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ABSTRACT Tukey tests. The analysis of the fracture patterns was per-

formed by the Kruskal-Wallis test. Results: The CCF group

Objective: The aim of this study was to compare the frac-
ture resistance of four types of prefabricated intraradicular
posts - glass fiber, glass fiber customized by composite resin,
carbon fiber, and customized carbon fiber - on bovine teeth.
Methods: Sixty bovine teeth were submitted to endodontic
treatment and divided into the following groups: GF - glass
fiber post; CGF - customized glass fiber post; CF - carbon fi-
ber post; CCF - customized carbon fiber post; control - com-
posite resin restoration. The teeth were embedded in acrylic

presented the highest values of fracture resistance, followed
by GF, CGF, and CF posts. The control group offered less
resistance than the other groups that received intraradicular
posts. The CGF presented the highest number of favorable
fractures, in contrast to the control group, which presented
the highest number of unfavorable fractures. Conclusion:
The use of customized posts reduced the incidence of cata-
strophic fractures. The lack of intracanal posts led to a higher
incidence of irreparable fractures.

resin blocks at 2 mm from the cement-enamel junction,
simulating the teeth-bone interface. The specimens were
submitted to a fracture resistance test in a universal test ma- Keywords: Endodontics. Post and Core Technique. Com-
pressive Strength. Tooth Fractures. Dental Restoration, Per-

manent.

chine under a 0.5 mm/min load until the fracture of the spec-
imen. The values obtained were submitted to ANOVA and

How to cite: Carvalho TF, Frazao AR, Dias Junior LCL, Castro RF, Klautau EB, Sil-
va JM. Fracture resistance of endodontically treated teeth reinforced with custom-
ized glass and carbon fiber posts. Dental Press Endod. 2019 Jan-Apr;9(1):26-30.
DOI: https://doi.org/10.14436/2358-2545.9.1.026-030.0ar

» The authors report no commercial, proprietary or financial interest in the prod-
ucts or companies described in this article.

'Universidade Federal do Pard, Faculdade de Odontologia (Belém/PA, Brazil).

2Specialist in Dental Prosthesis, Universidade de Sao Paulo, Faculdade de Odontologia de
Bauru (Bauru/SP, Brazil).

“Master's degree in Dentistry, Universidade Federal do Paré (Belém/PA, Brazil).

Submitted: July 19, 2017. Revised and accepted: November 07, 2017.

Contact address: Luiz Carlos de Lima Dias-Junior

Av. Governador José Malcher 534, apto. 801, Nazaré
Belém/PA, Brasil - CEP: 66.035-065

E-mail: luizcldiasjr@gmail.com - luiz.dias@ics.ufpa.br

“Doctorate degree in Dental Clinic, Universidade de Sao Paulo (S&o Paulo/SP, Brazil).

SDoctorate degree in Dental Clinic, Universidade Estadual de Campinas, Faculdade de
Odontologia de Piracicaba (Piracicaba/SP, Brazil).

© 2019 Dental Press Endodontics 26 Dental Press Endod. 2019 Jan-Apr;9(1):26-30



Carvalho TF, Frazéo AR, Dias Junior LCL, Castro RF, Klautau EB, Silva JM

Introduction

The structural rehabilitations of endodontically
treated teeth are indispensable to ensure the long-
term success of the coronal restoration. Several re-
searches and published studies have evaluated differ-
ent materials for restoration of such teeth. The most
frequent complications observed during the treatment
of root-filled teeth are related mainly to extensive
coronal destruction by cavities, fractures, previous
restorations, and the endodontic treatment itself. The
use of intracanal retainers, such as metallic cores and
prefabricated posts, is particularly indicated for teeth
with 50% or more structural loss.!

These teeth have traditionally been rehabilitated
with custom casts or metallic posts and cores. The
conventional metal custom post consumes more time,
represents an aesthetic challenge, and is highly asso-
ciated with fracture and failure for its much higher
elasticity modulus than that of the dentine.?? Various
prefabricated posts have been developed to improve
aesthetic results and mechanical performance, such
as carbon and glass fiber, quartz, and zirconia posts.*

Carbon fiber posts were the first prefabricated non-
metallic posts commercially available. These posts
present advantages, such as dental biocompatibility
and high resistance to corrosion and fracture. Glass fi-
ber posts are highly estimated for their more aesthetic
results, as well as their great stress distribution, fracture
and corrosion resistance, and biocompatibility.2*

To obtain adequate biomechanical performance
of the coronal restoration, the most important fac-
tor is the prefabricated posts’ retention in the canal.
Therefore, post customization has been proposed,
which consists in the direct modeling of the canal
with composite resin to construct the core over the fi-
ber post, allowing better adaptation to the root canal
walls and reducing the cementation line.5"®

The objective of this study was to compare the in vi-
tro fracture resistance of endodontically treated bovine
teeth reconstructed with the aid of different intracanal
posts and evaluate the fracture patterns that occurred.

