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ABSTRACT

The purpose of this study is to verify the influence of light curing type on retention force of direct technique and direct-
indirect technique.Forty bovine single root teeth with 12mm length were used in this study. Roots were endodontically
treated and randomly divided into four groups according to the light curing unit and the technique used: group HD (direct
technique, halogen lamp), group LD (direct technique, LED), group HI (direct-indirect technique, halogen lamp), group
LI (direct-indirect technique, LED). Retention force was determined using a Universal Testing Machine (Instron). All data
were analyzed using one-way analysis of variance (ANOVA) and Tukey’s test. After the test, failure was examined and
classified according to the fracture place: post/ resin; resin/dentin; mix. Group HI (246.05N + 29.51) and LI (241.60N +
28.95) did not show difference statistically but presented higher retention force than group HD (142.30N =+ 25.60) and
LD (178.56N + 25.67). Most of fracture occurred in interface between dentin/resin. Based on the obtained results, it was

concluded that adhesive cementation technique influenced in the retention of glass fiber post.
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INTRODUCTION

In the case of crown restoration of endodontically
treated teeth, a core buildup is necessary in the
remaining tooth structure. Restoration is supported
by a cast or prefabricated post and core system [1].
Metal posts are too strong and rigid in the tooth,
resulting in root fracture. This problem is caused by
a difference in elastic modulus between dentin and
post [2].

The introduction of fiber post systems has provided
a new option for restoration of endodontically treated
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teeth. These posts are composed of unidirectional
carbon or glass fibers embedded in a resin matrix [3].
They have two important characteristics; namely their
elastic modulus is similar to that of dentin, and their
neutral color is an esthetic quality. These properties
make them good alternatives to replace metal posts
[4,5].

To build up fiber post in the root canal, resin
materials have been used until now. Resin cement and
post resin undergo polymerization shrinkage. As a
result, a gap forms between dentin and resin material,
and this may reduce post restoration retention. Three
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principal techniques are used to fabricate FRC (fiber-
reinforced composite) post-and-cores: direct, direct-
indirect, and indirect techniques. Which of these
systems results in the best retention force of a FRC
post in a root canal has not yet been systematically
demonstrated.

Over the last few years, the light polymerization
technique has advanced with the introduction
of halogen lamp and LED light polymerizing
appliances. The latter has presented inferior results
asregards surface microhardness and polymerization
depth when compared with those of the halogen
lamp light polymerizer units. [6,7]. Nevertheless,
LED has increasingly been used by dentists, as it
presents advantages such as low heat production,
compact size and longer useful life than the halogen
lamp [8].

The aim of this study was to verify LED influence
on retention strength of intraradicular posts, both in
the direct and direct-indirect techniques.

MATERIAL AN METHOD
Root Preparation

Intact bovine incisors and canine were cleaned
and stored in water at 4 °C. The crowns of the teeth
were sectioned below cement enamel junction using a
diamond disk with water coolant and low-speed hand
piece. The cut was made perpendicular to the long
axis of the tooth. Forty root canals up to 2.0 mm in
diameter were selected.

The roots were endodontically instrumented with
#35 file at a length of 1 mm short of the apex. After
this, the prepared root canal was filled with gutta
percha. A #2 Peeso Reamer was used to remove 7
mm of gutta-percha. The canal was irrigated with
distilled water and dried with paper points. Roots
were fixed with self-polymerizing resin (Acrylic
Resin, Jet Classico, Brazil) in an acrylic pipe (17mm
in diameter, 30 mm high). They were centered in the
acrylic pipe and 2 mm of cervical area were kept
uncovered.

FibreKor® post (Jeneric/Pentron Inc., USA),
namely FK post, which was 1.25 mm in diameter was
used in this study. The posts were cemented in the
endodontically treated roots with resin cement (3M
ESPE RelyX CRA, 3M, Brasil) by direct or direct-
indirect technique. They were light polymerized
using a halogen lamp or LED. Table 4.1 lists four
combination of fabrication technique and light curing
unit (n=10).
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TaBLE 1 - GROUPS WERE DIVIDED ACCORDING
TO THE METHOD AND THE LIGHT POLYMERIZING
APPLIANCE USED. THE ENDODONTICALLY TREATED
TEETH WERE RANDOMLY DIVIDED INTO 4 GROUPS
wiTH 10 SAMPLES EACH

Groups (n=10) Light Curing Unit Technique
HD Halogen direct
LD Led direct
HI Halogen direct-indirect
LI Led direct-indirect
Group HD

Root canal walls were etched with 37% phosphoric
acid for 15s and washed with water according to
manufacturer’s instruction.  Excess water was
removed with paper points, leaving the root canal
moist. An activator was applied to the root canal
using a microbrush. Next, primer was applied and
a catalyst (AdperTM Scotchbond Multi-Purpose
Plus, 3M ESPE, Brasil ). The same quantity of dual
polymerization type resin cement base and catalyst
(RelyX CRA, 3M, Brasil) were mixed on a paper
pad and delivered into the root canal with a lentulo
spiral using a low-speed handpiece. FK post was then
placed in the root canal with finger pressure. Excess
resin cement was removed, and cement was light-
polymerized with a halogen lamp (Astralis 10, Ivoclar
Vivadent, Brazil, 1200 mW/cm?, 400 - 510 nm) for
40s.

