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Purpose: To determine, by means of a non-destructive experimental procedure, the effectiveness of adhesive restora-
tions in reducing the cuspal deflection of endodontically treated premolars, with or without root canal fiber posts.

Materials and Methods: The cuspal deflection of ten sound, intact maxillary premolars was evaluated. A loading de-
vice induced deformation by axial force (ranging from 98 to 294 N) applied on the occlusal surface of teeth while
laser sensors registered the amount of deflection. Once tested, teeth were endodontically treated and the marginal
ridges were removed. The teeth were randomly divided into two groups and restored with: group 1) dual curing adhe-
sive, flowable composite, and microhybrid composite; group 2) the same materials associated with root canal glass
fiber post and composite cement. The cuspal deflection test was repeated with the same protocol after restorative
procedures, allowing a direct comparison of the same samples. Statistical analysis was performed using ANOVA at a
significance level of 0.05.

Results: Different average cuspal deflection was detected in the two groups: composite resin with post insertion re-
sulted in lower deformation compared with composite alone. Mean deflection ranged from 3.43 to 12.17 μm in intact
teeth, from 14.42 to 26.93 μm in group 1, and from 15.35 to 20.39 μm in group 2. ANOVA found significant differ-
ences (p = 0.02).

Conclusion: Bonded composite restorations with fiber posts may be more effective than composite alone in reducing
the cuspal deflection in endodontically treated premolars in which the marginal ridges have been lost.
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Endodontic treatment causes irreversible changes in the
anatomy of the teeth and in the chemical and mechan-

ical properties25 of enamel and dentin.30,45 In vivo,12,27 ex
vivo,49 and in vitro29,32,50 studies have proven how en-
dodontic treatment determines dentinal dehydration that
make teeth more brittle;28 in addition, the loss of connect-

ing structures, such as pulp chamber roof and one or both
marginal ridges, due to caries and creating an access cav-
ity leads to a greater risk of fractures, owing to an increase
in cuspal height and a reduction in thickness of cavity
walls.10,20 As reported by Panitvisai40 and Morin,37 mesio-
occlusal-distal (MOD) cavities represent the worst case in
terms of fracture risk when nonbonded restorations are
employed.

Aspects of the adhesive restoration of endodontically
treated teeth have been investigated in several studies. De-
structive47 and nondestructive tests, as well as different
materials and techniques have been tested.37,40,47 In a non-
destructive study, Panitvisai et al40 observed that the extent
of cuspal deflection increases as the cavity turns from oc-
clusal to MO/OD or MOD, and recommended full crown cov-
erage. 

In an in vitro study, Cobankara et al14 cyclically loaded
mandibular molars until fracture and reported that none of
the tested restorations (amalgam, direct composite, ceram-
ic inlay, polyethylene ribbon fiber and composite) could com-
pletely restore the fracture resistance of intact teeth; how-
ever, ceramic inlays gave the best results.
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Other authors focused their attention on the role of fiber-
reinforced composite (FRC) posts. A study by Salameh et al44

observed that in endodontically treated mandibular molars
restored with composite resins and loaded to fracture, the
resistance is influenced by the number of residual walls, and
that fiber-reinforced posts optimized fracture patterns. A
similar conclusion was drawn by Akkayan et al,2 who re-
ported that the use of a quartz fiber post was associated
with the highest fracture load if compared to titanium, glass

fiber, or zirconia posts; in addition, fractures of quartz or
glass fiber posts were more likely to be reparable. Courmier
et al15 compared the fracture resistance of different post
systems and found a lower incidence of unrestorable frac-
tures in fiber posts compared to conventional posts.

Although post-and-core full crowns or cuspal coverage
onlays should still be considered the gold standard in post
endodontic restorations,17 an in vivo investigation carried
out by Mannocci et al34 reported no significant difference in
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Fig 1 Study design.
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success rate between teeth restored with fiber posts and di-
rect composite restorations compared to post-and-core with
full crown coverage after 3 years.

Another in vivo study by Ferrari et al20 reported that, in a
2-year time frame, teeth with full crown coverage and a post-
and-core buildup showed a higher success rate compared to
the same restorations without posts.

Little information8 can be found on the comparison of ad-
hesive direct resin composite restorations with or without
fiber posts. The purpose of this study was thus to evaluate
the influence of FRC posts in endodontically treated maxil-
lary premolars on cuspal deflection. The null hypothesis was
that no difference exists in elastic behavior under different
axial loads between resin composite only and resin com-
posite with fiber post MOD restorations.

