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The aim of this study was to compare the resistance of endodontically treated teeth with intraradicular retainer different amounts of
remaining coronal structure. Fifty freshly extracted maxillary canines were endodontically treated and randomly assigned to five groups
(n=10), as follows: group 1 (control) = teeth with custom cast post and core; group 2 = teeth without remaining coronal structure; group
3, 4 and 5 = teeth with 1 mm, 2 mm and 3 mm of remaining coronal structure, respectively. All specimens in groups 2 to 5 were restored
with prefabricated post and resin core. The teeth were embedded in acrylic resin and the fracture strength was measured on a universal
testing machine at 45 degrees to the long axis of the tooth until failure. Data were analyzed statistically by one-way analysis of variance
and Tukey’s test. There was no significant differences (p>0.05) between the control group and group 2, and between groups 3, 4 and
5 (p>0.05). Control group and group 2 had significantly higher resistance strength than groups 3, 4 and 5 (p<0.00001). The findings of
this study showed that teeth without remaining coronal structure had significantly higher fracture strength than those with remaining
coronal structure (1 mm, 2 mm and 3 mm). When the dental crown was not completely removed, the amount of remaining coronal
dentin did not significantly affect the fracture strength of endodontically treated teeth with intraradicular retainer.
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INTRODUCTION

The restoration of endodontically treated teeth is
an important aspect of dental practice that involves a
range of treatment options of variable complexity. The
clinicians are presented with a multifaceted restorative
challenge when confronted with endodontically treated
teeth complicated by substantial loss of coronal tooth
structure and must be able to predict the probability of
successfully restoring such teeth.

The likelihood of survival of a pulpless tooth is
directly related to the quantity and quality of the
remaining dental tissue. A post is commonly placed in
an attempt to strengthen the tooth (1,2). However, in
vitro and in vivo studies have demonstrated that a
dowel does not reinforce endodontically treated teeth,
in spite of improving retention when little amount of
clinical crown is remaining (3-4).

Although cast post-core restorations are the
restorative treatment of choice for endodontically treated
teeth, prefabricated post systems have recently become
increasingly popular for providing satisfactory results
(5-7). Despite efforts to reinforce endodontically treated
teeth with internal posts and cores, fractures still occur.
Studies (8-9) have shown that roots restored with cast
posts exhibited significantly higher forces than
prefabricated posts. Notwithstanding the lower
resistance, the restorative technique with prefabricated
posts and composite resin may be feasible because all
fractures occur in the composite resin core, thereby
protecting the tooth structure (9). With recent
improvements in composite bonding to dentin, actual
internal support is now available (3,10-12).

The availability of at least 1.0 mm of coronal
tooth structure between the crown preparation shoulder
and the tooth-core junction was found to approximately
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double fracture strength (13). It seems that this extension
of coronal tooth structure provides the greatest resistance
and retention forms to the crown (14-15). Several
authors (4,16-17) have suggested that the tooth should
have a minimal amount of 2 mm of coronal structure
above the cementoenamel junction (CEJ) to ensure
tooth strength. A previous study has not found
statistically significant correlation between the amount
of remaining coronal structure and fracture resistance,
although the findings of other investigation (19) showed
that teeth without remaining coronal structure were
more resistant than those presenting 2 mm of remaining
coronal structure.

The purpose of this study was to compare the
fracture strength of teeth with intraradicular retainer
and different amounts of remaining coronal structure.
Two hypotheses were investigated: 1) teeth with
different remaining coronal structure would differ
statistically regarding fracture strength; 2) there would
be differences between the types of fracture and posts.

MATERIAL AND METHODS

Fifty maxillary canines with similar root sizes
recently extracted for periodontal reasons were selected
and stored in distilled water. The inclusion criteria were
teeth without root carious lesions or fissures and not
previously submitted to endodontic treatment.

Each canal was prepared within 1 mm of the
radiographic apex. The master apical file was three sizes
larger than the initial instrument used. The root canal
was instrumented with a conventional step-back
technique up to an ISO 35 K-file at the apical constriction,
irrigated with 2.5% sodium hypochlorite solution
throughout the preparation and dried with paper points.
Each canal was obturated by lateral condensation of
gutta-percha points against an ISO 35 master gutta-
percha cone and  Endométhasone (Spécialités Septodont,
Saint-Maur. France) root canal sealer. Post preparation
was made with a size 5 Largo reamer to remove 9 mm
of gutta-percha from the filled canal.

After post space preparation, the teeth were
randomly assigned to 5 groups (n=10). In group 1
(control), the coronal portion was removed at the CEJ
perpendicular to the long axis. Root canals were restored
with a cast post and core by a direct technique in which
the post was made with Duralay  acrylic resin (Reliance
Dental Mfg. Co., Chicago, USA). Copper/aluminum

(Cu-Al) alloy (NPGTM, AalbaDent, Cordelio, CA, USA)
was used to cast the posts and cores. The cast post-core
sets were cemented with ionomer glass cement (Rely X,
3M Dental, Products Division St. Paul, MN, USA)
mixed according to the manufacturer’s instructions and
introduced into each root canal with a lentulo spiral drill
(Maillefer Instruments SA, Ballaigues, Switzerland) at
low-speed. The post was coated with cement and
seated under finger pressure. During cementation,
pressure was allowed to release and the post was gently
reseated. Excess material was removed and, after curing,
the specimens were stored in distilled water.

