
The Journal of Advanced Prosthodontics    305

The effect of different adhesive system 
applications on push-out bond strengths of 
glass fiber posts 
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PURPOSE. Over the past years, the adhesion of fiber posts luted with simplified adhesive systems has been a 
matter of great interest. The aim of this study was to assess the post retentive potential of a self-adhesive resin 
cement using different adhesive systems to compare the push-out bond strengths of fiber posts. MATERIALS AND 
METHODS. The post spaces of 56 mandibular premolar roots were prepared and divided into 4 experimental 
groups and further divided into 2 subgroups according to testing time (n=7). The fiber posts (Rely X Fiber Post) 
were luted with a self-adhesive resin cement (RelyX Unicem) and one of the following adhesive systems: no 
adhesive, a total-etch adhesive resin (Single Bond), a two-step self-etch adhesive resin (Clearfil SE Bond) and a 
one-step self-etch adhesive resin (Clearfil S3 Bond). Each root was cut horizontally, and 1.5 mm thick six root 
segments were prepared. Push-out tests were performed after one week or three months (0.5 mm/min). Statistical 
analysis were performed with three-way ANOVA (α=.05). RESULTS. Cervical root segments showed higher bond 
strength values than middle segments. Adhesive application increased the bond strength. For one week group, 
the total-etch adhesive resin Single Bond showed higher bond strength than the self-adhesive resin cement RelyX 
Unicem applied without adhesive resin at middle region. For 3 months group, the two-step self-etch adhesive 
resin Clearfil SE Bond showed the highest bond strength for both regions. Regarding the time considered, Clearfil 
SE Bond 3 months group showed higher bond strength values than one week group. CONCLUSION. Using the 
adhesive resins in combination with the self-adhesive resin cement improves the bond strengths. The bond 
strength values of two-step self-etch adhesive resin Clearfil SE Bond improved as time passes. [ J Adv Prosthodont 
2013;5:305-11]
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INTRODUCTION

Fiber posts, in combination with resin cements, have been 
widely used to restore endodontically treated teeth. Curren-

tly, all resin cements are based upon the use of  an etch-and-
rinse or self-etch adhesive along with a low viscosity resin 
composite. This multi-step application technique is com-
plex and rather technique sensitive, and consequently may 
compromise bonding effectiveness.1 Self-adhesive resin 
cements have been marketed to simplify clinical procedures 
and overcome the technique sensitivity of  multi-step sys-
tems. These luting agents do not require any pretreatment 
of  the tooth surface and their application is accomplished 
through a single clinical step.2 The adhesive properties are 
claimed to be based upon acidic monomers that demineral-
ize and infiltrate the tooth substrate, resulting in micro-
mechanical retention. Secondary reactions have been sug-
gested to provide chemical adhesion to hydroxyapatite.3 
Although several studies have indicated that the bond-
strength values of  self-adhesive resin cements are compara-
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ble to, or even higher than, those of  conventional luting 
strategies4,5 their limited etching capability in the presence 
of  the compact smear layer created within the endodontic 
space is a matter of  concern.6,7 The peculiar histological 
characteristics of  the intraradicular dentin, and the presence 
of  a thick endodontic smear layer, has prompted some 
researchers to recommend a preliminary etching step of  the 
dowel space before bonding.8 Elevation or modification of  
smear layer before using self-adhesive resin cement to 
improve the bond strength remains questionable. 

Bond strength evaluations are conventionally performed 
at 24 hours or longer after restorative procedures.6,9-11 As 
reported by several researchers, a significant decrease in 
bond strength after long-term usage may reduce the success 
rate of  restorations, thereby leading to failure.

Over the past years, the adhesion of  fiber posts luted 
with simplified adhesive systems has been a matter of  great 
interest. Thus, the aim of  this study was to compare one 
week and 3 months interfacial strength of  fiber posts luted 
with no adhesive or different adhesive systems and a self-
adhesive resin cement. The null hypotheses tested were: (a) 
there are no difference between cervical and middle third 
regions, (b) adhesive application prior to use self-adhesive 
resin cement do not improve the bond strength of  fiber 
posts, (c) there are no difference between the different 
adhesive systems, (d) there are no differences in the interfa-
cial strengths of  root sections tested between one week and 
3 months of  storage. 

MATERIALS AND METHODS 

To evaluate different types of  adhesive system and testing 
time that influenced bond strength, 3 different adhesive 
systems, a total-etch adhesive resin (Adper Single Bond 2), 
a two-step self-etch adhesive resin (Clearfil SE Bond) and a 
one-step self-etch adhesive resin (Clearfil S3 Bond) and a 
self-etch adhesive resin (RelyX Unicem) and 2 indicate as 
storage time (1 week or 3 months) were studied. Materials 
investigated in this study were shown in Table 1.

