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Ab s t r ac t
Aim: The study aimed to assess the effect of friction and adhesion on the pushout bond strength of CAD/CAM fiber-reinforced composite (FRC) 
post and cores in comparison to prefabricated fiber posts.
Materials and methods: Thirty extracted single-rooted premolars were divided into three groups (N​ = 10): CP: CAD/CAM FRC posts (Trilor, 
Bioloren) cemented with self-adhesive resin cement (Rely X U200, 3M) as control group. CPL: CAD/CAM FRC composite posts cemented with the 
same self-adhesive resin cement after lubricating the root canal with petroleum jelly (Vaseline, Unilever) to prevent adhesion. RXP: prefabricated 
posts cemented with self-adhesive resin cement. Specimens were subjected to thermal cycling and then to pushout tests. The mode of failure 
was observed using a stereomicroscope. Results were analyzed by two-way ANOVA followed by a Tukey’s post hoc​ test for comparison, p​ = 0.05.
Results: Push-out bond strength was significantly lower in the RXP group (8.54 ± 3.35 MPa) in comparison to CP (12.10 ± 1.38 MPa), while no 
significant differences were concluded between the other groups. Failure was mostly adhesive for CPL and RXP and adhesive and mixed for CP.
Conclusion: Custom made CAD/CAM posts have a positive effect on the retention of FRC posts to root canal walls while adhesion between 
self-adhesive cement and root dentin did not influence significantly the pushout bond strength of CAD/CAM posts to root canal.
Clinical significance: The friction of well-adapted CAD/CAM fiber post and cores plays a predominant role in the success of post restorations 
of endodontically treated teeth.
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In t r o d u c t i o n
Fiber-reinforced composite (FRC) posts have been frequently used 
in the restoration of teeth with extensive loss of structure.1​ They 
are known for their elastic modulus close to dentin2​ and uniform 
stress distribution along the root canal.1​,​3​ Clinical trials4​–​6​ have 
concluded deboning as the main cause for failure of fiber posts. 
Several in vitro​ studies7​–​9​ reported a positive effect on the fit of 
the post and the cement thickness on the retention of fiber posts 
to root dentin. Recently, computer aided design/computer aided 
manufacturing (CAD/CAM) fiber post and cores were proposed to 
create customized intraradicular posts with a better adaptation to 
the root canal walls.8​ In addition, adhesive failure between cement 
and dentin was reported as the most type of observed failure 
pattern which occurs mainly because of the difficulties in achieving 
proper adhesion to intraradicular dentin.1​,​3​ In fact, the luting process 
of a glass fiber post to root dentin remains a complex process6​ due 
to the presence of several challenges as: the unfavorable cavity 
configuration,10​ the presence of a thick smear layer with remnants 
of endodontic materials,1​,​3​ the sensitivity of the adhesive luting 
technique in the canal, the reduced polymerization of dual-cure 
cements in apical region. Different adhesive systems have been 
used to cement fiber posts to root canal. Self-adhesive resin cement 
has the advantage of requiring no previous dentin treatment11​ 
and reliable bond strength to root dentin in comparison with the 
other bonding techniques.12​ According to Sarkis-Onofre et al.,13​ the 
use of self-adhesive resin cement could improve the retention of 
glass fiber posts into root canals in comparison to total-etch and 
self-etch adhesive systems. Therefore, the aim of this study was to 
evaluate by using the pushout test, the relevance of adaptation of 

CAD/CAM fiber posts with the presence or the absence of a proper 
adhesion to root dentin. The null hypotheses tested were (1) that 
there is no significant difference in the bond strength between 
customized fiber posts and prefabricated fiber posts luted with the 
same self-adhesive resin cement and (2) that the interfacial adhesion 
between the self-adhesive resin cement and the root dentin does 
not improve significantly the bond strength of customized fiber 
posts to root canals.
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Mat e r ia  l s a n d Me t h o d s

