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Abstract
Purpose: The objective of this in vitro study was to evaluate and compare the fracture
resistance and fracture mode of endodontically treated teeth with wide root canals
restored with various dowel methods.
Materials and Methods: Fifty human uniradicular mandibular premolar teeth were
decoronated and endodontically treated. The canals were widened with diamond points.
The specimens were divided into five groups on the basis of type of dowel method
used: conventional custom-made cast metal dowel; single glass fiber-reinforced resin
dowel; glass fiber-reinforced resin dowel with accessory fiber dowels; relined glass
fiber-reinforced resin dowel; and dowels formed with the help of polyethylene fiber
ribbon-reinforced resin composite. Specimens were restored with indirect composite
crowns, and 150,000 cycles of cyclic loading were applied. The specimens were loaded
to test the fracture resistance and fracture mode (repairable and nonrepairable).
Results: The cast metal dowel groups had the highest fracture resistance but showed
nonrepairable fracture in 90% of specimens.
Conclusions: Cast metal dowels had the highest fracture resistance but led to nonre-
pairable fracture while restoring the wide root canals under cyclic loading. Specimens
restored with fiber dowels, accessory dowels, relined dowels, and ribbon-reinforced
resin provided adequate fracture resistance with increased incidence of repairable
fractures.

Restoration of endodontically treated teeth with extensive coro-
nal damage is a common clinical problem.1-3 Traditionally, cast
metal dowels and cores were used, but recently there has been
an increasing trend toward the use of fiber dowel systems.4

They provide a more esthetic result than metallic dowels. Fiber
dowels have a modulus of elasticity similar to dentin, thus re-
ducing the stress concentrations at the dowel/dentin interface.5

Also it has been reported that fiber dowels decrease the chances
of “catastrophic” or irreparable root fractures.6,7

Fiber dowels are usually prefabricated and are luted with the
help of dual-cured resin cements. Resin cement thickness can
affect the outcome of the restoration.8,9 A thinner resin cement
layer produces minimal shrinkage stresses and thus reduces
the stress at the resin/dentin margin. Therefore, it is necessary
to get a good-fitting dowel luted in the canal. Fiber dowels
are provided with a matching drill by the manufacturers, to
“adapt” the canal according to the dowel system, but it is very

difficult to get good adaptation in clinical conditions where the
root canals are already weakened or structurally compromised
by either caries, trauma, over preparation, or other iatrogenic
causes.6,7,9 In such conditions, the resin thickness will be in-
creased, thus compromising the strength of the tooth. Some
methods have been introduced in the past to overcome this ob-
stacle. Martelli et al6 proposed the use of an accessory glass
dowel to fill the space between the prefabricated dowel and the
canal walls. Faria-e-Silva et al9 have proposed the modification
and reline of the dowel itself according to the canal shape, with
the help of composite resins. Another viable option is the use
of polyethylene fiber ribbon-reinforced resin composite as a
dowel material.10 It is available in a ribbon shape, which can be
mixed with the resin cement and packed and molded according
to the shape of the canal.

The purpose of this study was to evaluate and compare the
fracture resistance of structurally compromised endodontically
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Table 1 Experimental groups and dowel-core techniques

Experimental group Dowel-core technique

Group I/CD Cast metal dowel and core luted with zinc
phosphate cement

Group II/FD One glass fiber dowel luted with resin
cement; core buildup with composite
resin

Group III/AFD One glass fiber dowel luted with resin
cement along with accessory glass fiber
dowels; core buildup with composite
resin

Group IV/DL A relined dowel was made with a glass
fiber dowel and composite resin

Group V/RRR Customized dowel-core was made with
ribbon-reinforced resin composite

treated teeth restored with various dowel methods including:
conventional custom-made cast metal dowel; single glass fiber-
reinforced resin dowel; glass fiber-reinforced resin dowel with
accessory fiber dowels; relined glass fiber-reinforced resin
dowel; and a dowel formed with the help of polyethylene fiber
ribbon-reinforced resin composite. The specimens were sub-
jected to mechanical loading. The fracture mode was classified
as repairable or nonrepairable. The null hypothesis was that
there is no difference in fracture resistance between the differ-
ent dowel systems.