Fifty-six freshly extracted human mandibular premolar 
teeth with straight root canals, free of  cracks, caries and ful-
ly developed apices were selected for this study. External 
debris was removed with a scaler and then stored in dis-

tilled water for no more than a month. Crown surfaces of  
each tooth were sectioned below cemento-enamel junction 
perpendicular to their long axis with a diamond bur (SS 
White Burs, NJ, USA) under water cooling, to achieve a 
uniform length of  16 mm. Cleaning and shaping was per-
formed using a crown-down preparation technique employ-
ing nickel-titanium rotary instruments (Size S1, S2 and F3, 
Protaper; Dentsply Maillefer, Ballaigues, Switzerland) to 
size 30, 0.09 taper. During instrumentation, canals were irri-
gated with 1 mL of  2.5% NaOCl. Following the final irriga-
tion, the canal spaces were completely dried with absorbent 
paper points (DenstplyDeTrey, Konstanz, Germany). The 
obturation was performed using AH26 (Dentsply DeTrey) 
and gutta-percha with cold lateral compaction. Cervical 
root canal openings were then filled with a provisional 
restorative material (Cavit-G, 3M ESPE) and the roots were 
stored in a humidor for 1 week at 37℃.  

Coronal gutta-percha was removed using the heat trans-
ferring instrument of  the System B (EIE-Analytic Tech-
nology, Orange, CA, USA) and then Gates Glidden drills 
(No. 2 and 3; Dentsply Maillefer) leaving 4 mm of  material 
apically. Then the root canals of  each sample were enlarged 
using the post system drill [RelyX Fiber Post drill (size 1)] 
provided by the manufacturer of  the selected post. All 
specimens were prepared by one practitioner using a stan-
dardized procedure; the depth of  the post space prepara-
tion was 12 mm. Following the post space preparations, the 
canals were rinsed with distilled water for 2 minutes and 
dried with paper points. A tapered glass fiber post (RelyX 
Fiber Post size 1) was inserted with a resin cement and four 
different adhesive resins. 

Group 1: No adhesive was used.
Group 2: A total-etch adhesive resin (Adper Single 

Bond 2) was applied to the prepared post spaces. The root 
canals were etched for 15 seconds using 35% phosphoric 
acid gel, rinsed for 20 seconds and gently air-dried. Excess 
water was removed using paper points. Two coats of  adhe-
sive resin was applied to the post spaces using paper points. 
The root canals were gently dried, excess bond was 
removed using paper points and light-cured for 20 seconds, 
with the tip of  the light unit (Hilux 550, Ankara, Turkey) 
directly in contact with the post space opening. 

Group 3: A two-step self-etch adhesive resin (Clearfil 

Table 1.  Materials used in the experimental study

Material Manufacturer Lot No.

Adper Single Bond 2 3M ESPE, St Paul, MN, USA Etchant: 8LX Bond liquid: 8TP

Clearfil SE Bond Kuraray, Osaka, Japan Primer: 00739A Bond: 01063A

Clearfil S3 Bond Kuraray, Osaka, Japan 00160A

Rely X Unicem 3M ESPE, Seefeld, Germany 396633

Rely X Fiber Post 3M ESPE, Seefeld, Germany 094940810
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SE Bond) was applied. The self-etching primer (Clearfil SE 
Bond Primer) was applied to the post spaces allowed to 
etch for 30 seconds and gently dried. Then adhesive 
(Clearfil SE Bond) was applied and excess bond was 
removed using paper points and light-cured for 20 seconds. 

Group 4: A one-step self-etch adhesive resin (Clearfil S3 
Bond) was applied to the post spaces using paper points 
and gently dried. Excess bond was removed and light-cured 
for 20 seconds.

The surfaces of  the posts were cleaned with alcohol as 
recommended by the manufacturers. In all groups, self-
adhesive resin cement (RelyX Unicem) was used for luting 
the posts. The cement was prepared by mixing the caps for 
15 seconds and introduced in the canal by use of  elonga-
tion tips and the post was then coated with cement, insert-
ed in the canal to full depth by using finger pressure and 
light-cured for 40 seconds. After the cementation proce-
dures, access cavities were completely covered with glass 
ionomer cement (Fuji IX, GC Corp., Tokyo, Japan). To 
evaluate the short and long term period of  the push-out 
bond strength, each group was then equally divided into 
two subgroups. The first subgroup was stored for 1 week 
and second subgroup was stored for 3 months in distilled 
water at 37℃ before testing. 

