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Influence of adhesive cementation systems on the bond
strength of relined fiber posts to root dentin
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of problem. Glass fiber post cementation procedures have undergone significant development. Relining the post with composite
technique that aims to reduce resin cement thickness and consequently problems inherent to polymerization. Evidence is
arding the efficacy of bonding procedures at increasing depths (from cervical to apical) using different adhesive cementation
.

he purpose of this in vitro study was to evaluate the push-out bond strength (PBS) of composite resin relined glass fiber posts
to bovine root dentin using different adhesive cementation protocols.

nd methods. Eighteen bovine teeth (n=6) were embedded in polystyrene resin blocks, and the crowns were sectioned leaving a
n of 20 mm in length. Root canals were prepared using rotary instruments provided by the post manufacturer (Whitepost DC #1),
a uniform root canal preparation. The root canals were lubricated with a water-soluble glycerin gel. Silane (Prosil) was applied and
relined with a microhybrid composite resin (Filtek Z100) to conform to the root canal anatomy. Three adhesive cementation
were evaluated: a 3-step etch-and-rinse adhesive system (Adper Scotchbond Multi Purpose) in combination with a dual
g resin cement (RelyX ARC); a universal adhesive system (Scotchbond Universal) associated with a dual polymerizing resin
lyX Ultimate); and a self-adhesive dual polymerizing resin cement (RelyX Unicem 2). The roots were sectioned, resulting in four
ents at 4 different depths (cervical to apical) and evaluated by the PBS test, using a universal testing machine (Instron 4411)

/min, until failure. Interfaces were evaluated by scanning electron microscopy, and failures were classified as cohesive failure in
resin, cohesive failure in cement, cohesive failure in root dentin, adhesive failure, or mixed. Data were analyzed by 2-way split-
A and the Tukey post hoc test (a=.05).

statistical differences were found for PBS when different cementation systems were compared (P=.253). Increased depths resulted
PBS values for all cementation protocols evaluated (P<.001).

s. Regardless the cementation system used, the lowest PBS values were at the apical region of resin relined glass fiber posts
root dentin. Furthermore, the highest PBS is observed at the cervical portion of root dentin. (J Prosthet Dent 2017;118:493-499)
For decades, endodontically treated teeth have been
restored using indirect restorative materials cemented to
cast metal posts.1 Although these types of post present
some advantages, such as stable mechanical retention
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and higher adaptation to root canal preparation (reduced
cement film thickness), the higher elastic modulus of
metals than of tooth structure is a disadvantage that may
lead to catastrophic root fracture.1 Currently, glass fiber
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Clinical Implications
The bond strength of composite resin relined glass
fiber posts to deep radicular dentin is lower than to
cervical areas. Clinicians should therefore be careful
and use a cementation system that provides a
higher degree of conversion in the absence of
adequate light activation.
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posts (GFPs) are a popular option for restoring an
endodontically treated tooth. Their esthetic appearance
reduces the risk of gingival discoloration on the root
surfaces that might occur from corrosive products of
metal alloys.2 Furthermore, an elastic modulus similar to
those of dentin and resin cements3,4 leads to a more
homogeneous stress distribution than metal posts,5

decreasing the risk of root fracture.6 Light transmission
through the GFPs increases the polymerization of dual
polymerizing resin cements.7,8

Morphological differences along the root canal will
lead to a mismatch between post diameter and post
space, leading to increased resin cement thickness.9,10

Therefore, the use of a GFP relined with composite
resin has been proposed to customize the posts, reducing
the thickness of the resin cement layer, improving fric-
tional retention, and creating a better adaptation to the
root canal.11-13 However, the main cause of failure for
endodontically treated teeth with GFPs is debonding,
which occurs mainly as a result of the difficulties of
proper bonding to root dentin.14 GFPs are usually
cemented with dual polymerizing resin cements, which
are both light and chemically activated. Their chemical
initiators polymerizes the cement in deep areas where
blue light irradiance is reduced because of scattering and
absorption by dental substrates.15

