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Background: Posts and cores are often required for restoration of pulpless teeth and to provide
retention and resistance for a complete crown, but conventional posts may increase the root
fracture.
Objective: This study was performed to compare the root fracture resistance of extracted teeth
treated with different fibers reinforced with composite posts and treated teeth with conventional
post and core systems.
Materials and Methods: Root canal therapy was performed for 50 mandibular first premolars. The
coronal portion of each tooth was amputated, and five post and core systems (cast, polyethylene
woven, glass, carbon, and quartz fiber posts) were compared. Acrylic resin blocks were used
for mounting, using a layer of elastomeric impression material covering the roots. The load was
applied axially and measured with a universal testing machine.
Results and Conclusion: Significantly, cast posts and cores had a higher failure threshold
including teeth fracture; whereas, fiber posts failure was due to core fracture, with or without
fractures in coronal portion of posts. Difference in FRC posts did not provide any significant
difference in the load failure and the mode of fracture.
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Endodontically treated teeth, often resulted into the loss
of a signiÞcant part of the tooth structure, weakness due
to the endodontic treatment.[1] Posts are often required to
restore these teeth and to provide retention and resistance
for a core material and to provide a coronoradicular
stabilization.[2-4]
Posts were used in restoration of endodontically treated
teeth for more than one hundred years,[2-5] and are used
when more than half of the coronal tooth structure is
lost.[6] Their physical properties should be similar to the
tooth structure, and in order to have identical bonding
ability and biocompatibility. [7] The bonding ability
provides more retention, which improves the stress
distribution and reinforces the tooth.[2] The post should
also be removed easily from the canal if required,[5] and
in cases of failure, to protect the teeth from a catastrophic
root fracture.[8,9] Cast post and core does not have any
bonding ability, and is prone to corrosion. Its elasticity
is different from the tooth structure producing stress
and the potential for a root fracture.[3,10] FRC posts were
introduced in dentistry around 15 years ago,[11] and are
composed of carbon, glass, or quartz Þbers embedded in
epoxy resin.[12] They have bonding ability to dentin and
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the core material.[3,13] They can reinforce the tooth,[13,14]
and as their elasticity is compatible with dentin,[11,15]
they can absorb stresses and protect the root from
fracture.[13] Saupe et al., reported that FRC posts treated
teeth had more resistance to masticatory forces.[16] FRC
posts have a lower fracture strength compared to cast
posts and cores, but in cases of failure, the post or core will
fracture, instead of the roots in cast post and core restored
teeth.[16] There are several reports which show that FRC
posts minimize the root fracture;[17-31] and if required,
removal of FRC posts from the canal is easier than other
post systems.[23] Two groups of FRC posts are available,
including chairside fabricated FRC post composed of
polyethylene woven fiber tapes [13] and prefabricated
FRC post comprising of three types. Carbon Þber post
composed of pyramidal carbon Þbers embedded in an
epoxy resin matrix[24,25] which is biocompatible, corrosion,
and fatigue resistant, and has physical properties similar
to dentin, [3,26] whereas its dark color is considered as
its main disadvantage. [26] The fiber post comprises of
unidirectional glass Þber in an epoxy resin matrix, and
the quartz Þber post, which was recently introduced,
provides the most esthetic results, and transmits the
light.[27] Both groups have similar properties to carbon
Þber post.[12,28] Several studies revealed that failure load
of FRC post groups are lower than the cast posts and
cores.[2,4,10-13,29-31]
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This study was undertaken to compare different FRS posts
in relation to failure loads and their modes.

