Oo6pa3zan 4.

®akyarer  CTOMAaTOJOLIKU YHUBEP3UTET Y BEOT'PAY

Behe HayuHHX 007acTH METUIIMHCKUX HAyKa

(Bpoj 3axTeBa) (Ha3zuB Beha Hayute 061acTu KOMe ce 3axTeB ymyhyje)

(Tarywm) 3AXTERB

3a 1aBambe CarJIaCHOCTH Ha OJJIyKe 0 ycBajamy u3Bemiraja Komucuje 3a oueny
AOKTOPCKe JUCepTalije U 0 MMEHOBAalkYy KOMHUCH|e 3a 010paHy

Momumo na, cxogHo wiaHy 48 cr. 5 Tau. 4) Craryra YHuBep3urera y beorpany ("I'macHuk Yausepsuter", 6p. 201/2018,
207/2019, 213/2020, 214/2020, 217/2020, 230/21, 232/22, 233/22 u 236/22), nate carinacHOCT Ha OAJIYKY O yCBajamy U3BEIUTaja
Komucuje 3a oLieHy JOKTOPCKE AUCEpTaLHje:

KAHIAUJAT T'aspuao (ZKapxo) Unuh

(MMe, UMe JeZIHOT OJ] POJIUTEIha U TIPe3UMe)
CTYJCHT JOKTOPCKUX CTyHja Ha CTYIH]CKOM mporpaMy ba3zuyHa M KIMHMYKA HCTPAKHBAKHA Y CTOMATOJIOTHjH,
ynucaH Ha Joktopcke cryauje 09.10.2018. roause,

MIPUjaBHO je TeMy JOKTOpcKe aucepranuje aaHa 23.11.2023. rogune , Moa HA3UBOM:

»AHAJIN3a BPETHOCTH MOMEHTA CHJIe 3aBPTalba HAI0KHA/Ia HA UMILIAHTATHMA HAKOH CUMYJIHpPaHe KIMHMYKe PUMeHe“

13 Hay4YHe 00JacTu: CrtomaToJiolKe HAYKe

CBOJUM aKTOM 61206-909/2-24 J1a0 CarjJIaCHOCT Ha IMPEAJIOr TEME JOKTOPCKE

VYuuep3urer je nana  26.03.2024. .
oz Op. JUcepTanuje

KOja je riacuia:

,,Aﬂanma BPEeAHOCTH MOMEHTA CUJIC 3aBPTalba HANOKHAAA HA UMILVIAHTATHMA HAKOH CUMYJIMPAHE KIIMHUYKE IIpI/lMeHe“

npo¢. ap Ainexca Mapkosuh

Mme u npesive MenTopa npo¢. ap Anexcanapa Muanh Jlemuh

KoMmucuja 3a onieHy IOKTOpPCKe qucepTaluje MIMCHOBaHA je Ha CeIHUIHU opkanoj 09.12.2025.

otykoM dakynrera mox 6p.  3/108 , Yy cacTtaBy
Hwme u npe3ume unaHa 3BambE Hay4Ha 00JacT VYcTaHoBa y K0joj je 3amocieH
KOMHCH]E
pEeIOBHU Cromatonomky Qakynrer

npo¢. np Anexcannap Tomoposuh Cromaroonike HayKke

1. npodecop Yuusep3urera y beorpany
npo Anexcannpa [lnaguje €JI0BHU CTOMATONIOIKH (PaKyITET
pod ap AP AHep pea Cromarosomnike HayKe Paxy
2. I"ocToBuh npodecop YHusepsutera y beorpany
Cromarosomku GpakyaTeT
nout. aip Mupko ['numuh JIOLICHT CTOMATOJIONIKE HAYKE daxy
3. YHusepsurera y beorpany
MenuuuHck GakyaTeT
4. npod. O6paBka MapkoBuh €JI0BHU MPOdeco CTOMATOIIOIIKE HAYKE
pod.- ap l1yop P pext pojecop Y Yuusepsurera y HoBom Cany
Cromaroomku GpakyaTeT
5. ap cuu. Mupocnas [Iparosuh Hayunu capaguuk ~ Cromarosonike Hayke Paxy

YHusepsurera y beorpany

Hanomena: ykoaunko je yian Komucuje y neH3uju HaBecTH 1aTyM MeH3MOHHCAMA



Jatym craB/bama n3Bemtaja Komucuje n 1okropeke nucepranuje Ha yBua jasaoctu 22.01.2026.

HacrtaBHo-nHayuno Behe ¢gakyirera ycBojuio je usBemraj Komucuje 3a onieny 10KTOpCcKe AncepTanuje Ha

ceHUIM oAp:kaHoj 1aHa 31.03.2026.

Komucuja 3a on0pany 10KTOpCKe qucepTanuje MMEHOBaHA je Ha ceAHUIM oapxanoj 31.03.2026.

o/utykoM (akyntera mmop Op. 3/22 , Y cacTaBy:

HNme u npe3uMe 4jiaHa

. 3BamkE Hay4yHa o0nact VYcraHoBa y K0joj je 3amocieH
KOMHCHje

mpod. 1p AJeKcaHa €JJOBHU Cromaronomku GpakynTeT

1. pod. p Aap pea CromaTosIolKe HayKe Paxy
Tonoposuh podecop Yuusep3urera y beorpany
npo Anexcannpa lllnaguje €J10BHU CTOMATONOMKH (paKyITeT

2. pod Ap o Hep pea CromaTosonike HayKe axy
TocroBuh podecop Yuusepsureta y beorpany
CTOMATONOMKH (paKyITeT

3. not. 1p Mupko nmuruh IOLCHT CTOMAaTOIIOIIKE HaYKe Paxy

YHusep3urera y beorpany

€Z10BHU MenuuuHCKH (hakyiaTeT

4. npodo. OpaBka Mapkosuh P CromaTosIolKe HayKe

pod. ap Jly6p P pogecop K Yuusep3urera y HoBom Cany
CromaTosomku pakyaTer

5. ap cuu. Mupocnas [Iparosuh Hayunu capagauk  CroMaTosonke HayKe Paxy

YHusepsurera y beorpany

Hanomena: ykoaunko je ywian Komucuje y neH3uju HaBecTH 1aTyM MeH3HOHHCAHA.

JEKAH ®AKYJITETA

Onayka HactaBHo-Hay4Hor Beha o ycBajamy u3Bemraja Komucuje 3a oneHy 10KTOpCcKe AucepTamuje

[punao3u: 1. . .
M O[UTyKa 0 MMeHoBawy Komucuje 3a on6pany 1okTopcke aucepramnuje

2. HzBemraj Komucuje o oneHu J0KTOpCKe AMcepTaINje

[Mpumende na usBemrtaj Komucuje o ouenn J0KTOpCcKe qucepranmje (YKOJIUKO UX je O0HI0) U

3. .
munbeme Komucnje o npumendama

Hanomena: ®@akyJTeT 10CTAB/ba YHUBEP3UTETY 3aXTEB €A MPUJIO3UMA Y eJIEKTPOHCKOj ()OPMH H y jeJTHOM MHCAHOM MPHMEPKY 3a
apXuBy YHHUBepP3HTeTa



Ha ocnoBy uwiana 53. Craryra Cromatosiomkor (akyirera YHUBEpP3HTETA Y
beorpany, HacraBno Hayuno Behe CtomaTosomkor (Gakyirera, Ha CSAHHUIN OJIPKAHO]
31.03.2026. roguHe, noHEIO je ciieaehy

ONJYKY

VYcBaja ce mo3utuBaH u3BewmTa) Komucuje 3a olLeHy 3aBplIEHE JIOKTOPCKE
nucepranuje ap Iappuaa Wauha, noa HasuBoM ,, AHAJIH3a BPEJIHOCTH MOMEHTA
CHJIe 3aBPTalkba HAJAO0KHAJa HA HUMILUIAHTATHMA HAKOH CUMYJHpPaHe
KJIHMHUYKE IpUMeHe®.

HNmenoBanu/a he jaBHO OpaHUTH JOKTOPCKY JAHMCEpTaljy, HAKOH a00Hjama
cariacHoctd Beha HayuyHux o0nacTy MEeIUIIMHCKUX Hayka YHHBEp3uTeTa y beorpany,
pea KOMUCHJOM Y CacTaBy:

-npod. np Anekcanaap TomopoBuh, pemoBHu mnpodecop, CTOMATOIOUIKU

dakynreT y beorpamy

-npod. ap Aunekcannpa IUmamumjep T[octoBuh, penoBHu mpodecop,

Cromaronomku dakyarer y beorpany
- nott. p Mupko ['mumuh, morent, CromaTtonomku dakyntet y beorpamy
- ipod. np JyopaBka MapkoBuh pemnoBHH npodecop, Memunuackn pakynrer y
Hosom Cany
- 1p cuu. Mupocnas [Iparosuh, Hayunu capagHuk, CTOMAaTOIOMKH (GaKyITEeT y
beorpany
Ob0pa3zanoxeme

Behe HayuHux oOnacTh MeIMIMHCKUX Hayka, Ha ceaHuuu oxa 26.03.2024.
TOJIMHE, a0 je CarjacHOCT Ha MPEe;JIor TeMe TOKTOpCKe aucepranuje ap [ aBpuia
Wmnha, mon HasuBOoM , AHAJIM3a BPEIHOCTH MOMEHTa CHJIe 3aBPTama
HAJOKHA/1a HA UMILUIAHTATHMA HAKOH CUMYJIMpPaHe KIUHUYKE PUMeEHe*.

WNwmenoBann/a je y uvaconucy ,,VOINOSANITETSKI PREGLED®, o6jaBuo/na
paa nox Ha3uBoM: ,,The impact of everyday usage of different dental implant torque
wrenches on their peroformance accuracy and repeatability: an in vitro study* (2024).

Nwmenosanu/a je y vaconucy ,, JOURNAL OF PROSTHODINTICS®, oGjaBuo/na
pan mon HasuBoMm: ,,The impact of abutment screw removal torque value after
experimental aging® (2024).

Nmajyhu y Buny Hampen HaBeaeHo, HactaBHo Haywyno Behe Cromarosomikor
dakynrera YHuBep3urera y beorpaay, pemusno je kao y JUCIO3UTHBY.

Omnyky noctaButu: MmenoBanom/oj, Yuupep3utery y beorpamy, Omceky 3a
HactaBy, Behy, Komucuju (5) u [Tucapaumm.

Hledg Hexan
AJIMUHUCTPATUBHO- CromaTtosiomikor ¢gakyJjarera
Ka/IPOBCKOT 0/ CeKa npod¢. ap Bojkan Jlazuh

Huxoaunja Maprtuh




HacraBHo-Hay4yHOM Behy

Cromarosnomiku pakyarer Yausep3uret y beorpany

Ha ocnoBy umana 53. Craryra Crtomaronomkor ¢akyinrera YHuBepsutera y beorpany,
HacraBHo-nayuno Behe Ctomaronomkor daxynrera, Ha cegHHIM onpxkaHoj 09.12.2025.

roauHe, MMeHoBaso je Komucujy y cacraBy:

Ipod. ap Anaekcangap TomopoBuh, pemoBHu mnpodecop, CToMaToIOMKK (QAKYITET,
VYuuBep3uteT y beorpany, yxa HaydHa o6mact: CTomMarosoka npoTeTHKa

IIpod. np Aunexcanapa Inammjep TocroBuh, penosuu mnpodecop, CTOMATOIOUIKU
¢akynret, YauBep3uret y beorpany, yxa HayuHa o6iact: CTOMaToJI0MIKa TPOTETUKA

Jou. 1p Mupxko I'mumuh, nonent, Cromaronomku daxynret, YHusepsurer y beorpany, yxa
HayyHa obmnacT: MimmanTosnoruja

IIpod. np AydpaBka MapkoBuh, penoBHu mnpodecop, MeaunuHcku (akyaTeT — OICEK
cromaronoruja, Yausepsurer y Hosom Cany, y:xa HayuHa o6mact: CTOMATOJIOMIKA TPOTETUKA

Ap cum. men. MupocaaB JIparoBuh, nHayunn capagauk CTOMATONOMIKK (PaKyTeT,
VYuusep3uteT y beorpany, yxa Hayuna obiact: OpanHa Xupypruja

3a OICHY 3aBPIICHC TOKTOPCKE ,I[I/IcepTaI_[I/Ije 1104 Ha3MBOM:

,,AHaJII/I3a BPE€AHOCTH MOMECHTA CHJIC 3aBpTamkba HaAAOKHaAa Ha HMIIJIAHTATHMa HAKOH

CHUMYJIMPaHe KIMHUYKe PUMeHe*

Kannupar: np l'aspusio Uuh

Mentopu:

IIpo¢. np Anexkcanapa Muumh Jlemuh, penosuu npodecop, Cromartonomku (akymirer,
VYuusepsureT y beorpany, yxa Hayuna obmnact: CToMaToNOIIKa IPOTETHKA

IIpod. 1p Anexca MapkoBuh, penosau npodecop, Cromaronomku HaKynTeT, YHUBEP3UTET
y beorpany, y:xa Hayuna o6mact: OpaiHa Xupypruja



Ha ocHOBYy mpernena mNpuioXKeHOTr MaTepHjaia, uMeHoBaHa Komwucuja mnomgHocH

HacraBHo-nayuynoMm Behy Cromatonomkor (akynrera YHuUBep3uTera y beorpany cnenehu

N 3 BEWNTA/J

OCHOBHM MOJALM 0 KAHAMAATY

Hp T'aBpuno Wnuh pohen je 24.09.1979. ronune y JlosHuuu. OCHOBHY LIKOIY U TUMHA3H]y
3aBpmmo je y Jlozuumm ca ommmyHuM ycnexoMm. CroMaTonomku (akynrer YHUBep3UTeTa y
beorpany ymucao je 1998. ronyune u 3aBpiimo ca mpoCcevyHOM OLIEHOM 8,63.

CrienujamucTuyke CTyAHje U3 00JacTH CTOMATOJIONIKE MPOTeTHke ymucao je 2015. ronuHe u
3aBpmmo ca ommuyanM ycrexoM 2018. romumue. Hlkoncke 2018/2019. romuue ymmcyje
JOKTOPCKe akajeMcke ctyauje Ha CromaronomkoM (akyiTeTy YHuBep3urera y beorpany, Ha
MOy ,,ba3ndyHa ¥ KJIMHWYKA UCTPAKHBAKA Y CTOMATOJIOTHjH , T/ j€ MOJIOKHO CBE UCIIHTE
npensul)eHe miIaHoM W MporpamoM ca npocednom oreHoMm 10 (mecer). Takohe je 3aBpmino u
CHeLMjaTMCTUUKe CTynuje u3 obnactu opanne xupypruje (2019-2022) ca ommmyHum

YCIEXOM.

