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3D Interfacial Gap and Fracture Resistance of 

Endodontically Treated Premolars Restored with  

Fiber-reinforced Composites
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Purpose: To evaluate interfacial gap and fracture resistance of endodontically treated maxillary premolars, restored
with different glass-fiber reinforced materials.

Materials and Methods: Eighty-four extracted intact premolars were endodontically treated and MOD cavities pre-
pared. Specimens were divided into 7 groups (n = 12 for each) as follows: sound teeth (G1); no restoration (G2); di-
rect composite restoration with fiber-reinforced composite (everX Posterior GC) (G3); direct composite restoration
(Filtek Supreme XTE, 3M Oral Care; “FSXTE”) (G4); a horizontal layer of high-viscosity flowable composite (G-ænial
Flow, GC) was placed on the pulp chamber floor, 10 mm x 3 mm glass fibers (everStick NET, GC) were inserted into 
the cavity (G5); same procedure as in group 5 except the direct restoration was made incrementally with FSXTE (3M
Oral Care) (G6); composite overlays were placed (G7). Specimens were scanned with micro-CT to evaluate 3D interfa-
cial gaps before and after chewing simulation using Mimics software to calculate voids between restoration and tooth 
(dentin and enamel). These data (in mm3) were collected for statistical analysis. Thereafter, specimens were loaded
to fracture using a universal testing machine. Maximum breaking loads were recorded in Newton (N). The data ob-
tained were analyzed using two-way ANOVA and post-hoc Tukey’s test (p < 0.05).

Results: ANOVA showed that horizontal glass-fiber insertions statistically significantly reduced interfacial gaps after 
chewing simulation. No differences in fracture resistance were found between Filtek Supreme XTE and everX Posterior;
moreover, glass-fiber insertion did not significantly improve fracture resistance in either case. Composite overlays
achieved significantly better fracture toughness than did direct restorations.

Conclusions: For the direct restoration of endodontically treated premolars, the insertion of glass fibers into direct
composite restorations was unable to guarantee a significant increase in the fracture resistance or a significant 
change in the fracture pattern. However, it significantly reduced interfacial gap volume after cycling fatigue.

Keywords: 3D gap, endodontically treated teeth, fiber, fracture resistance, micro-CT.

J Adhes Dent 2020; 22: 215–224. Submitted for publication: 12.02.19; accepted for publication: 14.10.19
doi: 10.3290/j.jad.a44286

a Assistant Professor, Department of Surgical Sciences, Dental School, Turin,
Italy. Coordinator of the research project and manuscript supervisor.

b PhD Student, Department of Surgical Sciences, Dental School, Turin, Italy. 
Prepared samples.

c Associate Professor, Department of Surgical Sciences, Dental School, Turin,
Italy. Prepared samples.

d Clinical Tutor, Department of Surgical Sciences, Dental School, Turin, Italy. 
Software support and data analysis.

e Assistant Professor, Department of Biomedical and Neuromotor Sciences, 
University of Bologna, Bologna, Italy. Manuscript revision.

f Assistant Professor, Department of Surgical Sciences, Dental School, Turin,
Italy. Statistical analysis.

g PhD Student, Department of Biomedical and Neuromotor Sciences, University 
of Bologna, Bologna, Italy. Wrote manuscript.

Correspondence: Nicola Scotti, Department of Surgical Sciences, Dental
School, Via Nizza 230, 10100, Turin, Italy. Tel: +39-340-2861799;
e-mail: nicola.scotti@unito.it

Restoration of endodontically treated teeth remains a
challenge for clinicians, since non-vital posterior teeth

are generally less stiff and more susceptible to fracture 
than vital teeth. This can be due to the loss of a large 

amount of tissue through carious lesions, making endodon-
tic access, and root canal preparation.30,51 Fracture resis-
tance further decreases when such endodontic treatment is
associated with mesio-occlusal-distal (MOD) cavities, since
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the loss of marginal ridge integrity decreases the tooth’s
stiffness. Based on in vitro studies, maxillary premolars 
with deep MOD cavities are susceptible to fracture if extrin-
sic forces are applied.65,67 In particular, fractures of the 
palatal cusps occur more frequently due to their anatomic
form, an unfavorable crown:root ratio, dental arch position, 
and exposure to shear and compressive forces.50,61 Thus,
the remaining tooth structure and the efficacy of the re-
storative procedures to replace lost structural integrity are 
crucial for the longevity of endodontically treated teeth.19

Different treatment strategies have been proposed, includ-
ing intra-coronal post systems, modified directly placed res-
torations, different core materials and designs, and adhe-
sive techniques, all of which exhibit certain advantages and 
disadvantages.37,73 Regardless of the foundation core, a 
full-crown restoration remains the most proven solution in
literature owing to its high longevity.59,68 However, less in-
vasive bonded clinical solutions such as indirect onlays,
overlays, or endocrowns have been suggested as more con-
servative approaches for full-coverage restorations.36,52

Despite the significant development of bonded restora-
tions, composite resins fail predominantly due to occlusal 
wear or secondary caries.45,46 A common complication po-
tentially contributing to the loss of integrity and influencing 
the resistance of a restored tooth is interfacial microleak-
age.57,64 This can be caused by polymerization of compos-
ite resin, which is accompanied by contraction stress. The 
concomitant volume reduction generates a tensile force at
the weakest area of the tooth-restoration interface, and 
stress-relieving gaps form which promote microleakage. If 
these gaps exceed ca 60 μm in width, postoperative sensi-
tivity and secondary caries may form at the outer margin of 
the restoration.28 Furthermore, during oral function, the
tooth-restoration complex is exposed to fatigue stress re-
sulting from cyclic loading, with the progressive onset of 
gap formation and interfacial microleakage.42 A recent 
method to detect interfacial gaps is x-ray micro-computed 
tomography (μCT). Without destroying the original speci-
men, x-rays penetrate through it and images are collected 
by a detector slice-by-slice. This two-dimensional informa-
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Fig 1  Sample preparation with wall thick-
ness measurement area for all groups.  
a) group 1: sound teeth; b) group 2:  
MOD cavity without restoration; c) group 3: 
direct restoration with everX Posterior;  
d) group 4: direct restoration with Filtek  
Supreme XTE; e) group 5: direct restoration 
with everStick NET in the bottom of the  
cavity; f) group 6: direct restoration with 
Filtek Supreme XTE and fiber (EverStick 
NET) on the bottom of the cavity; g) group 
7: overlay on Filtek Supreme XTE buildup.
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tion is processed using special algorithms; a three-dimen-
sional reconstruction is generated. Studies using μCT in 
restorative dentistry are increasingly being performed, since 
this technique has proven effective for the evaluation of the 
internal adaptation of composite resin restoration,31,71 as
well as the magnitude and direction of polymerization
shrinkage.14,20 Furthermore, it quantifies interfacial leakage 
with silver nitrate infiltration.12,72