MATERIALS AND METHODS
A total of 50 recently extracted mandibular Þrst premolars
with similar root sizes, were selected and stored in 2%
formalin solution. Their roots were examined for any cracks
or caries. With the use of a diamond bur in a high speed
hand piece, the teeth were decoronated, while all resulting
roots had the length of 14 mm. Endodontic treatment
was performed and attempts were made to calibrate all
roots uniformly. The roots were obturated with laterally
condensed gutta-percha and a resin sealer (AH26, Dentsply
DeTrey Gmblt 78467 Kon Stanz, Germany). Root canal Þlled
roots were stored in normal saline till the end of this study.
The root surfaces were dipped into a melted wax to a depth of
2 mm, below the cervical line to produce a 0.2 to 0.3 mm layer
using a carver to provide this thickness to be approximately
equal to the average thickness of the periodontal ligament.
The control group teeth were then mounted in acrylic
resin blocks (Pekatray, Bayer, Leverkuser, Germany) and
positioned using custom-made positioner such that 2 mm
of the cervical part of root was out of acrylic resin (to
duplicate the biologic width). Wax spacer was removed
from the root surface and from the alveolus of the acrylic
resin block. Light bodies of condensate silicone impression
material (Speedex, Colten, AG, Feldwiesenstrasse 20,
CH-9450 Altstattea, Switzerland) were mixed and applied
into the acrylic resin alveolus. The teeth were then
reinserted into the test blocks with the same positioner, and
the impression material was allowed to set. The thin layer of
silicon material simulated the periodontal ligament. Roots
were randomly divided into Þve groups of ten specimens.
In group 1, the canal of each tooth was restored with a cast
post and core using a direct technique, in which a 9 mm
depth was prepared with a size 1 RTD drill. Acrylic patterns
were made with duralay acrylic resin (Duralay, Rellance
Dental MFG Co., Worth III, US) and base metal alloy
(4all, Ivoclar Vivadent, Schaan, Licchtenstein), was used
to cast the posts and cores. The cast posts and cores were
reÞned, Þnished, and air abraded with 50 µm aluminium
oxide. After etching and irrigation, Varolink II cement
(Ivoclar vivadent AG, FL-9494 Schaan, Lichtenstein), dual
cure resin cement was mixed according to the manufacturer’s
instructions and then was introduced into each root canal
by using a lentulo spiral drill. Cement was placed on the
post, and the post was gently reseated and polymerized from
buccal, lingual, mesial and distal surfaces with a light gun
for 20 seconds each.
For group 2, root canal was prepared just similar to the group
1 and the teeth were treated with a polyethylene woven
Þber. A preimpregnated Þber tape (Interlig, Angelus Rua
Goias, Londrina, PR, Brazil) 2 mm wide, was used and the
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inner wall of canals were etched. Voriolink II cement was
mixed and introduced into the canals. A double-folded Þber
tape was introduced into the canals by the use of a Þle as
a carrier to a 9 mm depth and were polymerized identical
to group 1. In group 3, canals were restored with a size
one prefabricated glass Þber post (Dentorama, Svenska
Solna/stock holm, sweden), which has the same size similar
to the size one of RTD drill. Posts were silaned, bonded
(Excite, Ivoclar vivadent, AG, FL- 9494 Schaan/Lichtentein),
light polymerized, and were cemented in the same manner
as in group 1.
In group 4, carbon Þber post (RTD, Paris, France) size one
was used for restoration of the roots. Special RTD drill was
used to prepare the canal to a 9 mm depth. Preparation of the
root canal, post surface, and cementation process were just
like group 3. In group 5, the canal of each tooth was restored
with a quartz Þber post (RTD, Paris, France) size one, while
all procedures were the same as the previous groups.

Core formation
A brilliant (Colten AG, Feldwiesenstrasse 20, CH-9450
Altstattea, Switzerland) composite was used to build up
the cores of groups 2 to 5. The cores were prepared and
Þnished. For preparation of occlusal surface, a special bur
[Figure 1] was used to uniform the occlusal angles of all
the specimens which were perpendicular to the tooth long
axis during the occlusal surface preparation. All specimens
were loaded in a universal testing machine (1026, Instrum
Corp, Canton, Mass) at a crosshead speed of 0.5 mm/min
until fracture. Load was applied to a small sphere which
was placed on the occlusal surface of the prepared teeth at
the long axis of the root. Fracture loads and modes were
recorded. Tooth fractures were classiÞed as reparable and
catastrophic failures [Figures 2-8]. Statistical tests (One
Way ANOVA, Fisher’s Exact and Tomhan’s tests) were
used for statistical analysis and a P value less than 0.05 was
considered signiÞcant.

RESULTS
The mean and standard deviation of failure loads are listed in
Table 1. Failure modes are demonstrated in Table 2. In group
1, all the ten teeth revealed catastrophic root fracture, while
the mean failure load for this group was 2675 ± 228.4 N.
Also, 60% of the teeth in group 2 experienced core fracture
with or without coronal portion of the post and four samples
Table 1: Mean and standard deviation of failure loads (N)
Group

