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Abstract

The aim of this research is to evaluate bond strength between translucent fibre
posts (White Post DC, FGM or FRC Postec Plus, Ivoclar/Vivadent) and
intraradicular dentin at three different levels (cervical, middle and apical) using
a dual-cure (AllCem, FGM) or self-curing (Multilink, Ivoclar/Vivadent) resin
cement. Also, the fracture type after push-out test was analysed under SEM.
Thirty-two extracted single-root teeth were selected. After undergoing endo-
dontic therapy, they were randomly divided into four groups according to their
post type and resin cement. Root canals were etched using 37% phosphoric
acid, and Excite DSC adhesive (Ivoclar/Vivadent) was applied in all groups. The
root was sectioned to obtain nine 1-mm-thick slices (three per third: coronal,
middle, apical). All slices were subjected to push-out tests. Data were analysed
using two-way ANOVA. The mean bond strengths vary from 6.6 (4.6) MPa
[apical] to 11.9 (5.9) MPa [cervical]. There were no significant differences
between groups. Pearson c2-test revealed significant differences in fracture
types for all groups (P < 0.0001). The apical third had the lowest bond
strengths and it was also shown to be the most critical region for luting fibre
posts.

Introduction

The trend of replacing metallic materials with tooth-
coloured products has influenced the development of
prefabricated posts. Additionally, fibre posts have a flex-
ural modulus similar to that of dentin, thereby reducing
the risk of root fractures (1). Because of their good clinical
performance (2) and user-friendly characteristics, the
fibre-reinforced prefabricated posts have become the cli-
nicians’ preference for restoring endodontically treated
teeth (3), when it is necessary to obtain additional reten-
tion as a result of the lack of coronal structure.

As important as the strength of these fibre post systems
is for the effective strength of the intraradicular dentin
bonding, there are a number of adhesive systems that can
be used along with several resin cements (4). This freedom
of choice is advantageous for the clinician, but a lack of
knowledge regarding the materials can cause problems,
such as an incompatibility between the adhesive system
and the resin cement or incomplete polymerisation of

these materials along the whole extension of the root
canal.

Therefore, the aim of this research is: (i) to evaluate the
push-out bond strength between translucent fibre posts
and intraradicular dentin at three different levels (cervi-
cal, middle and apical) using a dual-cure or self-curing
resin cement; and (ii) analyse the fracture type under
SEM.

Materials and methods

Teeth selection

The sample teeth were donated by volunteers, after the
recommendations of the Ethics Committee. Fifty-four
permanent single-rooted teeth with similar diameters and
lengths were collected, identified by numbers, radio-
graphed and stored in water at room temperature. Exclu-
sion criteria for teeth were as follows: root samples less
than 14 mm (�1 mm) in length, the presence of cracks,
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caries cavities or atypical/elliptic canals. After the teeth
selection step, only 32 teeth were selected.

Endodontic treatment

The anatomic crowns were initially sectioned, and all
teeth were endodontically treated. Manual instrumenta-
tion was performed, using #70 K-files (K File, Dentsply/
Maillefer, Swiss) and #2 Gates Glidden drills. The canal
was irrigated using 2.5% sodium hypochlorite solution
between each filing, and canals were obturated using
lateral condensation technique with gutta-percha points
and zinc oxide-eugenol cement. After the endodontic
treatment was concluded, the teeth were radiographed to
assess the obturation. The teeth were randomly divided
into four groups (n = 8).

Preparation of post space

One week after the canal obturation, gutta-percha was
removed using #1 Largo drills, which were previously
calibrated to 13 mm, preserving 1 mm of obturation at
the apical third for maximum preservation of the teeth.
Root canal preparation was performed using sequential
drills provided by the post manufacturer. Posts #1 were
selected for both post systems. After the post space prepa-
ration, the posts were checked for fitting and length con-
firmation. None of the posts was sectioned at this stage.
The post surfaces were treated with 37% phosphoric acid

for 60 s and then thoroughly rinsed with water. A silane
agent was then applied for 1 min and the samples were
dried in an air stream.