Group LD

The procedure was the same as used in group
HD, but a LED light curing unit (Radii, SDI, Brazil,
1200mW/cm?, 440 nm — 480 nm) was used to light
polymerize the resin material.

Group HI

A gel hydrosolubilit agent was applied to root
canal walls. The same quantity of resin cement base
and catalyst (RelyX CRA, 3M, Brazil) were mixed on
a paper pad and delivered into the root canal with a
lentulo spiral. The FK post was then placed in the root
canal with finger pressure and light-polymerized for
10s. After this, pre-light polymerized post-and-core
wasremoved from the root canal and light-polymerized
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a second time for 30s. Root canal walls were etched
with 37% phosphoric acid for 15s and washed with
water according to manufacturer’s instruction. Excess
water was removed with paper points, leaving the
root canal moist. An activator was applied to the root
canal using a microbrush. Next, primer was applied
and a catalyst (AdperTM Scothbond Multi-Purpose
Plus, 3M ESPE, Brasil ). The same quantity of dual
polymerizing type resin cement base and catalyst
(RelyX CRA, 3M, Brasil) were mixed on a paper pad
and delivered into the root canal with a lentulo spiral
using a low-speed handpiece. The FK post was then
placed in the root canal with finger pressure. Excess
resin cement was removed, and the cement was light
polymerized with a halogen lamp (Astralis 10, Ivoclar
Vivadent, Brazil, 1200 mW/cm?, 400 - 510 nm) for
40s.

Group LI

The procedure was the same as used in Group
3, but a LED light curing unit (Radii, SDI, Brazil,
1200mW/cm?, 440 nm — 480 nm) was used to light
polymerize the resin material.

Bond Strength Evaluation

After sample preparation, a mini acrylic pipe
was fixed onto the coronal section of the post using
a light polymerized resin. Specimens were mounted
on an acrylic pipe with a self-polymerizng resin and
stored in a 100% humidity medium (37 °C) for 24
h. Retention force was determined using a universal
testing machine (Mini Instron 4442, Canton, MA,
USA) at a crosshead speed of 0.5mm/min. The load
cell was set at 500 N.

After the tensile test, fracture sites were observed
with a microscope (Olympus, SZ-PT, Japan) and
classified as resin/dentin, resin/post or mixed fractures
(both of them)

STATISTICAL ANALYSIS

All data were statistically analyzed using analysis
of variance (ANOVA) supplemented with Tukey’s
test at significance level of p<0.05
REesuLTs

Table 2 lists retention forces of post-and-cores.
The values for the direct-indirect technique were

higher than those of the direct technique. In the direct
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technique groups (HD, LD), LED presented a higher
retention force than the halogen lamp.

TABLE 2 - RETENTION FORCES OF POSTS AND CORES

Gowp | Memy | S
HD 142,30 (+25,60)°
LD 178,56 (£25,67)°
HI 246,05 (+29,51)°
LI 241,60 (+28,95)°

Different Letters (a,b,c,d) indicate statistical differences
among the groups based on Tukey’s test

Figures 1 and 2 show typical photographs
of the fracture sites: (a) Post/Resin indicates
an interface between post and resin cement; (b)
Resin/Dentin indicates an interface between resin
cement and dentin; and (c¢) Mixed indicates both
Resin/Dentin and Post/Resin fractures. Table 3
lists fracture sites classification in each group.
In all groups, the fractures occurred mainly at
the Post/Resin interface (80%, 100% , 90% e
100% respectively). Other fractures occurred in
mixture mode (resin/post fractures occurred only
in the apical third).

