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ORIGINAL ARTICLE

Influence of the direct composite restauration
on the fracture strength and failure modes of
endodontically treated premolars restored with posts

ABSTRACT

Aim: The long-term success of endodontically treated teeth requires maintaining
structural integrity, functionality, and aesthetics. The combined use of endodontic
fiber posts with resin-based micro- and nano-composites seems to be an intriguing
solution for the reinforcement of the damaged tooth structures. This in vitro study
aimed to evaluate the mechanical behavior and fracture patterns of premolars re-
stored with different combinations of endodontic fiber posts and composite resins,
subjected to thermomechanical aging and masticatory force simulation.

Methods: Fifty extracted maxillary premolars were divided into five groups, including
a control group of healthy teeth and four experimental groups with two types of
fiber posts (hollow and compact) and two composite resins with different elasticity
(traditional and bulk-fill). After cyclic fatigue testing, fracture strength and failure
modes were analyzed using statistical methods.

Results: The control group exhibited significantly higher fracture resistance
(1909+177) than the experimental groups, with no significant differences among
experimental groups (p. value >0.05). However, teeth restored with bulk-fill compos-
ites demonstrated slightly higher fracture resistance and a higher percentage of
favorable fractures than other samples. The combination of bulk-fill composite and
hollow fiber posts was associated with more favorable fracture outcomes (n=8 fa-
vorable fractures).

Conclusion: These findings suggest that bulk-fill composites, due to ease of use and
favorable fracture behavior, may be a viable restorative option. Further studies with
larger sample sizes are needed to confirm these results.
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Introduction

nsuring long-term structural
integrity while preserving func-
tionality and aesthetics of endo-
dontically treated teeth is one of
the main goals of modern den-
tistry (1-3). Although many restorative
techniques have been studied and devel-
oped, the combined use of endodontic fiber
posts with micro- and nano-resin-based
composites seems to be a good solution to
reinforce damaged tooth structures (4-7).
Fiber posts provide support to the remaining
tooth structure and at the same time facili-
tate the occlusal forces distribution, ensur-
ing the longevity of the restoration by reduc-
ing the risk of root fracture (8). The strength
and rigidity of fiber posts are crucial to
achieve a homogenous restorative system
and to balance stress distribution between
the restoration and the surrounding tissues,
thus preventing root fractures (9, 10). In
recent years, hollow fiber-reinforced posts
have been developed as alternatives to com-
pact ones. These endodontic posts take
advantage of the reverse extrusion of luting
cement from the apex to the crown, ensur-
ing a homogeneous distribution within the
root cavity and minimizing air bubble for-
mation. Due to their reduced stiffness,
hollow fiber posts should prevent cata-
strophic root fractures (11-13).
Failure modes and fracture patterns are
essential to understand and predict the
mechanical and structural behavior of re-
storative systems involving endodontic
fiber posts. Fracture types are strictly linked
to the axial stiffness of posts. High axial
stiffness promotes fractures below the ce-
ment-enamel junction (CEJ), which are
considered unfavorable as they hinder tooth
restoration. On the other hand, lower axial
stiffness promotes favorable fractures above
the CEJ, allowing for tooth restoration in the
event of failure (14).
The selection of appropriate materials and
techniques is critical for successful restora-
tions, although the use of composite mate-
rials with endodontic fiber posts are well-es-
tablished in restorative dentistry. Composite
resins are a common choice for the direct
restoration of endodontically treated teeth:

they are aesthetic and versatile materials
capable of offering excellent mechanical (15)
and adhesive (16) properties.

Controlled aging and fracture tests are valu-
able methods for studying and defining the
retention and strength of tooth restoration
systems, since they are subjected to various
functional forces during mastication (5).
But, to the best of authors’ knowledge, there
is a lack of evidence regarding the evaluation
of the role of the direct composite restoration
on the mechanical resistance and on the
fracture patterns.

