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Restoring flared endodontically treated teeth continues to be a challenge for clinicians. This study evaluated the effect of post types
and restorative techniques on the strain, fracture resistance, and fracture mode of incisors with weakened roots. One hundred five
endodontically treated bovine incisors roots (15 mm) were divided into 7 groups (n=15). The two control groups were (C) intact roots
restored with Cpc (cast posts and core) or Gfp (glass fiber posts). The five experimental groups were (F) flared roots restored with GfpAp
(Gfp associated with accessory glass fiber posts), GfpRc (anatomic Gfp, relined with composite resin), and GfpRcAp (anatomized
Gfp with resin and accessory glass fiber posts). All teeth were restored with metal crowns. Mechanical fatigue was performed with
3x10/50 N. Specimens were loaded at 45°, and the strain values (uS) were obtained on root buccal and proximal surfaces. Following
that, the fracture resistance (N) was measured. One-way ANOVA and Tukey’s HSD tests (0=0.05) were applied, and failure mode
was checked. No significant difference in strain values among the groups was found. Cpc presented lower fracture resistance and
more catastrophic failures in flared roots. Gfp associated with composite resin or accessory glass fiber posts seems to be an effective
method to improve the biomechanical behavior of flared roots.
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INTRODUCTION

Despite technological advances in dentistry
in recent years, there still exist major challenges for
restoring endodontically treated teeth in special cases
where the root is weakened (1-7). The placement of
posts creates an unnatural restored structure since it
fills the root canal space with a material that, unlike the
pulp, has a defined stiffness. Thus, the characteristics of
the interface between restorative materials and dental
structure (8) and the rigidity of the restorative materials
are parameters that strongly influence the mechanical
behavior of endodontically treated teeth (1,8-12).

For many years, cast posts and core were regarded

to be the treatment of choice for endodontically treated
teeth without considering the quantity and quality of
the remaining tooth tissue. These posts offer a good
fit to the root canal because they are obtained from an
impression taken directly from the root canal. However,
these posts present only frictional retention in the canal,
and they are dangerous for the root, potentially leading
to its fracture because of great stiffness in homogeneity
between metal and dentin (1,8-11). For these reasons,
in the last decade, prefabricated glass fiber posts have
gained popularity and have been used as a substitute
for custom metallic posts (2-7,9,11). Glass fiber posts
are easily bonded to the dental structure with the use
of adhesive systems and resin cements (2,5,13,14),

Correspondence: Prof. Dr. Carlos José Soares, Faculdade de Odontologia, UFU, Area de Dentistica e Materiais Odontologicos, Avenida Para, 1720,
Bloco B, sala 2B24, 38400-902 Uberlandia, MG, Brasil. Tel: +55-34-3218-2255. Fax: +55-34- 3218-2279. e-mail: carlosjsoares@umuarama.ufu.br

Braz Dent J22(3) 2011


https://core.ac.uk/display/296638101?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Rehabilitation of flared roots 231

and they have a modulus of elasticity closer to that of
dentin (1,15). When bonded with dentin, glass fiber
posts may provide adequate stress distribution on the
tooth and may decrease the incidence of catastrophic
root fractures (1,8,9,11).

The quantity of coronal and root dentin that
remains after root canal treatment and post space
preparation plays an important role in the longevity of
the tooth and restoration (2-7,9,11). Roots can become
weakened if flared as a result of recurrent caries into
the root dentin around the post, over-preparation and
instrumentation of the root canal, or the fact that the
pulp has become necrotic prior to completion of root
formation in a young patient (1,2-7). The resulting flared
root canals have thin dentin walls, leaving them too
weak to withstand normal masticatory forces and hence
susceptible to fractures, which makes the restorative
procedure more difficult (2-7). The morphology of
flared canals also results in very wide, tapered and non-
retentive posts. In these situations, if a prefabricated post
is used, the excess space within the root canal would be
taken up with a bulk of luting cement. This results in
a potentially weak area in the restoration, which may
serve to compromise the long-term prognosis (2-7). In
order to avoid the extraction of flared roots, filling of
the radicular space with restorative materials, such as a
glass-ionomer cement (16), composite resins (1-6,16),
and accessory glass fiber posts (6,7) has been suggested.

