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Abstract

INTRODUCTION. Endodontic posts play a vital role in strengthening debilitated teeth. They are luted into the
radicular space using dental cements that are generally resinous. Given that the forces faced by human teeth
are loading in nature and the stresses are accumulative, the bond strength of the interfaces at both the radicular
dentin and luting agent and the endodontic post and the luting agent needs to be evaluated. Micro pushout bond
strength (POBS) testing is done to determine these strengths. This experimental, in vitro study evaluated the
adhesion strength of endodontic posts cemented with different resin-based luting agents using micro-POBS.
MATERIALS AND METHODS. A total of 30 human lower incisors were selected and divided into three groups
(n=10), based on the type of adhesive resin cement used for luting. Prefabricated endodontic fiber posts
were inserted into the root canals of each tooth, and different resin types of cement — Estecem I, Multilink
Automix, and Relyx Ultimate. were used to cement the fiber posts. The micro-POBS test measured the bond
strength of the cemented pins to the root canal dentin.

RESULTS. The results showed that the mean POBS of Group B was higher than that of Group A and Group C.
The difference between the mean POBSs of Group A and Group C was not statistically significant (p>0.05).
CONCLUSION. The resin adhesive cement used can affect the POBS of endodontic posts to root canal dentin.
Clinicians should choose the appropriate resin cement for cementing endodontic posts to ensure a strong
and durable bond for a good clinical prognosis.
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Pesiome

BBEOEHUE. QHponoHTMYeCckue WTUGTH UrpatoT BaxKHYO PoJib B yKpernseHun ocnabrieHHbix 3y6oB. OHU
PUKCHPYIOTCS B KOPHEBOM KaHasie C MOMOLLbIO CTOMATONIOMMYECKNX LLleMEHTOB, KOTOPblE OObIYHO SIBNSIOT-
Csl CMOJINCTbIMU. YunThIBast, HTO Ha 3yObl YesloBeka BO34ENCTBYIOT MOCTOSIHHbIE HArPY3KM U HaKanaMBalTCs
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CTpeccChl, HeO6XOD,VIMO oueHMBaTb NPOYHOCTL CUeneHnd Kak MexXay KOpHeBbIM AEHTUHOM U CbVIKCI/IpyIOLLI,I/IM
areHToM, Tak 1 Mexay SHAOAOHTUYECKUM WTUGTOM 1 GUKCUPYIOLLMM areHToM. Jns onpeaeneHns aTux no-
Kasarenen NpoBOANTCS TECT HA MMKpOBbITankneaHne (POBS). 9To akcnepumeHTansHoe in vitro uccnegosa-
HWe OLEeHMBaNo NPOYHOCTb aare3nm SHAOOOHTUYECKUX WTUHTOB, 3aLEMEHTUPOBAHHbBIX PA3INYHLIMU CMO-
NAHbIMA (DVIKCI/IpyIOLLI,I/IMI/I areHtTamMu, C NOMOLbO TeCTa Ha MUKPOBbLITANKMBaHUE.

MATEPUAJbI N METOAbI. Bbino Bei6paHo 30 HMXHMX pe3LLOB YesioBeka 1 pasaeneHo Ha Tpu rpynnbl (n = 10),
B 3aBNCMMOCTU OT TUMNa NCMNOJIb30BAHHOIO aaAre3nBHOro CMOJIAHOIro uemMeHTa. B KOPHEeBbIEe KaHabl KaXa0ro
3y6a 6blnn yCTaHOBNEHbI NPEABAPUTENBHO U3rOTOB/IEHHbIE 3HAOOOHTUYECKME CTEKNOBOIOKOHHbIE WTUd-
Thbl, KOTOPbIE GUKCUPOBANNCH C NCNONb30BAHNEM PA3/INYHBLIX CMONCTLIX LeMeHToB: Estecem I, Multilink
Automix 1 Relyx Ultimate. C nomoLLbio TECTa HA MUKPOBbLITANIKMBaHME OLEHMBAIaCb MPOYHOCTb CLIEMIEHUS
3aueMeHTNPOBaHHbIX LIJTI/I(DTOB C 0EHTMHOM KOPHEBOIro KaHana.