Therefore, the aim of this study was to define
the mechanical behavior and fracture types
of premolars restored with different combi-
nations of endodontic fiber posts and com-
posite resins subjected to thermomechanical
aging and simulation of masticatory forces.
By delineating the performance of restora-
tive systems, clinicians can better compre-
hend clinical outcomes and accordingly
select optimal materials and techniques for
long-term success.

Materials and Methods

In this in-vitro study, 50 dental elements
extracted for orthodontic reasons were
selected. Subsequently, root canal treat-
ment was performed, including cleaning,
disinfection, shaping, and obturation. The
dowel space was prepared, the post was
cemented, and finally the dental recon-
struction was carried out using a direct
technique.

The dental elements were randomly divid-
ed into five groups: one control group
consisting of healthy teeth, and four ex-
perimental groups created by combining
two types of posts and two types of com-
posites.

Following reconstruction, the teeth under-
went cyclic fatigue testing, and their
fracture resistance was evaluated. The
data were then statistically analyzed using
analysis of variance.

Endodontic Posts and Materials Selection
Two types of endodontic posts with iden-
tical composition but different character-
istics were used: a hollow glass fiber post
(HGP) and a compact glass fiber post (GP).
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Table 1

Composition and geometrical details of endodontic fiber posts

D d E Axial Bendin
Materials Manufacturer | Code Composition Stiffness Stiffness
[mm] | [mm] | [GPa] [kN] [KN-mm?]
- Silica fibers 55%
; 38.80 36.47 3.83
rloflow Glass €1 | isasan (italy) | HGP | - Diphenylpropane | 12 | 0.5
ost - fec + methyloxirane (0.98) (0.92) (0.10)
45%
- Silica fibers 55%
i _ . 40.22 45.44 4.10
G'aSSTF'%erl Post lsasan (ltaly) | GP | - Diphenylpropane | 1.2
echole + methyloxirane (0.95) (1.07) (0.10)
45%
D and d represent the external and internal radius of hollow posts, respectively.
Numbers in brackets represent the standard deviation.
Table 2
Properties of composite materials according to manufacturer’s data
Bending Polymerization .
Materials | Manufacturer | Code | Stiffness [GIE’a] depth SI{\;I_\‘I;a:]ge
[KN-mm?] [mm] ?
Venus®
Pearl ONE Kulzer K 145 10.7 2.4 1.9
Venus®
Bulk Flow Kulzer KB 120 120 6.2 1.59
ONE

Besides, the self-etching and self-adhesive
dual cement G-CEM ONE™ (GC Dental,
Tokyo, Japan) was employed to lute the
posts inside the dowel space. Details of the
selected posts are reported in Table 1. The
mechanical properties (Young’s Modulus,
Axial Stiffness and Bending Stiffness) of
the fiber posts were previously defined
through a three-point bending test by ana-
lyzing the load-displacement curves (14).
For the direct restorations, two different
resin-based composite materials were uti-
lized: Venus Pearl ONE (Kulzer, Hanau,
Germany) (K) and Venus Bulk Flow ONE
(Kulzer, Hanau, Germany) (KB). Details of the
selected materials are reported in Table 2.

Maxillary first premolar selection
Fifty maxillary first premolars were chosen
for this study. The teeth were extracted for
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orthodontic reasons. The study was ap-
proved by the Ethics Committee of the
University of Naples Federico II (protocol
number 137/2017) and conducted in ac-
cordance with the Declaration of Helsinki.
Informed consent was obtained from all
patients.

Inclusion criteria comprised the absence
of carious lesions, comparable crown and
root dimensions, presence of two root ca-
nals, absence of abfractions, cracks, or
erosions. Subsequently, the teeth were
immersed in a 5% NaOCI solution for 5
minutes and then stored in a physiological
solution at room temperature to avoid de-
hydration.