Materials and methods
Fifty human uniradicular mandibular premolar teeth, with a
mesiodistal width of 5.0–5.5 mm and buccolingual width of 7–8
mm, were selected for the study. The teeth were extracted for
orthodontic or periodontal reasons. Teeth with caries or restora-
tion on the cervical third, large root canals or cracks/fissures
were excluded from the study. The teeth were decoronated,
and the root length was standardized to 16 mm. To structurally
compromise the teeth, the canal entrances were enlarged with
a 3 mm diameter round bur. The root canals were enlarged to
11 mm, with a safe-ended tapered bur, according to the external
root canal wall anatomy. The roots were embedded in acrylic
molds with epoxy resin liner to simulate the periodontal liga-
ment, such that 3 mm of the root surface was exposed. The api-
cal 5 mm of the root canals were then manually prepared to size
no. 50 under constant irrigation with 1% NaOCl and a final rinse
with 10 ml of distilled water, followed by thermo-plasticized
gutta-percha filling. The canal entrances were sealed with a
noneugenol temporary filling material (Cavit-G, 3M ESPE,
St. Paul, MN). The specimens were stored at 100% humidity at
37◦C for 7 days.

The specimens were randomly divided into five groups
(n = 10), according to the dowel method used (Table 1). Group
I/CD (cast dowel): the cast metal dowel and core were fabri-
cated by making an impression of the canal space with the help
of a plastic burn-out casting dowel, adapted to the canal with
Duralay acrylic resin (Reliance Dental Manufacturing Com-
pany, Chicago, IL). The core was built up with Duralay acrylic

resin to a height of 6 mm. The resin patterns were cast in
Ni-Cr alloy (Heraeus Kulzer, Hanau, Germany), sandblasted,
and luted in the canals with zinc phosphate (SS White, Rio de
Janeiro, Brazil).

Group II/FD (fiber dowel): a serrated glass fiber dowel (Re-
forpost; Angelus Science and Technology, Londrina, Brazil)
was passively fitted in the canal. The canals were rinsed with
17% EDTA and distilled water and dried with #50 absorbent
paper points. Canals were etched with 37% phosphoric acid
(3M Scotchbond etchant; 3M ESPE) for 30 seconds. Canals
were washed with 10 ml of distilled water. Excess water was
removed with no. 50 absorbent paper points. Two coats of the
Adper single bond 2 adhesive system were applied to the canal
walls with a Cavi-tip brush. Excess adhesive material was re-
moved with absorbent paper points, and canals were light cured
for 40 seconds. The dowel was also etched with phosphoric acid
for 1 minute and coated with the Adper single bond 2 adhesive
system. Five clicks of RelyX ARC (3M ESPE) were mixed, the
cement was applied to the dowel, and the root canal was filled
with cement with a Lentulo no. 40 spiral (Dentsply Maillefer,
Ballaigues, Switzerland). The dowels were cemented into the
root canals with light pressure, and the core buildup was done
using Filtek Z350 restorative composite resin (3M ESPE).

Group III AFD (accessory fiber dowels): a serrated glass fiber
dowel, passively fitting in the canal, was chosen as in group II.
Two to three small diameter accessory glass fiber dowels were
tried along with the main dowel. The dowels were luted, and
the core buildup was done as in group II.

Group IV/DL (dowel relining): the canal walls were coated
with a layer of glycerin, which acted as a water soluble lubri-
cant. A serrated glass fiber dowel, passively fitting in the canal,
was chosen and was etched and primed as in group II. The dowel
was covered with Filtek Z350 restorative composite resin (3M
ESPE) and gently inserted into the canal. The composite was
cured for 40 seconds. The dowel was gently removed, and the
relined portion was cured for 20 seconds from each side. The
canal and the relined dowel were copiously rinsed and washed
to remove the layer of lubricant. The dowel was luted, and core
buildup was done as in group II.

