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Abstract
The aim of this in vitro study was to evaluate the
influence of endodontic therapy, veneer preparation,
and their association on fracture resistance and deflection of pulpless anterior teeth and assess whether
restoration with quartz fiber-reinforced post can influence these properties. Seventy-five freshly extracted
human maxillary central incisors were selected. Teeth
were randomly divided into 4 experimental groups (veneer preparation/endodontic therapy/endodontic therapy and veneer preparation/endodontic therapy, veneer
preparation, and fiber post placement) and a control
group (n = 15). Specimens were loaded to fracture
recording crown deflection under load, and data were
statistically analyzed. Veneer preparations and endodontic treatment did not significantly influence fracture resistance of maxillary incisors. On the contrary,
preparation for veneer significantly increased the deflection values of the specimens. Fiber post restorations seemed to significantly increase mean maximum load values for specimens prepared for veneers.
A fiber-reinforced post restoration can be suggested
when endodontic treatment is associated with veneer
preparation. (J Endod 2008;34:838-841)
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ndodontic treatment is generally reported as a cause of reduction in stiffness and
fracture resistance of teeth (1). However, endodontic treatment does not increase
teeth brittleness; dehydration after endodontic treatment does not weaken the dentinal
structure with respect to compressive or tensile strengths (2,3). A study reported that
endodontically treatl,jd teeth and their contralateral vital pairs exhibited similar biomechanical properties, such as punch shear strength, toughness, and load required for
fracture (4). Endodontically treated teeth often suffer extensive defects, and, therefore,
post placement is often necessary to generate retention to core and restoration (5, 6).
It is acknowledged that posts do not strengthen teeth and posts are needed only in case
of substantial loss of tooth structure (7).
A recent study showed that fracture resistance of endodontically treated teeth
restored with composite resins is not affected by fiber reinforced posts (8). However,
the use of posts seems to optimize fracture patterns (8). In vitro studies on the mechanical strengths of pulpless incisors restored with fiber posts showed a reduction in
root fractures during fracture tests (9, 10).
On the basis of these encouraging in vitro and in vivo findings (10, 11), fiber post
composite (FRC) restorations have been recommended because they improve teeth
flexibility under applied loads as well as stress distribution between post and dentin
(12). They have also been recommended in light of their dentin-like Young's modulus
(13).
Veneering tooth reduction might reduce tooth fracture resistance, particularly for
endodontically treated teeth (7, 14, 15). Veneers seem indicated only when the remaining structure of endodontically treated teeth is relatively intact. This restoration technique represents an alternative to traditional restoration procedures such as metalceranlic restorations and all ceramic crowns (16, 17). It preserves the remaining tooth
structure, re-establishes function, and offers good esthetic results (18).
The purpose of this in vitro study was to investigate the influence of veneer
preparation, endodontic therapy, and their association on the fracture resistance and
on deflection of pulpless anterior teeth and to assess whether restoration with a quartz
fiber-reinforced post can influence the results.

Materials and Methods
Seventy-five freshly extracted human maxillary central incisors were selected for
this study. External debris was removed (Suprasson P-max; SatelecJActeon Equipment,
Merignac, France). Teeth with defects or cracks were excluded. Coronal height and root
length were limited to 10 ::+:: 1 mm and 13 ::+:: 1 mm, respectively. Anatomic crowns were
similar in dimension, measuring 8.25 ::+:: 0.75 mm mesiodistally and 7.55 ::+:: 0.8 mm
buccolingually, at the level of the cementoenamel junction (CEJ). Selected teeth were
stored in 0.5% chloramine T aqueous solution at 4°C until the beginning of experiment,
but no longer than 1 week after extraction. Teeth were randomly divided, distributed
into 1 control and four experimental groups (n = 15), and prepared as follows.
1. Group 0: control; 15 incisors were nonprepared and served as the control group.
2. Group 1: veneer preparation; in this experimental group, butt joint veneer preparations were executed (19). A silicone mold (Optosil; Heraeus Kulzer, Wehrheim, Germany) of each abutment tooth was made before preparation and was
used to standardize the preparation procedure. Facial surfaces of the teeth were
reduced by 0.5 mm. All preparations were within the enamel without sharp line
angles. A cylindrical round-ended diamond rotary cutting instrument (No.
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880,305S; Intensiv, Viganello-Lugano, Switzerland) was used under constant water irrigation to remove only the surface aprismatic enamel (20, 21). Diamond cutting instruments were discarded after preparing 5 specimens. The specimens were
prepared freehand. The design of preparation was standardized
as follows: 0.5 mm facial reduction, 2 mm incisal margin reduction, 0.5 to 1 mm interproximal reduction, and a cervical margin
placed 1 mm incisal to the CE]. Finishing procedures were performed with stones (Dura-White Arkansas Stones; Shofu Dental
Corp, San Marcos, CA) and hand chisels (Hu-Friedy, Chicago, IL)
(22).