Translucent GFPs were introduced as a possible solu-
tion for the reduced light transmission to deeper portions
of the root canal, which would improve monomer con-
version compared with opaque posts.16 However, a sig-
nificant reduction in light irradiance still occurs in the
deepest portions of the root canal, where a (slower)
chemical polymerization occurs.17,18 For this reason, even
for dual polymerizing resin cements, polymerization is still
critical19 because light transmission through the post is not
sufficient for adequate polymerization, compromising the
bond strength in the apical portions of the root canal.20

Also, different morphologies seen along the depth of
root dentin may interfere with the bond strength.21,22 As a
consequence, reduced mechanical properties of the resin
cement and reduced bond strength to root dentin are
expected, particularly shortly after cementation.23

Different adhesive techniques and protocols may
be used in association with dual polymerizing resin
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cements, including etch and rinse (enamel and dentin
acid etching);24 self-etch (acidic monomers that simul-
taneously etch and prime the dental substrates);25,26 and
universal adhesive systems (which can be used for both
etch-and-rinse or self-etch approaches).27 Recently, self-
adhesive dual polymerizing resin cements have been
introduced.12,13,17,28-32 Their main advantage is a reduc-
tion in the number of clinical steps because an adhesive
system application is unnecessary. These resin cements
are used in a single step (manipulation/application), and
similar adhesive properties have been reported in con-
ventional resin cementation protocols.33-35

The push-out bond strength (PBS) test is a popular
in vitromethod for evaluating the bond strength of different
adhesive cementation protocols to root dentin.36,37 Ad-
vantages of this methodology include homogeneous shear
tensile stress,37 reduced premature failures caused by
sectioning procedures,37 and reduced data variability.38

Therefore, the purpose of this in vitro study was to
evaluate the effect of different dual polymerizing
cementation systems on the bond strength of GFPs
relined with composite resin to root dentin at increasing
depths (from cervical to apical). The hypotheses tested
were that the adhesive cementation protocols of GFPs
would result in different bond strengths to root dentin
and that the bond strength to root dentin would vary
with increasing depths.

MATERIAL AND METHODS

Eighteen bovine teeth (n=6 each group) with similar di-
mensions and without structural defects were selected.
The teeth were disinfected in 0.1% thymol solution for
1 day and stored in distilled water. The roots were
embedded in epoxy resin (EpoxiCure 2; Buehler), and the
crowns were removed at the cement enamel junction
with a double-faced diamond disk (#802.7020; KG Sor-
ensen) in a low speed handpiece with water cooling,
resulting in root portions of 20 mm in length. The root
canals were accessed with a #15 K-file (Dentsply Sirona)
and prepared with the rotary instruments provided by
the post manufacturer (Whitepost DC #1; FGM Produtos
Odontológicos), resulting in a uniform space for the post.
The canals were irrigated with deionized water, and the
canals were lubricated with a water-soluble glycerin gel
(K-Y Jelly; Reckitt Benckiser Group PLC).

The posts were cleaned with 37% phosphoric acid
(Condac 37; FGM Produtos Odontológicos) for 15 sec-
onds, water rinsed for 15 seconds, and air dried. Two
layers of silane (Prosil; FGM Produtos Odontológicos)
were applied on the post surface, followed by a gentle
stream of air until dry. The GFP composite resin (Z100,
shade A2; 3M ESPE) reline was made in a single incre-
ment, followed by insertion and molding of the root
canal anatomy. Resin relined glass fiber posts (RGFP)
Rodrigues et al



Table 1. Compositions and batch number of adhesives and resin cements used and adhesive cementation protocols for each evaluated group

Group Materials Composition (Batch No.) Adhesive Cementation Protocol

Etch and rinse 3-steps
adhesive system

Adper Scotchbond
Multi-Purpose, 3M ESPE

Activator: ethyl alcohol, sodium benzenesulfonate.
(Lot: N452053)
Primer: water, HEMA, copolymer of acrylic and
itaconic acids. (Lot: N570041)