Group V/RRR (ribbon-reinforced resin composite): the
canals were etched and rinsed. Two coats of the Adper sin-
gle bond 2 adhesive system were applied and light cured. Two
strips of 3 mm wide and 17 mm long polyethylene fiber ribbon
(Ribbond Inc., Seattle, WA) were cut. The strips were saturated
with the adhesive system. Seven clicks of RelyX ARC were
mixed, and the fiber ribbon was embedded in the resin cement.
The root canal was filled with cement with a no. 40 Lentulo
spiral. The fiber ribbons were inserted and packed into the root
canals. The two strips of the fiber ribbon were twisted outside
the root canal to get a core over the root. The fiber ribbon
and the resin cement were light cured for 60 seconds. The ex-
posed twisted strips were covered with Filtek Z350 restorative
composite resin, and a core buildup was done.

Indirect composite crowns were fabricated with SR Adoro R©
(Ivoclar Vivadent) and a Lumamat 100 furnace (Ivoclar Vi-
vadent) in all the specimens. The specimens, along with the
acrylic mold, were placed in a metallic base at a 45◦ angle,
so that a 1.5 mm stylus at the upper rod of the cycling ma-
chine could induce load pulses of 60 N, at a frequency of 5 Hz.
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Table 2 Resistance to fracture

Experimental group Fracture resistance (N)

Group I/CD 484 ± 41
Group II/FD 338 ± 28
Group III/AFD 352 ± 34
Group IV/DL 368 ± 24
Group V/RRR 256 ± 22

Specimens were subjected to cyclic loading of 150,000 cycles
at 60 N (simulating 6 months of oral masticatory stresses).
The fracture resistance was measured with a Universal Instron
testing machine (Zwick GmbH and Co., Ulm, Germany). A
compressive load was applied on the lingual surface, 2 mm
below the incisal edge. The acrylic block was placed at an an-
gulation to provide a 45◦ angle between the lingual surface
and 2 mm wide spherical loading tip. The specimens were
stressed to failure at a 0.5 mm/min crosshead speed. The spec-
imens were analyzed to ascertain the mode of failure and were
divided into two groups: repairable [fractures above cementoe-
namel junction (CEJ), cervical fracture, core-tooth fracture];
and nonrepairable (fracture below CEJ, oblique fracture, frac-
ture in the middle or apical third of the root). The data were
recorded and statistically analyzed using one-way ANOVA for
the fracture resistance and Fisher’s exact test for the mode of
fracture.

Results
The fracture resistances of all groups are presented in Ta-
ble 2. The cast dowel group had the highest fracture resistance
(484 ± 41 N), which was significantly higher than all the groups
(p < 0.05) (Fig 1). There was no significant difference between
the fiber dowel group (338 ± 28 N), accessory dowel group
(352 ± 34 N), and the relined dowel group (368 ± 24 N).
The specimen restored with ribbon-reinforced resin composite
(group V) showed the least resistance to fracture, which was
significantly lower than all the groups. Cast metal dowel groups
showed nonrepairable fracture in 90% of specimens (Table 3),
significantly higher than all other groups.

Discussion
The use of traditional cast dowel and cores has been gradu-
ally replaced by the prefabricated dowel, especially fiber dow-

Table 3 Mode of failure

Type of failure

Experimental group Repairable Nonrepairable

Group I/CD 1 9
Group II/FD 8 2
Group III/AFD 7 3
Group IV/DL 7 3
Group V/RRR 10 0

els.1,4,5 Various advantages of fiber dowels over cast dowels
have been cited in the literature. Santos et al5 concluded that en-
dodontically, roots restored using fiber dowels were less prone
to catastrophic fractures than cast dowels. The modulus of elas-
ticity of the fiber dowel is similar to root dentin, thus dissipating
the stresses and preventing the formation of stress concentra-
tions at the dowel/cement/tooth interface, but various clinical
conditions present structurally compromised roots, creating a
“mismatch” between the prefabricated dowels and the canal
walls.6,7 Some articles have even reported higher stresses in
endodontically treated roots with fiber dowels.11 The present
study aimed to evaluate the fracture resistance and fracture pat-
tern of structurally compromised roots restored with various
dowel options.