TpeHyTHO je 3amociieH y CTOMaToJIONKOj opaAuHauuju ,,nuh* y Jlozuunm.
Hp T'aBpuno Wnuh je ydecTBOBaO Ha CTpYYHHM M HAyYHUM KOHTPECHMMa M aKpeAUTOBAHUM
KypceBuma. Jlo cama je o0jaBmo nBa pama y uacomucuma uHiaekcupanuMm Ha SCI u CC

JHrcTaMa:
Kareropuje M21a

Ilic G, Vulovic S, Bukorovic J, Dragovic M, Markovic A, Todorovic A, Mili¢ Lemi¢ A. The
impact of abutment type on abutment screw removal torque value after experimental aging. J

Prosthodont. 2024;1-8. (IF 2023 = 3.4)

Kareropuje M23

Ili¢ Gavrilo, Mili¢-Lemi¢ Aleksandra, Vulovi¢ Stefan, Markovi¢ Aleksa, Lazi¢ Zoran,
Dragovi¢ Miroslav, Todorovi¢ Aleksandar. The impact of everyday usage of different dental
implant torque wrenches on their performance accuracy and repeatability: An in vitro study.

Vojnosanitetski pregled 2024 Volume 81, Issue 9, Pages: 562-569 (IF 2023 = 0.2)



IIpuka3 caap:kaja IOKTOpPCKe THCEPTAIHje

Jlokropcka nuceprauuja Ap 'aBpuna Wnuh nmon HazuBoMm ,,AHaju3a BpPeJHOCTH MOMEHTA
cHJie 3aBPTalka HAJAO0KHAIA HAa HMIUIAHTATHMA HAKOH CHMYJHMpaHe KJIMHUYKe
npuMeHe* HamucaHa je Ha 88 cTpaHa, y3 npukas 28 cnuka, 13 Tabena u rpadukoHna, kao u 81
pedepeHIy U3 pereBaHTHE CaBpeMEHe HaydHe JuTeparype. JJoKTopcka aucepranuja caapKu:
CaKeTaK Ha CPIICKOM U E€HIVIECKOM J€3UKY, YBOJ, IUJbEBE UCTPAXKHUBaA, MaTepHjasl U METO/,

pesyaTare, IMCKYCH]y, 3aKJbyUKe U CIIHCAK JINTEPAType.

Y yBoay, KaHIUIAT TMpHUKa3yje 3Ha4yaj UMIUIAHTAaTHO-NIPOTETCKE Tepanuje Kao CaBpeMEHOT U
MPEABUANBOT HaYMHA pexadminrtanuje 6e3y00oCcTH, ca OpOJHUM MPETHOCTHMA y OJHOCY Ha
KOHBEHITMOHAJIHE TMPOTETCKE MOJAJIHMTETe, NPe CBera y MOIVIeqy OdyBama CYCEIHUX 3y0a,
CTaOMJIIHOCTM  HaZoKHaze U  (QyHkuMoHamHOr KoMm¢opa mnamujeHata. Otkpuhem
OCEOMHTErpaije u JAcPUHHCAmEM YCIoBa KOjU je omoryhaBajy, 3amodeo je pasBoj
MMIUIAaHTOJIOTHje Kao e(pHUKACHE METOJe MPOTETCKE peXxaOmiuTannje ca MPOLyKeHHM BEKOM

Tpajamka UMIUIaHTaTa ¥ 3yOHMX HagokHaaa y GyHakuuju (Lekholm u cap., 1999).

[TocebaH akueHar y yBOJIY JAaT jeé MMIUIAHTaTHO-IIPOTETCKOj BE3H, MPH YeMy KaHAWUIAT HCTUYEC
3Hauaj 3aBPTHEM PETUHUPAHUX HAJOKHaAa. 3aBPTHH UMa]y KJbYUHY YIOTY y o0e30ehuBamy
MEXaHHYKE CTAa0MIIHOCTH CHCTeMa, oMoryhaBajy KOHTPOJHMCAHY NPUMEHY MOMEHTa CHIIe
3aBpTama, Kao W JIAKIly JIEMOHTaXy HaJOKHAJEe y clydajy MmoTrpede 3a KOPEKIHjOM WIIH
oflpKaBamkeM. AJIEKBaTHA BPEIHOCT MOMEHTa 3aBpTama OJ CYIITHHCKOT je 3Hadaja 3a
ONpKaBame TpEAHANPE3aha 3aBpPTHA, CIPEYaBambe HHETOBOT IMOMyIITakma W JYyTOPOYHY
CTaOWJIHOCT WMIUIAHTATHO-TIPOTETCKE KOHCTPYKIMje, YMME C€ JIOTHYHO YBOJAM OCHOBHA

npobieMaTHKa Koja je mpeIMeT OBe JOKTOPCKE TUcepTalyje.

Kangunar najbe HaBOAM NMPeIHOCTH 3YOHMX HAJOKHAAa Ha UMILJIAHTATHMA, KOje ce Y
OZIHOCY Ha KOHBEHIIMOHAJIHE MPOTETCKE MOJAIUTETE OIVIe/Ia]y Y BUCOKOM CTEIICHY JIyTOPOYHE
KIIMHUYKC YCIICIIHOCTU U CTa6I/IHHOCTI/I TepaHI/IjCKOF ucxonaa, IMOBOJBHOM IIPCHOCY
(GyHKIMOHATHUX onTepehema Ha MEPUUMIUIAHTHO KOIITAHO TKMBO W OYyBamby ajBEOJIApHE
koctu. Takohe ce uctuue crabuiHa (yHKIM]ja KBaKamba M TOBOPAa Y OJHOCY HA MOOHWITHE
npoTe3e, Kao M aJIeKBaTHA €CTETCKa PEKOHCTPYKIMja M TOOOJbIIAKE KBAJIUTETa JKUBOTA

naryjeHara.



Kananpar je moce0Hy mnakmby TMOCBETHO NPoOJeMaTHIH KOMIUIMKAOMja Yy
UMIUIAHTATHO-NIPOTETCKOj Tepanuju, Koje ce y JuTepaTtypu Hajuemhe kiacudukyjy kao
ounosonike, PyHKIMOHAJIHE, MEXaHNYKe M ecTeTcke. brononike koMIunkaiuje ooyxBarajy
[0jaBy TMEPUUMIIAHTATHUX O0O0O0JbEHA, Kao INTO Cy MEePUUMMIUIAHTHU MYKO3UTHC U
NEPUUMIUIAHTUTUC, JOK MEXaHHYKe KOMIUTMKAIMje YKJbydyjy JabaBibemhe WIN JIOM
MPOTETCKOT 3aBpTHa, Kao M omTehema abarMeHTa WM TPOTETCKe HajokHazae. OBakBa
kiacudukandja omoryhaBa cucTeMaTH4aH TPUCTYN aHAJU3M y3pOKa H  TOCIEAHIA

KOMITJTMKAIMja Y UMIUIAHTaTHO-IIPOTETCKO) Tepauju.

Y 0KTOpPCKOj AUCEPTAIUjU NPUKA3AHU €y K/bYYHHU (PAKTOPHU KOjH YTUUYY HA YCHELIHOCT
U JAYTOPOYHOCT OCTBAPEHUX pPe3yJITaTa HMILIAHTOJIOIIKe Tepanuje. OHU 00yXxBarajy
ONTHUMAJHy CWIy 3aBpTama abaTMEeHTa W/Wid 3yOHE HAJOKHAAe, MpaBUJIHY YIOTpeOy
MOMEHT-KJby4a, oJroBapajyhu nu3ajH u m300p MMIUIaHTaTa, 3yOHE HAJOKHAJE, a0aTMEHTA U
3aBpTHA, Ka0 U THUI Be3e u3Mel)y uMmIuianTara u HagokHaje. [loceGHO ce uCTHIy Mperu3HOCT
u3pajie MPOTETCKEe HAJOKHAIE, a/IeKBaTaH MPOTOKON Yrpa ke U onTepehema UMIIaHTaTa, Kao

1 KOHTpPOJIa OKJTy3aJIHOT U (PyHKIIMOHAJIHOT ontepehema.

[IpuMeHa caBpeMeHUX TEXHOJOTH]a, Kao IITO Cy KOMIIjyTepHu30BaHa TomMorpaduja KOHYCHOT
3paka (CBCT) u auruTtaiHo miIaHupame, J0AaTHO AOMPUHOCH MoBehawy MpeaBUABUBOCTU U

6e30e1HOCTH UMILTIAHTOJIOIIKE TepaIlyje.

Kangunar nasse aHanm3upa CTAa0MUIHOCT 3aBPTHA, INITO TPEICTaB/ba M HAyYHH OCHOB
UCTpaKUBAmka TNIE Ce aHAIN30M JOCTYIHE JINTepaType yKasyje Ja Cy IHOjeIuHadYHe KPYHHIE
Ha MMIUIAaHTATHMAa MOJIOKHU]jE J1a0aBIbebY 3aBPTHA y OIHOCY Ha JIpyre THIIOBE HAIOKHA/A,
Kao U Ja KOHYCHOCT B3¢ MMIUIAHTaT—a0aTMEHT UMa 3Ha4ajHy YOIy y O4yBalby MEXaHHUKE
crabunnocth. Ca pa3Bojem CAD/CAM TexHOIOTHj€ U 10jaBOM XHOPHIHUX CYyNpacTpyKTypa
ca TUTaHHUJYMCKOM 0a30M M IUPKOHHM]YMCKHUM ME30CTPYKTypama, MOCTUTHYT je Hampelnak y
eCTeTHIM U OMOMEXaHMYKUM KapakTepucTukama. Mmak, ncTpaxnBama 1Mokasyjy Ja KOoJ OBHX
KOHCTPYKIMja Hajyemrhe Jona3u 10 TpajHE IUIacTH4YHEe Jedopmaldje 3aBpTia, ILITO

npeacraBjba KPpUTUIHY TAYKy CUCTCMA.

JonatHu mpoGieM mpeacTaBiba ynorpedba HEOPUIHMHAIHMX abaTMeHaTa, udja MPEerU3HOCT U
CTaOMIIHOCT HUCY Yy moTHmyHocTH notBphene. [lomanu u3 nurteparype ykasyjy JAa je TyOuTak
CHUJIE 3aBpTama MamH KOJ OPUTHHAIHUX KOMITOHEHTH, JIOK KOIHje TOoKasyjy Behu pu3uK on
nabaBiber-a. KOHTaKkTHE MOBpIIMHE HMITIAHTaTa M 3aBPTHA H3JIOKEHE Cy JAWHAMUYKHM

onrtepehewmrma, a OpOojHM KIMHUYKU IMOCTYMIH, Ka0 LITO Cy NHpole, y3UMame OTHCaKa U

4



XI/IFI/IjeHCKI/I TpETMaHU, MOry HOOHAaTHO YTHIATU Ha CMAKCHE IMPCAHAIIPE3amba (F y6I/ITaK

HaroHa) 3aBpTHa.

[TocebaH 3Ha4Yaj ©Ma Ta4YHOCT MOMEHT KJbyueBa, jep OJ HHMX 3aBUCH NPEIU3HOCT MPHUMEHE
MpernopydeHe cuie 3aBpTika. HenaBHa nucTpakuBama Moka3yjy J1a MOCTOje 3HauajHe Pas3IuKe y
NpEeUM3HOCTU PA3JIMYUTUX THIIOBA KJbY4CBA, ajill HGI[OCTajy moganou O YTI/II_Iajy KIIMHUYKHUX
yCJIOBa M THMA CYNPAcTPYKType Ha CTaOWIHOCT 3aBpTma. OBO yka3yje Ha moTpely 3a

Hay4YHUM HUCTPaXXMBABEM Y OBOj 00acTH.
Hu/b ncrpakuBama

Kanmunar T'aBpuno Wnuh je jacHo nedunucao ommrte U cnenuuyHe IMUBEBE M HA HUX

OJITOBOPHO CBOjUM HCTPAKHBAHEM.

Onmtu /b aucepranuje OMo je UCIUTHBAKE yTHUIAja PA3IMYUTHX KIMHUYKUX (pakTopa Ha
CTaOUITHOCT 3aBpPTHa Y UMIUIAHTATHO HOIICHUM HAJOKHaIaMa. ¥ TOM KOHTEKCTY, KaHAHIaT je
aHAJIN3MpPA0 IPOMEHE CHWJIE OABpTama Yy OJHOCY HAa IPHUMEHEHY CHIY 3aBpTama Koj
pPa3IMYUTUX THIOBA CYMpPACTPYKTypa, Kako y YCJIOBHMAa MOHOBJbEHUX IUKIIyCa 3aBpPTama U

OABpTamka, TAKO 1 HAKOH CUMYJIHUPAHOI' MEXaHUYIKOT! onTepeheH,a.

[loceOna mnaxma mocBeheHa je NPOIEHM TAaYHOCTH M MPEHU3HOCTH MOMEHT KJbydeBa
pas3nuuMTOr AM3ajHa M NpPOM3BOhaua, Kao M YTHULAJy HUXOBOI BEIUTAYKOI CTapema Ha
NOY3aHOCT IOCTUTHYTE CHUJIE 3aBpTama. Takohe, aHalIu3upaHe cy NpOMEHE Ha MOBpPILIMHAMAa

3aBpTH-A HAcTalle yCIe/I MOHOBJbEHUX MEXaHMUKHX onTepehema u CUMYIIHpaHoT cTapema.
Ha ocHoBy nedunmcanux nusbeBa, Kanauaar je popmynucao cieache HynTe xumorese:

HO01: He nmocToju cTaTUCTUYKY 3HaYajHA pa3IMKa Y TAYHOCTH MOCTUTHYTOT OOPTHOT MOMEHTA
n3Mely pa3aMuuTUX THIIOBa MOMEHT KJbydeBa (ca MOJyroM WIH KIMK-MEXaHU3MOM), HUTH Y
3aBUCHOCTU O]l HHMXOBOI CTama (HOBU WIM KOpUIIheHH), Y OAHOCY Ha LIMJbaHY BPEIHOCT

MOMCHTaA CHJIC ZLC(I)I/IHI/ICEIHC Ol CTpaHC np0H3Bohaqa.