Root dentin was etched with phosphoric acid
(Condac 37, FGM Produtos Odontológicos) for 15
seconds, water rinsed for 30 seconds, and dried with
absorbent paper points, followed by application of
activator, primer, and catalyst for 5 seconds each.
Excess was removed with absorbent paper points.
RelyX ARC (3M ESPE) cement was mixed and inserted
into root canal with Centrix syringe (Centrix Inc) and
applied over relined post, which was positioned and
light activated for 40 seconds in each position
(buccal, lingual, mesial, distal) with polywave LED
light-polymerizing unit (Bluephase G2, 1200 mW/
cm2; Ivoclar Vivadent AG)

RelyX ARC, 3M ESPE Bis-GMA, TEGDMA, silanized zirconia/silica filler 68%,
functionalized dimethacrylate polymer, triphenyl
antimony. (Lot: N457528)

Single step self-
etching adhesive
system

Scotchbond Universal,
3M ESPE

MDP phosphate monomer, dimethacrylate resins,
HEMA, methacrylate-modified polyalkenoic acid
copolymer, filler, ethanol, water, initiators, silane.
(Lot: 579967)

Root dentin was water rinsed and air dried. Two
layers of Scotchbond Universal (3M ESPE) universal
adhesive system were applied as self-polymerizing
technique for 20 seconds; excess was removed with
absorbent paper points, followed by gentle air-
drying. RelyX Ultimate (3M ESPE) cement was mixed
and injected with Centrix syringe (Centrix Inc) into
root canal and applied over relined post.
Subsequently, relined fiber post was positioned and
light activated for 40 seconds in each position
(buccal, lingual, mesial, distal) with polywave LED
light-polymerizing unit (Bluephase G2, 1200 mW/
cm2; Ivoclar Vivadent AG).

RelyX Ultimate, 3M ESPE Methacrylate monomers, radiopaque silanated fillers,
initiator components, stabilizers and rheological
additives, radiopaque alkaline (basic) fillers,
pigments, fluorescence dye, dark polymerize
activator for Scotchbond Universal adhesive. (Lot:
467302)

Self-adhesive resin
cement

RelyX Unicem 2, 3M
ESPE

Base paste: glass powder treated with silane, 2-
propenoic acid, 2-methyl 1,10-(1-(hydroxymetil)-1,2-
ethanodlyl) ester dimethacrylate, TEGDMA, silica-
treated silane, glass fiber, sodium persulfate, and per-
3,5,5-trimethyl hexanoate t-butyl;

Root dentin was water rinsed, followed by drying
with absorbent paper tips, keeping dentin moist.
Dual polymerized resin luting material RelyX Unicem
2 (3M ESPE) was mixed and injected into root canal
with Centrix syringe (Centrix Inc) and applied over
relined post. Then relined fiber post was positioned
and light activated for 40 seconds in each position
(buccal, lingual, mesial, distal) with polywave LED
light-polymerizing unit (Bluephase G2, 1200 mW/
cm2, Ivoclar Vivadent AG).

catalyst paste: glass powder treated with silane,
substitute dimethacrylate, silica-treated silane,
sodium p-toluenesulfonate, 1-benzyl-5-phenyl-acid
barium, calcium, 1,12-dodecane dimethacrylate,
calcium hydroxide, and titanium dioxide. (Lot:
508284)

Bis-GMA, bisphenol-glycidyl methacrylate; HEMA, 2-hydroxyethyl methacrylate; MDP, 10-methacryloyloxydecyl dihydrogen phosphate; LED, light-emitting diode; TEGDMA, triethylene glycol
dimethacrylate.
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were light polymerized for 10 seconds with a polywave
light-emitting diode light-polymerizing unit (Bluephase
G2, 1200 mW/cm2; Ivoclar Vivadent AG) while still in
position. RGFP was gently removed from the root canal,
followed by a visual check, then light polymerized for an
extra 40 seconds on each side (buccal, lingual, mesial,
and distal). The root canals were then water rinsed to
remove the water-soluble gel, and absorbent paper
points (Absorber Paper Points; Dentsply Sirona) were
used for moisture control.