TaBLE 3 - FRACTURE CLASSIFICATION AFTER THE
RETENTION TEST

Group Resin/Dentin Dowel/Resin Mix
HD 8 0 2
LD 10 0 0
HI 9 0 1

LI 10 0 0

Figure 1 - Failure occurred at the resin/dentin interface.
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Figure 2 — Mixed failure (resin/dentin and resin/dowel)

DiscussioN

Prefabricatedglassfiberpostshavebeenincreasingly
used in the fabrication of cores for endodontically
treated teeth. This is because its modulus of elasticity
is close to that of dentin, in addition to a favorable
esthetic factor [4,5]. Manufacturer recommends two
core fabrication methods: the direct and the direct-
indirect techniques. Moreover, it is still not clear
which light polymerizing appliance (Halogen lamp
or LED) would be most favorable for cementation
of fiber post systems. In this study, the influence of
core fabrication technique and light polymerization
appliance on the retention of prefabricated posts was
evaluated. Two samples from HD and one from LD
presented fracture between resinous material and post
at the apex of the core, leaving a material remainder
inside the canal. This indicated that the failure was
a combination of adhesive and cohesive failure
between post and resin. One could say, therefore, that
the bond between post and resin was not satisfactory,
or the polymerization depth was insufficient. In a
study conducted a by Mallmann et al. [9], this type
of failure occurred with the use of chemical adhesive
Scotch Bond Multi Purpose (3M ESPE, Brazil), as
the bond between cement and dentin was stronger
than that between post and cement. This cannot be
considered a reference, as it is believed that the bond
of post and cement is stronger than that of cement and
dentin. This may have occurred due to high chemical
compatibility of the adhesive Scotch Bond Multi
Purpose with the resinous cement Rely X. In another
study on post retention, Schmage et al. [10], also
obtained some results in which the fracture occurred
at the post/cement interface. According to the author,
this occurred due to a high bond strength obtained
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by dual adhesive to dentin, which would make post/
cement interface fracture first. To Sadek et al. [11], the
bond between post and resin is generally stronger than
that of resin to dentin due to mechanical interlocking
and chemical bond that occurs between them.
Polymerization depth is related to light intensity,
exposure time as well as the resin shade inadequate
resin polymerization may result in a low degree of
polymerization in the apical third of the core, and this
could result in a cohesive failure of the resin in this
region [12,13]. In other words, the core fabricated
by the direct method may have fractured in resinous
cement region due to insufficient light intensity
during its polymerization. Moreover, the composition
of the resinous cement and the polymerization
method may affect its polymerization shrinkage.
Although a resinous cement containing a low quantity
of load has a diminished viscosity, which facilitates
clinical procedure and improves its adaptation to the
post, it has greater polymerization shrinkage than a
cement containing a high quantity of load [11,14].
Consequently, it would have lower retention strength.

Inall groups (HD halogen direct, LD LED direct, HI
halogen direct-indirect, LI LED direct- indirect), the
majority of the fractures, 80%,100%, 90% and 100%
respectively, occurred at the resin/dentin interface. In
another study [15], the bond between post/cement and
cement/dentin interfaces was separately evaluated,
and it was demonstrated that the bond between post
and cement is stronger than the bond between cement
and dentin. Many studies have demonstrated that the
bond with adhesive system to root dentin is complex
due to the difficulty of light polymerization inside the
canal [9,16,17] and the high C factor [9,12,17-19].
Polymerization shrinkage causes a stress in the resin/
dentin interface resulting in the weakening of the
bond interface and gap formation [10,11]. To some
authors [9,17], in spite of the advancement in bonding
to dental structure, a study must be conducted to
minimize polymerization shrinkage in the resinous
material.

Taking into consideration resin polymerization
shrinkage, one could also explain the difference in
the retention strength between the two methods.
In the direct-indirect method a higher retention
strength was obtained than in the direct method; that
is, Group HI presented a higher retention strength
than Group HD, and Group LI higher than Group
LD. This difference occurred because direct-indirect
method presents better adaptation of the core to the
root canal [20,21]. In this method, a greater part of
the resin polymerization shrinkage occurs outside
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the root canal, and when the core is re-inserted in
the canal, the bond with resinous cement occurs only
between core and dentin. On the other hand, in direct
method, polymerization shrinkage occurs inside the
root canal, thus there is a thinner layer of resinous
cement in the direct-indirect method. Therefore, the
presence of microporosity is diminished and there
is less polymerization shrinkage [22]. Some authors
[23,24] have observed a formation of bubbles when
they used resinous cement as filling material. The
bubbles may result in fracture points that propagate
and could cause the post to fracture. In direct-indirect
method, errors that occur during the procedure could
be corrected by resinous cement. The difference in
retention between the 2 methods could be attributed
to a lower amount of polymerization shrinkage and
less presence of bubbles in resinous cement in direct-
indirect method [16,17].