The aim of this laboratory study was to compare
the root strain and fracture resistance of flared roots
restored with different post systems and restorative
techniques. Two research hypotheses were tested. The
firstis that the post system influences the strain, fracture
resistance, and failure mode of flared roots. The second
is that relining fiber posts with composite resin could
increase the fracture resistance and decrease the root
strain.

MATERIAL AND METHODS

One hundred five bovine roots of similar size and
shape were selected by measuring the buccolingual and
mesiodistal widths in millimeters, allowing a maximum
deviation of 10% from the determined mean (11). The
teeth were stored in 0.2% thymol solution (Pharmacia
Biopharma Ltda., Uberlandia, MG, Brazil). The soft-
tissue deposits were removed with a hand scaler (SS
White Duflex, Rio de Janeiro, RJ, Brazil), and the teeth
were cleaned using a rubber cup and fine pumice water

slurry. The coronal portion of each tooth was sectioned
15 mm coronally from the root apex, using a diamond
double-faced disk (KG Sorensen, Barueri, SP, Brazil)
in a slow-speed handpiece, cooled with air/water spray.

Root canals were prepared with the use of Gates-
Glidden burs (Maillefer, Ballaigues, Switzerland): burs
no. 2 (0¥ 0.54 mm) and 3 (@ 0.83 mm) were used in the
entire root canal length, and bur no. 4 (@ 1.10 mm) was
used only in the cervical third of the root canal. The canals
were irrigated with 1% sodium hypochlorite solution
(Asfer, Industrial Quimica, Sao Paulo, SP, Brazil); final
irrigation was done with 0.9% sodium chloride solution;
and canals were dried with absorbent paper points
(Dentsply Ind. ¢ Com. Ltda., Petropolis, RJ, Brazil).
Each canal was obturated by lateral condensation using
gutta-percha points (Maillefer) and endodontic cement
(Sealer 26, Dentsply). The gutta-percha was removed
with hot pluggers (SS White Duflex) to remove 10
mm of the filling material, and then measured using a
plastic stop. Post preparations were completed with a
no. 5 reamer (Largo, @ 1.5mm, Dentsply Ind. e Com.
Ltda.). The external root surface was covered with a
0.2-0.3 mm layer of a polyether impression material
(Impregum F, 3M ESPE, St. Paul, MN, USA) to simulate
the periodontal ligament. The roots were embedded in a
polystyrene resin (Cristal, Piracicaba, SP, Brazil) up to
4.0 mm below the cervical limit to simulate the alveolar
bone (11,17).

The roots were randomly divided into 7 groups
(n=15) and restored with different posts and techniques.
Two groups were considered as control groups because
their root canals were not flared (coronal root dentin
with £ 2.0 mm wall thickness). The remaining 5 groups
had their root canals enlarged in a standardized manner
to flare the root specimens. This over-preparation was
accomplished with adiamond burno. 4137 (KG Sorensen;
2.5 mm diameter) in a low-speed handpiece limited to a
9-mm vertical length, resulting in approximately a 1-mm
width of the coronal root dentin wall. A circumferential
ferrule of 2 mm in height and a width of 0.5 mm was
made with a diamond bur no. 2215 (KG Sorensen) in all
specimens (Fig. 1). The control and weakened groups
were restored as follows (Fig. 2): Group 1 (control-Cpc):
CCpc, cast NiCr alloy post and core; Group 2 (control-
Gpf): CGfp, glass fiber post; Group 3 (flared): FCpc,
NiCr cast post and core; Group 4 (flared): FGfp, glass
fiber post; Group 5 (flared): FGfpAp, glass fiber post
associated with accessory glass fiber posts; Group 6
(flared): FGfpRc, anatomic glass fiber post (relined with
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composite resin); Group 7 (flared): FGfpRcAp, anatomic
glass fiber post (the relining associate composite resin
with accessory glass fiber posts).

The cast posts and cores (groups 1 and 3) were
made with a direct technique using patterns in acrylic
resin (Duralay, Reliance Dental MFG Company
Worth, IL, USA). A 6.0 mm high pre-manufactured
polycarbonate pattern (Nucleojet, Angelus, Londrina,
PR, Brazil) was used to standardize the coronal portion
ofthe cast metal core. A Ni-Cr alloy (Kromalit, Knebel,
Porto Alegre, RS, Brazil) was used to cast the post and
core patterns.