PE3YJIbTATbI. Pesynsrathl nokasanu, 4To cpegHee 3HadeHve POBS B rpynne B 66110 Boille, 4em B rpynnaxAu C.
Pasnunuve mexay cpegHumm 3HaveHmsmMu POBS B rpynnax A n C He 6b110 CTaTUCTUYECKM 3Ha4YUMbIM (p > 0.05).
SAKJTIOHEHUE. Ncnonb3yeMblii CMONSIHOM aare3nBHbI LEMEHT MOXET BAMSTb Ha POBS 3HA040HTUYECKUX
WTNDTOB K AEHTUHY KOPHEBOMO KaHana. Bpaun AokHbl BeIOMPaTb NOAXOASLLMIA CMOJIIHOW LEeMEHT A1s Le-
MEHTUPOBAHUS SHOOAOHTUYECKUX WTUPTOB, 4TOOLI 06eCcneynTb NPOYHOE U AONTOBEYHOE COeAUHEHnE ANS
xopowero KnnHn4eckoro nporHo3sa.

Kniouesbie cnoBa: SHAOAOHTUYECKME LWUITUPTBI, KOMMO3UTHbBIE PUKCUPYIOLLME areHTbl, NPOYHOCTb aare3nm
npn MUKPOBbLITAJIKNBAHUN, KOMMO3UTHbIN LEMEHT

UHdopmaumna o ctatbe: noctynuna — 08.08.2024; ncnpasneHa — 22.08.2024; npuHarta — 23.08.2024
KoH$AUKT nHTepecoB: ABTOPLI cCO0OLLa0T 06 OTCYTCTBUN KOHPNMKTA UHTEPECOB.
BnarogapHocTu: ®rHaHCUPOBaHKE U MHAMBUAYaNbHbIE 61AroAapHOCTY ANs AEKNapUPOBaHUS OTCYTCTBYIOT.
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org/10.36377/ET-0039

INTRODUCTION

Endodontic treatment may become necessary due
to extensive caries, trauma, fractures, and periodontal
pathologies, which have led to the development of an ir-
reversible pulpal pathology, such as irreversible pulpitis
or necrosis or even in vital healthy teeth that require in-
tentional endodontic treatment even in the absence of
any pulpal or periapical pathology [1-3]. When there is
extensive loss of tooth structure, and the tooth is debili-
tated at both the macro (visible tooth loss) and the micro
(depletion of inorganic content) levels, and in order to
restore its form and function, the tooth needs to be re-
inforced using an endodontic post. The most commonly
used pre-fabricated endodontic posts in restorative
dentistry, today, are fibre posts [3; 4]. These posts are
cemented into the radicular space using luting agents
which could be - GIC-based, zinc phosphate-based,
or resin-based luting systems. Using a system that pro-
vides a seamless interface- a monobloc, with the root
canal dentin — luting agent-post system, would be ideal,
as it would be biomimetic. The endodontic post on its
own is incapable of binding to root dentin, and requires
a luting agent, which on the one side bonds to the dentin
and on the other side bonds to the endodontic post [5-7]

Research has shown that adequate post-endodontic
reconstruction gives the devitalized tooth, a functional
capacity almost equal to that of the vital tooth, and the
long-term success of endodontic treatment depends
on the execution of a suitable coronal restoration, which
guarantees a coronal seal and mechanical reinforce-
ment to the treated dental biostructures [8].

Over the years there has been a slow but steady shift
away from luting agents like GIC and ZnPO,, which are
used primarily to cement metal-based post systems,
to the adhesive resin systems and calcium silicate
material-based cements for the luting of the fibre and
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fibre-reinforced posts. The adhesive luting agents are
categorized as per generations and newer and newer
systems enter the market periodically. The clinician is
hard-pressed to choose these and it is generally the
ready availability and the cost of the luting agent which
dominates the selection of the luting system [9].

