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Resumo

Introducao: A fixacdo de pinos de fibra de vidro é realizada através de um processo adesivo. Falhas podem
ocorrer na adesdo devido a degradacgdo hidrolitica dos adesivos, ou pela degradagao das fibras coldgenas da
camada hibrida por enzimas intrinsecas. Objetivo: Avaliar o efeito do tratamento com clorexidina e
hipoclorito de sédio sobre a resisténcia de unido adesiva a dentina. Material e método: Trinta raizes
bovinas foram distribuidas aleatoriamente em 3 grupos (n=10): a) Controle, b) Clorexidina 2% e
c) Hipoclorito de Sédio 5%. Apods, para a cimentagdo do pino radicular, utilizou-se o cimento resinoso
RelyX® ARC. Cada espécime resultou corpos-de-prova dos trés tercos radiculares, os quais foram
submetidos ao teste de pushout (MPa) nos periodos de 24 horas e 12 meses. Valores de resisténcia de unido
foram analisados pelos testes de Kolmogorov-Smirnov, ANOVA (three-way) e de Tukey. Analisou-se ainda
o modo de fratura do pino, através de estereomicroscopia. Resultado: Nao houve diferencas significativas
entre tratamento no tempo imediato (p=0,0644) ou na interagio dos fatores (p=0,1935). Apds um ano, os
grupos experimentais ndo promoveram diferenga significante na resisténcia de unido em relagdo ao
controle, com exce¢do do ter¢o cervical do grupo clorexidina, onde houve uma perda significativa de adesao.
Quanto ao modo de fratura, houve predominancia do tipo mista em todos os grupos e tercos. Conclusao: O
uso de clorexidina ou hipoclorito ndo promove beneficios ou prejuizos na resisténcia de unido adesiva de
pinos de fibra, mas ha influéncia dos tergos radiculares, sendo a pior resisténcia de unido no terc¢o apical.

Descritores: Cimentacio; pinos dentarios; cimentos de resina; clorexidina; hipoclorito de sédio.

Abstract

Introduction: The attachment of fiberglass posts is achieved through an adhesive process. Failures in
adhesion may occur due to the hydrolytic degradation of the adhesives, or to the degradation of the collagen
fibres of the hybrid layer by intrinsic enzymes. Objective: To evaluate the effect of chlorhexidine and
sodium hypochlorite treatment on bond strength to dentin. Material and method: Thirty bovine roots
were randomly distributed into 3 groups (n=10): a) Control, b) 2% Chlorhexidine, and c¢) 5% Sodium
Hypochlorite. Next, RelyX® ARC resin cement was used to cement the post. Each specimen resulted in
samples from the three root thirds that were submitted to the pushout test (MPa) at 24 hours and
12 months. Bond strength values were analysed using the Kolmogorov-Smirnov, 3-way ANOVA and Tukey
tests. The fracture mode of the pin was also analysed using stereomicroscopy. Result: There were no
significant differences between treatments at the immediate time (p=0.0644) or in the interaction of factors
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(p=0.1935). After one year, the experimental groups showed no significant differences in bond strength in
relation to the control group, with the exception of the cervical third of the chlorohexidine group in which
there was a significant loss of adhesion. As for the fracture mode, there was a predominance of the mixed
type in all groups and thirds. Conclusion: The use of chlorhexidine or hypochlorite provides neither
benefits nor losses in the adhesive bond strength of fiberglass posts. However, there is an influence of the
root thirds, with the worst bond strength in the apical third.

Descriptors: Cementing; dental posts; resin cements; chlorhexidine; sodium hypochlorite.

INTRODUCTION

The adhesion of restorative materials to the dentin substrate is not perfectly stable in the oral
environment. Regardless of the adhesive system used, there is degradation over timel. Adhesive
systems have hydrophilic monomers, which are intended to promote greater compatibility with
the moist substrate that is the dentin2 The more hydrophilic the monomers, the more water
sorption they suffered. This leads to hydrolytic degradation of the resins3. Another factor that
may compromise the adhesive restorations is the degradation of the collagenous fibers in the
hybrid layer, caused by enzymes intrinsic to dentin* The intraradicular attachment of the
fiberglass posts as a retentive resource in endodontically treated teeth, is done through an
adhesive process. The good performance of adhesive systems and resin cements, necessary for
proper anchoring of the post, are fundamental to the success of the technique.