Root canal surfaces were rinsed with water, using
endodontic aspirators, and dried with paper points,
before and after etching with 37% phosphoric acid
(Condac 37, FGM, Brazil) for 15 s. The adhesive system
was then applied (Excite DSC Single Dose, Ivoclar Viva-
dent) to intraradicular dentin and scrubbed for 10 s. A
paper point was coated with the adhesive and gently
introduced into the canal to assure the presence of
adhesive along the entire extension of the root canal.
Excess adhesive was removed with dry paper points.
The batch numbers, manufacturers, features, and com-
position of adhesive system, resin cements, and fibre
post systems used in this research are summarised in
Table 1.

The post cementation was then performed as follows:
Group 1 – White Post DC fibre post (FGM) + AllCem

resin cement (FGM): the dual-cure resin cement
(AllCem, FGM) was mixed using the automixture tip
provided by the manufacturer. It was then placed at the
entry of the root canal, and the cement was dispensed
inside the canal. A thin layer of cement was applied to the
post surface (White Post DC, FGM), which was placed
inside the canal with a clockwise circular movement.
Excess cement was removed using brushes, and the
cement was light-cured for 40 s on the cervical aspect
(Celalux light-curing unit, Voco, Germany) with an

Table 1 Information on batch numbers, manufacturers, features, and composition of adhesive system, resin cements, and fibre post systems used in this

research

Material Manufacturer Features Composition

White Post DC

Batch 101007

FGM, Joinville, Brazil Conical, translucent, radiopaque glass-fibre

post, size DC#1

Largest diameter 1.6 mm

Smallest diameter 0.85 mm

Glass-fibre (80%), epoxy resin (20%), silane, inorganic filler,

polymerisation initiators

FRC Postec Plus

Batch K13203

Ivoclar Vivadent, Schaan,

Liechtenstein

Conical, translucent, radiopaque glass-fibre

post, size #1

Largest diameter 1.45 mm

Smallest diameter 0.8 mm

Glass-fibre, aromatic and aliphatic dimethacrylates,

ytterbium trifluoride, inorganic fillers, initiators and

stabilisers

Excite DSC

Batch J21535

Ivoclar Vivadent, Schaan,

Liechtenstein

Single-dose, monocomponent, dual-cure

adhesive system. Activated by initiators in

the applicator

HEMA, dimethacrylates, phosphonic acid acrylate,

silicon dioxide, initiators, stabilisers, alcohol. The

applicator tip is coated with initiators.

All Cem

Batch 270907

FGM Joinville, Brazil Dual-cure resin cement Bis-GMA, Bis-EMA, TEGDMA co-initiators, initiators

(camphorquinone, dibenzoyl peroxide), stabilisers.

Barium-aluminum-silicate glass microfillers and silicon

dioxide nanofillers. 68% wt. inorganic fillers

Multilink

Lote K06826

Ivoclar Vivadent, Schaan,

Liechtenstein

Self-curing resin cement Bis-EMA etoxylate, UDMA, Bis-GMA, HEMA, barium

glass, yterbium trifluoride, mixed spheroidal oxides,

water, phosphonic acid acrylate, modified polyacrilic

acid. 39.7% vol inorganic filler
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800 mW cm-2 light output (LED Radiometer, Demetron
Research Corporation, Middleton, WI, USA).

Group 2 – FRC Postec Plus fibre post (Ivoclar
Vivadent) + AllCem resin cement (FGM): the procedure
was the same as that of Group 1, except for the post
system.

Group 3 – White Post DC fibre post (FGM) + Multilink
self-curing resin cement (Ivoclar Vivadent): the self-curing
resin cement was dispensed using the double-syringe pro-
vided by the manufacturer (Multilink, Ivoclar Vivadent) in
a 1:1 base/catalyst ratio, in a mixing pad. A thin layer of
mixed cement was applied to the post surface (White Post
DC, FGM), which was inserted inside the root canal with
a clockwise circular movement. Excess cement was
removed using brushes, and the dual-cure adhesive
system was light-cured for 40 s on the cervical aspect
(Celalux light-curing unit, Voco, Germany) with an
800 mW cm-2 light output (LED Radiometer, Demetron
Research Corporation, Middleton, WI, USA).