HO02: He nocroju cTaTUCTUYKY 3HayajHa pa3jivKa y BPEAHOCTH MOMEHTA CUJIE OJBPTamba KOJ
KOHBEHI[MOHAJIHUX AHATOMCKHX, OPUTMHAJIHUX XUOPHIHUX M HEOPUTMHAIHUX XUOPHIHUX
abaTMeHaTa HAKOH CUMYJIMPAHUX PA3IMUUTHX KIMHUYKHUX CUTyallMja, HUTH y 3aBUCHOCTHU O]

TOTA J1a JIM je KOpUIIheH HOBU MJIM MPETXOIHO YIOTPeOIbEH 3aBPTah

VY nornaBsby Marepujan U MeTO] KaKHIUAAT ONHUCYje IJIaH M JIM3ajH €KCIIEPUMEHTAIHOT

UCTpa)KMBamka CHpoBeAeHOr Ha KimHuMuM 3a cTOMarosomky nporeTuky (CTOMaTonoLIKOr



dakynrera YauBep3utera y beorpany. McrpaxkuBame je peain3oBaHo y3 onoOpewme Etuukor
onoopa Cromaronomkor (akynrera YHuBepsurera y beorpamy (0p. 36/53), y ckimamy ca

BakehuM eTnukum IMpUHOUIINMA U CTaHJapArMa 3a Hay4YHa UCTPpaKBakba.

HcTpaxuBame je CHpOBEIEHO Kpo3 BHUIIE eKCIepUMEHTanHuX (a3a koje cy oOyxBaruiie
NPOIEHy TAa4YHOCTH W TIOY3[aHOCTH pPAa3IMYUTUX KOMIIOHEHATa HWMILIAHTHO-TIPOTETCKOT
cuctema. Y mpBoj (ha3u HCNUTHBAaHA j€ TAYHOCT M MPEUU3HOCT HOBUX M KOpHUIINEHHX
MEXaHMYKUX MOMEHT KJbyuyeBa Pa3IMUUTUX Mpou3Bohayda, ykibydyjyhu ypehaje ca momyrom u
KIIMK-MEXaHU3MOM, TpU 4YeMy Cy Mepema H3Bol)eHa IUTHTaTHUM MepHUM Yypehajem y3

BUIIECTPYKa IOHABJbaA.

Y nameM TOKy HCTpakhBama aHadu3WpaHa je CTaOWIHOCT 3aBpTHa Ha y30pky on 30
MMIUIAHTaTa, TPH YeMy Cy HCIHUTHBAaHE TpU Tpyre abaTMeHara: aHATOMCKH, OPUTHHAIIHU
XUOPUIHN M HEOpUTHHATHH XuOpuaHu. [IpornemuBana je pasiuka u3mely npuMemeHe cuie

3aBpTamkba U CUJIC OABPTaka TOKOM BHUIIC Y34aCTOIMHUX UKITyCa.

Hakon Tora, KoMIUIETHE MMILUIAHTaTHO-TIPOTETCKE CTPYKType Oujie Cy MOABPrHYTE
CUMYJUPAaHOM TEPMOMEXaHUYKOM CTapemy y ckiany ca cranmapaoMm ISO 14801, xoje je
00yXBaraji0 TEPMOILMKINPAkHE W MEXaHWYKO omnrepeheme neGuHUCAHOM CHIIOM U YIJIOM
nenoBama. [loceOHO je HMCNUTHMBAH W YTUIA] 3aMEHE KOPUITNEHOT 3aBpTHa HOBUM Ha

CTaOMIIHOCT CI0ja UMIIAaHTaT—a0aTMEHT.

Mopdornomke npoMeHe Ha TOBpLUIMHAMa 3aBpPTHa HakoH onrtepehema u  crapema
aHaJlu3upaHe Cy NPUMEHOM cKeHupajyhe enekrpoHcke Mukpockonuje. JloOujeHn nomauu
oOpahlenn cy nOpUMEHOM OIroBapajyhmx wmeTtona MACCKPUNTHBHE W WHQEPEHIIUjaTHEe

CTaTUCTHUKE, Y3 HUBO CTATUCTUYKE 3HAYAjHOCTH MOCTaBJbeH Ha p < 0,05.

vy I[oriIaBJby Pe3y.11TaTn KaHauaar je BEOMa MpEIICAHO U CHUCTCMATUYHO 06pam/10 CBC

pesyaTare 100MjeHe TOKOM HCTPaKHBAbA:
1. Ta4HOCT MOMEHT K/bY4YeBa

o HoBu kJpydyeBHM yIIaBHOM TIOKa3zyjy J00po TOKJIaname ca IUbHUM

BpenHoctuMa (oncrymname <10%).

o Kopumhenn xmpydeBn wumajy Beha oxncTynama, HAapO4YMTO OHH  ca

KJIMK-Mexanu3mMoM (110 70%).

) KJ'Ly‘-ICBI/I Ca MOJIyroM Cy HpeL[I/ISHI/IjI/I n CTa6I/IHHI/IjI/I O KIIMK-MCXaHU3MaA.



AHanuza TayHOCTH KJbYYCBa je TMOoKa3aJjia na Cy HOBU KJbYYCBH ITOKA3aJIN I[06p0 IIOKJIaITakbe
ca OWJbHHUM BpPEAHOCTHMA MOMCHTA CHJIC, JOK CYy KOpI/II_HheHI/I umanu Beha o/CTyllama,

HAapO4YXTO OHHU Ca KIIMK-MCXaHU3MOM.
2. CTaOMIHOCT 3aBPTHA KO/ Pa3IHYUTHX a0aTMeHaTa

0 AHaTOMCKM W OPUTHHAIHHM XMOPUIHU abaTMEHTH 3aJIpKaBajy CTaOMITHOCT J10

4. nukmnyca.

o Heopurunanau xubpuaHu abaTmeHTH ry0e cTaOmwiIHOCT Beh HAKOH MPBOT

uukiyca (mag VSO >50%).
o ANOVA anammza notBphyje cratuctuuku 3Ha4ajue paznuke (p<0,05).

AHannza cTaOMIIHOCTH 3aBpPTH-A KOJA Pa3IMYMTUX abdaTMeHara IOKa3aja je Ja aHaTOMCKU U
OpPUTMHAJIIHU XUOPUIHM a0aTMEHTH 3a/pKaBajy CTaOMIIHOCT 3aBPTH-a IO YETBPTOT LIUKIYCA,
JIOK HEOPUTMHAIHU XUOpUAHU abaTMeHTH rybe crabuiaHOCT Beh HakoH mpBoOr IUKIyca, ca
majgoM BpeAHocTH cujie onBprama Behum on 50%. Craructuuka anamuza (ANOVA)
MOTBpAMIIA je Ja Cy pa3iuke u3Mel)y rpyna cratuctuuku 3Hadajue (p < 0,05), mro ykasyje Ha

BehM pH3HK 071 1abaBsbeba KO HEOPUTHHAIIHUX KOMIOHEHTH.
3. TepMoOMexXaHUYKO CTapeme

Hakon npumene mporoxona ISO 14801 cBu TumoBm abaTMeHaTa MOKa3ald Cy CMambEHE
CTa0WJIIHOCTH 3aBpTHA, MpPH UYEMy Cy Haju3pakeHH]e TpoMeHe 3a0elieKeHe KOJ
HEOPUTMHAIHUX XUOpUIHUX abaTMeHara. 3aMeHa KOpUIINEeHOT 3aBpTHa HOBUM pe3y/aTHpalia
je moOoJbllIakbeM BPEIHOCTH CUJIE OABpPTama, ajld Cy HEOPUTMHAIHM abaTMEHTU U Jlajbe

MOKA3MBaJl HAJHIKY CTA0OMIIHOCT Y OJTHOCY Ha OCTaje rpyIe.
4. SEM ananu3sa

Ckenupajyha enexkTpoHCKa MHUKPOCKOTIHja MOKa3aja je Ja Cy HajMame MOp(OJIOIIKe TPOMEHE
u omrehema Ha 3aBpTamuMa 3abelexeHe KOJ aHaTOMCKUX abOarmeHara. Hajehe xabame u
neopmaije youeHe Cy KOJ HEOPHTMHAIHHX XHOPHIHMX abaTMeHaTa, HAPOYUTO HAKOH

CUMYJIMPAHOT CTapema.

YV JImckycuju KaHauaaT CBEOOYyXBAaTHO aHAIM3Upa JO0OMjeHE pe3ysTare W IMOpeau UX ca
noctojehum  momanumMa W3 JOCTynmHe  Jjureparype. JlaGaBibewme  3aBpTHa Yy
MMIUTAHTOJIOIIKO-TIPOTETCKMUM ~ KOHCTPYKIIMjamMa  MpeAcTaB/ha  3HAuajaH  M3a30B Yy

CTOMATOJIOIIKO] TIPAKCH, jep MOXE KOMIPOMHUTOBATH CTaOWIHOCT, (YHKIIHOHATHOCT |



IYTOTPajHOCT MpOTEeTCKe pexadbunuranrje. OOpaaa u aHanau3a nogaraka NpUKyIJbEHUX TOKOM
eKCIIEPUMEHTAIHOT HCTpaXkuBamba oMoryhuna je na ce gajy OATOBOPH Ha IHTama Ja JIM Ha
na0aBJbeHhe 3aBPTHA Y UMIUTAHTOIOMIKOM TPOTETCKOM CKIJIONY yTHYE M300p M BPCTAa MOMEHT
KJby4yeBa, MEPHOJ HHXOBOI Kopuinhema M BpcTa ynoTpeOsreHOr abarMmeHTa. JlomaTHo je
UCIHTaH yTULAj] (YHKLIHMOHAJIHE YIOTpeOe MPOTETCKOT CKIIONA Y OPAHOj CPEIUHU Y OHOCY
Ha BpCTy abaTMeHTa, KpO3 MPOoLeC TEPMOMEXaHUYKOT CTapeha, U MOCEOHO je UCITUTAH yTUIA)
npeUioKeHe 3aMeHe Beh KopumrheHOr 3aBpTHA y NPHUNpPEeMH 3yOHE HAJOKHA/AE TOTITYHO
HOBUM 3aBpTHEM 3a KOHa4yHy mocTaBKy. Taxohe, SEM anamm3a noBpmmHa 3aBpTHA

oMoryhuiia je BU3yenHy IpOILIEHY CTama MOBPILIMHE MaTepujaja.

JloOujern pe3ynTaTd ToKasyjy Ja OPUTHHAIHM W XHOpUIHU abaTMeHTH 3ajapikaBajy Behy
CTaOUITHOCT 3aBpPTH-a Y OJIHOCY Ha HEOPUTHHAIIHE, LITO je Y CKJIaay ca Hajla3uMa MPETXOAHUX
uctpaxupama ['y3ajtuca u capaguuka (2011) u ITapka u capaagnuka (2017). Takohe, Taunoct
MOMEHT KJby4Ye€Ba W TIEPHOJA HHHXOBOT KOpHIIhema yTHYy Ha BPETHOCT CHJIE OIBPTama
3aBpTHA, IITO ce chaxe ca pesyararuma Heyrebayep u capagauka (2015). TepmomexaHuyuko
CTapeme JIOJaTHO CMamyje BpPEOHOCT CHJIE OIBpTama 3aBPTHA, HAPOYUTO KOI
HEOPUTMHAIHUX XMOpUAHUX abaTMeHaTa, 0K 3aMeHa KOPUIINEeHOT 3aBpTHa HOBUM 3HAYajHO

noBehapa cTabmITHOCT, ITO je Y CKIaay ca nmpenopykama Kapaoco u capagauka (2012).
3aKJby4IlU Cy MPEIU3HO (OPMYIUCAHH U Y CKIIAJTY Ca MOCTaB/LCHUM IHJbEBUMA.
1. Tunm abaTMeHTa U CTAOMIHOCT

e HeopurnHaiaau xuOpuIHU a0aTMEHTH MMajy 3HAUajHO Mamy CUIIy OJBpTama M Behy
BepoBaTHOhy 1abaBibeba y OJHOCY Ha OpHTHMHAJIHE AaHATOMCKE M XHOpHIHE

abaTMeHTe.
e OpuruHajaHu XUOPUIHU a0ATMEHTH MOKa3y]y CTAOMIIHOCT CIIMYHY aHATOMCKHM.
2. YTuIaj TEPMOMEXaHHYKOT CTapema

e Jlocne crapema, cuia OJBpTama KOJ HEOPUTMHAIHUX XUOpUIHUX abarMeHara je

ABOCTPYKO Malka HETO KO OpUT'MHAJTHUX.

e Jlpenopyka: yBeK 3aMEHUTH KopuiIheHH 3aBpTak HOBHUM, HApOYUTO KOJ

HEOPUTHHAJIHUX abaTMeHarTa.
3. Jln3ajH MOMEHT KJby4a
e KibyyeBH ca MOIYroM Cy MpelU3HU]H U TOY3JaHU]U Of] KIIMK-MeXaHU3Ma.
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e HoBU KIMK-KJbYYEBH HMMajy Ta4HOCT YINOPEAMWBY ca KOpUIINEHMM KJbydeBHMa ca

MOJIYTOM, IIITO TIOTBpl)yj€ MPEAHOCT MOIYTE.
4. YTunaj ynorpede Ha npeuu3HOCT

e KibyuyeBM ca TOJYroM 3aJpkaBajy IPHUXBATJbUBY MPELHU3HOCT M IOCIE JyXKer
Kopumhema, J0K KIMK-KJbyUeBU HE UCIYHaBajy KpUTEpHjyMe TaYHOCTH HH Y HOBOM

CTamYy.
5. SEM aunaau3sa

e Bumwbuse nedopmanyje U xabame Havoja HAKOH BHILE IIUKIyca U cTapema NoTBphyjy

noTpely J1a ce 3a KOHAuHy (UKCAIN]y YBEK KOPUCTH HOBHU 3aBpPTakh.