Fiberglass posts are retaining devices, used more and more frequently in clinical practice,
intended to aid in the retention of restorations of extensively damaged teeth. Their good
translucence favors esthetics, in addition to providing high resistance to fatigue and flexion, a
modulus of elasticity similar to the dentin and good biological compatibility. These features favor
its uses.

The hybridization process results from infiltration of the primer into the open spaces and into
the interior of the collagen matrix, exposed by demineralization of the dentin®’. The spaces
between the collagen fibers are wide enough to allow penetration of the monomers present in the
primers. However, the intermolecular spaces in the lateral chains of collagen fibers that should
also be occupied by the monomers are not, as these spaces are smaller than them®. Parallel to the
degradation of the organic matrix of the adhesive materials, these unfilled spaces contribute to
the deterioration of the hybrid layer. The collapse of the collagen matrix, particularly one that is
poorly infiltrated by the monomers, occur due to proteolytic degradation, caused by the action of
intrinsic dentin enzymes called metalloproteinases (MMPs) and cysteine cathepsins (CTs)*.
Exposure of the organic matrix of the dentin by acid etching can also activate these enzymess.
Thus, they are one of the factors responsible for the degradation of the hybrid layer leading to
failures of the adhesive restorationss. Different strategies have been proposed to avoid this
biodegradation, such as the use of MMP inhibitors and the removal of collagen exposed by
demineralization®.

There is strong evidence of the use of chlorohexidine (CHX) to inhibit MMPs and CTs®10. This
inhibition is due to the chelating effect of this substance, which sequesters ions (calcium and zinc)
necessary for the activity of the MMPs8. Meanwhile, its effect on the CTs is due to its high degree
of affinity for the molecule, blocking the catalytic domain of the enzymes and rendering them unfit
for their genolytic activity!1.

The use of sodium hypochlorite (NaOCI) for deproteinization of the demineralized surface of
the dentin, prior to the adhesive, is intended to bypass the difficulty of obtaining maximum
infiltration of the adhesives in the fibrils!2. Thus, the removal of the exposed collagen not only
reduces the sensitivity of the technique but also allows for a more porous surface, similar to that
of the conditioned enamel!3. Another justification is that deproteinization provides wider tags
with lateral ramifications that would provide greater retention of the adhesive415. The NaOCl-

Rev Odontol UNESP. 2019;48:620190020. DOI: https://doi.org/10.1590/1807-2577.02019 2/11



Evaluation of the effect of chlorhexidine and...

treated dentin is rich in exposed hydroxyapatite crystals'® and may result in a more stable
interface over time since it becomes, essentially, minerall?.

In order to reduce intraradicular pin displacement failures and to prolong the longevity of
teeth restored with this apparatus, studies are conducted to investigate the performance of
different dental substrate treatments in order to obtain greater durability and efficacy of the
adhesive interface!8-20, Studies have investigated the action of CHX1921-23 and NaOCl24 on root
dentin, in order to maintain the integrity of the hybrid layer. These have reduced the proteolytic
activity, although they have not shown effective results regarding the strength of the adhesive
bond19.24,

The aim of the present study was to assess the effect of CHX and NaOC], following acid
conditioning of the dentin, on the bond strength (BS), both immediately and after 12 months, on
the adhesive cementing of the fiberglass posts in the three thirds of the root canal. The null
hypotheses tested in the present study are: I) the use of CHX and NaOCl does not affect the bond
strength, immediately and after 12 months, of adhesive cementing of fiberglass posts; and, II) the
root thirds do not affect the bond strength, immediately and after 12 months, of adhesive
cementing of fiberglass posts.

