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Objective: This study aimed to compare fracture resistance of endodontically treated teeth restored with different 
bulk-fill materials as core materials and with different depths into the root canals. 
Materials and Methods: Endodontically treated teeth with mesio-occluso-distal (MOD) cavities were prepared 
from extracted premolar teeth and divided into 3 experimental groups and 1 positive control group without  
any restorations. The teeth in experimental groups were divided into 2 subgroups according to the depth  
of gutta percha removal (1: the level of cemento-enamel junction (CEJ), and 2: the level of 3 mm-below CEJ). 
The teeth were then restored with an ClearfilTM SE bond in combination with one of the following materials;  
light-curing bulk-fill materials: Ever-X posterior or SDR flow, or a self-curing core material: Multicore flow, and 
finally restored the top layer by Filtek Z350XT. The intact teeth were used as a negative control. All specimens 
were subjected to fracture resistance testing. 
Results: The highest fracture resistance was observed in the negative control group (1438.83 ± 224.11N).  
No statistically significant differences were found between the group restored with bulk-fill materials (p>0.05) 
except between the group restored with the Multicore flow at CEJ and the group restored with Multicore flow 
below the level of 3 mm-below CEJ (p=0.028). The lowest fracture resistance value was found in the positive 
control group (298.16 ± 62.67N). 
Conclusion: The restorations of endodontically treated teeth with light-curing bulk-fill materials could improve 
fracture resistance which was less than the fracture resistance of intact teeth. 
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Introduction

	 Endodontically treated teeth become more 
prone to fracture than sound teeth as a result of 
loss of tooth structure from dental caries, dental 
fractures before endodontic treatment [1], 
endodont ic procedures,  and restorat ive 
procedures [2]. Consequently, an appropriate 
restorative technique is required to increase the 

survival rate for endodontically treated teeth [3]. 
Restoring endodontically treated teeth should 
preserve the tooth structure, exhibit good retention, 
and protect the remaining tooth structure. Good 
restoration may decrease the incidence of tooth 
fracture and the overloading occlusal forces [4]. 
Moreover, the restorations following the root canal 
treatment should improve the patient’s aesthetics, 
gain the masticatory function, and prevent the 
reinfection of oral bacteria [5]. 
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 	 The conventional restoration concept of 
endodontically treated teeth consists of a core 
building up and full-coverage restoration.  
In case of a tooth with one or no wall remaining, 
post-placement with core building up and  
full coverage restoration is necessary and 
recommended [6]. From a previous study,  
root canal-treated teeth with and without  
post-placement showed no significant difference 
in fracture resistance value. Therefore, this  
study demonstrated a negative result for  
the limitation of post-placement for strengthening 
the tooth [7]. Furthermore, the posts fixed in  
the root canals could dislodge [8], and more  
than 83% of endodontically treated teeth  
restored with either cast metallic posts or cores 
were fractured, extending over the middle of  
the root [9].
	 Currently, a new concept of restoration 
mimicking the natural teeth is named biomimetic 
restoration, which uses dental materials and 
technologies to mimic both tooth structures and 
functions. These current materials may provide 
stress absorption and distribution similar to the 
natural tooth and produce mechanical properties 
like human enamel and dentin [10,11]. Thus, 
biomimetic restoration for endodontically treated 
teeth is recommended to avoid post-placement 
and full crown preparation. Using the appropriate 
dental adhesives and reinforced fiber materials to 
distribute occlusal loads is preferable for this 
concept [12].
	 Nowadays, a new fiber-reinforced resin 
composite, EverX posterior, has been introduced 
as a material for dentin replacement. Its modulus 
of elasticity is comparable to dentin [13] which can 
increase fracture resistance for endodontically 
treated teeth [14,15]. This material consists of 
short fibers which distribute stress from the 
polymer matrix to fibers [15]. Numerous studies 
demonstrated either comparable or superior 
mechanical properties of this material, including 

compressive strength, flexural strength, and 
fracture toughness, compared to other bulk-fill 
composite resins. In addition, this material has 
been suggested to be used for restoration in  
a high stress-bearing area [13,16].
	 This study aimed to compare fracture 
resistance of endodontically treated upper 
premolar teeth restored with different core 
materials and depths of core materials into  
the root canals. Besides, fracture patterns were 
observed.
	 The null hypothesis of this study was that  
the teeth restored with different bulk-fill materials 
used as core materials and different depths  
into the root canal provided no statistically 
significant difference in fracture resistance.