Three cementation systems were evaluated (Table 1):
an etch-and-rinse 3-step adhesive system (Adper
Scotchbond Multi-Purpose; 3M ESPE) with a conven-
tional dual polymerizing resin cement (RelyX ARC, 3M
ESPE); a single step self-etching (universal) adhesive
system (Scotchbond Universal; 3M ESPE) with a dual
polymerizing resin cement (RelyX Ultimate; 3M ESPE);
and a self-adhesive resin cement (RelyX Unicem 2; 3M
ESPE). Bonding agents and resin cements were used
according to the manufacturer’s instructions (Table 1).
After cementation procedures, specimens were stored in
water at 37�C for 24 hours.

The specimens were sectioned perpendicularly to the
long axis of the post with a precision low-speed saw
Rodrigues et al
(Isomet 1000; Buehler) under water cooling. Specimens 2
mm thick were obtained for each of the following eval-
uated depths (cervical to apical): 2 to 4 mm, 6 to 8 mm, 10
to 12 mm, and 12 to14 mm (Fig. 1). Evaluated depths
were classified as follows: I, cervical; II, cervical/mid; III,
mid/apical; and IV, apical. Thicknesses were measured
with a digital micrometer (Super Caliper; Mitutoyo Corp),
followed by a PBS test conducted with a universal testing
machine (model 4411; Instron). Specimens were posi-
tioned over a metal holder that allowed the smaller
diameter (bottom) of the RGFP to contact a device con-
nected to the load cell of the universal testing machine
while the larger diameter (top) surface faced the aperture
of the metal base. A compressive load was applied to the
center of each specimen (bottom surface), at a crosshead
speed of 0.5 mm/min, until shear bond failure. Load at
failure was recorded (N) and divided by the bonded
surface area (mm2) of each specimen, resulting in bond
strength values (MPa). After exploratory analysis, the
data were submitted to 2-way analysis of variance
(cementation systems and depths) in a split plot design
and the Tukey HSD post hoc test (a=.05).

After failure, the specimens were analyzed with
scanning electron microscopy (SEM) (JSM 5600LV; JEOL
THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 1. Schematic depicting specimen sectioning preparation for
evaluated depths. First slice created parallel cut for slices and was
discarded. Sequential cuts were 2 mm thick each, starting from cervical
to apical (depths I to IV). Last slice was also discarded and corresponded
to composite resin root sealing.

Table 2. Push-out bond strength for each group and post/canal depth,
mean (±SD)

Depth

Push-out Bond Strength (MPa)

SBMP + ARC SBU + ULT RU2

I Cervical 5.83 (1.84)Aa 6.52 (3.39)Aa 7.80 (1.83)Aa

II Cervical/medium 4.06 (2.19)Aab 7.10 (2.69)Aab 6.29 (1.70)Aab

III Medium/apical 3.94 (2.50)Abc 5.68 (3.28)Abc 5.12 (1.19)Abc

IV Apical 3.10 (1.67)Ac 3.12 (1.76)Ac 4.13 (2.04)Ac

Means followed by different letters (uppercase in the row and lowercase in the columns)
are significant different (P<.05).
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Figure 2. Distribution of failure modes (%) among groups as observed
by scanning electron microscopy. AD, adhesive failure; MIX, mixed
fracture. Depths: I, cervical; II, cervical/mid; III, mid/apical; IV, apical.
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Ltd) operating at 15 kV at a magnification of ×25 to ×100.
The specimens were mounted on aluminum stubs using
carbon tape and coated with a thin film of gold-
palladium (MED 010; Balzers Union). Two blinded op-
erators (C.S., R.R.) evaluated the SEM. Failures were
classified as cohesive failure in composite resin, cohesive
failure in cement, cohesive failure in root dentin, adhe-
sive failure, or mixed adhesive (adhesive and cohesive
fracture in composite resin or dentin).

RESULTS

PBS means (SD) of RGFP to root dentin are shown in
Table 2. The analysis of variance showed no significant
differences in PBS values among different cementation
systems when the evaluation was performed at the same
depth (P=.253). The interaction factor (cementation sys-
tems and depths) was not significant (P>.05).

PBS values significantly decreased with increasing
depths (cervical to apical) for all adhesive cementation
protocols evaluated (P<.001). At cervical areas, the PBS
was significantly higher than that of mid/apical and
apical portions. The PBS for cervical/mid depth showed
no difference compared with cervical or mid/apical
depths but was significantly higher compared with the
apical region. The mid/apical depth showed no difference
compared with cervical/mid and apical depth, which
demonstrated the lowest PBS mean value, regardless of
the cementation system.

