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398.5 N) and 1b (DT Light SL + Variolink II + ExciTE DSC; 431.1 
N) had significantly higher resistance to fracture than the 
control group (334.1 N; p < 0.05). DT Light SL and FRC Postec 
Plus were more resistant to fracture when Variolink II was 
used as the luting cement. DT Light and Everstick had higher 
fracture resistance when they were luted with RelyX Unicem 
(p < 0.05).  Conclusion:  The results of this study indicate that 
the use of quartz fiber posts (DT Light and DT Light SL) with 
an adhesive luting cement in root-filled teeth may reinforce 
the root to some extent.  © 2015 S. Karger AG, Basel 

 Introduction 

 When the remaining tooth structure cannot provide 
adequate support and retention for restoration, end-
odontically treated teeth are usually restored with posts 
 [1, 2] . Restoring these teeth using materials with a similar 
elastic modulus to dentine appears advantageous due to 
the reduced risk of root fracture  [3] . The fracture resis-
tance of endodontically treated teeth has been reported to 
be principally dependent on the amount of remaining 
tooth structure and adhesive surface, the quality of adhe-
sion, and the type of post because posts increase the frac-
ture resistance of the root, especially in the absence of a 
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 Abstract 

  Objective:  The aim of this study was to compare the resis-
tance to vertical root fracture of root-filled teeth restored 
with four different fiber-reinforced composite (FRC) post sys-
tems and two types of dual-cured resin luting agents.  Mate-

rials and Methods:  Ninety extracted human maxillary cen-
tral incisors were selected and decoronated to obtain a stan-
dardized root length of 14 mm. After root canal obturation, 
post spaces were prepared to a depth of 10 mm with a No. 3 
post drill. The specimens (n = 80) were divided into two 
groups (n = 40) according to the resin luting agents used: 
group 1, Variolink II + ExciTE DSC; group 2, RelyX Unicem. 
These groups were subdivided into four subgroups (n = 10) 
and restored with one of the following post systems: (a) DT 
Light, (b) DT Light SL, (c) FRC Postec and (d) Everstick, while 
the remaining 10 teeth served as controls. The roots were 
subjected to axial compressive loading using a 2.2-mm-di-
ameter metal sphere in a universal testing machine (0.5 mm/
min). A factorial experiment with a single control group 
(analysis of variance) was used to test the resistance of the 
specimens.  Results:  Groups 2a (DT Light + RelyX Unicem; 
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full crown  [4] . However, both cast and prefabricated 
posts made of metal alloys present some drawbacks, such 
as causing irreparable root fractures, biocompatibility 
problems, compromising esthetics, difficulty in removing 
metal posts, and the risk of corrosion or allergic reaction 
 [5] . On the other hand, the elastic modulus of glass fiber 
posts is reported to be similar to that of dentine, and these 
posts have a homogeneous force distribution that mini-
mizes catastrophic root fracture  [3] .

  Clinicians have tried to support the remaining tooth 
structure using various adhesive dental materials that 
may offer a valuable opportunity to strengthen the end-
odontically treated teeth. These materials include bonded 
sealers or fiber-reinforced composite (FRC) posts with 
adhesive luting cement in the root canal system. In recent 
years different luting agents, including adhesive systems, 
have been recommended for bonding fiber-reinforced 
posts to root canal dentine. These bonding agents are 
mainly divided into total-etch and self-etching adhesive 
systems  [6] . Self-adhesive resin cement can be applied in 
a single clinical step and, although studies have reported 
limited infiltration of resin cement into dental tissue, its 
main adhesive property is attributed to a chemical reac-
tion between phosphate methacrylates and hydroxyapa-
tite  [7] .

  Although the effects of different root canal sealers on 
vertical root fracture (VRF) are well documented  [8] , 
there is no study on the effect of the FRC post system and 
resin cement on VRF. Therefore, the aim of this study was 
to compare the resistance to VRF of root-filled teeth re-
stored with four different FRC post systems and two types 
of dual-cured resin luting agents.

  The null hypotheses of this study were: (a) FRC posts 
do not result in any increase in the fracture resistance of 
endodontically treated teeth compared to root-filled 
teeth without posts, and (b) there is no statistically sig-
nificant difference between the resin cements used in this 
study.

  Materials and Methods 

 Specimen Preparation 
 Ninety maxillary central incisor teeth with straight root canals, 

extracted for periodontal reasons, were selected for this study. All 
specimens were fully developed apices and had no cracks, caries or 
fractures. The buccopalatal and mesiodistal dimensions of the 
teeth were measured at the highest bulge with a digital caliper 
(Digimatic Calipers, Mitsutoyo, Tokyo, Japan). The teeth were 
carefully cleaned with a scaler to remove any debris, placed in 2.5% 
sodium hypochlorite (NaOCl) for 2 h for surface disinfection and 
then stored in 0.1% sodium azide solution until use.