Hayqﬂa BPEAHOCT M YyHnopeaHa aHa/Iu3a OAOKTOPCKeE JmcepTaunje ca moapanmmmMa M3

JuTepaType

VYnopenHa aHanm3a A0OMjEHHX pe3yirTaTa ca TojaluMa W3 JHTEparype IOoKaszyje BHUCOKY
caryacHOCT W TOTBphyje KIMHUYKH 3Haua] HMCTpaKuMBama. VcnmuTuBameM CTaOMIHOCTH
3aBpTHA YTBPH)EHO je J1a HEOPUTHMHAIHU XUOPUAHM a0aTMEHTH MMajy 3HA4ajHO Mamy CUITY
onBpTama u Behy BepoBaTHONY J1a0aBibea Y OJJHOCY Ha OPUTHHAIHE aHATOMCKE U XHOpHUIHE
abaTMeHTe, IITO je y CKIIaay ca MPEeTXOAHUM CTyAHjaMa Koje yKasyjy Ha MEXaHHUKY MPETHOCT
OpPUTMHAIIHUX KOMIOHEHTH. HakoH TepMOMEXaHHYKOT CTapema, Naj CHie OIBpTama OHo je
HajU3PKECHU]H KOJI HEOPUTHHATHUX XHUOPUIHUX abaTMeHaTa, MTo MOTBplyje Hajaze Apyrux
ayTopa Ja JAWMHAMHUYKO ontepeheme M TEepMOIMKIMpAkE 3HAYajHO YTHUYy Ha TyOHMTaK

IIPEJHAIIOHA.

Pe3synTat o TauHOCTH MOMEHT KJby4eBa MOKa3ald Ccy Ja KJby4eBH ca Moiayrom obe30ehyjy
Belly Mpenu3HOCT M CTa0MIHOCT y OJHOCY Ha KIIHMK-MEXaHu3Me, IITO je y CKJIagy ca
MPETXOJHIM HCTpaXMBamkbUMa KOja HaIlallaBajy MpeIHOCT OBOT JHU3ajHa. YHoTpebda HOBOT
3aBpPTHA HAKOH BWINE IMKIyCa 3aBPTHA W OJBpPTama 3HA4ajHO MoBehaBa CTAOMIIHOCT, IITO
noTBphyje Tpernopyke M3 JUTepaType O HEOMXOJHOCTH 3aMEHE 3aBpTHa Mpe KOHAYHE
¢ukcanmje. SEM ananmsa je mokaszasia BuJJbMBa omTehema u xabame HaBOja, HAPOUUTO KOJ
HEOPUTMHAIHUX XUOpUIHMX abaTMeHara, INTO je Y MOTIYHOCTH Yy CKJaay ca MPeTXOAHUM
Hajla3uMa KOju YyKa3yjy Ha MHKPONYKOTMHE W TyOHWTaK TpeaHanoHa Kao TOCIEIUILy

MCXaHUYKOI onTepeheH,a.



OBu pesynraru nmotBphyjy Aa je ymorpeba OpUTHHAITHHX KOMIIOHEHTH, PEIOBHA KOHTpOJA
WHCTpyMEHaTa ¥ 3aMeHa 3aBpTma npe (uHanHe (Qukcanuje KibydyHa 3a JIYTOTpPajHY

CTa0MIHOCT HMIUIAHTHO-IIPOTCTCKUX HAJJOKHAaAa.

Kparak onuc nocTurHyTux pe3yirara y3 NpakTH4yHe Mpenopyke 3a KIMHUYKY NpaKcy

VY KIMHUYKO] MPAKCH TPEropydyje ce ynorpeda OpUrHHAITHUX aHATOMCKUX WM XHUOPHUIHUX
abarMmeHara, jep 00e30elyjy Behy cTaOMITHOCT M MambU PU3UK O JJabaBJbea 3aBpTHa. [loce
BUIIE IMKIIyca Npo0a | TOo/eIIaBamka, Ka0 M HAKOH TEPMOMEXaHUYKOr omnrtepehema, yBeK
KOPUCTUTH HOBH 3aBpTam 3a (PMHAIHO 3aTe3ame HaJokHaAe. TOKOM KIMHUYKE pUunpeMe 0poj
[UKITyca 3aBpTamka M OJBpPTama He Ou Tpebayio na mpenasu mert, jep Behu Opoj mmkiryca
3HaYajHO CMamYyje mpeaHanoH u nmoehara pusuk on adaBibema. [Ipenopyuyje ce ynmorpeda
MOMEHT KJbyue€Ba ca IOJYyroM, koju o0e30el)yjy Behy TauHOCT W MPENU3HOCT y OJHOCY Ha
KIMK-MEXaHW3Me, YaK U HAaKOH AYXKeT mepuoja ynorpede. MomMeHT kibydeBe Tpeba peoBHO
KanuOpucatu y ckiany ca [SO cranmapauMa W 3aMEHUTH ako ofcTymname mpenasu 20% on

HOMMUHAJIHC BPCAHOCTH.

Kanaupaar je o0jaBuo 1Ba pajaa Koju YMHe J1€0 JOKTOPCKe qucepraiuje, 1 TO:

1. Mic G, Vulovic S, Bukorovic J, Dragovic M, Markovic A, Todorovic A, Mili¢ Lemi¢
A. The impact of abutment type on abutment screw removal torque value after
experimental aging. J Prosthodont. 2024;1-8. (IF 2023 = 3.4)

2. Ili¢ Gavrilo, Mili¢-Lemi¢ Aleksandra, Vulovi¢ Stefan, Markovi¢ Aleksa, Lazi¢ Zoran,
Dragovi¢ Miroslav, Todorovi¢ Aleksandar. The impact of everyday usage of different
dental implant torque wrenches on their performance accuracy and repeatability: An in
vitro study. Vojnosanitetski pregled 2024 Volume 81, Issue 9, Pages: 562-569 (IF
2023=0.2)

Ilopen Tora, KaHAUWAAT je y4decTBOBao M HA Mel)yHapoaHOM KOHIpecy ca pajgom:
3. Alcksandra Spadijer—Gostovié, Stefan Vulovi¢, Gavrilo Ili¢, Miroslav Dragovi¢,
Aleksandar Todorovi¢, Aleksandra Mili¢-Lemié. Accuracy of brand-new implant

torque wrenches of different mechanical design and manufacturer. ¥: Proceedings of
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the EAO Congress 2024 — 31st Annual Scientific Meeting. Joint meeting with the
Italian Associations TAO & SIdP. 24 — 26 October, 2024. Milano: European
Association for Osseointegration; 2024. IAO-EAO-SIdP-648ber

IIpoBepa OpUIrHHAJHOCTH JOKTOPCKE ANCEpPTALHje

Ha ocHoBy IIpaBriiHuKa O MOCTYNKY MPOBEPE OPUTHHAIHOCTH JIOKTOPCKUX JTUCEPTAIH]ja KOje
ce Opane Ha YHuBep3utety y beorpaay u Hanasa y u3Bemrajy u3 nporpama iThenticate kojum
j€ U3BpIIeHAa MpoBepa OPUTMHAIHOCTU JOKTOPCKE [UCepTanuje ,,AHAJIU3a BPEIHOCTH
MOMEHTA CHJIe 3aBPTalkha HA/IOKHAa HA MMILIAHTATUMA HAKOH CUMYJIHMpPaHe KIUHUYKE
npumene,” ayropa l'aBpuna Mamha, koHCTaTyjeM ja yTBphEeHO MOmyAapame TEKCTa H3HOCH
8%. OBaj crenmeH mNoAylapHOCTH MOcjenuua je Kopumhema OIMIITHX MOjMOBAa U JIMYHUX
nMeHa OubnuorpadCckux mMoAaraka O KOpHUIINEeHOj JTUTepaTypH, OMIITUX MECTa U IMojaTaka,

HITO je y CKJany ca uiaaHoMm 9. [IpaBuimHuKa.

3akibyuak (00pa3iio:keme HAyYHOT JONPUHOCA)

JHokropcka muceprauuja Ap ['aBpuna Wnuh mon HasuBoMm ,,AHaju3a BPeIHOCTH MOMEHTA
CWJie 3aBpPTama HAJOKHAJa HAa MMIUVIAHTATHMA HAKOH CHMYJHMpaHe KJIMHHYKE
NpuMeHe* IPeCTaBIba TEMEJFHO OCMUIIIJBEHO M OPUTHHAIHO UCTPAXKUBAKE KOje aHAJIH3Upa
nabaBJbeH-E€ 3aBPTH-A KOJI HA/IOKHAJa HA UMILIAaHTaTUMa, Kao 3HayajaH KJIMHUYKU U3a30B KOJU
MOKE€ YTPO3UTH CTAOWIHOCT, (PyHKIIMOHATHOCT U AYTOTPajHOCT MPOTETCKE pexaduiuTaiuje.
Pesynratu ucTpaxuBama Cy MOKa3ald Jla Ha OBaj (heHOMEH yTU4y M300p M BpCTa MOMEHT
KJbyueBa, IEpHOJ HUXOBE ynorpede, kao W Tun abarmeHTa. /lomarHo, (yHKLIHMOHAJIHO
ontepeheme U TEPMOMEXaHUYKO CTApEHE y OPAIHO] CPEIMHU WMAajy 3HadajaH yTHUIA] Ha
CcTaOUITHOCT Be3e MMILIaHTaT/abaTMeHT. 3aMeHa Beh kopuirheHor 3aBpTHa HOBUM MPUITHKOM
neUHUTUBHOT (DUKCUpama HAJOKHA/AE TMOKa3aja ce Kao MpemnopydyeHa (MokesbHa) Mepa 3a
CMamemhe pu3nKa of jabaBibema. SEM aHanmmsa moBpiiMHa 3aBpTHAa oMmoryhwia je 0osbe
pasymeBame cTama Marepujasia 1 Mmoryhux mexanmszama omrehema. JIokTopcka aucepranmja

je Jajia 3Ha11ajHe HAay4YHO 3aCHOBAHC IIPCIIOPYKE 3a KIIMHUYKHU paa:

e (0e30equTH peNoOBHY KOHTPOJIYy MOMEHTa 3are3ama M KOPUCTUTH UCIpPaBHE,

KaHI/I6pI/ICElHe MOMCHT KJbYUCBC.
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o [IpunukoM (uHATHE MOCTaBKE HAOKHA/IE PAa3MOTPUTH 3aMEHY 3aBPTHA HOBUM PajiH

OIITUMAaJIHE CTaOMIIHOCTH.
® V3eru y 003up TUI a0aTMEHTA U HETOB YTHUIIA] HAa IyTOTPAJHOCT CKIIOTA.

e Ilparutu edekre QyHKIMOHANIHOT onTepehema W TEPMOMEXaHHUYKOT CTapema,

HapOYHUTO KOJI MallljeHara ca BUCOKUM xBakahuMm ontepehemeM.

JHlokropcka aucepramja np ['aBpuna Mnwmha crnpoBeneHa je y Ckiaay ca CBUM HadelnMma
Hay4YHOTI HCTpaXKuBamkba, ca MMPEUU3HO )Ie(i)I/IHI/IcaHI/IM OUJbEBHUMA, OpUruHaJIHOM
METOJI0JIOTHjOM, JIE€TaJbHO M3J0KEHUM U apryMEHTOBaHMM pe3ylITaTiMa M JacHO
dbopMynaHcaHUM 3aKkJbydliuMa. Y MPHIOT TOME jeé U LUTUPAHOCT pPajoBa KOjU Cy Y Be3U

JIOKTOPCKOM JHIIepTaIjoM (M3Bop Scopus):

Ilic G, Vulovic S, Bukorovic J, Dragovic M, Markovic A, Todorovic A, Mili¢ Lemi¢ A. The
impact of abutment type on abutment screw removal torque value after experimental aging. J

Prosthodont. 2024;1-8. (3 nuTara)

Ili¢c Gavrilo, Mili¢-Lemi¢ Aleksandra, Vulovi¢ Stefan, Markovi¢ Aleksa, Lazi¢ Zoran,
Dragovi¢ Miroslav, Todorovi¢ Aleksandar. The impact of everyday usage of different dental
implant torque wrenches on their performance accuracy and repeatability: An in vitro study.

Vojnosanitetski pregled 2024 Volume 81, Issue 9, Pages: 562-569 (1 uurar)

Hakon yBuga y nocraBibeHM TekcT, Kommucuja je jeOHOIVIAaCHO OILIGHMJIA Ja JOKTOpCKa
aucepranyja  ,,AHAJM3a BPEIHOCTH MOMEHTAa CHJe 3aBpTalkba HAJA0OKHAJa Ha
HMILIAHTATHMA HAKOH CHUMYJIMpaHe KJIMHWYKe nmpuMeHe“ aytopa aAp l'apuiaa Wnuha
Mpe/ICTaB/ba OPUTMHAIHO, CaMOCTAJIHO W HAy4YHO YTEMEJbeHO HCTpaxuBame. Komucuja
cMarpa Jla KOMIUIEKCHOCT OB€ JIOKTOpPCKE aucepranuje ymyhyje Ha HaydyHy peJIeBaHTHOCT

KaHauaaTta.

JlokTopcka qucepTanyja y MOTIYHOCTH HCIyHaBa CBE KpUTEpUjyMe IpONHcaHe 3aKOHOM O
BHUCOKOM 00pazoBamy U cTaTyTMMa YHuBep3utera y beorpany n Cromatonomkor akyiarera

VYHusepsurera y beorpany.

Ha ocnoBy wusneror, Komucuja mnpemmaxxe HacraBHo-Hayunom Behy CromaTtonouikor

¢dakynrera YHuBep3uteTa y beorpany na npuxsaru nmo3uTuBaH u3Beltaj Komucuje 3a oneny

12



HAOKTOPCKE zu/IcepTaque Aap raBpI/IJ'Ia Wnwuha n J0CTaBH C€ HAAJIC)KHOM Behy HAayUYHHX obnactu

YHuBEp3UTETA HA CAITIACHOCT.

IIpod. np Anexcangap Tonoposuh,

Cromaronomku axkynret, YauBep3uteT y beorpany

Ipo¢. 1p Anexcanapa Hnagujep T'ocToBuh,

Cromaronouku (akyntet, YHuBep3uTeT y beorpany

Hou. ap Mupko I'mummh,

Cromatonomiku GakynTet, YHUBEp3uTeT y beorpamy

IIpo¢. np AyopaBka MapkoBuh,

MenunuHckn QakyaTeT — oficek cToMmatosoruja, Yausep3uteT y Hosom Cany

Ap cu. men. Mupocaas Iparosuh,

Cromaronomku akynret, YHuBep3uTeT y beorpany

VY Beorpany,

13



bpoj:
Jatym:

Y crmamy ca oapembama 3akoHa O BHCOKOM o0O0Opa3oBamy, Kao H
oaroBapajyhum oxapendama ommTux akata (CromMarosomkor (dakynrera
YHusep3uteta y beorpany, ctaBiba ce Ha YBUI JaABHOCTH:

JIokTOpCKa IrcepTanyja v U3BEIITaj CTPYYHE KOMHCH]E 3a OIICHY 3aBPIIICHE
ToKTOpcKe aucepranuje ap ['aBpuna Mnuha, mox HazuBom

,,AHaJ’lI/Ba BPE€AHOCTH MOMEHTA CHWHJI€ 3aBpTamkba HaJOKHaaa Ha
HUMIUTAHTAaTUMA HAKOH CUMYJIMPAHC KIMHUYKE npnMeHe“

CtpydHa KOMHCHja JIOCTaBHJIA j¢ HaBeJIeHW M3BemTa] HacTaBHO HaydHOM
Behy ®axkynrera 22.01.2026. rogune.
Pox 3a yBua jaBHoctu je 30 nana, u uctuye 20.02.2026. rogune.