The SEM images showed a prevalence of adhesive
failure for all groups (Figs. 2, 3). Approximately 20% of
tested specimens for all groups exhibited mixed failures, a
combination of cohesive failure in the composite resin
and resin cement and adhesive failure. The main char-
acteristic of mixed failures was crack propagation around
adjacent structures of the GFP, that is, composite resin,
resin cement, and dentin (Fig. 4).

DISCUSSION

The purpose of this study was to evaluate the influence of
RGFP adhesive cementation protocols on the bond
strength to root dentin at increasing depths (from cervical
THE JOURNAL OF PROSTHETIC DENTISTRY
to apical). The goal of selecting different cementation
systems was to determine an easier and less time-
consuming procedure for cementing GFPs. Loss of
retention for GFPs is a major issue for passive fiber posts
cemented with resin cements.14 In this context, a reliable
cementation technique is of great importance. GFPs
provide a certain reinforcement to the tooth strucure3 by
acting as a stress distributor within the radicular dentin,
core, and prosthetic crown.3,5,6

Relining the GFP with composite resin increases its
frictional retention inside the root canal12,13 because it
improves the contact between post and dentin, reducing
the resin cement layer thickness and the defects observed
within resin cement layers (such as bubbles).12 The resin
cement thickness significantly influences the GFP’s bond
strength to the root dentin. If the resin cement layer is
excessively thick or thin, retention of GFPs is significantly
decreased.34 For this study, unlike clinical situations,
conventional obturation procedures with gutta percha
and endodontic cements or NaOCl were not used.15,33

This decision was made in order to eliminate as many
variables (such as contaminants) as possible and isolate
the variables in study.

The first tested hypothesis was rejected because
different adhesive cementation protocols resulted in no
significant difference in bond strength to bovine radicular
dentin at the same depth. The RelyX ARC was used in an
Rodrigues et al



Figure 3. Representative scanning electron micrographs of adhesive failures of RGFP cemented with RelyX Unicem 2 cementation system at different
depths of root. A, Cervical. B, Cervical/mid. C, Mid/apical. D, Apical. Original magnification, ×25.

Figure 4. Representative scanning electron micrographs of mixed failure showing crack propagation in direction to adjacent structures around to glass
fiber post. Original magnification, ×85.
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etch-and-rinse approach combined with Adper Scotch-
bond Multi Purpose, a multiple-step adhesive cementa-
tion protocol. The etch-and-rinse approach is the oldest
used in dentistry and relies on a hybrid layer formation
caused by the demineralization of superficial dentin
using acids, followed by the infiltration of hydrophilic
Rodrigues et al
monomers.24 The universal adhesive system, which can
be used for both etch-and-rinse and self-etch approaches,
simplifies the bonding procedure.27 In our study,
Scotchbond Universal was used as a 1-step self-etch
adhesive combined with RelyX Ultimate. This adhesive
system contains 10-methacryloyloxydecyl dihydrogen
THE JOURNAL OF PROSTHETIC DENTISTRY
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phosphate (MDP)monomer. The addition of MDP to self-
etch adhesive systems allows a chemical bond to be
established between phosphate groups and residual hy-
droxyapatite crystals on the dentin collagen scaffold.25,26

This chemical bond appears to reduce hybrid layer
degradation over time and is more stable in water
compared with other functional monomers.25,26

Another simplified technique goes beyond the use of
adhesive systems by eliminating this step. This technique
relies on the use of a self-adhesive dual polymerizing
resin cement, such as RelyX Unicem 2. Self-adhesive
cements superficially demineralize dentin without the
formation of a distinct hybrid layer or resin tags.28,29,31

The organic matrix of these cements consists of multi-
functional phosphoric methacrylates or other acidic
monomers, responsible for bonding to the tooth struc-
ture. These bifunctional monomers demineralize hy-
droxyapatite and infiltrate dentin, followed by
polymerization, leading to micromechanical retention.29

