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Introduction
Teeth resistance to fracture is reduced as a result of factors 

such as caries, trauma, cavity preparation, abrasion, erosion, 
non-carious lesions, age of the patient [1,2] and access cavity 
for endodontic treatment, which can lead to partial or total 
loss of the cusps, including root fractures in the posterior 
teeth in the most severe cases [2-5]. Loss of marginal ridge 
integrity is the main contributor to reducing fracture resistance 
of endodontically treated teeth [6]. Cavity preparations for 
direct restorations may involve the marginal ridges and the 
cavity design that most adversely affects the remaining tooth 
structure is Class II MOD, with marked decrease in fracture 
resistance when compared to sound teeth [7,8]. Therefore, 
preservation of sound tooth structure by selecting direct 
adhesive restorative approaches can be a fast, low-cost 
alternative with favorable biomechanical behavior for the 
rehabilitation of endodontically treated posterior teeth [9]. 
Fiberglass tapes feature good mechanical properties and can 
be adapted to specific needs, allowing for preservation of tooth 
structure, using minimally invasive preparations associated 

with adhesive techniques [9]. Teeth restored with occlusal 
fiber have shown significantly higher fracture strength, which 
has been associated with more favorable fracture patterns 
than teeth restored without fiberglass reinforcement [10,11]. 
Using fiberglass tape occlusally makes teeth even more 
resilient than sound teeth [12]. Based on the importance of 
conservative approaches for long-term preservation of tooth 
substrate, the aim of this study was to evaluate the fracture 
resistance and fracture pattern of MOD-prepared teeth with 
endodontic treatment restored with composite resin combined 
with fiberglass tape placed either on the occlusal or proximal 
surfaces.

Material and Methods
This study was approved by the local research ethics 

committee, registration CAAE: 37101014.4.0000.5374.

Experimental design

This was an analytical experimental unifactorial study. 
The study factor was coronal restoration on 3 levels: sound 
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Introduction: Direct composite restorations in endodontically treated teeth preserve tooth 
structure. The objective of this study was to evaluate fracture resistance of premolars with 
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Conclusion: Adding fiberglass tape did not reduce fracture resistance compared to sound teeth, 
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teeth, teeth restored with fiberglass tape interproximally and 
teeth restored with fiberglass tape occlusally. The response 
variables were fracture resistance (quantitative) and fracture 
pattern (semiquantitative).

Teeth selection

Thirty-three sound human upper premolars were selected 
following evaluation of visual and radiographic features to 
ascertain homogeneity of dimensions across the sample. The 
teeth were cleaned and stored in distilled water at 4°C until 
use for a maximum of 7 days. Eleven teeth were randomly 
picked for the control group (GC group) and the remaining 
22 teeth were prepared for a direct MOD restoration by the 
same operator. Subsequently, root canal access, endodontic 
treatment and obturation were also performed by the same 
operator. Once prepared, the 22 teeth were randomly selected 
to form two further groups of teeth that would receive a 
fiberglass tape on two different surfaces prior to restoration, 
namely the occlusal surface and the proximal surfaces, the 
GO and GP groups, respectively.

Specimen preparation

All 33 teeth were dipped into a polyether impression 
material (Impregum Soft™-3M ESPE, St. Paul, MN-
USA) to simulate the periodontal ligament. The specimens 
were then embedded in acrylic resin in 3/4 PVC cylinders 
measuring 2 cm in height (D). The PVC cylinders containing 
the specimens were kept in 100% relative humidity at 37ºC 
until the restorations were performed for each experimental 
group. The teeth from the GO group had a cusp reduction 
of approximately 2 mm to allow for the composite resin 
and the fiberglass tape (Interlig®, Angelus, Londrina, PR, 
Brazil). In the GP, the teeth had a surplus preparation (slice-
type preparation) made in the two proximal boxes against 
the buccal and palatal walls to make room for the Interlig® 
fiberglass tape, which was then covered with composite 
resin, in an effort to reinforce the marginal ridges of the 
two proximal boxes. Prior to restoration, prophylaxis of the 
coronal enamel was performed with rubber cups and pumice, 
followed by copious rinsing with distilled water. Acid etching 
followed using 37% phosphoric acid gel for thirty seconds 
on the enamel and fifteen seconds on the dentin, followed by 
rinsing with water spray for one minute. The cavity was dried 
with cotton pellets. Two consecutive layers of the 3M ESPM 
(St. Paul - MN - USA) SingleBond 2™ adhesive system were 
applied to the etched areas using a Microbrush ® (Grafton, WI 
- USA) to ensure a thin and homogeneous layer. Gentle jets 
of air were used to encourage solvent evaporation and light-
curing followed for 40 seconds using an Optilux Demetron 
light curing equipment (Kerr, Orange, CA, USA), set for 
520 mW/cm2 (± 20) with the aid of an analogic Demetron 
radiometer (Kerr, Orange, CA, USA).