Push-out test was shown in Fig. 1. Each root was cut 
horizontally with a slow-speed diamond saw (Mecatome, 
T2001A, Pressi, France) to produce six 1.5 (± 0.05) mm-
thick segments (2 apical, 2 middle, 2 cervical). The apical 
surfaces of  the slices were marked with a indelible marker. 
The push-out test was performed on these slabs using an 

universal testing machine (Autograph AG-10kNIS, 
Shimadzu Co., Kyoto, Japan) connected to load cell, operat-
ing at a cross-head speed of  0.5 mm/min-1. The apical sur-
face was placed facing the punch tip, ensuring that loading 
forces were introduced from an apical to coronal direction. 
Care was taken to center the push-out pin (diameter of  1.0 
mm at cervical, 0.5 mm at middle, 0.25 mm at apical) on 
the center of  the post surface, without stressing the sur-
rounding post space walls. The peak of  extrusion of  the 
post segment from the slice was taken as point of  bond 
failure and the value was recorded in Newton (N). Push-out 
strength data were converted to Mega Pascal (MPa) by 
dividing the load in Newton by the surface area (SL) in 
mm2. SL calculated as the lateral surface area of  a truncated 
cone using the formula: SL	=	 π(R	+	 r)	 [(h

2 + (R - r)2]0.5 
where R is the coronal post-radius, r the apical post-radius 
and h the thickness of  the slice. The wider and narrowest 
diameters of  the post and the thickness of  the slice were 
individually measured using a digital caliper with 0.01 accu-
racy. 

Statistical analysis were performed with three-way analy-
sis of  variance (ANOVA) followed by a one-way ANOVA 
and	Tukey’s	HSD	comparisons	(α=.05).	The	analysis	of 	the	
apical root segments were not evaluated. Subsequently, each 
specimen was observed using a stereomicroscope (Olympus 
S 240, Tokyo, Japan) at ×40 magnification to determine the 
failure modes. 

Failure was considered; adhesive in dentin - if  cement 
was totally seperated from dentin; adhesive in post-if  
cement was totally seperated from post; mixed - when 
occured a mixture of  adhesive in dentin and post failure; 
and cohesive - if  the fracture occured only in post or den-
tin.12 The failure photographs of  each group was given in 
Fig. 2. Bond failure sites were not statistically analyzed.

RESULTS

Results of  the three-way ANOVA were given in Table 2 
and mean push-out bond strength values of  the tested 
groups were given in Table 3. For all test groups, cervical 
root segments showed higher bond strengths than middle 
root segments. There was a significant difference between 
the groups for both cervical and middle regions (Table 4 
and Table 5). Adhesive application increased the bond Fig. 1.  Photograph of the push-out test.

Fig. 2.  The failure photographs of each group. (A) Adhesive in dentin, (B) Adhesive 
in post, (C) Mixed, (D) Cohesive.

A                            B                           C                                         D
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strength. For 1 week group, there was not a significant dif-
ference between the groups at cervical region. However, 
there was a significant difference between the groups at 
middle region. Adper Single Bond 2 showed higher bond 
strength than RelyX Unicem without adhesive. The differ-
ence was not important between the adhesive applied 
groups. For 3 months groups, there was a significant dif-
frence between the groups. The highest bond strength val-
ues were obtained from Clearfil SE Bond at cervical region. 
There was not a significant difference between the other 
groups. The bond strength values of  Clearfil SE Bond was 
higher than Rely X Unicem without adhesive and Clearfil 
S3 Bond at middle region. There was not a significant dif-
ference between Adper Single Bond 2 and the other groups. 
When considering time, only Clearfil SE Bond showed sig-
nificant difference. Clearfil SE Bond 3 months showed 
higher bond strength values than Clearfil SE Bond one 
week group. 

The fracture types observed in the analyzed samples 

were adhesive in dentin, adhesive in post, mixed and cohe-
sive. The results of  the predominating type of  failures in 
each group was presented in Table 6 and Fig. 3. 