Nowadays, direct resin composite restorations are the 
most widespread, useful, and least invasive approach to 
restore endodontically posterior teeth.13,48 To increase frac-
ture resistance, glass fibers and a fiber post have been in-
serted into direct composite restorations.2,33 Particularly, 
ultrahigh-molecular-weight polyethylene fiber (PWT) with an
ultrahigh elastic modulus was tested to reinforce the poly-yy
mer-based materials.11,15 Some studies showed that their 
network changed the stress dynamics at the enamel-com-
posite interface;35 therefore, their effect on fracture resis-
tance reported in literature is contradictory.7,54 Moreover,
knowledge is still limited about interfacial gap progression 
after fatigue stress and fracture resistance of glass-fiber-
reinforced composite restorations in endodontically treated
posterior teeth. Thus, this in vitro study aimed to evaluate 
the interfacial gap, fracture resistance, and failure pattern
of endodontically treated maxillary premolars restored with 
glass-fiber–reinforced composites. The null hypothesis was
that glass fibers do not increase the fracture resistance of 
direct composite restorations in endodontically treated
teeth (1) and do not influence interfacial gap (2).

MATERIALS AND METHODS

Specimen Preparation

Eighty-four extracted intact maxillary premolars with mature
apices, extracted for orthodontic and periodontal reasons, 
were selected. The inclusion criteria were: sound teeth with
nearly similar crown sizes (7 ± 1 mm mesio-distally, 10 ±
1 mm bucco-orally) and no cracks under transillumination
and magnification, extracted within 1 month of testing.
Scaler and a hand-scaling instrument were used for surface 
debridement, followed by cleaning with a rubber cup and
pumice slurry. The teeth were stored in distilled water at 
room temperature until required.

Endodontic treatment was carried out in all specimens, 
except in the control group (intact teeth). Samples were end-
odontically instrumented using Pathfiles (1-2-3) and ProTaper 
Next X1 and X2 (Dentsply Maillefer; Ballaigues, Switzerland) 
to a working length set at 1 mm short of the visible apical
foramen. Irrigation was performed with 5% NaOCl (Niclor 5,
Ogna; Muggiò, Italy) alternating with 10% EDTA (Tubuliclean,
Ogna) using a 2-ml syringe and 25-gauge needle. Thereafter,
specimens were obturated with gutta-percha (gutta-percha 
points, medium, Inline B.M. Dentale; Torino, Italy) using the
Down Pack heat source (Hu-Friedy; Chicago, IL, USA) and an 
endodontic sealer (Pulp Canal Sealer EWT, Kerr; Orange, CA, 
USA). Backfilling was performed with the Obtura III system 
(Analytic Technologies; Redmond, WA, USA).

After 48 h of storage in distilled water, a standardized 
MOD cavity was prepared by the same operator in all speci-
mens, except in the positive control group. For cavity prepa-
ration, cylindrical diamond burs (#806314014; Komet; 
Schaumburg, IL, USA) under copious air-water cooling were 
used in a high-speed handpiece (Kavo; Biberach, Germany).
The residual thickness of the buccal and oral cusps at the 
height of the contour was 1.5 ± 0.2 mm in all specimens, 
with the medial and distal cervical margins located 1 mm
coronal to the CEJ. After preparation, all internal edges
were smoothed and rounded.

Standardized adhesive procedures were performed in all 
specimens. The enamel margins were etched with 36%
phosphoric acid (Ultraetch, Ultradent; South Jordan, UT,
USA) for 40 s, while dentin was etched for 15 s. Thereafter, 
specimens were washed and gently air-dried with an air sy-yy
ringe, preventing the dentin from dehydrating. A multi-mode 
adhesive (G-Premio Bond, GC; Tokyo, Japan) was applied 
following the manufacturer’s instructions and cured for 20 s
with an LED curing light (Valo, Ultradent) at 1400 mW/cm2.
Later, specimens were randomly assigned to 7 groups
(n = 12 each) according to the restorative material em-
ployed (Fig 1):
 Group 1 (G1, positive control): sound teeth (no cavity 

preparation or root canal treatment);
 Group 2 (G2, negative control): the MOD cavity was not

restored;
 Group 3 (G3): the MOD cavity was incrementally restored 

with short-fiber–reinforced composite (EverX Posterior,
GC; Tokyo, Japan), curing each 1.5- to 2-mm-thick layer 
with an LED curing light (Valo) at 1400 mW/cm2, leaving
2 mm for placement of top layer using microhybrid com-
posite (Essentia U, GC);

 Group 4 (G4): the MOD cavity was restored with a nano-
hybrid resin composite (Filtek Supreme XTE, 3M Oral
Care; St Paul, MN, USA, FSXTE) applied in 1.5- to 2-mm 
layers using an oblique incremental technique. Each
layer was light cured with an LED curing light (Valo) at
1400 mW/cm2;

 Group 5 (G5): a horizontal layer of high-viscosity flowable 
composite (G-ænial Flow, GC) was placed over the pulp 
chamber floor. The glass fibers (everStick NET, GC) were
cut to measure 10 mm long and 3 mm wide, inserted
into the cavity, and adapted onto the pulpal floor in a
buccal-oral direction, remaining 1 mm from the occlusal
enamel margins. After light curing for 20 s with an LED
lamp (Valo), a direct composite restoration was con-
structed as described in Group 3;