MATERIAL AND METHOD

Experimental Design

The design of the present study was taken from a 3x3x2 factorial experimental design.
The factors of this study are: 1) 3-level treatment: a) control group with acid conditioning,
adhesive and dual cement; b) 2% chlorohexidine, following acid conditioning; c¢) 5% sodium
hypochlorite, following acid conditioning; 2) Root third, in 3 levels: a) Cervical (CT), b) Middle
(MT) and Apical (AT); 3) Time, in 2 periods: a) 24 hours (immediately) and b) 12 months.

The first specimens of each third were stored in an oven at 37°C (Estufa 502, Fanem, Sao Paulo,
SP, Brazil), to be tested after 12 months. The variable tested was adhesive BS, evaluated using a
mechanical test for extrusion (push-out) force (MPa).

Root Selection

To do the bond strength push-out test, 30 roots of the inferior incisors of bovines, slaughtered
for reasons other than research, were donated to the researchers and used.

After cleaning, using periodontal curettes and pumice paste with a Robson brush, the teeth
were selected in such a way as to obtain 30 recently extracted bovine roots. This allowed the
selection of similar units with cylindrical conduits and diameter compatible with the post to be
used. The bovine teeth were kept in a 0.5% Chloramine solution for a maximum of 1 month at 4°C
following extraction.

The coronal portions were discarded after cutting in the region of the cement-enamel junction,
perpendicular along the axis of the tooth, using a hand-held, double-faced diamond disk
(KG#7020, KG Sorensen, Cotia, SP, Brazil) under continuous irrigation. At the end of this section,
a standardized root length of 17mm was obtained and the roots were stored in deionized water
at 4°C.
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Preparation of the Teeth

Preparation of the roots was accomplished using a #45 Kerr endodontic file (Dentsply,
Maillefer, Ballaigues, Switzerland), with a 16mm standardized working distance. The conduits
were irrigated using deionized water, avoiding interference from possible variation factors by
using available oxidizing irrigation materials. These were prepared using Gates Glidden drills,
numbers 1, 2 and 3 consecutively, and then Largo drills, numbers 4, 5 and 6, so that the diameter
of the conduit was standardized. At the end of the preparation, the roots were immersed in
deionized water and submitted to cleaning in an ultrasonic cube for 5 minutes. Then, the conduits
were irrigated using deionized water and dried using absorbent paper cones (Tanari,
Manacapuru, AM, Brazil).

After 24 hours, a smooth, #2 cone-shaped post was cemented into each root. The posts
consisted of fiberglass filaments immersed in an epoxy resin matrix with a metallic stem in the
center of the structure (Exacto, Angelus, Londrina, PR, Brazil).

Distribution of Roots into Groups

The roots were numbered and randomly distributed into 3 groups (n=10), using a computer
program?s, according to the treatments (Figure 1).

]
1

2% CHX 5% NaOCl

—— —— ——
12 months 12 months 12 months
B Cervical B Cervical B Cervical B Cervical B Cervical B Cervical
n=10 n=10 n=10 n=10 n=10 n=10
B Middle |l Middle Jlf Middle |l Middle |l Middle Jl| Middle
n=10 n=10 n=10 n=10 n=10 n=10
B Apical |l Apical |l Apical |l Apical |l Apical |l Apical
n=10 n=10 n=10 n=10 n=10 n=10

Figure 1. Distribution of roots into groups according to treatment and time.

Each specimen provided three samples of each of the three root thirds. One sample of each
third was tested 24h after cementing and another was tested after 12 months; the third sample
obtained from each third was used for further long-term evaluation.

Preparation of the Posts and Conduits for Adhesive Cementing
The fiberglass posts were cleaned using 70% ethyl alcohol and then silanized using silane
Primer (Angelus, Londrina, PR, Brazil), allowing the solvent to evaporate for 1 minute.