DISCUSSION

The bond strength between pretreated root canal dentin 
and fiber-reinforced posts were evaluated using a push-out 
test. The push-out test provides a better estimation of  the 
bonding strength than the conventional shear test because 
with the push-out test the fracture occurs in parallel to the 
dentin-bonding interface. Additionally, the push-out test 
has been considered more dependable than the microtensile 
test for bonded posts.13

In this study, it was not possible to evaluate the bond 
strengths of  the apical root segments because of  the defor-
mation of  thin push-out pin, then analysis of  apical seg-
ments of  the specimens were omitted. The first hypothesis 
was rejected, because significant differences in bond strength 

Table 3.  Mean push-out bond strength values of the 
tested groups 

Test groups n
Bond strength value 

(MPa)

RelyXUnicem 1 week (wa) 25 3.78 ± 2.1a

Single Bond 1 week 24 6.78 ± 4.3abc

Clearfil SE 1 week 27 5.38 ± 3.1abc

Clearfil S3 1 week 27 7.21 ± 3.7bc

RelyXUnicem 3 months (wa) 28 5.16 ± 3.1ab

Single Bond 3 months 28 6.50 ± 4.5ab

Clearfil SE 3 months 28 9.63 ± 3.6c

Clearfil S3 3 months 26 5.12 ± 3.4ab

Different superscript letters shows the difference between the groups (P=.000)
*(wa): without adhesive 

Table 2.  Results of the three-way ANOVA

Source
F Sig.

(F ratio) (P value)

Group 7.975 .000a

Region 41.319 .000a

Time 3.009 .084

Group* Region .953 .416

Group* Time 9.358 .000a

Region* Time .304 .582

Group* Region* Time .965 .410

a. P value below 0.05. 

Table 4.  Mean push-out bond strength values of 
cervical regions

Test groups (n)
Bond strength value 

(MPa)

RelyXUnicem 1 week (wa) 12 5.41 ± 1.9a

Single Bond 1 week 11 8.07 ± 4.3ab

Clearfil SE 1 week 14 6.03 ± 3.6a

Clearfil S3 1 week 14 8.99 ± 3.5ab

RelyXUnicem 3 months (wa) 14 6.42 ± 3.7a

Single Bond 3 months 14 7.20 ± 4.9a

Clearfil SE 3 months 14 11.76 ± 3.4b

Clearfil S3 3 months 14 7.23 ± 3.4a

Different superscript letters shows the difference between the groups (P=.000)
*(wa): without adhesive 

Table 5.  Mean push-out bond strength values of 
middle regions 

Test groups n
Bond strength value 

(MPa)

RelyXUnicem 1 week (wa) 13 2.27 ± 0.83a

Single Bond 1 week 13 5.70 ± 4.22abc

Clearfil SE 1 week 13 4.67 ± 2.38abc

Clearfil S3 1 week 13 5.30 ± 3.01abc

RelyXUnicem 3 months (wa) 14 3.91 ± 1.7ab

Single Bond 3 months 14 5.80 ± 4.00abc

Clearfil SE 3 months 14 7.50 ± 2.31c

Clearfil S3 3 months 12 4.77 ± 0.89ab

Different superscript letters shows the difference between the groups (P=.000)
*(wa): without adhesive 
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values were observed among the different root canal seg-
ments. The push-out bond strength for the cervical seg-
ments was higher compared to the middle segments, in 
agreement with Ohlmann et al.14 and Mallmann et al.15 The 
bond strengths in different post space dentin regions 
seemed to be influenced by tubule density and the area of  
dentin.16 Tubule density and diameter of  the tubules 
decrease in the apical direction, which may influence the 
micromechanical bonding mechanism of  the adhesive sys-

tems.17 Moreover, it has been reported that the root canal 
dentin walls after post space preparation are covered with 
remnants of  gutta-percha and sealer, rough debris, and a 
thick smear layer which is higher in the apical direction that 
could not be perfectly removed.18

In the current study, lowest bond strength values were 
obtained from self-adhesive resin cement without adhesive 
application, which opposes the second hypothesis. Adhesive 
application prior to the use of  self-adhesive resin cement 

Fig. 3.  Predominating type of fracture occurred in each group (%). 
*U: RelyXUnicem without adhesive, SB: Single Bond, CSE: Clearfil SE Bond, 
CS3: Clearfil S3 Bond, (c): cervical root segment, (m): middle root segment.

