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Ancrpakr

Lea: Opaain vitro cTymuja ja uerpaskysa dbpakxryp-
HATa OTHOPHOCT HA EHJOAOHTCKHA TPETHPAHHTE
3201 Bo (pOHTANHATA perHja, IpenapHpaHH co
HaJBOpeIlHa CTalajJKa H pecTaBpHpaHH CO ITHp-
KOHHYMCKH KOJYHIba, KOMIO3HTHH HAATpasidH H
Oe3MeTarTHl KOPOHKH.

MarepHjas 1 METOJ: 24 eKCTpaXHpaHH MaKCH-
JIApHH LIeHTPaJIHH HHITH3UBH Oe3 Kapuec Gea ce-
JIEKTHDAHH, CellapHPAaHH, eHIONOHTCKH TpeTHpa-
HH U [I0/IeJIeHH BO JIBe IPYIIH O IO 12 MPHMEPOLIH.

T'pynure A u B ru npeTcraByBaa eKCIepPHMEHTAN-
HuTe puMepory 6e3 u co 2 mm ferrule. TTo npe-
mapanijata Ha KOPEHCKHTEe KaHATH, KOTIHEbATA
Oea memeHTHpaHH, Oea M3pabOTEHH KOMIIO3UTHH
Ha/rpa/idK ¥ IPUMEPOIHTE BO rpymara B Gea mpe-
napupasu co 2 mm ferrule. IToroa Gea n3paborenn
Ge3MeTaIHU KOPOHKH 34 JABETe TPYIIH IPUMEDPOIIH.

Kako maTepHjai 3a eKCIepHMEHTATHHUTE HCTpa-
JKyBarba KOPHUCTEBME IHPKOHHYMCKH KOJTIHEGA
1.6 mm Y-TZPPost (IJS-MF) co perentueHa ¢op-
Ma BO KOPOHAPHUOT JeJI, KOMIIO3UTHH HAATPagou
(MultiCore, Ivoclar) u 6eameranman koponku (IPS
e.max Press, Ivoclar).

ExcIepHMeHTaTHUTEe IPUMEpOIH 6ea IOCTaBe-
HU BO akpwiaTHu Osoxoeu (ProBase Polymer/
Monomer, Ivoclar) u omroBapyBaHH HOZ, aroji of
450 Bo Instron Testing Machine 4301 (Instron
Corp., USA) co 6p3una o 1 mm/min /10 ¢ppakrypa.

Abstract

Purpose: This in vitro study investigated the frac-
ture resistance of anterior endodontically treated
teeth prepared with external ferrule (EF), restored
with zirconia posts, composite resin cores and all-
ceramic crowns.

Material and methods: Twenty four recently ex-
tracted caries-free human maxillary central incisors
were selected, sectioned, their roots endodontically
treated and divided into 2 groups of 12.

Groups A and B represented teeth prepared with a
omm and 2mm EF. After post spaces preparation,
posts were seated, cores were formed and in group B
circumferential shoulders were prepared for exter-
nal ferrule.

All ceramic crowns were made for the experimental
specimens.

As material for our experiments, we used 1.6 mm
Y-TZP(IJS-MF) posts with retention forms in the
coronary part of the post, build-up with core materi-
al (MultiCore, Ivoclar) and all-ceramic crowns (IPS
e.max Press Ivoclar).

The post/teeth specimen were embedded in acrylic
resin blocks (ProBase Polymer/Monomer, Ivoclar)
and loaded at an angle of 45 degrees in an Instron
Testing Machine 4301 (Instron Corp., USA) at a
crosshead speed of 1mm/min until fracture. Frac-
ture patterns and loads were recorded. Two-way
analysis of variance was used for statistical analysis.
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®pakTypHHUTE ONITOBADYBAHA H BUIOBUTE HA GpaK-
Typu Oea eBuzleHTHpaHH. JIBOCTPAHA aHAJIU3a HA
BapujaHca Oemle KOPHCTEHA 3a CTATHCTUYKA aHa-
32 Ha QpaKTypHHTE ONTOBAPYBAA CO CHTHH H-
KaHTHOCT P<0.05.

Buporute Ha dpakTypu 6ea aHATH3HPAHH CO OII-
THYKH MUKpockon Stereo Discovery V.8 (Carl
Zeiss, Germany) ¥ KOMIIAPHPAHH CO IIOMOII HA X2-
TECTOT.

Pesyararu: Cpejaure BpeHOCTH 33 (PPAKTypHH-
Te cHIH 3a TpynuTe A u B Gea 478.07N (+84.53)
u 638.61N (+£164.64). CurHuUKaHTHO TOMAIIHA
BpeZHOCTH 3a (pakTypHa cuia Gea eBUIEHTHPAHN
Kaj rpynara npumeponu 6e3 ferrule Bo ogHOC Ha
rpynara co 2 mm ferrule. /Teete rpynu mokaxaa
penapabunau dhpaxrtypu (67% rpymna A u 83% rpy-
ma B).

3arnydok: EnposonTckn TperHpaHHuTe 3a0wH,
[pelapupaly co 2 mm HazapopemeH ferrule mo-
KaXKyBaaT CHIHM(HMKAHTHO TorosieMa (hpakTypHa
OTIIOPHOCT BO OJIHOC HA eKCIIEPUMEHTAIHHUTE TIPH-
meponu 6e3 ferrule.

Koayunn 36oposu: ferrule, nupxonmym, komo-
3UT, HaATpaba, Ge3aMeTasHa KOPOHKA

50

“Ss. Cyril and Methodius” University in Skopje

Review of Faculty of Dentistry - Skopje

A significance level of p<0.05 was used for all com-
parisons. Failure patterns were analyzed with the
optical microscope Stereo Discovery V.8 (Carl Zeiss,
Germany) and compared using the chi-square non-
parametric test.

Results: The mean fracture strengths (+SD) for
fracture loads measured in Newtons for Groups
A and B were 478.07N (+84.53), and 638.61N
(+164.64). Significantly lower failure loads were
demonstrated in the group with 0 mm ferrule com-
pared to those with 2 mm ferrule. Failure patterns
within the groups revealed non-catastrophic failure
in 67% for group A and 83% for group B.

Conclusion: Within the limitations of this in vitro
study, endodonically treated teeth prepared with 2
mm external ferrule were found to be more fracture
resistant then teeth without ferrule.

