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As opposed to traditional cast post and cores, fiber-
reinforced composite (FRC) posts present the ad-

vantage of having an elasticity modulus similar to that of
dentin (FRC = 40 GPa; dentin = 18 GPa; metal posts =
150 to 200 GPa), which reduces the risk of root fracture.1

FRC posts should be cemented using adhesive sys-
tems. Their tensile strengths depend on their adhesion
to the root dentin through the resin cement. Some fac-
tors may affect the retention of FRC posts: (1) cavity
configuration considering the root canal shape2,3; (2)
difficult polymerization inside the root canal2; and (3)
chemical incompatibility of the adhesive systems and
resin cements.4 Reduced shrinkage of the thinner resin-

cement film results in less stress at the interfaces with
the dentin and the post.5 Therefore, the thickness of the
resin cement may be a determining factor in the clini-
cal performance of FRC posts. This may be even more
important in situations with extreme loss of the root
canal dentin, especially when endodontic treatment is
repeated. To the authors’ knowledge, no study has
evaluated the effect of resin cement thickness on the
bond strength of FRC posts to the root dentin. 

Therefore, the objective of this study was to evalu-
ate the influence of cement thickness on the push-out
bond strength of an FRC post system to the root dentin.
The hypothesis was that an increase in cement thick-
ness would reduce the bond strength.

Materials and Methods 

Eighteen single-rooted human teeth were cleaned
with periodontal curettes and stored in distilled water.
The coronal and root portions of the teeth were sec-
tioned at the cervical level under cooling to standard-
ize the length of the specimens at 16 mm. The canals
were instrumented sequentially (Profile Orifice
Sharpers System, Dentsply/Maillefer) and irrigated
with 0.5% sodium hypochlorite.

Root canals were prepared with a low-speed cali-
brated drill (size 3) for a 2-stage parallel-sided cylin-
dric quartz-FRC post system (Light Post, Bisco) (length:
20 mm; fiber type: 70% by weight pre-impregnated 
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unidirectional quartz fibers in 30% by weight epoxy
resin, Øfibers � 12 µm). The cemented post length was
standardized at 12 mm.

After preparation of the root canals, 3 mm of the root
portion was embedded in a polyvinyl chloride cylinder
(height: 5 mm, diameter: 7 mm) using chemically cured
acrylic resin (Dencrilay, Dencril) to facilitate immobil-
ity of the root during post cementation. The following
procedures were performed during embedding: (1)
grooves were prepared on the external apical portion
of the specimens with a diamond bur (no. 3195, KG
Sorensen) to provide mechanical retention of the spec-
imens within the acrylic resin; (2) the preparation bur
of the post system was placed inside the prepared root
canal; (3) this assembly was attached to an adapted
surveyor so that the long axes of the bur, specimen, and
cylinder were parallel to each other and to the y-axis;
and (4) the acrylic resin and its monomer were mixed
and poured into the polyvinyl chloride cylinder.

Prior to cementation, the post surfaces were etched
with 37% phosphoric acid for 1 minute, rinsed, dried,
and silanized with silane coupling agent (Espe-Sil, 3M
ESPE). The root dentin surfaces were conditioned with
phosphoric acid 37% for 30 seconds, rinsed, and dried
with paper points (#80). A multiple-bottle total-etch ad-
hesive system (All Bond 2, Bisco) was then applied to
the root dentin, as recommended by the manufacturer,
using a microbrush (Cavi-Tip, SDI).

The 18 specimens were randomly allocated to 2 groups
(n = 9) according to the thickness of the resin cement: 

• Group 1 (low cement thickness): Parallel fiber posts of
size 3 (Light Post, Bisco) (Øapical = 1.4 mm; Ømiddle-coro-

nal = 2.2 mm) were cemented with dual-cure cement
(Duolink, Bisco) and light polymerized for 40 seconds
(Optilight Plus, Gnatus; light intensity: 500 mW/cm2) by
applying the light from the most superior part of the post.

• Group 2 (high cement thickness): Parallel fiber posts of
size 1 (Light Post, Bisco) (Øapical = 1.0 mm; Ømiddle-coronal
= 1.4 mm) were cemented with the same cement as in
group 1.

Production of Specimens for Cement Thickness
Measurements

The specimens were fixed to a metallic base in the cut-
ting machine (LabCut 1010, Extec) and sectioned per-
pendicular to the long axis of the root with a diamond
disk under cooling. Initially, a 0.5-mm cut was obtained
and discarded. Thereafter, 5 samples with approxi-
mately 1.5-mm thickness were achieved. 

Cement Thickness Evaluation

Photographs of the samples were taken with an opti-
cal microscope (Leica Mod DNRXP) (�100 to �200).
The images were analyzed in a computer. The resin ce-
ment thickness was measured using the software
Image Tool 3.0 (Dental Diagnostics Science). The mean
cement thickness (µm) of each sample was obtained
from 4 measurements performed on 4 opposite sites
of the sample. A virtual tangent line was traced, and
measurement was performed perpendicular to this
line (Figs 1a and 1b). 