Group 4 – FRC Postec Plus fibre post (Ivoclar
Vivadent) + Multilink self-curing resin cement (Ivoclar
Vivadent): the procedure was the same as that of Group
3, except for the post system.

After the cementation of the posts, all teeth were stored
at 37°C in distilled water for 30 days before sectioning.

Preparation of shear bond strength
(push-out) specimens

The specimens were embedded in acrylic resin blocks,
maintaining the post axis parallel to the block surface
with the aid of a ruler. The blocks were placed in a
slow-speed saw (Isomet 1000, Buehler, KS, USA), and a
diamond disk was used to perform serial cuts perpendicu-
lar to the long axis of the tooth (South Bay Technology,
San Clemente, CA, USA). The procedure was done under
water-cooling, obtaining slices of 1.0 mm thickness. The
first cut gave the specimens a regular surface, and the first
slice was discarded. Nine slices were obtained per tooth
(three slices from the cervical third of the post, i.e. 1 mm
below the cement–enamel junction; three from the
middle third of the post, and three from the apical third of
the post. After the sectioning process, specimens were
identified by numbers and each slice was individually
stored with the coronal aspect marked with a pen and
then arranged according to the root level. After the sec-
tioning of the roots, the slices were visually inspected for
the presence of gutta-percha, before the push-out test. If
the presence of gutta-percha was noted, the slices were
immediately discarded (10 slices of the cervical third).

The specimens were placed in a cylindrical, hollow,
metal device specially designed for the test. The hollow
diameter of the device was 2.5 mm, and the device was

attached to the base of a Universal Testing Machine
(Instron, Model 4444, Instron, Canton, MA, USA). The
coronal aspect of each slice was placed to allow post
extrusion, taking into consideration the post and root
canal conicity. A metal rod with a 1.0 mm diameter tip
was attached to the upper arm of the Universal Testing
Machine, making contact with the centre of the post.
The test was performed using a cross-head speed of
0.5 mm min-1, until the posts were dislodged. A metal rod
with a 0.65-mm-diameter paper point was used after the
fifth slice, because of the lower diameter of the post in
these regions.

After the extrusion test, the load required to dislodge
the post was recorded in Newtons (N) and converted into
kilograms/force (kgf).

The following formula was used to calculate the bond
strength in MPa:

kgf

Area in mm

×
( )

9 80
2

.

A

A, is the Area of adhesive surface, according to the
formula:

Cylindrical portion = × × ×( )π h R2

Conical portion = × × +π h R r( )

The thickness of all slices was measured using a digital
electronic caliper (727, Starrett, Athol, MA, USA). First,
the height of each slice was obtained (h). The remaining
posts were then measured in each tooth, and the value
obtained was subtracted from the total length of an intact
post. The resulting length was then divided according to
the height of each of the nine slices, taking into the
consideration the kerf loss (0.3 mm), obtaining the
largest diameter (R) and the smallest diameter (r), for
the conical areas.

All slices and extruded posts were stored again
accordingly.

The results were analysed using a two-way ANOVA

(resin cement and post system). Scheffé’s test was per-
formed for individual comparisons.

Analysis of fracture patterns

For the analysis of fracture type, each slice was sectioned
into two halves to expose the intaglio surface of the
radicular dentin. Next, all slices and the respective posts
were mounted in stubs. Before SEM analysis, a visual
inspection was made using a lens (4¥ magnification)
under excellent lighting conditions. Slices with remnants
of zinc oxide-eugenol cement or gutta-percha were dis-
carded (35 and 21 respectively).
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The specimens were kept dry for 24 h, and sputter-
coated with gold (Bal-Tec, Balzers, Liechtenstein) for
visualisation under SEM (Philips XL, Philips Electric
Corp., Eindhoven, The Netherlands). Magnifications of
45¥ to 85¥ were used in the photomicrography of the
sectioned slice and post’s concave areas. In cases in which
the surface analysis was unclear, higher magnifications
were used and a chemical analysis of the surface was
performed using an EDS probe.