3. Group 2: endodontic therapy; teeth from this group were submitted to conventional root canal therapy. After having achieved a
palatal access, root canals were mechanically enlarged to International Organization for Standardization (ISO) size 25, 0.06
taper (MTwo; VDW GmbH, Munich, Germany). lrrigants used
were 5% sodium hypochlorite (Ogna, Muggio, Milan, Italy) and
17% EDTA (Pulp dent, Watertown, MA). Enlarged canals were
rinsed with distilled water, dried with paper points (Roeko, Langenau, Germany), and sealed with gutta-percha (Lexicon Gutta
Percha Points; Dentsply Tulsa Dental, Tulsa, OK) using the System-B HeatSource (Analytic Technology, Redwood City, CA) and
endodontic sealer (Pulp Canal Sealer EWT; Kerr, Romulus, MI).
Backfilling 1 mm below the buccal CE] was performed with Obtura II (Spartan, Fenton, MO). The pulp chamber was restored
with a light-cured hybrid composite and adhesive system according to the manufacturer's instructions (Enamel Plus HFO; Micerium, Avegno, Genova, Italy). No intermediate base was applied
over the gutta-percha. After light curing the adhesive, the restorative resin was applied and light cured in 3 increments through
the palatal access. Each increment of composite was cured for 40
seconds.
4. Group 3: endodontic therapy and veneer preparation; specimens
from this group underwent both to the veneer preparation and to
root canal therapy according to the techniques described in
groups 1 and 2.
5. Group 4: endodontic therapy, veneer preparation, and fiber post
placement; specimens from these group were prepared as those
in group 3, but preformed fiber posts (Endo Light Posts size 2,
Batchn.O~952QZQ~.; . RTD, St. Egreve, ~were
placed in
eacl1roolcanal
before the pulp chanlber restoration. After the
root canal therapy, teeth were temporized for 24 hours using a
light-curing free-eugenol cement (Fermit N; Ivoclar Vivadent,
Schaan, Liechtenstein). Then, gutta-percha was removed with
warm endodontic pluggers (Sybron Dental Specialties, ROllJulus,
MI). Post spaces were prepared to a depth of 15 mm measuwd
from the incisal edge using Torpan drills ISO 100 Yellow (Batch
n. 0421906II, RTD). Post-space preparations were rinsed with
5% NaOCI. A final irrigation was accomplished with distilled water, and post spaces were dried with paper points. Every canal was
etched for 60 seconds with 36% phosphoric acid (Conditioner
36, Batch n. 0704001714; Dentsply DeTrey, Konstanz, Germany),
introduced into the spaces with a needle, rinsed using a water
syringe, and then gently dried \vith paper points. XP Bond (Batch
n. 065001399; Dentsply DeTrey, Konstanz, Germany) and SelfCure Activator (Batch n. 0510061; Dentsply DeTrey) were mixed
for 2 seconds and applied to the root canal for 30 seconds with a
microbrush (Micro brush X; Microbrush Corp, Grafton, WI). The
luting agent (FluoroCore 2, Batch n. 0610021, Dentsply DeTrey)
was injected into the root canal by a tube with a needle and the
appropriate plug (KerrHawe SA, Bioggio, Switzerland) using a
specific Composite-Gun (KerrHawe SA). Posts were then seated