MATERIALS AND METHODS

Tooth Selection and Preparation
Ten noncarious human maxillary premolars, freshly ex-
tracted for orthodontic reasons from patients ranging in
age from 15 to 29 years, were selected. Each tooth was
carefully examined visually, radiographically, and by
means of transillumination in order to discard the ones
with structural defects (cracks on enamel surface). Teeth
were stored in standard saline solution (0.9% NaCl) at
20°C during trials; during preparation and testing proce-
dures, care was taken to prevent dehydration.

Each tooth was embedded in self-curing polymethyl
methacrylate (PMM) resin cylinders (18 mm in diameter),
maintaining the direction of the main vertical axis, up to 2
mm below the cementoenamel junction so as to simulate
the alveolar bone support in natural teeth. In order to pre-
vent the tooth from sinking into the resin cylinder under

load, direct contact of the apex with the plane of the loading
device was obtained. 

Small, smooth vertical surfaces (about 1 mm in diameter)
were created on the buccal and oral aspects of the teeth by
means of abrasive disks (Sof-lex, 3M ESPE; St Paul, MN, USA).
Thus, points of reference to allow sample placement in the
same position throughout the whole trial were obtained. 

Loading Device
The loading device (Fig 2) consisted of a steel lever arm
with the fulcrum at one end, the sample placed in a clamp
at a 10 cm distance from the fulcrum, and at the other
end (50 cm from the fulcrum) a part specially prepared to
hold the load. Load was applied by adding several 1 kg
metal disks; thanks to the lever principle, the actual force
applied on the sample (that could be reproduced through-
out the trial) were 0, 98, 147, 196, 245 and 294 N.

A 6.3-mm-diameter steel cylinder, connected to the lever
arm by means of a custom-made joint, was placed between
the lever arm and the occlusal surface of samples, thus ap-
plying a balanced load along the tooth’s major axis only. The
contact points between cylinder and cuspal slopes lay in the
higher halves of internal cuspal sides, not interfering with
the following endodontic access and restorative procedures.

Load Test on Sound Teeth
The cuspal deflection induced with the equipment de-
scribed above was measured by means of two laser sen-
sors systems: Laser Twin Sensor (LMI Technologies;
Heerlen, The Netherlands). Laser beams were directed
onto the vertical areas created on samples sides, and
treated beforehand with a thin coat of opaque varnish.
Such coating was meant to avoid instrument reading er-
rors, due to the fact that laser beams can penetrate the
opalescent enamel.
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Fig 2 Load was applied to the free
end of the lever arm (not visible in the
picture), and was transmitted to the
tooth sample via a 6.3-mm steel cylin-
der making contact with the upper
halves of the occlusal cuspal stopes.
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Cuspal deflection value was measured (tolerance ± 1 μm)
for each load increase. Since load was applied on both cusps
simultaneously, the cuspal displacement was calculated by
the sum of the deflection of each cusp. Deflection values
were recorded about 10 s after the load was applied, to allow
stabilization of deformation values. Cuspal deflection going
back to no-load values at the end of each load cycle was
checked, in order to avoid a permanent deformation of the
dental structure.

Endodontic and Restorative Treatments
Endodontic access cavities were performed with standard
contour shapes (ie, oval for maxillary premolars), wide
enough to guarantee the preparation of root canals with-
out coronal interference but preventing any extension be-
yond the two contact spots with the load cylinder. Root
canal therapy was performed with NiTi endodontic instru-
ments (Profile, Maillefer-Dentsply; Ballaigues, Switzerland)
and NaOCl irrigation. Root canal system obturation was
performed with vertically condensed warm gutta-percha
and Pulp Canal Sealer (Kerr; Romulus, MI, USA).

After endodontic procedures, the marginal ridges of all
samples were eliminated using a cylindrical diamond bur
(Fig 3). The width of the isthmus of the occlusal preparation
was equal to one-third of the intercuspal distance; the buc-
co-lingual width of each proximal box was equal to one-third
of the tooth width. The height of the box was made so that
the cervical edge of the preparation was 1 mm above the ce-
mentoenamel junction. The internal edges of the box were
then rounded and no bevel was made on the outer edges of
the preparation.

The ten available premolars were randomly split into two
experimental groups of five teeth each. 

In group 1, cavities were etched with 37% H3PO4 (Total
Etch, Ivoclar Vivadent; Schaan, Liechtenstein) for 20 s, start-
ing from the enamel; acid was thoroughly rinsed with water
spray and water excess was removed without overdrying the
surface. The one-bottle dual-curing etch-and-rinse bonding
system Excite DSC Single Dose (Ivoclar Vivadent) was ap-
plied and light cured for 40 s with a Swiss Master light cur-
ing lamp (EMS; Zurich, Switzerland) with an energy output
set at 600 mW/cm2. A thin layer of Tetric flow was used on
the cavity floor as a buildup material (Table 1).