Statistically significant difference was verified
among Groups 1,2,3; but not between Groups 3
and 4. This means that there was an influence of
the type of lamp used. This can be explained by
the fact that LED light presents a higher power
(1200mW/cm?) than Halogen lamp (1200mW/cm? ),
therefore, polymerization depth of filling material is
greater with LED. The exposure time to light and
its intensity determine mechanical properties of the
resin composite. The light goes through it, being
absorbed and dispersed, attenuating and reducing the
effect of the light on resin polymerization [13,25,26].
The efficacy of light depends on total energy; that
is, intensity and time are important factors. For
adequate polymerization in a short space of time,
high light intensity is necessary. High light intensity
results in a high polymerization shrinkage stress
at the restoration interface, capable of generating
microleakage [13,27-29]. Another important factor
is the degree of resin hardness. Surface hardness is
greater than that of the deeper region. This occurs
due to the fact that polymerization depth is directly
related to resin thickness, and that is influenced by
light intensity and exposure time [13,30,31]. The light
intensity determines the degree of resin hardness;
that is, a low light intensity will result in a material
with a lower degree of hardness [13]. Moreover, the
wavelength of the Halogen light appliance, Astralis,
ranges between 400 - 510 nm, differing from Radii
LED appliance, which has narrower range of light
spectrum (440 nm — 480 nm), closer to sensitive
peak of the photoinitiator Camphoroquinone, that is
465 nm [8,12].

In direct method, this difference in power had
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an effect on posts retention, but in the direct-indirect
method, this factor was not relevant, since material
polymerization occurs outside the root, and therefore
does not depend on polymerization depth. Thereby
similarity in the results of Groups 3 and 4 can be
explained.

A study conducted by Oto et al. [32] verified
that, even in dual resinous material, mechanical
properties are better in the coronal regions than in
the apical portions of roots. This is due to a reduction
in light energy as the region becomes deeper, which
may result in a reduction in the bond strength of the
region.

Some studies have reported that mechanical
properties and dentin structure vary according to
the region. In the cervical third of the root there is
a larger quantity of dentinal tubules than there is in
the apical region, and tubule diameters diminish as
they approach the apical region [33,34,17]. Studies
conducted by Foxton et al. [35] and Mallmann
et al. [36] affirmed that the bond in cervical and
middle thirds is stronger than it is in apical third.
Nevertheless, to some authors [37,38], mechanical
strength does not vary according to the root dentin
region, and in the case of self-etching adhesives, the
bond strength is not influenced by the depth of dentin
or by the density of the number of tubules. Thus, one
could say that the most important factor for bonding
to root dentin would be the mechanical properties
of the bonding agent, which could improve with
adequate polymerization [37,39].

In a study carried out by Aksormuang et al.
[37], who used a self-etching adhesive to evaluate
the bond of glass fiber posts with various exposure
times to light from a photopolymerizing appliance,
it was verified that with an increase in light
polymerization time they achieved a bond in the
apical region without significant difference from
that in the coronal region.

Statistical differences were significant among the
groups of this study. Therefore, technique used is of
extreme importance in the retention of glass fiber
posts.

CONCLUSION

Based on the results obtained with the
methodology used, it was concluded that adhesive
cementation technique and light curing unit have
an influence on glass fiber posts retention, and
the best results were obtained with direct-indirect
technique and LED.
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REsumo

O objetivo deste estudo foi avaliar a influéncia do tipo de luz sobre for¢a de adesdo de pinos feitos pela técnica direta
ou indireta. Quarenta dentes bovinos unirradiculares com 12 milimetros de comprimento foram utilizadas neste estudo.
As raizes foram tratadas endodonticamente e divididas aleatoriamente em quatro grupos de acordo com a unidade de
fotoativagdo e técnica utilizada: grupo 1 (técnica direta, lampada haldgena), grupo 2 (técnica direta, LED), grupo 3
(técnica direta indireta, lampada halogena ), grupo 4 (técnica direta indireta, LED). A forga de retengdo foi determinada
utilizando-se uma maquina universal de ensaios (Instron). Todos os dados foram analisados pela analise de variancia
(ANOVA) e teste de Tukey. Apos o teste, as falhas foram analisadas e classificadas de acordo com o local de fratura: pino
/ resina; resina / dentina ou mista. Os Grupos 3 (246,05 N £ 29,51) e 4 (241,60 N =+ 28,95) ndo apresentaram diferengas
estatisticas entre si, mas apresentou maior for¢a de retengdo que os grupos 1 (142,30 N £ 25, 60) ¢ 2 (178,56 = 25,67 N).
A maioria das fraturas ocorreu na interface entre a dentina / resina. Com base nos resultados obtidos, concluiu-se que a

técnica de cimentagdo adesiva influenciou na reteng¢do dos pinos de fibra de vidro.

PALAVRAS-CHAVE:

Pino de fibra; forga de retengdo; método direto; método direto-indireto; 1ampada haldégena; LED.
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