 Group 6 (G6): specimens were restored with the same
procedure described for Group5 except for the material
used. Direct restoration was performed with FSXTE, ap-
plied in 2-mm layers following an incremental oblique
technique. Each layer was light cured with an LED curing
light (Valo) at 1400 mW/cm2;

 Group 7 (G7): a buildup with nanohybrid composite
(Filtek Supreme XTE, 3M Oral Care) was performed with
a 2-mm oblique layering technique. Thereafter, a stan-
dardized overlay preparation with 2-mm cusp reduction
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reproducible positioning of the steel sphere during com-
pressive tests. All restored specimens were finished using 
a fine diamond bur (8379314016, Komet, Gebr. Brasseler;
Lemgo, Germany) and polished with fine Sof-Lex disks (3M 
Oral Care) and silicone cups (Dimanto, Voco; Cuxhaven, 
Germany). They were then stored in distilled water at 37°C 
for 1 week.

Micro-CT Analysis and Fatigue Cycling

The marginal integrity of each restoration was evaluated 
using a Micro-CT scan (SkyScan 1172 Micro-CT, Bruker 
Optik; Ettlingen, Germany). Specimens were scanned with 
parameters set for high resolution: voltage = 100 kV, cur-
rent = 100 μA, aluminum and copper (Al+Cu) filter, 10 μm 
pixel size, averaging = 5, rotation step = 0.1 degree, total
scan duration = 6 h. NRecon software (Bruker Optik) and
Data Viewer software (Bruker Optik) were used to recon-
struct specimens and obtain 3D images. 

Specimens were stored in distilled water at 37°C for 24 h 
and then cleaned for 10 min by sonication. A CS-4.4 chew-

was performed. Composite overlays of equal thickness
were prepared on a gypsum cast obtained after taking a 
mono-phase bicomponent impression with a light-body 
putty silicone material (Flexitime; Heraeus Kulzer). Over-rr
lays were post-cured (Labolight LV-III; GC, Tokyo, Japan) 
for 5 min and cemented using a dual-curing luting sys-
tem (G-Cem Link Force, GC) following manufacturer’s in-
structions. The overlays were inserted into the cavities
and fixed in place manually, applying pressure to the oc-
clusal surface with a large plugger. Excess luting com-
posite was removed with a fine spatula along all sample 
margins. Polymerization was performed with an LED cur-rr
ing unit (Valo) for 60 s/surface. The luting composite
was cured for an additional 10 s/surface after applying 
a thin layer of glycerin gel to eliminate the oxygen-inhibi-
tion layer on the surface of the luting composite.

All restorations were made by the same experienced opera-
tor, who aimed to obtain an intercuspidal angle of 90 de-
grees to standardize the cusp inclination, thus allowing

a b c

Fig 2  Micro-CT 3D images of specimens to calculate interfacial gap volume. a: Every specimen was 3D reconstructed dividing enamel, dentin,
restoration, and voids using Hounsfield-scale spikes on Mimics software. Optimal quality STL images were then imported into Geomagic 
Qualify for analysis. b: Same view with enamel, dentin, and restoration set to 60% transparency to better visualize void areas at the interface. 
c: Volume calculation was automatically performed by Geomagic Qualify on void STL images, setting units in millimeters.  

Table 1  Means and SD of interfacial gap, expressed as mm3, before and after chewing simulation obtained in 
different groups

(G3)
Filtek Supreme XTE 

(G4)
everX Posterior 

+ Fiber (G5)
Filtek Supreme XTE 

+ Fiber (G6)
Composite overlay 

(G7)

Before 0.415Aa (±0.123) 0.499Aa (±0.145) 0.424Aa (±0.156) 0.434Aa (±0.172) 0.322Ba (±0.112)

After 0.705Ab (±0.189) 0.788Ab (±0.175) 0.568Ba (±0.145) 0.551Ba (±0.199) 0.398Ca (±0.982)

Differences were considered significant at p < 0.05. Groups with the same superscript letters were not statistically significantly different (p > 0.05).
Fiber = everStickNET.
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ing simulator (SD Mechatronik; Feldkirchen- Westerham, Ger-rr
many) performed fatigue cycling to mechanically age speci-
mens, which were embedded in light-curing acrylic resin.
Resilience of the human periodontium was simulated by 
coating the tooth roots with a 1-mm layer of polyether (Imp-
regum, 3M Oral Care)55 before embedding them in light-cur-rr
ing acrylic resin. A 6-mm-diameter steatite sphere was ap-
plied using an occlusal load of 50 N, a frequency of 1 Hz, a
downward speed of 16 mm/s, and a 2-mm sliding move-
ment over the palatal triangular crest. All restored speci-
mens possessed a standardized anatomy and were similarly 
positioned for the sphere to apply pressure onto the mesio-
buccal, disto-buccal, and palatal cusps (tripod contacts). The
test was performed for 500,000 cycles in distilled water.

To reveal the marginal gap progression between the res-
toration and tooth structure after cycling fatigue, specimens
were scanned a second time with the same baseline pa-
rameters to ensure consistency in the greyscale values.
Initial scans were aligned with post-chewing scans using 
the DataViewer software (Bruker microCT) and recon-
structed with Nrecon using the same protocol. Thresholding
was performed automatically with the Mimics Medical 20.0 
software (Materialise; Leuven, Belgium), to obtain a void
mask representing the voids between the restoration and 
the tooth (dentin and enamel). Using the dynamic region 
growing function, only the external gap was considered in 
this analysis. Volume data, expressed in mm3, were calcu-
lated and collected for statistical analysis (Fig 2).