Keywords: ferulle, zirconium, composite, post, all
ceramic crown
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Bosen

ITUPKOHUYM OKCH/THATA KEPAMHKA BO COBpEMEHATA
CTOMATOJIOIIKA MTPOTETHKA Ce MTOUECTO ¢é YIOTpeby-
Ba KAKO 3aM€Ha 3a MeTaJIHuTe Jierypu® >3, TloTpeba-
Ta 32 ecTeTCKa PecTaBpalyja Ha eHJO0I0HTCKH Tpe-
Tupanute 3a6u (ET3) co 6e3ameranuu HaArpa6eHn
CHICTEMH /IOBEJIE /10 YCOBPIIYBAathe Ha MATePH]jaJTuTe
H MeTOAMTe 32 pecTaBpanja* s, OBue HaArpaabeHn
CHCTEMH 3ae[JHO CO IIPeOCcTAHATHOT Jes of 3abHa-
Ta CYICTAHIA YHHAT €JHA IETHHA KOja BCYIIHOCT
MpercraByBa TpenapupaH 3a0 HOcay Ha W/(HATA
MIPOTETCKA KOHCTPYKIHja®.

TpaHcnapeHTHOCTa Ha IIeJIOCHO KePAMUYKHTE KO-
POHKH YCIIEIITHO € 3a/]0BOJIeHA €O yIIoTpeba Ha HOBO
0O/IMKYBaHW KepaMHUKH KOJI4HEba Of TeTparo-
HAJIHA TUPKOHUYM OKcuiHa kepamuka (TZP), cra-
OounusupaHa co 3 Mon% urpuyM okeup (Y203)7 %
ITocakyBaHHOT ecTETCKH e()eKT MOJKE /1A ce TIOCTHT-
He MHOTY H0JIECHO OHJIejKH ce 0BO3MOXKYBa 3roJe-
MyBame Ha TPAHCMUCHjaTa HA CBETVIMHATA CIMIHO
KaKO0 Kaj npupoanuTe 3a6n°. Merare He ro npe6ojy-
BaaT KOPEHOT M OCTAHATHTE MeKH TKHBa, Oupejku
HE CO3/]aBaaT KOPO3HCKH IIPOAYKTH KAKO METAIHH-
Te KOJTYHEbA'’.

3a 3roseMyBame Ha (paKkTypHaTa Pe3HCTEHTHOCT
ua ET3 norpe6Ho e 1a ce kpenpa ferrule oy mpeoc-
TAHATHOT ICHTHH 1 KopoHkaTa. Co mpemnapamnyja Ha
HA/IBOPEIIHA CTAIlaJIKa OKOJIy nepudepHUoT 06eM
Ha 3a00T, Of TMpeocTaHaTara 3a0Ha CYIICTAHIA Ce
dopmupa menturCcKH 06pau (Dentin Ferrule), co
mTo ce 06e36emyBa IPOCTOP 3a HAIETHYBarbe Ha KO-
poukara (Crown Ferrule)™.

IIpenapHUpaHHOT JEeHTHHCKH 06pad e Jesl of Haj-
rpaabara Ha 3a60T, I1a 3aT0Aa rO 03HAYYBaMe H KaKo
“Core Ferrule” wmu »Dentin/Core Ferrule«®2, Co
UpKyJIapHaTa Ipenapanyja OKoJIy HaJBOPEIIHH-
ot obeM Ha 3a60T ce opMHUpa HAZBOPEIIHATA TIO-
BPIIMHA HA JIEHTHHCKUOT 00pad Koja ja 03HAUUBME
kako »External Dentin/Core Ferrule« mim Hakpat-
ko »External Ferrule (EF)«®.

»Crown Ferrule (CF)« mu ferrule Ha xopoHkaTa
ro mojipazbupamMe Kako BHATPEIIHA MMOBPIIMHA HA
[EPBUKAIHAOT JIeJI Of KOPOHKAaTa Koja HAJIETHYBA
HAa HaJBOPEIIHATA CTAla/IKa Ha JEHTHHCKHOT 00-
pay, ja onkpy:yea 3abHara cTpyKTypa 3a 360° u
CJTY3KH KaKO TIPCTEH KOj ja 3aI[BPCTYBA H IIITHTH 3a6-

HaTa CTPYKTYpPa OJf BepTHKaMHA dpakTypa'® 4,

LlesTa HA OBOj TPY/L € /A TO CIIOPE/IMME BIIMjAHUETO
Ha HagBoperHUOT ferrule edexr Bp3 dpakrypHara
pesucrentTHOCT HA ET3 pecraBpupanu co IUPKOHH-
YMCKH KOJYHIbA 1 De3MeTaHN KOPOHKH.
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Introduction

In the modern dental prosthetics zirconium-oxide
ceramics is more frequently used as a replacement
of metal alloy* > 3.

The need for aesthetical restoration of endodonti-
cally treated teeth with metal free superstructure
systems led to improving of materials and methods
for restoration® 5.

These built-up systems together with the remaining
part of the tooth substance complete one unit which
actually presents a repaired tooth which is the bear-
er of future prosthetics construction®.

The transparency of the ceramic crowns is achieved
with the use of newly shaped ceramic posts from te-
tragonal zirconium — oxide ceramics, stabilized with
3 mol% yttrium-oxide (Y203)" 8.

The desired aesthetical effect can be achieved much
easily because it enables increase of light transmis-
sion similar to natural teeth®. These do not color the
root and the remaining soft tissues because they do
not create corrosive products as the metal posts*.

In order to increase the fractural resistance of en-
dodontically treated teeth, it is necessary to create a
dentin ferrule from the remaining tooth substance,
which is created by preparation of external ferrule
around the peripheral surface of the tooth which
enables space needed for the crown".

The prepared dentin ferrule is part of the build up
of the tooth which is why it is denoted as “Core Fer-
rule” or “Dentin/Core Ferrule™.

The circular preparation around the external sur-
face of the tooth forms external surface of the Den-
tin Ferrule which is denoted as “External Dentin/
Core Ferrule” or shortly “External Ferrule”(EF) =

Crown Ferrule (CF) is the internal surface of the
cervical part of the crown which is placed in the ex-
ternal ferrule of the dentin ferrule, it encircles the
tooth structure for 360 degrees, and it is used as a
ring which strengthens and protects the tooth from
vertical fracture >4,

The purpose of this study is to compare the influ-
ence of the external ferrule effect upon the fracture
resistance of endodontically treated teeth restored
with zirconium posts and all-ceramic crowns.
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Marepijasa u MeTOx

Bo oBaa in vitro cryyiija Gemnre nenuryBana gpaxtyp-
HATa PE3HCTEHTHOCT HA €HJOJOHTCKO TPETHPAHH
MAKCWJIADHH [EHTPAIHN WHIU3HBHU, PENapupa-
uu 6e3 u co 2 mm HazBoperieH ferrule. 3a Taa nen
ymorpeGUBME BKYIIHO 24 eKCTpaxWpaHH 3a6u, KOH
BEJIHAII [0 eKCTPaKiujaTa fea mocTaBeHu BO 0.1%
pactBop Ha TuMoJ. CesextHpaBMe 3a6u Ge3 kapu-
03HHU JIe3UH, TYKHATUHU WIH GPAaKTYPH.