Mean

Standard deviation

1
2
3
4
5

2675.1
891.2
1015.2
1029.6
820.4

228.40
105.13
71.06
89.9
419

1 = cast post and core, 2 = polyethylene woven Þber post, 3 = glass Þber post,
4 = carbon Þber post, 5 = quartz Þber post
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had fracture irreparably. The mean failure load of this group
was 891.27 ± 105.13 N. In group 3, six teeth had repairable
core fracture and four exhibited catastrophic root fracture.
The mean failure load was 1101.52 ± 71.06 N. In group 4,
Þve teeth experienced repairable and Þve irreparable root
fractures, with a mean failure load of 1029.62 ± 89.99 N.
Out of the ten teeth in group 5, six showed a repairable
core fracture and four irreparable ones. The mean failure
load was 820.48 ± 419.3 N. Group 1 had signiÞcantly a
higher incidence of catastrophic root fracture than group 2

(P < 0.005), group 3 (P < 0.004), and group 5 (P < 0.003), but
the difference with group 4 was not signiÞcant. Also, group
2 to group 5 had no signiÞcant difference in relation to the
failure modes. Group 1 had signiÞcantly higher failure load
than the other groups and none of FRC postrestored groups
demonstrated a signiÞcant difference.

DISCUSSION
In the present study, teeth were carefully selected for

Table 2: Distribution of failure modes in 5 groups
Failure
mode
group
1
2
3
4
5
Total

Core
dettachment

Repairable (%)
Core and
Cervical root
post fracture
fracture

[Figure 2]

[Figure 3]

30
30
20
40
24

30

[Figure 4]
30

30
10
14

20
10

Middle root
fracture

Apical root
fracture

[Figure 5]
40
30
10
10
10
20

[Figure 6]
10
10
4

Irreparable (%)
Vertical root
crack
[Figure 7]
40
10
20
30
20
24

Horizontal root
fracture
[Figure 8]
10
10
4

1 = cast post and core, 2 = polyethylene woven Þber post, 3 = glass Þber post, 4 = carbon Þber post, 5 = quartz Þber post

Figure 1: Special bar for occlusal surface preparation

Figure 2: Repairable failures (core fracture)

Figure 3: Repairable failures (core and post fractures)

Figure 4: Repairable failures (cervical root fracture)
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Figure 5: Irreparable failures (middle root fracture)

Figure 6: Irreparable failures (apical root fracture)

Figure 7: Irreparable failures (vertical crack)

Figure 8: Irreparable failures (horizontal root fracture)

standardized size and absence of any root caries and cracks.
Attempts were made to simulate the periodontal ligament
and tooth supporting structures, not by embedding the roots
directly into the acrylic resin blocks, but by avoidance of an
external reinforcement of the root structure by a rigid acrylic
resin. Similar size roots in diameter were selected with a
length of 14 mm. Attempts were made to simulate the force
of the mouth on the roots on mandibular Þrst premolars,
while the teeth were oriented vertically in the alveolar bone.
Functional and parafunctional forces were applied vertically
and at the buccal cusp tip. Buccal cusp tip was oriented
at the vertical long axis of the teeth and at the midway
buccolingualy and mesiodistaly. So, occlusal surfaces of cores
were prepared uniformly and similar to the occlusal surface
of maxillary premolars to apply the forces at the long axis and
at the middle of the teeth. In similar studies comparing the
different post systems, Cormier et al.[17] and Elisabeth et al.,[11]
used mandibular premolars and loaded them at 90 degrees
at the long axis of the teeth. In this study cast post and core
group exhibited the highest failure load, but failure modes
in this group was a catastrophic root fracture. Similar results
were reported from previous studies.[2,4,10,11,13,29,31]