Fracture Resistance Test

Specimens were submitted to a static fracture resistance 
test using a universal testing machine (Instron; Canton, 
MA, USA) with a 6-mm-diameter steel-sphere crosshead
welded to a tapered shaft and applied to the specimens at

a constant speed of 0.5 mm/min and an angle of 30 de-
grees to the long axis of the tooth. Load was applied per-rr
pendicular to the triangular crest of the palatal cusp. Sam-
ples were loaded until fracture; the maximum breaking 
loads were recorded in Newton (N).

Failure Mode Analysis

Broken specimens were analyzed under a stereomicroscope 
(SZX9, Olympus Optical; Tokyo, Japan). The types of failure
were determined and compared, particularly with a distinc-
tion made between catastrophic (irreparable, below the CEJ) 
and non-catastrophic fractures (reparable, above the CEJ).

Statistical Analysis

Interfacial gaps and fracture resistance are expressed as
means ± standard deviation (SD). The Kolmogorov-Smirnov
test for normality revealed a normal data distribution. Sta-
tistical analysis was conducted with a two-way ANOVA to
examine the effects of the factors “fibers” and “restor-
ation” (Filtek Supreme XTE vs everX Posterior vs Overlay) 
and their interactions on fracture resistance and interfacial 
marginal gap progression. Post-hoc pairwise comparison 
was performed using Tukey’s test. For all statistical analy-yy
ses, statistical significance was pre-set at p < 0.05. All
statistical analyses were performed using Stata 12.0 
(StataCorp; College Station, TX, USA).

RESULTS

Means (± SD) of interfacial gaps, expressed in mm3, before
and after fatigue loading, obtained in different groups are
displayed in Table 1 and Fig 3. Two-way ANOVA showed a 
significant increase in marginal gaps after chewing simulation 
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Fig 3  Mean interfacial gap of each group, 
expressed as mm3 of volume, before and 
after fatigue loading in chewing simulator. 
EVX = everX Posterior; FSXTE = Filtek  
Supreme XTE; Fiber = everStickNET.
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in G3 (p = 0.0001), G4 (p = 0.0001), and G7 (p = 0.00001).
Thus, the insertion of horizontal glass fibers reduced interfa-
cial gap propagation after chewing simulation and with com-
posite overlays.

Fracture resistance values (in N) obtained in different
groups are listed in Table 2. Two-way ANOVA showed a sig-gg
nificant difference for the variable restoration (p = 0.00001).
The post-hoc Tukey test showed that sound teeth had a sig-gg
nificantly higher fracture resistance than other groups, while 
non-restored cavities presented significantly lower values. 
No differences in fracture resistance were found between 
Filtek Supreme and everX; fiber insertion did not signifi-
cantly improve the fracture resistance of either. Addition-
ally, composite overlays achieved significantly better frac-
ture toughness than the direct restoration techniques 
tested, regardless of materials used.

The fracture analysis revealed that in all fractured restor-rr
ations, the origin of the fracture was always at the occlusal 
surface, mainly from the major contact loading area of the 
sphere in the stepwise fatigue test. The direction of fracture
propagation was corono-apical. The number of fractures per 
group is shown in Fig 4. Reparable fractures started from the
occlusal surface and ended above the CEJ, while irreparable
fractures progressed in a mesio-distal vertical direction, 
which split the restoration and ended under the CEJ. In 
groups with a direct restoration (G3, G4, G5, G6), the main
fractures were always adhesive. Debonding of the restor-rr
ation, which started from the occlusal surface, occurred on
the wall loaded. Some mixed fractures (adhesive-cohesive) 
occurred, predominantly in G7. Fracture analysis showed that
the presence of glass fibers was unable to significantly alter 
fracture propagation, which mainly ended above the CEJ.  

DISCUSSION

Based on the results obtained, the null hypothesis was par-rr
tially rejected, since glass fibers did not significantly in-
crease the fracture resistance of the direct composite res-
torations in endodontically treated teeth. However, they did 
significantly reduce interfacial marginal gap progression 
after fatigue loading. Biomechanical analysis of endodonti-
cally treated teeth shows that coronal destruction due to
caries and the loss of marginal ridge integrity decreases 
tooth rigidity3,66,67 and thus fracture resistance. In the cur-r
rent study, MOD cavities were prepared to decrease frac-
ture resistance as much as possible and to better evaluate
the reinforcement abilities of the tested restorative tech-
niques. MOD cavities represent the worst clinical condition 
to restore in endodontically treated posterior teeth. Several
studies have shown that MOD preparation and endodontic 
treatment accentuated the concentration of stress inside 
the tooth, mainly due to the loss of marginal ridges38,50,68

and the resistance to cuspal fracture.22,58 Thus, ideal res-
toration of endodontically treated teeth should improve me-
chanical resistance, reinforcing the weakened remaining 
structure, to prevent fracture and to ideally restore the frac-
ture strength to that of an intact tooth. 

The literature supports the idea that non-vital posterior 
teeth should be treated with a cuspal coverage restoration 
to increase fracture resistance.60 However, saving sound-
tooth structure is crucial. Today, the good quality of adhe-
sives and the high-performance properties of resin compos-
ite materials40,50 have enabled minimally invasive
approaches; they offer a valid option for the restoration of 
endodontically treated teeth which could be comparable to 
full-crown restorations.16,37 It is reported that adhesive res-
torations better transmit and distribute functional stresses 
at the bonding interface to dental hard tissues, potentially 
reinforcing the weakened tooth structure, especially in large

Table 2  Mean fracture load (in N) obtained in different groups

Group n
Fracture load 
(mean ± SD) Minimum Maximum

Sound tooth (G1) 12 934.91 ± 143.1a 569 1039.45

Unrestored cavity (G2) 12 100.80 ± 12.3d 86.51 120.10

everX Posterior (G3) 12 465.36 ± 66.7b 376.01 630.01

Filtek Supreme XTE (G4) 12 451.92 ±  60.4b 383.70 587.24

everX Posterior with glass fibers (G5) 12 515.96 ± 72.5b 480.79 773.19

Filtek Supreme with glass fibers (G6) 12 499.79 ± 66b 307.77 699.43

Composite overlay (G7) 12 705.70 ± 123.6c 519.86 939.46

Groups with the same superscript letters were not statistically significant (p > 0.05).
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cavities.44 Furthermore, they decrease cusp flexion.43 How-
ever, there is currently no consensus on the ideal final coro-
nal restoration of endodontically treated posterior teeth.