The pH of self-adhesive resin cements increases pro-
gressively as a result of the reaction. Neutralization is
accelerated by water, and the by-products formed during
the acid-base reaction.32 The results from this study
demonstrated that the technique simplification did not
affect the PBS of RGFP to radicular dentin, which is an
interesting finding because clinicians can save time when
the system is used. Such results corroborate those of
other studies that observed no differences in bond
strength for self-adhesive resin cements compared with
etch-and-rinse protocols33,34 or with RelyX Ultimate
(although the RelyX Ultimate was used as an etch-and-
rinse approach).30

Previous studies have demonstrated that the bond
strength of adhesively cemented GFPs is not dependent
on the type of resin cement34 but that retention is mainly
determined by friction mechanisms.12,20 A closer contact
between resin cement and dentin is important to
improve frictional retention.12 For this study, relining the
GFPs with composite resin might have reduced the
influence of the resin cement (or adhesive systems)
because it led to an intimate contact between post,
composite resin, resin cement, and root dentin. Different
results have been reported by other authors who describe
significantly higher PBS values when using self-adhesive
cements.13,35 According to authors, this is because spe-
cific functional monomers (with high affinity to calcium
from hydroxyapatite) would demonstrate an increased
bond longevity to dentin.

The second hypothesis was accepted because bond
strength was affected by increased depths. Deeper
radicular portions (from cervical to apical) demonstrated
lower PBS values. Theoretically, dual polymerizing resin
cement should properly polymerize in the presence or
absence of light. Different than entirely autopolymerizing
cements, the amount of chemical activators that can be
THE JOURNAL OF PROSTHETIC DENTISTRY
added to dual polymerizing resin cements without
affecting the working time is limited. Depending on the
formulation of each manufacturer, the autopolymerizing
mechanism is restricted to some extent,23 and light
activation of resin cement is essential for improving bond
strength and mechanical properties after cementation.23

The data from this study demonstrated that bond
strength decreased as root length increased and that the
deeper the region, the lower was the bonding to root
dentin for dual polymerizing resin cements. These results
corroborate those of several other studies.12,16,18 Deeper
portions are inaccessible to light, and this lower degree of
conversion in the apical portion may affect the me-
chanical properties of the resin cement.12,18 GFPs poly-
merized by light units with higher irradiances
demonstrated a higher degree of conversion compared
with lower irradiances18 because an increased number of
free radicals are generated, leading to faster monomer
conversion into polymer and higher polymerization in a
shorter time.

Previous studies have suggested that translucent
posts may increase resin cement polymerization up to the
middle portion of the root (8 mm).16 Also, the degree of
conversion is reduced as the distance from the light
source increases, especially when it exceeds 2 mm from
the light source.19 Proper bonding to the apical portion
might be severely compromised by adverse interactions
between the adhesive system and resin cement because
of a lack of light exposure. Without light activation, dual
polymerizing resin cements will behave as autopolyme-
rizing cements, requiring a longer time to polymerize and
allowing the occurrence of water transudation from
dentin.20

Apical dentin portions are less organized and more
irregular than the coronal portion, which might
contribute to the reduction of PBS values at deeper re-
gions, leading to a poorer hybrid layer.21,22 Also, this
portion contains fewer tubules and subsequently odon-
toblasts release enzymes that degrade the periapical tis-
sue and the hybrid layer formed.21,22 Moreover, irrigation
methods are also less effective in the apical region.
Although adhesion to deeper portions of root dentin is
compromised, results from other studies still demon-
strate that increasing the depth of fiber post preparation
improves retention.12 Self-adhesive resin cements facili-
tate the bonding procedure, reducing the risks of over-
etching and/or overdrying.13 Although limitations still
remain regarding depth of polymerization for GFP
cementation, cements with fewer steps and lower tech-
nique sensitivity are advantageous and desirable in order
to reduce chairside time.

CONCLUSIONS

Based on the findings of this in vitro study, the following
conclusions were drawn:
Rodrigues et al
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1. Different adhesive cementation protocols did not
influence the PBS of RGFP to root dentin at the
same depth.

2. Increased depths (cervical to apical) reduced bond
strength, regardless of the adhesive cementation
protocol.
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