VY HaBeneHOM IMEpHOAY, M3BEIITaj ce Moxe noouTH Ha yBua y Oxaceky 3a
HactaBy Cekperapujara ¢akynaTeTa, CBaKOT pagHOT aaHa on 8 mo 14 dacosa, a
IITaMITaHa Bep3uja JOKTOPCKe aucepTaiuje y budmmorenu dakynrera.

EnexrpoHcka Bep3uja TOKTOPCKE JUCEpTaIldjeé U W3BEIITa] CTPYYHE
KOMHCH]€ Hallaze ce U Ha cajTy Dakynrera.

Kako ce, npema oapendama CraryTa, JaBHOCT HH(OPMHUIIE HCTULAHEM
o0aBelITemha 0 MPaBy HA YBUJI JaBHOCTU Ha OIIACHY TabJly y HACTaBHO-HAY4YHO]
OJ, monmumo Bac 51a oBaj akT BUHO UCTAKHETE HA MIOMEHYTH HAYMH.

JluminomMupaHu mpaBHUK
Hukonuja Maptuh




Ha ocnoBy wrana 53. Craryra CromaToyiomkor (akynarera YHUBEp3UTETa
y beorpany, HactaBao Hayuno Behe CtoMartonomkor ¢akynrera, Ha CEIHHUIN
onpxkanoj 09.12.2025. ronune, qoHeNo je cnenchy

ONJYKY

Nmenyje ce xommucHja 3a OLIEHY 3aBpIIE€HE JOKTOPCKE AUcepTranuje Ap
I'appuna Waumha, nox Ha3uBoM ,,AHajiu3a BpPEAHOCTH MOMEHTA CHJIe
3aBpTakba HAJ0KHAJa HA MMILUIAHTATHMA HAKOH CUMYJHpPaHe KJIMHUYKE
NnpuMeHe™, y cacTaBy:

-npod. ap Anekcannap Tomoposuh, penosau npodecop, CTOMATOMOMKI

dakynrer y beorpany

-npod. ap Amnekcannpa Ilmamujep ['octoBuh, pemoBHHM mpodecop,

Cromatonomku akynrteT y beorpamy

- mo11. ip Mupxko ['mumuh, nonent, Ctomaromnomku dakyiareT y beorpany

-npod. nap HyOpaBka MapkoBuh, penoBHu mpodecop, MenuuuHcKku

¢dakynrer y HoBom Cany

-ap cmu. MupocnaB JlparoBuh, HayuyHu capamHuk, CTOMaTOJONIKH

dakynret y beorpany

O0pa3zaoxeme

Komrucuja 3a HaydHO-MCTpaXMBAYKHA pajl, HA WHUIMjaTUBY ojaroBapajyhe
Karenpe, yITBpAWIA je Mpeyior cactaBa komucHje, a HacraBHo HayuHo Behe je
OJUTYYHJIO KaO Y TUCTIO3UTHUBY.

Onnyky nocrasutu: Kanmunary, Komucuju (5), Onceky 3a HactaBy, Behy
u [Tucapaunn.

PedbepeHT KaJpoBCKOT OjiceKa
Buonera Pactosuh I[eKaH

CroMarosionkor ¢akynTeTa
Yuusep3utera y beorpany

[Tpod. np Bojkan Jlazuh



OLEHA W3BEIITAJA O TIIPOBEPH OPUTHHAJIHOCTH JIOKTOPCKE
JUCEPTALIMJE

Ha ocnoBy [IpaBuiHuKa o MOCTYIKY HPOBEpe OPHrHHATHOCTH OKTOPCKUX AUCEPTAIMja Koje
ce Opane Ha YHusepsuteTy y beorpajy u Hanasa y n3emitajy u3 nporpama iThenticate kojum
J€ M3BPIICHA POBEPA OPUIMHAIHOCTH JOKTOPCKE AUCEPTALM]E o, AHAIN3A BPEAHOCTH
MOMEHTA CHJIe 3aBPTAMbA Ha/0OKHAKA HA HMIJIAHTATHMA HAKOH CHMYJHpaHe KIHHEYKE
npumene, ” ayropa aspuna Munha, xoHcraryjeM na yrepheno nogyaapame Texcra M3HOCH
8%. Osgaj crenen mopynapuocTy nocnenuia je xopumhiera OnITHX MOjMOBa W JIMUHKUX UMEHA
6ubnnorpadekux noparaxa o kopumheHoj TUTEPaTypH, ONIITHX MECTa H MOJATAKa, IITO je y
cknany ca wianoM 9. IpaBunumuka.

Ha ocuoBy csera usueror, a y ckinany ca wianom 8. cras 2. Hpasuiamka o noctynky nposepe
OPHMIHHAJIHOCTH JIOKTOPCKHUX JIHCEpPTaiMja Koje ce Gpane Ha Yuusepaurery y beorpany,
H3jaBJbyjeM Jia H3BEINTA] yKasyje Ha OPUIMHAIHOCT JOKTOPCKE THCEPTAL|E, T¢ Ce IPONUCAHH

HOCTYIaK [PUIPpEeMe 3a HeHY ol0paHy MOXe HACTaBHUTH.

Beorpan. 27.11.2025. rogune

Ipod. Hp Anekca Mapkoeuh




OLEHA WM3BEIITAJA O TIPOBEPU OPUTHMHAJIHOCTH JOKTOPCKE
JUCEPTAIIMJE

Ha ocnoBy IIpaBuinuKa o IOCTYNIKY HpoBepe OPUrMHATHOCTH TOKTOPCKUX JUCEpTalija Koje
ce Opane Ha YuuBep3uTety y beorpajy u Hallasa y u3BelTajy u3 nporpama iThenticate kojum
j© M3BPLUEHA IPOBEPA OPUIMHAIHOCTH JOKIOPCKE NCEPTALM]E 5, AHAINIA BPEAHOCTH
MOMEHTA CHJIC 3ABPTAMA HAOKHAA HA HMIVIAHTATHMA HAKOH CHMYJHpaHe KIHHUYKe
npumene, ” ayropa lapuna Manha, koscraryjem ja yrepheno noxynapasme Texcra ussocu
8%. OBaj crenen noynapHoCTH nocneauna je kopuniherma OmITHX MOjMOBa M JINYHUX UMEHA
bubnuorpadexux noxaraka o kopumheHoj IMTepaTypH, OMIITHX MeCTa U I0JaTaKa, IITO je y
cknajy ca wianoM 9. IpaBuiHuka.

Ha ocnoBy cera usseror, a y ckiagy ca wiasom 8. cras 2. [Ipasuinuka o nocTynky nposepe
OPHIHHAJIHOCTH JIOKTOPCKHUX JIHCEpTalyja Koje ce Opare Ha YHHBep3utety y beorpajy,
H3jaBJbyjeM Ja U3BEIUTA] yKa3yje Ha OPUIHHAIHOCT HOKTOPCKE AUCEPTANHe, T¢ Ce NPONACAHN

NOCTYNaK NpUIpeMe 3a BeHY o0paHy MOYKE HACTABUTH.

Beorpan. 27.11.2025. rogune

Hpod. Op Anexcanmpa Munuh Jlemuh
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The impact of everyday usage of different dental implant torque
wrenches on their performance accuracy and repeatability: an in vitro

study

Uticaj svakodnevnog kori$éenja razli¢itih moment-klju¢eva za dentalne
implantate na ta¢nost i ponovljivost njihovog ucinka: in vitro studija

Gavrile Ili¢*, Aleksandra Mili¢ Lemi¢!, Stefan Vulovi¢', Aleksa Markovié?,
Zoran Lazi¢S, Miroslav Dragovié*, Aleksandar Todoroviét

University of Belgrade, *School of Dental Medicine, "Department of Prosthodontics,
*Implant Center, Belgrade, Serbia; $Military Medical Academy, Dental Clinic,
Belgrade, Serbia

Abstract

Background/Aim. The clinical success of prosthetic reha-
bilitation that commences after the attained implant osse-
ointegration is dependent on the influence of several fac-
tors, of which screw loosening is a frequent one, and it is
highly related to inadequate tightening (torquing) using
torque wrenches, Although the wrenches are initially cali-
brated by the manufacturer, it is of great impottance to
evaluate their function after usage for a cettain period of
time. The aim of this study was to evaluate the accuracy and
repeatability of the performance of implant torque wrenches
in delivering necessary torque values before and after one
year of usage. Metheds. Two types of wrenches were used
in the study: the beam-type and the toggle-type. Four vari-
ous brands of beam-type wrench were marked as Beam 1 —
Beam 4, and three vatious brands of toggle-type wrench
were marked as Toggle 1 — Toggle 3, according o their de-
sign. Torque values deliveted by wrenches were measured
and analyzed wsing the One-Sample #test, Independent-
Samples stest, and Mann-Whitney U test. The Bland-

Apstrakt

Uvod/Cilj, Klinicki uspeh protetske rehabilitacije nakon
postignute oseointegracije implantata zavisi od uticaja
nekoliko faktora, od kojih je razlabavljivanje $rafa cest
faktor 1 u velikoj meri je povezano sa neadekvatnim
zatezanjemn  upotrebom  moment-kljueva, Iako e
proizvodat inicijalno kalibrisao kljuceve, veoma je vaino
proceniti njihovu  funkciju nakon kotidéenja tokom
odredenog vremenskog perioda. Cilj ove studije bio je da se
proceni tatnost i ponovljivost u¢inka moment-kljuceva za
implantate u postizanju potrebnog stepena zatezanja, pre i
posle njihovog koriéenja tokom godinu dana, Metode,
Dva tipa moment- Kjuéeva su koriéena u studijis beam-tip i

Aliman bias test was used as an index of accuracy, whereas
Fotkman’s comparison of datasets coefficients of variation
{CV) served as an index of repeatability. Results, All
wrenches except new Beam 2 and Beam 3 showed diffex-
ences between the average measured torque value and target
torque value. Differences were found in the average meas-
ured values between all used and new wrenches. Higher bias
was observed in Toggle 1, Toggle 2, and Toggle 3 brands,
whereas lower bias was recorded between used and new
Beam 1 and Beam 3 wrenches, When comparing the CV for
used and new wrenches, Beam 1, Beam 4, Toggle 1, and
Toggle 2 revealed differences, whereas the CV for Beam 2,
Beam 3, and Toggle 3 did not differ significantly. Conclu-
sion. Compared to toggle-type, the beam-type wrenches of-
fer greater accuracy in achieving the tatget torque value, The
torque deteriorates in all wrenches after aging/usage and is
more prominent in toggle-type devices,

Key words:
biomechanical phenomena; dental implantology;
dental insttuments; in vitro techniques; torque.

togole-tip. Cetiti razlidite marke beam-tipa kljuéeva koji su
kori$¢eni v studiji su oznaceni kao Beam 1 ~ Beaw 4, a tri
razli¢ite marke togg/i-tipa kljuéeva su oznadene kao Tegol 1
— Toggle 3 u skladu sa njihovim dizajnom. Vrednosti
obrtnog momenta koje su postigli kljutevi merene su i
analizirane pomocu Oue-Samples F-testa, Independent-Samples r-
testa i Mann-Whitney U testa. Bland-Altman-ov test
odstupanja kori§éen je kao indeks talnosti, dok je
Forkman-ov test poredenja koeficijenata varijacije (KV)
skupova podataka koridéen kao indeks ponovljivosti.
Rezultati. Svi moment-kljucevi osim novih Beaw 2 i Bean
3, pokazali su razlike izmedu proseéne izmerene vrednosti 1
ciline vrednosd obttnog momenta. Uwvrdene su razlike v
prosecnim izmerenim vrednostima obrtnih momenata

Cotrespondence to: Stefan Vulovié, University of Belgrade, Faculty of Dental Medicine, Depattment of Prosthodontics, Rankeova 4,

11 000 Belgrade, Serbia, E-mail: stefan.vulovic@stomf.bg.ac.ts
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izmedu svih koridéenih i novih klju¢eva. Veée odstupanije
primeceno je kod Toeggle 1, Togale 2 1 Tognle 3 modela, dok je
manje odstupanje zabeleZeno izmedu kotidéenih i novih
kljuceva Beam 1 i Beam 3. Kada su uporedivani KV
kotis¢enih i novih kljuéeva, Beaar 1, Beam 4, Togale 11 Toggle
2 su pokazali znacajne razlike, dok se KV za Beaw 2, Beam
31 Togge 3 nisu znadajno razlikovali, Zakljugak, U
poredenju sa fagole-tipom, moment-kljuéevi beam-tipa nude

vedu tacnost u  postizanju ciline vrednosti obrinog
momenta.  Vrednost obrtnog momenta  se  nakon
starenja/ korid¢enja pogordava kod svih kljuéeva 1 izraZeniji
je kod uredaja toge/e-tipa.