Materials and Methods	

	 The study protocol was approved by  
the Faculty of Dentistry/Faculty of Pharmacy, 
Mahidol University Institutional Review Board. 
Ninety-six extracted upper premolars stored  
in 0.1% Thymol solution (M Dent, Bangkok, 
Thailand, at 4 °C for up to six months after 
extraction were used in this study. The conditions 
of selected teeth were no carious lesion, no  
crack line, no craze line, no cervical lesion,  
and no restorative material. All teeth were alike  
on root and crown dimensions determined by  
a digital caliper that was not different over 10%.
	 The extracted upper premolar teeth were 
randomly divided into 8 groups of twelve teeth. 
The first twelve intact teeth were used as a negative 
control group. The remaining 84 teeth were 
subjected to endodontic treatment with rotary 
instruments. Endodontic access cavities were 
prepared using round diamond burs (016, Intensiv 
SA, Grancia, Switzerland). The cavity size  
was determined by 2/3 of the bucco-lingual 
intercuspal distance and 1/3 of the mesial to distal 
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marginal ridge distance. The bur was changed 
after 10 teeth preparation. For root canals 
preparation, the root canals were negotiated by  
a size 10 K file (Dentsply Maillefer, Ballaigues, 
Switzerland) until the apical foramen. The working 
length was determined by subtracting 1 mm  
from the apical foramen. The root canals were 
prepared by the rotary files, Protaper NEXT 
(Dentsply Maillefer, Ballaigues, Switzerland), 
following the company instructions for both the 
rotary file size and the rotary motor. The rotary 
motor (VDW Silver Reciroc®, VDW GmbH,  
Munich, Germany) was set for torque 3 N/cm2  
and speed of 250 rpm. The root canal preparation 
method was the crown down technique until  
the final rotary file no. X3 (master apical file)  
was used. The root canal irrigation was performed  
with 2.5% Sodium hypochlorite (M Dent, Bangkok, 
Thailand) 2 ml between each file usage. Before  
the root canal obturation, the root canals were 
flushed with 17% EDTA (M Dent, Bangkok, 
Thailand) 2 ml for 1 minute and then 2.5%  
sodium hypochlorite 10 ml for 1 minute. Each root 
canal was dried using paper points. The root 
canals were obturated by Protaper X3 gutta 
percha (Dentsp ly  Mai l le fer ,  Ba l la igues, 
Switzerland) and sealed with an epoxy resin root 
canal sealer (AH Plus root canal sealer, Dentsply 
DeTrey, Konstanz, Germany). The lateral 
condensation technique was used for this gutta 
percha obturation at the level of CEJ. Then,  
the pulp chamber was cleaned with 70% alcohol 
(GPO Alcohol, the Government Pharmaceutical 
Organization, Bangkok, Thailand). Access  
cavities were filled with temporary filling material 
(CavitTM, 3M ESPE, St. Pual, MN, USA) and kept  
in 100% relative humidity for 24 hours at 37 oC.
	 MOD cavities were prepared on treated 
teeth by using a diamond taper bur (012, Intensiv 
SA, Grancia, Switzerland) with the dimension  
of 2/3 of the bucco-lingual intercuspal width  
and the proximal gingival floor located at the CEJ 

level. The new bur was changed every 10 teeth. 
Twelve prepared teeth without restoration were 
used for a positive control group.
	 The other 6 groups were used as experimental 
groups. Gutta percha was removed to the level of 
CEJ (CEJ groups) for 3 groups with an endodontic 
heat source (System B, Sybron Dental Specialties, 
WA, USA). For the remaining 3 groups, gutta 
percha was removed to 3 mm below CEJ  
(3 mm CEJ groups). The tofflemire matrix  
system (Hu-friedy, Chicago, IL, USA) was used to 
restore the prepared teeth in experimental  
groups. The cavity was then treated with a 2 step 
self-etching, light-cured adhesive system (ClearfilTM 