Root canal treatment and obturation
The dental specimens underwent root
canal treatment, excluding the control
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group (healthy teeth). The access cavity
was created using a pear-shaped diamond
bur with a 1.6 mm diameter mounted on
the high-speed handpiece Fona8080
(Fonadental, Assago, Italy). Canal scout-
ing to the working length was performed
using size 10 K-files (Kerr Corporation,
CA, USA). The glide path was estab-
lished using a PathFile P2 (Maillefer,
Ballaigues, Switzerland). The canals
were instrumented to working length
using the crown-down technique with
ProTapereNext X1-X2-X3 rotary files
(Maillefer). Following each file change,
the canals were irrigated with a 5.25%
NaOCl solution. The canals were dried
with ProTapereNext X3 paper points
(Maillefer) and obturated with ProTa-
pereNext X3 gutta-percha cones
(Maillefer) employing a single-cone
technique. The specimens were stored
at 37 °C and 100% humidity. Every tooth
was consistently prepared by the same
operator. Samples were randomly di-
vided into five groups (n=10) as shown
below and different fiber posts were
employed for the restoration.

MOD cavity preparation, post cementation
and restoration

Group 1 (Healthy Teeth): teeth in this
group served as the control group (n=10)
and underwent no procedures.

Group 2 (K-GP). A 1.4 mm diameter cylin-
drical diamond bur mounted on a high-
speed handpiece was used to prepare MOD
cavities with predetermined dimensions
measured with a digital caliper: buc-
cal-palatal width was set at 3 mm, while
in the coronal-apical direction prepara-
tions extended to the CEJ. The post space
was prepared in the palatal root using a
Gates Glidden bur No. 4. For post cemen-
tation, the self-adhesive resin cement
G-CEM ONE (GC Dental) was utilized
following the manufacturer’s instructions.
For compact posts (Tech21, Isasan, Como,
Italy), cement was initially placed inside
the post space using a Lentulo spiral (Dent-
sply Sirona, North Carolina, USA), fol-
lowed by the post itself. After a 3-minute
self-polymerization phase, cement was
light-polymerized using the Bluephase

PowerCure lamp (Ivoclar, Schaan, Liech-
tenstein) at 1200 mW/cm?2 for 40 seconds.
The post was reduced in the coronal-apical
direction using a 1.4 mm diameter cylin-
drical diamond bur mounted on a high-
speed handpiece to ensure it was 2 mm
apical to the occlusal table. After post
cementation, teeth underwent adhesive
procedures: etching with 37% orthophos-
phoric acid on both enamel and dentin for
15 seconds, followed by rinsing for 60
seconds, thorough drying of dental tissues,
application of the one-bottle universal
adhesive G-Premio BOND (GC Dental), and
light-polymerization using the Bluephase
PowerCure lamp (Ivoclar) at 1200 mW/cm2
for 20 seconds. Subsequently, reconstruc-
tion was performed by incrementally ap-
plying Venus Pearl ONE (Kulzer) to restore
dental anatomy. Each composite increment
presented a thickness lower or equal to 2
mm and was light-polymerized using the
Bluephase PowerCure lamp (Ivoclar) at
1200 mW/cm? for 20 seconds.

Group 3 (K-HGP): the procedures for this
group mirrored those of group 2 in terms
of post housing and restoration. The only
distinction lies in the use of a hollow post
(Techole, Isasan, Como, Italy) and its ce-
mentation. After inserting Techole into
the post-space, cement was applied
through the central hole in a single step
via a reverse extrusion mechanism. Fol-
lowing post cementation, Venus Pearl ONE
(Kulzer, Hanau, Germany) was employed
for the direct restoration of teeth, as in
group 2.

Group 4 (KB-GP): in this group, identical
procedures to those in group 2 were ap-
plied, except for using Venus Bulk Flow
ONE (Kulzer, Hanau, Germany) for resto-
ration. For group 4 and 5, each increment
of composite presented a thickness of
about 4 mm in order to assess the mechan-
ical properties of this type of composite
following the advertised features.

Group 5 (KB-HGP): identical procedures
to those in group 3 were followed, except
for the use of Venus Bulk Flow ONE (Kul-
zer, Hanau, Germany) for restoration.

Cyclic Fatigue and Fracture Testing
A low-temperature self-polymerizing
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Figure 1
Compression test set-up.

Figure 2

Comparison between an
unfavorable fracture (A) and
a favorable fracture (B).