Achieving a “monoblock” within the radicular space
is a desirable but intangible goal. Given the varied ma-
terials involved in the tertiary kind of monoblock which
is typically created in the root canal space, the best that
could happen would be to have retention of the root ca-
nal filling material or posts within the radicular space
and the transmission and eventual dissipation of forces
via the luting cement [10-12].

Using a micro pushout BS test on luting agents mi-
mics the dynamic forces that a tooth faces during masti-
cation and itimpacts the integrity of the bond of the luting
agent with the post and the radicular dentin [13; 14].

AIM

This experimental analysis aimed to compare the
retentive capacity of quartz fibre posts, when luted into
the root canal using three different resin-based types of
cement — Estecem Il, Multilink Automix, and Relyx Ul-
timate, using an in vitro experimental test model - the
micro-POBS, to highlight their efficacy, predictability,
and differences and to take stock of the current techno-
logical and product situation. It would thus allow the cli-
nician to make an informed choice about the choice of
a luting agent based upon the moduli of elasticity rather
than an adhesive strength test. Further the evaluation of
the mode of failure in the samples allowed for identifi-
cation of the adhesive interface that displayed the most
instances of failure — radicular dentin — luting agent
interface vs. post — luting agent, which meant that the
bonding procedure could be improved at that interface.

Endodontics
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MATERIALS AND METHODS

Study design

The present experimental study used three types
of cement for cementing endodontic pins are, as de-
scribed below:

— Estecem Il, used for group A cementation — Bis-
GMA, TEGDMA, Bis-MPEPP, Silica-Zirconia Filler;

— Multilink Automix, used for group B cementation —
Dimethacrylate and HEMA,;

— Relyx Ultimate, used for group C cementation -
Methacrylate monomers.

Sample size and sample preparation

The sample size was calculated using G-Power
3.1.9.7. A power analysis was performed where a=0.05,
Power = 0.80 and Effect size 0.91. A total of 30 sample
size was calculated, divided into (n=10) in each group.

30 human lower incisors without caries were selec-
ted, which had been extracted due to periodontal caus-
es, and were subjected to photographic and radiograp-
hic examination, to verify the presence of only one non-
calcified straight canal and to exclude the presence of
fractures. The narrow diameters of the mandibular inci-
sors are consistent across all the teeth and are thus good
to use in the micro-POBS, giving standardized results.

After extraction, the teeth were autoclaved and
stored at room temperature in 2% glutaraldehyde to
maintain disinfection and maintain hydration [15].

The teeth were cut 1 mm above the cementoenamel
junction with a diamond bur. 856 012 Komet (Komet,
Lemgo, Germany), under abundant irrigation. The ca-
nal patency was established by using 8 and 10 number
K-Files. Cleaning and shaping were done for all the
teeth with the M-two system, and the apex was en-
larged up to MTwo Apical A3 25/45. Irrigation was done
with EDTA 17% (EDTA canal cleaner, Dentalica, Milan,
Italy) and hypochlorite 5.25%. Canals were obturated
with Touch and heat and the compaction of the obtu-
ration was radiographically assessed, and repeated
when voids were detected in the apical one-third. The
post space was prepared with a TokuDrill (Tokuyama
Dental Corporation, Tokyo, Japan) at 15000 rpm un-
der a microscope, by the same operator. VersaBrush
Endobrush (Vista, Dental Products, Racine, WI, USA)
with 10,000 rpm pumice was used to remove any gutta
perch residue from the post-space, which was then
confirmed under a microscope. The teeth were then
divided into 3 groups of 10 each, depending upon the
type of luting agent being used.

— Group A (n=10), cementation with Estecem Il;

— Group B (n=10), cementing with Multilink Automix;
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— Group C (n=10), cementing with Relyx Ultimate.