Kljuéne redi:
biomehanika; stomatolo$ka implantacija; stomatolodka
oprema; in vitro; obrtni moment,

Introduction

Prosthetic rehabilitation that commences after the at-
tained implant osseointegration represents one of the mile-
stones in implant therapy. Its long-term clinical success is
highly dependent on the influence of distinctive mechanical
and biological features. One of the most commonly reported
in the literature that may have an impact on the clinical out-
come is screw loosening '~ Screw loosening is considered a
substantial clinical problem caused by various factors, Most
of them are refated to inadequate tightening (torquing), in-
compatible screw alloy type or shape, dominant lateral oc-
clusal loading and repeated bending, improper occlusal mor-
phology, and misfit of implant-abutment components *,
Fiest, it is of crucial importance that the initial tightening
foree using the torque wrench {TW) applied 1o the screw is
neither inadequate nor excessive but rather accurately ap-
plied as designated by the manufacturer. Hence, a proper fit
of the abutment and implant without possible complications
is achieved ', That consequently leads to a long-term in-
tegrity of the implant components assembly with functional
loading '* ', Different designs of TW are currently available
on the market, classified as electrical and mechanical,
whereas the latter are further divided into beam-type (BT)
(spring) wrenches and toggle-type {TT) (friction) wrench-
es '*. BT devices use the bending of an attached bar to the
extent value readable on the scale, whereas the TT devices
are designed to break away once the determined torque value
(TV} is achieved '* . TWs are initially calibrated by the
manufacturer and are ready to deliver an adequate torque
value for specific implant components. Although the manu-
facturer calibration is undisputable, there are considerable
differences between the target TV and achieved TV in brand-
new TWs '*. Moreover, each torque device is subjected to
different clinical conditions in the oral environment and con-
sequently requires proper maintenance *. Hence, various flu-
ids such as saliva, blood, and saline selution or improper
handling and dismantling are issues that are expected to have
an impact on the accuracy of TWs. In support of this, a study
implementing unused TWs and the used ones under normal
clinical conditions showed significant fluctuations above and
below the target TV . According 1o previously published
studies, BT TWs possess a more consistent range of TVs,
whereas the variations are dependent on the wrench design
and the obtained torque level 2> 22, However, features like the
accuracy and repeatability of mechanical oral TWs have not
been fully evaluated, particularly considering the influence
of aging deterioration due to metal fatigue, cleaning, and dis-

Tiié G, et al. Vojnosanit Pregl 2024; 81(9): 562569,

infection or wet conditions in the oral environment. Consid-
ering these issues, the present study aimed to evaluate the
accuracy and repeatability of measurement of various TWs
with different mechanical designs before and after annual
clinical use. The null hypothesis was that regardless of the
TWs' mechanical design (BT or TT) or condition (new or
vsed), no significant difference would be found among
them with regard to their measurement accuracy and re-
peatability while achieving the target TV proposed by the
manufacturer.

Methods

Ethical standard

The procedures performed in the study were approved
by the Ethics Commiittee of the Faculty of Dental Medicine,
University of Belgrade, Serbia (No. 36/53), and were in line
with the ethical standards of the 1964 Helsinki Declaration.

Selection of torque wrenches

The TWs selected for the study are representative of the
two different torque mechanisms (BT and TT), as well as of
various brands mostly presented in our country’s market,
designated for use with manufacturer-supplied implant com-
ponent parts. Tested wrenches of seven brands, marked as
Beam 1 (Straumann Group), Beam 2 (Neodent® Dental Im-
plants System), Beam 3 {Nobel™ Biocare), Beam 4 {Bredent
Group), Toggle 1 (Bredent Group), Toggle 2 (Astra Tech
Implant System® — Dentsply Sirona), and Toggle 3 (Alpha-
Bio Tec) according to their design, with their required target
TVs adopted from the manufacturer’s instructions, are pre-
sented in Table 1. TWs were divided into two groups. The
first study group (new) consisted of new TWs in the “as-
received” condition. The second study group (used) was
comprised of TWs of the same brands that were used for one
year in usnal clinical practice (minimum 250 times a yearj *.
For each study group, one TW per brand was tested (n = 1).

Experimenial procedure

The experimental procedure for this investigation was
performed using a test assembly comprising a torque-
measuring device (iSD900, NSK-Nakanishi International)
operating at 230 V. Holding the torque-measuring device in
one hand, the operator was able to apply the target TV using
the tested TW in another one ** (Figure 1),
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Table 1
Brands of torque wrenches included in the study
Torque wrench Manufactuter Target torque value (Nem)
Beam 1 Straumann Group 35
Beam 2 Neodent® Dental Implants System 20
Beam 3 Nobel™ Biocare 35
Beam 4 Bredent Group 25
Toggle 1 Bredent Group 25
Toggle 2 Astra Tech Implant System®, Dentsply Sirona 25
Toggle 3 Alpha-Bio Tec 30
Nem — Newton x cm.
A) B)
-_FI ) = \ __,.4" .mdﬂ
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Fig. 1 — Measuring the applied target torque value by holding the torque-measuring device
im one hand and the tested beam {A) or toggle (B) torque wrench in another hand.

The measurements were repeated 15 times for each TW
and were performed by ene investigator to avoid discrepan-
cies resulting from the inclusion of multiple operators. The
average measured TV of all the measurements was calculat-
ed and recorded accordingly.

The bias that represents the difference between the av-
erage measured TV and target TV divided by the target TV
was used as the index of measurement accuracy. The coeffi-
cient of variation (CV) that represents the standard deviation
(SD) of the measured TV divided by the average measured
TV was used as an index of measurement repeatability.

Statistical analysis

All statistical analyses were performed using the Statis-
tical Package for Social Sciences (SPSS version 26.0, SPSS)
and Prism 9 for macOS version 9.5.1, GraphPad Software,
LLC. The difference between the target TV and the average
measured TVs of the used and new TWs was analyzed using
the One-Sample r-test. A pairwise comparison of the average
measured TVs of the used and new TWs was perforimed us-
ing the Independent-Samples s-test and Mann-Whithey U
test, according to the results obtained by the One-Sample
Kolmogorov-Smirnov test for normal distribution. Mean +
SD and median (minimum-maxinim) were used to describe
the numeric data. The bias was determined using the Bland-
Altman plot method . This method was used to quantify the
agreement between two quantitative measurements within
the limits of the agreement by calculating the mean and SD
of the differences between the two measurements., Therefore,
the mean difference between the used and new TW (within

its 95% limits of agreement) vs. the average of the two da-
tasets is used to depict and quantify bias. The Forkman test
was implemented to compare the CVs. Differences were
considered significant when the p-value was < 0.05.

Results

The results from the present study revealed that the ma-
Jority of the tested TWs showed a significant difference (p <
0.05) between the obtained average measured TV and the
target TV. The only TWs that showed an absence of statisti-
cal significance with regard to the same parameters were
Beam 2 (p = 0.257) and Beam 3 (p = 0.065) wrenches, both
in the new “as-received” condition (Figure 2).

Furthermore, the obtained data revealed a significant
difference (p < 0.05) in the average measured TV when
comparing the used and new TWSs of all brands included in
the research (Figure 3), The detailed descriptive statistics are
given in Table 2.

Regarding the measurement accuracy, according to the
presented data, a certain degree of bias was noticed in all test-
ed implant brands (Figure 4). Descriptive statistics (Table 2}
revealed the highest bias in Toggle 2, followed by Toggle 1
and Toggle 3. On the other hand, Beam 1 and Beam 3 exhib-
ited the lowest bias when comparing the used and new TWs.
Considering the repeatability of the measured, CVs are listed
in Table 2. When comparing the CVs of the datasets for used
and new TWs, Beam 1, Beam 4, Toggle 1, and Toggle 2 re-
vealed significant differences (p < 0.05), whereas the CVs of
Beam 2, Beam 3, and Toggle3 did not differ significantly
{(p > 0.05) (Figure 5).

1li¢ G, et al. Vojnosanit Preg) 2024; 81(9): 562-569.
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Fig. 2 — The difference between the target torque value (dotted line) and the average measured torque values
of the used and new torque wrenches (One-Sample f-test).
Nem — Newton x cm.
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Fig, 3 — Pairwise comparisons of the average measured torque values of the used and new torque wrenches
(Independent-Samples étest and Mann-Whitney U test).
Nem — Newton x cm.
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Table 2
Descriptive statistics of datasets for torque values of various used and new torque wrenches
Mean + SD Median (min—max) (Y Bias
Torque wrench (Ncm) (I\?cm} (%) {Mean difference £ SD)
Beam 1
used 3014115 30.02 (28.26-32.67) 3.82 .71+ 071
new 31.85+£0.62 31L.79(30.91-32.6T) 1.94
Beam 2
used 1635+ 0.80 16.68 (14.72-17.66) 4.89 3404073
new 19.75 £ 0.82 19.62 (17.66-20.60) 4,14 : '
Beam 3
used 31,73 £2.39 30.91 (28.26-35.32) 7.54 224 +1.24
new 33972 1.10 35.32 (30.91-36.20) 5.88 ' ’
Beam 4
used 20,01 £1.81 19.62 {17.66-23.54) 9.03 550+ 1.22
new 25.51£0.74 2551 (24.53-2747) 2.90 ' '
Toggle 1
used 12,12+ 1,59 12.6 (9.90-14.40) 13,12
new 22.08 = 0.89 21.6 (20.70-23.40) 4.04 9.96 =0.87
Toggle 2
used 7.53+£1.20 7.95 (5.30-8.83) 15,90
new 2149 + 0.98 21.19 (19.43-22.96) 458 13.95 %049
Toggle 3
used 18.64 £2.23 17.66 (15.89-22.96) 11.96 6.08 & 1.94
new 2472+ 1.83 24.72 (21.19-28.26) 7.40 ) '
SD - standard deviation; CV - coefficient of variation; Nem — Newton x ¢m; min — minimum;
max — maximum,
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Fig. 4~ The bias (index of measurement accuracy) represents the difference between the average measured torque
value and the target torque value, divided by the target torque value. The solid line represents the mean difference,
and the dotted lines represent the 95% of limits of agreement (Bland-Altman plot method ),
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Fig. 5 — The coefficient of variation (CV) represents the standard deviation of the
measured torque value, divided by the average measured torque value (Forlanan test %),
The CV was used as an index of measurement repeatability.
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Discussion

It is of paramount importance to position and fix the
implant-abutinent complex in correct relation to the deliv-
ered manufacturer’s recommended TV, obtaining in such a
way specific stability and long-term functionality 72°. A
prerequisite for achieving stability and screw preload is the
¢linician’s knowledge of the amount of torque required for
the specific implant brand employed. Each manufacturer
provides its own recommendation of TV depending on var-
ious factors, including the type of implant, implant-
abutment connection, abutment design, screw design, and
screw material. Improper and inadequate screw torquing
can result in various mechanical failures, including screw
loosening or fracture, with consequent restoration loss ',
On the other hand, overtorquing may initiate screw joint
high preload with abutment screw complications such as
screw fracture or flaitening of the screw threads > **. Since
hand-held screwdrivers do not deliver sufficient torque
force and are not able to provide adequate abutment tight-
ening **, mechanical torque-limited devices are considered
standard tools for precise and accurate torquing in everyday
clinical practice, This study aimed te evaluate the meas-
urement accuracy and repeatability of different used and
new mechanical torque devices {(wrenches) from implant
brands that are most common in our ¢ountry’s market to-
day.

The results from the present study are in agreement
with the outcomes of previous research that revealed that
even in the new, “as-delivered” condition, there is variation
among TWs in their ability to deliver specific values of
torque **, Discrepancies between the target and obtained TVs
were found for the majority of the tested wrenches. These
findings indicate that clinicians should be aware that each
new wrench unwrapped from the factory package carries
some torque errors. A possible explanation for this may be
that new, “as-delivered” mechanical components of the
wrenches are still stiffened and require some manipulation
prior to everyday use. However, new, unused devices with
BT (spring) mechanical design, such as Beam 2 and Beam 3
wrenches, delivered TVs without significant difference com-
pared to the target value, whereas only a new Beam 4 wrench
managed to achieve the exact target value. Furthermore, the
highest bias, index of accuracy, was observed for all three
representative wrenches of the TT.

In addition, after comparing wrenches with different
mechanical designs (BT and TT) from the same manufactur-
er {Beam 4 and Toggle 1), & higher TV was cbtained for the
BT device, One may speculate that the ability of the oral im-
plant TWSs to deliver the target TV is most likely influenced
by the design of the wrench components, Thus, the results of
this study confirm that the BT (spring)} wrenches offer great-
er accuracy regarding the target values compared to the TT
(friction} wrenches, which is in agreement with previous
findings *'. The results suggest that the prerequisite for TW
accuracy is BT mechanical construction.

In comparing the average measured TVs between the
used and new TWs, a significant difference was observed

TIié G, et al, Voinosanit Pregl 2024; 81(9): 562-569,

within all tested wrenches. The results of the present re-
search support that the observed TVs tended to be lower
than the target values for both mechanical designs %,
which is the opposite of the studies where greater TVs in
both used and new wrenches compared to the target values
were found 7 2, Furthermore, the obtained TVs of the TT
wrenches were less consistent compared to those of the
BT, which were associated with a lower risk of disagree-
ment between repeated measurement values, which is in
favor of a previously reported statement **. However, some
studies did not find that the design of the wrenches and
their limiting mechanism had any impact on the repeatabil-
ity and confidence interval '°, According to our results, the
CVs of the datasets for the used and new wrenches of
Beam 2, Beam 3, and Toggle 3 did net differ significantly.
On the other hand, a large discrepancy in the results of the
average measure TVs between the used and new devices
was observed for Toggle 1 and Toggle 2 wrenches, sup-
porting the speculation that TT mechanical design is more
susceptible to inaccurate values due to aging and reuse.
Considering all the aforementioned, the results of the pre-
sent study revealed some degree of error between the used
and newly tested devices. However, Beam 1 and Beam 3
wrenches were the most consistent throughout all meas-
urements, In other words, the reported data imply that TVs
for used and new Beam 1 and Beam 3 wrenches can be
expected to differ by no more than 3 Nem or no more than
10%, which could be regarded as insignificant from a clin-
ical point of view and still lead to accepted clinical target
values %,

Taking into consideration all of the results from the
present study, the null hypothesis — regardless of the
TWs’ mechanical design (BT or TT) or condition (new or
used), no significant difference would be found among
them with regard to their accuracy and repeatability while
achieving the target TV proposed by the manufacturer —
was rejected,

The major limitation of the current study might be
the fact that only one TW device from each manufacturer
was used for the analyses. Therefore, any differences be-
tween individual wrenches were omitted. In order to
strengthen the study, although a similar conceptualization
was reported previously > 7, we incorporated a relatively
large number of repeated measurements for each tested
TW, thus indicating greater assurance of whether the de-
vice delivered its target TV, Despite the aforementioned
limitations, the generalized applicability of the present
study may be that the accuracy of wrenches deterioraies
during use, which implies the importance of calibration of
the wrenches from time to time, as recommended by the
International Organization for Standardization (IS0O)
6789-2 **. Moreover, clinicians must be aware that han-
dling during clinical use and maintenance must be per-
formed mindfully because TWs are prone to misfit owing
to their regular use, The latter is of much more im-
portance for TT devices since it has been shown that their
accuracy loss is more expected after prolonged clinical
use. Therefore, the results from the present study may be



Page 568

VOINOSANITETSKI PREGLED

Vol 81. No. 9

beneficial for selecting implant and implant components
assembly systems and achieving clinical functionality.