SE bond, Kuraray Medical Inc., Kyoto, Japan) 
following the manufacturer's instructions. The 
adhesive was cured with visible blue light for  
10 seconds with a light intensity of 1,100 mW/mm2 
(Bluephase®, Ivoclar  V ivadent ,  Schaan, 
Leichtenstein) as measured by a curing radiometer 
(Bluephase meter, Ivoclar Vivadent, Schaan, 
Leichtenstein). Twelve teeth in the CEJ group  
and twelve teeth in the 3 mm CEJ group were 
restored with Ever-X posterior (GC EUROPE N.V., 
Leuven, Belgium), SDR flow (Caulk Dentsply, 
York, PA, USA), or Multicore Flow (Ivoclar Vivadent, 
Schaan, Leichtenstein). The compositions used 
materials are demonstrated in Table 1. The teeth 
were restored using an incremental technique,  
4 mm thickness, with 20 seconds of light-curing  
for bulk-fill materials, and then restoring the top 
layer 2 mm thickness by Filtek Z350XT shade A2 
(3M ESPE, St. Paul, USA) with 20 second light 
curing. For Multicore flow, a bulk technique with  
20 seconds of light-curing was used, then  
restoring the top layer 2 mm thickness by Filtek 
Z350XT shade A2. The restored specimens  
were then polished with a polishing system 
(Enhance, Dentsply, Milford, DE, USA). All 
specimens were stored in a 100% humidity 
container for 24 hours at 37 oC before fracture 
resistance testing.
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	 Before the fracture resistance testing, the 
root surfaces were marked 2 mm below the CEJ 
and covered by the 0.3 mm thick modeling wax 
(Covex Set Up Regular Modelling Wax, Covex 
Holland BV, Haarlem, Netherlands). Then, the 
tooth was embedded in a polyvinyl chloride (PVC) 
plastic cylindrical mold 25 mm in width and  
22 mm in height by the self-cured acrylic resin 
(Ortho-JetTM, Lang Dental Manufacturing Co. Inc., 
IL, USA). Then, the modelling wax was removed 
from the root surfaces. The polyether impression 
materials (ImpregumTM Soft, 3M ESPE, St Paul, 
USA) was injected into the acrylic resin blocks  
in the site that was previously occupied by the 
tooth root and wax, then the tooth was reinserted 
into the resin blocks. For this attempt, the 
periodontal ligament was simulated (Figure 1).
	 All embedded specimens were subjected  
to fracture resistance testing by the universal 
testing machine (Instron 5566, London, England). 
The 6 mm stainless steel sphere was set to contact 
at the inclined plane of the buccal cusp and 
lingual cusp (Figure 2). The compressive force 
was applied onto the tooth that was parallel to the 
long axis of the tooth and subjected to 1 mm/min 

crosshead speed until the fracture occurred. 
Fracture resistance values were recorded in 
newton (N).

Table 1	 Composition of materials 

Materials Type Compositions

MultiCore Flow 
(Ivoclar Vivadent,
Schaan, 
Liechtenstein)

Self-curing core 
build-up composite 
with light-curing
option

-	 Bis-GMA, urethane dimetha-crylate,
	 Triethyleneglycoldimethacrylate
-	 Barium glass fillers, Ba-Al-fluorosilicate glass, highly dispersed  
	 silicon dioxide (Base: 54.9 wt% Catalyst: 54.4 wt%)
-	 Ytterbium trifluoride (Base: 16.4 wt% Catalyst: 16.2 wt%)
-	 Catalysts, stabilizers, pigments

Ever-X Posterior 
(GC EUROPE 
N.V., Leuven, 
Belgium)

Light-curing bulk-fill 
fibre reinforced 
composite resin

-	 Bis-GMA, TEGDMA, PMMA 
	 (Semi-Interpenetrating Polymer Network Matrix) 
-	 Short E-Glass Fibre Fillers, Barium Glass, 
	 Inorganic Particulate Fillers (74.2 wt%)

Surefil SDR flow 
(Caulk Dentsply, 
York, PA, USA)