Sample Preparation
This study was conducted at the Lebanese University, School of 
Dental Medicine, and was approved by the ethical committee of the 
Lebanese University (124/112018). Thirty single-rooted mandibular 
premolars free of cracks and caries, extracted for periodontal 
or orthodontic reasons, were cleaned with an ultrasonic scaler 
(Mectron S.P.A, Carasco, Italy) and stored in 0.5% chloramine 
solution (Chloramine-T, Honeywell Riedel-de-Haen, Germany) for 
less than 2 months before testing. The root length of each tooth was 
measured from the cementoenamel junction (CEJ) to the apex on 
the buccal side, with an average of 14 mm. The diameter of the teeth 
was measured buccolingually and mesiodistally at the CEJ using a 
vernier caliper (Insize, Sao Paulo, Brazil). Teeth with more than 2 mm 
variations in terms of length, mesiodistal diameter, or buccolingual 
diameter were discarded. Teeth were decoronated with a water-
cooled low-speed diamond saw (IsoMet Low-Speed Precision 
Cutter, Buehler, Lake Bluff, IL, USA), and root canal treatments were 
performed using nickel-titanium rotary instruments (ProTaper NEXT, 
Dentsply Sirona, Ballaigues, Switzerland) to an apical size of 30 
and a 0.07 taper at a working length of 0.5 mm from the apex with 
5.25% sodium hypochlorite irrigation. Canals were then obturated 
with gutta-percha points (DiaDent Group International, Burnaby, 
Canada) and canal sealer (AH Plus, Dentsply-De-Trey, Konstanz, 
Germany) using warm vertical compaction. Then, the post space 
preparation was performed at a depth of 9 mm from the sectioned 
surface with the use of size 2 Gates Glidden Drills (Dentsply, 
Sirona). Peeso reamers (Dentsply, Sirona) were then used gradually  
(size 1–3) to homogenize the shape and remove residual gutta-
percha. The canal spaces were rinsed with distilled water and dried 
with paper points (DiaDent group international). The specimens 
were prepared by one operator and divided into three groups  
(n​ = 10) as described in Table 1.

CP: CAD/CAM FRC post and cores (Trilor, Bioloren, Sarrono, Italy) 
cemented with self-adhesive resin cement (Rely X U200 automix, 
3M ESPE, St Paul, MN, USA) used as the control group.

RXP: prefabricated fiber posts (RelyX fiber post, 3M ESPE, St 
Paul, MN, USA) cemented with self-adhesive cement (Rely X U200 
automix, 3M).

CPL: CAD/CAM FRC posts and cores (Trilor, Bioloren) cemented 
with self-adhesive resin cement (Rely X U200 automix, 3M) after 
canal lubrication with petroleum jelly (Vaseline, Unilever, Australia).

Posts Fabrication and Cementation
For the prefabricated posts (RXP) group, the post that reached the 
working length with a mild friction was selected. Self-adhesive resin 
cement (RelyX U200 Automix, 3M ESPE, St Paul, MN, USA) was used 
to cement the posts, and elongation tips were used to place the 

cement in the canal to avoid air bubbles as per the manufacturer’s 
instructions. The excess cement was removed prior to 40-seconds 
polymerization (Elipar S10 LED curing light, 3M-ESPE) from the tip 
of the post (Fig. 1A).

For the customized posts groups (CP and CPL), direct resin 
patterns were fabricated (Pattern Resin, GC America, Alsip, Il, USA). 
The resin patterns were sprayed with a scan powder (IPS Contrast 
Spray, Ivoclar Vivadent, Schaan, Liechtenstein) and scanned 
with a laboratory scanner (Imetric  1041, Imetric 3D, Courtenay, 
Switzerland), and then the data were imported from the scanner 
to CAD construction software (DentalCad, Exocad, Darmstadt, 
Germany) to clean substantial noises and undercuts. The digitized 
data were then transmitted to dental CAM software (WorkNC 
Dental, Hexagon, Neu-Isenburg, Germany) to develop the milling 
sequence. The cement space size was regulated to 80 μm in the 
WorkNC Dental CAM software to compensate for the antireflective 
spray thickness and ensure the passive fit of the post. The posts in 
group CP and CPL were milled using a 5-axis computer numerical 
control (CNC) milling machine (D5, Datron, Darmstadt, Germany) 
(Fig. 2A). The posts were passively fitted in their correspondent 
canals without any need for adjustment after milling.