The posts were treated with alcohol and air-dried
before use. Each luting agent was manipulated as per
the manufacturer’s instructions and posts were luted to
the radicular dentin. After curing the luting agent, the
fit was confirmed radiographically and the extra post
length was allowed to remain for ease of slicing the
samples. A high translucency, variable taper quartz fi-
ber radiopaque post system called TokuPost was used.
This is pre-silanized and was used for all the samples.
The slices were prepared by making horizontal cuts with
a diamond saw (Isomet, Buehler; Lake Bluff, IL, USA) at
250 rpm under abundant irrigation, obtaining 5-6 sam-
ples from each tooth having an approximate thickness
of 1 mm. Each slice was marked with an indelible marker
on the apical side. The thickness of each slice was con-
firmed with an electronic gauge (accuracy 0.01 mm).
48 samples were obtained from group A, of which
27 were from the coronal third of the tooth, 21 were from
the middle third of the tooth, 58 were from group B, of
which 30 were from the coronal one-third, 28 were from
the middle-third, 57 from group C, of which 30 from the
coronal one third, 27 from the middle third (Fig. 2, 3).

Push-out test

The micro push-out test was performed at the Uni-
versity of Siena (Siena, Italy). The machine used is
a Universal Testing machine on which a cylindrical pis-
ton (Triax Digital, Controls, Milan) has been mounted,
which directs the pressure load on the pin at a speed
of 0.5 mm/min (Fig. 4, 5).

Statistical analysis

The data was entered and analyzed using the Statis-
tical Package for Social Sciences (SPSS) for Windows,
Version 28.0 (Armonk, NY: IBM Corp) Confidence inter-
vals were set at 95%, and a p-value < of 0.05 was con-
sidered statistically significant. One-way ANOVA was
applied to compare the three luting agents and post hoc
test was applied for intragroup significance.

RESULTS

The statistical analysis shows higher force values
for group B (Relyx Ultimate 16,74 2,48 MPa), compared
to groups A (Estecem Il 11,06 2,76 MPa) and C (Multi-
link Automix 10,73 2,73 MPa), which report no statisti-
cally significant differences (Table 1, 2). An analysis of
the modes of fractures shows a prevalence of adhesion
failure between cement and dentine compared to adhe-
sion between pin and dentine.

(MPa) Standard deviation (DS) for the group, Me-
dian, and fracture (Fig. 6).
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Fig. 1. Materials used for cementation in Group A, B, and C and samples
Puc. 1. Matepuansl, ICNONb30BaHHbIE 415 LLEMEHTMPOBaHMS B rpynnax A, B u C, n o6pasupl
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Total length 15 mm 5.5mm
Length on capacity part 1.5mm
(cylindric) [
Length on capacity part 8 mm 8 mm
Capacity diameters 1.05-1.25-01.45
Apical diameters 20.55-J0.75-21.95

7 mm
Total length 18 mm J
Length on capacity part
(cylindric) & )
Length on capacity part 11 mm r11mm
Capacity diameters 1.25-31.45-1.65
Apical diameters 20.55-J0.75-21.95 J

Fig. 2. Description of TokuPOST endodontic pins
Puc. 2. OnucaHve aHOogoHTUYeckux wtngtos TokuPOST

Fig. 3. Radiographical examination of some samples Fig. 4. Sample preparation for push-out testing
after hardening of the pins Puc. 4. MNoarotoska 06pasLos 419 TeCTUPOBaHWS
Puc. 3. PeHTreHonormnyeckoe obcnenoBaHme Ha BblTankneaHue

HeKoTopbIX 06pas3LLOB Noce 3aTBepaeBaHNs LTUGTOB
— — — — — W
D E F

G H |

Fig. 5. The rootis cut into slices 1 mm thick after the pin is cemented, a force is applied
to each slice until the pin is dislocated