Light-curing bulk-fill 
composite resin

-	 Modified UDMA, EBPADMA, TEGDMA
-	 Barium-aluminofluoroborosilicate glass, 
	 strontium-aluminofluoroborosilicateglass (68 wt%)

Figure 1	 The embedded specimens

Figure 2	 Fracture resistance testing (the arrow 
demonstrates the direction of loading)
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	 Thereafter, fracture patterns were further 
observed under a stereomicroscope (Nikon 
SMZ1000, Nikon; Kanagawa, Japan) at 20x 
magnification. The types of fracture patterns were 
divided into 2 groups as following; restorable 
fracture (R): fracture occurring near gingival 
margin and below CEJ less than 1 mm and non-
restorable fracture (NR): fracture occurring near 
gingival margin and below CEJ more than 1 mm.

Result 

	 The mean fracture resistance and standard 
deviation for each group were demonstrated  
in Table 2. The highest fracture resistance  
value occurred in a negative control group 
(1438.83 ± 224.11 N). The mean fracture resistance 
in Multicore flow CEJ group was 560.74 ± 162.81 
N. SDR CEJ group was 495.90 ± 109.61 N. SDR 
3mm CEJ group was 475.46 ± 88.48 N. Ever-X 
3mm CEJ group was 455.13 ± 128.72 N. Ever-X 
CEJ group was 427.02 ± 58.22 N and Multicore 
flow 3mm CEJ group was 356.37 ± 69.48 N 
subsequently. The lowest fracture resistance 
value occurred in a positive control group  
(298.16 ± 62.67N).
	 Data was tested for normality by using 
Kolmogorov-Smirnov test at α = 0.05. All groups 
showed normal data distribution (p>0.05) except 

the group that restored with SDR flow below  
the level of CEJ 3 mm. and the group that  
restored with the Multicore flow at the level  
of CEJ. The Levene’s test was used to test the 
homogeneity of variance. The data revealed no 
statistically significant difference. The fracture 
resistance was accepted by parametric statistics. 
The one-way ANOVA and Dunnett T3 multiple 
comparisons were used for analysis. The means 
fracture resistance value and the standard 
deviations for each group are reported in Table 1. 
The negative control group (intact premolar  
tooth) showed the highest statistically significant 
fracture resistance among other groups (p<0.05). 
No statistically significant difference was found  
in each group that was restored with bulk-fill  
resin composite (p>0.05) except between the 
group restored with the Multicore flow at CEJ  
and the group restored with the Multicore flow  
at below the level of 3 mm CEJ (p=0.028).  
The positive control group showed the lowest 
statistically significant fracture resistance  
among other groups (p<0.05) except for the  
group that restored with the multicore flow below 
the level of 3 mm CEJ (p=0.602). The fracture 
resistance of the group restoring with the Multicore 
flow at the level of CEJ (560.74 ± 162.81 N)  
was significantly higher than the group restoring 
with the Multicore flow at the level of 3 mm CEJ 
(356.37 ± 69.48 N).

Table 2	 Means ± standard deviations of fracture resistance recorded in newton (N)

Group description CEJ 3 mm CEJ

Ever-X posterior 427.02 ± 58.22B,C 455.13 ± 128.72B,C

SDR flow 495.90 ± 109.61B,C 475.46 ± 88.48B,C

Multicore flow 560.74 ± 162.81B 356.37 ± 69.48C,D

Negative control 1438.83 ± 224.11A

Positive control 298.16 ± 62.67D

The data with the same superscripts demonstrate no statistically significant differences. (CEJ: cemento-enamel junction, 3 mm CEJ: 3 mm 
below the CEJ)
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	 The representative specimens of restorable 
fracture mode and non-restorable fracture  
mode are demonstrated in Figures 4 and 5.  
The restorable fracture specimen showed  
the fracture occurring near the gingival margin 
above CEJ, whereas the non-restorable fracture 
specimen showed the fracture occurr ing  
below CEJ more than 1 mm. The percentages  
of fracture modes for each group are shown in 
Figure 6. All teeth in a negative control group  
and Ever-X 3 mm CEJ group demonstrated  

a restorable pattern. Restorable fracture mode 
was found in 40% of the SDR CEJ group,  
41.66% in the SDR 3 mm CEJ group, 25% in the 
Multicore flow CEJ group, and 41.66% in the 
Multicore flow 3 mm CEJ group, respectively.  
All the teeth in a positive control group showed  
a non-restorable pattern. The fracture modes  
were statistically analyzed using the Wilcoxon  
and Mann-Whitney U tests. The significant  
values between groups are demonstrated in  
Table 3.