Kopenckure kanamu Gea TperupaHu co K3™XF
Nikel-Titanium, Protaper, Dentsply (Starter kit),
ucnupanu co 2.5% xunoxyoput (B. Braun Medical
Inc., Germany) u OJTHETH CO JIATEPATHA KOHJIEH3a-
nuja Ha ryranepka mwrudTosu (Dentsply) u memenT
AH plus® (Dentsply DeTrey; Konstanz, Germany),
CIIOpe]] COBPEMEHHTE CTAHAAPAH 3a €H/IOZI0HTCKH
TpeTMaH.

Ha cenexkrupanuTe 3a0M M3BPIIMBME Celapaiuja
Ha KOPOHAPHHUOT Off, PaJAHKYJIaPHHOT JeJ1, IO IIPaB
aroJs1 BO OGHOC HA HAJIOJKHATA OCKa Ha 3a00T, 2 mm
WHITU3AJIHO Off I[EMEHTHO-EMA]I0BaTa TPAHUIIA, CO
TIOMOII Ha JiHjaMaHTCcKa cenmapupka (IsoMet® 1000
Precision Saw BUEHLER). Ilpenapanujata Ha Ko-
PEHCKHMOT KaHaJl 3a IUPKOHUYMCKHUTE KOJIYHIHA
ce U3BeyBalle co KamuOpupaHu ¢hpe3 MAITHHCKH
MPOIHUPYBAYH CO IUMEH3HUM COOJIBETHHM HA H30pa-
HUTE KOJTYUbA:

Set No. 2 REF 0150: length 15/8.5 mm, @ 1.6 mm
(Edenta AG/GmbH, Switzerland).

Bo copaborka mefy LlenTapor 3a ¢dHKCHA IpoTe-
THKA W THATOJIOTHja TMpH MeauiuHckn Qaxyiarer
(MF), Yuusep3aurer Bo Jby6spana u LleHTapor 3a
CTOMATOJIOIIKH MCTpaKyBama co OImesoT 3a WH-
JKHHepcKa kepamuka npu MuctutyT ,Joxed Cre-
dan” (1JS) Jby6spana, Slovenia, 6ea [u3ajHUpaHu
mwiHHAPHIHO-KOHHYHE Y-TZP (IJS-MF) xepa-
MHYKH KOJIYUEbA, CO PETEHIIMOHEH KOPOHADEH JIelI,
KoM ToToa Gea mpousBeneHH BO ¢dupmara Gald,
Tolmin, Slovenia” 516

Cauxa 1.

A. Illema na Y-TZP Post (IJS-MF): No. 2: length
15/8.5 mm, @ 1.6 mm.

B: IIpeuom pemeHyuoHeH npcmex co YuAuHIpu -
HO-KOHUYeH paduxyaapen dea.

ExcnepuMeHTaIHUTe KEPAMHYKH KOTUHEA CE H3-
paborenu oy Zircon oxide (ZrO2) mpag, crabwim-
3upaH co 3 mol% Yttrium oxide-Y203 (TZ-3YSB-E)
KOj e HerpaHy/JIHpaH, 6e3 OpraHCcKH AOJAaTOIH, CO
IMpOCeYHa roJIEeMIHA Ha 3pHATa 0] 0.57 M | COAp-
KM 0.25% Al203 gucnep3upaHy IapTHEKIH. 34 I0T-
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Material and method

This in-vitro study researched the fracture resist-
ance of endodontically treated maxillary, central,
incisors prepared with and without 2mm external
ferrule. For this purpose we used 24 extracted teeth
which were immediately placed in 0.1% solution of
Timol after the extraction. We selected teeth with-
out caries lesions or fractures.

Root canals were treated with K3tm XF Nikel-Tita-
nium, Protaper, Dentsply (Starter Kit), washed with
2.5% hypochlorite (B. Braun Medical Inc., Germany)
and filled with lateral condensation of Gutta-Percha
points (Dentsply) and cement AH plus, according to
the modern standards for endodontical treatment.

We separated the coronary part from the radicular
part of the selected teeth under a right angle in rela-
tion to the vertical axis of the teeth, 2 mm incisal
from the cement-enamel junction, with the aid of
a diamond saw (IsoMet 1000 Precision Saw BUE-
HLER).

The preparation of the root canal for zirconium -
posts was performed with calibrated mechanical ex-
panders (IJS) Ljubljana, with dimensions appropri-
ate to the selected posts:

Set No. 2REF 0150: length 15/8.5 mm, ®1.6 mm.

In cooperation with the Center for Fixed Prostho-
dontics and gnathology at the Medical Faculty, Uni-
versity of Ljubljana and the Center for Dental Re-
search with the Ceramics Engineering Department
within the Institute of Joseph Stefan (IJS) Ljublja-
na, Slovenia, we designed cylindrical-conical Y-TZP
ceramic posts with retentive-coronary part which
were later on manufactured by Gald, Tolmin, Slo-
venia? 516,

Figure 1.

A. Pattern of Y-TZP Post (IJS-MF): No. 2: length
15/8.5 mm, @1.6 mm.

B. The first retentive ring with cylindrical-conical
radicular part.

The experimental ceramic posts are manufactured
from zircon-oxide powder (ZrOz2) stabilized with 3%
mol yttrium oxide (Y203) (TZ —3YSB-E) which is
not granulated, without organic supplements, with
average size of the granules of 0.57 pm and it con-
tains 0.25% Al203 dispersed particles.

For the needs of the laboratory experimental re-
search, we used ceramic posts with a cylindrical-
conical form in the radicular part and 3 retentional
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pebure Ha J1abOPATOPUCKUTE EKCIEPHUMEHTAIHH
HCTpaXKyBama ynoTpeOMBMe KepaMHUYKH KOJTYHEhA
€O NWIHHIPHIHO-KOHWYHA (HOPMA BO PajIMKyJiap-
HHOT JIeJ1 ¥ TPH PETEHIINOHH IPCTeHH BO KOPOHAap-
HHOT Jies1. CaMo MPBHOT IIPCTEH-00pay e 1es KpyT,
JIOfleKa OCTAHATHTE /IBA PETEHIIMOHH IIPCTEHA Ce CO
paMeH IajaTHHAJIEH JIeJL.