The final restoration for the GO group was carried out 
using Filtek Z250™ composite resin (3M ESPM, St. Paul - 
MN - USA) in small increments, first against the palatal wall 
at an angle with the cervical wall, then likewise the buccal 

wall and so forth until forming a buccal-palatal intercusp at 
the height of the removed cusp. Each increment was light-
cured for 40 seconds. The original Interlig® fiberglass tape 
from the Angelus factory (Londrina, PR, Brazil) is supplied 
in 8.5- length x 0.2 mm width x 0.2 mm thick, which was then 
trimmed to eight millimeters with scissors. The 8-mm piece 
of fiberglass tape was adapted onto the cusps in a buccal-
palatal direction aided by a pair of clinical forceps and a small 
Styrofoam ball to accommodate the tape into place. The tape 
was then light-cured for 40 seconds, as recommended by the 
manufacturer. The restoration was completed by rebuilding 
the cusps, ensuring a two-millimeter coverage including 
fiberglass and resin. The final finish was achieved using three 
decreasing grains of Sof-Lex™ discs (3M St. Paul - MN - 
USA), in the sequence recommended by the manufacturer: 
black (thick type), dark blue (medium type) and medium blue 
(thin type) all for 15 to 20 seconds with rinsing and drying 
between discs. The final polishing was performed using the 
Shofu™ polishing kit (Higashiyama-Ku-Kyoto-Japan).

The teeth in the GP group were restored with the same 
aforementioned materials using the incremental technique. 
The proximal boxes were filled allowing for the 2 mm 
needed to accommodate the fiberglass and the composite 
resin to restore the marginal ridges both mesially and distally 
in the buccal-palatal direction, finishing the restoration in 
composite. No cusp reduction was needed for this group.

The excess fiberglass tape buccally and palatally was 
removed using tapered burs for resin finishing (2200F 
Microdont®, São Paulo, SP, Brazil). The final finish was 
achieved with Sof-Lex™, as described for the GO group. The 
restoration was then polished with the Shofu™ polishing kit 
(Higashiyama-Ku- Kyoto-Japan).

Fracture resistance test

All specimens were submitted to the fracture strength 
test in a universal testing machine (EMIC ® DL – 2000, São 
José dos Pinhais, PR, Brazil) at 0.1 mm/minute. Loading was 
measured in Newton (N) and the specimens were loaded until 
fracture occurred. The results, the strain and displacement 
curve were obtained using the EMIC software.

Fracture pattern analysis

The fractured specimens were radiographed in the 
buccal-palatal and mesiodistal directions to evaluate possible 
root fractures and analyzed under a magnifying glass at 3X 
magnification to determine the failure pattern, using the 
classification scale proposed by Burke, as follows: Type 
I: isolated fracture of the restoration. Type II: Restoration 
fracture involving small portion of the tooth. Type III: 
fracture of the restoration involving more than half of the 
tooth, without periodontal involvement. Type IV: fracture of 
the restoration involving more than half of the tooth, with 
periodontal involvement. In other words, this is a 4-point 
scale to classify tooth fractures from most favorable to least 
favorable in terms of restorability.
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Statistical analyses

Normality and equality of variance were ascertained 
using the Shapiro-Wilk and Levene tests, respectively. 
Both assumptions were met and the fracture strength data 
underwent one-way analysis of variance (ANOVA). The 
fracture patterns were compared using the G-test. Statistical 
approaches were conducted using a 5% significance level on 
SPSS 20 (SPSS Inc., Chicago, IL, USA).

Results
The one-way ANOVA revealed no significant difference 

in fracture resistance values among the three groups (p = 
0.303). The teeth restored with composite resin and reinforced 
with fiberglass tape following endodontic treatment, were as 
resistant to fracture as the sound teeth. The location of the 
fiberglass tapes, either on the occlusal or proximal surfaces, 
did not influence the resistance to fracture.

The G test (p = 0.004) revealed a significant difference in 
fracture pattern between the GO and GP groups. While in the 
GP group 27.3% the fractures were confined exclusively to 
the restoration (type I failure), in the GO group, this fracture 
pattern affected only 9.1% of the teeth. In the GO group, 
the predominant fracture type was III, in which, in addition 
to the restoration, more than half of the tooth fractured. In 
the GP group, the fractures were less severe, based on the 
predominance of type II fractures, in which only a small 
portion of the tooth was fractured along with the restoration. 
Regarding type IV fractures, i.e. those in which there is 
periodontal involvement, no significant difference was 
observed between the groups GO and GP.

