts in older people in Bosnia and
Herzegovina. European Journal of Oral Sciences 2012; 5: 438-443. (M22)

2. PanoBu o0jaB/beHM V HAYYHHM YAaCONMUCHMA HAIMOHAJHOI 3HAa4aja

(kaTeropuja M50):

1. Bjelovié Lj, Eri¢ J, Stojanovi¢ N, Kruni¢ J, Cicmil S, Kanjevac T. Primena verzije
upitnika CHILD oral imact on daily performance za procenu kvaliteta Zivota dece na
podruc¢ju Bosne i Hercegovina: pilot studija. Medicinski pregled 2017; LXX (1-2): 12-
17. (M51)

2. Nogo-Zivanovi¢ D, Bjelovié Lj, Ivanovi¢ V, Kanjevac T, Tanaskovié I. Razmatranje
terapijskih moguénosti iriganasa u endodontkoj terapiji. Serbian Journal of

Experimental and Clinical Research 2018; 19:103-112. (M51)

3. Nogo-Zivanovi¢ D, Kuli¢ Lj, Tanaskovi¢ I, Risti¢ V, Kanjevac T. Kvalitet punjanja
kanala korena kod odraslog stanovniStva u Bosni 1 Hercegovini leCenih u drZzavnim 1
privatnim stomatoloskim klinikama. Serbian Journal of Experimental and Clinical
Research 2016; 17(1):43-47. (M51)

4, Nogo-Zivanovic' D, Kuli¢ Lj, Zuza A, Davidovi¢ B, Radovi¢ 1. Uticaj oralnih
klinickih faktora na samoprocenu zdravlja usta i zuba. Stomatoloski Glasnik Srbije

2015; 62(3):137-142. (M51)

5. Nogo-Zivanovi¢ D, Kuli¢ Lj, Kruni¢ J, Stojanovié N. Maksilarni drugi molar sa pet
korijenskih kanala- prikaz bolesnika. Biomedicinska istrazivanja 2014; 5(1):37-41.
(M51)

6. Nogo-Zivanovi¢ Dajana, Kruni¢ J, Kuli¢ Lj, Eri¢ J, Stojanovié N. Oralno zdravlje i
specificni uticaj karijesa na kvalitet zivota osoba srednje Zivotne dobi. Stomatoloski
Glasnik Srbije 2013; 60 (4): 218-225. (M51)



7. Pordevi¢ S, Ivanovi¢ T, Zuza A, Nogo- Zivanovi¢ D, Kulié¢ Lj. Prevalenca karijesa i
gingivitisa kod ucenika u opstini Foc¢a. Stomatoloski Glasnik Srbije 2012; 59: 22-26.
(M51)

8. Kuli¢ Lj, Nogo-Zivanovi¢ D, Kruni¢ J, Vujaskovié M, Stojanovi¢ N. Radioloska
procena kvaliteta punjenja kanala korena endodontski leCenih zuba na studentskim

vjezbama. Stomatoloski Glasnik Srbije 2011; 58:139-47. (M51)

4.30o0puuny MehyHapoaHux HayYHHX ckynoBa (kaTeropuja M 30):

1. Eri¢ J, Mili¢ Lemi¢ A, Bjelovi¢ Lj, Simi¢ I, Grbovi¢ A, Tihacek Soié Lj. Stress
distribution in supporting structures of three different prosthodontic designs. 105",
FDI Annual World Dental Congress, Abstract book P-134. International Dental
Journal 2017; 67 (suppl. 1): 68-134. M34

2. J. Kruni¢, B. Popovi¢, 1. Mladenovi¢, Lj. Bjelovi¢, N. Stojanovi¢. Effects of ozone
and chlorhexidine on bacteria in dentin lesion. CED-IADR/NOF Oral Health Research
Congress. Abstract book 0503. Vienna, Austria, 2017. M34

3. Bjelovi¢ Lj, Kruni¢ J, Eri¢ J, Leci¢ J, Kanjevac T. The effect of interaction between
different endodontic irrigants on dental permeability. 22" Congress of the Balkan
Stomatological Society (BaSS). Abstract book PP-258. Tthessaloniki, Greece, 2017.
M34

4. Davidovi¢ B, Jankovi¢ S, Leci¢ J, Radovi¢ I, Bjelovi¢ Lj. Oral hygiene status of
children with and without asthma. 22" Congress of the Balkan Stomatological Society
(BaSS). Abstract book PP-029. Tthessaloniki, Greece, 2017. M34

5. Bjelovié¢ Lj, Nogo- Zivanovi¢ D, Kruni¢ J, Davidovi¢ B, Stanojevi¢ M. Radiographic
evaluation of periapical status and prevalence of endodontic treatment in an adult
bosnian population. 21" Congress of the Balkan Stomatological Society (BaSS).
Abstract book PP-89. Banja Luka, B&H, 2016. M34

6. Davidovi¢ B, Bjelovi¢ Lj, Radovi¢ I, Nogo- Zivanovi¢ D, Stojanovi¢ N. Analysis of
the canal anatomy of maxillary second premolars. 21™ Congress of the Balkan
Stomatological Society (BaSS). Abstract book PP-90. Banja Luka, B&H, 2016. M34

7. Kruni¢ J, Bjelovié¢ Lj, Zuza A, Mladenovi¢ I, Stojanovi¢ N. Outcome of endodontic

treatment using two different formulation of chlorhexidine as intracanal dressing. 21"



Congress of the Balkan Stomatological Society (BaSS). Abstract book OP-65. Banja
Luka, B&H, 2016. M34

Eri¢ J, Bjelovié¢ Lj, Davidovi¢ B, Grbovié A, Tihatek-Soi¢ Lj. Influence of different
mucosal thickness and resiliency on the stress distribution in mandibular bone. 21
Congress of the Balkan Stomatological Society (BaSS). Abstract book OP-123. Banja
Luka, B&H, 2016. M34

Samardzija Jovana H, Milinkovi¢ M, Ivanovi¢ T, Bjelovié Lj, Obrenovi¢ J. Influence
of premature extraction of deciduous teeth to the possition of the maxillary cannines.
21™ Congress of the Balkan Stomatological Society (BaSS). Abstract book PP-30.
Banja Luka, B&H, 2016. M34

10. Nogo Zivanovi¢ D, Bjelovi¢ Lj, Davidovi¢ B, Radovié I, Bozovié B. Influence of

11.

12.

dental visit pattern on dental status and oral health-related quality of life. 21"
Congress of the Balkan Stomatological Society (BaSS). Abstract book PP-134. Banja
Luka, B&H, 2016. M34

Ivanovi¢ T, Milinkovi¢c M, Ivanovi¢ D, Bjelovi¢ Lj. Prevalence of primary and
secondary crowding with children in need of orthodontic treatment. 21" Congress of
the Balkan Stomatological Society (BaSS). Abstract book PP-31. Banja Luka, B&H,
2016. M34

Milinkovi¢ M, Ivanovi¢ T, Ivanovi¢ D, Bjelovi¢ Lj, Cicmil A. Thumbs sucking
influence to the open bite etiology-case report. 21" Congress of the Balkan
Stomatological Society (BaSS). Abstract book PP-32. Banja Luka, B&H, 2016. M34

13. Kulié¢ Lj, Zuza A, Krunic J, Eric J, Stojanovic N. Periapical status related to the

14.

quality of root canal fillings and coronal restorations. 19 ™ Congress of the Balkan
Stomatological Society (BaSS). Abstract book, page: 227; Belgrade, Republic of
Serbia, 2014. M34

Eric J, Kulic Lj, Nogo-Zivanovié D, Simic I, Krunic J. Technical quality of root canal
treatment carried out in Bosnian general dental services. 19 ™ Congress of the Balkan
Stomatological Society (BaSS). Abstract book, page: 227; Belgrade, Republic of
Serbia, 2014. M34



15. Zuza A, Nogo-Zivanovic' D, Kuli¢ Lj, Radovi¢ I, Vujaskovic M. Tooth wear

16.

associated risk factors in adolescents and adults in Republic of Srpska. 19 th Congress
of the Balkan Stomatological Society (BaSS). Abstract book, page: 128; Belgrade,
Serbia, 2014. M34

Nogo-Zivanovié¢ D, Zuza A, Kuli¢ Lj, Radovi¢ I, Davidovi¢ L. Dental status and oral
health-related quality of life in an adult Bosnian population. 19 th Congress of the
Balkan Stomatological Society (BaSS). Abstract book, page: 128; Belgrade, Serbia,
2014. M34

17. Radovi¢ 1, Kuli¢ Lj, Nogo-Zivanovié D, Jankovi¢ S, Davidovi¢ L. Tooth loss and

prosthodontic rehabilitation in middle-aged adults and seniors citizens in Republic of
Srpska. 19 th Congress of the Balkan Stomatological Society (BaSS). Abstract book,
page: 252; Belgrade, Serbia, 2014. M34

18. Davidovi¢ B, Stojanovi¢ N, Zuza A, Simi¢ I, Kuli¢ Lj. Root canal morphology of the

19.

maxillary second premolars-the most frequent type according to vertucci’s
classification. 19 th Congress of the Balkan Stomatological Society (BaSS). Abstract
book, page: 252; Belgrade, Serbia, 2014. M34

Simi¢ I, Davidovi¢ B, Kulié¢ Lj, Vukoti¢ O, Tomic¢ S. Prevalence of toot extractions in
orthodontic treatment: a five year study. 19 th Congress of the Balkan Stomatological
Society (BaSS). Abstract book, page: 252; Belgrade, Serbia, 2014. M34

20. Kuli¢ Lj, Eri¢ J. Periapical health related to the quality of endodontic treatment and

coronal restorations. 18 th Congress of the Balkan Stomatological Society (BaSS).
Abstract book, page: 48; Skopje, FYR of Macedonia, 2013. M34

21. Nogo Zivanovi¢ D, Kulié Lj, Davidovi¢ B, Eri¢ J. Technical quality of endodontic

treatment in an adult Bosnian subpopulation. 18 th Congress of the Balkan
Stomatological Society (BaSS). Abstract book, page: 49; Skopje, FYR of Macedonia,
2013. M34

22.Eri¢ J, Kulié Lj, Stojanovi¢ Z. Oral health-related quality of life among

institutionalized and community-dwelling Bosnian elders. 18 th Congress of the



23.

24,

25.

26.

27.

28.

29.

Balkan Stomatological Society (BaSS). Abstract book, page: 46; Skopje, FYR of
Macedonia, 2013. M34

Simi¢ I, Tomi¢ S, Davidovi¢ B, Kulié¢ Lj, Vucini¢ 1. Are we really toothless nation?
18 th Congress of the Balkan Stomatological Society (BaSS). Abstract book, page:
145; Skopje, FYR of Macedonia, 2013. M34

Eri¢ J, Kulié Lj, Tiha¢ek Soié¢ Lj, Tsakos G. Quality of life and denture satisfaction in
complete denture wearers. 101 st FDI Annual World Dental Congress, International
Dental Journal 2013; 63 (suppl. I): 64. M34

Kulic Lj, Eric J, Stojanovic N, Krunic J, Davidovic L. Radiographic quality of root
fillings performed by undergraduate students. 16™ Congress of the BaSS. Abstract
book PP6. Bucharest, Romania 2011. M34

Eri¢ J, Stan¢i¢ I, Tihadek-Soji¢ Lj, Stojanovi¢ Z, Kulié¢ Lj. Oral health related quality
of life in elderly people. 16™ Congress of the BaSS. Abstract book PP 27. Bucharest,
Romania 2011. M34

Stancic¢ I, Eri¢ J, Janji¢-Pavlovi¢ O, Kuli¢ Lj, Cairovi¢ Aleksandra, Radovié Katarina.
Impact of new prostheses on the OHRQoL of elderly patients. 16" Congress of the
BaSS. Abstract book PP6. Bucharest, Romania 2011. M34

Kuli¢ J, Tihatek-Soji¢ Lj, Stancié I, Stojanovi¢ Z, Kuli¢ Lj, Janji¢-Pavlovi¢ O. Uticaj
neadekvatnih zubnih nadoknada na kvalitet Zivota funkcionalno nezavisnih pacijenata
starije dobi. XVI Simpozijum proteti¢ara Srbije. Abstrct book PP31. Mokra Gora,
Republika Srbija, 2009. M34

Kuli¢ J, Stancié¢ I, Tiha¢ek-Soji¢ Lj, Stojanovié¢ Z, Kuli¢ Lj. Agreement between
professional evaluation and patient's satisfaction with existing dentures. 15™ Congress
of the BaSS. Abstract book PP281. Thessaloniki, Greece, 2010. M34

5. 300pHUIIM CKYIIOBA HAIIMOHAJHOT 3HAa4Yaja (kaTeropuja M60):

1.