The fracture types were classified into eight categories
(modified from Perdigão et al.) (5): A. Adhesive between
post and cement (without resin cement around the post);
B. Mixed, up to 50% of the post covered by cement; C.
Mixed, with 50–99% of the post covered by cement; D.
Adhesive between the adhesive system and the root
dentin; E. Cohesive in dentin; F. Adhesive between
cement and adhesive system (100% of post covered by
the cement); G. Cohesive in post; and H. Cohesive in
cement.

The frequency distribution of fracture type categories
between the four groups tested was compared using the
Pearson c2-test. Significance for all statistical tests was
predetermined at P < 0.05.

Results

Bond strength

The mean shear bond strength ranged from 7.6 �

5.7 MPa for Group 4 to 10.9 � 5.4 MPa for Group 3. No
significant differences between all four groups tested
were found (P < 0.11). Table 2 gives the mean shear bond
strength values and standard deviations for all four
groups in the three radicular thirds. No significant dif-
ferences were found between post systems (P = 0.44) and
resin cements (P = 0.66). Significant differences were
found between thirds (P = 0.005). The apical third had
lower bond strength when compared with the middle and
cervical thirds. The middle and cervical thirds had similar
bond strengths.

Fracture type

The examinations made during the study allowed for the
accurate selection of the specimens in order to later
perform a more in-depth analysis. From a total of 288
slices, 122 were excluded from the study. Fifty-six slices
were discarded because of the presence of filling material,
and 62 slices because of premature fracture or cracking
after SEM analysis (48 slices from the middle and cervical
thirds). Most of these 48 slices were from the groups
using dual cements (42 slices, G1 = 26; G2 = 16).

The percentage fracture patterns are shown in Table 3.
Table 4 shows the percentage fracture patterns for each
radicular third in each group. Only groups G2 and G4
exhibited fracture (type A) between the post and resin
cement (Fig. 1a–c). Cohesive fractures in cement (type H)
were observed in groups with self-curing cements (G3
and G4), uniformly distributed among the three radicular
thirds (Table 4). Cohesive fractures of posts (type G)
occurred in small numbers, only in groups using dual-
cured resin cement (G1 and G2), mainly in the cervical
third (Table 4). Pearson c2-test revealed significant differ-
ences in fracture type categories between four groups (all
P < 0.0001). Figure 1d and e shows the aspect of the posts
after testing. Note the superior retention provided by
(Fig. 1d) White Post DC (FGM) when compared with
(Fig. 1e) FRC Postec Plus (Ivoclar Vivadent). Figure 1f
shows the presence of voids in the self-cure cement in the
apical third.

Discussion

Bond strengths of root dentin are generally lower than
those of coronal dentin. The high C-factor is one of the
main shortcomings in intraradicular cementation, as it
generates shrinkage stresses, which may reduce the bond
strength of root dentin (4). Several factors contribute to
reducing the bonding to intraradicular dentin. Some of
these factors are inherent to the root dentin composition,
and others are related to the restorative technique.

Table 2 Mean bond strength (standard deviation) of the four tested

groups, according to the radicular thirds

Apical Middle Cervical Total

G1 6.2 (4.1) 7.5 (4.8) 12.2 (6.7) 8.7 (5.2)A

G2 6.7 (5.2) 8.6 (5.0) 12.3 (4.9) 9.2 (5.0)A

G3 7.9 (4.7) 10.4 (6.1) 14.3 (5.5) 10.9 (5.4)A

G4 5.7 (4.2) 7.8 (6.4) 9.3 (6.5) 7.6 (5.7)A

Total 6.6 (4.6)b 8.6 (5.5)a 11.9 (5.9)a 9.0 (5.3)

Means with the same letters are not statistically different (P < 0.05).