to full depth in the prepared spaces using finger pressure. Aluting
agent in excess was immediately removed with a small brush.
After initial chemical polymerization, the resin luting agents were
light polymerized for 40 seconds. Exceeding posts were cut using
a cylindrical diamond bur mounted on a high-speed handpiece
(Bora L; Bien-Air, Bienne, S\\itzerland) under water-spray cooling. The coronal portion of the post was kept in the pulp chamber, 2 mm coronally to the lingual CE]. Subsequently, pulp chamber was restored as described in group 2.

Fracture Strength Testing
All specimens underwent 10,000 thermal cycles between 5aC and
55°C, with a 30-second dwell time and a 5-second transfer between
temperature baths. Specimens were then preserved in a saline solution
at room temperature for 1 week.
Afterward, specimens were individually mounted in acrylic resin
blocks, embedding the roots up to 1 mm from the buccal CE]. Specimens were then submitted to me fracture strength test at a constant
speed of 0.5 mm/min using a universal Tes1IiigMac1l1newith ;taTS-placement measurement system (Lloyd LR 30K; Lloyd Instruments Ltd, Fareham, UK) able to record crown deflection under load. The force was
applied at a 45° angle to the long axis of me tooth (23,24) by means of
a 1.5-mm rounded loading tip located on enamel between the middle
and the cervical third of the crown palatal aspect. Failure loads and the
failure deflections were recorded. All specimens were examined for
fraculres, and the mode of failure was determined under an optical
microscope (Stemi 2000 CS;Carl Zeiss,]ena, Germany) with low-power
(50 x) stereo magnification using an incident light. The modes of failure were classified as follows: root fracUlres, involVing just the root;
facial fractures, involving just the crown in its facial aspect; longitudinal
fractures, involving the crown and extending into the root; and cervical
fractures, at the level of the CE].
After having checked that data were normally distributed (Kolmogorov-Smirnov test), two different one-way analyses of variance were
performed to analyze the influence of the c1ifferenttreatments on failure
load and failure deflection. Post hoc multiple comparisons were performed using the Tukey test, with the significance level set at C\' = 0.05.

Results
Fracture strength test results are shown in Table I. Concerning the
maximum load, specimens from group 4acNe\l~d5igni£i<:antIYlligh~r
meail :~uesif cOlupared \VithifeihjJrepared forvenE'er, either with or
wiffibut endodontic treatment (group 3 and group I, respectively). No.
statistically significant differences were reported among the other
groups.
Asfar as deflection is concerned, the highest resullts were recorded
in group 3. Preparation for veneer (group 1) significantly increased the
deflection values of the specimens. Fiber-reinforced post restorations
associated with veneer preparations (group 4) did not show statistically
significant differences with group O.
Specimens from group 0 showed 7 root fractures and 8 longitudinal fractures. In veneer-prepared group I, 4 specimens underwent
facial fractures. Three cervical fractures were recorded: 1 in group 2
and 2 in group 3. In group 4, 7 longitudinal fractures, 7 facial fractures,
and 1 root fracture were reported.

Discussion
The results of this in\estigation suggest that fracture resistance and
deflection parameters do not have similar behavior under the same
experimental design. The study showed that conservative veneer preparations within the enamel and endodontic treatment do not signifi-
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Group 1 veneer
preparation

Group 2 endodontic
therapy

Group 3 endodontic
therapy and veneer
preparation
.. _--_

Maximum Load
(SD)* (N)
Deflection at
Maximum
Load (SD)*
(mm)

778.31a.b (109.99)

753.77b (118.60)

1.17c.d (0.29)

1.61b (0.36)

774.08a•b

(115.82)