The fracture resistance of the cast dowel group was
484 ± 41 N, significantly higher than the other groups. This
was in accordance with previous studies showing that metallic
dowels provide higher loads than fiber dowels.6,7,12-14 Though
the cast dowel group provided the highest fracture resistance,
90% of the specimens had a nonrepairable fracture. The cast
dowels’ higher modulus of elasticity resisted greater forces but
lead to stress concentrations, mainly in the middle and apical
third, leading to “catastrophic” fractures.

There was no significant difference of fracture resistance
between groups II, III, and IV. Accessory dowels and dowel
relining were introduced to reduce the cement thickness in the
case of flared root canals, thus minimizing the polymeriza-
tion shrinkage stresses,6,9 but none of the methods increased
the fracture resistance in the present study; however, the in-
cidence of nonrepairable fracture was significantly less than
the cast metal group. The incidence was similar to previously
reported studies and was because of a similar modulus of elas-
ticity.6,7 Despite weakened roots, the fiber dowel/dowels, resin
cement, and composite resin act as a single unit along with
the root dentin, thus evenly spreading the forces. The fracture
sites were clinically supragingival in nature and will not pose a
problem while rerestoring the teeth. On the other hand, the op-
tions of restoring the teeth with nonrepairable fracture are very
limited and in most of the cases lead to the extraction of the
tooth.

Group V tested the use of the dowel formed with the help
of polyethylene fiber ribbon-reinforced (Ribbond) resin com-
posite. Ribbond has also been termed Leno Weave Ultra High
Modulus (LWUHM) polyethylene fiber.15 It was suggested that
use of Ribbond along with bonding agent and flowable compos-
ite increases the fracture resistance of MOD cavities.15 Some
clinical reports have used it as a dowel-core buildup material.10

Theoretically, Ribbond can be classified as a custom dowel, as
the woven fibers are packed and adapted into the canal, accord-
ing to the shape and anatomy of the canal. Thus it provides an
intimate contact of the restoration with the canal walls. Though
fracture resistance of the Ribbond group was significantly less
than all the groups, all the specimens failed in a repairable
manner.

The values of fracture resistance in all groups were less than
reported studies, but this could be explained on the basis of the
structurally compromised roots and mechanical loading. The
teeth are unavoidably subjected to masticatory stresses.16,17

These stresses are not constant in nature and provide a fatigue
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Figure 1 Box-plot diagram of fracture resistance values (N).

loading. To simulate these stresses, 150,000 cycles of cyclic
loading were applied, equivalent to 6 months of clinical service.
These stresses could also have played a role in the reduction of
the overall fracture resistance in all groups.

A possible limitation of the present study was the absence
of a ferrule while restoring the specimens. In the present study,
the specimens had a mesiodistal width of 5.0–5.5 mm and buc-
colingual width of 7–8 mm. The canal entrances were enlarged
with a 3 mm diameter round bur. Thus, the minimal dentinal
thickness of the root canals was at least 1.5–2.5 mm. Though
this thickness was sufficient to prevent vertical root fractures,
it was insufficient to provide a clinically acceptable ferrule
thickness.

Conclusions
Under the limitations of this in vitro study (absence of a ferrule),
it can be concluded that a metallic cast dowel had the highest
fracture resistance but led to nonrepairable fracture (fracture
below CEJ, oblique fracture, fracture in the middle or apical
third of the root) while restoring the wide root canals under
cyclic loading. Specimens restored with fiber dowels, acces-
sory dowels, relined dowels, and ribbon-reinforced resin pro-
vided adequate fracture resistance with an increased incidence
of repairable fractures (i.e., fractures above CEJ and core-tooth
fracture).
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