Teeth in group 2 (Fig. 1) were prepared in the
same way as described for the control group, but the
canals were restored with prefabricated stainless steel,
parallel-sided, serrated posts with tapered end (number
5317, Euro-Post Anthogyr S.A., Sallanches, France).
Rely-X cement (3M) was used to cement the
prefabricated posts, following the above-mentioned
luting procedures. After setting, excess cement was
removed with a probe and  dentin was etched with 37%
phosphoric acid and bonded with Prime & Bond 2.1
(Dentsply Ind. Com, Petropolis, RJ, Brazil) according
to the manufacturer’s instructions. Cores were fabricated
in a standard manner using a core-forming matrix,
poly(methyl methacrylate) resin with composite material
(Z100; 3M). The composite was placed using the
incremental technique.

In groups 3, 4 and 5, the coronal tooth structure
was reduced to a flat plane at a height of 1, 2 and 3 mm
from the CEJ (proximal, buccal and lingual ), respectively,
and restored as described in group 2 (Fig. 1).

Figure 1. Schematic representation of specimens in groups 2, 3,
4 and 5 (from left to right). The coronal portion was reduced to
a flat plane at heights of 0, 1, 2 and 3 mm, respectively, from the
cementoenamel junction (proximal, buccal and lingual aspects).
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The teeth were embedded in acrylic resin
(Clássico Artigos Odontológicos S/A, São Paulo, SP,
Brazil) poured into acrylic resin molds, mounted along
their long axis using a surveyor and placed in a cool
water bath during resin curing to avoid damage from
the exothermic reaction. Each specimen was placed in
a custom apparatus (developed by the authors) at 45
degrees to the buccal/lingual axis and subjected to load
on a universal testing machine (Dinamometros KRATOS
Ltda, São Paulo, SP, Brazil) (Fig. 2). Shear strength
was applied at crosshead speed of 0.5 mm/min until
fracture. Failure was recorded when there was fracture
of the core material with displacement from the post
head, or when fracture affected the core or the tooth.

One-way analysis of variance (ANOVA) was
used to compare fracture strength means among the
five groups. Multiple comparisons by Tukey’s test
determined which groups were statistically different
from the others. The confidence level was 95%.

RESULTS

Fracture strength was recorded when there was
root fracture, resin fracture or both, or upon fracture
of the remaining coronal structure. Table 1 summarizes
the fracture strength means obtained for the 5 groups.
ANOVA showed that at least two of the groups differed
statistically from the others.Tukey’s test did not show
significant differences (p>0.05) between the control
group and group 2, and between groups 3, 4 and 5
(p>0.05). Control group and group 2 had significantly
higher fracture strength than groups 3, 4 and 5
(p<0.00001) (Table 1).

All failures in the control group occurred in the
root (Fig. 3). In the other groups, failures predominately
occurred in the resin (80% or more) (Table 2, Fig. 4).

DISCUSSION

Restoration by prefabricated posts and composite
resin is a viable technique for endodontically treated
teeth (5-7). Composite resin fracture occurring when
occlusal force is applied may be positive because it may
prevent a possible root fracture (9). Root fracture in the

Table 1. Individual values, means (Kgf) and standard deviation of fracture strength for the five groups.

Specimen Group 1 Group 2 Group 3 Group 4 Group 5

1 88.4 79.4 37.6 47.2 42.5
2 57.6 78.3 67.9 84.1 34.9
3 59.3 95.1 35.8 47.8 46.2
4 61.7 35.1 36.5 44.7 40.2
5 67.5 46.9 58.5 35.2 50.6
6 110.0 55.5 36.6 47.8 45.8
7 66.9 51.0 42.4 48.1 37.5
8 69.3 63.9 59.7 44.6 24.5
9 71.7 94.5 42.0 27.0 53.5

10 80.2 55.9 41.5 40.7 47.0
Means (± SD) 73.2 ± 15.9a 65.5 ± 20.4a 45.8 ± 11.6b 46.7 ± 14.7b 42.2 ± 8.4b

Group 1 (control) = cast post and core; Group 2 = prefabricated post; no remaining coronal structure; Group 3 = prefabricated post;
1 mm of remaining coronal structure; Group 4 = prefabricated post; 2 mm of remaining coronal structure; Group 5 = prefabricated post;
3 mm of remaining coronal structure. Different letters indicate statistically significant difference (p<0.05).