KepaMHYKNTe KOJIYHIbA OTCTOjyBaa 5 min Bo yi-
TpasByuHa Gama co 96% eTHJI aJKOXOJI, ce Cyllea
M IIEMEHTHPAaa CO TEXHHUKA HA ATXE3HBHO IEMEH-
THPalbe CO CAMOBDP3YBAYKH KOMIIO3UTEH IEMEHT
Multilink® Automix (Ivoclar, Vivadent). Monobond
Plus ce amwmnnupaiie Ha KOJTYUHATA, CE YeKale 60
CEKYHIH H cymieine. Bo MOATOTBEHHTE KOPEHCKH
KaHAM Ce AITHIHpAlle caMO-HATPH3YBaYKH U Ca-
mo-payBauku (self-etching/self-curing) Multilink
Primer A/B co Tenka (violet) Mukpo-ueTknyka u ce
yeKalle 3 pearupa 15 CeKyHAH, a II0T0a ¢e OTCTPa-
HyBallle BUIIOKOT H CYIIEIIe CO XapTHEHH IITHJIITH.

Cauka 2. IPS e.max Press KOpoHKA UeMeHMuUpaHa
npexy Y-TZP xoaue co Hadzpadba.

CHTe eKCIlepUMEHTATHH IPHMepOoIH Oea mocraBe-
HH BO aKpUJIaTHU OJIOKOBH. 3a Taa IeJl CeKoj MpH-
Mepok Gente dukcupan Bo mapauenomerap (Bego)
CcO IMOABMKEH BepTHKa/leH Jpxkad M alUIMIUpaH
BO caMoBp3yBauku akpunar (Pro Base Polymer/
Monomer, Ivoclar) mocraseH Bo CTak/ieH MUIHHAAP
€O BHaTpellleH IIpoMep 17 N ¥ BUCHHA 25 M.

3a excrnepHMeHTAJHUTE HCTpaKyBama Ha ET3 ce
n3paboTHja HaArpagbu W NpPeKy HHUB COONBETHH
kopouku. Hajupeo Gea mzpaboTeHH MacTep Haj-
rpazidy 07 BOCOK, BIOKEHH CO MACA 34 BIIOIKYBAE
Bellavest SH (Bego) u 3aMeHeTH cO METATTHA JIETYPa
Ni-Cr (Wiron 99; Bego). Co Adapta system (0.6mm;
Bego, Bremen, Germany) npeky ,macrep” MeTas-
HaTa Hajrpanba ce MOJeIHpaa BOCOUHH KAIIUIH CO
OTBOD O 45° Ha [ANaTO-HHIN3AIHATA TOBPIIHHA,
KOH ce 3aMeHHja O MeTajHa JIerypa u HH I0CTy-
3KHja KAKO MaTPUIH 32 u3paboTka Ha yHUUIIUPa-
HH Ha[Tpasibu BO KOPOHAPHUOT JIeJI Ha CHTE IIUPKO-
HHYM OKCHJHH KOJYHIbA. M3paboTeHuTe MaTpHITH
(xaanu) Bo Gasara (koja HaserHyBa Ha celapupa-
Hara 3a6Ha moBpiKHA) 6ea 6 mm, CO HHIU3AJIEH
JjaMeTap 5 mm | BUCHHA 5 mm.

Ha MHNM3QJIHHUOT Kpaj 07 KaJamuTe, 3aCeKOT CO
3aKOceHa NOBpIIMHA (45°) ja HpercrasyBa maia-
TO-MHIHM3A/IHATA [OBPIIMHA HA KOjA Ce BPIIM OII-
TepeTyBameTo Ha Haxrpaabure. IIpeky oTBOpOT Ha
kananure, ce armmnupa MultiCore Flow (Ivoclar)
KOMIIO3HTEH MaTepHjasl 3a HaArpam0H II0 JHPeKTHA
MeTofla H ce nmoauMepusupa co Bluephase (Ivoclar,
Vivadent) nosimvepusanucka jiama.
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rings in the coronary part. Only the first ring is a full
circle, while the other 2 retentional rings are with a
flat palatinal part.

The ceramic posts remained 5 minutes in an ultra-
sonic bath with 96% ethyl alcohol, they were dried
and cemented with an adhesive cementing tech-
nique with self-curing composite cement (Multilink
Automix Ivoclar, Vivadent).

Monobond Plus was applied on the posts, and we
waited 60 seconds for it to dry. We applied self-
etching and self-curing Multilink Primer A/B in the
prepared root canals, with a thin micro brush and
we waited 15 seconds for a reaction, and then we re-
moved the excess and dried it with paper points.

Figure 2. IPS e.max Press crown cemented over Y-
TZP post with superstructure.

All experimental samples were placed in acrylic
blocks. For that purpose each sample was fixed in
a parallelometar (Bego) with a movable vertical
holder and applied in a self-curing acrylate (Pro
Base Polymer/Monomer, Ivoclar) placed in a glass
cylinder with a 177mm internal diameter and 25mm
height.

For experimental research purposes on endodonti-
cally treated teeth, we made superstructures and ap-
propriate crowns for them.

First of all we designed master wax build-ups, em-
bedded with Bellavest SH(Bego) and replaced with
metal alloy Ni-Cr (Wiron 99; Bego). Wax covers with
aperture 450 were modeled through the “master”
metal build-up with the Adapta System (0.6mm;
Bego, Bremen, Germany) over the palate-incisal
surface, which were then replaced with metal alloy
and served as a matrix for designing unified supra-
structures in the coronary part of all zirconium-ox-
yde posts.

The dimensions of the “matrix” in the base (which
lays on the separated tooth surface) were 6 mm with
incisal diameter of 5 mm and height 5 mm *.

The incisal ending of the “matrix”, the notch with
angled surface (450) represents the palatho-incisal
surface over which the superstructure loads are ap-
plied.

Through the aperture of the “matrix” the MultiCore
Flow (Ivoclar) material is directly applied and po-
lymerized with Bluephase (Ivoclar, Vivadent) poly-
meric lamp.
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3abure Gea mozesreHH Bo Aee rpynu. [Ipeara rpyma
ja mpercraByBaa 3abuTe HAZ[OTPAJIEHH CO UPKOHH-
YMCKH KOJIYHIbA H CTAHAADAN3HPAHH KOMIIO3HTHH
Harpanbu, 6e3 mpenaparyja Ha Ha/JBOPENTHA CTa-
nanka. Kaj Bropara rpyma co IoOMOII Ha mapaseso-
Mertap Oellle HCIpenapupaHa CTaHAap/IN3HpaHa Ha-
JIBOpEIHA cTanaaka 3a 2 mm ferrule.

