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Effect of different restorative
procedures on the fracture resistance of
teeth submitted to internal bleaching

Abstract: The aim of this study was to evaluate the influence of differ-
ent restorative procedures on the fracture resistance of endodontically
treated teeth submitted to intracoronal bleaching. Fifty upper central in-
cisors were distributed into 5 groups: GI - healthy teeth; GII - endodon-
tically treated teeth sealed with Coltosol; GIII - endodontically treated
teeth bleached and sealed with Coltosol; GIV - endodontically treated
teeth bleached and restored with composite resin; and GV - endodonti-
cally treated teeth bleached and restored with a fiberglass post and com-
posite resin. In the bleached specimens, a cervical seal was made prior to
bleaching with 38% hydrogen peroxide. The gel was applied on the buc-
cal surface and in the pulp chamber, and was then light-activated for 45 s.
This procedure was repeated three times per session for four sessions,
and each group was submitted to the restorative procedures described
above. The specimens were submitted to fracture resistance testing in a
universal testing machine. There were statistically significant differences
among the groups (p < 0.05). The mean value found for GIII was the low-
est (0.32 kN) and was significantly different from the values found for GI
(0.75 kN), GII (0.67 kN), GIV (0.70 kN), and GV (0.72 kN), which were
not significantly different from each other (p > 0.05). The restorative pro-
cedures using composite resin were found to successfully restore the frac-
ture resistance of endodontically treated and bleached teeth.

Descriptors: Tooth Bleaching; Endodontics; Dentistry, Operative;
Tooth Fractures.

Introduction

Intracoronal dental bleaching is commonly recommended for dis-
colored teeth submitted to endodontic treatment.! However, some stud-
ies have described the action of bleaching agents on the morphological
structure of dentin as being responsible for making the tooth more sus-
ceptible to fracture.?¢

As to the bleaching procedures, there is a general concern regarding
their effects on enamel and dentin, since changes in tooth structure, such

810 and reduction in the ad-

as those related to porosity,” demineralization
hesion of restorative materials®® have been associated with the oxidizing
agents used in the bleaching process. The reduction in hardness and in
tooth fracture resistance promoted by bleaching agents has motivated the

development of restorative materials and techniques that aim at reinforc-
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ing weakened dental structures.?*

The use of composite resins with intraradicular
posts has been recommended by some authors for
restoring endodontically treated teeth submitted
to dental bleaching,!"!> mainly owing to their abil-
ity to increase the fracture resistance of these teeth,
whereas other authors claim that intraradicular
posts should be recommended only when there is
loss of more than half of the dental crown, for the
purpose of connecting the prosthetic crown to the
remaining root structure, or when intense occlusal
forces are at play.'>"

Few studies have investigated different restor-
ative procedures to minimize the damage caused by
the loss of dental tissue resulting from endodontic
treatment, on one hand, and by the changes in den-
tal structure resulting from dental bleaching, on the
other. Therefore, the aim of this study was to ana-
lyze the influence of restorative procedures on the
fracture resistance of endodontically treated teeth
submitted to intracoronal bleaching with 38% hy-
drogen peroxide and light-activated with a LED-
laser system.

Methodology
The study protocol was reviewed and approved
by the local Ethics Committee (#218/07). Fifty
healthy upper central incisors without root canal
calcification or resorption were radiographically
selected and examined at 20X magnification using
a stereomicroscope (Leica Microsystems, Wetzlar,
Germany) to discard those with fissures or cracks.
The specimens were distributed into 5 groups
(n =10):
¢ GI - healthy teeth (control);
e Gll - endodontically treated teeth sealed with
Coltosol;
e GIlI - endodontically treated teeth bleached and
sealed with Coltosol;
e GIV - endodontically treated teeth bleached and
restored with composite resin;
® GV - endodontically treated teeth bleached and
restored with composite resin and fiberglass post.

All teeth, except for those in the control group,
were submitted to endodontic treatment. The bio-
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mechanical preparation was carried out with NiTi
instruments (Endo K3 rotary system; SybronEndo,
Glendora, USA), and the teeth were obturated with
thermomechanically compacted gutta-percha cones
(Tanari, Manacapuru, Brazil) combined with zinc
oxide-eugenol sealer (Endofill; Dentsply-Maillefer,
Petropolis, Brazil).

In the bleached specimens (groups III, IV and
V), a cervical seal was made with zinc phosphate
prior to bleaching. The teeth were stored at 37 °C
for 45 min, to allow the zinc phosphate cement to
set, then inserted into a metallic rectangular matrix
(16.5 mm wide x 31.0 mm long) and further embed-
ded in auto-polymerized acrylic resin (Jet Classico,
Sao Paulo, Brazil) up to the cementoenamel junction.

The bleaching agent used was 38% hydrogen
peroxide (Opalescence Xtra Boost; Ultradent Prod-
ucts, Inc., South Jordan, USA) activated by a LED-
laser system (Brightness; Kondortech, Sio Carlos,
Brazil) at 50 nW. This device combines an infrared
diode laser (790 nm) with a set of LEDs (470 nm).
Each bleaching procedure consisted of applying
the bleaching gel to the buccal surface and in the
pulp chamber, followed by light activation for 45 s
on both surfaces, with a 5 min interval and reap-
plication of light. The bleaching gel was removed by
aspiration and the area was then irrigated with 1%
sodium hypochlorite. This procedure was repeated
3 times in the same session.