Table 6.  Predominating type of fracture occurred in each group (%)

Group Adhesive-dentin Adhesive-post Mixed Cohesive

U (c) 1 week 25 8 67 0

U (m) 1 week 15 15 70 0

SB + U (c) 1 week 0 0 100 0

SB + U  (m) 1 week 8 15 77 0

CSE + U (c) 1 week 14 7 79 0

CSE + U (m) 1 week 0 15 77 8

CS3 + U (c) 1 week 7 7 86 0

CS3 + U (m) 1 week 0 0 100 0

U (c) 3 months 14 14 72 0

U (m) 3 months 0 0 100 0

SB + U (c) 3 months 21 0 79 0

SB + U (m) 3 months 0 0 100 0

CSE + U (c) 3 months 0 38 54 8

CSE + U (m) 3 months 7 36 57 0

CS3 + U (c) 3 months 0 0 100 0

CS3 + U (m) 3 months 0 0 100 0

*U: RelyXUnicem without adhesive, SB: Single Bond, CSE: Clearfil SE Bond, CS3: Clearfil S3 Bond, (c): cervical root segment, (m): middle root segment.

The effect of different adhesive system applications on push-out bond strengths of glass fiber posts 
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RelyX Unicem improved the bond strength of  fiber posts. 
De Munck et al.19 stated that although the pH of  the mixed 
RelyX Unicem was very low (<2 during the first minute, 
data supplied by 3M ESPE), nearly no demineralization of  
the dentin surface was noticed. The metacrylated phos-
phoric esters in the adhesive cannot penetrate adequately 
through the retained partly dissolved smear layer on the 
root canal walls, resulting in interfacial gaps and lower bond 
strengths in vitro.20,21 In addition to this, relatively high vis-
cosity of  the material and the limited penetration/interac-
tion time (the material was light cured directly after applica-
tion) might influence bonding. Etching and/or priming the 
dentin before using self-adhesive cement might enhance 
micromechanical bonding by demineralizing dentin, by 
removing or modifying smear layer. 

In the present study, different adhesive systems influ-
enced the push-out bond strength of  fiber posts, which 
opposes the third hypothesis. Push-out bond strength 
results are similar at cervical region in one week group. At 
middle region Single Bond showed higher bond strength 
than RelyX Unicem without adhesive. It is well known that 
a wet-bonding technique is essential for a total-etching sys-
tem to achieve optimal bond strength.22 Although control 
of  surface wetness is difficult to achieve in the deep and 
narrow post spaces within a root canal, the middle region 
does not seem to be influenced. The bond strengths of  
Clearfil S3 Bond and Clearfil SE Bond were not different 
from Adper Single Bond 2 and RelyX Unicem without 
adhesive. Additionally, Clearfil SE Bond showed higher 
bond strength results at both cervical region and middle 
region in 3 months group. It has been reported that bond 
strengths to root canal dentin of  self-etching systems are 
not affected by the depth of  the post-space region.16,23,24

When considering time, mean bond strengths of  Clearfil 
SE bond increased by time. De Munck et al.25 found that 
two-step self-etch adhesives exhibited not only among the 
highest bond strengths at baseline but also after one year 
water storage, the highest bond strengths were recorded in 
this group. It was stated that the adhesive contained the 
functional monomer 10-MDP, which affectively interacts 
chemically with HAP with a reasonable time, and the calci-
um salt of  which hardly soluble showed no signs of  degra-
dation in bond strength and interfacial ultrastructure.26 
Presence of  10 MDP functional monomers and filler parti-
cles in Clearfil SE Bond and formation of  a relatively thick 
layer that serves as an elastic buffer zone during polymer-
ization of  resin composite ensure bond durability.27 Miguez 
et al.28 stated that the post-curing of  the adhesive resin and 
more specifically of  the oxygen inhibited layer may have 
occurred owing to the 37℃ heat storage condition during 
the long period of  time. The enhanced polymerization of  a 
thicker oxygen-inhibited layer might be responsible for the 
significant increase in bond strengths for Clearfil SE Bond. 
Fourth hypothesis was then rejected.

The retention of  fiber posts in roots is dependent upon 
the adhesion between the resin cement and the dentin, as 
well as on the adhesion between the resin cement and 

posts. However, the adhesion between resin and dentin is 
considered to be a weak point in luting a fiber post.29,30 The 
fracture types observed in the analyzed samples were adhe-
sive in dentin, adhesive in post, mixed and cohesive. 
Generally mixed failures were observed from each group. 
Only in Clearfil SE Bond 3 months group,  percentage of  
adhesive post failure was similar to mixed type. This finding 
supported the highest bond strength results of  Clearfil SE 
Bond. 

CONCLUSION

Within the limitations of  this study, dentin bond strength 
of  the total-etch adhesive resin Single Bond, the one-step 
self-etch adhesive resin Clearfil S3 Bond, the self-adhesive 
resin cement RelyX Unicem remained stable and the bond 
strengths of  the two-step self-etch adhesive resin Clearfil 
SE Bond increased with time.
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