Cauxa 3. Hadsopewen denmumcxu obpay (0 mm u
2 mm »Ferrule«).

ITpeky Hajrpajadure, bea uzpaboreHn Oe3MeTaTHN
kopoHkH o7 IPS e.max Press (ci1. 2), Bo Programat
EP 5000 (Ivoclar, Vivadent, Lichenstein). IToroa
IIPHMEPONHTE TH onToBapyBaMe Ha Instron Testing
Machine 4301 (Instron Corp., USA) mox aromn on
45° TIpH TITO ce eBHU/ieHTHpAIle (QPAKTYPHATA CHJIA.
@pakTypupaHUTe TPHUMEPOIH TH aHAJIM3WPaBMe
€O OITHYKH MHKpockoln Stereo Discovery V.8 (Carl
Zeiss, Germany) (¢ 4.).

Cauxa 4.

A) Instron 4301 (Instron Corp., ZDA);

B) FE-VEM Light StereoMicroscope Discovery. V8
(Carl Zeiss, Germamy)

Kaj cure HCOUTYBaHU IIPUMEDOITH, CIIOPE]T JIOKAH-
3anujaTa ¢ppakTypuTe Gea IMoJeJIeHH Ha 5 HUBOA :

L.Penapa6uwiau ppakrypu

1.OpaKTypH JTOKAIHM3HPAHH BO KOPOHAPEH /el
-®pakTypa Ha KOPOHKa
-Opaxrypa Ha Haarpaznba
-Opakrypa Koirue

2.®pakTypH Ha Ipeoj Mel'y KOPeHCKH U KOPOHAPEH
zien

-OpakTypa Ha KoT4ye

-®paxTypa Ha KOpeH

3.OpakTypH JIOKATU3UPAHN HA KOPEHCKHOT e
-llepBUKaTHA TPETHHA HA KOTUE H KOPEH

4.JlonmymTame Ha aTXe3MBHATA BPCKA

II.Hepenapaowiau ¢pparTypH
-Cpe/iHa TpeTHHA HA KOJT4e H KOpeH
-AnKaHa TpeTHHA Ha KoJTue H KOPeH

CrarucTHYKa aHAJIH3a

JIBoHAacouHA aHAIM3a HA BapHjaHca (2-way ANOVA)
ce KOpHCTeIlle 33 KOMIIApaIHja Ha CPeIHUTe BpeJ-
HOcTH 3a cekoja rpyna. Co Tukey HSD Tecr, Gere
VTBpAeHA CUTHHGHKAHTHOCTA BO PABIHUKHTE IIO-
Mel'y rpynuTe npuMepord. PesysiraTure o Ha4u-
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The teeth were divided into 2 groups. The first group
represented teeth restored with zirconium posts and
standardized composite superstructures, without
the preparation of the external ferrule. In the second
group with the aid of parallelometer we prepared a
standardized external 2 mm Ferrule.

Figure 3. External Dentin Ferrule (0 mm and 2 mm
Ferrule).

Through the cores we designed all-ceramics crowns
from IPS e.max Press in Programat EP 5000 (ivo-
clar, Vivadent, Lichenstein).

The samples were loaded with Instron Testing Ma-
chine 4301 (Instron Corp. USA) angled under 450
and then we recorded the fracture force.

The fracture samples were analyzed with optical
microscope Stereo Discovery V.8 (Carl Zeiss, Ger-
many).

Figure 4.

A) Instron 4301 (Instron Corp., ZDA);

B) FE-VEM Light Stereo Microscope Discovery V8
(Carl Zeiss, Germany)

According to the localization of the fractures, all ex-
amined samples were divided into 5 groups:

1. Reparable fractures

1.Fractures localized in the coronary part
-Crown fracture
-Superstructure fracture
-Post fracture

2.Fractures between root and coronary part
-Post fracture
-Root fracture

3.Fractures localized on the root part
-cervical third of post and crown

4.Loosening of the adhesive connection
II. Irreparable fractures

-Middle third of post and crown
-Apical third of post and crown

Statistical Analysis

Two-way analysis of variance (2-way Anova) was
used for comparison of average values for each
group. The Tukey HSD test, determined the signifi-
cance in the differences between the group samples.
The results of the way of fracture of each group were
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HOT Ha ¢)paKTypa Ha cekoja rpyna Oea aHaJIH3Upa-
HH CO HemapameTrapcku x2 tect. CUTe pe3ysIrTaT o]
eKCIIepHMEeHTAIHUTE TeCTHpParba Oea CMeTaHH KaKo
CTATHCTHIKH 3HAYAJHH 3a P <0.05.

PesyaraTu

M3mMepeHy ce Cpe/HUTE BPEAHOCTH HA CHIIUTE TI0-
TpeOHM 3a dpakTypa Ha ET3 pecraBpupanu co 1.6
mm Y-TZPPost (1JS-MF)/MultiCore/IPS e-max
Press Crown, 0e3 H co Ipenaparija 2 mm HaJ{BoO-
pernHa crananka. JJobueHuTe CpeiHA BPEAHOCTH e
TIIpUKa’KaHU BO cJIelHUTe Tabenu u Aujarpamu (ta-
bena 1, rpadgukoH 1):

Tabeaa 1. CpedHu epedHocmu u cmavdapoHa de-
sujayuja Ha dipakmypHa cuara Ha ET3, 6e3 u co 2
mm Ferrule.

I'paguxon 1. Cnopedba na dpaxmypnu cuau (N)
nomedy ET3 pecmaspupanu co @ = 1.6 mm Y-
TZPPost(lJS-MF)/MultiCore/IPS e-max Press co 0
mm u 2 mm Ferrule.

3a npeara rpyna Y-TZPPost (1JS-MF)/MultiCore/
IPSe-max Press KODOHKHM Oellle M3MepeHa CpelHa
BpeHOCT 3a (hpakTypHa cuiia o7 478.07N (+£84.53),
JlofleKa 3a BTOpaTa rpyna HaHecyBamre 638.61N
(£164.64). IIpu criopesiba Ha BeTe IPYIIH Ce BEPH-
¢unupa CHrHU(MHUKAHTHO NOBHCOKA BPEJHOCT 3a
propara rpyna co 2 mm ferrule (p<o,05).

Pesynrature mokaxkaa 67% penapabmiHu dpakTy-
pu 3a npearta rpyna ET3 co DMPKOHHYMCKH KOJI-
uynmsa (0e3 ferrule) u 83% 3a Bropara rpyna (2 mm
ferrule), (Tabena 2, rpaduxon 2).

Tabenaa 2. Budosu Ha gipaxmypu

I'paguxon 2. Penapabunnu u HepenapabuaHu
dpaxmypu (0 mm u 2 mm ferrule).