0.94d (0.22)

cantly influence fracture resistance of maxillary incisors. These data are
in accordance with Baratieri et al. (18) who suggested that veneer
preparation does not significantly weaken endodontically treated maxillary incisors.
On the contrary, teeth deflection values were significantly increased when preparations for veneer, even in the absence of endodontic treatment, were performed. This depends on the stiffness of incisors,
which, in turn, is directly proportional to the residual enamel amount
(27). The relation of the long axis of the tooth to the operating load
renders the physiological load of upper incisors particularly disadvantageous (28). The horizontal vector of the load has much more influence on these teeth than the vertical vector (29). Ko et al. (30) concluded that, although posts reduced maximal dentin stress by as much
as 20% when teeth were loaded vertically, teeth such as incisors are not
normally subject to vertical loading. Thus, posts do not seem to reinforce endodontically treated teeth. To make allowance for these aspects,
in the present study, the load was applied at a 45° angle (25, 26) to
simulate a worst-case scenario (1). Loney et al. (32) showed that
different load angles result in different fracture strengths. Moreover, the
resistance of a restoration in the oral environment is not determined by
failure load alone; hence, additional factors should be further considered, such as cyclic mechanical loading conditions.
With regard to tooth morphology, the palatal concavity and the
incisal areas of maxillary anterior teeth are considered to be highly
stressed during functio~ (33). This circumstance is physiologically
compensated by an increased thickness of the enamel in these areas
(4). Dentin exhibits considerable plastic deformation beyond the yield
point and is a weak, biologic ductile material whose strength and toughness can vary (5). An intact tooth is described as a hollow, laminated
structure being deformed under load. During normal occlusal function,
dentin responds like a prestressed laminate, able to resist higher loads
than in an unstressed state because in the prestressed state it can flex
with varying degrees and angles of load. However, each preparation
destroys the prestressed state. The tooth gets more deformed and is
finally more prone to fracture (5). Loads exceeding the ability of dentin
for plastic deformation lead to fractures. Depending on the amount of
remaining hard tissue, dentin fails first (5,30). The most frustrating
complication to root canal therapy is vertical root fracture (35). It is a
longitudinal fracture of the root, extending throughout the entire thickness of dentine from the root canal to periodontal tissues, with an
unfavorable prognosis, resulting almost inevitably in extraction of the
tooth or resection of the affected root. Recently introduced resin-based
obturation materials have proved to increase the resistance of root
canal-filled teeth to vertical root fracture (36).
The higher deflection values reported for specimens prepared for
veneers (groups 1 and 3) can be related to the reduction in enamel
thickness. This partial reduction of tooth structure seemed to increase
maxillary incisors deflection without influencing teeth fracture resistance.

Group 4 endodontic therapy,
veneer preparation, fiber
post placement

...

671.07b (164.63)

918.23a (201.43)

1.97" (0.35)

1.29b.' (0.29)

Fiber-reinforced post restorations seemed to significantly increase
mean maximum load values for specimens prepared for veneers, regardless of whether they were or not endodontically treated. Moreover,
fIDel'post restorations were shown to significantly decrease deflection
valti'es when endodontic therapy and veneer preparation were associated (group 4 vs group 3). Fiber-reinforced post restorations were able
to restore the mechanical properties in maxillary incisors treated with
endodontic treatment and veneer preparation. With regard to the use of
posts associated with veneer preparations, Baratieri et al. (18) concluded that posts do not increase the resistance of prepared teeth to
fracture. However, their study evaluated the use of a titanium post,
which has very different mechanical properties from those of a FRCpost
system. Unlike titanium posts, FRCposts have an elastic modulus similar
to that of natural teeth (37) and are adhesively luted. However, there are
quite a few studies that show at best mixed results comparing metal with
fiber posts (36 -39). Based on these findings, it seems that, even if
veneer preparations and endodontic treatment do not significantly influence fracture resistance of maxillary incisors, preparation for veneer
significantly increases teeth deflection.
The previously mentioned considerations on the physiological
load of upper incisors show that deflection is an extremely important
parameter because teeth can be deformed under low masticatory loads.
On the contrary, fractures can be considered rare events that can happen under higher masticatory loads. Within the limitations of an in vitro
study, it seems that a fiber-reinforced post restoration can be suggested
when endodontic treatment of maxillary V\cisors is associated with veneer preparation.
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