Lower case between lines, upper case between columns.

Table 3 Percentage of fracture types for each group

Fracture type G1 (%) G2 (%) G3 (%) G4 (%)

A 0 30 2 51

B 17 49 8 34

C 26 11 21 5

D 17 2 0 0

E 0 0 0 0

F 35 0 0 0

G 5 8 0 0

H 0 0 69 10
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Regarding tissue changes, root dentin usually has irregu-
lar amounts of secondary dentin (6), resulting in greater
difficulties related to etching (7,8). In addition, the
tubules are irregular or inexistent in the intraradicular

surface of the apical third (6). Therefore, the formation of
the hybrid layer around resin tags decreases towards the
apical third because of these changes. This is a possible
explanation for the decreased bond strengths in the apical

Table 4 Percentage fracture type according to the radicular third in each group

Fracture type

G1 (%) G2 (%) G3 (%) G4 (%)

C M A C M A C M A C M A

A 0 0 0 47 30 8 11 0 0 75 37 46

B 17 40 9 27 60 67 11 13 0 17 37 46

C 33 40 16 13 0 17 11 13 36 0 13 0

D 0 0 33 0 0 8 0 0 0 0 0 0

E 0 0 0 0 0 0 0 0 0 0 0 0

F 33 20 42 0 0 0 0 0 0 0 0 0

G 17 0 0 13 10 0 0 0 0 0 0 0

H 0 0 0 0 0 0 67 74 64 8 13 8

a b

c d

e f

Figure 1 (a–c) Photomicrographs showing the fracture type A. (a and b) Root portion of type A fracture, adhesive between post and cement, (c) without

resin cement around the post. (d and e) Note the aspect of the posts after testing, (d) White Post DC (FGM) provided superior retention when compared

with (e) FRC Postec Plus (Ivoclar Vivadent). (f) Note the presence of voids in the self-cure cement in the apical third.
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third, as the formation of the hybrid layer in peritubular
dentin plays a significant role in dentin adhesion (9).

The low bond strength in the apical third is also linked
to several factors associated with the technique. For
example, the smear layer formed in the canal by the
drills is thicker (10), and its removal is complex. In addi-
tion, it is difficult to etch, rinse and keep the dentin
visually moist after etching. Even when the clinician is
careful while using paper points to remove excess water
from the dentin, it is difficult to establish an ideal mois-
ture level after acid etching. These are potential reasons
for the decreased bond strengths of root dentin, and it
has been shown that this strongly influences the adhe-
sion to coronal dentin (11,12). The proper polymerisa-
tion of the adhesive system and resin cement is an
extremely important issue in obtaining the best proper-
ties. The fact that the curing light cannot penetrate the
entire length of the root canal can also decrease the
bond strength of adhesive systems (13). In our research,
all groups with the dual cure adhesive system (Excite
DSC) were light-cured after seating the fibre post. More-
over, the low bond strengths in the apical third may be
due to the difficulties encountered in filling the space of
the root canal with cement. The fracture analysis
revealed that the more apical the slice, the higher the
chances of the presence of voids or areas not completely
filled by the cement.

According to the manufacturer, Multilink® (Ivoclar
Vivadent) can be used in association with a self-etching
self-cure adhesive system (Multilink Primer A & B,
Ivoclar Vivadent) or Excite DSC (Ivoclar Vivadent) (14).
The combination of Multilink and Multilink Primer A & B
accelerates the polymerisation of the cement, while the
combined use of Excite DSC/Multilink (Ivoclar Vivadent)
gives a setting time of 15 min (14). Excite DSC is a dual-
cure adhesive, and light-activation is required to start its
polymerisation reaction. For this reason, light-curing for
40 s (800 mW cm-2) was performed in all groups after the
correct seating of the fibre post. Elsewhere, Excite DSC
and Multilink adhesive systems have been tested for
luting translucent fibre posts (15,16). The formation of
resin tags in all levels of root dentin has been demon-
strated through SEM analysis (8), along with a consider-
able amount of voids in the Multilink cement (15). These
findings were corroborated by our fracture analysis
(Fig. 1f). Regarding the bond strength, a previous study
has reported mean bond strength of 2.9 MPa for fibre
posts cemented using Excite DSC and Multilink (16).
Although Excite DSC has not been tested with AllCem
(FGM), when it was applied in combination with another
dual-cure resin cement (Panavia F, Kuraray, Japan) it
showed a higher mean bond strength in the case of root
dentin (13.5 MPa) (17).