In group 2, post space was prepared in the palatal canal of
each tooth with a Largo drill ISO no. 1-2 (Maillefer) and Postec
no. 1 (Ivoclar Vivadent) calibrated burs down to a depth of 7
mm, then accurately cleaned with endodontic brushes. Posts
were tried in the canal, then cut with a separator disk in order
to have a 1-mm space between the post head and occlusal
surface. The cavity and root canal were etched, the Excite DSC
Single Dose was applied, its excess was removed with air blow
and paper cones, and light curing was performed. The same
adhesive was applied on the post after cleansing with alcohol.
Variolink II (Ivoclar Vivadent) was mixed and placed into the
canal with AccuDose NeedleTubes (Centrix; Shelton, CT, USA)
in order to avoid macro- and microbubble inclusion. The post
was inserted and the excess of cement was removed with a
probe and a microbrush. Light curing was performed in the
same way mentioned above and the cement was allowed to
set for 7 min. A thin layer of Tetric flow material was positioned
on the pulp chamber floor as a buildup material.

In both groups, the cavity margins were refined with fine
grit burs in order to eliminate any excess of flowable com-
posite. The adhesive procedure was repeated and all sam-
ples had a self-locking matrix (Automatrix, Dentsply; Kon-
stanz, Germany) placed in order to restore the proximal
walls. Cavities were filled with Artemis composite resin
(Ivoclar Vivadent) using an anatomical layering technique,
starting from the marginal ridges. Each layer of material, not
thicker than 2 mm, was light cured with the same curing de-
vice for 40 s. Restorations were finished and polished with
Astropol polishers (Ivoclar Vivadent).

Load Test on Restored Teeth
After 24-h storage in physiological saline solution, each
sample underwent the cuspal deflection trial under the
same experimental conditions described above.

Statistical Analysis
Skewness and kurtosis of pooled data were assessed and
ANOVA was selected. Results for all experimental groups
were evaluated with one-way ANOVA for repeated mea-
sures. Differences at the 5% level (p < 0.05) were consid-
ered statistically significant. 

RESULTS

The mean cuspal deflection values for each group are
shown in Table 2. A different stress-deformation pattern
was observed in intact vs treated teeth. In group 2 (com-
posite with fiber post), a smaller increase in cuspal deflec-
tion was observed than in group 1 (no post).
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Fig 3 Standardized endodontic access cavity with marginal
ridges removed.
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DISCUSSION

Posterior teeth deflect under load as a function of their
structural design. Endodontic access cavities and loss of
proximal walls due to caries, especially in MOD cavi-
ties,26,40 may increase their proneness to deformation
under mechanical forces. Coronal restorations that protect
residual tooth structure from these stresses are thus
highly recommended. 

In the past, the gold standard in post-endodontic restora-
tion was full crown coverage.1,17 Using nonbonded materi-
als, both for direct and indirect reconstructions, cuspal cov-
erage was required, but adhesive restorations are now in-
creasingly popular among dentists,7 and some authors18

suggested using these kinds of reconstructions in associa-
tion with root canal fiber posts. Fiber-reinforced composite
post systems were introduced to prevent root fractures and,
thanks to a modulus of elasticity similar to that of dentin,
yield better results than cast posts.4

In recent years, destructive methods were utilized6,10,50

to evaluate the resistance of the tooth-restoration complex.
The results of this type of investigation were strongly influ-
enced by the size and morphology of teeth, which vary great-
ly. In vitro, fractures due to peak of load may occur with val-

ues ranging from 302 to 502 N.48 Such fracture loads due
to compression are much higher than those reached within
the oral cavity, even in maximum chewing mode; forces dur-
ing chewing have been reported between 13 and 18 N16 up
to a maximum of 147 to 261 N.3,24 Some authors18,22 have
observed that tooth fracture seems to occur mostly due to a
fatigue phenomenon: over time, repeated stress can great-
ly reduce the resistance to fracture, even under forces far be-
low the loading force needed to break a healthy tooth.31

Several in vitro studies on post-endodontic restorations
are available in the literature, both with destructive2,15,44

and nondestructive13,40,41 techniques. Some interesting
clinical trials20,34 have also been carried out to assess the
reliability of adhesive techniques and materials compared to
the traditional prosthetic procedures.