Previous studies have demonstrated that regardless of 
the posterior tooth type (premolar or molar), class II resin-
based composite restorations most frequently fail due to
marginal leakage when the synergism of the tooth-compos-
ite interface, mediated by the adhesive bond is compro-
mised.17,70 Initially, a gap may originate through polymeriza-
tion shrinkage and failure to obtain a good bond. Thereafter,
occlusal stresses generated during mastication and espe-
cially through parafunctional habits, such as bruxism, have
been shown to have a deleterious effect on the marginal
adaptation of composites,49 especially at gingival margins 
where occlusal forces tend to concentrate.23 These me-
chanical stresses repeated over time lead to the fatigue or 
weakening of the adhesive interface. Once the concentrated
stresses exceed the interfacial fracture toughness, a crack
can form, which in turn may lead to further gap formation
and microleakage.39 In the present study, to evaluate the 
interfacial marginal gap of resin-based restorations, speci-
mens were scanned before and after chewing simulation 
with microCT, which has proven to be an easy and accurate
method to detect and evaluate 3D volumetric gaps.41 The
literature contains little on the interfacial behavior of resin-
based materials examined with non-destructive techniques. 
However, in the oral cavity, materials are subjected to me-
chanical, thermal, and chemical processes; they induce fa-
tigue damage which progresses from substructural and mi-
croscopic changes to microscopic cracks to structural
instability and complete fracture.62 Thus, interfacial analy-
sis is crucial to better understand the kinetics of biome-
chanical failure. A limitation of the present study was the
absence of thermal stress; intra-oral temperature changes 
exert an effect on the composite-tooth interface similar to
mechanical stress, since composites and adhesives have a

higher thermal contraction/expansion coefficients than do
hard dental tissues.25 Moreover, only marginal gaps were
evaluated in the present study, not the internal adaptation
of the restoration. Marginal gap formation is the result of a
localized bond failure;10 it is a concern where microgaps 
are found in the interface between restorative material and
tooth substrate, as they may result in leakage. Neverthe-
less, the marginal seal may be different from internal adap-
tation, because localized debonding may produce micro-
gaps that are not always associated with the outside
margin and are not readily apparent.29

Measuring fracture strength is a static test used to pre-
dict the failure of restored teeth under compression.63 In
accordance with previous studies, no statistically significant
difference was found in fracture resistance between the dif-ff
ferent direct restorative materials.4 Short-fiber–reinforced
composites are expected to enhance the longevity of me-
dium-to-large sized composite restorations in posterior 
teeth,24 because the fracture toughness of the short-fiber 
composite resins is generally higher than that of conven-
tional composite resins, as shown in several studies.18,26

This property is ascribed to the millimeter-scale short fi-
bers, which exceed the critical fiber length,69 enabling 
stress transfer from the matrix to the fibers. Furthermore,
the presence of fibers results in an anisotropic property 
that has been suggested to relieve stress and prevent 
crack propagation.69 However, a significant improvement of 
fracture resistance was observed between the direct tech-
niques tested without glass-fibers insertions, which led to a
slight but significant increase in load resistance indepen-
dent of the composite material used. Nevertheless, it is 
important to highlight that none of the restoration tech-
niques tested could re-establish the fracture resistance
equivalent to that of a sound maxillary premolar.

The results of the present in vitro study showed that the 
insertion of glass fibers in direct composite restorations
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Fig 4  Number of reparable (R) or  
irrreparable (IR) fractures identified in  
the different groups. 
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significantly influenced marginal adaptation after fatigue,
but this did not statistically increase the fracture resistance
of endodontically treated maxillary premolars. This result
could be due to the effect of the insertion of horizontal fi-
bers into the composites, which significantly improved their 
mechanical properties,9,26,27 particularly their flexural
strength.32 This could lead to a lower cuspal deflection
under cyclic loading, which is directly correlated to a reduc-
tion of marginal leakage that creates a gap at the tooth-
restoration interface with consequent marginal infiltration.1 

The presence of glass fibers in the resin composite could 
even alter the elastic modulus of the material itself, thus
modifying the stress distribution and transmission to re-
sidual cavity walls. As mentioned above, an anisotropic
characteristic69 may also play a role. However, any signifi-
cant improvement of fracture resistance was observed be-
tween the direct techniques tested without glass-fibers in-
sertions, which led to a slight but significantly increased 
load resistance regardless of the composite used. How-
ever, it is important to emphasize that none of the restor-
ation techniques tested could re-establish fracture resis-
tance equivalent to that of a sound maxillary premolar. The
obtained results agreed with those of Rodrigues et al,54

who found that fibers placed into MOD cavities did not re-
inforce teeth. Those authors reasoned that cusp deflection 
resilience occurred due to adhesive and composite resin,
not due to the glass fibers insertion, which instead could 
have a protective effect on fracture propagation towards the 
pulp chamber floor. Furthermore, Cobankara et al15 showed
no difference between a resin composite restoration with or 
without fibers in MOD cavities in molars.

In the present study, glass fibers were inserted in a buc-
cal-oral direction (u-shaped), similar to the method sug-
gested by Belli et al.6,7 Some authors reported that the 
form and direction of fibers, their composition, fiber:resin
volume ratio and the bond strength between fibers and 
resin had an influence on the reinforcing effect.8,44 More-
over, there is evidence that the mechanical properties of 
the composite depend on the type, extension, and length of 
the fibers.56 Belli et al7 showed that the use of polyethylene
ribbon fibers under composite restorations increased the
fracture resistance thanks to their ability to connect the re-
sidual walls and modify stress transmission and distribution 
along the restoration-dentin interface. However, that study 
was conducted on molars which were not subjected to cyclic
loading before fracture. A similar effect was found by Kar-
zoun et al.34 They placed a horizontal fiber post into the
post-endodontic composite restoration, joining palatal and
buccal walls of a MOD cavity. This technique showed an
slight, nonsignificant increase in fracture resistance, even if 
the horizontal post did not prevent catastrophic fractures.