Jduckycuja

Bo oBa eKCIIEPUMEHTAIHO HUCTPAXKYBAHE TO HCITH-
TYBaBMe YYIECTBOTO Ha NPEOCTAHATHOT JEHTHH BO
creapamero »Ferrule Effect«, co mpenapupame Ha
H4/[BOPEITHA CTAnaiKka U (OPMHUPAI-E HA[BOPEIII-
Ha TOBPIIHHA Ha JIEHTHHCKH 0o6pay TH. »External
Ferrule (EF)«.

[TupkynapHaTa Tpenapaiija okoJy nepudepHHoT,
IepBUKAaJIeH Jiesl Ha 3a00T ja ¢opMupa HATBOpEI-
HaTa MOBPINHHA Ha AeHTHHCKHOT obpau (EF), koja
OBO3MOXKYBA HAJIETHYBAE€ HA BHATPEIIHATA TTOBP-
MIHHA O IEPBUKAJIHHUOT JIeJI Ha KopoHKara »Crown
Ferrule (CF)«. CamM0 3aelHHYKOTO JIEjCTBO Mery
osue ase pasznuuHu cTpykTypu EF u CF, cozpmasa
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analyzed by the CHI-Square nonparametric test. A
significance level for p<0.05 was used for all com-
parisons.

Results

The average values of the needed forces for fractures
were measured on endodontically treated teeth re-
stored with 1.6 mm Y-TZP (IJS-MF) posts /Multi-
Core build-up cores/IPS e-max Press crowns, with
and without 2mm external ferrule.

The obtained average values are shown in the fol-
lowing tables and diagrams (Table 1, Chart 1):

Table 1. Average values and standard deviation
of fracture force on endodontically treated teeth
(ETT) with and without 2 mm ferrule.

Chart 1. Comparison of fracture forces (N) between
ETT restored with @ = 1.6 mm Y-TZPPost (IJS-MF)
/MultiCore/IPS e-max Press with o mm and 2 mm
Ferrule.

For the first group, Y-TZPPost (1JS-MF) /Multi-
Core/IPSe-max Press crowns, an average value of
fracture force was estimated from 478.07N (+84.53),
while for the second group it was estimated 638.61N
(£164.64). When comparing these 2 groups we veri-
fied a significantly higher value for the second group
with 2mm Ferrule (p<0.05).

The results present 67% reparable fractures for the
first group of ETT restored with zirconium posts
(without ferrule) and 83% for the second group (2
mm ferrule), (table 2, chart 2).

Table 2. Types of fractures

Chart 2. Reparable and irreparable fractures (o
mm and 2 mm ferrule).

Discussion

In this experimental research, we examined the par-
ticipation of the remaining dentin in producing the
ferrule effect, with preparation of external ferrule
and forming of an external surface of the dental fer-
rule (EF).

The circular preparation around the peripheral, cer-
vical part of the tooth, forms the external surface
of the dental ferrule, which enables resting of the
crown (CF).

Only the mutual action between these two different
structures creates a protective ring effect of tighten-
ing and strengthening — Ferrule effect’.
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OKOJIy HAZJBOPEITHHOT 06eM Ha 3a60T e/leH IPOTeK-
THBEH MPCTEHECT e(EKT HA CTErame W 3alBPCTY-
Bame".

Happopenrnara NOBPIIKHA HA JeHTHHCKHOT 06pad
[peTcTaByBa IUPKYJAPEH NapasesieH JeHTHHCKH
SHJI IOCTABEH KOPOHAPHO BO OJ{HOC HA TPAHHIIATA HA
npenaparnija. KopoHkaTa IHpPKyIapHO ja ondaka u
ja mpeloKpHEBa IpenapupaHaTa HaJBOPENIHa IOBp-
NIMHA HA JIEHTHH CO IEPBUKAJIHUOT AEJI Of CBOjaTa
BHATpEIIHA TOBPIIMHA U HA TOj HAUKH 00e36emyBa
HaZIBOpelneH edeKT Ha 3aIBPCTYBAbE -CTETAhE TH.
»External Ferrule Effect« (EFE) mely ZeHTHHCKHOT
o6pau H KopoHKAaTa' >,

3aToa, 3a4yBYBAETO HA HEOIITETEHA KOPOHADHA H
paguKy/IapHa 3a0Ha CTPYKTypa 3a Ipemnapalmja Ha
neHTHHCKH 06pad u cosmaBame »Ferrule Effect«,
ce cMeTa Jleka MMa KJIYYHO 3HA4erhe 32 OINTHMH3H-
pame Ha OHOMEeXaHHYKOTO O/[HECYBaIbe Ha PecTaB-
pHpaHHTeE 3a0m™ & 19, 20,21,

3uauw, ferrule effect mpumapHo 3aBucH 071 KOJTUYH-
HaTa Ha BKJIy4YeHaTa IPeocTaHaTa JIeHTHHCKA CyTI-
CTaHIIA BO IIPeIapUPAHUOT JEHTHHCKH 06pad Koj e
BO JIONHP €O TEPBUKAJIHHOT 7IeJl HA BHATPEIHATA
MOBPIIIMHA HA KOPOHKATa'® *% 2223, Bo ciyuaj Ha He-
JIOBOJIHA BUCHHA HA AEHTHHCKHOT o6pad joara o
HEIIOCPEeIHO OIITEPETYBAE Ha BpcKaTa Mel'y KoJrde-
TO M NpeocTaHaTara 3a6Ha cTpykrypa. Kora cunara
KOja fenyBa Ha 3abHaTa CTPYKTypa ja IIpEeMHHYyBa
H3IPIIMBOCTA, foafa 70 (GpakTypa Ha KOJTYETO
wiu 3a60T. I[BpeTHaTa Ha pecraBpupanute ET3 co
Y-TZPPost ce HamayiyBa cO HaMa/IyBame Ha IOBp-
IIMHATA HA IPEOCTAHATHOT JIEHTHH> 24,

