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ABSTRACT

Aim: The aim of the study was to evaluate the capacity to resist 
fracture in different core buildup materials with porcelain fused 
to metal (PFM) crown.

Materials and methods: Totally, 45 mandibular single rooted 
first premolars were collected, which were sound along with 
similar shape and size. The teeth were sectioned at 15 mm 
above the root apex sparing the sound tooth structure. The teeth 
were endodontically treated with the crown-down technique 
using nickel–titanium (NiTi) instrumentation. The specimens 
were randomized into three groups as per the core materials 
used and were labeled accordingly. Group I consisted of dual-
cured composite resin, group II consisted of glass ionomer 
reinforced with resin, and group III consisted of Miracle mix. 
Universal loading machine is used for measuring the compres-
sive load applied to fracture the tooth.

Results: The mean value of compressive strength was 
maximum in the dual cured composite resin (598.42 ± 22.64) 
followed by glass ionomer reinforced with resin (478.88 ± 
26.74) and Miracle mix (442.16 ± 30.10). The results showed 
a significant difference statistically within the core materials 
used with p < 0.05. The results from the Tukey’s post hoc test 
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of multiple comparisons between dual-cured composite resin 
vs glass ionomer reinforced with resin, dual-cured composite 
resin vs Miracle mix, and glass ionomer reinforced with resin vs 
Miracle mix showed a highly statistical difference with p < 0.05, 
which is significant.

Conclusion: This in vitro study showed that the dual-cured 
composite resin had maximum resistance to fracture compared 
with other core buildup materials on teeth which were endodonti-
cally treated.

Clinical significance: Restoration of a tooth which is structurally 
compromised is a tricky job for all the dentists. Restoring it with 
a proper core buildup material with adequate fracture resistance 
makes the tooth structure stable. The core material should be 
able to resist all types of occlusal forces and to distribute it 
equally within the tooth structure.
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INTRODUCTION

There are varieties of restorative materials to restore 
endodontically treated tooth, but still, it is a tricky job 
for the clinicians to select the right one, especially in 
endodontically treated tooth, which has less resistance for 
occlusal forces due to loss of extensive tooth structure.1 
The assessment of the remaining dentin in the coronal 
structure has to be carefully done before deciding to opt 
for either post and core or direct core buildup.

The structurally compromised tooth fracture is most 
commonly seen in people who failed to go for restoration 
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with core and crown. Core buildup gives sufficient 
resistance to the tooth structure. A core buildup makes 
the tooth functionally stable to withstand the occlusal 
forces and to distribute it to the remaining tooth structure 
equally. The success of the core buildup material depends 
on its property to withstand dislodgement resistance and 
to resist masticatory forces. Failure of core material, in 
turn, leads to the failure of crown.2

The failure of endodontic treatment is said to be more 
likely because of the improper restoration of the tooth and 
not mainly because of endodontic therapy itself as per 
the general agreement.3 Following the proper treatment 
procedure with respect to restorative and endodontic 
techniques is important. Therefore, for the endodontic 
treatment to be successful, final restoration plays a major 
role in root canal therapy. Lack of this may lead to extrac-
tion of tooth.4

The core was built using a nonmetallic or metallic 
restorative material. Initially, silver amalgam was the 
most commonly used core buildup material. Later, glass 
ionomer cement (GIC) and other modified ionomers were 
in use. Recently, improved versions of composites with 
high strength and GIC are used for core buildup.5,6

To investigate and to compare the strength of tooth 
with different materials for core buildup, an appropriate 
measurable method used was fracture resistance. The 
fatigue test method is one of the trustworthy methods 
to access the core buildup material. The fatigue test 
replicates the clinical situation with that of physiologi-
cal cyclic load.2 Therefore, in this study, the capacity to 
resist fracture within different core materials with PFM 
crowns was evaluated.

MATERIALS AND METHODS

Totally 45 mandibular single rooted first premolars were 
collected from the Department of Oral and Maxillofacial 
Surgery, Jaipur Dental College, Jaipur, Rajasthan, India, 
which were sound along with similar shape and size. The 
length of the root was calculated from the apex to cusp 
tip, along with the highest bulge of mesiodistal and buc-
colingual dimensions, using a digital caliper. The storage 
of specimens was done at room temperature in 0.9% 
saline solution. Specimens which were endodontically 
treated previously, with restoration or with root caries, 
were excluded from the study.