: §
1y &

acrylic resin was used to fix the premolars
into 16 mm diameter aluminum cylinders.
Teeth were cemented 2 mm below the CE]J
to simulate alveolar bone. Specimens were
then subjected to an aging protocol: cyclic
fatigue testing was conducted in a con-
trolled environment (H,O at 37 °C) for one
million cycles by simulating masticatory
loads via a sinewave ranging from 10 to
100 N at 2 Hz frequency. The cyclic fatigue
load was applied between the two cusps
of each premolar through a horizontal
stainless cylinder (D=6 mm). As in real
conditions, the dynamically vertical load
is combined of a vertical compound (com-
pression) and a horizontal compound
(bending). This means that a complex fa-
tigue stress cyclic loading is applied to
specimens, consisting of compressive and
bending loads. After controlled aging,
specimens underwent static mechanical
testing utilizing the Instron 5566 dy-
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namometer (Instron Ltd., High Wycombe,
UK) at a speed of 1 mm/min (Figure 1).
The compliance of the dynamometer was
initially determined experimentally by
assessing its compression stiffness based
on the stress—strain curve steepness in the
elastic region.

Statistical Data Analysis

The data underwent statistical analysis
employing two-way ANOVA, followed by
Tukey’s test at a critical value of 0.05; mean
values and standard deviations (SD) of
fracture resistance were calculated for
each group. For the fracture patterns sta-
tistical significance, a Chi-squared test
and a Fisher’s Exact test for larger tables
were employed.

Optical Microscopy and Fracture Pattern
Analysis

In order to define and classify fracture
types, the optical microscope Motic AE21
(Motic Ltd., Kowloon, Hong Kong)
equipped with a Nikon D3200 camera was
employed. Fractures were categorized as
either favorable or unfavorable based on
the position of the lower edge of the frac-
ture surface relative to the cement-enam-
el junction (CE]) (Fig. 2). Specifically,
fractures with the edge positioned above
the CEJ were deemed favorable, as they
are more likely to be easily restorable.
Conversely, fractures with the edge posi-
tioned below the CE] were classified as
unfavorable, as restoration of the premolar
would require a more complex and multi-
disciplinary approach, or not be feasible
at all (9, 17, 18).

Results

Figure 3 illustrates the mechanical
behavior after aging of both healthy teeth
(Group 1) and premolars restored using
the investigated endodontic posts and
composite materials (Groups 2 to 5), while
Table 3 reports the values of mechanical
strength for all groups recorded after fa-
tigue. After the cyclic fatigue protocol,
fracture strength was assessed by analyz-
ing the maximum load achieved by the
specimens. The control group (Group 1)




Restorative Impact on Tooth Fracture

Y e ———

—————
r | —e— Group 1 (Control)
2000 + |=—=—Group 2
——Group 3
Group 4
——Group 5
1500 [
z
©
@®©
(o]
- 1000 [
500 |
O 1
0 0,1

0,2 0,3 0,4 0,5 0,6

Displacement (mm)

Figure 3

Mechanical behavior after
fatigue of control group (Group
1), K-GP group (G2), K-HGP
group (G3), KB-GP group (G4)
and KB-HGP group (Gb).

Figure 4

Digital microscopy

to define 1) favoable and 2)
unfavorable fractures of A)
control group, B) K-GP group,
C) K-HGP group, D) KB-GP
group and E) KB-HGP group.

exhibited significantly higher strength
compared to all other groups (p<0.05). No
statistically significant difference in
strength was observed among premolars
restored with different endodontic posts
and composite materials (Groups 2 to 5).

(2)}

Table 4 displays the fracture pattern re-
sults of the investigated groups after
compression testing. All groups exhibited
a majority of favorable fractures. A Chi-
squared test was performed to investigate
potential differences between the groups;
the computed chi-squared statistic was
1.287 with a p-value of 0.864, indicating
no statistically significant difference
among the groups. For completeness, a
generalized Fisher’s Exact test was em-
ployed, yielding a p-value of 0.956, con-
sistent with the chi-squared test results.
Figure 4 shows the images of the favorable
and unfavorable fractures of the evaluated five
groups taken with the digital microscopy.