The prefabricated glass fiber post (Reforpost RX
no. 3, Angelus) used in groups 2, 4, 5, 6, and 7, was 1.5
mm in diameter on the coronal and 1.1 mm on the apical
portion. The glass fiber post was composed of 85% glass
fiber and 15% epoxy resin. Accessory glass fiber posts
(used in groups 5 and 7) were composed of 70% glass
fiber and 30% epoxi resin (Reforpin, Angelus), and its
dimensions were as follows: no. 3 (coronary @ 1.45 mm
and apical @ 0.55 mm) and no. 1 (coronary @ 1.1 mm
and apical @ 0.5 mm).

In order to cement the fiber and metallic posts,
the root canals were etched with 37% phosphoric acid
(Dentsply) for 15 s, and then washed and dried with
absorbent paper tips (Dentsply). Two consecutive layers
of the primer (Adper Scotchbond Multi Purpose, 3M
ESPE) were applied using a microbrush. They were then
gently air dried for 20 s, and this was followed by the
application of the adhesive (Adper Scotchbond Multi
Purpose, 3M ESPE). Excess adhesive was removed from
the canal using a clean microbrush. Light activation was
performed for 20 s on the cervical root face, parallel to
the long axis of the root, using a halogen light unit with
an intensity of 800 mW/cm? (XL 3000, 3M ESPE). The
postwas cleaned with 70% alcohol in a single application

}S.Omm
1.5mm 0.5mm
10mm
}—20mm —{ 6.0mm
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Figure 1. Schematic illustration of the specimen’s dimensions. A.
Non-flared root; B. Flared root; C. Dimensions of core and crown.
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using a microbrush; after drying, a silane agent was
applied (Silano, Angelus). The self-curing resin cement
(Cement Post, Angelus) was mixed in accordance with
the manufacturer’s instructions introduced into the
canal with a lentulo spiral drill (Dentsply Maillefer) in
a low-speed handpiece. Cement was placed on the post
and the post was seated under a constant load of 500 g
during 5 min. Excess cement was removed after 1 min.

Forthegroup5, beforeresincementpolymerization,
the principal post (Reforpost RX no. 3) was positioned
on the center of canal and four accessory posts no. 3
and three no. 1 posts were introduced around the root
canal space. For groups 6 and 7, before the adhesive
protocol, an impression of the flared canal was made
with a polyether impression material (Impregum F, 3M
ESPE), and after that, a silicone material (CIS - 745,
Technology Inc., Taiwan.) was used to fabricate the mold
ofthe root canal. In group 6, the main post was positioned
in the center of the replica of the root canal, and a
composite resin (Filtek Z250, 3M ESPE) was inserted
and photoactivated with a halogen light-curing unit (XL
3000,3M ESPE) for 40 s. The relined post was removed
from the replica and over-polymerized for another 1
min. In group 7, the same protocol used on group 6
was repeated; however, before the polymerization, four
accessory posts no. 3 and three accessory posts no. 1
were introduced in the canal replica for relining with
composite resin. The relined posts of groups 6 and 7
were removed from molds and Iuted using the same

fRAFGP

fAFG fRFGP

I:] Resin cement |:| Composite resin

I wicralioy

Figure 2. Schematic illustration of the groups.
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protocol described for the other groups.

The composite resin core was standardized using
an acetate matrix constructed in a vacuum plasticizer
using a polycarbonate pattern (Nucleojet, Angelus).
An incremental technique was used to place composite
resin (Filtek Z250, 3M ESPE); each increment was
polymerized for 40 s. In all groups that used glass fiber
posts, the core build-up followed this method.

All specimens were prepared with a diamond
round bur (#3215; KG Sorensen) in a high-speed
handpiece with water spray cooling (Super Torque 625
Autofix; KaVo do Brazil Ind. e Com. Ltd, Joinville, SC,
Brazil). Specimens were prepared to receive complete
crowns with a 1.5 mm reduction and 2.0 mm ferrule. An
impression of the specimens was made using a polyether
impression material (Impregum F, 3M ESPE), and the
impressions were poured with Type IV stone (Durone IV,
Dentsply Ind. e Com. Ltda.). Wax patterns were formed
using a silicone impression material (Aerojet, Sdo Paulo,
Brazil) mold made in the shape of a composite resin
central incisor crown. This mold was used to fabricate
all wax crown patterns. A standardized notch was placed
across the palatal surface of each crown 3 mm from the
incisal edge for load application in the mechanical tests.
Wax (Degussa, Hanau, Germany) was then poured into
the impression, and the tooth was inserted. A fter the wax
cooled, the impression was removed, and the margins
were perfected. The wax patterns were cast in a Ni-Cr
alloy (Kromalit, Knebel) (9,11). Crowns were luted to
the teeth following the same protocol as for post fixation.