The measurement of cuspal deflection under load has
been used in order to investigate both polymerization shrink-
age11 and the mechanical properties of the tooth-restoration
complex.13,25,40-42 In particular, the nondestructive evalua-
tion of tooth deformation in terms of cuspal deflection under
axial load seems to be a valuable means of predicting the abil-
ity of the tooth-restoration complex to withstand stress in the
oral cavity. The rationale for this approach is that, since there
is a linear relationship between fatigue and static loading,22
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Table 2  Mean deflection values

Mean cuspal deflection (μm)
Load (N) Intact (n = 10) Restored

Mean ± SD Group 1 (n = 5) Group 2 (n = 5)
Mean ± SD Mean ± SD

0 0 0 0
98 3.43±2.90 14.42±9 15.35±5.17
147 4.95±3.49 18.11±10.12 16.27±5.28
196 6.16±4.37 21.65±12.07 17.39±5.45
245 8.39±7.64 25.7±16.43 19.27±5.57
294 12.17±14.88 26.93±16.43 20.39±6

ANOVA for repeated measures yielded p = 0.0019 (among) and p = 0.02 (between). Power of
ANOVA was 0.976.

Table 1  Materials for coronal restoration

Group 1 Group 2

37% H3PO4 37% H3PO4
Excite DSC (dual-curing adhesive system) Excite DSC (dual-curing adhesive system)

Tetric flow (flowable composite) Variolink II (composite cement)
Postec FRC (fiber-reinforced composite post)
Tetric flow (flowable composite)

Artemis (microhybrid composite) Artemis (microhybrid composite)
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the lower the amount of deflection, the lower the fatigue of the
tooth-restoration complex and the better the prognosis.51

The aim of this paper was to focus on this last aspect in
order to assess differences in reconstructions made with or
without the use of fiber resin root canal posts.

The original nondestructive protocol employed in this
study adopted a load range similar to or just higher (0 to
294 N) than that normally registered under physiological
conditions for the type of teeth examined, ie, maxillary pre-
molars.

Maxillary premolars were chosen because they have the
highest risk of fracture, as reported in the literature.42 Since
cuspal deflection was tested on the same tooth samples
when they were intact and following endodontic treat-
ment/coronal restoration, the variability bias from tooth to
tooth was eliminated or strongly reduced.11,13,40,41

As mentioned above, the influence of fiber post use in di-
rect bonded composite restorations is described in the liter-
ature in destructive in vitro tests and a few clinical trials. The
present study focussed on the cuspal deflection of intact vs
adhesively restored premolars, with or without fiber posts,
thus determining the contribution of the post in limiting the
cuspal deflection under load.

Several papers15,25,27,29,37,40,42 reported a remarkable
difference in static load resistance between sound teeth and
restored ones, so a restricted number of samples was con-
sidered sufficient to test the null hypothesis.

According to the measurement method chosen, small flat
surfaces were created on the buccal and palatal sides of
each sample to allow the laser beams to detect more accu-
rately each cuspal displacement without being misled by
tooth anatomy. Otherwise, the convex shape of tooth sur-
faces could have caused unreliable data following a possi-
ble vertical micromovement of the tooth during loading. To-
tal deflection was recorded as the sum of the deflection of
both cusps, not considering the concept of “cuspal inde-
pendence” reported by Sakaguchi et al.43

The creation of endodontic access cavities with removal
of marginal ridges was meant to simulate the worst condi-
tion for the prognosis of the tooth. However, no deflection
test was performed on open MOD cavities, as the weaken-
ing of cusps was reported several times in the litera-
ture.27,37,40,42,50,51 Such testing could have led to a great
loss of samples without being really relevant to the purpose
of comparing the two restoration techniques.

The materials chosen for the restorations were all by the
same manufacturer, in order to ensure maximum compati-
bility among adhesive system, luting agent, and fiber post.

According to the literature,9,33,38 glass fiber posts were
preferred to cast posts and carbon posts because of their
better performance characteristics and light transmission
capability. A further advantage of Postec FRC is that its resin
matrix is made of UDMA, more compatible with adhesive
systems than the epoxy resin of which other posts are made.
Thus, adhesion between resinous cement and post is made
possible by mechanical interlocking and by the unreacted
carbon double bonds on the post surface, even if the resin
matrix is highly cross linked.35 Post insertion depth was cho-
sen at 7 mm,34 as no updated guidelines are available in the
literature regarding this aspect.7 Standardization of inser-

tion depth was preferred to individualization in order to elim-
inate a source of variability. A flowable composite was used
to reduce polymerization stress on the residual cusps.11

The 24-h delay in deflection testing after endodontic and
restorative treatment was meant to let the restorations com-
plete their polymerization reactions and settle the stress of
composite contraction.