Discussion

The fracture resistance of the dental ele-
ments selected in this in vitro study was
evaluated by analyzing the maximum
load-at-break values obtained using a spe-
cialized testing machine.

The control group exhibited significantly
higher fracture resistance compared to the
other groups. It must be considered that
the endodontically treated tooth undergo
significant biological changes, such as a
decrease in water content (19, 20), and the
loss of cross-links between collagen fibers
(20). However, some studies suggested that
these factors do not specifically cause al-
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Table 3
Fracture strength of investigated teeth after fatigue
Group 1 g i i Group 5 (KB-
(Control) Group 2 (K-GP) Group 3 (K-HGP) Group 4 (KB-GP) HGP)
L[OI\?‘]d 1909 (177) 1252.89 (110.40)® 1219.53 (247.78)° 1575.03 (300.12)® 1411.09 (169.66)

Numbers into brackets denote the standard deviation.

stored with the same composite resin but
different posts, and in groups where teeth
were restored with the same post but dif-
ferent composite resins.

Table 4
Failure mode observed frequencies for each group

Group Favorable Unfavorable p-Value . .. . . .

Composite resin is typically applied using
- % = % an incremental technique, involving the
Control 7 70.00 3 30.00 placement of composite layers no thicker
K-GP 6 60.00 4 40.00 p>0.05" than 2 mm: layers thicker than 2 mm do

not allow UV light to penetrate deepl
KHGP ! 70.00 3 30.00 p>0.05° enough to initia;ge and I;omplete the go}Z
KB-GP 6 60.00 4 40.00 lymerization of the deepest portion of the
KB-HGP 8 80.00 2 20.00 composite (32). Additionally, smaller

1A chi-squared test was used to determine whether there was a statistically significant difference
between the groups in terms of observed frequencies.
2For completeness, a generalized Fisher’s Exact test for larger tables was also employed.

terations in the mechanical and physical
properties of dentin (21); as a matter of fact,
the endodontically treated tooth is likely
to undergo other changes that compromise
its behavior, such as carious lesions, frac-
tures, and access cavities, which propor-
tionally reduce its biomechanical resist-
ance based on the amount of tissue re-
moved (22). In particular, the factor that
most significantly affects the structural
weakening of the tooth is the loss of mar-
ginal ridge integrity, which can lead to a
stiffness reduction of up to 63% for a
mesio-occluso-distal cavity (22). According
to previous studies (23-28), the fracture
strength of healthy premolars consistently
surpassed that of endodontically treated
teeth, irrespective of the restoration strat-
egy employed. On the other hand, it was
found out that endodontically treated teeth
restored with composite resins showed
fracture resistance values statistically
similar to those of healthy teeth (29-31).

The mechanical performance and the
relevance of the materials employed can
be evaluated by comparing the results
observed in groups where teeth were re-
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amounts of composite resin experience
less shrinkage, thus resulting in lower
contraction stress. However, layering in
increments of up to 2 mm is time-consum-
ing and technique-sensitive (33). That’s
why bulk-fill resin composites have been
introduced to the market, as they are de-
signed to allow layering in increments of
4-5 mm (34-37). The manufacturers of these
composites claim that they offer greater
depth of cure and reduced polymerization
stress compared to traditional composites
(38, 39). No statistically significant differ-
ence was found between groups restored
with the traditional composite and groups
restored with the bulk-fill one, in accord-
ance with other studies (26, 40-45). Al-
though not statistically significant, the
groups in which specimens were restored
with VenusO Bulk Flow ONE exhibit, on
average, higher fracture resistance (1575.03
N and 1411.09 N) compared to those re-
stored with VenusO Pearl ONE (1252.89 N
and 1219.53 N). These results reflect the
properties of bulk-fill composites and holds
significant clinical value as it reassures
the operator about the possibility of using
bulk composites, with all their associated
advantages in terms of ease of use, without
sacrificing the physical properties of the
restoration (33, 36, 37, 39, 46-48) and, there-
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fore, the medium- to long-term success.
With regards to the role of the fiber post in
the fracture resistance of the endodonti-
cally treated teeth, it’s quite intriguing to
observe how, even though posts with
different characteristics are employed,
results in terms of fracture resistance
overlap. Likely, this can be attributed to
the lower probability of air bubbles forma-
tion, but mainly to the cementation mech-
anism of the hollow post: the cement oc-
cupies the hollow post central portion and
prevents phenomena of ovalization and
bending that occur when a circular tube
is subjected to flexural stresses, allowing
it to exhibit mechanical behavior and
fracture resistance values comparable to
those of the compact post (14).