Bjelovié¢ Lj, Kruni¢ J, Stojanovié¢ N, Radovi¢ I, Zuza A, Kanjevac T. Spektroskopska

analiza precipitata nastalog u interakciji razliitih endodontskih iriganasa. VIII



Medunarodni simpozijum doktora stomatologije Republike Srpske. Zbornik radova

PP 7. Foca, Republika Srpska, BiH, 2017. M64

. Bjelovi¢ Lj, Radovi¢ I, Zuza A, Kosti¢ B, Eri¢ J, Kanjevac T. Hemijska analiza
precipitata nastalog u interakciji natrijum hipohlorita i hlorheksidina, MTAD i QMiX.
VIII Medunarodni simpozijum doktora stomatologije Republike Srpske. Zbornik
radova PP 8. Foca, Republika Srpska, BiH, 2017. M64

. Zuza A, Bjelovi¢ Lj, Radovi¢ 1, Janji¢-Pavlovi¢ O, Bozovi¢ D, Kruni¢ J. Prevalenca,
izrazenost 1 faktori rizika za nastanak nekarijesnih cervikalnih lezija kod stanovnistva
u Republici Srpskoj. VIII Medunarodni simpozijum doktora stomatologije Republike
Srpske. Zbornik radova PP 9. Foca, Republika Srpska, BiH, 2017. M64

. Radovi¢ 1, Bjelovi¢ Lj, Zuza A, Jankovié S, Stojanovié N. Oralna higijena kod
adolescenata. VIII Medunarodni simpozijum doktora stomatologije Republike Srpske.
Zbornik radova PP 10. Foc¢a, Republika Srpska, BiH, 2017. M64

. Radovi¢ I, Zuza A, Davidovi¢ B, Bjelovi¢ Lj, Davidovi¢ L. Primjena sistema za
irigaciju sa negativnim apikalnim pritiskom u terapiji velike periapikalne lezije: prikaz
slucaja. VIII Medunarodni simpozijum doktora stomatologije Republike Srpske.

Zbornik radova PP 11. Foca, Republika Srpska, BiH, 2017. M64

. Kanjeve T, Eri¢ J, Bjelovi¢ Lj, Vasovi¢c M, Sekuli¢ M. Uticaj oralnog zdravlja na
svakodnevne aktivnosti Skolske dece uzrasta 12-15 godina u Kragujevcu. 16. Kongres
stomatologa Srbije sa medunarodnim uceS¢em. Program i zbornik OP 32. Beograd,

Republika Srbija, 2017. M64

. Bjelovi¢ Lj, Eri¢ J, Kruni¢ J, Zuza A, Tanaskovi¢ I, Kanjevac T. Ispitivanje
interakcije kombinacije rastvora natrijum hipohlorita/hlorheksidina i natrijum
hipohlorita/QMiX na dentin kanala korijena. IV Kongres stomatologa BiH sa
medunarodnim uces¢em. Knjiga sazetaka OP 5. Tesli¢, Bosna i Hercegovina, 2016.

Mé4

Nogo-Zivanovi¢ D, Bjelovi¢ Lj, Kanjevac T, Stojanovié N, Radovi¢ I, Tanaskovi¢ 1.
Uticaj finalne irigacije rastvorom MTAD na razmazni sloj kanala korena. 1V Kongres
stomatologa BiH sa medunarodnim uce$¢em. Knjiga sazetaka OP 6. Tesli¢, Bosna i

Hercegovina, 2016. M64



10.

11.

12.

13.

14.

15.

Zuza A, Davidovié L, Stojanovi¢ N, Bjelovi¢ Lj, Bozovi¢ B, Vujaskovi¢ M. Uticaj
konzumiranih kiselih napitaka na prevalencu nekarijesnih cervikalnih lezija. 1V
Kongres stomatologa BiH sa medunarodnim uce$¢em. Knjiga sazetaka OP 4. Tesli¢,

Bosna i Hercegovina, 2016. M64

Eri¢ J, Bjelovi¢ Lj, Davidovi¢ B, Grbovi¢ A, Mili¢ Lemi¢ A, Tihacek Soi¢ Lj. Uticaj
debljine 1 rezilijence sluzokoze na distribuciju napona u kosti kod sluzokozno i
mjeSovito poduprtih zubnih nadoknada. IV Kongres stomatologa BiH sa
medunarodnim uce$¢em. Knjiga sazetaka OP 8. Tesli¢, Bosna i Hercegovina, 2016.
M64

Bjelovi¢ Lj, Eri¢ J, Radovi¢ I, Milinkovi¢ M, Ivanovi¢ T, Davidovi¢ B. Procena
oralno-zdravstvenog statusa i kvaliteta zivota kod dece Skolskog uzrasta. XXXII
Simpozijum zdravstvenog vaspitanja u Stomatologiji: ,,Kako unaprediti zdravstveno-

vaspitni rad u stomatoloskoj praksi", Jagodina, Republika Srbija 2016. M64

Jankovi¢ S, Kapuran M, Ivanovi¢ M, Radovi¢ I, Le¢i¢ J, Bjelovié¢ Lj. Strah od
stomatoloskog le¢enja. XXXII Simpozijum zdravstvenog vaspitanja u Stomatologiji:
,Kako unaprediti zdravstveno-vaspitni rad u stomatolos$koj praksi", Jagodina,
Republika Srbija 2016. M64

Radovi¢ I, Bjelovi¢ Lj, Davidovi¢ B, Luki¢ R, Kapuran M. Komparativna analiza
izmedu drzavnih 1 privatnih stomatoloSkih ustanova u obezbjedivanju stomatoloSke
zaStite. XXXII Simpozijum zdravstvenog vaspitanja u Stomatologiji: ,,Kako
unaprediti zdravstveno-vaspitni rad u stomatoloskoj praksi", Jagodina, Republika
Srbija 2016. M64

Kapuran M, Jankovi¢ S, Leci¢ J, Dimitruk I, Bjelovi¢ Lj. Stanje prvog stalnog molara
kod dvanaestogodisnjaka. XXXII Simpozijum zdravstvenog vaspitanja u
Stomatologiji: ,,Kako unaprediti zdravstveno-vaspitni rad u stomatoloskoj praksi".

Jagodina, Republika Srbija 2016. M64

Kuli¢ Lj, Zuza A, Radovié I, Davidovi¢ L. Radioloska procjena kvaliteta punjenja
kanala korijena endodontski lijeCenih zuba kod ispitsnika isto¢ne regije Bosne i
Hercegovine. Kongres ,,Stomatologija danas® u BIH sa medjunarodnim uce$¢em,

Tesli¢, Banja Vrucica 19-20. oktobar 2012., Zbornik apstrakata PP:22. M64



16.

17.

18.

Kruni¢ J, Nogo-Zivanovi¢ D, Kuli¢ Lj, Stojanovié N. Uticaj protoka nestimulisane
pljuvacke na prevalencu karijesa kod Zena u menopauzi na terapiji psihotropnim
lijekovima. Kongres ,,Stomatologija danas“ u BIH sa medjunarodnim uces¢em, Tesli¢,

Banja Vrucica 19-20. oktobar 2012., Zbornik apstrakata PP:20. M64

Radovi¢ I, Kuli¢ Lj, Kruni¢ J, Stojanovi¢ N. Stanje zuba 1 protetski status kod starije
populacije u Republici Srpskoj. Kongres ,,Stomatologija danas“ u BIH sa
medjunarodnim uce$¢em, Tesli¢, Banja Vruéica 19-20. oktobar 2012., Zbornik
apstrakata PP:17. M64

Zuza A, Kuli¢ Lj, NogO-Zivanovié D, Davidovi¢ L. Ucestalost oralnih perafunkcija
kod osoba sa nekarijesnim cervikalnim lezijama. Kongres ,,Stomatologija danas“ u
BIH sa medjunarodnim uc¢es¢em, Tesli¢, Banja Vruéica 19-20. oktobar 2012. Zbornik
apstrakata PP:16. M64



IMPUJIOT

8.1. K.(bYYHA JOKYMEHTAIINJCKA HHO®OOPMATHUKA

YHUBEP3UTET Y KPAI'YJEBILY
OAKYJITET MEANIIUHCKNX HAYKA Y KPAT'YJEBIY

Pennu 6poj-Phb:
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AyTop-AY: Jbussana bjenosuh
MenTop/komentop-MH: npod. np Tatjana Kamesary

HacaoB pana-HP: Ilponena yrumaja cpeacraBa 3a upuraiujy KaHajaa KOpeHa Ha JACHTUH U
TyOyIne JeHTHHA 3y0a ca jeJHUM KOPEHOM

Jesuk nyoaunkauuje-JII: cpncku/hupunmma

Je3uk m3Boga-JU: cpricku/eHIIIeCKn

3emsba nyoaukoBama-3I1: Peny6nuka CpOuja

Yaxe reorpageko noapyuje-YI'II: Llentpanna Cpouja

Toguua-I'0: 2019. roguna

Mszpasau-U3: Ayropcku penpuHT
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Hayuyna nucunniuna-/IU: bonecru 3y6a, Exnononiuja

IIpenmerna oapeanuua/kbyude peun-I1O: Ilpenunurar, AeHTUHCKU TYOyaW, HaTpUjyM
xumoxsoput (NaOCI), xnopxekcuaun (CHX), erwreHmnmamuHTeTpacupheTHa KHCEIHHA
(EDTA), MTAD, QMiX, mnepMeaOWIHOCT, CKCHUHI EJIEKTpPOHCKa MHUKpockomnuja (SEM),
XEMHJCKH CacTaB, C€HEpreTcko aucneproaHe cnekrpockonuje (EDS), mapaxmopanummn
(PCA)

YK

Yyga ce-UY: V oubnmorenn dakynrera MEAUIIMHCKUX HayKa Y HUBep3uTeTa y Kparyjesiry
Baxxna nanomena-MH:



HU3Bon-UJI: ¥YBoa: Hpuranmja mpeacraB/ba jeaaH oOJ Haj3HAYAJHUJUX TIOCTyIMaKa Yy
neOpuaMaHy KaHaAJTHOT TpocTopa. PacTBopu Koju ce KOpUCTE 3a HpHUranjy y TOKY
SHJIOIOHTCKE Tepamuje Joja3e y KOHTAKT jelaH ca APYTUM YHYTap KOPEHCKOT KaHaua.
[locneauma TakBUX MHTEpaKlMja MOXE JOBECTH [0 CTBapama YBPCTHX MPOJyKara,
npeuunurata. OHU UMajy KIMHUYKH 3HAu4aj jep MOTry JOBECTH A0 OKIIy3Hje EHTUHCKUX
TyOyna, cMameHe NepMeabWIHOCTH [EHTHHA, OMETajy TMEHEeTpalyjy HHTpaKaHaTHUX
Me/IMKaMeHaTa y JCHTHUHCKE TyOyje W KOMIIPOMHUTY]Y aAXe3Wjy CHIIepa 3a 3MJO0BE KaHasa.
XeMHjcKa CTPYKTYpa ¥ TOKCUHYHOCT MPEIUITUTATA jOII YBEK HHj€ pa3jallmbeHa.

[{use oBOr HCTpakuBama je 0o Ja ce MPBO UCIKWTAa UMEAMJaTHO CTBapame MpelunuTaTa Ha
MOBPIIMHA KOPEHCKOT JIeHTMHA mocie upuranuje Hatpujym xumoxsopurom (NaOCl) u
3aBpiHe upuranyje xiuopxekcuauHoMm (CHX), ernneHanaMUHTETpacUPheTHOM KHCETHHOM
(EDTA) + CHX, MTAD wunu QMiX u meroB edexar Ha JACHTUHCKE TyOyle, a 3aTHM Jia ce
OJlpe/ii XeMH]jCKH cacTaB U mpucycTBo napaxiopanwinna (PCA) y nperunurary.