The fracture analysis is an important adjunct to the
push-out test. This analysis resulted in the elimination of
several specimens because of the presence of gutta-
percha and other findings. Also, in cases in which the
surface analysis was unclear, higher magnifications can
be used and a chemical analysis of the surface was per-
formed using an EDS probe. Besides the analysis of the
root portion, this allowed for the study of the surface
aspect of the post. White Post DC (FGM) seems to better
retain the cement between the fibres (Fig. 1d), while FRC
Postec Plus (Ivoclar Vivadent) is smoother (Fig. 1e).
Hence, only groups G2 and G4, where FRC Postec Plus
was used (Ivoclar Vivadent), showed fracture between
the post and the resin cement (type A). This interface
proved to be the most fragile area of the bonding when
this post system is used according to the manufacturer’s
instructions. Further investigation is required to test
whether different surface treatments will help overcom-
ing this deficiency.

In Group 1, this high bonding potential between the
cement and White Post DC (FGM) made the bonding
between the cement and the post the weak link (type F)
with the post totally covered by cement (35% distributed
among all three thirds) (Table 4).

During the test, 62 slices were eliminated as a result of
root fracture. It is important to note that the fracture
started at the centre of the post and extended towards the
root, fracturing it in three to four parts, generally with
loads higher than 70 N. The greatest part of the fractures
(48 slices) were from the cervical and middle thirds (42
slices of dual-cure resin cement, G1 = 26 and G2 = 16).
The high conversion of the dual-cure resin cement, espe-
cially in the cervical third, yielded high post/dentin bond
strengths. This made it impossible to calculate the bond
strengths in these groups (G1 and G2), these being higher
than the post and dentin strengths. For this reason, these
measurements were excluded.

A low percentage of cohesive fractures of the post (type
G) occurred after application of high loads, that is, only in
the groups using dual-cure resin cement (G1 and G2),
mainly in the cervical third (Table 4). Besides the high
conversion of the dual-cure resin cement in this third,
another issue that should be taken into account is that the
post is more parallel (cylindrical) in the cervical third.

The self-cure potential of dual-cure resin cements has
been previously studied (18–21). Incomplete polymerisa-
tion makes the cement more susceptible to cohesive frac-
ture (22), and thus it is impossible to achieve strong,
long-lasting bonds in extreme cases (23). This feature of
self-curing in the absence of light seems depend on
the cement formulation. While a number of dual-cure
cements depend on the initial light-activation, other
cements polymerise even in the absence of light (18,21).
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For this reason, it is extremely important to test the
cement bond strength in the absence of light, such as
during the post cementation. The bond strength is ulti-
mately dependent on the complete polymerisation of the
adhesive system and the resin cement. Translucent posts
provide better light-transmitting properties than opaque
posts (19), which result in better polymerisation of the
middle and apical thirds. Therefore, the absence of cohe-
sive fractures in cement (type H) in the groups with
dual-cure resin cement (G1 and G2) suggests that this
cement provides proper polymerisation when it is cured
through translucent posts using a high-intensity light-
curing unit, according to the conditions of this study.

Chemically activated cements yield homogenous poly-
merisation regardless of the root canal depth. Dual-cure
resin cements offer properties superior to those of self-
curing resin cements, provided that they are subjected to
a proper initial light-curing (21). Cohesive fractures of
cement (type H) occurred only in the groups of self-cure
cement (G3 and G4) distributed uniformly in the three
radicular thirds (Table 4). The cohesive strength of the
self-cure cement seems to be lower than the bond
strength formed with the post or the adhesive system.
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