U pesyniraTuTe Off HAMIATA CTYZAHja [IOKAXKaa JeKa
IBPCTHHATA HA IIPEOCTAHATHOT 326 € IOUPEKTHO
HOBP3aHa CO KOJIMYHHATA HAa IPEOCTAHATHOT 06eM
Ha fmeHTHH. Crope] IoBeke aBTOPH Ce Ipernopa-
gyBa obesbenmyBame 2 mm »Ferrule« Ha mapanes-
HUTE SHJIOBU HA JIEHTHH, ONKPY’KEHH OJi BHATpE-
IIHATA [EPBHUKAHA MOBPIIHHA Ha KOPOHKATa® 2%
27, IIpe3eHTHPAHUTE DPE3YJITATH Of CIPOBENEHOTO
HCTPAXKYBaH-e TIOTBP/IYBAAT /IeKa PasjIuyHaTa mpe-
napanuja Ha ET3 nmokaxcyBa paz/indHu eeKTH Ha
dpaxTypHa pesucrentHoct Ha ET3, Taka mro mo-
OueHWTE PE3YJITATH 33 2 MM Ce CUIHUMDHKAHTHO
PasIHYHU BO OJTHOC HA KOHTPOJIHATA TPYTIA IIPHMe-
ponu 6e3 HagpopemeH Ferrule. Ha ocHoBa Ha 106u-
eHHTe pe3yNTaTH 3a Buujanuero Ha ferrule effect na
ET3 pecraepupanu co Y-TZP kepaMHYKH KOTYHHA
M KOPOHKH IOTBPAMBME Zieka (PaKTypHATA Pe3uc-
TEHTHOCT € 3roJieMeHa co o0e30e/yBarme HaiBOpe-
nieH ferrule mefy seHTHHOT M KopoHKaTa. JJoOue-
HHUTe BPEeOHOCTH Of] HAITUTe HcTpakyeama 3a ET3
pecragpupanu co Y-TZP (IJS-MF) Post /MultCore/
IPSe.max Press KOpPOHKH €O 2 MM Ha/BOpelleH
Ferrule, cnopejiuBy ce ¥ MOTBPAEHH CO Pe3yiTa-
THTE Ha IIOBeKe aBTOpH™ % 29, 10:30,31,

Haydecke at al.** nsHecyBaaT IMOBHCOKH BpeJHOC-
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The external surface of the dentin ferrule is a circu-
lar parallel dentin wall placed coronary versus the
border of preparation. The crown circularly covers
the externally prepared surface of the dentin with
the cervical part of its internal surface, and in that
way it enables the external ferrule effect between the
dentin ferrule and the crown''* 7.

That is why, preserving of undamaged coronary and
radicular tooth structure for preparation of dentin
ferrule and forming of ferrule effect is considered to
be of significant importance for optimizing the bio-
mechanical reaction of the restored teeth '# ' 20.2:,

This means that, the ferrule effect primarily depends
on the amount of the remaining dental substance in
the prepared dentin ferrule which is in contact with

the cervical part of the internal crown surface 5 2=
23

In case of insufficient height of the dentin ferrule,
the connection between the post and the remaining
tooth structure is immediately overloaded. When the
force which acts on the tooth structure exceeds its
endurance level, it results in post or tooth fracture.
The strength of the restored ETT with Y-TZPost is
decreased when the surface of the remaining dentin
decreases®>24,

The results of our study show that the strength of
the remaining tooth is directly connected with the
amount of the remaining dentin. Many authors rec-
ommend 2mm ferrule on the parallel walls of the
dentin ferrule encircled from the internal cervical
surface of the crown?s-26.27,

The results presented from the conducted survey
confirm that the different preparation of ETT shows
different effects on fracture resistance on ETT so
that the obtained results for 2mm external ferrule
are significantly different compared to the control
group’s samples without external ferrule. On the
basis of the obtained results for the impact of the
ferrule effect on ETT restored with Y-TZP ceramic
posts and crowns, we confirmed that the fracture re-
sistance is increased by the external ferrule between
dentin and the crown.

The obtained values of our research on ETT restored
with Y-TZPPost (IJS-MF) /MultiCore/IPS e-max
Press crowns with 2mm external ferrule, were com-
pared and confirmed with the results of many au-
thOI'SQ’ 28, 29, 10, 30, 31

Haydecke at al.** obtained higher values compared
to the results gained with our research due to the
use of ceramic of one part samples.
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TH BO OJHOC Ha pe3yATaruTte MNOOHEeHU CO HAIIUTe
HCTPayKyBama MOpajii yrorpebata Ha KePAaMHUYKH
MPUMEPOLH O] e/ieH Jien (zirconia one piece). Hc-
THTE aBTOPH** HaBeIyBaaT JieKa co ymorpedara Ha
CTaKJI0KepaMUUKH HazArpasou Pontius u Huter 70-
OWBaAT CIMYHHU BPEJTHOCTH, HCTO Kako 1 Forbergers2.

PezynraTuTe mOKajkaa JAeKa IIUPKOHHYMCKHUTE
KOJTYMIba BO IpBaTa IPyNa JaBaaT pernapaOHIHu
dpaxrypu Bo 67% oz ciaydaure H 83% BO BTOpa-
ta rpyna co 2mm ferrule. VI moxpaj moBHcOKHOT
MPOIIEHT HA penapabmiHu (PPakTypH BO OJIHOC HA
HepenapabuIHK BO BTOpaTa Ipyna, HemapaMerap-
CKHOT X2-TeCT IOKAKa JIeKa He [I0CTOH Kopesanuja
Mely penapabuiHOCcTa Ha (PPAKTYPHUTE W THIIOT HA
npenapanyja (6e3 u co 2 mm ferrule). Akkayan u
Guelmez' npesentupaar karacrpodanHu GaKkTypu
Kaj THPKOHUYMCKE KoTuniba. Ho, Taa cTyamja, Kako
u cryaujara Ha Dilmener et al.* ce u3BezieHH Ha IUP-
KOHHYMCKH KOJTIHIba CO PAMeH KOpoHapeH Jiel1. Kaj
HAIINUTE eKCTIEPHMEHTAIHH TIPUMEDOIH U BO J[BETE
rpymu 6ea ynorpebeHH MHPKOHUYMCKH KOJTIHIBA CO
PEeTEeHTHBEH KOPOHApeH JieJl, KaJle MPBHUOT peTeH-
IHOHEH IIPCTEH TH IIPeHecyBa CUJINTE Ha [IBAKOIPH-
THCOK IHUPKYJIAPHO BP3 I€HTHHCKATA CTPYKTYpPA 10
[eJiaTa JIOKUHA Ha AKCHjaJIHUTe SH/IOBU Ha KOpe-
HOT Ha 3a00T. 3aT0a, CMeTaMe /IeKa 0BOj HAYHMH HA
MPeHOC Ha CIIM HA [IBAKOIPUTHCOK IIPHIOHECYBA
34 MOTOJIEMHUOT TPOIIEHT HA penapabuinuu dhpaxTy-
PH BO O/{HOC Ha HepenapabH/IHH U BO [BETE IPYIIH.
Cemnaxk, cMeTaMe JieKa ce MOTPeOHU IIOHATAMOIIHH
HCTPaKyBama 3a 0Baa mpo0JIeMaTHKa.