Marepujan u meroge: VY crTyamjy je ykibydeHo 150 mpeamux MaKCHIapHHUX
XyMaHUX 3y0a KOjH Cy METOAOM CIIYYajHOT Y30pKa mojesbeHu y mer rpyma (n=30) mpe
uHCTpyMeHTanuje u ucnupama ca NaOCl Ha ocHOBY (uHanHor npoTtokoia upuramuje: CHX
(2% CHX), EDTA + CHX (17% EDTA + 2% CHX), MTAD, QMiX u aectunoBaHa Boaa
(konTponmHa rpyma). CTo KOpeHoBa 3y0a je aHaIu3MpPaHO CKEHUHT EJIEKTPOHCKOM
mukpockorjom (Scanning Electron Microscopy (SEM)). ITo ocamHaecT U3 cBake Tpyre je
Y3IY)KHO pa3BOjeHO paau ojapehuBama mpucycTBA M KOJMYMHE Npenunurata u Opoja
3aTBOPEHMX JEHTHUHCKHUX TyOysa y KOpPOHAapHOj, Cpeimoj U amekcHoj Tpehunu. [Ipeocrana
JIBA W3 CBaKe TIpyle Cy XOPH30HTAIHO TpecedyeHa Jaa Oum ce wucrnutano (GopMmupame
MpEeLUNUTaTa y JIeHTUHCKUM TyOynuMa. 3a UCIIUTUBAakE NEPMEa0MIHOCTH JEHTHHA, Ee1eCeT
KopeHoBa je motorbeHo y 0,2% pactBop Rodamina B y tpajamy on 24 yaca. Hakon Tora,
KOPEHOBH Cy XOPHU30HTAJIHO MPECEUYEHH U jelaH Jeo U3 cBake TpehuHe je n3abpaH MeToI0M
ciy4ajHor y3opka. Cinke n3abpaHux JIesioBa Cy CKeHUpaHe U COPTBEPCKU aHATU3UpAHE PaH
onpehuBama MporeHTa TeHeTpamuje 0oje. XEeMHUJCKM cacTaB MPEIHIHUTaTa CTBOPEHOT Ha
MOBPIIMHYU JIGHTHHCKOT 3MJla KaHalla KOpeHa y KOPOHApHO] U arnekcHoj Tpehunu je onpehen
nomohy eHepreTcko nucrneproaHe criekrpockonuje (Energy-dispersive spectroscopy (EDS)).
HonatHo, 5,25% NaOCI pactBop je momeran ca 2% CHX, 17% EDTA u QMiX kao u 2%
CHX ca 17% EDTA. PactBopu cy momemanu y ogaocy 1:1 u nmpucyctBo PCA je ncnutuBaHo
TAHKOCIJIOJHOM XpoMaTtorpadujoM, HYKJIE€apHO MArHETHO PE30HAHTHOM CIEKTPOCKOIMHJOM U

MH(QPALPBEHOM CIIEKTPOCKOIIH]jOM.



Pesyaratu: SEM ananusom je mokazaHo (opmupame Mperunurara Ha MOBPIIUHU
JICHTUHA U Y JICHTUHCKUM TyOyJIMMa y CBUM TEPAIHjCKUM Tpynama, 0K Y KOHTPOJHO] Tpynu
npeuunutatr HUje youeH. Hajpeha xommumna mperunurarta je 3abenexxeHa y CHX rpymm.
AHaIM30M T0/IaTaKa je MoKa3aHo Ja je KOJUYMHA MPEIUIIMTaTa Y OBOj Tpynu Oujia 3Ha4ajHO
Beha y ognocy Ha MTAD rpyny y xoponapuoj (p<0,05) omnocao QMiX rpymy y cpenmoj
tpehunu (p<0,05). ¥V anekcHoj Tpehuuu, npeuunurar ¢popmupan y CHX rpymu Ouo je
3HauajHo Behu ox onor y MTAD u QMiX rpymu (p<0,05). Ilpouenar 3aTrBopeHHX
nentuHckux Tyoyna y CHX je 6uo ciamvan kao y EDTA+CHX rpymnu, anu ce 3HauvajHO
pasznukoBao of octanux rpyma (p<0,05). Ilenerparuja 60je je Oua Mama y CBUM TpehinHama
y CHX rpynu y ogHocy Ha KOHTposy kao u y ogHocy Ha QMiX u MTAD rpyny (p<0,05).
EDS ananu3om npernunurata y CHX rpynu je moka3aHo CTaTUCTHYKY 3HAYajHO BHIIE XJIOpa
y nopehemy ca nperunutarom Gopmupanum y apyrum rpymnama (p<0,05). Memame 5,25%
NaOCl u 2% CHX je 6uiio npaheHo ctBapamem OpaoH nperunurara; 5,25% NaOCl u QMiX
HapaHypacTto-OpaoH, a wmemawe 2% CHX u 17% crtBapamem Oeyor mnpeuunurara.
Komounosame 5,25% NaOCl ca 17% EDTA je moBemo camo 10 cTBapama Mexypuha.
Pesynraruma oBe cryauje HHje MoKa3aHo cTBapare PCA Hu 3a jeqHy O HCIUTaHHUX
KOMOMHaIIHja pacTBopa.

3akspyuak: [Ipeuunurar 6orat Xja0poM je OOMJIHUJU HA TOBPUIMHH JIEHTUHCKOT 3Ua
KaHaja KopeHa mnocie upuranuje 5,25% NaOCl u ¢punanue upuranuje 2% CHX Hero nocie
upuranuje ca NaOCl u EDTA + CHX, QMIX unmu MTAD. Hberoso nosehano npucycrso
cMamyje Opoj OTBOPEHUX ACHTUHCKHX TyOyna Kao M TEepMeadMIHOCT JCHTHHA y CBUM
TpehuHama kanana kopena. Memame NaOCl u CHX unu QMiX u CHX ca EDTA pe3yntupa
crBapameM Tanora 6e3 PCA

KibyuHe peun: npenunurar, AEHTUHCKH TyOyiH, upuramuja, nepmeadbunoct, PCA, SEM
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Abstract-AB: Introduction: Canal irrigation represents one of the most important
procedures in the debridement of the canal space. The solutions used for irrigation during
endodontic therapy come into contact with each other within the root canal. The consequences
of such interactions can be formed solid by-product, precipitate. They has a clinical
significance as it can lead to the occlusion of dentinal tubules, a reduced permeability of
dentine, impair penetration of intracranial medications into the dentine tubules and
compromise adhesion of root canal sealers to the canal walls. Chemical nature and toxicity of
the precipitate is still debated.

The aim of this study was to firstly to investigate immediate precipitate formation on root
dentin surface irrigated with sodium hypochlorite (NaOCI) followed by the final rinse with
chlorhexidine (CHX), ehylendiaminetetraacetic acid (EDTA) + CHX, MTAD or QMiX and
its effect on dentine tubules, and then to determine the chemical composition and presence of
p-chloroaniline (PCA) in the precipitate.

Material and Methods: The study included 150 maxillary anterior human teeth
randomly divided into five groups (n=30) before instrumentation and irrigation with NaOCI
according to final rinse regimen: CHX (2% CHX), EDTA + CHX (17% EDTA + 2% CHX),
MTAD, QMiX and control group (distilled water). One hundred teeth roots were subjected to
scanning electron microscopy (SEM). Eighteen of from each group were split longitudinally
for evaluation the presence and amount of precipitate and number of closed dentinal tubules at
the coronal, middle, and apical root thirds. Remaining two of each group were horizontally
sectioned to evaluate precipitate formation in dentinal tubules. For the dentin permeability
analysis, fifty roots were immersed in a 0.2% Rhodamine B solution for 24 hours. After that,
roots were horizontally cut and one slice of each third was randomly selected. The obtained
images of slices were scanned and analyzed using the software for the assessment of leakage
in percentage. Chemical composition of precipitate formed on root dentin surface in coronal
and apical thirds was analyzed by energy-dispersive spectroscopy (EDS). Additionally, 5.25%
NaOCI solution was associated with 2% CHX, 17% EDTA and QMiX as well as 2% CHX
was associated with 17% EDTA. The solutions were mixed in a 1:1 ratio and presence of PCA
was determined by using thin-layer chromatography, proton nuclear magnetic resonance
spectroscopy and infrared spectroscopy. Data were analyzed with Kruskal-Wallis/Dunn and
ANOVA/Turkey's tests.

Results: SEM analysis showed formed precipitate on dentin surface and in the dentin
tubules in all treatment groups, while the control group revealed root canals without

precipitate formation. The highest amount of the precipitate was recorded in the CHX group.



Data analysis showed that the amount of the precipitate in this group was significantly higher
in relation to the MTAD group (p <0.05) in the coronal third and compared to the QMiX
group in the middle third (p <0.05). In the apical third, the amount of the precipitate formed in
the CHX group was significantly higher than that in the QMiX and MTAD group (p <0.05).
The percentage of closed dentin tubules in CHX group was similar to EDTA+CHX group, but
significantly lower than in other groups (p<0.05). Less dye penetration was found in CHX
group compared with control as well as with QMiX and MTAD group in all thirds (p<0.05).
EDS analysis of the precipitate in the CHX group showed statistically significantly higher
content of CI in comparison with the precipitate formed in other groups (p<0.05). Mixing
5.25% NaOCI and 2% CHX, 5.25% NaOCI and QMiX, and 2% CHX and 17% EDTA led to
the formation of brown, orange-brown and white precipitate, respectively. Association
between 5.25% NaOCI and 17% EDTA vyielded the bubbles formation only. The results of the
present study showed no formation of PCA for the none of the investigated combinations.

Conclusion: The precipitate rich in chlorine is more abundant on the surface of the
dentin wall of the root canal after irrigation with NaOCI and final rinse by CHX than after
irrigation with NaOCI followed by EDTA + CHX, QMIX or MTAD. Its increased presence
reduces the number of open dentin tubules as well as the dentin permeability at all root levels.
Mixing of NaOCI with CHX or QMIX, and CHX with EDTA results in precipitate formation
without PCA.

Key words: precipitate, dentinal tubules, irrigation, permeability, PCA, SEM
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Oopazay 1

N3JABA AYTOPA O OPUTTUHAJIHOCTHU JOKTOPCKE JTUCEPTALIUJE

Ja, Jbuwbana bjenoBuh, u3jaBibyjeM aa JOKTOPCKA AUCEPTAIIH]ja IO HACTIOBOM:

IIpoueHa VTPII.Iaia cpeacTaBa 3a I/IDI/II‘aI_II/IiV KaHajla KOpC€Ha Ha ACHTHH H TV6VJ'I€ JCHTHHA

3y0a ca jeJHUM KOPEHOM

Koja je ogOpameHa Ha PakynTeTy MEIUIIMHCKUX Hayka, YHuBepiurtera y Kparyjeruy

MIPEJICTaBIba OPUSUHATIHO AYMOPCKO 0elo HACTANIO KA0 PEe3yNTaT CONCMEEHO2

UCmMpascueaykoz paod.

Osom H3zjasom makohe nomephyjem:

Jla caM jeounu aymop HaBeJleHe JOKTOPCKe AucepTanyje,

Jla y HaBeJICHO] TOKTOPCKO] AUCEPTALUJU HUCAM U3BPUIUO/IA NOped)y ayTOPCKOT HUTH
JPYTOT paBa WHTEJICKTyalHe CBOjUHE APYTHX JIUIIA,

Jla YMHOXXEHU IpUMepaK JOKTOPCKE IUcepTaluje Yy IITaMIIaHO] U eJIeKTPOHCKO]
bopmu

y 4HjeM ce MPUJIOTy Hayla3u oBa M3jaBa caapKu JOKTOPCKY JUCEPTAIN]y UCTOBETHY

e 010pameH0j TOKTOPCKO) AUCEPTaLH]H.

VY Kparvjesiy, 18.02.2019 roaune,

MOTIHC ayTopa



Oopazay 2

HN3JABA AYTOPA O UICKOPUIITRABABY JOKTOPCKE JUCEPTAIINJE

Ja, Jbumana bjenosuh,
v'  103BOJHABAM
HE J103B0JbABAM
VHuBep3ureTckoj oubarorenu y Kparyjesiy 1a HauuHM JBa TpajHa YMHOKEHA IPUMEPKA Y

€JIEKTPOHCKO] (POpPMH TIOKTOPCKE AMCEpTAIHje MO HACIOBOM:

IIpoueHa VTI/II_[aia cpacTaBa 3a I/IDI/II‘aI_II/IiV KaHajia KOpCHa Ha JCHTHH 1 TV6VJ'IC AJCHTHHA 3v6a

Ca jeIHUM KODEHOM

Koja je ogOpameHa Ha PakynTeTy MEUITMHCKUX HayKa

VYuusepsutera y Kparyjesiy, ¥ TO y HeJIMHH, Ka0 U Ja MO jeJlaH IPUMepaK TaKO YMHOXKEHE
JOKTOPCKE JHCEepTalllje YYUHU TPaJHO TOCTYIHUM JaBHOCTU IIyTE€M JUTUTATHOT
peno3utoprjyma YHuBep3uTera y KparyjeBily U LEHTpagHOT PENO3UTOpHjyMa HaJICKHOT
MHUHHCTapCTBA, TAKO J1a MPUMIAIHUIM JABHOCTH MOT'Y HAUMHUTH TPajHE YMHOKEHE TPUMEpKe

y €JIEeKTPOHCKO] (OpMHU HaBeJleHe JOKTOPCKE AUCEpTaLUje IIyTEeM npey3umMarsa.