Both in terms of marginal gap formation and fracture re-
sistance, the best result was obtained with composite over-rr
lays. This can be explained by the strengthening effect of 
buccal and oral cusp connection provided by this therapeu-
tic option. Other authors demonstrated the efficacy of the 
luted indirect techniques, based on shrinkage limited to the 
very thin layer of luting material.5 Previous studies have

shown that cuspal coverage with adhesive restorations is a
valid option to increase the tooth fracture resistance of end-
odontically treated teeth.8 However, Rocca et al, 53 who
placed bi-directional E-glass fibers over the pulpal chamber 
area of devitalized molars restored with CAD-CAM resin 
composite overlays, found that such restorations did not 
benefit from the simultaneous use of glass fibers. More-
over, Fennis et al21 obtained similar results: the incorpora-
tion of fiber-reinforced composite did not increase the load-
bearing capacity of premolars with cusp-covering
restorations. This could be related to the fact that the over-rr
lay thickness puts distance between the glass fiber and the 
loading impact area. In fact, Oskoee et al47 suggested that 
the fracture resistance increased when fibers were placed 
close to the point where force was exerted, as this leds to 
a shorter working arm and a lower input force, according to
the lever principle of Archimedes. Additionally, placing fi-
bers on the occlusal surfaces keeps buccal and lingual 
cusps together, resulting in higher fracture resistance. 
Thus, placing glass fibers in the cervical to middle thirds 
did not significantly increase the fracture resistance. 

CONCLUSIONS

MOD cavity preparations significantly reduced the fracture 
resistance of endodontically treated premolars, but none of 
the restorations tested were able to restore the original 
fracture resistance. The insertion of glass fibers into direct 
composite restorations could not ensure a significant in-
crease in fracture resistance or a significant deviation of 
the fracture pattern; however, it was able to significantly 
reduce the interfacial gap opening after cycling fatigue. Fur-r
ther studies are necessary to confirm these results. 

REFERENCES

1. Acquaviva PA, Madini L, Krokidis A, Gagliani M, Mangani F, Cerutti A. Ad-
hesive restoration of endodontically treated premolars: influence of posts
on cuspal deflection. J Adhes Dent 2011;13:279–286.

2. Akkayan B, Gülmez T. Resistance to fracture of endodontically treated
teeth restored with different post systems. J Prosthet Dent 2002;87: 
431–437. 

3. Assif D, Gorfil C. Biomechanical considerations in restoring endodonti-
cally treated teeth. J Prosthet Dent 1994;71:565–567.

4. Barreto BCF, Van Ende A, Lise DP, Noritomi PY, Jaecques S, Sloten J 
Vander, De Munck J, Van Meerbeek B. Short fibre-reinforced composite
for extensive direct restorations: a laboratory and computational assess-
ment. Clin Oral Investig 2016;20:959–966.

5. Batalha-Silva S, De Andrada MAC, Maia HP, Magne P. Fatigue resistance
and crack propensity of large MOD composite resin restorations: Direct
versus CAD/CAM inlays. Dent Mater 2013;29:324–331.

6. Belli S, Erdemir A, Ozcopur M, Eskitascioglu G. The effect of fibre inser-rr
tion on fracture resistance of root filled molar teeth with MOD prepara-
tions restored with composite. Int Endod J 2005;38:73–80.

7. Belli S, Erdemir A, Yildirim C. Reinforcement effect of polyethylene fibre
in root-filled teeth: Comparison of two restoration techniques. Int Endod J 
2006;39:136–142.

8. Belli S, Erdemir A, Yildirim C. Reinforcement effect of polyethylene fibre
in root-filled teeth: Comparison of two restoration techniques. Int Endod J 
2006;39:136–142.

9. Bijelic-Donova J, Garoushi S, Vallittu PK, Lassila LVJ. Mechanical proper-rr
ties, fracture resistance, and fatigue limits of short fiber reinforced den-
tal composite resin. J Prosthet Dent 2016;115:95–102.



Vol 22, No 2, 2020 223

Scotti et al

10. Braga RR, Ferracane JL. Alternatives in polymerization contraction stress
management. Crit Rev Oral Biol Med. 2004;15:176–184.

11. Bromberg CR, Alves CB, Stona D, Spohr AM, Rodrigues-Junior SA, Melara
R, Burnett LH. Fracture resistance of endodontically treated molars re-
stored with horizontal fiberglass posts or indirect techniques. J Am Dent
Assoc 2016;147:952–958.

12. Carrera CA, Lan C, Escobar-Sanabria D, Li Y, Rudney J, Aparicio C, Fok A.
The use of micro-CT with image segmentation to quantify leakage in den-
tal restorations. Dent Mater 2015;31:382–390.

13. Cerutti A, Flocchini P, Madini L, Mangani F, Putignano A, Docchio F. Ef-ff
fects of bonded composites vs. amalgam on resistance to cuspal deflec-
tion for endodontically-treated premolar teeth. Am J Dent 2004;17:
295–300.

14. Cho E, Sadr A, Inai N, Tagami J. Evaluation of resin composite polymer-r
ization by three dimensional micro-CT imaging and nanoindentation. Dent
Mater 2011;27:1070–1078.

15. Cobankara FK, Unlu N, Cetin AR, Ozkan HB. The effect of different restora-
tion techniques on the fracture resistance of endodontically-treated mo-
lars. Oper Dent 2008;33:526–533.

16. Dalpino PHP, Francischone CE, Ishikiriama A, Franco EB. Fracture resis-
tance of teeth directly and indirectly restored with composite resin and in-
directly restored with ceramic materials. Am J Dent 2002;15:389–394.

17. Davidson CL, de Gee AJ, Feilzer A. The competition between the compos-
ite-dentin bond strength and the polymerization contraction stress. J Dent 
Res 1984;63:1396–1399.