Materials and methods

Sixty recently extracted bovine teeth with similar
root anatomy and complete apex formation were se-
lected. Periapical radiographs were taken to confirm
the canal anatomy. Teeth that presented any visual or
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radiographic signs of root resorptions, extensive car-
ies, cracks or deformations were excluded. The teeth
crowns were sectioned at 8 mm from the cement-
enamel junction (CEJ) and the roots at 12 mm from
the same reference, with a rotating diamond disc,
standardizing the specimens’ total length at 20 mm.

The root canals were prepared by a single trained
operator. The pulp tissues were removed, and the
canals were irrigated with 1% NaOCI. After the root
canals’ instrumentation, the apexes were amplified
with a carbide bur within 1 mm. The obturation was
performed by the lateral condensation technique with
gutta-percha cones and endodontic cement (AH Plus,
Dentsply Maillefer, Ballaigues, Switzerland).

Five groups divided the specimens, according to the
reconstruction protocol proposed, as follows: G1 (GF) -
glass fiber post; G2 (CGF) - customized glass fiber post;
G3 (CF) - carbon fiber post; G4 (CCF) - customized car-
bon fiber post; G5 (control) - no intracanal post.

At G5, no posts and flaring were made, only a
restoration with composite resin Filtek® Z-350 (3M
ESPE, St. Paul, MN, USA). Specimens from G1, G2,
G3, and G4 were prepared, removing the gutta-per-
cha with largo n°5 burs until 4 mm from the apex. The
posts of G2 and G4 were customized by lubricating
and filling the canal with composite resin, then the in-
serting the fiber post, and light curing for 10 seconds.
After the post removal, and light curing for another
40 seconds to complete its polymerization, the full
adaptation on the canal walls was checked. No cus-
tomizations were made in G1 and G3.

All of the canals were etched with 37% phosphoric
acid for 15 seconds and then rinsed with distilled wa-
ter and dried with paper points. An adhesive primer
and bonding agent (Adper Scotchbond® Multi-Pur-
pose Plus, 3M ESPE, St. Paul, MN, USA) were applied
to the canal and the fiber post and light cured for 20
seconds. The adhesive resin cement, Rely-X ARC
(3M ESPE, St. Paul, MN, USA), was dispensed into
the canal, and then the post was inserted and light
cured for 50 seconds. All specimens were coronally
sealed with a temporary filling.

The specimens were stored in distilled water
at 37°C for 72 hours and then embedded in acryl-
ic resin blocks 2 mm from the CEJ to simulate the
tooth-bone interface. Compression tests at 45° were
performed at a speed of 0.5 mm/min, as proposed
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by Bortoluzzi et al.%, in a universal test machine (KRA-
TOS, Cotia, SP, Brasil) to obtain the maximum frac-
ture resistance for each specimen. The differences
between the groups were verified by the ANOVA and
Tukey tests. The fracture pattern was visually evalu-
ated according to the methodology proposed by Hey-
decke et al.!'® The fractures were analyzed and the
following scores were attributed: 1 for fractures above
the enamel-cement junction (ECJ); 2 for fractures be-
low the ECJ; and 3 for complete coronal fracture. A
score of 1 was classified as reparable, and scores of
2 and 3 irreparable or catastrophic. The Mann-Whit-
ney test was applied to verify differences between the
groups. A 5% level of statistical significance was ap-
plied to the analyses. The data were submitted to sta-
tistical analysis using the BioEstat 5.0 software.

Results

The data were submitted to ANOVA and Tukey
tests (p<0.05). The mean, standard deviations val-
ues of maximum fracture resistance for each group
are presented in Table 1. The results showed that
the fracture resistance for G4 (CCF) was signifi-
cantly higher than G5 (control) (p<0.01) and G3
(CF) (p<0.05). G5 (control) presented a signifi-
cantly lower fracture resistance when compared to
G1 (GF) (p<0.05). There was no statistical differ-
ence among the other groups.

In the fracture pattern analysis, G1 (GF) and G5
(control) exhibited a significantly higher incidence of
catastrophic fracture pattern when compared to G2
(CGF). The incidence of the fracture patterns in each
group is displayed in Figure 1.

Table 1. Mean and standard deviation values of fracture resistance (N) analysis.