Regarding the fracture modes showed by
the investigated groups, the statistical
analysis carried on using a chi-squared
test didn’t show any statistically significant
difference among the groups (p>0.05). In
order to provide a thorough assessment of
the data, considering the small sample size,
a generalized Fisher’s Exact test for larger
contingency tables was employed. The
results confirmed that there were no sig-
nificant differences between the groups.
Despite the results of the statistical anal-
ysis, a trend towards a higher number of
favorable fractures can be observed among
all the groups, with the KB-HGP group
scoring the higher percentage of favorable
fractures (80%).

Posts, and in particular their axial stiff-
ness, play a critical role in determining the
failure mode and the fracture type of
premolars. Unfavorable fractures beneath
the cement-enamel junction result from
posts with high axial stiffness, which
transfer higher stress to the root canal
walls; repair and reconstruction of the
tooth are not possible in case of unfavora-
ble fractures. Compact glass fiber posts
present higher axial stiffness compared to
hollow fiber posts, thus exhibiting a high-
er percentage of unfavorable fractures (40%
of specimens). Conversely, lower stress
concentration at the root canal walls is
obtained with endodontic posts featuring
a lower axial stiffness as hollow fiber posts,
leading to a more uniform and less destruc-

tive stress distribution to the coronal
dentin. The stress conditions induced by
these posts determine a lower percentage
of unfavorable fractures (25% of speci-
mens), allowing for more favorable out-
comes in terms of tooth integrity and po-
tential for subsequent repair.

The role of the composite regarding fracture
mode should also be taken in consideration.
The groups restored with the conventional
composite showed a 65% of favorable frac-
tures, while those restored with the bulk-ill
one had a slightly higher percentage (75%)
of favorable fractures. These results were in
common with those observed in two stud-
ies (31, 40), while other two studies (43, 45)
found no differences in fracture patterns
between teeth restored with conventional
and bulk-fill composites.

The results emerged from the analysis
suggest that the use of the investigated
materials, especially the combination of
bulk-fill composite and hollow fiber post,
may be associated with a more favorable
fracture outcome.

Larger studies are needed to investigate in
depth the most effective direct restorative
approach in terms of materials employed
to improve medium- to long-term success,
since the sample size of this in-vitro study
may not have been sufficient to identify
meaningful differences or outcomes.

Conclusions

The following conclusions may be drawn,
considering the limitations of the present
investigation.

The fracture strength of healthy teeth is
significantly greater than that of teeth
restored using endodontic posts. This
suggests that, regardless of the direct
restoration strategy employed for damaged
teeth, their strength will always be lower
than that of healthy teeth.

There is no statistically significant differ-
ence in fracture resistance among the four
treated groups; however, the use of a bulk-
fill composite as restoration material de-
termines an average higher fracture
strength, making it a viable, or even the
preferred option for tooth restoration due
to its superior ease of use.
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The use of a hollow post together with a
bulk-fill composite may increase the like-
lihood of a favorable fracture, allowing a
further tooth re-treatment.

Clinical Relevance

The use of bulk-fill composites and hollow
fiber posts may improve the fracture resist-
ance and failure mode outcomes of endodon-
tically treated premolars. These materials
provide an easier and more efficient restora-
tion process while maintaining favorable
biomechanical properties. Clinicians can
consider this approach for better long-term
success in direct composite restorations.
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