OBom U3jaBom Takohe
v’ J103BOJbaBaM

1
HE JO3BOJbaBaM

1 YKoIMKO ayTop u3abepe J1a He JI03BOJIM NPUITAAHUIIIMA jABHOCTH J]a TAKO JOCTYNHY JOKTOPCKY AMCEPTALH]y KOPHUCTE 0T
ycioBuMa yrBphenuM jeanom ox Creative Commons JIMLICHIIM, TO HE HCKIbYYYje NPABO NPUIIAJHUKA jJABHOCTH J1a HABEACHY
JOKTOPCKY JMCEPTalHjy KOPUCTE y CKIafy ca ojpendama 3akoHa 0 ayTOPCKOM M CPOJHMM MpaBHMa.



MpUMaJIHUIIMA JABHOCTH Ja TaKo JOCTYIHY JOKTOPCKY IUCEPTalK]y KOPHUCTE MOJ yCIOBUMA
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ABSTRACT. The aim of this study was to determine whether p-chloroaniline (PCA) is formed in the
reactions of sodium hypochlorite (NaOCI) with final rinse chlorhexidine (CHX), QMix (combination
of ethylenediaminetetraacetic acid (EDTA), CHX and detergent) and EDTA/CHX solutions by thin-
layer chromatography (TLC), proton nuclear magnetic resonance (*H NMR) and infrared (IR)
spectroscopy. Commercially available 5.25% NaOCI solution was mixed with 2% CHX and QMix in
1: 1 (v/v) ratio at room temperature. Furthermore, 2% CHX was associated with 17% EDTA under
the same experimental conditions. The obtained solutions were evaluated qualitatively for color
changing, precipitate and/or bubble formation and analyzed by TLC chromatography. The association
products were investigated by spectroscopic (*H NMR and IR) methods in order to determine whether
they contain PCA. It was found that interactions between NaOCI/CHX and CHX/EDTA led to
forming of brown and white precipitate. When NaOCI was mixed with QMix, an orange-brown
precipitate was formed. PCA was not detected as a product of the reactions between NaOCI and final
rinse solutions of CHX, QMix and EDTA/CHX association.

Key words: p-Chloroaniline, Infrared spectroscopy, Irrigants, Proton nuclear magnetic
resonance, Thin-layer chromatography

INTRODUCTION

Root canal irrigation, mechanical or chemical, aims to remove debris, lubricate the canal,
dissolve organic and inorganic tissues, as well as to prevent smear layer formation or aid its
removal (HAAPASALO et al. 2014; HULSMANN et al. 2007; ZEHNDER et al. 2005). The
biological function of the irrigants is related to their antimicrobial effect, inactivation of
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endotoxin, non-toxicity to vital tissues and low allergenic potential (ZEHNDER et al. 2005).
The most commonly used irrigants in endodontic therapy are sodium hypochlorite (NaOCI),
ethylenediaminetetraacetic acid (EDTA) and chlorhexidine (CHX) (HAAPASALO et al. 2014;
HULSMANN et al. 2007; ZEHNDER et al. 2005; BITTER et al. 2013; Gu et al. 2009). In order to
reduce surface tension of irrigants, improve their dentinal tubules penetration and enhance
their efficiency, combination of two or more irrigants is recommended (StoJicicC et al. 2010).
Accordingly, QMix (combination of EDTA, CHX and detergent; Dentsply TulsaDental,
Tulsa, OK, USA) have been introduced in endodontic practice (StoJicic et al. 2012).
Previous studies showed that QMix is as effective as 17% EDTA in removal of smear layer or
even superior (StoJicic et al. 2012; DAl et al. 2011). Moreover, QMix is as efficacious
antimicrobial agent as 6% NaOCI and superior when compared to CHX, MTAD (mixture of
doxycycline, citric acid and detergent) and solutions of NaOCI with lower concentrations
(DAl etal. 2011; WANG et al. 2012).

Numerous in vitro studies showed that chemical interactions between some irrigants
result in formation of precipitates (BASRANI et al. 2007; RAsIMICK et al. 2008; TAY et al.
2006; ARSLAN et al. 2015). Clinical relevance of the precipitate is in its difficult removal from
the canal which can contribute to periapical p-chloroaniline (PCA) leaching (VIVAQUA-
GoMEs et al. 2002). Some of these studies (BASRANI et al. 2007; BASRANI et al. 2010)
demonstrated that successive rinsing of root canal with NaOCI and CHX produced an orange-
brown precipitate, which contains PCA. However, these findings were not confirmed in the
other studies (THOMAs et al. 2010; ORHAN et al. 2016). It is worth noting that PCA is
carcinogenic and toxic (CHHABRA et al. 1991; KACMAR et al. 1995) and can lead to dentin
discoloration (SouzA et al. 2013). After mixing CHX and EDTA, non-toxic white precipitate
formation was noticed (RAsIMICK et al. 2008). There are only a few studies related to
precipitate formation in the interactions of most commonly used irrigant NaOCIl with QMix
solution (ARSLAN et al. 2015; KoLosowski et al. 2014), in which PCA was not detected.

A recent study of ORHAN et al. 2016 has showed that different methods can be used
for PCA presence analysis in the precipitate resulted from NaOCI/CHX association.
Additionally, THOMAS et al. 2010 reported that mass spectrometry is not a reliable method for
PCA formation detection, as well as Beilstein and HCI solubility tests (KRISBNAMURTBY et al.
2010). Therefore, the aim of this study was to determine whether PCA is formed in the
reactions of NaOCI with final rinse CHX and QMix solutions, as well as a result of
EDTA/CHX combination by thin-layer chromatography (TLC), proton nuclear magnetic
resonance (*H NMR) and infrared (IR) spectroscopy.

MATERIALS AND METHODS

Chemicals

Commercially available solutions (5.25% NaOCI, 2% CHX (Consepsis, Dentsply Tulsa
Dental, Tulsa, OK, USA), 17% EDTA (ENDO-SOLution, Cerkamed, PPH Cerkamed,
Stalowa Wola, Poland) and QMix) were used in the study. PCA, ethyl acetate, hexane,
sodium sulfate and deuterated dimethyl sulfoxide (DMSO-ds) were purchased from the
Sigma-Aldrich (St. Louis, Missouri, USA). All the employed chemicals were of analytical
reagent grade and used without further purification.

Associations

5 mL of 5.25% NaOCI solution was mixed with 5 mL of 2% CHX and QMix at room
temperature. In addition, 2% CHX was associated with 17% EDTA in 1 : 1 (v/v) ratio. The



final solutions were evaluated qualitatively for color changing, precipitate and/or bubble

formation. The visual characteristics of the irrigants’ resultant association were summarized
in Table 1.

Table 1. Visual characteristics of the irrigants association observed in this study.

Solution 1 Solution 2 Visual characteristic of the association*
5.25% NaOCl 2% CHX Brown precipitate

5.25% NaOCl QMix Orange-brown coloring and bubble formation
2% CHX 17% EDTA White cloudy precipitate

*Solutions were mixed in 1 : 1 (v/v) ratio at room temperature.

PCA Formation analysis

After mixing 5.25% NaOCI with 2% CHX, a brown-colored mixture was extracted three
times with 15.0 mL ethyl acetate, and then organic layer was separated and dried over
anhydrous sodium sulfate (ORHAN et al. 2016). This solution was analyzed by TLC and then
ethyl acetate was removed under reduced pressure. The isolated brown precipitate was further
evaluated by spectroscopic (*H NMR and IR) methods in order to determine whether it
contains PCA.

In the case of the other two irrigants associations, the resulting solution was analyzed by TLC
and then solvent was removed under reduced pressure. The obtained solids (white for 2%
CHX/17% EDTA and orange-brown for 5.25% NaOCI/QMix) were further analyzed by
spectroscopic (*H NMR and IR) methods.

Silica gel 60 on Al plates with layer thickness 0.2 mm (Merck) was used for TLC. Two drops
of the corresponding solution were injected on TLC plate. Near this spot, two drops of
solution obtained by dissolving 2.0 mg of PCA in 1.0 mL of ethyl acetate were injected as
stationary phase. This plate was placed in a TLC tank containing ethyl acetate/hexane mixture
in 1 : 2 (v/v) ratio as mobile phase. *H NMR spectra were recorded at 25 °C on a Varian
Gemini 2000 spectrometer at 200 MHz. 20.0 mg of PCA and the corresponding association
products were dissolved in 0.7 mL of DMSO-dgs and transferred into a 5 mm NMR tube.
Chemical shifts are reported in ppm (6) and scalar couplings are reported in Hertz. IR spectra
were recorded as KBr pallets on a Perkin EImer Spectrum One spectrometer over the range
4000-450 cm'™.

RESULTS AND DISCUSSION

The visual irrigants’ resultant association characteristics are summarized in Table 1. Brown
and white precipitates were formed in the interactions of 2% CHX with 5.25% NaOCI and
17% EDTA, respectively, immediately after mixing of these irrigants, while the combination
of 5.25% NaOCI| with QMix resulted in orange-brown solution coloration and bubbles
formation.

Different irrigating solutions combinations were studied for PCA presence by TLC, *H
NMR and IR measurements. The corresponding data for each combination were compared
with those for PCA.

TLC plates under UV light for the 5.25% NaOCI/QMix association and PCA before
and after corresponding solvent development are shown in Fig. 1. The same picture is
obtained for the other irrigant associations, indicating that none of them produces PCA as a
by-product.
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Figure 1. TLC plates under UV light for the 5.25% NaOCI/QMix irrigant association and PCA
before (A) and after (B) development in solvent.
The same picture is obtained for all other investigated irrigants associations.
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Figure 2. Analysis of investigated irrigants association products by *H NMR spectroscopy.
All spectra were recorded in DMSO-dg at ambient temperature
and compared with that obtained for PCA.

The *H NMR spectrum for each association product was compared with the spectrum
of PCA,; see Fig. 2. As can be seen from this figure, two doublet signals at 7.01 and 6.56 ppm
with coupling constant J = 8.8 Hz are present in the spectrum of PCA and are assigned to the
pairs of aromatic protons H, and Hy, respectively, while a singlet at 5.22 ppm is due to the
NH, protons. However, these resonances are not present in the spectra of association
products, indicating that no PCA was formed in the investigated reactions. Moreover, there
was no appearance of PCA resonances characteristic in association products spectra recorded
72 h after their dissolution.

In the IR spectrum, PCA has two very strong and sharp bands at 3472 and 3382 cm™,
which were assigned to the asymmetric and symmetric stretching vibration of the primary
amino moiety (Fig. 3). None of these bands can be detected in the spectrum of the
investigated association products, additionally confirming that these products do not contain
PCA.

PCA

2% CHX/17% EDTA

5.25% NaOCI/2% CHX

.

5.25% NaOCl/QMix

<

=

4000 3000 .0 2000

Figure 3. Analysis of the investigated irrigants association products by IR spectroscopy.



Their spectra in the region of 4000-2000 cm™ are compared with that for the PCA.

Considering the fact that different irrigants combination during endodontic therapy may
enhance their antimicrobial properties (KURUVILLA et al. 1998), possible undesirable
chemical interactions among the irrigants have to be investigated (RossI-FEDELE et al. 2012).
Some composition precipitate findings, resulted from different irrigants combination, showed
that there is still a debate whether it contains PCA (BASRANI et al. 2007; RAsIMICK et al.
2008; TAY et al. 2006; ARSLAN et al. 2015; THOMAS et al. 2010; ORHAN et al. 2016).
Contradictory results can be explained by different detection sensitivities and methods that
include handling and dissolution of the precipitate that may affect product recovery. Also, in
some studies, failure to detect PCA may be related to the used materials and methods but is
not an evidence of its absence (ORHAN et al. 2016; KoLosowsKI et al. 2014).