Puc. 5. KopeHb pa3pesaeTcs Ha cpedbl TONWMHON 1 MM Nocne LeMeHTUpoBaHus WTngdTa,
K KaXaoMy cpesdy NpukiaabiBaeTcsd cuna o Tex nop, noka WwrndTt He CMeCTUTCS
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Table 1. Statistical analysis for individual root regions
for each group

Ta6nuua 1. Ctatuctmyeckuin aHanms
OTAENbHbIX 06nacTelr KOPHS A5 KaX A0 rpynnbl

Group R°.°t Mean+DS | Mean=DS Median DC|PC | DF
region
Cervical | 11.76+2.78

EST 11.06a+2.76| 10.73 | 16| 8 |24
Middle |10.40+3.85
Cervical|17.79+2.96

REL 16.74b+2.48| 16.62 | 17| 8 |33
Middle |15.56+3.35
Cervical|11.24+2.20

MUL 10.73a+2.73| 10.64 |36| 2 |19
Middle |10.20+3.28

Note. EST: Estecem Il, REL: Relyx Ultimate, MUL: Multilink
Automix, DC: failure adhesion between dentine and cement,
PC: failure adhesion between post and cement, DF: fracture
of the element. Values with the same letters indicate non-
significant differences (p >0.05).

lNMpumeyarne. EST. Estecem IlI, REL: Relyx Ultimate, MUL:
Multilink Automix, DC: oTka3s aareanuv mexay 4EHTUHOM U Le-
MeHTOM, PC: oTkas agresann mexay WwindTomM U LEMEHTOM,
DF: nepenom anemMmeHTa. 3Ha4eHNs C 0AMHAKOBbIMU OyKBamMm
yKa3sblBaloT Ha He3HauYUTeNbHbIE pasnuyus (p >0.05).

Table 2. Mean and (MPa) standard deviation (DS)
for individual root regions for each group

Ta6nuua 2. CpeaHue 3Ha4YeHUs 1 cTaHaapTHOe
oTkJIoHeHue (MIa) onsa oToenbHbiX 06nacTen KOpHSA
005 KaX 40 rpynnbl

Coronal Region Medial Region
Group

Mean (MPa)+DS Mean(MPa) DS
EST 11.76*(MPa)+£2.78 10.4%(MPa)+3.85
REL 17.79°(MPa)+2.96 15.56°(MPa’+3.35
MUL 11.243(MPa)+2.21 10.2%(MPa)+3.23

Note. EST: Estecem Il, REL: Relyx Ultimate, MUL: Multilink
Automix, Values with the same letters indicate non-significant
differences (p > 0.05).

lNMpumeyvarnne. EST. Estecem Il, REL: Relyx Ultimate, MUL:
Multilink Automix. 3HayeHua ¢ oanHakoBbIMK ByKBaMU yKa-
3bIBAIOT HA HE3HAYUTENbHbIE pasnuyus (p >0.05).

Push-out-medio — One-way ANOVA data

Multilink —
Relyx _|
Estecem Il —|
0 5 10 5 20

Fig. 6. Statistical analysis One-way ANOVA
third medium results

Puc. 6. Ctatuctnyecknin aHanns: pesynbraThbl
0AHOMAKTOPHOro ancnepcuoHHoro aHanmaa (ANOVA)
0N TpeTben cpeapbl
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DISCUSSION

Non-vital dentin demonstrates singularly distinct
properties from that of vital dentin. The major diffe-
rences are:

— reduction in the modulus of elasticity;

—reduction in the hydration of the dentin (loss of
freely bound water);

—loss of mineral content from the dentin owing to
chelating agents and irrigating solutions;

— actual loss of dentin due to the shaping with root
canal instruments;

— crack initiation and propagation in the intertubular
dentin.