G1(FV)
1848,11 +380,9580

G2 (FVP)
1815,12+295,74%

Groups
Mean+SD

G5 (Control)
1606,73+250,174

G3 (FC)
1778,79+364,76"¢

G4 (FCP)
1996,55+ 476,718

ANOVA + Tukey p-value < 0.05. Different capital letters indicate statistically significant differences between the groups.
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Figure 1. Fracture pattern incidence for each
group.
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Discussion

[t is known that root canal treatment leads to coro-
nary structure loss, which may require an intracanal
retainer to support teeth restoration. The longevity of
prosthetic rehabilitations of endodontically treated
teeth depends on the length, diameter, and design of
the post; cementation line; ferrule effect; and amount
of remaining tooth structure. Prefabricated posts
were developed in the pursuit of more aesthetic and
long-term resistant rehabilitations."!

This study used bovine teeth, which proved an
adequate substitute for human teeth, for different in
vitro physical and mechanical analyses.'* The space
of 2 mm between the resin block and the tooth CEJ,
used by this study as a method to simulate the clini-
cal interface between teeth and alveolar bone, had no
influence on the fracture resistance. This is supported
by Komada et al,’® Ni et al,'* and Mobilio et al,® who
demonstrated no difference in fracture resistance val-
ues between teeth with different bone levels, varying
from 2 to 5 mm.

In this study, the highest fracture resistance was
found in G4 (CCF), which was statistically different
from G3 (CF). Even though there were no significant
differences between G1 (GF) and G2 (CGF), other
studies have reported a higher fracture resistance for
customized glass fiber posts. According to these stud-
ies, the post customization improves the adaptation in
the root canal walls, which allows a thinner cemen-
tation line, favoring the restoration resistance.5"816
Macedo et al.? alleged that the post customization in-
creases retention for improving the cement-adhesive
contact, not for reducing defects on the cement layer,
as suggested before.

G1 (GF) presented higher fracture resistance val-
ues than G3 (CF), corroborating with the study of
Sharma et al,® which obtained superior results for
teeth treated with glass and quartz fiber posts com-
pared to carbon fiber posts and the absence of an
intracanal post. This can be explained by the biome-
chanical properties of the posts and dentin. The glass
fiber post has a more similar elasticity modulus to
dentin than the carbon fiber post, which leads to bet-
ter stress distribution and preservation of the dentin/
post interface, thereby improving fracture resistance.
According to Coelho et al,'” the elasticity modulus

© 2019 Dental Press Endodontics

29

is very similar among dentin, glass fiber post, and
composite resin, allowing this complex to follow the
natural teeth flexural movement, thus reducing the
fracture risk.

Higher overall values of fracture resistance were
found in this study for all groups compared to the
control group, in accordance with Sharma et al,® who
verified a significantly higher fracture resistance in
teeth with intracanal posts, such as carbon, glass,
and quartz fiber posts, compared to the absence of
posts. Nam et al'® demonstrated that teeth rehabilita-
tions without posts were submitted to an accentuated
stress concentration on the coronal and lingual areas
of the CEJ, in contrast with teeth that received intra-
canal posts.

In the fracture pattern analysis, this study ob-
served a higher incidence of catastrophic pattern
for G5 (control) when compared with G2 (CGF), G3
(CF), and G4 (CCF), although a statistical difference
was found only for G2 (CGF). The specimens from
the control group had a higher stress concentration
on the coronal and lingual regions, leading to cata-
strophic fractures. This is in accordance with Hou et
al.'® in a study with quartz fiber posts, which pre-
sented a much more favorable fracture pattern when
compared to the group without intracanal posts.

G2 (CGF) presented the best results, with the high-
est incidence of reparable fracture pattern. The post
customization with composite resin and the adhesive
cementation technique allows the formation of a sin-
gle-body complex, which has better stress distribution
and reduced risk of catastrophic fracture.?*® Moreover,
the reduction of the cementation layer obtained by
the post customization reduces the risk of cement
defects and adhesion failures, therefore reducing the
post displacement inside the canal.!’

Conclusion

Based on the mechanical test and methodology
applied in this study, we concluded that the use of
customized posts presented the best results in the in-
cidence reduction of catastrophic fracture patterns.
The lack of intracanal posts led to a higher rate of
irreparable fractures. The use of customized posts
demonstrated superior resistance values, associated
with more favorable fracture patterns.

Dental Press Endod. 2019 Jan-Apr;9(1):26-30



original article | Fracture resistance of endodontically treated teeth reinforced with customized glass and carbon fiber posts

References

10.

Mohammadi N, Kahnamoii MA, Yeganeb PK, Navimipour EJ.

Effect of fiber post and cusp coverage on fracture resistance of
endodontically treated maxillary premolars directly restored with
composite resin. J Endod. 2009 Oct;35(10):1428-32.

Torabi K, Fattahi F. Fracture resistance of endodontically treated teeth
restored by different FRC posts: an in vitro study. Indian J Dent Res.
2009 July-Sept;20(3):282-7.