The specimens were temporarily sealed with
Coltosol (Vigodent, Rio de Janeiro, Brazil), stored in
artificial saliva at room temperature for 7 days, and
then submitted to a new bleaching session similar to
that described previously.

After four sessions of dental bleaching, the
specimens were stored at 37 °C and a 10-day post-
bleaching interval was observed before initiating the
restoration procedures. At the end of this period,
the temporary restoration and the cervical seal were
removed, and the teeth were grouped according to
the restorative procedures performed, as described
below:

e Gll - Non-bleached teeth sealed with Coltosol;

e GIll - Teeth submitted to dental bleaching and
sealed with Coltosol, from 3 mm below the ce-
mentoenamel junction (CEJ) up to the tooth
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crown;
GIV - Teeth submitted to dental bleaching and
restored with composite resin (Filtek Z250; 3M
ESPE, St. Paul, USA) from 3 mm below the CE]J
up to the tooth crown. All walls of the coronal
access cavity were etched with 35% phosphoric
acid (3M ESPE, St. Paul, USA) for 15 s, washed
with water and dried with absorbent paper. An
adhesive system (Single Bond 3M ESPE, St. Paul,
USA) was applied in two layers, using a micro-
brush (KG Sorensen, Sio Paulo, Brazil). A com-
posite resin was inserted incrementally and then
light-activated for 20 s using a halogen lamp (Ul-
tralux electronic; Dabi Atlante, Ribeirdo Preto,
Brazil) at 600 mW/cm?. The last layer was light-
activated for 40 s.

GV - Teeth submitted to dental bleaching and
restored with intraradicular fiberglass posts (Ex-
acto, Angelus, Londrina, Brazil) and composite
resin (Filtek Z250). The post space was pre-
pared using a heated plugger to remove gutta-
percha up to 10 mm into the root canal, then
washed with distilled water and dried with ab-
sorbent points. The fiberglass post was then se-
lected and cleaned with alcohol, and a layer of
silane (Angelus, Londrina, Brazil) was applied
to its surface. Excess silane was removed with
compressed air for 5 s. The fiberglass post was
cemented with Panavia F 2.0 cement (Kuraray
America, Inc., New York, USA), manipulated
according to the manufacturer’s recommenda-
tions. The cement was inserted into the root ca-
nal using a #40 Lentulo bur and applied to the
post surface. The post was then inserted into
the canal in a single movement and kept under
digital pressure for 60 s. Excess cement was re-
moved and the material was light-activated with
a halogen lamp (Ultralux electronic; Dabi At-
lante, Ribeirdao Preto, Brazil) at 600 mW/cm? for
30 s on each tooth surface (buccal, palatal and
proximal). After cementation, the remaining
post length was cut off and final restoration of
the palatal surface was carried out with compos-
ite resin, in the same way described for Group
IV.

After 24 h, the specimens were subjected to the
fracture strength test using a universal testing ma-
chine (Instron 4444; Instron Corp., Canton, USA)
with a cell load activated at a crosshead speed of
1 mm/min. The specimens were positioned at 135°
in relation to the root’s long axis, and the load was
applied to the palatal surface of the tooth (3.0 mm
from the incisal edge) with a rectangular round-
tipped metal point. The moment of fracture was
determined by a sudden decrease in the force mea-
sured in the testing machine.

The data were submitted to the non-parametric
Kruskal-Wallis and Dunn’s post-hoc tests using
Graph Instat Software (GraphPad Software Inc.,
San Diego, USA), at a significance level of 5%.

Results

The means and standard deviations of strength
(kN) obtained for each group are presented in Table
1.

The Kruskal-Wallis test revealed statistically sig-
nificant differences among the groups (p < 0.05).
The teeth submitted to bleaching and sealed with
Coltosol (GIII) showed the lowest strength values
(0.30 + 0.21 kN), which were statistically differ-
ent (p < 0.05) from those of the other groups (GI,
GII, GIV and GV). The mean fracture resistance
values of the control group (GI) were the highest
(0.75 £ 0.31 kN) and were not significantly different
from those of groups II, IV and V (p > 0.05), which
were similar to each other (p > 0.05).

Table 1 - Mean and standard deviation (kN) of the maxi-
mum force needed to fracture the dental crowns, and Dunn's
test comparisons.

Experimental groups mean £ SD

Gl - Healthy teeth 0.75+0.31

Gll - Endodontically treated + Coltosol 0.67£0.27 | A

GlII - Endodontically treated + Bleaching + 0324020 | B
Coltosol

GlV - End.odon‘ricolly treated + Bleaching + 0704025 | A
Resin

GV - End.odonﬁcolly treated + Bleaching + 0724024 | A
Resin + Post

Different letters indicate statistical difference (p < 0.05).
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Discussion

Tooth weakening is the main side effect of end-
odontic treatment" and dental bleaching.'® Restor-
ing the fracture resistance of endodontically treated
teeth is becoming a greater focus of concern in den-
tal research.!