Discussion
Fracture resistance is reduced by 63% in teeth prepared 

for MOD restorations and is even more compromised when 
associated with endodontic treatment, with a further 5% 
reduction in the final resistance [6]. The highest reductions 
in fracture resistance are associated to loss of marginal ridge 
integrity [4,6,13,14]. The decrease in fracture resistance is 
directly related to the number of ridges removed, since they 
are important reinforcement structures [15]. The inclusion of 
fiberglass tape in the present study to restore the marginal 
ridges is therefore justified on such classic studies, which 
established the role played by such structures in maintaining 
the integrity of teeth facing occlusal loads.

Studies proposing the use of cusp coverage preparations 
reinforced with fiberglass tape for direct composite resin 
restorations revealed an increase in fracture resistance 
compared to sound teeth in endodontically treated maxillary 
premolars, in addition to displaying a better fracture pattern in 
favor of restorability of the affected teeth [10-12,16-19], which 
is corroborated by the findings presented herein (Table 1).

The results of the present study demonstrate that the 
location of the fiberglass tapes, either on the occlusal (GO) 
or proximal (GP) surfaces, did not influence the fracture 

resistance values, which were both similar to the group 
of sound unrestored teeth. Despite a lack of statistical 
significance, the groups GO and GP presented higher mean 
values of resistance to fracture in relation to the GC group 
of healthy teeth. The null hypothesis has to be accepted 
therefore, thus corroborating the studies by Oskoee et al. [10], 
Oliveira et al. [11] and Montanari et al. [12], who advocate 
the use of fiberglass tape onto the occlusal surface to increase 
fracture resistance.

Regarding the fracture patterns, the studies by Oskoee et 
al. [10], Oliveira et al. [11] and Montanari et al. [12] limited 
themselves to classifying the fractures simply as favorable or 
unfavorable, considering the cement-enamel junction as the 
limit for restorability. The results showed that teeth restored 
with fiberglass tape on the occlusal surface tend to show a 
high percentage of fractures favoring restorability, which is 
corroborated by the findings from the present study when 
fiberglass tape was used to rebuild the marginal ridges on the 
proximal aspects of the teeth. The aforementioned authors 
did not however detail the percentage of each type of fracture, 
according to the classification of Burke et al. [20].

The GP group, in which the fiberglass tape was applied to 
the proximal cavities with an additional slice-type preparation, 
showed a significant improvement in fracture pattern, when 
compared to the GO group. The GP group showed an 81.8% 
of types I and II fractures, while group GO had only 18.2%. 
Regarding the more severe types of fractures, namely types 
III and IV, which imply more complex restoration procedures, 
the GP group showed a lower percentage of such fractures 
(18.2%) when compared to group GO (81.8%) (Figure 1). 
The approach used in the latter group has, however, been 
proposed by the authors of the most recent studies (Oskoee 
[10], Oliveira [11] and Montanari [12]). The present study 
was based on 11 teeth per group, which reached a post-
hoc sample power of 44.71% (G*Power, University of 
Düsseldorf) in multicomparison tests, based on the means and 
standard deviations obtained from the three groups. In order 
to achieve a sample power of 80%, a minimum of 45 teeth 
would be necessary in each group, i.e. N=135 teeth, though 
no studies in the literature were found investigating a sample 
size of this magnitude. This would not only be difficult to 
achieve, based on the strict inclusion and exclusion criteria 
used in this study, but according to the trend observed from 
the means, it would only prove that the use of the tape, 
either occlusally or proximally, would increase the fracture 
resistance when compared to a sound tooth, which was never 
the aim of this study.

Group Fracture resistance (N)
GC: control (sound teeth) 690,43 (333,76) A
 GO: fiberglass tape on the occlusal surface 857,14 (232,07) A
 GP: fiberglass tape on the interproximal surfaces 850,03 (266,36) A

Table 1. Mean values (standard deviations) of fracture strength from 
sound (GC) and restored teeth using glass fiber tape on the occlusal 
(GO) and proximal (GP) surfaces. 
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Increasing the sample size would therefore be a purely 
numerical exercise with very little practical value. The fact 
that no statistically significant difference was observed 
between the groups implies that teeth with fiberglass tape 
and composite resin may be as resistant to fracture as sound 
unrestored teeth.

The incorporation of fiberglass tapes into direct composite 
resin restorations may be an acceptable conservative treatment 
option for MOD cavities following endodontic treatment in 
upper premolars, regardless of the surface in which the tape is 
placed, namely occlusal or proximal. Despite the slight better 
outcome observed in the latter, the use of fiberglass tapes in 
proximal surfaces may be hindered by the presence of tightly 
placed adjacent teeth. This does, nonetheless set the grounds 
for yet another conservative and relatively low-cost approach 
to manage weakened teeth.

Conclusion
Resistance to fracture was not affected by the use of 

fiberglass tape to reinforce direct composite restorations in 
MOD cavities compared to sound teeth.

Regarding fracture pattern, the application of fiberglass 
tape to the proximal surfaces resulted in the most favorable 
outcomes.
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