3axrygonu

TIpenapupanaTa Ha/[BOPEIIHA CTANIAJIKA BIMjae Ha
dpaktypraTa orriopHocT Ha ET3. Crnennure 3ak-
Jiygory, Oea M3BJIEUEHN BO DAMKHTE HA OTPaHMYY-
BAHATA HA 0BAA HH BUTPO CTYHja:

1.3abute Oe3 npenapupaHa HaJIBOPEITHA CTATATKA
(EF) 6ea dpakTypHpaHH cO CHTHU()UKAHTHO TIOHH-
CKH BPETHOCTH BO OJHOC HA 3a0UTe pecTaBpHPaHH
co 2mm EF.

2.OpaKTypUPAHHUTE EKCIIEPHMEHTAJIHH TPHMepPo-
1 6ea 00HOBNIUBH 071 67% 110 83%, BO [iBETE TPYIIH.

BrilydyBameTo Ha IIpeocTaHaTaTa 3abHa CTPYKTypa
BO HazjorpaayBameTo Ha ET3 co Haarpasbu u xo-
POHKM, ja 3roJieMyBa HHUBHATA ()pakTypHA OTIOP-
uoct. Kaj ET3, pecrasparujara co IHPKOHHYMCKH
KOJTYHEbA CO PETEHTHBEH KOPOHAPEH JIeJI, KOMIIO-
3UTHH HAATPa6HU U IPeCcyBaHH KOPOHKH U BO IBETE

IPYIIH {OBE/yBa /10 penapabuinu GpakTypu.
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The same authors® state that with the use of glass-
ceramic build-ups Pontius and Huter obtained simi-
lar results, as well as Forberger.

The results have shown that zirconium posts in the
first group present reparable fractures in 67% of the
cases and 83% in the second group with 2mm fer-
rule.

Besides the higher percentage of reparable fractures
compared to irreparable in the second group, the
chi square nonparametric test showed that there is
no correlation between fracture reparability and the
preparation type (with and without 2 mm ferrule).

Akkayan and Guelmez' present catastrophic frac-
tures in zirconium posts. But, that study as well as
the study of Dilmener et al.# was done on zirconium
posts without retentive elements in the coronary
part.

We used zirconium posts with retentive coronary
part in both our experimental groups, whereas the
first retentive ring transfers the chewing pressure
forces circularly upon the dental structure across
the full length of the axial walls of the root.

That is why we consider that this way of force trans-
mission of the chewing pressure contributes for the
larger percentage of reparable fractures compared
to irreparable fractures in both groups.

We still consider that further research is necessary
in this field.

Conclusion

The prepared external dentin shoulder influences
the fracture resistance of ETT. Within the limita-
tions of this in vitro study, the following conclusions
were drawn:

1.Teeth without ET were fractured at significant
lower loading then teeth restored with 2 mm EF.
2.The fracture patterns were restorable in 67% to
87% of the groups.

Therefore, the prepared external ferrule increases
the fractural resistance of the ETT. Restoration of
ETT with zirconia posts with retentive forms in
coronal part and MultiCore built ups/E-max press
crowns results in reparable fractures when subject-
ed to fracture loads.
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T

AL,

Cnuka 1 / Figure 1

U

Cnuka 3 / Figure 3

Cruka 1.

A. Tllema uHa Y-TZP Post (IJS-MF): No. 2: length
15/8.5 mm, @ 1.6 mm.

B: [IpBHOT PETEHIIMOHEH MIPCTEH CO I[HIHHAPHIHO-
KOHWYEH PaJIHKyJIapeH Jies.

Cnuka 2. IPS e.max Press KOpoHKa IleMeHTHpaHa
npexy Y-TZP kosde co Haarpaaoa.

Cnuxka 3. HaziBopeineH geHTHHCKH 06pad (0 mm u
2 mm »Ferrule«).

Crnuxa 4.

A) Instron 4301 (Instron Corp., ZDA);

B) FE-VEM Light StereoMicroscope Discovery. V8
(Carl Zeiss, Germamy)

Y-TZP (1JS-MF) Post/Multicore/Press Crown

Ferrule (mm) 0mm 2 mm
F(N) 478.07  638.61
+8D +84.53 +164.64

Tabesa 1/ Table 1
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Cnuka 4 / Figure 4

Figure 1

A. Pattern of Y-TZP Post (IJS-MF): No. 2: length
15/8.5 mm, ®@1.6 mm.

B. The first retentive ring with cylindrical-conical
radicular part.

Figure 2. IPS e.max Press crown cemented over Y-
TZP post with superstructure.

Figure 3. External Dentin Ferrule (0 mm and 2 mm
Ferrule).

Figure 4.

A) Instron 4301 (Instron Corp., ZDA);

B) FE-VEM Light Stereo Microscope Discovery V8
(Carl Zeiss, Germany)

ETT/Y-TZPPost(1JS-MF)/MultiCore /IPSe.max Press Crown
Hagpopemen ferrule
Bpoj na dpastypn 0 (mm)
0 mm 2mm
Penapabmmau 1.6 8 (66.6%) 10 (83.3%)
Hepenapatumm 16 4(33.4%) 2(16.7%)
TaGesa 2 / Table 2
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TaGena 1. CpegHH BPeAHOCTH U CTAHAAP/HA ACBHja-
nuja Ha ¢paktypHa cmwia Ha ET3, 6e3 1 co 2 mm
Ferrule.

Tabena 2. Buzion Ha hpakTypu

HOmm

N

B 2mm

8E g B

o

Omm 2mm

I'pacduxoH 1 / Chart 1

T'paduxon 1. Cropenda Ha dpaxrypuHu cunu (N)
nomery ET3 pecraspupasn co @ = 1.6 mm Y-
TZPPost(IJS-MF)/MultiCore/IPS e-max Press co 0
mm u 2 mm Ferrule.

Tpadpuxon 2. PemapaGwiHM u HepernapaOHJIHH
dpaxrypu (0 mm u 2 mm ferrule).

“Ss. Cyril and Methodius” University in Skopije
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Table 1. Average values and standard deviation of
fracture force on endodontically treated teeth (ETT)
with and without 2 mm ferrule.

Table 2. Types of fractures

W Series1
W Series?

2mm

0 mm

I'padukon 2 / Chart 2

Chart 1. Comparison of fracture forces (N) between
ETT restored with ® = 1.6 mm Y-TZPPost (1JS-MF)
/MultiCore/IPS e-max Press with 0 mm and 2 mm
Ferrule.

Chart 2. Reparable and irreparable fractures (0 mm
and 2 mm ferrule).
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