18. Drummond JL, Lin L, Miescke KJ. Evaluation of fracture toughness of a 
fiber containing dental composite after flexural fatigue. Dent Mater 
2004;20:591–599.

19. Eakle WS, Maxwell EH, Braly B V. Fractures of posterior teeth in adults. J
Am Dent Assoc 1986;112:215–218.

20. Van Ende A, Van De Casteele E, Depypere M, De Munck J, Li X, Maes F,
Wevers M, Van Meerbeek B. 3D volumetric displacement and strain anal-
ysis of composite polymerization. Dent Mater 2015;31:453–461.

21. Fennis WMM, Tezvergil A, Kuijs RH, Lassila LVJ, Kreulen CM, Creugers
NHJ, Vallittu PK. In vitro fracture resistance of fiber reinforced cusp-re-
placing composite restorations. Dent Mater 2005;21:565–572.

22. Forster A, Braunitzer G, Tóth M, P. Szabó B, Fráter M. In vitro fracture re-
sistance of adhesively restored molar teeth with different MOD cavity di-
mensions. J Prosthodont 2018;28:1–7.

23. Francisconi LF, Craefff MSZ, De Moura Martins L, Franco EB, Mondelli
RFL, Francisconi PAS, Pereira JC. The effects of occlusal loading on the
margins of cervical restorations. J Am Dent Assoc 2009;140:1275–1282. 

24. Fráter M, Forster A, Keresztúri M, Braunitzer G, Nagy K. In vitro fracture
resistance of molar teeth restored with a short fibre-reinforced composite 
material. J Dent 2014;42:1143–1150.

25. Gale MS, Darvell BW. Thermal cycling procedures for laboratory testing of 
dental restorations. J Dent 1999;27:89–99.

26. Garoushi S, Säilynoja E, Vallittu PK, Lassila L. Physical properties and
depth of cure of a new short fiber reinforced composite. Dent Mater 
2013;29:835–841.

27. Goracci C, Cadenaro M, Fontanive L, Giangrosso G, Juloski J, Vichi A, Fer-rr
rari M. Polymerization efficiency and flexural strength of low-stress restor-rr
ative composites. Dent Mater 2014;30:688–694.

28. Gordan VV, Shen C, Riley J, Mjör IA. Two-year clinical evaluation of repair 
versus replacement of composite restorations. J Esthet Restor Dent 
2006;18:144–153.

29. Hannig M, Friedrichs C. Comparative in vivo and in vitro investigation of 
interfacial bond variability. Oper Dent. 2001;26:3–11.

30. Hansen EK, Asmussen E. In vivo fractures of endodontically treated pos-
terior teeth restored with enamel-bonded resin. Dent Traumatol 1990;6: 
218–225.

31. Hirata R, Clozza E, Giannini M, Farrokhmanesh E, Janal M, Tovar N, Bon-
fante EA, Coelho PG. Shrinkage assessment of low shrinkage compos-
ites using micro-computed tomography. J Biomed Mat Res B Appl 
Biomater 2015;103:798–806.

32. Huang Q, Qin W, Garoushi S, He J, Lin Z, Liu F, Vallittu PK, Lassila LVJ.
Physicochemical properties of discontinuous S2-glass fiber reinforced
resin composite. Dent Mater J 2018;37:95–103.

33. Hürmüzlü F, Serper A, Siso ŞH, Er K. In vitro fracture resistance of root-
filled teeth using new-generation dentine bonding adhesives. Int Endod J 
2003;36:770–773.

34. Karzoun W, Abdulkarim A, Samran A, Kern M. Fracture strength of end-
odontically treated maxillary premolars supported by a horizontal glass
fiber post: An in vitro study. J Endod 2015;41:907–912.

35. Kemaloglu H, Emin Kaval M, Turkun M, Micoogullari Kurt S. Effect of 
novel restoration techniques on the fracture resistance of teeth treated
endodontically: An in vitro study. Dent Mater J 2015;34:618–622.

36. Lin CL, Chang YH, Pa CA. Estimation of the risk of failure for an endodon-
tically treated maxillary premolar with MODP preparation and CAD/CAM
ceramic restorations. J Endod 2009;35:1391–1395.

37. Manocci F, Qualtrough AJE, Worthington H V, Watson TF, Pitt Ford TR.
Randomized clinical comparison of endodontically treated teeth restored
with amalgam or with fiber posts and resin composite: five-year results.
Oper Dent 2005;30:9–15.

38. Mondelli J, Steagall L, Ishikiriama A, de Lima Navarro MF, Soares FB.
Fracture strength of human teeth with cavity preparations. J Prosthet
Dent 1980;43:419–422.

39. De Munck J, Van Landuyt K, Peumans M, Poitevin A, Lambrechts P, 
Braem M, Van Meerbeek B. A critical review of the durability of adhesion 
to tooth tissue: methods and results. J Dent Res 2005;84:118–132.

40. Nagasiri R, Chitmongkolsuk S. Long-term survival of endodontically 
treated molars without crown coverage: A retrospective cohort study. J
Prosthet Dent 2005;93:164–170.

41. Nahedh H Al, Sibai N. Evaluation of interfacial gap volume of two low-
shrinkage composites using micro-computed tomography. Oper Dent 
2017;42:658–668.

42. Nedeljkovic I, Teughels W, De Munck J, Van Meerbeek B, Van Landuyt
KL. Is secondary caries with composites a material-based problem? Dent 
Mater 2015;31:e247–e277.

43. Newman MP, Yaman P, Dennison J, Rafter M, Billy E. Fracture resistance
of endodontically treated teeth restored with composite posts. J Prosthet 
Dent 2003;89:360–367.

44. Nicola S, Alberto F, Riccardo MT, Allegra C, Massimo SC, Damiano P,
Mario A, Elio B. Effects of fiber-glass-reinforced composite restorations
on fracture resistance and failure mode of endodontically treated molars. 
J Dent 2016;53:82–87.

45. Opdam NJM, Loomans BAC, Roeters FJM, Bronkhorst EM. Five-year clini-
cal performance of posterior resin composite restorations placed by den-
tal students. J Dent 2004;32:379–383.