In woven Þber restored group, failure load was signiÞcantly
lower than the control group, but failure modes were
significantly more repairable. In a study of similar
restorations by Simirai et al., similar results were observed on
polyethylene woven Þber posts.[4] In glass Þber restored group,
failure load was higher than the woven Þber restored group
and lower than group 1. In this group, failure load and mode
was signiÞcantly different from the control group, but the
difference compared to the woven Þber restored group was
not statistically signiÞcant. In a study on fracture resistance
of teeth restored with glass Þber post, all the teeth revealed
a core fracture.[20] In a similar study by Toksovel, these
teeth showed the most catastrophic forms of fracture.[31]
In this study, 60% of teeth presented a core fracture and
40% demonstrated a root fracture. These results seem to
be more logical as bonding ability of FRC posts enables
them to reinforce the teeth, although this reinforcement
is not enough to support the root from a fracture. Carbon
Þber restored teeth exhibited signiÞcantly a lower failure
load than the control group, but the failure load was not
statistically different from group 2 and 3. In a study on
fracture resistance of teeth restored with carbon Þber post,
the tooth fractures were uncommon and the most frequent
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site of failure was the post and core interface. On the other
hand, in teeth restored with a cast post and core, fracture
of the teeth was observed in 91% of the specimens.[24] In
this study, 50% of the teeth restored with carbon Þber post,
resulted into detachment of core from the post and 50%
exhibited irreparable root fracture. Failure mode in this group
had no statistical difference from all other groups. Akkayan
et al., reported that teeth restoration by quartz Þber post
would exhibit signiÞcantly a higher failure load than those
restored by glass Þber post.[32] In the present study, failure
load in quartz Þber restored group was the lowest and this
difference was statistically signiÞcant from the control group.
Akkayan et al., revealed that quartz Þber post protects the
root from fracture more than the glass Þber post.[33] Results
of the present study conÞrmed these reports; however, the
difference was not statistically signiÞcant. Perhaps higher
incidence of detachment of core from post is the result of
a high cross-linkage of resin matrix in these posts making
a difficult chemical bonding with the composite core.
In the present study, brilliant composite was used for core
formation. Use of this core material resulted into present
Þndings. Also, using stronger and newer core materials may
result into a different Þnding. So, it is not true to extend our
results for other core materials.
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3.
4.
5.
6.
7.
8.

9.

10.
11.

12.

In fracture load testing of dental materials, cyclic (fatigue)
loading would be the best method of load application
while the single load to fracture is not considered as an
ideal method. So, cyclic loading is recommended in further
studies.

13.
14.
15.

In most studies compared to our results, the load application
and its angulation was different. In some studies, full crown
was used on posts and cores, but their results in relation to
different post and core systems were still comparable to the
present study.

16.

We noticed that cast post and core had the highest failure
load of all FRC posts, failure modes in FRC posts were
more repairable than the cast post and core, failure mode
of carbon Þber posts was not signiÞcantly different from
the cast post and core, and different systems of FRC posts
had no signiÞcant difference in failure loads and modes.

18.

ACKNOWLEDGMENTS

21.

The authors acknowledge the Þnancial support by the OfÞce
of Vice Chancellor for Research, Shiraz University of Medical
Sciences and Dr. D. Mehrabani at Center for Development of
Clinical Studies for editorial assistance.

22.

REFERENCES

17.

19.
20.

23.
24.
25.

1.
2.

Sedgley CM, Messer HH. Are endodontically treated teeth more brittle?
J Endod 1992;18:332-5.
Pontius O, Hutter JW. Survival rate and fracture strength of incisors
restored with different post and core systems and endodontically

Indian J Dent Res, 20(3), 2009

26.