The composition of the phosphoric acid, adhesive system and resin cement used is described in
Table 1.
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Table 1. Composition of materials used

Material Manufacturer Composition Classification
. . . Orthophosphoric acid;
37% phosphoric acid Angelus, Londrina, PR, . . L
. . water; thickener and Acid conditioning agent
Fusion-Duralink® BRA .
pigments;
Silica nanoparticle,
BisGMA, HEMA, Conventional
dimethacrylates, ethanol, photopolymerizable
water, an innovative adhesive system
Adper® Single Bond 2 3M ESPE, St Paul, MN, EUA photo-initiating system (condition / washer type),
and a functional single component
polyacrylic and (‘primer’ and adhesive
polyalkenoic acid together)

methacrylate copolymer
Silica-treated with silicon,
dimethacrylate of 2.2-
ethylenedioxyethyl,
RelyX® ARC 3M ESPE, St Paul, MN, EUA  methacrylate of bisphenol Dual resin cement
diglycidyl, ether,
functionalized
dimethacrylate polymer

The following cementing protocol was carried out to cement the posts: following irrigation of
the conduit with deionized water and drying with absorbent paper cones, 37% phosphoric acid
was applied to the interior of the conduit for 15s, followed by irrigation with water for 30s.
Following the acid conditioning, the conduits were dried with an absorbent paper cone. For the
CHX experimental group, 2% chlorhexidine digluconate (Maquira Dental Products, Maringj, PR,
Brazil) was applied for 60s. At the same time, the NaOCl group used 5% sodium hypochlorite,
applied under agitation for 2 minutes. The agitation was performed by manually vibrating a K
#15 file inside the conduit. After applying the pre-treatment to both groups, the conduit was
irrigated using deionized water for 15s, followed by drying with absorbent paper cones.
Manipulation of the cement occurred for 10s, according to manufacturer’s recommendation, on a
glass plate using a # 24 spatula. The spatulated material was then taken to the conduit in excess
using a Centrix® syringe with metal points for endodontic access2¢. Then there was the
installation of the post, removal of excess cement and photoactivation using a Valo® (Ultradent
Product, Inc., Indaiatuba, SP, Brazil) device for 60s.

Obtaining the Specimens

After cementing, the specimens were kept in deionized water at 37°C (Estufa 502, Fanem, Sao
Paulo, SP, Brazil) for 48 hours. Then, the roots were sectioned perpendicular to their long axis
using a diamond disk (Extex Corp., London, England) in a Labcut 1010 (Extec Corp., London,
England) cutting machine. This was performed under constant irrigation, obtaining 9 slices
(samples) of 1+0.2mm thickness. The slices obtained were divided and individually identified
according to the three root thirds (cervical, middle and apical), and these samples were stored in
deionized water at 37°C (Estufa 502, Fanem, Sao Paulo, SP, Brazil) for 24 hours. One sample from
each third was stored in the same oven to be aged for 12 months.
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Adhesive Bond Strength Test (Mechanical Test — Push-out)

The samples were submitted to the mechanical test by push-out force, after 24 hours and
12 months. They were positioned on a stainless-steel, metallic support containing a central
perforation of 2mm diameter. Due to the conical shape of the conduit, the load was applied in the
apical-cervical direction, such that the post was pushed toward the widest portion of the conduit.
The load was applied only to the surface of the post and the cement, without contact with the root
dentin, such that there was no touching of the adhesive interface. Stainless steel tips having
diameters ranging from 1.3mm to 0.8mm were used for this step, according to the diameter of
the conduit in each slice, coupled to the universal testing machine (EMIC DL 2000, EMIC
Equipamentos e Sistemas de Ensaio Ltda, Sdo José dos Pinhais, PR, Brazil). The load cell used was
500 Kgf (50 N), at a speed of 1.0 mm/min.

Conversion of Values

The values obtained from the test were recorded in Kgf and, subsequently, converted to MPa.
The formula used to calculate the bond strength was: a= F/A, where F is the force recorded at the
moment of adhesive rupture (Kgf) and A is the area of the adhesive interface (mm?2)18. Since each
sample had a cone-shaped adhesive area, the thickness of the slice and the diameter of the conduit
were measured on both sides. A digital caliper (Messen Sensor Technology Co, Guangdong China)
was used in this step.