  Endodontic Treatment 
 The crowns of the teeth were removed with a 0.15-mm dia-

mond wafering blade (Buehler Ltd., Lake Bluff, Ill., USA) under 
water cooling to give uniform 14-mm apical sections of root. The 
root canals were prepared manually using a step-back technique 
to an apical size of ISO 40. After changing each instrument, the 
root canals were irrigated with 2 ml of 2.5% NaOCl solution. The 
canals were dried with absorbent paper points (Dentsply Maillefer, 
Tulsa, Okla., USA) and filled with gutta-percha and AH Plus seal-
er (Dentsply Caulk, Milford, Del., USA) using the cold lateral com-
paction technique.

  Post Space Preparation 
 The post space preparation of all roots was initiated after 7 

days to allow the sealer to set. Post spaces were prepared to a depth 
of 10 mm with a special preparation drill (No. 3 FRC Postec Plus 
drill; Ivoclar Vivadent, Schaan, Liechtenstein) which had a 1.0-
mm diameter apically and a 0.02 taper. After post space prepara-
tion, the canals were irrigated using sterile water and dried with 
paper points (Dentsply Maillefer). The presence of any residual 
gutta-percha on the walls of the post space was evaluated by ra-
diographic imaging.

  Post Cementation 
 The specimens were assigned to two groups (each n = 40) ac-

cording to the resin luting agents used: group 1, Variolink II + 
 ExciTE DSC; group 2, RelyX Unicem. These groups were subdi-
vided into four subgroups (n = 10) and reconstructed with one of 
the four types of posts: (a) DT Light, (b) DT Light SL, (c) FRC 
Postec and (d) Everstick. The remaining 10 teeth served as con-
trols. Thus, the groups investigated in this study are listed below.

   Group 1a:  DT Light posts (Vereinigte Dentalwerke, Munich, 
Germany) luted with ExciTE DSC and Variolink II (both from 
Ivoclar Vivadent).

   Group 1b:  Quartz fiber posts (DT Light SL posts; Vereinigte 
Dentalwerke) were luted using an ExciTE DSC and Variolink II 
combination.

   Group 1c:  Glass fiber posts (FRC Postec Plus posts; Ivoclar 
Vivadent) were luted with ExciTE DSC and Variolink II.

   Group 1d:  Individually formed glass fiber posts (Everstick; 
StickTech Ltd., Turku, Finland) were luted using ExciTE DSC and 
Variolink II, according to the manufacturer’s instructions.

   Group 2a:  DT Light posts luted with self-adhesive resin cement 
(RelyX Unicem; 3M ESPE, St. Paul, Minn., USA).

   Group 2b:  DT Light SL posts were luted with RelyX Unicem.
   Group 2c:  FRC Postec Plus posts were luted with RelyX Uni-

cem.
   Group 2d:  Everstick was luted with RelyX Unicem.
   Control:  No post space preparation and reconstruction.
  After the posts were checked and confirmed for length and fit, 

the post surfaces were cleaned with alcohol, as recommended by 
the manufacturer. Variolink II was used after rinsing the root ca-
nal spaces with distilled water and etching with 35% phosphoric 
acid (Ultra-Etch; Ultradent, South Jordan, Utah., USA) for 15 s. 
The ExciTE DSC single-dose adhesive system was used via a mi-
crobrush coated with chemical initiators to intra-radicular den-
tine and scrubbed for 10 s. Excess adhesive was removed with 
paper points and gently air dried. The resin was polymerized us-
ing a halogen light unit Optilux 501 (Kerr Dental, Orange, Calif., 
USA) with an intensity of 800 mW/cm 2  for 20 s with the tip of 
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the light unit directly in contact with the canal orifice. The sur-
faces of FRC Postec Plus posts were silanized with Monobond-S 
(Ivoclar-Vivadent) with a disposable microbrush for 60 s. All 
posts in group 1 were luted with dual-polymerized resin cement 
(Variolink II) after applying the dual-curing adhesive system 
(ExciTE DSC single dose) according to the manufacturer’s in-
structions.

  Self-adhesive dual-polymerized cement (RelyX Unicem Apli-
cap) was used in the group 2 subgroups as a luting agent. RelyX 
Unicem was prepared according to the manufacturer’s instruc-
tions and applied directly to the root canal space. The post was also 
covered with the cement. Polymerization was performed as previ-
ously described.