Conclusion

Based on the findings of the present study, two conclu-

sions could be drawn. First, compared with the toggle-type
(friction), the beam-type (spring) of torque wrenches offers
greater accuracy while delivering the target torque value
proposed by the manufacturer. Second, the ability to torque
after aging and prolonged clinical use deteriorates in all test-

1

10

1L

12.

13.

ed torque wrenches and is more prominent in those with tog-
gle-type mechanical design than beam-type devices.
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Abstract

Purpose: To evaluate the changes in abutment screw removal torque value (RTV) of
anatomic, original hybrid, and non-original hybrid abutments after simulated clinical
use,

Materials and Methods: Ninety-three implant-abutment-crown specimens were
divided into groups according to abutment types (n = 31): anatomic (stock) (A), orig-
inal hybrid (OH), and non-original hybrid (NOH). After the initial abutment screw
tightening, the specimens were subjected to five screw tightening (insertion/removal)
cycles, or to 5000 thermal cycles with 500,000 chewing cycles combined with one or
five screw tightening cycles. RTV measurements and surface analysis using scanning
electron microscope were performed before and after aging. The impact of abutment
types and aging treatments on RTV was determined using two-way repeated measures
ANOVA, data were described with mean + SD and range, whereas the differences were
significant at p < 0.05.

Results: A significant interaction was found between abutment types and screw tight-
ening cycles only (p = 0.036) or combined with thermomechanical aging (p < 0.001)
on RTV. RTV was lower in NOH than in A and OH groups after screw tightening
and thermomechanicat aging (p < 0.05). Before aging, the NOH abutment screw was
slightly more damaged than OH and A abutment screws. After aging, screw damage
was more pronounced on the surfaces of hybrid abutments. and more evident in the
NOH group.

Conclusions: The abutment screw RTV of anatemic. original hiybrid, and non-original
hiybrid abutments become significantly lower after abutments undergo screw tighten-
ing and/or thermomechanical aging cycles, with higher RTV loss in hybrid abutments,
especially non-original ones.

KEYWORDS
anatomic ahutment, hybrid abutment. implant, removal torque value, screw tightening, Ti-base

Implant-supported dental restorations have proven to be a
promising treatment option for the rehabilitation of missing
teeth. Although their success rate is approximately 94.5%
in 3 years follow-up,' there are several mechanical, bio-
logical, and esthetic complications that cannot be eluded.?
The most common mechanical complications are abutment
screw loosening and reduction in the removal torque value
(RTV).* Several factors have been highlighted as principal
regarding the etiology of these comptications, such as initial

tightening force, screw design,™® restoration type,” abut-
ment type,*” implant-abutment connection type,'® and the
design and wtilization of the torque wrench.'' !

It is indisputable that single dental restorations are more
prone (o screw loosening'*'" and that taper abutment con-
nections provide better smability of the implani-abutment
assembly,'®!”  Moreover, with the emerging use of
implants in modern dentiswy and after the introduction
of computer-aided design and computer-aided manufacturing
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wileynalinelibragr.camfjoumalfjopr

© 2024 by the Amarican College of Prosthodantists [



: 1 NCP PrROSTHODONTISTS

1LIE BT af.

(CAD-CAM) systems new prosthetic components appeared
in the market. Anatomic titanium abutments that were
once considered the gold standard are rather replaced with
hybrid (*"Ti-base’’) abuunents that consist of a titanium base
connected t¢ a zirconia mesostructure with a resin cement.

Utilizing the best of both materials {titanium and zirco-
nia), improved esthetic outcomes were achieved, together
with optimal biological response and acceptable mechan-
ical characteristics.'®!” Conversely, several authors have
stated thalt the failure of hybrid abutments dominantly occurs
in the abutment screw, indicating that it is the weakest
point within the implant-abutment assembly.?’ Likewise, it
has been reported that a widespread complication is frac-
ture of abutment screws due to bending during occlusal
loading.”' Moreover, a reduction in the hybrid abutment
stability is expected when introducing non-original hybrid
abutments, These abutments undergo different machining
processes, which might result in discrepancies in their
design, with micro-alterations and subsequent implant-
abutment instability.” Tt was reported that the use of
abutment and imptant systems from different manufactur-
ers resulted in significant misfit at the implant-abutment
interface:** however, therc are also statements that proper
mechanical properties with non-original abutments may be
expected.”’

Therefore, the aim of this study was o evaluate the
changes in abutment screw RTV of different abutment types
(anatomic, original hybrid, and non-original hybrid) in one
implant system with internal taper implant-abutment con-
nections after simulated clinical use., The null hypothesis
was that no significant changes would be found in abutment
screw RTV of various abutment types (anatomic, original
hybrid, and non-original hybrid) after different aging treat-
ments (serew tightening and thermomechanical aging cycles),
with significant differences aniong them,

MATERIALS AND METHODS
Preparation of the specimens

Ninety-three dental implants (Helix GM, Neodent Dental
Implants System, Curitiba, Brazil) with 4 mm diameter and
1.5 mm length were invested in 1.5 x 1.5 X 2.5 cm resin
blocks (GC Reline, GC Europe, Leuven, Belgium}. Implant
positioning was performed perpendicular using a milling sur-
veyor (Degussa F2, Degudent, Hamburg, Germany), with
implant necks left uncovered 3 mm above the surface of
the resin blocks, as specified by the International Organiza-
tion for Standardization (ISO) 14801:2016.% The implants
were then randomly divided into three groups according to
their connection with three types of abutments (n = 31):
anatomic (stock) (A) (GM Exact Click Anatomic, Neodent
Dental Implants System, Curitiba, Brazil), original hybrid
(OH) (GM Exact Ti-Base, Neodent Dental Implants System,
Curitiba, Brazil), and non-original hybrid abutments (NOH)
(DESS Ti-base, Dental Smart Solutions DESS, Barcelona,

Spain}. All abutments had corresponding diameters and an
internal taper connection to the implant,

Then, the restorations for each implant-abutment assembly
were designed and manufactured using a CAD-CAM system.
In A and OH groups scanbodies (CM Exact Intraoral Scan-
body, Neodent Dental Implants Systern, Curitiba, Brazil), and
in NOH group scan abutments (Scan abutment compatible
with Neodent GM, Dental Smart Solutions DESS, Barcelona,
Spain) were positioned on implants. All scanbodies/scan
abutments were then scanned using an intraoral scanner
(TRIOS 4, 3Shape, Kebenhavn, Denmark). Subsequently, 93
crowns of the same motphology and size for the apper sec-
ond premolar were designed in software (Exocad, Darmstadt,
Germany) and milled ouwt of the zirconia block (3D-Pro-
ML, Zahndent, Taizhou, Zhejiang, China) using a milling
machine (VHF K5, Zahndent, Taizhou, Zhejiang, China). In
group A, crowns were designed with a hole to provide a
screw channel for later research procedures. The crowns in all
groups were cemented to the respective abutment (Multilink
Automix Cement, Ivoclar Vivadent, Schaan, Liechtenstein),
and the entire construction (implant-abutment-crown) was
siored in an incubator for 3 days at 37°C to ensure resin
cement polymerization completeness.

The total number of specimens (implant-abutment-crown)
was determined using G*Power 3.1,9.7 program (Hein-
rich Heine University, Diisseldorf, Germany) considering
“ANOVA: Fixed effects, special, main effects and inter-
actions” and following input parameters: effect size 0.04
(large). a 0.05, power (.95, numerator df 4, and nwnber of
groups 9 (3 groups X 3 aging treatments). The required total
specimen size was 81, or 27 per group (# = 27). In addition,
12 more specimens have been introduced for later descrip-
tive scanning electron microscopy analysis, four per group
{n =4). Therefore 93 was finalized as a definitive number of
specimens, or 31 per group (A, OH, and NOH) (n = 31).

Experimental procedure

The abutment screws of each specimen (implant-abutment-
crown) were initially tightened following manufacturer’s
recommended load value of 20 Ncm using a previously
culibrated digital torque gauge (iSD900, NSK-Nakanishi
International, Kanuma, Tochigi. Japan). To overcome the set-
tling effect, all abutment screws were retightened after 10 min
at the same load of 20 Nem. ™

Within each group (A, OH, and NOH) 30 specimens
(n = 30) were then randomly subjected (o three different
aging treatments, replicating procedures encountered dur-
ing clinical use, with 10 specimens per each treatment
(n = 10). In the first aging treatment, five repeated screw
tightening cycles were adopted to simulate various abut-
ment screw insertion/removal procedures. In the second aging
treatment, the abutment screws of each specimen were only
once tightened, then the specimens were subjected to ther-
momechanical aging. The specimens were first aged in a
custom-made computer-controlled thermocycler for 5.000)
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cycles, in a deionized water solution in a temperature range
from 5 1o 55°C, with a dwell time of 30 5.*% Following the
thermocycling procedure, the specimens were rinsed under
running water and gently dried using tissue paper. Thereafter,
mechanical aging was performed using a chewing simulator
(Chewing Simulator CS-4.2, SD Mechatronik, Feldkirchen-
Westerham, Germany). The specimens were mounted in the
specific holder of the simulator, and a load of 120 N was
applied to the long axis of specimens under the frequency
of the loading strokes of 2 Hz for 500,000 cycles, according
to ISO 14801:2016.%* In the third aging treatment, the spec-
imens were first assigned to five abutment screw tightening
(insertion/removal) cycles and then subjected to thermome-
chanical aging cycles. RTV was measured after each aging
treatment.

In order to present the initial surface morphology of the
abutment screws and to visualize any screw thread dam-
age and deformities after aging treatments, the abutment
screws were assigned to analyze the surface morphology
using a scanning electron microscope (JEOL JSM-6610LY,
Jeol, Akishima, Tokyo, Japan). For each group (A, OH, and
NOH) four specimens were used (n = 4): one brand-new
(n = 1), and one after each of three different abovementioned
aging treatments (n = 3). The procedure was performed onder
500 magnification, 20 kV voltage, and observational angles
of 10°—-45°,

Statistical analysis

Statistical analysis was performed using the Statistical Pack-
age for Social Science (SPSS 27.0, SPSS, Chicago, IL, USA)
and Prism 9 for MacOS version 9.5.1 GraphPad Software.
Analysis of normality was performed using the Kolmogorov—
Smirnov test and no outliers, as assessed by no studentized
residuals greater than + 3 standard deviations, The results
were statistically analyzed separately for all three groups (A,
OH, and NOH) considering ditferences between RTV after
each screw tightening cycle. Mean values were calculated
and compared for each stage RTV and afterward compared
between groups. Further, RTV mean value before aging and
mean value of RTV after aging were compared in each group
and between groups. Mean + siandard deviation (SD) and
range were used for description of numeric data, A two-way
repeated measures ANOVA was mun to determine the effect
of different abutment types and number of screw tightening
and thermomechanical aging cycles separately and combined
on the abutment screw RTV. Differences were considered
significant when the p -value was <0.05.

RESULTS
RTY measurements

The resuits of the RTY measurements revealed that abutment
screws RTV decreased in all groups after each aging treat-
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EIGURE 2 Bonferroni's multiple comparisons test between abutment
screw removal torque values for different abutment 1ypes at various screw
tightening cyele points. ns — siatistically not significant {p > G.05). * —
statistically significant (*p < 0.05, ** p < 0.01, ***p < 0,00,

¥ty < 0.0001).

ment. Statistically significant interaction was tound between
different abutment types and the number of screw tight-
ening ¢ycles on RTV (F (8, 108) = 2.166; p = 0.036)
(Figure 1), Furthermore, Bonferroni’s multiple comparisons
test revealed that the NOH group showed a significant differ-
ence in terms of abutment screw RTV compared to both A and
OH groups at each of the five screw tightening cycle points
(p < 0.05) (Figure 2). In contrast, there was no significant
difference between A and OH groups at any screw tightening
cycle point (p > 0.05). Likewise, RTV decreased significantly
after just one screw tightening cycle in both OH and NOH
groups (p < 0.05), whereas it did not differ significantly in
group A until the 4th (p = 0.049) and 5th screw tightening
cycles (p = 0.001) (Figure 3). Nevertheless, in the OH abut-
ment RTV declined slower after the 1st screw tightening cycle
and remained relatively stable until the 5th screw tightening
cycle. Conversely, in the NOH group the loss of RTV was
significant and prominent from the st screw tightening cycle
to the last one (p < 0.001).

Regarding the combined effect of screw tightening and
thermomechanical aging cycles, a stalistically sigmificant
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interaction was found between these factors and the various
abutment types (F (2, 27) = 71.07;, p < 0.001) (Figure 4},
In addition, RTY of NOH abutment screws was significantly
lower in comparison with RTV of both A and OH abutment
screws at different screw tightening and thermomechanical
aging cycle points (p < 0.05) (Figure 5). Furthermore, NOH
abutments showed the greatest mean difference between
the two-screw tightening and thermomechanical aging cycle
poinis (10.8%; 95% CI 10.21-11.57; p < 0.0001*) com-
pared to A (5.88: 95% CI 5.19-6.56; p < 0.0001*%) and

screw removal torque values for ditferent abutment types at virions screw
tightening and thermomechanical aging cycle points. ns - statistically not
significant (p > 0.03), * - statiztically significant (*p < 0.05. **p < 0.0].

£22p < 0.001, #++%p < 0.0001).
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statistically not significant (p > 0.05). * — statistically significant

(Fp < Q08 %% p < 001, T**p < 0.001, **¥%p < 0.0001).

OH abutments (5.87; 95% CI 5.19-6.56; p < 0.0001%)
{Figure 6).

Scanning electron microscopy (SEM) analysis

SEM micrographs of randomly selected abutment screws
of each group before and after each aging treatment are
presented in Figure 7.

Before implementing the aging treatments, the NOH abut-
ment screw was slightly more damaged than the screws of
the OH and A abutments. with a couple of holes and super-
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FIGURE 7
thermomechanical aging eycles recorded ar X300 magnification.

ficial abrasion all over the threads. After screw tightening
and thermomechanical aging cycles, damage of the abut-
ment screw threads was observed in all groups to different
degrees. The smallest change in surface morphology was
noticed on the screw threads of A abutments that remained the
most consistent through different screw tightening and ther-
momechanical aging cycles, Conversely, the loss of metallic
substance and flattening of the threads were more obvious
on the surfaces of both hybrid abutments (OH and NQH),
with slightly more evident defects on the surfaces of NOH
aburment screws.

Considering the aging treatments, more visible fissures and
grooves were observed on the surfaces of the tested abut-
ment screws after thermomechanical aging cycles than after
screw tightening cycles. Similarly, as expected, the combina-
tion of both procedures initiated the most obvious material
wear, with consequent debris on tested abutment screws.