The following formula was used to calculate the adhesive interface area in mm?2: A =t (R2+R1)
[h2 + (R2-R1)2]05, where 1= 3.14; R2= cervical radius of the cemented area; R1= apical radius of
the cemented area; and, h= height of the slicel8.

Fracture Mode Analysis

The failure modes were analyzed in all of the specimens, using digital optical microscopy
(Dino-Lite Premier, Anmo Electronics Corporation, New Taipei City, Taiwan) with 100%
magnification. The failures were classified as: I. Adhesion between the fiberglass post and the
resin cement (without visible cement around the post); II. Mixed with resin cement covering the
surface of the post; I1I. Adhesive between the resin cement and the root canal (post encased in
resin cement); IV. Dentin cohesive.

Statistical Analysis
The data were tabulated and their normality verified using the Kolmogorov-Smirnov test
(p<0.05). The 3x3x2 factorial ANOVA test for subdivided parts (5%) was performed for the

normal and homogenous distribution of the data. In case of statistically significant differences,
the complementary Tukey test (5%) was performed.

RESULT

Bond Strength Analysis
Table 2 summarizes the values of the means and standard deviations relative to the adhesive

BS, immediately and after 12 months. The results show statistical significance for the isolated
factors time and root thirds (p<0.01), in addition to the triple interaction among time x root thirds
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x treatment (p<0.05). The application of the complementary Tukey test showed that the
immediate BS for the control group was equally superior in the cervical and middle thirds
compared to the apical third.

Table 2. Means and standard deviations (SD) of adhesive bond strength (MPa), immediately and after 12
months, for the three factors studied

Time Treatment Cervical Third Middle Third Apical Third

N m® Control 11.32 (4.79) abA 9.29 (5.48) aA 3.36(3.31) aB
S

§ 3 Chlorhexidine 16.62 (6.43) aA 9.23 (5.55) aB 4.15 (3.38) aC

& =

< Sodium hypochlorite 15.42 (3.86) aA 9.234 (4.72) aB 7.45 (5.12) aB

o é Control 10.99 (5.08) abA 4.11 (2.43) aB 3.25(3.15) aB

E 3 Chlorhexidin 9.01 (5.74) bA 5.70 (2.84) aAB 3.26 (3.03) aB

< E Sodium hypochlorite 12.10 (5.43) abA 7.75 (4.58) aA 2.05(1.71) aB

Different lower-case letters in columns and upper-case in rows indicate statistically significant differences (p<0.05).

After 24 hours, there was no statistically significant difference for the treatment factor.
However, significant values were found for the root thirds variable. For the control group,
although the values between the CT and MT were equal, they differed from the AT which
presented the lowest values. For the group treated with CHX and tested immediately, all the thirds
showed statistically significant differences: the highest values of BS were in the CT, followed by
the MT; and the lowest values were in the AT. Regarding the group treated with NaOCl, during the
same period, the results of the present study showed that the BS in the CT was statistically higher
in relation to the MT and the AT, that did not differ from each other.

After 12 months of aging, there was a change in the BS in all treatments as well as in the root
thirds. For the control group, a greater BS was found in the CT than in the MT and AT, which did
not differ from each other. During the same period, the CHX group (9.01 MPa) and the NaOCl
group (12.10 MPa) showed no significant difference in the BS in relation to the control group
(10.98 * 5.08). However, in the CT, the first group showed a significant reduction in BS, such as
occurred in the second group, although on the AT.

Fracture Pattern Analysis

The fracture pattern in the present study was mainly of the mixed type, in all groups and in all
thirds. This was followed by the presence of fracture at the cement and dentin interface, except

for the CT in the CHX group (Figure 2). No cohesive type fracture was found in the dentin in any
of the groups analyzed.
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Figure 2. Predominance of fracture patterns.
DISCUSSION

The null hypothesis, regarding the factor treatment with CHX and NaOCl, was partially rejected
because the data obtained show that the treatment factor showed no statistically significant
differences (p=0.0644). The treatments with CHX and NaOC(], in the short term, neither improved
nor negatively affected the adhesive BS of the posts. This is probably due to the fact that the
reduced proteolytic activity of the MMPs and the CTs has been seen in the increase of the adhesive
BS in medium-/long-term studies. This improvement, however, cannot be detected easily in the
immediate results, especially in the root canals?®.