The post in groups CP and CPL were coated with silane (RelyX 
Ceramic Primer, 3M) as per the manufacturer’s recommendations 
and cemented in the canal spaces (Fig. 2B) using the same self-
adhesive resin cement as the prefabricated group. Excess cement 
was removed, and posts were polymerized (Elipar S10) for 40 
seconds on each axial wall of the tooth.

Fatigue Simulation
All specimens were subjected to thermocycling (thermocycler 
THE-1200, SD Mechatronik, Feldkirchen-Westerham, Germany) in 
distilled water for 5,000 cycles at 5°C and 55°C, with 30 seconds of 
dwell time and 5 seconds of transfer time to simulate aging.

Samples Preparation for Pushout Test
The roots of each tooth were cut with a low-speed diamond saw 
underwater, cooling into 1 mm-thick slices and making a total of six 
slices per root (IsoMet 1000 Precision Cutter). Each slice was marked 
on its apical side with a waterproof marker (Figs 1B and 2C). The 
diameters of the post from coronal and apical sides along with the 
thickness of each slice were measured using a digital caliper with 
0.01 mm accuracy (Insize Co). Then, pushout forces were applied 
on each slice in an apical-coronal direction using 1.2- and 0.76 
mm-diameter custom stainless-steel cylindrical plungers mounted 
on a universal testing machine (Triax Digital 50, Controls, Milan, Italy) 
at a crosshead speed of 0.5 mm/minute. The sizes of the plungers 
were chosen to match the diameter of the post at the different root 
thirds. Each slice was oriented to ensure that the apical surface faced 
the plunger and the plunger was centralized to avoid contact with 

Table 1: Composition of the investigated materials within the groups

Group Material Manufacturer Composition
CP (control) Trilor® Bioloren, Saronno, Italy Epoxy resin matrix (25% vol), multi directional glass 

fiber reinforcement (75% vol)
RXP Rely X® fiber Post 3M-ESPE, St Paul, MN, USA Epoxy resin matrix:32% glass fibers:67%, zirconium 

and strontium fillers 
CPL Trilor® Bioloren, Saronno, Italy Epoxy resin matrix (25% vol), multi directional glass 

fiber reinforcement (75% vol)
Vaseline® Unilever, Sydney, Australia Semi solid mixture of hydrocarbons
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dentin. Micro pushout testing was performed, and shear stress was 
applied along the bonded interfaces until failure occurred. The load 
of failure was recorded in Newtons (N), and the bond strength was 
calculated in megapascals (MPa), dividing the failure load by the 
surface of the bonded area.

Outcome Measurements
For RXP group, the bonded area was considered as the lateral surface 
of a truncated cone and calculated using the formula: π × (R​ +  
r​) × [(h​2​ + (R​ – r​)2​] × 0.5 where R​ is the coronal post radius, r​ is the 
apical post radius, and h​ is the thickness of the slice.14​ For the groups 
CP and CPL, the bonded area was calculated by a special numerical 
computing program (MATLAB, MathWorks, Natick, MA, USA) that 
can produce three-dimensional graphics based on the different 
measurements of each slice. The mode of failure was assessed at 45× 
magnification in a stereomicroscope (AmScope, Irvine, CA, USA), and 
failures were classified in three groups: adhesive failure (post-cement 
or the dentin-cement), cohesive failure (within the resin cement), and 
mixed failure (adhesive–adhesive or adhesive–cohesive).

Statistical Analysis
The Kolmogorov–Smirnov test was used to check homogeneity and 
normal distribution. The p​ value was 0.033, which confirmed the 
normality distribution. The two-way analysis of variance (ANOVA) 
was used, followed by Tukey’s post hoc​ test for multiple comparisons 
to determine the statistical significance of the mean differences 
among groups. All statistical analyses were performed at a 0.05 
level of significance.