Push-Out Bond Test

Each sample was positioned on a metallic device mea-
suring 1 cm in height and 2 cm in diameter, with a cen-
tral opening larger than the diameter of the root canal.
The most coronal portion was always turned downward
(load direction: from apical to coronal). The push-out
bond test was accomplished by pressing a metallic
cylinder (tip diameter: 0.85 mm) onto only the post.
Testing was performed in a universal testing machine
(Emic DL-1000, Emic) at a crosshead speed of 1
mm/minute. The mean bond strength of each specimen
was calculated from 5 samples per tooth. 

The push-out bond strength (�) (MPa) was achieved
by the formula � = C/A, where C = rupture load of the
specimen (N), and A = the bonded area (mm2). The
bonded area was calculated using the following for-
mula for calculation of the lateral area (A) of the

Figs 1a and 1b Representative optical
microscope images (�100) obtained from
2 samples to measure the cement thick-
ness (asterisks): (a) group 1; (b) group 2. 
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cylinder: A = 2πrh, where � = 3.14, r = radius of the
FRC post, and h = height of the sample as measured
with a digital caliper. Since the sections did not incor-
porate the apical convergent part of the post, only the
diameter of the cylindric midcoronal part was used for
the surface area measurements.

Failure Type Analysis

All samples were further analyzed in an optical micro-
scope (Leica Mod DNRXP) (�80), and failure types
were classified as follows: type I: failure at the adhe-
sive between the root dentin and the cement; type II:
failure at the adhesive between the cement and the
post; and type III: cohesive failure in the cement. The
samples were sputter coated with gold-palladium
(Desk II) for 2 minutes at a current of 10 mA for scan-
ning electron microscope evaluations (�100 to
�5,000).

Statistical Analysis

Data regarding bond strength and cement thickness
were statistically analyzed using analysis of covari-
ance (ANCOVA) (� = .05) and Pearson correlation
analysis.

Results

The mean bond strength (MPa) values obtained in
groups 1 and 2 did not show significant differences (P
= .558), but the cement thicknesses for these groups
were statistically significantly different (P < .0001, AN-
COVA) (Table 1). The increase in cement thickness did
not decrease the bond strength significantly, thus re-
jecting the hypothesis (r2 = 0.1389, P = .936) (Fig 2).
Predominantly, type II failure mode was observed in
both groups (95% and 99% for groups 1 and 2, re-
spectively) (Table 2 and Figs 3a and 3b). 

Table 1 Mean Cement Thickness (µm), Push-Out Bond
Strength (MPa), and SDs for Groups 1 and 2

Cement Bond
Group thickness* strength† F df P

1 87.4 ± 49 8.57 ± 1.6 
0.006 17 .9362 316.7 ± 58 7.01 ± 2.7

*Significant differences between groups (P < .0001). 
†No significant differences between groups (P = .5566). 
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Table 2 Failure Modes of Specimens in Groups 1 and 2

Failure mode

Group Type I Type II Type III

1 2% 95% 3%
2 1% 99% –

Figs 3a and 3b Representative scanning
electron microscope micrographs after the
bond test. (a) Adhesive failure between
cement and dentin (type I), exposing the
root dentin surface; (b) adhesive failure
between cement and post (type II), with ex-
posed FRC surface.

a b

Fig 2 Scatter plots for the correlation between cement thick-
ness and bond strength values.
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Conclusions 

1. Increased cement thickness surrounding the trans-
parent unidirectional quartz-FRC post did not impair
the push-out bond strength of the post to the root
dentin. 

2. The most frequently observed failure type was adhe-
sive failure between the cement and post, indicating
weak adhesion of the resin cement to the post.
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Literature Abstract

Effect of core and veneer thickness on the color parameters of 2 all-ceramic systems

The purpose of this in vitro study was to evaluate the effect of varying core and veneer thicknesses on the color parameters of lay-

ered disk specimens made from 2 ceramic systems fabricated by different processing procedures. A pressable leucite-reinforced

feldspathic core (IPS Empress, 2B shade) and a system using a glass-infiltrated magnesium aluminate spinel core (In-Ceram

Spinell, A2 shade) were fabricated in 16-mm-diameter disks of various thicknesses for the study. The baseline measurements of the

materials were the minimum required thicknesses of the ceramic systems. For IPS Empress, the baseline core was 0.8 mm and the

veneer thickness was 0.2 mm. Additional specimens were made with increasing core/veneer thickness of 0.8/0.7, 1.0/0.5, 1.3/0.2,

0.8/1.2, and 1.8/0.2 mm. For In-Ceram Spinell, the baseline core thickness was 0.5 mm and the veneer thickness was 0.5 mm.

Additional specimens were made with increasing core/veneer thicknesses of 0.5/1.0, 0.8/0.7, 1.0/0.5, 0.5/1.5, and 1.5/0.5 mm. Ten

specimens were fabricated for each group for a total of 120 disks. Color parameters for each disk were measured using a tristimulus

colorimeter on a neutral grey background. A 2-way-analysis of variance was used to investigate the effect of core and veneer thick-

ness on the color parameter for each ceramic system. Linear regression analysis was used to evaluate the association between

Delta E and total disk thickness for each system. The core and veneer thickness contributed to the color parameter of the speci-

mens as follows: decrease in L* for In-Ceram Spinell (P < .0231), increase in a* and b* for IPS Empress (P < .0028), and increase in

b* for In-Ceram Spinell (P < .0272). The Delta E increased with the increase of thickness of the ceramic materials (P = .0236). 
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