Load application followed the axis of the tooth, in order to
simulate the normal occlusal relationship of maxillary first
premolars with their antagonist teeth, and to standardize the
test conditions as much as possible. In addition, since de-
flection was considered as an aspect to prevent fatigue, an-
gulated load direction was avoided, being less likely to occur
in the oral cavity than the axial direction.

The results obtained confirm an increase in deformation
under load in all endodontically treated and adhesively re-
stored teeth compared to intact ones. Standard deviation
values were quite high compared to the mean deflection val-
ues, as a consequence of anatomical variability: each tooth
reacts differently under load, depending on its size, mor-
phology, and age.

All restored teeth deflected more than the intact ones; de-
pending on the material employed, bonded coronal restora-
tions then contribute in different ways to recovering the ini-
tial properties. Such an increase in cuspal deflection was
smaller in group 2, and the differences between the groups
are greater at higher load values. Significant differences
(p = 0.02) were found between the two experimental groups:
since the conditioning and adhesive agents and the com-
posite resin were the same in both groups, the different re-
sults can be related to the different mechanical properties
(eg, modulus of elasticity) of the whole reconstruction with
the fiber post inserted into the root canal. Although the lit-
erature reports that posts only provide retention for the core
and the coronal restoration and do not strengthen the
root,46 a fiber post might improve the ability of the tooth-
restoration complex to absorb the occlusal loads by distrib-
uting stresses along the major axis of the tooth. Comparing
the results collected to those of similar studies,27,40,41,51

slight differences in deflection values can be found. A num-
ber of factors can be involved in this, such as different types
of deflection sensors (strain gauges or differential trans-
formers vs laser sensors), load range, load application
mode, restorative material, and MOD preparation design.
The results are comparable to those obtained in a similar
study13 with different composite materials.

While it is difficult to compare data with similar studies,
it must be pointed out that several works report the advan-
tages of fiber post application in post-endodontic restora-
tions. A destructive study by Nothdurft et al39 found that the
use of a post in premolars with Class II cavities significantly
increased the resistance towards extra-axial forces. In addi-
tion, the use of a fiber post may optimise eventual crack pat-
terns, making teeth more likely to be restorable2,15,44,47

should a fracture occur.
An in vivo study20 also supports the use of fiber posts in

post-and-core restorations with full crowns, reporting that
over a two-year observation period, post placement resulted
in a significant reduction of failure risk especially when three
or more coronal walls have been lost.
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On the other hand, partly different conclusions were
drawn in a randomized clinical trial by Bitter et al:8 after a
32-month observation period, significant differences be-
tween post group and no-post group were found only when
no coronal walls were present. The authors also recom-
mended evaluating the need for posts when tissue loss is
more limited.

While the contribution of glass fiber posts appears sig-
nificant, innovative materials have been introduced in den-
tal practice in recent years. In semi-interpenetrating polymer
network (IPN) posts,35 for example, fibers are embedded in
a mixture of linear and cross-linked polymers which are not
bonded together as a single network. This allows penetration
of the bonding resin into the post material, resulting in in-
terdiffusion and thus in a better bond between post and ad-
hesive or luting material.5 Another alternative to the use of
prefabricated FRC posts is represented by customized posts,
which may be manufactured with either cross-linked glass
fiber or IPN posts, with indirect or semi-direct procedures.
Customized posts afford the advantage of totally filling the
post space, yielding higher adaptation, reducing the quanti-
ty of luting agent, and providing more resistance to stress. A
further advantage may be obtained when customized IPN
posts are used, combining the advantages of better adap-
tation to that of interdiffusion of adhesive resin and core
composite resin. Future developments of the present study
might include this class of posts.

CONCLUSION

Bearing in mind the limits of laboratory research, repre-
sented by the need of standardization and elimination of
variables, the cuspal deflection values obtained here in re-
stored teeth indicate that the present adhesive systems
and composite materials could be a valuable choice to
avoid or delay prosthetic solutions, especially in borderline
situations such as post-endodontic MOD cavities.

The results of the present in vitro research should be con-
firmed clinically by monitoring the behavior of the tested ma-
terials in randomized clinical trials. 
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Clinical relevance: Adhesive restoration of endodonti-
cally treated teeth is an appropriate way to provide
good resistance to occlusal loads. In this context, the
use of a fiber post in post-endodontic MOD restora-
tions might be recommended in order to improve the
prognosis.
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