The main factors involved in tooth structure loss
are caries and root canal access preparation and in-
strumentation.'” According to the related literature,
there is no consensus regarding reduced fracture re-
sistance observed after endodontic treatment.'®" Al-
though this was not the main objective of this study,
the present results also revealed that the endodontic
treatment did not reduce tooth fracture resistance,
since the resistance values of the teeth submitted
only to endodontic treatment and sealed with Colto-
sol (GII) were not significantly different from those
of healthy teeth (GI).

Until recently, increased susceptibility to fracture
in endodontically treated teeth had been attributed
to an increased brittleness of dentin as a result of
moisture loss.?’ Today, however, researchers stress
that a loss of tooth structure is the key reason be-
hind the observed increase in the fracture predis-
position of endodontically treated teeth.?! In this
study, endodontically treated teeth had a minimal
loss of tooth structure and the irrigating solutions
remained in contact with the dentin for only a short
period of time. As a result, these teeth did not be-
come more susceptible to fracture on account of the
endodontic treatment.

According to the related literature, differ-
ent bleaching agents or whitening techniques can
adversely affect the fracture resistance of teeth,
likely owing to changes in dental structure, such
as those related to porosity, demineralization, de-
creased adhesion of restorative materials to dentin,
increased dentin permeability, reduced dentin mi-
crohardness and decreased dentin diametral ten-
sile strength.?>%22 This effect was also observed in
this study, since the fracture resistance values of
the endodontically treated teeth submitted to den-
tal bleaching and sealed with Coltosol (GIII) were
the lowest (0.31kN) and statistically different from
those of healthy teeth (GI), endodontically treated
teeth and sealed with Coltosol (GII), endodontically
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treated teeth submitted to dental bleaching and re-
stored with composite resin (GIV), and endodonti-
cally treated teeth submitted to dental bleaching
and restored with composite resin combined with a
fiberglass post (GV).

Another factor of great relevance that may be as-
sociated with the decrease in fracture resistance of
bleached teeth is the number of applications of the
bleaching agent to the dental surface. According to
Pobbe et al.,* two or more sessions of dental bleach-
ing with 38% hydrogen peroxide, activated by a
LED-laser system, reduce the fracture resistance of
endodontically treated teeth probably as a result of
the action of hydrogen peroxide, which modifies the
mechanical and chemical properties of dentin.

According to Kawamoto and Tsujimoto,? the
OH radical resulting from hydrogen peroxide deg-
radation is responsible for tooth whitening, and acts
on intertubular and peritubular dentin, destroying
its organic portion, increasing permeability,>*?* and
decreasing its hardness and elasticity modulus,??
which can be intensified with a greater exposure
time of the tooth to the bleaching agent. This may
explain the greater susceptibility to fracture ob-
served in the teeth endodontically treated, bleached
and only sealed with Coltosol (GIII).

It is also noteworthy to mention that some au-
thors have reported that the heat applied to activate
the bleaching agent or even produced by chemical
reactions during this clinical procedure may cause
reversible, or even irreversible, deleterious effects on
dental and periodontal tissues.*'>> However, some
studies have shown that this negative effect may be
offset by the thermal insulating capability of dentin,
which reduces the amount of heat reaching the pulp
chamber significantly.'>' Another important con-
sideration is that low intensity laser irradiation may
compensate the cytotoxic effect of a highly concen-
trated hydrogen peroxide gel.>

Although the results suggest a decrease in the frac-
ture resistance of teeth submitted to dental bleaching
(GIII), and restored only with composite resin (GIV)
or with fiberglass post (GV), no statistically signifi-
cant difference was observed when these teeth were
compared to healthy teeth (GI) and to those end-
odontically treated and sealed with Coltosol (GII).



Roberto AR, Sousa-Neto MD, Viapiana R, Giovani AR, Souza Filho CB, Paulino SM, Silva-Sousa YTC M

It seems that the restorative procedures restored the
fracture resistance of endodontically treated teeth
submitted to dental bleaching. This observation is
in agreement with that of other studies'>" reporting
that composite resin is a suitable restorative material
for weakened teeth, because it restores the tooth’s
fracture resistance up to values comparable to those
of healthy teeth. This may be attributed to the resin’s
low polymerization shrinkage rates, and satisfactory
characteristics in terms of hardness, and resistance
to abrasion and compression. Furthermore, the ad-
hesive system used to bond composite resins has the
ability of moistening and infiltrating into the dentin
after the smear layer has been removed by acid etch-
ing, which creates micromechanical retention, pro-
moting stress distribution through the dentin, and
reducing the chances of fracture.

The association of composite resin with fiber-
glass posts did not improve the fracture resistance
of teeth. According to some authors,?”*® endodonti-
cally treated anterior teeth with thick dentin walls
should be restored with composite resin. Addition-
ally, it has been reported that the fracture resistance
of weakened teeth restored with fiber posts does
not improve.'>?’ This may be related to the fact that
the main role of intracanal posts is to promote the
retention of the filling material onto the remaining
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