The purpose of this in vitro study is to determine whether PCA was formed as a by-
product of the reactions between NaOCI and final rinse CHX and QMix solutions, as well as a
result of EDTA/CHX combination. This can be important because PCA is considered to be
cytotoxic on human cells (WORLD HEALTH ORGANISATION 2006), carcinogenic (THOMAS et
al. 2010) and can lead to neonates methemoglobinemia (MESSMER et al. 2015). TLC, *H
NMR and IR methods were chosen for this study due to their great sensitivity in identifying
components of a given reaction mixture, as well as determination of mixture purity.
Moreover, *H NMR spectroscopy is one of the principal techniques used to structurally
characterize compounds in a nondestructive and noninvasive manner. Previous studies
(BAsRANI et al. 2007; ORHAN et al. 2016) showed that the use of a destructive method, such
as mass spectroscopy, which is based on breaking down of the precipitate, can lead to
unreliable results. Therefore, in accordance to previous study by ORHAN et al. 2016,
noninvasive spectroscopic analyses (*H NMR and IR) and TLC chromatographic method
were used for the identification of compounds present in the precipitate.

On the basis of TLC, 'H NMR and IR measurements, we found that a brown
precipitate formed in the reaction between 5.25% NaOCI and 2% CHX does not contain PCA.
This finding is in accordance with previous studies (KACMAR et al. 1995; Souza et al. 2013;
Prado et al. 2013), where the absence of PCA in the brown precipitate was confirmed by *H
NMR and ESI-MS analysis. Moreover, Nowickl et al. 2011, reported that NaOCI/CHX
association did not produce PCA at any measurable quantity and identified two major CHX
breakdown products in  NaOCl| presence, namely p-chlorophenylurea and p-
chlorophenylguanidyl-1,6-diguanidyl-hexane. Contrary to this, *H NMR study by BASRANI et
al. 2007 and ARSLAN et al. 2015, showed that NaOCI mixed with CHX resulted in an orange-
brown solution coloration and PCA formation. It is considered that the precipitate was formed
by the acid-base reaction between CHX, a dicationic acid, that donated protons and NaOClI
that accepted protons (BASRANI et al. 2007). This resulted in insoluble precipitate formation
that can stain dentin, bond to the walls of the access cavity and root canal (KRISSNAMURTBY
et al. 2010). Thus, the precipitate acts as a residual film and chemical smear layer that may
compromise intracanal medicaments diffusion, disrupts canal filling adhesion and favours
coronal restoration breakdown (PRADO et al. 2013; Bui et al. 2008).

Similarly, in the presence of EDTA, no decomposition of CHX to PCA was observed
by TLC and spectroscopic analysis (Fig. 1-3). This is in accordance with the previous HPLC
study on the CHX/EDTA association product (RASIMICK et al. 2008), showing that CHX was
not decomposed by EDTA and that white product obtained from this reaction represented a
salt formed by neutralization of the cationic CHX by the anionic EDTA, according to the
equation:



3H,CHX?"(aq) + 2HEDTA*(aq)

(H,CHX)3(HEDTA)(s)

As a result of this interaction, the effect of EDTA on smear layer is reduced, therefore
manufacturer’s recommendation regarding the use of a root canal saline rinse after NaOCI and
before EDTA final rinse should be adopted (RASIMICK et al. 2008).

QMix is a novel final irrigation compound containing CHX, EDTA and the detergent
(DAL et al. 2011; WANG et al. 2012). Our analysis showed that 5.25% NaOCI with QMix
combination resulted in orange-brown solution coloration and bubble formation. Analogous to
its constituents, QMix does not undergo decomposition to PCA in the presence of 5.25%
NaOCI, what is in accordance with the previous finding (ARSLAN et al. 2015). As can be seen
from the *H NMR spectrum of the 5.25% NaOCI/QMix association product, none of the
signals in 4.50-8.50 ppm region including those of CHX was detected (Fig. 2). This might
have been due to the fact that CHX concentration in QMix is very low, and therefore could
not be detected (ARSLAN et al. 2015). Similar results were found by Kolosowski et al. 2014,
who showed that the precipitate or PCA were not produced by a mixture of NaOCI and QMix
using Time-of-Flight Secondary lon Mass Spectrometry (TOF-SIMS) analysis. It could be
argued that the inability to identify PCA was related to the use of different detection
techniques, with a reduced sensitivity to low-molecular-weight products or the use of solvents
that may have undermined PCA detection (ORHAN et al. 2016; KoLosowsKI et al. 2014).

CONCLUSIONS

The results of our study showed no presence of p-chloroaniline as by-product for the none of
the investigated irrigants associations, namely 5.25% NaOCI/2% CHX, 2% CHX/17% EDTA
and 5.25% NaOCI/QMix. The applied proton NMR and IR spectoscopic techinques and TLC
chromatography are shown as very efficient methods of determination whether p-
chloroaniline is formed in the reactions between presently investigated endodontic irrigants.
However, further studies are needed in order to investigate chemical composition of the
precipitates formed after previously mentioned associations. Study aimed in this achievement
is in progress.
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SUMMARY

Introduction/Objective This study was aimed at evaluating dentin permeability after irrigation
with sodium hypochlorite (NaOCI) and final rinse with chlorhexidine (CHX), ethylenediamine
tetraacetic acid (EDTA) + CHX, and new combination products: QMiX or MTAD.

Methods Roots of 60 maxillary incisors were randomly divided into five groups (n = 12) before
instru-mentation and irrigation with NaOCI according to the final irrigation regimen: CHX (2%
CHX), EDTA + CHX (17% EDTA + 2% CHX), QMiX, MTAD, and control group (distilled water).
After final irrigation, ten roots of each group were horizontally sectioned and dye penetration was
evaluated in the coronal, middle, and apical thirds. Remaining samples were subjected to
scanning electron microscopy. Data were analyzed with ANOVA/Tukey'’s test.

Results Less dye penetration was found in CHX group compared with control as well as with
QMiX and MTAD group in all thirds (p < 0.05). A significant difference between the control and
EDTA + CHX, QMiX or MTAD group was observed only in the apical root third (p < 0.05).
Conclusion Dentin permeability was significantly reduced after final irrigation with CHX, but not
after use of other final irrigation solutions, except in the apical third of the root canal.

Keywords: dentinal tubule cleansing; intra-canal disinfectants, irrigants; chlorhexidine;
EDTA; MTAD; sodium hypochlorite; QMiX

INTRODUCTION agent (EDTA and citric acid, respectively), and

a detergent [7, 8].

Irrigation is essential for successful debride-
ment of the root canals with mechanical proce-
dures [1]. Sodium hypochlorite (NaOCI) is the
most commonly used irrigation solution due to
its antimicrobial action and tissue-dissolving
potential [2, 3]. However, NaOClI is not suffi-
cient for total cleaning of the root canal system

from microorganisms, debris, tissue remnants,
and the smear layer. For optimal irrigation, a

combination of irrigation solutions has to
be used. Therefore, NaOCI has been used in
combination with demineralizing agents such

ethylenediamine tetraacetic acid (EDTA), for
effective removal of the smear layer. Chlorhexi-
dine (CHX), a chemical substance with consid-

erable antimicrobial properties has, been stud-
ied as a final irrigation solution after NaOCI
and EDTA [2]. Recently, QMiX and MTAD,
new combination products, have been aimed at
removing the inorganic smear layer and disin-
fecting the root canal system following NaOCI
irrigation [4, 5, 6]. QMiX and MTAD contain
an antibacterial agent with known prolonged
antimicrobial action (substantivity) (CHX and
doxycycline, respectively), a demineralizing

Although a combination of irrigants may
enhance its antimicrobial and cleaning effec-
tiveness, a possible chemical reaction between
them has to be considered. This is especially
evident when CHX is combined with NaOCI.
The chemical interaction between these two
solutions results in the color change of mix-
ture to brown and formation of precipitate [9].
When associated with EDTA, CHX produces
white precipitate [10, 11]. In QMiX, this inter-
action is avoided by its chemical design [5]. The
combination of QMiX with NaOCI produced
inconsistent results. While some authors found
orange-brown precipitation, others found visu-
ally detectable color change but without precipi-
tate formation in the interaction of these two
solutions [12, 13]. When MTAD was added to
NaOCl, yellow precipitate formed [14].

The clinical significance of the precipitate
formed in interaction with NaOCI and CHX
is that it may contain substance harmful to the
general health [15]. Concerns have been raised
that color change could compromise esthetics
[16]. Furthermore, it can act as a chemical
layer occluding dentinal tubules and altering
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dentin permeability [17, 18]. Subsequently, diffusion of
intracanal medicaments and sealing of root canal could
be compromised [19]. The penetration of the precipitate
into dentinal tubules formed in interaction between
either NaOCI or CHX and other irrigation solutions has
not yet been clarified.

Therefore, this study was aimed at evaluating dentin
permeability after irrigation with NaOCI and final rinse
with CHX, EDTA + CHX, QMiX or MTAD. The null
hy-pothesis was that there would be no differences in
per-meability of root dentin between different final
irrigation solutions.

METHODS
Sample selection and treatment

This study was conducted after approval form the Institu-
tional Ethics Committee (No. 01-3-88/2015). Sixty intact
human maxillary incisors with single straight and mature
roots, and single canals extracted from 18-30-year-old
subjects were included in the study. Teeth with caries,
restorations, calcifications, intraradicular resorption or
complicated root canal anatomy were excluded. Root canal
anatomy was verified with radiographs. The root surface
was cleaned with a scalpel, ultrasonic instruments, and
brushes. The teeth were then stored in 0.9% saline with a
0.2% thymol solution at 4°C until use.

The crown of each tooth was cut to standardize the root
lengths to 14 mm. Before chemomechanical prepara-tion, the
root canals were divided into five groups (n = 12) according to
the final irrigant solution used: CHX (2% CHX solution,
Consepsis, Dentsply Tulsa Dental, Tulsa, OK, USA), EDTA +
CHX (17% EDTA, ENDO-SOLution, Cerkamed, PPH
Cerkamed, Stalowa Wola, Poland, and 2% CHX solution,
Consepsis, Dentsply Tulsa Dental), MTAD (Dentsply Tulsa
Dental), QMiX (Dentsply Tulsa Dental) and distilled water
(control group). The working length was established 1 mm
short of the apical foramen by #15 K-file (Dentsply Maillefer,
Ballaigues, Switzerland). After that, apical foramen of each
root was sealed with wax. Root canal preparation was carried
out with Pro- Taper rotary instruments (Dentsply Maillefer,
Ballaigues, Switzerland) up to F4 file (40/0.06) as the master
apical file. The ca-nals were irrigated with 1 mL 5.25%
NaOCl, after each instrument, except in the MTAD group,
where canals were irrigated with 1 mL 1.3% NaOCI
(recommended manu-facturer’s protocol) . Irrigation was
performed with 27 gauge stainless steel needles (Endo-Eze,
Ultradent, South Jordan, UT, USA), whose tip was placed 1
mm from the working length and was then moved up and
down during irrigation. At the end of preparation, 5 mL of
17% EDTA was used in the canals for five minutes for smear
layer removal, followed by distilled water, to remove traces of
EDTA. Then, 5 mL of 5.25% (CHX, EDTA + CHX, and
QMiX groups) or 1.3% NaOCI (MTAD group) was deliv-ered
into the canals for two minutes, followed by 10 mL distilled
water for two minutes to minimize the potential
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reaction between NaOCI and final irrigant solutions. Final
rinse was performed with 5 mL of 2% CHX, 17% EDTA,
followed by 2% CHX, QMiX, or MTAD for two minutes.
In the EDTA + CHX group, canals received an interme-
diate flush between two solutions with 10 mL of distilled
water for two minutes to prevent interaction. Finally, all
canals were dried with paper points.

Dentin permeability analysis

Ten roots of each group were externally coated with fast
polymerizing epoxy resin (Brascola Ltda, SP Santa Cata-
rina, Brazil) leaving the root canals free and immersed in
0.2% Rhodamine B solution. After 24 hours, specimens
were rinsed continuously under tap water over the next 24
hours. A sharp blade was used to remove resin coat-ings,
and the teeth were embedded in polyester resin. Each root
was horizontally sectioned using a slow-speed water-
cooled cut machine (Extec Labcut 1010, Enfield, CT,
USA) to obtain 1-mm-thick slices. All slices were polished
with silicon carbide papers to obtain a flat surface. A slice
from each third was randomly chosen, mostly from each
third’s middle portion, and scanned (Epson Perfection
1240U scanner; Epson Corp, Tokyo, Japan) with a resolu-
tion of 400 dpi, and analyzed with the software ImageLab
4.1 (Bio Red, Tokyo, Japan) to assess dye penetration. Dye
penetration in dentin was expressed as percentage of the
dye penetrated area in relation to the total root-third area.