  The root surfaces were covered with a thin layer of silicone 
impression material (Speedex; Colten AG, Altstätten, Switzer-
land) to simulate the function of the periodontal ligament and 
embedded in an autopolymerizing acrylic resin (Meliodent; 
 Heraeus Kulzer, Hanau, Germany) up to 2 mm below the enamel-
cementum junction to simulate the alveolar bone. Approximate-
ly 1.00 ± 0.05-mm-thick slices of the coronal portion of each root 
were sectioned perpendicular to the long axis with a low-speed 
saw to create a smooth surface. The roots were subjected to axial 
compressive loading using a 2.2-mm-diameter metal sphere in a 
universal testing machine (Testometric, Rochdale, UK) at 0.5 
mm/min, and the fracture load was recorded (in newtons, N; 
 fig. 1 ). The axial compressive load was defined as any sudden load 
drop during compression and was recorded for each specimen 
(N).

  Statistical Analysis 
 A factorial experiment with a single control group (analysis of 

variance) was used to test the resistance of the specimens to VRF. 
Dunnett’s test was used to assess the differences between the ex-
perimental groups and the control group. The statistical signifi-
cance among the mean fracture resistance of the experimental 
groups was determined with Tukey’s HSD (honest significant dif-
ference) test. The confidence level was set to 95% in all tests.

  Results 

 The mean and standard deviations, fracture resistance, 
and the range of the experimental and control groups are 
presented in  table 1 . A factorial experiment with a single 
control group showed that the interaction between luting 
cements and posts was significant (F = 11.20; p = 0.00; 
 table 2 ). The difference between the experimental groups 
and the control group was also statistically significant 
(F = 246.50; p = 0.00;  table 2 ). Groups 1b and 2a had sig-
nificantly higher resistance to fracture values than the 
control group according to Dunnett’s test (t = –2.62 
and –3.94, respectively). Tukey’s HSD test indicated a sig-
nificant difference among the experimental groups (p < 
0.05). DT Light SL and FRC Postec Plus were more resis-
tant to fracture when Variolink II was used as the luting 
cement. DT Light and Everstick had higher fracture resis-
tance when they were luted with RelyX Unicem (p < 0.05; 
 table 3 ).

 Table 1.  Fracture resistance (N)

Groups Mean ± SD Range

Group 1
Excite DSC/Variolink II

(a) DT Light 341.3 ± 23.8 290.8 – 366.9
(b) DT Light SL 431.1 ± 57.8a 301.7 – 530.1
(c) FRC Postec Plus 377.0 ± 49.2 324.4 – 454.9
(d) Everstick 305.8 ± 52.0 242.7 – 386.4

Group 2
RelyX Unicem

(a) DT Light 398.5 ± 56.3b 306.4 – 490.7
(b) DT Light SL 358.5 ± 52.6 282.2 – 440.4
(c) FRC Postec Plus 276.9 ± 61.4 218.0 – 399.5
(d) Everstick 358.4 ± 58.7 250.9 – 429.1

Control group 334.1 ± 48.9 260.9 – 414.2

 Significant difference from the control group according to 
Dunnett’s test: a°t = –2.62; b°t = –3.94.

  Fig. 1.  Schematic representation of the setup for the assessment of 
fracture resistance. 
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  Discussion 

 With the exception of groups 2a and 1b, results from 
the groups in the present study revealed that the presence 
of a post was not significant to the vertical fracture strength, 
confirming that the primary purpose of a post is to retain 
a core or restoration and not to reinforce a root canal  [9] .  
 Some authors argue that there is no significant difference 
in largely compromised teeth between teeth restored with 
and without posts due to the use of an adhesive restorative 
design  [9] . The first null hypothesis that FRC posts would 
not result in any increase in the fracture resistance of end-
odontically treated teeth compared to root-filling therapy 
alone (without posts) was partially accepted.

  Perez-Gonzalez et al.  [10]  compared the strength of 
maxillary incisors restored with glass fiber posts without 

a crown, as in the present study. However, the mean fail-
ure load (211.2 N) was less than that obtained in the pres-
ent study. This difference can be attributed to their use of 
a procedure where the specimens were tested under a ten-
sion load.

  Independent of tensile or compressive stress, the great-
est stress appears to occur in the cervical region  [11] , con-
firming our observations that fractures mostly occurred 
in the that region. The posts concentrated stress in the 
cervical region because of their flexibility. It is known that 
the ordinary chewing force in adults ranges from 7 to 15 
kg  [12] , but that the maximum biting force is up to 90 kg 
 [13] . In the present investigation, root-filled teeth with or 
without posts were able to resist the normal chewing 
force, but this was not as strong as the maximum biting 
force. Hayashi et al.  [14]  reported higher fracture strength 

Source of variation d.f. Mean square F p value

Control group × experimental groups 1 745,528 246.5 0.000
Luting cements 1 4,937 1.63 0.186
Post types 3 20,756 6.86 0.000
Luting cements × post types 3 33,888 11.20 0.000
Error 81 3,025