Re s u lts
The mean values of pushout bond strength were obtained with 
the three groups are shown in Figure 3. The highest mean bond 
strength was recorded for the CP group (12.10 ± 1.38 MPa), while 
the lowest bond strength was recorded for the group RXP (8.54 ± 
3.35 MPa). The two-way ANOVA, showed no significance between 
groups (p​ = 0.057) as shown in Table 2. Post hoc​ was used to evaluate 
pairwise differences among groups with the use of Tukey’s test 
and concluded a significant lower bond strength for group RXP 

Figs 1A and B: Representative photograph of the specimen’s preparation in group RXP; (A) Cementation of the prefabricated posts; (B) Root slices 
of 1 mm thickness prepared for the push-out test

Figs 2A to C: Representative photograph of specimen’s preparation in groups CP and CPL; (A) Milling of customized post and cores; (B) Cementation 
of the milled posts; (C) Root slices prepared for the push-out test
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compared to CP. No significant differences in bond strength were 
observed between the groups CP and CPL and between the groups 
CPL and RXP (Table 3).

The prefabricated fiber posts (RXP) exhibited lower pushout 
strength compared with customized posts (CP), whereas the 
presence of lubricant didn’t affect the pushout bond strength of 
customized posts.

The most frequent type of failure in all groups was adhesive 
between the post and the dentin, as shown in Table 4. Mixed failures, 
mostly adhesive–cohesive, were also observed in group CP.

Di s c u s s i o n
In the present study, it was shown that custom milled FRC post 
and cores showed a significantly better pushout bond strength to 
root canal in comparison with prefabricated FRC posts luted with 
the same self-adhesive cement, thus the first null hypothesis was 
rejected.

The group RXP showed the lowest bond strength values 
compared to the control group (CP). This is probably related to 
the digital manufacturing of post and cores in groups CP and CPL, 
which allows a well-adapted post unit with a thinner cement layer 
known to cause less voids and gaps between the cement and the 
root dentin when compared with prefabricated posts in group RXP15​ 

(Fig. 4). As a result, the bonding area of the adapted posts seems to 
increase, resulting in better retention.14​ In addition, the adaptation 
of post and cores in the canal generates additional pressure during 
cementation leading to better contact between the cement/post 
assembly and the dentin and better retention.16​ Regarding the 
effect of posts adaptation on bond strength to root canal, the results 
of the present study align with several in vitro​ studies,7​–​9​,​17​ that 
investigated the pushout bond strength of adapted post and cores 
obtained by relining or digitization and concluded better retention 
to root canal compared to prefabricated fiber posts. Tsintsadze  
et al.8​ compared the retention of CAD/CAM fiber-reinforced 
composite posts with prefabricated fiber posts and cast post and 
cores and concluded an increased bond strength in both CAD/
CAM and cast groups compared with the prefabricated ones. This 
study diverges from the present study by the type of used adhesive 
cement where the self-etch adhesive was used and by the fact that 
specimens were not subjected to fatigue simulation.

In the present study, a one-piece, well-adapted post and core 
was fabricated using the CAD/CAM technology in groups CP and 
CPL which differs from the previous studies7​,​9​,​11​ where composite 
relining materials were added to prefabricated posts to enhance 
their adaptation. The main advantage relies on eliminating the 
factors related to the composite relining materials in terms of 
polymerization shrinkage and degree of conversion.7​ These 
factors may influence the pushout bond values irrelatively from 
the adaptation variable. This was observed by Bakaus et al.7​ who 
compared relined posts with reinforcement composite materials 
to well-adapted prefabricated posts and concluded a better push 
out bond strength of the well-adapted posts to root canal in 
comparison with the relined posts. In fact, the poor polymerization 
of light-cured resin used for relining affected its hardiness,18​ and 
may have been responsible for the low bond strength values 
reported in that study.19​

The customized posts cemented with self-adhesive resin 
cement in lubricated canals (CPL) did not present a significant 

Fig. 3: Mean and standard deviations of different groups

Table 2: ANOVA tests between and within groups dependent variable

Sum of squares df Mean square F​ Sig.
Between groups 63.64 2 31.82 3.188 0.057
Within groups 269.503 27 9.982    

Table 3: Multiple comparisons test showing significance between groups

(I​) SET
Mean difference 
(I​–J​) Std. error Sig.