treated incisors without coronoradicular reinforcement. J Endod
2002;28:710-5.
Mitsui FH, Marchi GM, Pimento LAF, Ferraresi PM. In vitro study of
fracture resistance of bovine roots using different intra radicular post
systems. Quintessence Int 2004;35:612-6.
Sirimai S, Douglas NR, Steven MM. An in vitro study of the fracture
resistance and the incidence of vertical root fracture of pulpless teeth
restored with six post and core systems. J Prosthet Dent 1999;81:262-9.
Fernandes AS, Shetty SH, Coutin HO. Factors determining post
selection: A literature review. J Prosthet Dent 2003;90:556-62.
Kimmel SS. Restoration and reinforcement of endodontically treated
teeth with a polyethylene ribbon and prefabricated fiberglass post.
General Dent 2000;6:700-6.
Ichikawa Y, Akagawa Y, Nikai H, Tsuru H. Tissue compatibility and
stability of new zirconia ceramic in vivo. J Prosthet Dent 1992;68:323-6.
Saupe WA, Gluskin AH, Radke RA Jr. A comparative study of fracture
resistance between morphologic dowel and cores and a resin
reinforced dowel system in the intraradicular restoration of structurally
compromised root. Quintessence Int 1996;27:483-91.
Heydecke G, Butz F, Strub JR. Fracture strength and survival rate of
endodontically treated maxillary incisors with approximal cavities after
restoration with different post and core systems: An in vitro study.
J Dent 2001;29:427-32.
Martinez-insu A, Da Silva L, Rilo B, Santa U. Comparison of the fracture
resistance of pulpless teeth restored with a cast post and core or
carbon-fiber post with a composite core. J Prosthet Dent 1998;80:527-32.
Stricker EJ, Göhring TN. Influence of different posts and cores on
marginal adaptation, fractures resistance, and fracture mode of
composite resin crowns on human mandibular premolars: An in vitro
study. J Dent 2006;34:326-35.
Bateman G, Ricketts DN, Saunders WP. Fiber-based post systems:
A review. Br Dent J 2003;195:43-8.
Newmann MP, Yaman P, Dennison J, Rafter M, Billy E. Fracture resistance
of endodontically treated teeth restored with composite posts.
J Prosthet Dent 2003;89:360-7.
Asmussen E, Peutzfeldt A, Heitmann T. Stiffness, elastic limit, and
strength of newer types of endodontic posts. J Dent 1999;27:275-8.
Freilich MA, Meiers JC, Duncan JP, Goldberg AJ. Fiber-reinforced
composites in clinical dentistry. Quintessence Books; 2000. p. 63.
Saupe WA, Gluskan AH, Raolke RA Jr. A comparative study of
fracture resistance between morphologic dowel and cores and a
resin-reinforced dowel system in the intraradicular restoration of
structurally compromised roots. Quintessence Int 1996;27:483-91.
Cormier CJ, Burns DR, Moon P. In vitro comparison of fracture resistance
and failure mode of fiber, ceramic and conventional post systems at
varions stages of restoration. J Prosthodont 2001;10:26-36.
Mannocci F, Ferrari M, Watson TF. Intermittent loading of teeth restored
using quartz fiber, carbon-quartz fiber, and zirconium dioxide ceramic
root canal posts. J Adhes Dents 1999;1:153-8.
Pereira JR, Ornelas FD, Rodrigues PC, Valle AL. Effect of a crown ferrule
on the fracture resistance of endodontically treated tooth restored
with prefabricated posts. J Prosth Dent 2006;95:50-4.
Maccari PC, Conceicao EN, Nuns MF. Fracture resistance of
endodontically treated teeth restored with three different prefabricated
esthetic posts. J Esthet Restor Dent 2003;15:25-30.
King PA, Setchell DJ. An in vitro evaluation of a prototype CFRC
prefabricated post developed for the restoration of pulpless teeth.
J Oral Rehabil 1990;17:599-609.
Turaer CH. Post retained crown failure: A survey. Dent update
1982;9:221.
Lindemann M, Yaman P, Dennison JB, Therrero AA. Comparison of the
efficiency and effectiveness of various techniques for removal of fiber
posts. J Endod 2005;31:520-2.
Purton DG, Payne JA. Comparison of carbon fiber and stainless steel
root canal posts. Quintessence Int 1996;27:93-7.
Heydecks G, Butz F, Dent M, Hussein A, Strul JR. Fracture strength
after dynamic loading of endodontically treated teeth restored with
different post-and core systems. J Prosthet Dent 2002;87:438-45.
Christensen GJ. Posts and cores: State of the art. J Am Dent Assoc
1998;129:96-80.
286

Fracture resistance by different FRC posts
27.
28.
29.
30.
31.
32.

287

Cooney JP, Caputo AA, Trabert KG. Retention and stress distribution
of tapered-end endodontic posts. J Prosthet Dent 1986;55:540-6.
Malferrari S, Monaco C, Scotti R. Clinical evaluation of teeth restored
with quartz fiber-reinforced epoxy resin posts. Int J prosthodon
2003;16:39-44.
Cohen BJ, Pagnillo MK, Condos AS. Four different core materials
measured for fracture strength in combination with five different
designs of endodontic posts. J Prosthet Dent 1996;76:487-95.
Sidoli GE, King PA, Setchell DJ. An in vitro evaluation of a carbon fiber
based post and core systems. J Prosthet Dent 1997;78:5-9.
Toksavul S, Toman M, Uyulgan B, Schimage P, Nergiz I. Effect of Cuting
agents and reconstruction techniques on the fracture resistance of
pre-fabricated post systems. J Oral Rehabil 2005;32:433-9.
Akkayan B, Dent M, Gulmez T. Resistance to fracture of endodontically

Torabi and Fattahi

33.

treated teeth restored with different post systems. J Prosthet Dent
2002;87:431-7.
Akkayan B. An in vitro study evaluating the effect of ferrule length
on fracture resistance of endodontically treated teeth restored with
fiber reinforced and zirconia dowel systems. J Prosthet Dent 2004;92:
155-62.

How to cite this article: Torabi K, Fattahi F. Fracture resistance of
endodontically treated teeth restored by different FRC posts: An in vitro study.
Indian J Dent Res 2009;20:282-7.
Source of Support: Office of Vice Chancellor for Research, Shiraz University
of Medical Sciences, Conflict of Interest: None declared.

Indian J Dent Res, 20(3), 2009