46. Opdam NJM, van de Sande FH, Bronkhorst E, Cenci MS, Bottenberg P, Pal-
lesen U, Gaengler P, Lindberg A, Huysmans MCDNJM, van Dijken JW. Lon-
gevity of posterior composite restorations. J Dent Res 2014;93:943–949. 

47. Oskoee PA, Ajami AA, Navimipour EJ, Oskoee SS, Sadjadi J. The effect of 
three composite fiber insertion techniques on fracture resistance of root-
filled teeth. J Endod 2009;35:413–416.

48. Pilo R, Cardash HS, Levin E, Assif D. Effect of core stiffness on the in
vitro fracture of crowned, endodontically treated teeth. J Prosthet Dent
2002;88:302–306.

49. Qvist V. The effect of mastication on marginal adaptation of composite
restorations in vivo. J Dent Res 1983;62:904–906.

50. Reeh ES, Messer HH, Douglas WH. Reduction in tooth stiffness as a result
of endodontic and restorative procedures. J Endod 1989;15:512–516.

51. Robbins JW. Guidelines for the restoration of endodontically treated 
teeth. J Am Dent Assoc 1990;120:558–566.

52. Rocca GT, Daher R, Saratti CM, Sedlacek R, Suchy T, Feilzer AJ, Krejci I.
Restoration of severely damaged endodontically treated premolars: The in-
fluence of the endo-core length on marginal integrity and fatigue resis-
tance of lithium disilicate CAD-CAM ceramic endocrowns. J Dent 2018;68:
41–50.

53. Rocca GT, Saratti CM, Cattani-Lorente M, Feilzer AJ, Scherrer S, Krejci I.
The effect of a fiber reinforced cavity configuration on load bearing capac-
ity and failure mode of endodontically treated molars restored with CAD/
CAM resin composite overlay restorations. J Dent 2015;43:1106–1115.

54. Rodrigues FB, Paranhos MPG, Spohr AM, Oshima HMS, Carlini B, Burnett
LH. Fracture resistance of root filled molar teeth restored with glass fibre
bundles. Int Endod J 2010;43:356–362.

55. Rosentritt M, Behr M, Scharnagl P, Handel G, Kolbeck C. Influence of re-
silient support of abutment teeth on fracture resistance of all-ceramic
fixed partial dentures: an in vitro study. Int J Prosthodont 24:465–468.

56. Samadzadeh A, Kugel G, Hurley E, Aboushala A. Fracture strengths of 
provisional restorations reinforced with plasma-treated woven polyethyl-
ene fiber. J Prosthet Dent 1997;78:447–450.

57. Scotti N, Scansetti M, Rota R, Pera F, Pasqualini D, Berutti E. The effect
of the post length and cusp coverage on the cycling and static load of 
endodontically treated maxillary premolars. Clin Oral Investig 2011;15:
923–929.

58. Smith CT, Schuman N. Restoration of endodontically treated teeth: a 
guide for the restorative dentist. Quint Int 1997;28:457–462.

59. Sorensen JA, Martinoff JT. Endodontically treated teeth as abutments. J
Prosthet Dent 1985;53:631–636.



224 The Journal of Adhesive Dentistry

Scotti et al

60. Sorensen JA, Martinoff JT. Intracoronal reinforcement and coronal cover-rr
age: A study of endodontically treated teeth. J Prosthet Dent 1984;51:
780–784.

61. Steele A, Johnson BR. In vitro fracture strength of endodontically treated
premolars. J Endod 1999;25:6–8.

62. Suresh S. Fatigue of materials. Cambridge: Cambridge University Press,
1998.

63. Taha N, Palamara J, Messer H. Fracture strength and fracture patterns of 
root-filled teeth restored with direct resin composite restorations under 
static and fatigue loading. Oper Dent 2014;39:181–188.

64. Taha NA, Palamara JEA, Messer HH. Cuspal deflection, strain and micro-
leakage of endodontically treated premolar teeth restored with direct 
resin composites. J Dent 2009;37:724–730.

65. Tamse A, Fuss Z, Lustig J, Ganor Y, Kaffe I. Radiographic features of ver-rr
tically fractured, endodontically treated maxillary premolars. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 1999;88:348–352.

66. Tamse A, Fuss Z, Lustig J, Kaplavi J. An evaluation of endodontically 
treated vertically fractured teeth. J Endod 1999;25:506–508.

67. Tamse A, Zilburg I, Halpern J. Vertical root fractures in adjacent maxillary 
premolars: An endodontic-prosthetic perplexity. Int Endod J 1998;31:
127–132.

68. Tang W, Wu Y, Smales RJ. Identifying and reducing risks for potential
fractures in endodontically treated teeth. J Endod 2010;36:609–617.

69. Vallittu PK. High-aspect ratio fillers: Fiber-reinforced composites and their 
anisotropic properties. Dent Mater 2015;31:1–7.

70. Watts DC, Marouf AS, Al-Hindi AM. Photo-polymerization shrinkage-stress
kinetics in resin-composites: Methods development. Dent Mater 2003; 
19:1–11.

71. Zeiger DN, Sun J, Schumacher GE, Lin-Gibson S. Evaluation of dental 
composite shrinkage and leakage in extracted teeth using X-ray micro-
computed tomography. Dent Mater 2009;25:1213–1220.

72. Zhao X, Li S, Gu L, Li Y. Detection of marginal leakage of class v restorations
in vitro by micro-computed tomography. Oper Dent 2014;39:174–180.

73. Zhu Z, Dong X-Y, He S, Pan X, Tang L. Effect of post placement on the
restoration of endodontically treated teeth: a systematic review. Int J 
Prosthodont 2015;28:475–483.

Clinical relevance: The evaluation of less invasive 
techniques in the rehabilitation of teeth weakened by 
endodontic treatment is crucial. The inclusion of fibers 
in composite resins seems to reduce the formation 
of interfacial gaps, while it does not have significant 
effects on fracture toughness and fracture pattern.
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