A mechanical fatigue (18) was performed with
3x10°cycles of SON, at 37 °C and 100% humidity (Erios,
Sao Paulo, SP, Brazil). The force was applied 3 mm below
the incisal edge on the palatal surface of the crown at
an angle of 45° (Fig. 3) (9,11). Root dentin strain was
measured with strain gauges PA-06-060BG-350LEN
(Excel Sensores, SP, Brazil), which had an internal
electrical resistance of 350 Q, a gauge factor of2.12, and
a grid size of 4.2 mm?. The gauge factor is a proportional

Figure 3. Mechanical fatigue device.

constant between electrical resistance variation and
strain. A 37% phosphoric acid solution (3M ESPE) was
applied for 30 s to etch the gauge sites, which were then
washed with water for 15 s and dried with air jets. The
strain gauges were bonded to the tooth structure (n=5)
with cyanoacrylate adhesive (SuperBonder; Loctite,
Sao Paulo, Brazil), and the wires were connected to the
data acquisition device (ADS05001IP; Lynx Tecnologia
Eletronica, Sao Paulo, SP, Brazil). In addition, two strain
gauges were fixed to another specimen to which no load
was applied to compensate for dimensional alterations
due to temperature. This specimen is important for
the measurement of strain, without the influence of
environmental temperature. Each specimen was placed
in a custom apparatus that allowed the specimen to be
positioned at 45° to the long axis (9,11). The specimens
were submitted to 45° loading, using a universal testing
machine (EMIC DL 2000, Sao José dos Pinhais, PR,
Brazil) until a force of 100 N was reached. Data were
transferred to a computer that used specific acquisition,
signal transformation, and data analysis software
(AgDados 7.02 and AqAnalisys, Lynx). The strain values
were evaluated statistically by one-way ANOVA.
Awater circulation device (Federal University of
Uberlandia, Uberlandia, MG, Brazil) was constructed to
standardize temperature and moisture during the fracture
resistance test. This device consists of an acrylic cylinder
150 mm in diameter and 200 mm high, fixed on a steel
base with two water circulation directions. This device
was linked to a water receptacle with a continuous water
bombardment system and a digital heater (Quimis,
Sao Paulo, SP, Brazil). Next, the temperature was
standardized at 37°C and 100% of humidity (9,11).
The teeth were subjected to a 45° tangential
compressive loading with a metal knife blade tip at a

Favorable failures Catastrophic failures
(would allow repair) (non-restorable)

i

Fracture line below interrupted line were judged as catastrophic

Figure 4. Schematic illustration of the failure mode classification.
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crosshead speed of 0.5 mm/min in a universal testing
machine (EMIC DL 2000). The force required (N)
to cause fracture was recorded by a 5-kN load cell
hardwired to software (TESC; EMIC), which was able to
detect any sudden load drop during compression (9,11).

The fracture resistance data were analyzed by
two-way ANOVA, comparing two control groups with
two groups that used only posts without reinforcement
(Cpc and Gfp), followed by Tukey’s Honestly Significant
Difference (HSD) test. After that, the one-way ANOVA
and Tukey’s HSD test were employed to compare
all groups. All tests were considered significantly
statistically different at 0=0.05 (SPSS software; SPSS
Inc., Chicago, IL, USA).

The mode of failure (Fig. 4) was recorded and
classified in accordance with the degree of dental
structure destruction (11) as either favorable (would
allow repair) or catastrophic (non-restorable). The
favorable fractures, the ones that would allow repair,
were located on the cervical third of the root, obliquely
extending from lingual to buccal surface (Type I) or
vertically on the buccal surface (Type II). On the other
hand, catastrophic fractures were observed obliquely
from lingual to buccal surface involving the middle (Type
II0) or apical third (Type IV) of the roots and vertically
on buccal surface (Type V).

RESULTS

The mean and standard deviation values for
fracture resistance (N) are shown in Tables 1 and 2. The
distribution of failure modes for all groups is represented
in Table 3 and Figure 4.

Table 1. Mean and standard deviation values of fracture strength
(N), and statistical categories for the comparison between two
control groups and two flared groups restored only with cast post
and core or glass fiber post (n=15).