Figure 6	 Percentages of failure modes distribution

Figure 4	 Restorable fracture mode Figure 5	 Non-restorable fracture mode
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	 Table 3 revealed that failure mode was not  
a statistically significant difference between  
the negative control group and Ever-X posterior 
group (p=0.317), which demonstrated a similar 
restorable pattern. No significant differences in 
failure patterns among groups were found when 
the teeth were restored with SDR and Multicore 
flow for both restoration at CEJ and 3 mm CEJ.  
A statistically significant difference in the failure 
mode pattern between the positive control group 
and other groups was found, which showed a  
non-restorable pattern.

Discussion

	 The results of the present study demonstrated 
significant differences between light cure bulk-fill 
materials and different depths in root canals; 
therefore, the null hypotheses should be rejected.
	 The worst-case scenario of endodontically 
treated teeth with MOD cavity preparation has 
been reported in clinical simulation. From previous 

studies, root canal treated teeth with extensive 
MOD preparation showed increased cuspal 
deflection and decreased tooth stiffness by 69% 
[2,17]. In addition, the MOD cavity with the 
dimension of half of the intercuspal distance  
could further reduce the strength of the remaining 
tooth structure [18]. According to the results of  
this study, the fracture resistance of intact  
teeth was 1438.83 ± 224.11 N and the fracture 
resistance of endodontically treated teeth  
with MOD preparation was 298.16 ± 62.67 N.  
From the calculation, the endodontic treatment 
and MOD preparation might cause reduction of 
fracture resistance 79.28%. This was supported 
by previous studies [17,18]. 
	 The resin composite core materials are  
often used for restoring endodontically treated 
teeth because these materials have a modulus  
of elasticity similar to dentin, result ing in  
decreased stress concentration within the  
root canal [19-21]. According to the biomimetic 
concept for restoration of endodontical ly  
treated teeth, avoiding post-placement and  

Table 3	 The p-values of statistical analysis of failure modes between two groups.