Scanning electron microscopy analysis

Two roots of each group were prepared for scanning with
an electron microscopy (SEM) analysis. The roots were
transversely sectioned at 3 mm, 6 mm, and 9 mm from the
apex using a diamond disc at slow-speed. The specimens
were dehydrated using ascending grades of ethanol (25%,
50%, 75%, and 100%), mounted on an aluminum holder,
sputter-coated with gold, and then examined with SEM
(JEOL-JSM -6610LV, Tokyo, Japan). Specimens were ex-
amined at a magnification between 3,700x and 6,500x and
20 kV to detect precipitate formation on the root dentin
surfaces and inside the dentin tubules.

Statistical analysis

The statistical analyses were performed using SPSS soft-
ware, version 20.0 (IBM Corp., Armonk, NY, USA). The
results obtained for dye penetration (Kolmogorov—
Smirnov test p > 0.05) were submitted to the one- way
analysis of variance (ANOVA) and Tukey’s post hoc. The
significance levels were set at 5%.

RESULTS

The results of percentage of dye penetration are shown in
Table 1 and Figures 1, 2, and 3. The MTAD, QMiX and con-
trol group showed significantly higher dye penetration than the
CHX group in the coronal third (p < 0.05). In the middle
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Table 1. The mean + SD of dye penetration (%) in dentinal tubule at the coronal, middle and apical third of root dentin; mean values
represented with the same superscript uppercase (row) or lowercase (column) letters are not significantly different (p > 0.05)

Root level CHX EDTA + CHX QMiX MTAD Distilled water

Coronal 61.61 + 14.564a 76.72 £ 10.71ava 81.33 + 6.74ea 79.28 + 7.81sa 83.77 £ 17.65ga
Middle 25.80 + 9.03m 52.95 + 15.28es 62.24 + 15.378n 58.52 + 13.308» 65.50 + 18.288n
Apical 14.43 + 3.854c 16.80 + 4.91a8c 24.57 +5.23s¢ 25.87 + 6.568¢ 36.01 £ 12.19¢cc

CHX — chlorhexidine; EDTA — ethylenediamine tetraacetic acid
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Figure 1. Box plots of dye penetration (%) in the coronal third; hori-
zontal bars — medians; box-boundaries — the 25th and 75th percen-
tiles; whiskers — maximum and minimum observed values; 0 — outliers
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Figure 2. Box plots of dye penetration (%) in the middle third; horizon-tal
bars — medians; box-boundaries — the 25th and 75th percentiles;
whiskers — maximum and minimum observed values; 0 — outliers;

*extreme values

third, all groups showed more dye penetration compared to
the CHX group (p < 0.05). Finally, in the apical third, the
control group showed significantly more dye penetration
than other groups (p < 0.05), while both MTAD and QMiX
groups showed significantly greater dye penetration than
the CHX group (p < 0.05). The highest dye penetration was
recorded in the coronal thirds of all groups with significant
differences between the thirds (p < 0.05) (Table 1).
Representative SEM images of samples irrigated with
different final irrigation protocols are shown in Figure 4.
Precipitate was found in the samples irrigated with CHX,
EDTA + CHX, QMiX, and MTAD, while the control
group revealed root canals without precipitate formation.

‘ DOI: https://doi.org/10.2298/SARH170731193B

Figure 3. Box plots of dye penetration (%) in apical third; horizontal
bars — medians; box-boundaries — the 25th and 75th percentiles;
whis-kers — maximum and minimum observed values

DISCUSSION

The present study evaluated the interaction between Na-
OCI and different final irrigants (CHX, EDTA + CHX,
QMiX, and MTAD) and its effect on dentin permeability.
Root canal irrigation with CHX significantly decreased
dentin permeability, while other final irrigant solutions
exert no significant effect, except in the apical third.

A closed-end canal model was used in the current study
to mimic a clinical setting. Distilled water was used be-
tween NaOCI and final irrigation solution (CHX, EDTA
+ CHX, QMiX, and MTAD) as well as between EDTA
and CHX in order to prevent precipitation, as it has been
recommended in clinical conditions [4]. Moreover, the
operational sequence used was aimed to exclude effect
of smear layer on dentin permeability.

In the present study, irrigation with CHX after NaOCI
significantly reduced dentin permeability in all thirds of
root canals compared to the control group. This result in-
dicates that the product formed in the interaction between
NaOCI and CHX, characterized as brown precipitate, is
present in dentinal tubules, as has been shown previously
[9, 13]. This can be explained by the ability of both solu-
tions to diffuse into tubules up to 500 um, according to the
results of studies that have used dyes or measured their
antibacterial penetration [18, 20, 21, 22]. Akisue et al. [18],
employing the same methodology for specimen analysis as
in the present study, found that precipitate formed be-
tween 1% NaOCI and 2% CHX caused reduction of dentin
permeability only in the apical third, when compared to no
irrigation control group and group irrigated with 15% citric
acid followed by 2% CHX. Discrepancy in the re-sults
between our study and the mentioned one could be

Srp Arh Celok Lek. 2018 Sep-Oct;146(9-10):492-497
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b) EDTA + CHX

d) MTAD group

e) Distilled water

Figure 4. Scanning electron microscope images (magnification between 3,700% and 6,500%) of the sectioned specimens showing
precipitate formation on the root dentin surfaces and inside the dentin tubules after final irrigation with CHX (a), EDTA + CHX (b),
QMiX (c), and MTAD (d); in the control group (distilled water), precipitate was not found (e)

attributed to the concentration of NaOCI used (5.25 vs.
1%). Namely, it has been shown that precipitation is con-
centration-dependent [9]. The precipitate was formed in
dentinal tubules, although an attempt was made to prevent
its formation by introducing intermediate flush with dis-
tilled water in the main canal. This raised some concerns
because this precipitate may act as a reservoir of a toxic
and carcinogenic substance, known as para- chloranilin
(PCA), even after removal of precipitate form main canal
[23, 24]. In addition, this precipitate acting as a chemical
smear layer may limit the effective disinfection of dentinal
tubules by preventing intracanal medicaments from pen-
etrating the dentinal tubules [17, 18]. Namely, in infected
root canals, viable bacteria have been found deep within
dentinal tubules (up to 375 um) and their persistence after
chemomechanical procedures may be responsible for root
canal reinfection and treatment failure [25]. The precipi-
tate may compromise adaptability of the root filling ma-
terials to the root canal walls and may reduce the sealer
penetration into dentinal tubules as well [19]. The sealer
penetration into dentinal tubules increases the surface
contact between dentin walls and filling materials, which
may improve retention of the filling material by mechani-
cal locking and may exert antibacterial effect on bacteria
remaining in dentinal tubules after canal preparation by
isolating them from essential nutrient sources [26]. More-
over, the precipitate may provide a path through which
leakage could take place between the root canal filling and
the dentinal walls. Vivacqua-Gomes et al. [19] found that a
combination of 1% NaOCI with 2% CHX favors coronal
microleakage of root-filled teeth. Staining potential of this
insoluble dark-brown precipitate is also of relevance [16].

In root canals irrigated with EDTA + CHX, QMiX, or
MTAD after NaOCI, dentin permeability was reduced but
did not significantly differ from the control group in the

Srp Arh Celok Lek. 2018 Sep-Oct;146(9-10):492-497

coronal and middle third. However, in the apical third,
these groups showed significant less dye penetration than
the control group.. Also, QMiX and MTAD exhibited more
dye penetration than CHX in all root thirds. These re-sults
indicate that precipitation probably occurs in dentinal
tubules, but not in the amount that could affect dentin
permeability in coronal and middle thirds, in contrast to
interaction between NaOCI| and CHX. Stereomicroscope
study showed that QMiX had significantly lower scores of
precipitate associated with 2.5% NaOCI than 2% CHX in
root canals, probably due to lower concentration of CHX in
QMiX [12]. On the other hand, Kolosowski et al. [13]
found no precipitation neither on dentin surfaces nor in
dentinal tubules after immersion of dentin discs in 2.5%
NaOCI followed by saline and QMiX, measured by time-
of-flight secondary ion mass spectrometry (TOF- SIMS).
Although direct comparisons could not be made due to
differences in methodology, it can be argued that the
intermediate flush with distilled water in our study pre-
vented the interaction between QMiX and 5.25% NaOCI in
dentine tubules, as did saline in the mentioned study

[13]. Moreover, a lack of significant differences in den-tin
permeability of EDTA + CHX and MTAD group with
control specimens also suggest that distilled water has a
significant impact on precipitate prevention in dentinal
tubules, except in the apical sections. Limitation of irri-
gation modality used and impaired delivery of irrigants into
the apical third, including distilled water, constitute
possible reasons that could explain lower apical dentin
permeability in EDTA + CHX, QMiX, and MTAD group.
In addition, the influence of anatomical factors on dentin
permeability should also be considered. Namely, tubular
sclerosis that starts in the third decade of life in the apical
region interferes with the penetration of root canal irrig-
ants [27]. Moreover, dye penetration into dentinal tubules
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at the apical region is strongly dependent on the group of
teeth [28]. In order to standardize dentin pattern among the
specimens in the present study, only maxillary incisors of
subjects under the age of 30 were included.

In agreement with the previous studies we found the
highest dye penetration in the coronal third of the root
canal and the lowest in the apical third in all the groups,
including controls with significant differences between
the thirds [18, 27, 29]. This may be due to the irregular-
ity and lower size and density of dentinal tubules in the
apical area [27]. Namely, the number of dentinal tubules
decreases from 40,000 mm.. from corona near the pulp
to 14,400 mm-= in the apex [30]. Moreover, lower
efficacy of the irrigants in these portions of the root
canal cleared out the dentinal tubules less thoroughly.
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CONCLUSION

Final irrigation with CHX after initial NaOCI rinse sig-
nificantly reduced dentin permeability at all root levels.
Interactions between NaOCI and EDTA + CHX, QMiX or
MTAD exert no significant effect on dentin permeability,
except in the apical section of the root canal. Based on the
current results, final irrigation with CHX after NaOCI
should be avoided in order to prevent precipitate forma-
tion, which reduces dentin permeability, subsequently
compromising sealing of the root canal system. On the
other hand, EDTA + CHX, QMiX, or MTAD might be
recommended as reasonable solutions for final irrigation.
Further studies are necessary to better clarify the influence
of different final irrigants on the dentin permeability.
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Evaluation of permeability of root dentin after different irrigation protocols

Ucnutusare nepmeaGMnHocm KOpPeHCKOr AeHTUHa nocne ucrnmparba

PasINYNTUMm UpUraHCcuma

JburbaHa bjenosuhi, JeneHa KpyHuh:, Hukona CtojaHoBuh:, JeneHa Epuhz, TaTjaHa KaweBalys
1YHuBep3auTeT y MictouHom CapajeBy, MegununHckm cbakynTeT, Kateapa 3a geHtanHy natonorujy, ®ova, bocHa n XepLerosuHa;
2YHuBep3uTeT y VictouHom CapajeBy, MeauumHckn dpakynteT, Kategpa 3a opanHy pexabunutaumjy, ®oya, bocHa n XepLerosuHa;
3YHuBepauTet y Kparyjesuy, MeavumHcku dakyntet, Kateapa 3a npeBeHTMBHY 1 Aeuunjy ctomatonorvjy, Kparyjeeau, Cpbuja

CAXETAK

Yeog/Uure Lure oBor uctpaxuBaka je 6uo ga ce ucnuta nep-
MeabWnHOCT  KOPEHCKOr [EeHTUHa focne upurauuje HaTpujym-
xunoxnoputom (NaOCl) un dwuHanHe wupuraumje XrnopxekCMaMHOM
(CHX), eTuneH-gnamuHo-cupheTHoM kucenvHom (EDTA) + CHX wu
HOBMX koMBuHauuja: QMiX nnn MTAD.