Root canal characteristics

Type of post Weakened root

(Flared)

Non-weakened
root (Control)

Cast post and core 859.9 (199.3) Aa

627.1 (119.9) Ab

625.3 (164.3) Ba

Glass fiber post 620.2 (164.2) Aa

Different letters indicate statistically significant differences
verified by Tukey’s HSD tests (p<0.05). Uppercase letters were
used to compare groups in the rows (root condition); lowercase
letters were used to compare groups in the columns (post systems).
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Two-way ANOVA showed that there were
significant differences in fracture resistance values for
the interaction between post systems and characteristics
of root canal (p=0.00). The Tukey HSD test indicated
that the cast post and core groups presented lower
fracture resistance values (Table 1) and prevalence of
catastrophic failures in flared roots (Table 3). One-way
ANOVA showed that groups restored with composite
resin reeling or the groups restored with accessory
glass fiber posts presented fracture resistance similar
to the control groups (Table 2) and demonstrated more
repairable fractures (Table 3).

Catastrophic fractures (Table 3) were present
in the groups in the following order: FCpc, 66.7%;
CCpc, 40%; FGfp and FGfpRcAp, 26.7%; FGfpAp and
FGfpRe, 13.3%; and CGfp, 6.7%.

The mean strain and standard deviation values are
shown in Table 4. There was no significant difference
for the strain values among groups for proximal strain
(p=0.140) or buccal strain (p=0.744). However, the
proximal strain was lower than the buccal strain values
for all groups.

DISCUSSION

The hypotheses were partially accepted, as post
systems and restorative techniques do influence the
fracture resistance and fracture mode of flared roots.
On the other hand, they did not influence the strain
measured on buccal or proximal surfaces. Cast posts and
core posts, when used in flared teeth, resulted in lower
fracture resistance than that of the control groups (Table
1) and prevalent catastrophic failures (Table 3). Restoring

Table 2. Fracture resistance means (N) and standard deviation
(SD) for all groups.

Groups Mean (SD)

FRcGfp 949.8 (210.6)A
CCpc 859.9 (199.2)A
FGfpRcAp 847.0 (112.2)A
FGfpAp 842.6 (174.0)A
CGfp 627.1 (119.9)B
FCpc 625.3 (164.3)B
FGfp 620.2 (164.2)B

Different letters indicate statistically significant differences
verified by Tukey’s HSD test (p<0.05).
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flared teeth with composite resin and accessory glass
fiber posts presented higher fracture resistance than did
flared teeth restored only with glass fiber posts (Table 2).

In the biomechanical analysis of tooth structures
and restorative materials, destructive mechanical tests
used to determine fracture resistance are important
means of analyzing tooth behavior in situations of
concentrated and high intensity load application
(3,4,6,7,9,11,16,19,20). However, fracture tests have
limitations with regard to obtaining information on
the internal behavior of the tooth-restoration complex
before the failure. Therefore, it is important to combine
destructive tests with non-destructive methodologies
(1,8-12), such as strain gauge measurement, for root
strain analysis and its relation to fracture resistance
and failure mode (9,11,19,20). This occurs because
transmission of strain energy to the crack supplies
energy for crack propagation, and the speed at which
the crack is fed with energy will depend upon the rate
of change in shape of the material adjacent to the crack.
Consequently, the fracture resistance will be increased
by any mechanism that increases the amount of energy
required to propagate the primary crack (20). The ferule
effect and the position of strain-gauge was not sufficient
to permit measurement of differences on strain values
among the groups, possibly because the strain gauges
were placed 1 mm away from the cervical margin of
the metal crown, and the majority of fractures occur
apically in this region.

Itis important to note that the presence of the post
significantly altered the stress distribution on the tooth
(1,8-12). When a system with different components of
different rigidity is loaded, the more rigid components,

Table 3. Failure mode distribution in the groups (n=15).