95% confidence interval

Lower bound Upper bound
Control CPL 1.64552 1.41291 0.484 −1.8577 5.1487

RXP 3.56415* 1.41291 0.046 0.0609 7.0673
CPL Control −1.6455 1.41291 0.484 −5.1487 1.8577

RXP 1.91862 1.41291 0.377 −1.5846 5.4218
RXP Control −3.56415* 1.41291 0.046 −7.0673 −0.0609

CPL −1.9186 1.41291 0.377 −5.4218 1.5846
*The mean difference is significant at the 0.05 level

Table 4: Percentage of failure mode found in different groups

Group Adhesive Cohesive Mixed
Group CP 
(control)

64 2 34

Group CPL 98 0   2
Group RXP 80 0 20
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decrease in bond strength to root canal in comparison with the 
control (CP). Therefore, the second null hypothesis was accepted 
as interfacial adhesion between the self-adhesive resin cement and 
the root dentin did not improve significantly the bond strength of 
customized fiber posts to root canals. In the present study, self-
adhesive resin cement was used because of its reduced technique-
sensitivity and the chemical interaction between the functional 
methacrylate phosphoric acid esters and the hydroxyapatite 
present on dentin surface, resulting in superior retention of 
fiber posts to dentin compared with total and self-etch adhesive 
systems.9​,​12​ It can be concluded that despite the favorable adhesive 
properties of self-adhesive cement, the high contraction stress at 
the bonding surface caused by the enormously increased C-factor 
in the canal results in impairing the bond strength to root canal 
dentin with post-insertion.21​ The present results corroborate with 
the results of Goracci et al.,20​ who examined the “fixation strengths 
of prefabricated fiber posts that were cemented with either resin 
cements only, or in conjunction with a self-etch and a total-etch 
dentin adhesive” and concluded that the use of dentin adhesives 
produces no improvement on the fixation of fiber posts with resin 
cements to dentin and that sliding friction is the predominant 
factor for retention.

The pushout bond strength test is a common in vitro​ method to 
evaluate the retention of posts and different adhesive cementation 
protocols to root dentin.22​,​23​ This methodology represents the 
advantages of homogeneous shear tensile stress, less premature 
failures caused by sectioning procedures,23​ and reduced data 
inconsistency.24​

Regarding the fracture analysis, adhesive failure between 
cement and dentin was the most frequent type of failure observed 
in all groups, which is consistent with previous studies.16​,​25,26​

In the RXP group, adhesive failures are mostly related to 
the thick cement layer that generates bubbles and pores and 
compromises adhesion, as mentioned above.15​ In addition, the 
bond between the luting cement and the radicular dentine is 
sometimes unable to withstand curing shrinkage.1​

In the CPL group, all failures were adhesive as a result of the 
lack of adhesion between cement and dentin due to the presence 
of petroleum jelly.

As for the control group CP, mixed failures (adhesive between 
cement-dentin and cohesive in cement) were also observed. 
Cohesive failures may be explained by the insufficient light 
transmission in case of customized posts leading to a decrease 
degree of conversion.27​ In addition, the quality of bonding between 
cement and root dentin in the case of well-adapted posts is superior, 
which will transmit the curing stress to the cement.

The present study presents essential limitations relative to an 
in vitro​ study, where all procedures are done by one operator in 
extraoral conditions. Therefore, it could not completely simulate 
in vivo​ conditions. The pushout test is considered as an effective 
method to test the bond strengths of fiber posts to root canal 
dentin.22​ However, the exposure of the fiber post to the displacing 
forces during the pushout test cannot simulate functional forces 
during clinical service.28​

Co n c lu s i o n
Within the limitations of this in vitro​ study, it can be concluded 
that the use of CAD/CAM customized FRC posts have a positive 
effect on the bond strength to root canal walls in comparison 
with prefabricated fiber posts. The adhesion of self-adhesive 
resin cements to the root dentin did not improve significantly 
the pushout bond strength of custom fit post and cores to root 
canal where the friction seems to play a predominant role in the 
retention of posts.
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