Luting cement Post type Fracture resistances, N

ExciTE DSC + Variolink II DT Light 341.26 ± 23.82b, c

DT Light SL 431.1 ± 57.8a

FRC Postec Plus 377.0 ± 49.2a, b

Everstick 305.8 ± 52.0c

RelyX Unicem DT Light 398.5 ± 56.31

DT Light SL 358.5 ± 52.61

FRC Postec Plus 276.9 ± 61.42

Everstick 358.4 ± 58.71

Post type Luting cement Fracture resistances, N

DT Light ExciTE DSC + Variolink II 341.26 ± 23.82b

RelyX Unicem 398.5 ± 56.3a

DT Light SL ExciTE DSC + Variolink II 431.1 ± 57.81

RelyX Unicem 358.5 ± 52.62

FRC Postec Plus ExciTE DSC + Variolink II 377.0 ± 49.2α

RelyX Unicem 276.9 ± 61.4β

Everstick ExciTE DSC + Variolink II 305.8 ± 52.0ii

RelyX Unicem 358.4 ± 58.7i

 Values are mean ± SD. Groups followed by the same symbol within the column are 
not statistically significant (p > 0.05).

 Table 2.  Results of the factorial 
experiment with a single control group: 
(ANOVA) statistical analysis

 Table 3.  Results of Tukey’s HSD post hoc 
test analysis
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values for the DT Light post (153 kgf for 90° vertical load-
ing and 56 kgf for 45° oblique loading) compared to the 
values of the roots in the present study. The fracture re-
sistance of the roots in our study was determined without 
core restoration that simulates the worst-case scenario, 
and this may have caused the lower fracture loads. The 
methods of fabrication of DT Light posts can provide an 
explanation for the significantly higher resistance to frac-
ture. The type of resinous matrix and the fabrication pro-
cess used to promote chemical bonding between fiber and 
resin may possibly be the most important factors influ-
encing the fiber post strength  [15] .

  In the present study, Everstick showed low fracture re-
sistance in accordance with the findings of Le Bell-Rönn-
löf et al.  [16] . A post situated in the most central part of 
the tooth, where stresses are minimal, does not reinforce 
the root. It was reported that for mechanically optimum 
results the reinforcement has to be as far away from the 
neutral axis as possible, producing a structure that is sim-
ilar to the intact tooth, which is hollow in the middle. In 
the present study, Everstick cemented with Variolink II 
or RelyX Unicem showed no statistical difference when 
compared to the control. However, the results of the 
Everstick luted with the Variolink II groups showed a sta-
tistically significant lower value than the silane-applied 
posts luted with Variolink II. This result was consistent 
with the findings of Cekic-Nagas et al.  [17]  that the con-
ditioning of the post surface has positive effects on bond 
strength.

  It was shown that the injection method used to carry 
the RelyX Unicem luting cement into the post space re-
sulted in fewer air bubbles and voids in all specimens  [18] . 
So, the marginal adaptation of the material of both the 
dental substrate and the fiber post was improved. A re-
cent study demonstrated that fiber posts luted with 1-step 

self-etch dual-polymerized resin cements had significant-
ly higher bond strengths  [19] . Zicari et al.  [20]  found that 
the self-adhesive composite cement RelyX Unicem was as 
effective as the multistep composite cement. They report-
ed higher fracture loads than those of the specimens luted 
with RelyX Unicem in the present study. This may be due 
to the orientation of the load.

  DT Light SL posts luted with ExciTE DSC and Vario-
link II in the 35% phosphoric acid etching groups 
showed significantly higher vertical fracture strengths 
compared with the FRC Postec Plus/RelyX Unicem, 
Everstick/ExciTE DSC/Variolink II and the control 
groups. This may have resulted from the positive effects 
of silanization of the post and the dentine surface being 
conditioned with acid etching. This result is partially 
consistent with Sahinkesen et al.  [21]  who reported that 
Variolink II and silanization of the post combination 
achieved the highest bond strength values. However, 
other silane coupling agent groups (Postec Plus/RelyX 
Unicem) demonstrated the lowest mean bond strength 
values. This can be explained by the fact that silanization 
alone does not sufficiently increase the value of the bond 
strength unless a proper luting cement is used. However, 
in another silane group (FRC Postec Plus luted with 
 ExciTE DSC/Variolink II) fracture resistance signifi-
cantly increased. Therefore, the second null hypothesis 
of this study was rejected.

  Conclusions 

 The results of this study indicate that the use of quartz 
fiber posts (DT Light and DT Light SL) with an adhesive 
luting cement in root-filled teeth may reinforce the root 
to some extent.
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