Failure mode distribution

Groups ?a.tastropjlic
1 n 1 v v ailures (%)
CCpe o - 4 2 - 40.0
CGfp 7 7 _ 1 B 6.7
FCpe 5 - 6 2 2 66.7
FGfp 9 2 4 - - 26.7
FGfpAp 9 4 - - 2 13.3
FGfpRe 11 2 2 - - 13.3
FGfpRcAp 11 - 1 - 3 26.7

such as cast posts and core (NiCr- 200 GPa), are capable
of concentrating the stress, thus resisting greater force
without distortion, especially if it is not bonded to tooth
structures (1,8-12). If stresses reach a critical value,
a slowly growing crack causes a successive adhesive
failure of the post-cement-root dentin interface. After
loss of post adhesion, the post is more or less mobile
within the root and is consequently allowed to act like
a wedge (1,8). The energy accumulated in the inner
post is transferred by the dentin. The fracture in dentine
structure occurs from the inner region (adjacent to the
root canal) to the outer surface of the tooth (20). If the
dentin canal walls are thin or the resin cement is thick,
less load is necessary to fracture the tooth, as occurred
in groups 3 and 4 (Table 2). On the other hand, when a
root canal was not flared and was restored with cast posts
and core (group 1), the tooth obtained a higher fracture
resistance mean (Table 2). This can be explained by the
greater amount of dentin. The maximum load capability
is affected by the strength of the surrounding hard tissue,
which is directly correlated to the volume of dentin
(20). During normal occlusal function, dentin exhibits
considerable plastic deformation, resisting varying
degrees and angles of load. However, loads exceeding
the tensile strength or proportional limit of dentin can
decrease the ability of dentin for plastic deformation,
which leads to fractures (8,20). Since cast posts and
core have more stiffness than glass fiber posts, they can
withstand higher loads without fracturing (9,11), but

Table 4. Mean and standard deviation values of the microstrains
(uS) of the buccal and proximal surfaces (n= 5) and statistical
categories of all tested groups.

Strain gauge localization

Groups

Buccal Surface Proximal Surface
CCpc 816.4 (433.7) 42 122.4 (58.5) Ab
CGfp 1102.0 (414.8)4a 80.0 (36.4)Ab
FCpc 802.6 (99.1)4a 141.9 (53.8)Ab
FGfp 1025.8 (266.6) A2 197.9 (114.6) 40
FGfpAp 924.8 (288.3) 42 93.11 (17.0)Ab
FGfpRe 1023.8 (455.6) A2 112.7 (47.1)A®
FGfpRcAp 854.9 (214.0) A2 102.7 (46.9)4°

Different letters indicate statistically significant differences
verified by Tukey’s HSD tests (p<0.05). Uppercase letters were
used to compare groups in the rows (root localization); lowercase
letters were used to compare groups in the columns (tested groups).
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the risk of irreparable root fractures would be increased
(Table 3).

Using only glass fiber posts and resin cement in
flared roots (group 4), fracture resistance was similar
to that of control group 2. However, significant lower
fracture resistance was verified when we compared
this group with all groups that used composite resin or
accessory glass fiber posts as a reinforcement of the
flared dentin. The resin cement has monomers with
functional groups that induce adhesion to the dentine;
moreover, it is composed of filler particles (glass of
barium and silica), which can improve its mechanical
proprieties. Since luting cement is the weakest link in
the tooth/post/core complex, the large amount of cement
needed to cement the post may serve to compromise the
long-term prognosis (2-7).

In the oral environment, the adhesive failure
normally occurs as a result of cyclic loads associated
with time and environmental factors such as temperature,
pH, and microorganisms (18). To determine the
longevity of restorations, a controlled clinical trial
would be preferable. However, the number of parameters
influencing the behavior can be extremely large, and
they can take an extremely long time and a large patient
group to collect sufficient data. A partial solution to this
problem can be found by in vitro investigations using
cyclic fatigue loading, which simulates accelerated
mechanical deterioration (18). In this research, the teeth
were loaded lingually at a 45° angle to the long axis.
This angle reflects the positions, contacts, and loading
characteristics of maxillary central incisors in class I
occlusion (9,11). The fatigue loading was simulated
using an intermittent force of 50 N during 3x105 cycles,
resulting in approximately 67 h under load. This number
of cycles was selected because Huysmans et al. (18)
concluded that at least 105 load cycles are necessary
for fatigue and post failures to occur after 261,000
cycles. In the present study, after load cycles, no tooth
cracking or displacement of the crown or the post was
observed. New studies must be carried out to draw out
the number of cycles necessary to determine with higher
predictability the longevity of the restorative techniques
in flared roots. Moreover, thermal cycles of fatigue
could be carried out to create conditions more closely
resembling the clinical situation.