Negative
SDR 
CEJ

SDR 
3mm CEJ

Multicore 
Flow CEJ

Multicore Flow
3mm CEJ

Ever-X 
CEJ

Ever-X 
3mm CEJ

Positive

Negative - 0.001* 0.002* 0.000* 0.002* 0.317 1.000 0.000*

SDR CEJ 0.001* - 0.680 0.660 0.680 0.004* 0.001* 0.032*

SDR 
3mm CEJ

0.002* 0.680 - 0.397 1.000 0.011* 0.002* 0.014*

Multicore 
Flow CEJ

0.000* 0.660 0.397 - 0.397 0.001* 0.000* 0.070

Multicore Flow 
3mm CEJ

0.002* 0.680 1.000 0.397 - 0.011* 0.002* 0.014*

Ever-X CEJ 0.317 0.004* 0.011* 0.001* 0.011* - 0.317 0.000*

Ever-X 
3mm CEJ

1.000 0.001* 0.002* 0.000* 0.002* 0.317 - 0.000*

Positive 0.000* 0.032* 0.014* 0.070 0.014* 0.000* 0.000* -
The data with * demonstrate a statistically significant difference. (CEJ: cemento-enamel junction, 3 mm CEJ: 3 mm below the CEJ)
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ful l  crown preparation are recommended. 
Furthermore, using the appropriate dental 
adhesives and reinforced fiber materials to 
distribute occlusal loads is preferable for this 
concept [12].
	 Currently, bulk-fill resin composites are  
a new class of dental resin composite materials, 
which were introduced to ease the placement  
of direct composite restorations with a greater 
depth of cure. These composite materials  
are clinically recommended for a 4-mm bulk 
increment with appropriate polymerization [22].  
In addition, these materials were designed  
to decrease the shrinkage stress and allow  
bulk placement of resin composite; this procedure 
is called the stress-decreasing technology  
[23,24].
	 From current results, the restoration of 
endodontically treated teeth with either core 
material (Multicore flow) or bulk-fill composite 
materials could improve the fracture resistance  
of endodontically treated teeth. Therefore, the 
restorations could not achieve fracture resistance 
of intact teeth.
	 Dual-curing composite resins are recommended 
for core build-ups. The benefit of dual-curing resin 
materials may be the ability to do the core build-up 
in a single-step technique without the need for 
layering while minimizing the risk of light attenuation 
that would disrupt the setting of the deepest 
portions of the resin material [25]. The fracture 
resistance of the teeth restored to the level of  
CEJ with the Multicore flow of this study was 
560.74 ± 162.81 N which was higher than a 
previous study (277.95±13.76 N) [26]. Because  
of the use of lower premolar in the previous study, 
the differences in teeth and testing methods might 
affect the difference in results from this study.
	 Therefore, no significant differences in 
fracture resistance among groups restored with 
light-curing bulk-fill composites and dual-curing 
composite resin for different depths of restoration 

were found. The different compositions and  
curing protocols might not affect the fracture 
resistance at each depth of restoration in this 
study. The poor polymerization from the inability  
of the light from the light-curing unit to penetrate 
the deep part of light-curing materials [27]  
might not be observed because of the use of  
bulk-fill materials. In addition, this study revealed 
no statistically significant differences in fracture 
resistance among groups that were restored  
with bulk-fill resin composite for any depth of 
restoration. This result corresponds to a previous 
study [28].
	 In this study, the fracture resistance value  
of Ever-X posterior was 427.02 N and 455.13 N 
when restored at the level of CEJ and below  
the level of CEJ 3 mm respectively. Previous 
studies demonstrated that the fracture resistance 
value of Ever-X posterior restored in premolar 
teeth was 909.2 N [29] and restored in molar  
teeth was 1994.8 N [30]. The different adhesive 
systems and the different experimental designs 
might affect the difference in results. From our 
calculation, the teeth restored with Ever-X  
posterior gained fracture resistance values equal 
to 43.29% and 52.68% at the level of CEJ and 
below the level of CEJ 3 mm. subsequently  
when compared with the positive control group.  
It indicated that these groups could absorb  
loading force properly. However, the intact teeth 
still have higher fracture resistance than these 
groups.
	 Regarding the analysis of fracture patterns, 
the restorations with Ever-X posterior showed 
fracture patterns in restorable pattern prominently. 
Because of short E-glass fibers in the Ever-X 
posterior, these glass fibers might inhibit crack 
propagation and transfer stress from the polymer 
matrix to fibers [14] leading to the fracture of the 
teeth in a restorable pattern.
	 For the selection of the materials in this 
study, Clearfil SE bond, a self-etching, the  
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light-curing adhesive system was used. Clearfil  
SE Bond showed higher shear bond strength  
than other universal adhesives in a previous 
review [31]. This adhesive system has more 
hydrophobic, that cause increasing in the degree 
of conversion of the adhesive layer [32] and 
reducing the water movement from beneath  
the dentin to the adhesive layer [33]. Because  
of the high efficiency for bonding, the Clearfil  
SE Bond was used for bonding all specimens  
in this study. In addition, EverX posterior and  
SDR flow (light-curing bulk-fill materials) were 
used for dentin replacement because these 
materials have mechanical properties similar  
to dentin including the elastic modulus [13].  
In particular, short E-glass fiber in EverX posterior 
transfers stress from the polymer matrix to fibers, 
as previous results improve the fracture resistance 
of the tooth structure and provide a favorable 
fracture pattern [14,15]. These materials were 
used for core build-up in this study that was 
compared with Multicore Flow which is commonly 
used in the core build-up.

Conclusion 

	 Under the conditions and limitations of  
this study, the differences of fracture resistances 
were not found when the endodontically treated 
teeth were restored with light-curing bulk-fill 
materials which were less than the fracture 
resistance of intact teeth. The use of fiber-
reinforced light-curing bulk-fill material reduced 
the incidence of non-restorable failure.
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