MeTtone Kopenun 60 ropwux UeEHTpanHWX cekytuha cy, npe

MHCTpyMeHTauuje un npuraumje NaOCl , meTogom criyyajHor y3opka
nogerbeHn y net rpyna (n = 12) Ha OCHOBY cbuHanHor npoTokona
mpuraupje: CHX (2% CHX), EDTA + CHX (17% EDTA + 2% CHX),
QMiX, MTAD u koHTponHa rpyna (gectunoeaHa Bopa). [locne
duHanHe wupurauvje, p[eceT KOpeHoBa W3 CBake rpyne cy
XOPW3OHTaNHO npeceyeHn W neHeTpaunja 6Goje je oppeheHa y
KPYHWYHOj, cpeaH-0j 1 anekcHoj TpehuHu. MNMpeoctanu ysopum

CYy UCMUTMBAHN METOOM ENEKTPOHCKe Mukpockonuje. MNMoaaum cy
aHanusupanu npumeHom ANOVA/Tukey’s TecTa. Pesyntatu
MeHeTpaumja 6oje y CHX rpynu je 6una mama y cBum TpehmHama y
OOHOCY Ha KOHTPOSHY, Kao 1 y ogHocy Ha QMiX

n MTAD rpyny (p < 0,05). 3HavajHa pasnuka uaMeRy KOHTpOn-He u
rpyna EDTA + CHX, QMiX n MTAD je 3abenexeHa camo y anekcHoj
TpehuHu kopeHa (p < 0,05).

3akrbyyak NepmeabunHoOCT AeHTWHA je 3Ha4ajHO CMameHa mo-cne
duHanHe wupuraunje CHX, anu He wn nocne wvpwurauvje ApYrum
pacTBOpUMa, OCUM Yy aneKcHoj TpehuHu.

KrbyyHe peuu: umwhewe 3y6HUXx Tybyna; WHTpakaHanmHu [Je-
3uHdMUmMjeHen; xnopxekecnanH; EDTA; MTAD; HaTpujyM-Xvno-Xmnopur;
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1 | INTRODUCTION

To compare the smear layer removal ability and mineral content of root canal dentine after ini- tial
irrigation with NaOCIl and final irrigation with MTAD, QMix, and 17% EDTA. Forty extracted human
maxillary incisors before root canal preparation and irrigation with NaOCI were randomly divided into
four groups (n=10) according to the type of final irrigants used: MTAD, QMix,

17% EDTA, and control (sterile distilled water). Scanning electron microscopy (SEM) was used to
assess the presence of smear layer. SEM energy-dispersive X-ray spectroscopy was used to quantify
dentin mineral composition in MTAD, QMix, 17% EDTA group, and in no-treatment samples
(no-treatment group; n = 10). Among the various chelating agents, there were no signif- icant
differences in the smear layer removal in the middle and coronal thirds (p > .05). In the api- cal third,
QMix removed significantly more smear layer than 17% EDTA (p < .05), but similarly to MTAD (p >
.05). Final irrigation with MTAD resulted in a significant increase in the carbon (C) value compared to
EDTA (p < .001). There was no significant difference in the mineral com- position between the MTAD
and the QMix group, although the values of the mineral elements were significantly altered in the
MTAD group. QMix had smear layer removal capability similar to MTAD but better than EDTA in the
apical third. MTAD vyielded the most pronounced effect on mineral component of root dentin;
however, differences were significant only for C level compared to 17% EDTA.

KEY WORD S

dentin mineral composition, EDS, irrigation, SEM, smear laye

endodontic treatment, its elimination provides more efficient penetration of

the irrigation agents, intracranial medicaments and sealers into the dentinal
The aim of endodontic therapy is the complete disinfection of the root canal tubules, and fortifies the bond between resin-based sealers and the surface of
the root canal (Wang, Shen, & Haapasalo, 2013; White, Goldman, & Lin,

1984). Irrigating solutions are used for removing the smear layer, but none of

system (Siqueira Jr & Rogas, 2008). This may be achieved by
mechanical instrumentation in conjunction with chemical means.
Mechanical instrumentation, by either hand or mechanical instru- the available irri- gants can effectively dissolve both components of the
smear layer. Therefore, in endodontic therapy, irrigation of the canal root
with sodium hypochlorite (NaOCI) is recommended to dissolve the organic

component and final irrigation with 17% ethylenediaminetetraacetic acid

ments, is accompanied by the formation of an amorphous, irregular,
and granular layer on the surface of the dentin root canal, known as the
smear layer. It consists of inorganic dental particles and organic
materials including remnants of vital or necrotic pulp tissue, bacteria, and
their by-products (Violich & Chandler, 2010). Although there is still
no consensus on the effect of the smear layer on the out- come of

(EDTA) to remove the inorganic component of the smear layer. After smear

layer removal, root canals can be finally rinsed with anti-
septics, such as NaOCI or chlorhexidine (CHX), to attack the remaining
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bacteria, if any (Nogo-Zivanovic, Bijelovic, Ivanovic, Kanjevac, &

Tanaskovic, 2018; Zehnder, 2006).
To accomplish the removal of the smear layer and disinfection
requirements simultaneously, and therefore to simplify irrigation
protocol, new combinational products have been introduced as the
final irrigants after NaOCl: MTAD and QMix (both Dentsply Tulsa
Dental Specialties, Tulsa, OK). MTAD and QMix are composed of
chelating agent (citric acid and EDTA, respectively), antimicrobial
agent (doxycycline and CHX, respectively), and a detergent (Tween-
80 and cetrimide, respectively) (Stojicic, Zivkovic, Qian, Zhang, &
Haapasalo, 2010; Torabinejad et al., 2003). The difference in the effi-
ciency of the removal of the smear layer between MTAD, QMix, and
17% EDTA was examined in several previous studies. However,
obtained results have not yet reached a unified conclusion on which irrigant
solution was the most efficient (Ali Hossein Javaheri,
Poorroosta, Asna Ashari, & Hossein Javaheri, 2009; Dai et al., 2011,
Eliot et al., 2014; Jardine et al., 2016; Stojicic, Shen, Qian, Johnson,
& Haapasalo, 2012; Ulusoy & Gorgiil, 2013; Vemuri et al., 2016).

By removing inorganic and organic matter from the surface of

Mozayeni,

dentine, root canal irrigants can simultaneously induce changes in the
mineral composition of dentine and in the ratio of calcium (Ca) and
phosphorus (P) present in hydroxyapatite. These changes may affect the
microhardness, permeability, and solubility of dentine, as well as the
sealing of the resin-based material to the root dentin surface (Dogan
& Calt, 2001; Perdigdo, Eiriksson, Rosa, Lopes, & Gomes,

2001). As calcium chelating agent, 17% EDTA extracts significant
amount of Ca from root canal dentin (Sayin, Serper, Cehreli, & Kalayci,
2007). It has been shown that MTAD and QMix were also capable to
remove Ca from root canal dentin, but their effect is less pronounced than
that of 17% EDTA (Aksel, Serper, Kalayci, Somer, & Erisken,

2016; Yadav, Tikku, Chandra, Yadav, & Patel, 2015). On the other
hand, some studies found that MTAD removes more P (Kumar et al.,

2016) while QMix eliminates more Ca and P from root dentin in com-
parison to 17% EDTA (Ballal, Jain, & Tay, 2016). Many of these studies
focused on the demineralizing effect of the MTAD (Sayin et al., 2009) or
QMuix alone (Aksel et al., 2016; Kumar et al., 2016), although under clinical
conditions, they are used after initial irrigation with NaOCI. Namely,
it has been shown that NaOCl can significantly affect the mineral
composition of root dentin (Dogan & Calt, 2001) and that changes in
the mineral composition of dentine are not the result of the use of
chelating agents but the use of NaOCI as an irrigant (Zhang et al., 2010). To
date, there are no studies comparing demineralizing effect of these three
chelating final irrigants (MTAD, QMix, and 17% EDTA), especially when
considering their use in conjunction with NaOCI.

Therefore, the aim of this in vitro study was to compare the effec-
tiveness of the removal of the smear layer and the change in the min- eral
composition of the root dentine after initial irrigation with NaOCl and final
irrigation with MTAD, QMix, and 17% EDTA. The null hypothesis
tested was that there is no difference among the final irri- gation solutions
in terms of smear layer removal and the dentin min- eral composition.

RESEARCH “TECHNIQUE

2 | MATERIALS AND METHODS

2.1 | Selection and preparation of the samples

The protocol of this study was approved by the Ethical Committee of
Faculty of Medicine (No: 01-112272). All procedures performed in
this study were in accordance with the ethical standards of the Insti- tutional
research committee and with the 1964 Helsinki declaration and its
later amendments. All enrolled patients provided written informed
consent before inclusion in research. Forty extracted human single-rooted
maxillary incisors extracted for prosthodontics reasons were collected.
Criteria for the inclusion in the study were intact teeth, with no
previous endodontic treatment and without coronary restoration.
Radiographic evaluations were employed to verify the presence of one
central root canal, normal pulp chamber, and fully formed apex. After
removing soft tissues from the root surface, the selected teeth were
stored in distilled water at 4 C until further analy- sis. Dental crowns were
sectioned with a diamond disc to obtain

15 mm of root length. An ISO size #10 K-type file (Dentsply Maillefer,
Ballaigues, Switzerland) was inserted into the canal until the tip of the file
was observed at the apical foramen and working length was deter- mined
subtracting 1 mm from the recorder distance. All apices of the root are
Before the

chemomechanical treatment of the root canals, by the method of ran- dom

sealed with wax to simulate clinical conditions.
sampling, the roots were divided into four groups (n = 10) according to
the type of irrigant used for final irrigation: MTAD, QMix, EDTA (17%
EDTA, ENDO-SOLution, Cerkamed, PPH Cerkamed, Stalowa Wola,
Poland), and control (sterile distilled water). Each canal was prepared by the
ProTaper Universal instruments (Dentsply, Tulsa Dental Specialties, Tulsa,
OK) to size F4 (40/0.06). After each instru- ment, canals were irrigated with
2 ml of 5.25% NaOClI, except for the roots in the MTAD group, where

1.3% NaOCI was used (manufac- turer's recommendation).
2.2 | Final rinse protocols

Table
instrumentation.

1 presents the final irrigations protocols after finishing
After final rinse, root canals were rinsed with distilled water to
remove any precipitate and dried with paper points. All irrigating solu- tions
were introduced with a 30-G syringe needle (Endo Easy Tip, Ultradent

products Inc.) inserted to 1 mm of the working length.
2.3 | Scanning electron microscopy

Scanning electron microscopy (SEM) was used to evaluate the efficacy of
removal of the smear layer of final irrigants. On the buccal and oral surfaces
of the root, longitudinal grooves are made using a diamond disc and are
divided into two halves. One randomly chosen half of each specimen
was coded and subjected to increasing concentrations of ethanol (25%,
50%, 75%, and 100%), mounted on aluminum holder, sputter coated with
gold and then examined with SEM (JEOL-JSM-6610LV, Tokyo, Japan)
at 20 kV. The root canals were photographed at an enlargement of 2,000x
toassess the presence of a smear layer in coronal (10-12 mm from apex),

middle (6-7 mm from apex), and
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TABLE 1 Final rinse protocols
NaOCl
Group ml Time (min) Conc. (%) ml
MTAD 5 2 13 -
5 2 5.25 5
5 2 5.25 -
Control 5 2 5.25 -

apical (1-2 mm from apex) thirds. Two blinded and previously cali-
brated observers scored the images employing the criteria proposed by
Hiilsmann, Riimmelin, and Schéfers (1997): 1 = no smear layer, all dentinal
tubules open; 2 = small amount of smear layer, some dentinal tubules open;
3 = homogeneous smear layer covering the root canal wall, only few
dentinal tubules open; 4 = complete root canal wall covered by a
homogeneous smear layer, no open dentinal tubules; and 5 = heavy,

inhomogeneous smear layer covering the complete root canal wall.

2.4 | Energy-dispersive X-ray spectroscopy

The selected half of each sample from MTAD, QMix, and EDTA group
was also tested using SEM-energy dispersive spectroscopy (EDS) to
determine the mineral composition of root dentin. Ten extra uninstu-
mented roots (15 mm length) of single-rooted human mandibular pre-
molars, with the same inclusion criteria as in previous group, were
used as negative control group (no-treatment group). These roots were
sectioned longitudinally, split into two halves, subjected to serial
dehydration, and gold coated using the same protocol used for the
SEM analysis. The levels of calcium (Ca), phosphorus (P), carbon (C),
oxygen (O), and magnesium (Mg) on the surface of dentin of each
sample were measured in coronal and apical thirds. Every third was
marked at the center and at two other adjacent areas at the same dis- tance,
free from smear layer and debris (MTAD, QMix, and EDTA group),
at a voltage of 20 kV for 60 s. The average atomic percentage of each
element was calculated.