Figure 2. Custom apparatus at 45 degrees to the buccal/lingual
axis (left) and being subjected to load in a universal testing
machine (right).
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cast post-core group (control) and in the group with
prefabricated post and no remaining coronal structure
(group 2) demanded significantly higher force than that
necessary to produce composite resin fracture in the
other prefabricated post-core groups (groups 3, 4 and
5), in which remaining coronal structure was present.
This fact was related to the higher strength of the nickel-
chromium alloy, higher modulus of elasticity (8) and
high filler content integrated in Z100 resin matrix,
possibly due to the size and shape of its particles, which
account for 66% of its volume. This higher amount of
inorganic load corresponds to the maximum compressive
load resistance, surface hardness and wear resistance
(3-10). However, under normal clinical conditions the
composite resin could resist incisal function. Our results
are in agreement with those of a previous study in which

composite resin fractured at a lower force
than that required to yield root fracture.

Our findings are also consistent
with those of other studies (16-17,19),
which observed that remaining coronal
structure larger than 2 mm was not able to
resist compressive load. However,
Sorensen (15) showed that 1 mm of
remaining coronal structure nearly doubled
the fracture resistance. Loney (13) has
reported that the maintenance of 1 mm of
remaining coronal tooth structure was
enough to increase resistance. Isidor (14)

Table 2. Type of failure.

Group Resin Root Resin and remaining Remaining
coronal structure coronal structure

1 - 100% - -
2 90% - 10% -
3 100% - - -
4 80% - 20% -
5 80% - 20% -

Group 1 (control) = cast post and core; Group 2 = prefabricated post; no
remaining coronal structure; Group 3 = prefabricated post; 1 mm of remaining
coronal structure; Group 4 = prefabricated post; 2 mm of remaining coronal
structure; Group 5 = prefabricated post; 3 mm of remaining coronal structure.

agreed with these authors.
In the present study, the remaining

coronal structure did not influence the fracture strength
of the teeth (Table 2). The results are in agreement with
those of Sorensen (4), who maintained 1 and 2 mm of
remaining coronal structure and did not observe
significant differences between these groups.
Conversely, Isidor (14) reported that the increase of
remaining coronal structure improved fracture
resistance.

The most common cause of failure when direct
technique is used (prefabricated post and composite
resin) is fracture of the restorative material. This fact
was observed in this study and is in agreement with the
results of a previous study (9).

It was demonstrated that roots restored by
individual cast posts exhibited significantly higher
fracture forces than those restored by prefabricated

Figure 4. Failure in resin (predominant type of failure in groups
2 to 5).

Figure 3. Failure in the root (100% of the specimens in the
control group).
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post and resin core. Despite its lower resistance,
restoration with prefabricated posts and composite
resin may be feasible because there is no root fracture,
and thus this technique protects the tooth structure (9).
Furthermore, the forces responsible for failure in this
study were considerably higher than the maximal
physiologic forces acting on the teeth in the oral cavity.
Lyons (20) showed that the  maximum force applied on
the canine is 22 Kgf. In the presence of parafunction,
this force is raised to 26 Kgf, and the maximum forces
used by this author were between 35 and 37 kgf.

The results of this study showed that there were
no significant differences among the groups with
remaining coronal structure. Teeth without remaining
coronal structure had significantly higher fracture
strength than those  with remaining coronal structure (1
mm, 2 mm and 3 mm). The control group presented
higher fracture strength than the other groups. The
predominant mode of failure in the control group
showed the worst prognosis because it led to root
fracture. On the other hand, the groups restored with
prefabricated post and resin core failed in the resin,
without damaging the root, thereby protecting the tooth
structure.

RESUMO

O objetivo deste trabalho foi comparar a resistência de dentes
tratados endodonticamente restaurados com pinos intra-radiculares
apresentando diferentes quantidades de remanescente dentário
coronal. Cinqüenta caninos superiores humanos recentemente
extraídos foram  tratados endodonticamente e divididos
aleatoriamente em 5 grupos (n=10), como descrito a seguir: grupo
1 (controle) = dentes com núcleo metálico fundido; grupo 2 =
dentes sem remanescente dentário coronal; grupos 3, 4 e 5 =
dentes  com 1 mm, 2 mm e 3 mm de remanescente dentário
coronal, respectivamente. Todos os espécimes dos grupos 2 a 5
foram restaurados com pinos pré-fabricados e resina composta.
Os dentes foram embebidos em resina acrílica e a resistência à
fratura foi medida em uma máquina de ensaios universal a 45
graus em relação ao longo eixo do dente até que ocorresse a falha.
Os dados foram analisados por meio da análise de variância a 1
critério e teste de Tukey. Não houve diferença estatisticamente
significante (p>0.05) entre os grupos controle e grupo 2 e entre
os grupos 3, 4 e 5. O grupo controle e o grupo 2 apresentaram
resultados significantemente maiores que os grupos 3, 4 e 5
(p<0.00001). Os achados deste estudo demonstraram que os
dentes sem remanescente dentário coronal tiveram resistência à
fratura significantemente maior do que os dentes com
remanescente coronal (1 mm, 2 mm e 3 mm). Quando a coroa
dental não foi completamente removida, a quantidade de
remanescente coronal não afetou significativamente a resistência
de dentes tratados endodonticamente com pinos intra-radiculares.
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