In the present study, no improvement in the BS was found for the groups treated with NaOCl,
which is similar to the findings by Saraiva et al.2? and Lindblad et al.2%. Those studies also found
no improvement in the results of adhesive BS in root canals. The first authors, however, used
NaOCl prior to acid conditioning of the dentin, differing from the present study. In the study by
Martinho et al.?4, deproteinization reduced the adhesive BS and the authors claim that removal of
the collagen network would influence the adhesion negatively, which was not verified in the
present study.

Wang et al.1? found, using the push-out test, that there was no immediate BS improvement in
the samples treated with 2% chlorhexidine after acid conditioning. However, there was
improvement when the chlorhexidine was applied after the self-conditioning primer. This fact
suggests that the HEMA monomers, present in the self-conditioning adhesives, may also inhibit
collagen breakdown, probably through absorption by the MMPs, facilitating and prolonging the
inhibitory effect of the CHX8.

Carrilho et al.19, in an in vitro experiment of adhesion on coronal dentin, used CHX after acid
conditioning. Their microtensile test showed no increase in immediate BS. However, after
6 months of storage, it was found that CHX promoted approximately 23.4% greater BS than in the
control group.

The second hypothesis, regarding the root thirds, was rejected because there was statistical
difference for the thirds factors in both periods, immediately and after 12 months. The best
results for BS, in the control groups in both periods, and immediate CHX and NaOCl, were in the
cervical third. This result may be explained by the fact that it is more difficult to carry cement to
the apical region and by the lower incidence of light, in addition to the irregular disposition of the
dentinal tubes in the regionl®. These data corroborate the study by Wang et al.?? in which the
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efficacy of CHX on adhesive BS was more evident in the coronal dentin. The data disagree with
Collares et al.22 who found stronger results for adhesive BS in root canals, compared to the
coronal dentin, following treatment with CHX.

In the present study, after 12 months of storage, there was a reduction of BS in all groups, and
it was greater in the group treated with CHX. Studies have shown that the application of 2%
chlorhexidine to the dentin results in the formation of chlorine precipitates?’. These precipitates
are products of the reaction between CHX and phosphate ions present in dentin hydroxyapatite
which slowly precipitate out of the solution?8. The presence of these chlorine salts on the dentin
wall would reduce the close contact and penetration of the adhesive system and of the cementing
agent with the root surface??. The reducton of the BS may also be explained by the action of the
CHX, temporarily inhibiting the action of the enzymes. However, after 12 months of storage, its
function may have been eliminated, permiting degradation of the collagen fibers of the hybrid
layer, thus reducing the adhesive strength?1.

Contrary to the results found in the present study, Mendes et al.3° showed predominance of
adhesive fracture between cement and post. According to their methodology, however, the posts
were previously cleaned with phosphoric acid. The prevalence of adhesive fracture may still be
attributed to various factors such as dentin, debris remaining on the canal walls after
instrumentation and the lack of additional surface treatment during cementing31.

The use of adhesive materials is more challenging in root canals. The high C factor, the lower
light penetration and lower degree of polymer conversion, reduce the adhesive BS when
compared to the coronal portion. Therefore, it is important that more studies be conducted in
order to advance adhesive procedures in this substrate, reducing the risk of short- and long-term
failurez3.

CONCLUSION

In the cervical third, the immediate effect of chlorhexidine and NaOCl was greater. However,
they did not differ significantly from the control and, compared to the end (12 months), it was the
chlorhexidine group that presented the lowest cervical value. Considering the limitations and the
parameters of the present study, it may be concluded that, at the initial moment, the use of CHX
or NaOCl does not provide benefits or damages to adhesive bond strength in the adhesive
cementing of fiberglass posts. However, they do influence the root thirds, and the results of the
present study show a superiority of the bond strength of the cervical third in relation to the
others, regardless of time and/or treatment.
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