2.5 | Statistical analysis

Statistical analysis was performed using the SPSS statistical software
version 20.0 (IBM Corp., Armonk, NY). Because the element

Distilled water

RESEARCH “TECHNIQUE

Final irrigants

Time (min) ml Time (min) Final irrigant
- 5 2 MTAD QMix
2 5 2 QMix EDTA
- 5 2 17% EDTA

- 5 2 Distilled water

composition data appeared to have violated the normality (Kolmogo- rov-
Smirnov test), the differences between and within the groups were
compared using Kruskal-Wallis analysis of variance with Dunn post hoc
method or Mann-Whitney U test. For smear layer evalua- tion, the
intraexaminers  and  interexaminers

reliability were rated using

coefficient of Kappa test. The significance levels were set at 5%.

3 | RESULTS

3.1 | Smear layer evaluation

Figures 1-4 show the representative SEM micrographs of the apical,
middle, and coronal thirds of root dentin after various irrigation proto- cols.
In the analyzed samples of the control group, a smear layer cov- ering the
entire surface of dentine in all root thirds was observed (Figure 4).
An analysis of samples treated with chelating agents showed complete
absence of a smear layer in the QMix group in the coronal third (Figure 2c).
In the MTAD group, the smear layer was pre- sent in the apical third,
while in the other two thirds, it was not observed (Figure 1). In the
EDTA group, the presence of a smear layer was observed in all root
thirds, with the highest score in the apical third (Figure 3).

The Kappa test showed a good interexaminer and intraexaminer
agreement in determining a smear layer score, and the test values ran- ged
from 0.80 and higher for different groups. Average values of the smear
layer scores on the dentine surface after the different irrigation protocols
are shown in Table 2. The control group showed heavy presence of a
smear layer in all the thirds. This group had a signifi- cantly higher
mean score than all three chelating irrigants group
(p < .05), except EDTA group in the apical root third (p > .05). There
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FIGURE 1 Representative SEM micrographs of root canal wall dentin after final irrigation with MTAD (magnification 2,000x): (a) apical third, (b)
middle third, and (c) coronal third
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FIGURE 2 Representative SEM micrographs of root canal wall dentin after final irrigation with QMix (magnification 2,000x): (a) apical third, (b)
middle third, and (c) coronal third

FIGURE 3 Representative SEM micrographs of root canal wall dentin after final irrigation with EDTA (magnification 2,000x): (a) apical third, (b)
middle third, and (c) coronal third

12,000 10um

FIGURE 4 Representative SEM micrographs of root canal wall dentin after final irrigation with distilled water (control group) (magnification
2,000x): (a) apical third, (b) middle third, and (c) coronal third
were no significant differences in the efficacy of cleaning in the mid- dle

and coronal thirds between the MTAD, QMix, and EDTA groups (p > .05).

. . . L The highest smear layer mean scores were found in the apical
In the apical third, the QMix group had a significantly lower score than

EDTA (p <.05) but similar to the MTAD group (p > .05). None of
the chelating solutions removed the smear layer from the

third, followed by the middle and the coronal thirds in all groups. A
significant difference was found between the coronal and other two thirds in

dentin surface completely. the MTAD group (p < .01) as well as coronal and apical thirds in the EDTA
group (p <.01). On the other hand, the smear layer did

not differ by root thirds in QMix and the control group (p > .05).
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TABLE 2 The mean smear scores + SD of root canal treated with different chelating solutions

Groups n Coronal Middle Apical
MTAD group 10 1.10+ 0314 220+ 0.63%° 2.60 + 0.52°8°
group 10 1.40 +0.70%2 2.40 +0.70"° 3.10 + 1.105%° Control
group 10 4.00 +0.6752 430+ 0.82%2 470 +0.48%

Note. Mean values represented with same superscript uppercase letters (column) or lowercase letters (row) are not significantly different (p > .05
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3.2 | Mineral content assessment

EDS analysis of mineral elements in the apical and coronal thirds of
root canal dentin in different final chelating irrigation groups and no
treatment group is shown in Table 3. Compared to no-treatment group,
root dentine in the MTAD group yielded less Ca, P, O, and Mg and more C.
Differences between these two groups were statistically significant in both
the coronal and apical thirds (p <.01), except for the O values in the
apical third (p > .05). QMix and EDTA final rinse changed the mineral
levels in dentin when compared with no treat- ment group; however,
differences were significant only for P level in both apical and coronal
thirds (p < .05). When the chelating solutions were compared, MTAD
irrigation resulted in significant increase of C level when compared to
EDTA (apical and coronal third) (p < .001). No significant differences
in other mineral levels were found among the chelating solutions. When
different root canal levels of the groups were compared, significant
difference was found only for Mg in QMix (p <.05) and O in EDTA group
(p <.05).

4 | DISCUSSION

This study compared the smear layer removal capability of MTAD,
QMix, and 17% EDTA, and for the first time, their effect on mineral content
of root canal dentin after initial irrigation with NaOCI. Because
some of tested chelating solutions differ in their effect on smear layer
removal and the dentin mineral composition, the null hypothesis has to be
rejected. The obtained results showed that the three chelating final irri-

gants were similarly effective in smear layer removal from coronal and
middle third. In the apical third, QMix more effectively removes smear
layer than 17% EDTA and similar to MTAD. These results are in accor-
dance with recent studies of Ballal et al. (2016) and Vemuri et al.
(2016) showing superior effect of QMix in removing the smear layer in the
apical third than that of EDTA. Lower smear layer capability of

17% EDTA in the apical root third has been shown in previous studies
(Ballal, Kandian, Mala, Bhat, & Acharya, 2009; Mancini, Armellin,
Casaglia, Cerroni, & Cianconi, 2009; Torabinejad et al., 2003). Other
authors found that QMix is effective as 17% EDTA (Aranda-Garcia et
al., 2013; Jardine et al., 2016). The explanation for the present results
could be attributed to several reasons. Considering that QMix, beside
EDTA, contains CHX and detergent, observed findings proba- bly occurred
because of synergistic effect of components present in QMix. Although
cleaning ability of CHX was shown in some studies (Ferraz, de
Almeida Gomes, Zaia, Teixeira, & de Souza-Filho, 2001), the
detergent presence probably enhances QMix effectiveness. Namely,
detergents decrease surface tension of solution and facilitate the contact of
irrigant with the dentinal walls, enabling better smear layer removal. This
could partially explain why EDTA, with higher sur- face tension
compared to other investigated chelating solutions (Giardino, Ambu,
Becce, Rimondini, & Morra, 2006; Giardino, Andrade, & Beltrami,
2016), was the least effective in smear layer removal from apical third.
Lower smear layer capability of EDTA in the apical third can also be
attributed to the fact that the chelate activity of the neutral EDTA solution
is based not only on the removal of

The mean levels + SD of five element of root canal dentin treated with different chelating solutions
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No-treatment

Note. Mean values represented with same superscript uppercase letters (column) or lowercase letters (row) are not significantly different (p > .05).
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calcium ions from inorganic dentine but also on the elimination of cal- cium
from the organic components of dentine, such as water-soluble noncollagen
proteins. Because noncollagenous proteins are present in lower
concentration in apical region, the degree of EDTA decalcifica- tion is
diminished (Verdelis, Ellades, Ovlir, & Margelos, 1999). Tubular sclerosis
of root dentine in the apical root region may further affect EDTA efficacy
(Lottanti, Gautschi, Sener, & Zehnder, 2009). Syringe needle irrigation
is a standard method for root canal irrigation. How- ever, previous results
indicate that root canal cleanliness remains to be the problem, when this
method is used (Gu et al., 2009; Tay et al.,

2010). This is also supported by the results of our research, as none of the
chelating agents has completely removed the smear layer. How- ever, apart
from EDTA in the apical third, the examined chelating agents were
significantly superior to the control group, which did not show any effect on
the smear layer.

The efficacy of chelating agents in the removal of the smear layer
decreases from the coronal to the apical third, although the root
canals in all groups are shaped to a size of 0.40 (taper 6%) to allow
adequate cleaning and penetration of solutions to the apical part. The
obtained results are consistent with the results of previous studies
showing that irrigation solutions are least effective in the apical third (Dai et
al., 2011; Ulusoy & Gorgiil, 2013). The vapor lock due to the closed root
canal system (used to stimulate clinical condition) and the reduction of
canal diameter in the apical third might have influenced debridement
efficacy of irrigating solutions. However, in contrast to EDTA and
MTAD, no significant difference was observed among all thirds of root
canals after QMix treatment. This result indicates that QMix penetration in
the apical third of the root canal was as good as in other thirds.

Although there are some concerns about possible influence of

smear layer on dentin mineral measurement, in this study, SEM-EDS
analysis was performed after root canal preparation and initial irriga- tion
with NaOCI. The rationale behind this was to resemble more accurate
and closer the clinical conditions. Moreover, effects of differ- ent irrigation
protocols on dentin composition were recently investi- gated using similar
methodology (Wang, Maezono, Shen, & Haapasalo,
2016). This study showed that the MTAD significantly decreased Ca,
P, O, and Mg levels and increased C level of root dentin compared with no-
treatment group. These changes in the mineral composition of root
dentin can mainly be attributed to the low pH of doxycycline and citric acid
that are part of MTAD, which is a calcium chelator.

Although MTAD vyielded the most pronounced effect on mineral
content of root dentin compared with QMix and EDTA, these differ- ences
did not reach significance except for C level in EDTA group. The
effect of initial irrigation with NaOCI and final irrigation with MTAD
on Ca or P level has been compared with EDTA in several pre- vious
studies, showing different results. While 17% EDTA with surfac- tant
removed more Ca than MTAD (Yadav et al., 2015), MTAD removed
than 17% EDTA (Kumar 2016).
Differences in study design and mineral assessment may help to
explain the disparate results obtained in present and mentioned stud- ies.
The exact reason behind the significant increase of C level after MTAD in

significantly more P et al,
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this study is not clear. It can be speculated that MTAD increase
organic material on the root surfaces more than EDTA. Namely, it has
been observed that the demineralization kinetics of

MTAD is significantly faster than those detected by 17% EDTA (De- Deus,
Reis, Fidel, Fidel, & Paciornik, 2007). Tay et al. (2006) found that the
demineralization of intact intraradicular dentin and the exposure of
collagen fibers after the action of MTAD was more pronounced (5-6
mm) than after 17% EDTA (1-2 mm) when these solutions were used for
final irrigation for 2 min after 1.3% NaOCI. Nevertheless, these
changes induced by MTAD, when compared to other two che- lating
solutions, may be considered subtle and acceptable for clinical use.
In this study, EDTA caused a slight modification in the inorganic

component of root dentin, decreasing the P level compared with no-
treatment group. Recent study also showed that sequential 2.5%
NaOCI/17% EDTA immersion was associated with reduction of the P levels
in dentin particles (Ramirez-Bommer, Gulabivala, Ng, & Young,

2018). It has also been shown that the irrigation of the canal with 5%
NaOCI along with the final irrigation with 17% EDTA causes only
minor changes in the values of C, O, Ca, and P in the circumpulpal
dentine (Wang et al., 2016). It might have been expected that QMix would
change mineral content more than the EDTA, because known effects of
detergent and CHX on root dentin microhardness, indirect measure of
mineral changes in root canal dentin (Akcay & Sen, 2012; Oliveira et al.,
2007), and observed better smear layer removal effi- cacy. On contrary,
our results showed that QMix exert same changes in apical and coronal
thirds as EDTA compared to no-treatment group. This can be explained by a
previous study which shows that the addi- tion of detergent to EDTA does
not increase the removal of Ca ions from dentine compared
EDTA (Poggio, Dagna, Colombo, Scribante, & Chiesa,
2014; Zehnder, Schmidlin, & Waltimo, 2005). Also, the
addition of CHX chelate solutions has no effect on their decalcifying

to pure
solution

Sener,

effect, as shown for citric acid (Gonzalez- Lopez, Camejo-Aguilar,
Sanchez-Sanchez, & Bolanos-Carmona, 2006). Moreover, an insignificant
difference in Ca loss between the dentin specimens immersed in 5%
NaOCI followed by EDTA or QMix was found (Taneja, Kumari, &
Anand, 2014), supporting present results.

5 | CONCLUSION

In the conditions of this in vitro study, it was found that QMix effi-
ciently removes the smear layer, similar to MTAD, but superior to
17% EDTA in the apical third. MTAD vyielded the most pronounced
effect on mineral component of root dentin; however, differences were
significant only for C level compared to 17% EDTA. The study provides
evidence in support of the use of newer chelating irrigation solutions as
final irrigants after NaOCI. Further studies should be car- ried out not only
in vitro but also in clinical conditions to obtain an appropriate
assessment of their efficacy in cleaning the canal.
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