DISCUSSION

The present study evaluated the changes in abutment screw
RTV of different abutment types (anatomic. original hybrid,
and non-original hybrid) in one implant system with internal
taper implant-abutment connection after aging treatments that
simulate clinical use. A repeated abutment screw tightening
(insertion/removal} protocol was adopted to simulate clini-
cal procedures during restoration fabrication, assuming that
an optimom of five insertion/removal cycles of the abutment
screw is needed for impression, several try-ins, and ocelusal
adjustment. Thermal cycling is a widely accepted method
for simulating the process of hydrothermal aging of dental
restorations in an oral environment, The number of thermal
cycles varied between previous studies; however, 5000 cycles
were included in the present research since it is well estab-
lished that they correspond to 6 months of presence in the
oral cavity.”’ Furthermore, a 5-55°C temperature variation
was implemented because this range is recognized as similar
te the food/drinks temperature ingested during daily meals,
without damaging the oral tissues, ™ Likewise, the introduc-

5 screw tighlening
cycles

e swiibe Ui e ialiy

1 screw tightening 5 screw tightening

cycle + 5k & 500k cycles + 5k & 500k
thermomechanical thermomechanical
aging cycles

aging cycles

Scanning electron microscopy micrographs of abutment screws of difterem sbutment types before and atter screw tightening and

tion of mechanical chewing cycles simulate the same clinical
oral function, The number of used cycles of 500,000 was,
similar to thermal cycling, an appropriate number for simu-
lating approximately 6 months of masticatory function in the
oral environment, as specified in ISO 14801:2016.

Abutment screw RTV loss was observed in all groups after
each aging treatment, but without complete screw loosen-
ing in any of the groups. This implies that the internal taper
connection design most likely keeps the implant-abutment
assembly from disengaging., which is in accordance with
the results of previous research,” However, compared to
anatomic abotments, significant loss of abutment screw RTV
was observed in the groups with hybrid abutments, with dom-
inant 10ss in non-original abutments. One may speculate that
RTV loss is a consequence of the specific preparation pro-
cess of the hybrid abutments. Namely, the fabrication of
hybrid abutments utilizes standardized milling of a titaninm
base, but the process of connecting zirconia mesostructure
to the titanium base with a resin cement mostly relies on
dental technician skills and resin cement selection. Further-
more, repeated screw tightening cycles, such as in the first
implemented aging treatment, create stresses in the resin-
zirconia or resin-titaninm interface with further deterioration
of their structure and consequent misfit and instability during
loading. This leads to micromotion and disharmony in the
implant-abutment connection, wear of the contact surfaces.
and weakening of the screw preload. Likewise, anatomic
abuuments are greater in size than hybrid ones, therefore
the forces that the screw of anatomic abutment experiences
during occlusal load are less magnified and dissipated more
favorably.

After each of the five repeated abutment screw tightening
cycles, a decrease in RTV occurred, This observation is in
agreement with a previous study that reported that conse-
quent insertion, removal. and dynamic loading of abutment
screws leads to plastic deformation and wear of the screw
threads, with a consequent decrease in RTV.™ Similar find-
ings were reported by another group of authors, who stated
that the irregularities on the contact surfaces during repeated
tightening cycles initialize crevices with further damage
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and ultimate preload loss.*! Therefore, it was stated that
at every five repeated insertion/removal cycles replacement
of the abuiment screw should appear because it ensures a
stabilized preload value.***" The analysis of the SEM micro-
graphs of the abutinent screws confirmed the aforementioned
statement, After five tightening cycles, surface degradation
of the abutment screws was observed in all tested groups,
with the worst scenario in the non-original hybrid abutment
screw. Although machined to fit the intended implant system
brand properly. the reason for the more deteriorated abutment
screws in the non-original hybrid abutment group might be
the fact that these are made out of different alloys, therefore
they do not establish perfectly smooth contact surfaces with
the implant internal interface.

Similarly, after thermomechanical aging cycles, RTV was
also reduced in all groups. The effect of thermal cycling
together with the presence of water is well established in
the literature as a factor that induces significant degrada-
tion of the dental materials’ surface morphology.** Moreover,
the obtained resulis are consistent with the previous stody
that reported RTV loss of anatomic and hybrid abutments
with internal connection to the implants after mechanical
loading.™* The wear of the screw threads inside the implant-
abutment assembly might be caused by the sliding of the
abrasive particles during loading, which induces further
micre cutting and cracking. Similar to the aging treatment
with repeated abutment screw tightening cycles, a signifi-
cantly lower RTV was aobserved in the non-original hybrid
abutments. Although the authors of one swdy stated that
reliable mechanical properties of the non-original abotments
were achieved under static 1oad,*? the results of the present
research support the fact that the original configuration of
the components provides long-term success of the restora-
tions in retation (o screw torque maintenance,*® Therefore,
the discrepancies in RTV loss may be related to the screw
design of the groups, which is in agreement with previous
research.”’ Furthermore, studies comparing original and non-
eriginal abutments reported a lower percentage of RTV loss
in the original abutments after cyclic loading,*>* presum-
ing that the abutment screws and implants from the same
manufactorer perform similarty.’® Likewise, the decreased
precision of the components owing to their ditferent origins
promotes rotational freedom inside the implant-abutment
assembly and, inevitably, RTV loss, SEM micrographs were
in accordance with the numerical RTV results, showing more
wear after thermomechanical aging cycles on the surfaces
of all abutment screws, which was more evident in hybrid
abutments, as also revealed in several studies.***' One may
speculate that thermal effect might first damage the resin-
abutment interface and that with such impaired stability
implant-hybrid abutment assembly is more prone to damage
after mechanical loading. In addition, the significant differ-
ence in RTV in the grovp of non-original hybrid abutments
indicates that the metallic parts of different manufacturers
pussess varying machining tolerances, which together with
differenl material properties initiate surface discrepancies
responsible for diminished 10rque maintenance capacity.*”

Considering all aforementioned, the null hypothesis that
no significant changes would be found in abutment screw
RTV of various abutment types {(anatornic, original hybrid,
and non-original hybrid) after different aging treaunents
{screw tightening and thermomechanical aging cycles), with
significant differences among them was rejected.

The outcomes of the present in vitro study should be inter-
preted with caution as this study design cannot fully include
all relevant factors present in the oral environment. Further-
more, numerous other implant brands are available in the
market, whose components, such as abutment screws, are
in another way designed and might be affected differently
by mechanical or chemical aging. However, the obtained
results suggest that brand-new abutment screws are needed
for final abutment screw tightening during restoration deliv-
ery. Likewise, anatomic abutments are preferred, but if hybrid
abutments are used, care should be taken for proper restora-
tion design with adjusted ocelusal load and frequent patient
follow-up to maintain an adequate tightening of the abut-
ment screw. Conversely, the use of original components is
recommended over non-original ones because of the limited
likelihood of loss of the RTV during clinical use. Neverthe-
less, in order to confirm the findings of the present research
additional clinical studies are necessary.

CONCLUSIONS

Within the limitations of this study, it was concluded that the
abutment screw removable torque valves (RTV) of various
abutment types (anatomic, original hybrid, and non-original
hybrid) become significantly lower after abutments undergo
aging treatments (screw tightening and/or thermomechanical
aging cycles). In addition, the aging treatments decrease the
abwment screw RTV of the hybrid abutments more than that
of the anatomic abutment, with higher RTV loss in the non-
original than in the original hybrid abutment.
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YHUBEP3UTET Y BEOI'PAZLY

Anpeca: Cryaentckn Tpr 1, 11000 Beorpan, Peny6nuka Cp6uja
Ten.: 011 3207400; ®akc: 011 2638818; E-mail: kabinet@rect.bg.ac.rs

BERE HAYVYHHX OBJIACTU  Beorpan, 26. mapt 2024. rogune
MEJMIIMHCKNX HAYKA 02-01 Bpoj: 61206-909/2-24
TK

Ha ocnoBy unana 48 craB 5 Tauka 3 Craryra Yuusepsurera y
beorpany (,I'macauk Yuusepsurera y Beorpanmy", 6p. 201/18, 207/19,
213/20, 214/20, 217/20, 230/21, 232/22, 233/22, 236/22, 241/22, 243/22,
244/23, 245/23, 247/23 n 251/23) n wn. 32 TIpaBUIHEKA O JOKTOPCKHM
cTyaujama Ha Yuusepsurery y Beorpamy (,[nacmuk Vuusepsurera y
Beorpany”, 6poj 191/16, 212/19, 215/20, 217/20 u 228/2021, 230/21 u
241/22), a na 3axreB Cromaronomxkor dakynrera, Gpoj: 482/1 ox 13.
mapra 2024. ropune, Behe HaydHux o6nacTd MeQMUIMHCKMX Hayka, Ha
CEIHHLH oapKanoj 26. mapra 2024. ronuse, JOHENO je

ONJAVKY

HAJE CE CATJIACHOCT Ha omiyky HacraBHo-Hayunor Beha
Cromaronomkor (akynrera o npuxBaTamy TeMe JOKTOPCKE JucepTanumje
I'ABPUJIA WIWRA, nox HasuBOM: ,,AHaM3a BPEIHOCTH MOMEHTA CHJIE
3aBpTama HAJ0OKHA/lAa HA HMMIUIAHTATHMAa HAKOH CHUMY/IMpPaHE KIMHUYKE
npuMene” u onpehusawy npod. np Anexce Mapkosuha um npod. ap
Anexcannpe Munuh Jlemnh 3a menrope.

2 ] OCTaBHUTH.

- DakynTery,
- ApxuBH YHUBEp3UTETA

*SUTETY BEOI'PALY
CTOMATO JADIIKY BAKYATET

CEKPETAPUIAT
B -04- 2024

TiPHM

{_lip.. 1, i Gpn) I fipuaor [ upcmm«rr.—l
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Yuusep3uTet y beorpaay

CTOMATO/IOWKWU ®AKYNTET

Beorpag, Ynvua gp Cybotuha 6p. 8, Ten: 2685-288 1S0 3001
e-mail: stomfak@rcub.bg.ac.rs BUREAU VERITAS
Web: WWW.StUmf.bg.aC.rS Certilication
ETUYKKU O4BOP
8- 36| K
20-12- 2023

Ha monby ap Faspuna Mnvha, ETuuku opbop Ctomaronowkor dakynreta YHusepsuteTa y beorpaay, Ha
e/IeKTPOHCKO] ceaHmMum oapaHoj aaHa 12.12,2023. roguHe, gaje

CATrNACHOCT

ap Faspuny Mawhy 3a cnpoBoherbe UCTPaXKWBakba y OKBUPY LOKTOPCKe AucepTaumje noa HasMeBom:

»AHANM3a BpeHOCTU MOMEHTa CU/ie 3aBpTatba Hafl0KHaAa HAa UMN/IaHTaTUMa
HaKOH cUMy/IMpaHe KNMHWUYKe npumeﬂe"

Wy OPYre CBpXe He MOMe Ce KOPUCTUTK,

beorpag, MPEACEOHWK ETUYKOI OOB0PA
= /7

5 ) 4> 7 .
/‘Flpod).’,g?p Hartawa HMKOJ&H#J&R(?GET-—

15.12.2023.




VHUBEF 4'41 :T :"‘-7'“""”‘&
STOMATON

0 & -08- 2023

BEOrPAQd, ap Cy6otuha 8

Ha ocHoBy unaHa 21. nunaHa 92. cras 1. Tauka 6. Cratyta CromatonoLukor
dakynteta YHusep3uteta y beorpagy, npofekaH 3a Hay4HO-UCTPAXKMBAUKy
AenaTHocT goHocu cneaehy

OANTYRY

raspuny Unuhy, 6poj mHaekca: 2018/4001, ctyaeHTy Ha CTYAWjCKOM
nporpamy AOKTOPCKE akagemcke cTyauje, opgobpasa ce mupoBatbe npasa
obaBesa cTyAeHata y WKosckoj 2022/23. roannu 36or bonectu.

O6pasnoxerve

Faspuno WUnuh, 6poj mHAaekca: 2018/4001, paHa 31.08.2023. roguHe
ynyTvo je gonuc 6p. 21/22 3a muposatbe npasa u obaBe3a Ha OOKTOPCKUM
aKaZleMCKUM CTyAmjama y Wwkonckoj 2022/23. roanuu 36or 6onecty.

Pa3maTtpajyhv monby MMEHOBAHOT, Kao W MPUNOXEHY AOKYMEHTauujy,
[AOHeTa je o4/1lyKa Kao y AUCno3nTuUBY.

OanyKy AOCTaBUTH:
MmeHoBaHOM;
CTyAeHTCKO] Cny)bu;
MucapHMLUN. Sy

MpoaeKaH 3a Hay4YHO- UCTPAXKMBAYKY [1e/1aTHOCT

C'roma‘ronouj Kor ¢pakynTeTa

o f&é{m fROyR—

'-ﬂ’pGCb ,qb MeaHa Pagosuh




Ha ocHoBy unaHa 109. ctaB 3. 3akoHa 0 BUCOKOM obpasoBamy, 4naHa 101. ctas 4.
Cratyta YHuBepsuteta y beorpagy, ynaHa 18. u unaHa 93. ctaB 3. Crartyta
CtomaTtonowkor dakynteta YHuBepauTeta y beorpagy, a y cknagy ca Jonucom
YHuBep3uteta y beorpaay 6p. 847/2 op 25.04.2024. rognHe, aekaH goHocu cnegehy

OAONnNYKY

Faspuny Unuhy, 6p. nHpekca: 4001/2018, ogobpaBa ce 3aBplueTak [JOKTOPCKUX
aKkageMcKux cTyamja ctomaTtosnoruvje y TpoCTPYKOM Tpajamy.

O6pas3noxemwe

FaBpuno WUnwuh, 6p. mnHpekca: 4001/2018, nogHeo je 3axteB 6p. 31/137 opf
12.11.2024. roguHe ga my ce ogobpu 3aBpLUeTak CcTyauvja y TPOCTPYKOM Tpajaky

Pewasajyhm no monbu umeHoBaHor a umajyhun y Bugy Aa ucnywaBa 3akoOHCKe
ycrnose, JOHeTa je ofryka Kao y ANCMNO3UTUBY.

Odnyky docmasumu:
NmeHosaHOM;
CmydeHmckoj cnyxéu;
lNucapHuyu.
HekaH
HAunnomupaHu npaeHuk Cmomamonowko2 hakynmema

Hukonuja Mapmuh npog. Op BojkaH Jlazuh