Sharma S, Attokaran G, Singh KS, Jerry JJ, Ahmed N, Mitra N.
Comparative evaluation of fracture resistance of glass fiber
reinforced, carbon, and quartz post in endodontically treated teeth:
An in-vitro study. J Int Soc Prev Community Dent. 2016 July-
Aug;6(4):373-6.

Sonkesriya S, Olekar ST, Saravanan V, Somasunderam P,

Chauhan RS, Chaurasia VR. An in vitro comparative evaluation of
fracture resistance of custom made, metal, glass fiber reinforced and
carbon reinforced posts in endodontically treated teeth. J Int Oral
Health. 2015 May;7(5):53-5.

Iglesia-Puig MA, Arellano-Cabomer A. Fiber-reinforced post and core
adapted to a previous metal ceramic crown. J Prosthet Dent. 2004
Feb;91(2):191-4.

Grandini S, Goraccii C, Montecelli F, Borrachnni A, Ferrari M.

SEM evaluation of the cement layer thickness after luting two
different posts. J Adhes Dent. 2005 Autumn;7(3):235-40.
Faria-e-Silva AL, Pedrosa-Filho CF, Menezes MS, Silveira DM,
Martins LR. Effect of relining on fiber post retention to root canal.

J Appl Oral Sci. 2009;17(6):600-4.

Macedo VC, Faria-e-Silva AL, Martins LR. Effect of cement type,
relining procedure, and length of cementation on pull-out bond
strength of fiber posts. J Endod. 2010;36(9):1543-6.

Bortoluzzi EA, Souza EM, Reis JMSN, Esberard RM, Tanomaru-
Filho M. Fracture strength of bovine incisors after intra-radicular
treatment with MTA in an experiemental immature tooth model.

Int Endod J. 2007 Sept;40(9):684-91.

Heydecke G, Butz F, Hussein A, Strub JR. Fracture strength

after dynamic loading of endodontically treated teeth restored

with different post-and-core systems. J Prosthet Dent. 2002
Apr;87(4):438-45.

© 2019 Dental Press Endodontics

30

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Ambica K, Mahendran K, Talwar S, Verma M, Padmini G,

Periasamy R. Comparative evaluation of fracture resistance under
static and fatigue loading of endodontically treated teeth restored with
carbono fiber posts, glass fiber posts, and an experimental dentin post
system: an in vitro study. J Endod. 2013 Jan;39(1):96-100.

Zogheib LV, Vasconcellos LGO, Salvia ACRD, Balducci |, Pagani C,
Bottino MA, et al. Fracture resistance of bovine incisors restored with
different glass fiber posts: Effect of diameter of fiber post. Indian J
Dent Res. 2012;23(5):623-7.

Komada W, Miura H, Okada D, Yoshida K. Study on the fracture
strength of root reconstructed with post and core: alveolar bone
resorbed case. Dent Mater J. 2006 Mar;25(1):177-82.

Ni CW, Chang CH, Chen TY, Chuang SF. A multiparametric
evaluation of post-restored teeth with simulated bone loss. J Mech
Behav Biomed Mater. 2011 Apr;4(3):322-30.

Mobilio N, Borelli B, Sorrentino R, Catapano S. Effect of fiber post
length and bone level on the fracture resistance of endodontically
treated teeth. Dent Mater J. 2013;32(5):816-21.

Chieffi, N, Chersoni S, Papacchini F, Vano M, Gorracci C,

Davidson CL, Tay FR, Ferrari M. The effect of application sustained
seating pressure on adhesive luting procedure. Dent Mater. 2007
Feb;23(2):159-64.

Coelho CS, Biffi JC, Silva GR, Abrah&o A, Campos RE, Soares CJ.
Finite element analysis of weakened roots restored with composite
resin and posts. Dent Mater J. 2009 Nov;28(6):671-8.

Nam SH, Chang HS, Min KS, Lee Y, Cho HW, Bal JM. Effect of the
number of residual walls on fracture resistances, failure patterns, and
photoelasticity of simulated premolars restored with or without fiber-
reinforced composite posts. J Endod. 2010 Feb;36(2):297-301.
Hou QQ, Gao, Y, Sun L. Influence of fiber posts on the fracture
resistance of endodontically treated premolars with different dental
defects. Int J Oral Sci. 2013;5(3):167-71.

Cormier CJ, Burns DR, Moon P. In vitro comparison of the fracture
resistance and failure mode of fiber, ceramic, and conventional

post systems at various stages of restoration. J Prosthodont. 2001
Mar;10(1):26-36.

Dental Press Endod. 2019 Jan-Apr;9(1):26-30