This makes it vulnerable as an adhesive substrate,
particularly in the radicular space where removing the
smear layer is also difficult. This study thus sought to ex-
amine the micro push-out bond strengths of three com-
mercially available adhesive systems — Estecem I, Mul-
tilink Automix, Relyx Ultimate for the luting of endodon-
tic posts, commercially available as Tokuposts [3; 9].

The adhesives on the market are either etch-and-
rinse or self-etch, and in the past, while the etch-and-
rinse systems were used in the radicular space, the
self-etch type of adhesive was indicated for use in the
coronal area, and its use was not indicated in the radi-
cular space [16]. Recently though the advances in the
science of self-etch bonding agents have seen arise in
the usage of self-etch in the radicular space.

This type of adhesive is intended to simplify the clini-
cal procedure, as they include acids and hydrophilic
monomers, in the same bottle, which are intended to
demineralize and infiltrate enamel and/or dentine and
do not require pretreatment of the substrate.

Estecem Il cement has been chosen because it is
a material recently introduced in the market, of which
data do not yet exist in the literature. In contrast, the
cement Multilink Automix and Relyx Ultimate have both
been chosen as they are widely used in clinical practice,
and have the same type of polymerization mechanism
and adhesion as that of Estecem Il, but different mo-
nomers. The evaluation of the luting agent’s efficacy is
done by micro-POBS, along with an assessment of the
mode of failure [17-21].

The push-out test is the most reliable and most used
test for evaluating the bonding force between endo-
dontic fiber posts and root canal dentin, as it closely ap-
proximates the dynamic masticatory forces that a func-
tional tooth is subject to. Micro POBS also shows far
fewer premature failures [22].

In this study, a load was applied via a piston only on
the luted post, without contacting the root canal walls.
As opposed to push-out tests, the micro push-out tests
allow for the distribution of forces across the interface
more uniformly and permit microscopic evaluation of
the various regions of the sample separately to deter-
mine the fracture modes of individual samples [23-26].

Thefibre posts cemented with Relyx Ultimate cement
(16.74-2.48 MPa) showed a higher retention than those
cemented with Multilink Automix (10.73-2.73 MPa) and
Estecem Il (11.06-2.76 MPa) (p<0.05), which do not
show statistically significant differences between them
(p<0,05) [27].

The bond strengths achieved with the etch and rinse
adhesive decrease corono-apically similar to the self-
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etch adhesives. Since the bonding mechanism in this
group is based on micromechanical retention following
elimination of the smear layer and exposure of dentinal
tubules, a decrease in bond strength from the coronal
part towards the apical segment can be attributed to
the partial removal of the smear layer and various other
debris including remnants of gutta-percha, preventing
unilateral, seamless contact of the adhesive cement
with the radicular wall [28].

The same result was seen in this study when the mid-
dle third and coronal third of the radicular dentin were
examined and compared. No literature is available on
Estecem Il cement, due to the recent marketing and
therefore it is not possible to compare our results with
those of other studies. According to information pro-
vided by the manufacturer, Multilink Automix cement
has been used in conjunction with the self-etching,
self-curing Multilink Primer A&B adhesive system. The
combination of Multilink cement with the indicated ad-
hesive system accelerates the curing of cement, ma-
king it more efficient. Relyx Ultimate cement is a com-
bination with Scotchbond Universal adhesive, and con-
tains 10-methacryloyloxydecyl dihydrogen phosphate
(MDP) monomer, which increases the chemical bond
established between phosphate groups and residual
hydroxyapatite crystals on the structure of dentine col-
lagen fibres [28-30]. This chemical bond reduces the
degradation of the hybrid layer and shows greater water
stability than other functional monomers. The different
chemical properties peculiar to the various types of ce-
ment could justify the results obtained.

An analysis of the results for the two root regions
shows that the values obtained are slightly higher for the
third coronal relative to the middle third, but the diffe-
rence is not statistically relevant (p<0.05) (Table 2).
This can be justified by an incomplete polymerization
even if the cement is dual, a lack of photoactivation can
make their self-polymerization only partially efficient,
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