With regard to the restoration of flared roots,
composite resin is widely used as filling material for
the radicular defects (1-6,16). However, the majority
of the experiments or clinical cases are associated with
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the use of light-transmitting plastic posts to carry out
the radicular reinforcement (2-4). Composite resin, in
association with or not with accessory glass fiber posts
placed into the canal after reeling in indirect form (group
6 and 7), were tested in this study without the use of
light-transmitting plastic post systems. Both restorative
techniques revealed more efficient results in high values
of fracture resistance than did the control Gfp group
(Table 2). This technique could prevent the shrinkage
stress in adhesive interface when compared with relining
techniques used directly on the root canal. This good
performance may have been a result of the intrinsic
characteristics of composite resin. The resin used is
a compact material, composed of 82% load particles
(zirconium glass and silica) with high microhardness
and diametral tensile strength.

In the evaluation of the relationship between
filling techniques, it was observed that flared roots
filled with composite resin and/or accessory glass
fiber posts presented a lower incidence of catastrophic
fractures compared with cast posts and core groups. This
was probably due to the similarity between the elastic
modulus, dentin (15-25 GPa), glass fiber posts (30-40
GPa), and composite resin (20 GPa). The values for
the modulus of elasticity resulted in a biomechanical
homogeneity unit (1). Due to the low modulus of
elasticity of these materials, they might act as shock
absorbers, increasing tooth strength (1). Although
increases in the resistance of the flared restored roots
have occurred, it is not advisable to remove the healthy
dentin from the root canal. The intraradicular preparation
being conducted should be limited to adaptation of the
post because the use of glass fiber posts and metallic
posts placed on non-overprepared roots was capable
of resisting the clenching forces more than ten times.
Moreover, the adhesion between restoring materials
and tooth structures still needs improvement, since it is
susceptible to failure, and the large degree of interface
thickness may serve to compromise long-term prognosis.

Limitations of this study must be recognized.
A continually increasing load applied to the teeth is
not the type of loading that occurs in the natural oral
environment. For that reason, the results of this study
must be carefully interpreted. It is necessary to emphasize
that this study evaluated an extreme condition of root
weakness. Therefore, with regard to a root with loss of
dentin structure, the clinician should evaluate the degree
of'the flared root before condemning it to extraction by
taking into account the chance of success with restorative
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treatment by reconstructing the tooth with adhesive
materials in order to maintain the functioning tooth in
the mouth. According to the results of this study, it may
be concluded that the use of glass fiber posts associated
with composite resin or accessory fiber glass posts seems
to be an effective method to improve fracture resistance
and increase repairable failures on flared root canals.
However, additional clinical studies are necessary to
clarify which are the best techniques and materials to
closely mimic tooth structures, as well as to recover
the mechanical properties and resistance to fracture of
structurally compromised teeth by flared canals.

RESUMO

Restaurar dentes tratados endodonticamente continua sendo
desafio para clinicos. Este estudo avaliou o efeito de pinos e
técnicas na deformacao, resisténcia a fratura e padrao de fratura
de incisivos com canal radicular alargado. Cento e cinco raizes
bovinas, tratadas endodonticamente (15 mm) foram divididas em
7 grupos (n=15). Os grupos controle (C), constituidos de raizes
ndo alargadas, foram restauradas com Cpc (ntcleo metalico
fundido) ou Gfp (pino de fibra de vidro). Nos grupos experimentais
os canais foram alargados (F) e restaurados com: GfpAp (Gfp
associado com pinos de fibra de vidro acessorios); GfpRc (pino
anatomico, reembasado com resina composta) e GfpRcAp (pino
anatomizado com resina composta e pinos acessorios). Os dentes
foram restaurados com coroas metalicas. Fadiga mecanica foi
simulada com 3x10%/50 N ciclos. O teste foi realizado a 45° ¢ a
deformacdo (LLS) obtida nas superficies vestibular e proximal. Em
seguida, a resisténcia a fratura (N) e o padro de fratura foram
verificados. Aplicou-se ANOVA e Teste de Tukey (0=0,05). Nao
houve diferenga na deformagéo. Cpc resultou em menor resisténcia
a fratura e com mais fraturas catastroficas em raizes fragilizadas.
As técnicas de reembasamento do pino com resina composta ou
0 uso de pinos acessorios parecem ser efetivos para melhorar o
comportamento biomecanico de raizes fragilizadas.
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