All the specimens were sectioned at 15 mm above the 
apex of the root leaving sound tooth structure and were 
treated endodontically using the crown-down method 
using rotary NiTi instrumentation. The procedure was 
completed till ISO 40 apical instrumentation and irrigated 
with sodium hypochlorite 5.25% solution. The root canal 
was prepared with 4% taper with chemomechanical 
preparation. Obturation was done using vertical warm 

compaction method (sealer, AH Plus; Dentsply Intl) with 
gutta-percha (Dentsply Intl). The gutta-percha cone was 
heat sealed and compacted by creating a space of 11 mm 
for the post and with an apical seal of 4 mm. The speci-
mens were mounted on acrylic resin. The teeth mounted 
were of 12 mm length from the tip of the root and 3 mm 
of the coronal structure above the resin was kept exposed. 
All the specimens were randomized into three groups 
and were labeled accordingly. Group I consisted of teeth 
with dual-cured composite resin core, group II had glass 
ionomer with resin-reinforced core, and group III had 
Miracle mix core.

Group I: Composite Resin Dual Cured

The cavities were prepared and etched for 20 seconds, 
gently rinsed, and dried. Applied a thin layer of bonding 
agent and was light-cured for 20 seconds. Dual cure com-
posite resin (Luxacore by DMG, Dental Avenue India) 
was added incrementally and light cured.

Group II: Resin-reinforced Glass Ionomer

The cavities were prepared and etched for 20 seconds, 
gently rinsed, and dried. Applied a thin layer of bonding 
agent and was light-cured for 20 seconds. Glass ionomer 
cement reinforced with resin (GC Gold Label light cure 
GIC) was added incrementally and light cured.

Group III: Miracle Mix

On mixing pad, Miracle mix cement alloy was dispensed 
along with its liquid (GC Corporation, Tokyo). The 
powder was sectioned into two parts; the first part was 
completely mixed for 15 to 20 seconds with all liquid, and 
later, the remaining part of the powder was mixed for  
20 seconds thoroughly. The mixture was then transferred 
into the area prepared.

Teeth were distributed as 15 under each group. A wax 
pattern with a thickness of 0.75 mm was prepared. The 
conventional casting technique is used for preparing the 
cast for base metal alloy. Type I GIC was used to cement 
the crowns. Using a spatula, the cement was loaded on 
the inner surface of the crown and was fixed to apply 
pressure through a firm finger.

Testing Procedure

The universal loading instrument was used to measure 
the compressive load which causes tooth fractures. The 
application of the compressive load was done at an 
angle of 130° to the tooth’s long axis. On the occlusal 
surface of the teeth, a small sphere was placed upon 
which the compressive load was applied along the root’s 
long axis. The fracture loads were noted.
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Statistical analysis was done by means of one-way 
analysis of variance which was followed by the use of 
Tukey’s post hoc analysis. A confidence interval of 95% 
with p < 0.05 was considered statistically significant.

RESULTS

Table 1 shows the mean values of compressive strength 
in various core buildup materials used in this study. The 
mean compressive strength of dual-cured composite resin 
(598.42 ± 22.64) showed maximum strength compared 
with glass ionomer reinforced with resin (478.88 ± 26.74) 
followed by Miracle mix (442.16 ± 30.10).

The mean values of compressive strength in differ-
ent core materials were compared as shown in Table 2. 
Analysis of variance showed that there is a high statisti-
cal difference between the materials with p-value 0.0001 
(<0.05), which is highly significant.

The Tukey’s post hoc analysis of multiple comparisons 
in different core materials is shown in Table 3. According 
to the analysis, there was a statistical difference with 
p < 0.005 between dual-cured composite resin vs glass 
ionomer reinforced with resin, dual-cured composite 
resin vs Miracle mix, and glass ionomer reinforced with 
resin vs Miracle mix which is significant.

DISCUSSION

In this study, to eliminate the tooth dimension as its 
confounding factor, the teeth specimens of similar dimen-
sions were selected and randomized into three groups.7 
Statistical differences in the length of the teeth or in the 
cross-sectional dimensions of the teeth between the indi-
vidual groups were not significant.

During instrumentation, the rotary NiTi instrument 
was used to promote more tapering of the root canals and 
to retain cervical dentin. The removal of cervical dentin 
during instrumentation weakens the tooth structure which 
predisposes fracture of the root. A study of Zamin et al8 
showed that cervical preparation with the highest taper 

(#70/0.12) is more susceptible to root fracture when com-
pared with that of a tooth whose dint had cervical prepara-
tion. This is of high importance, as there is an increased 
use of rotary instruments with more taper nowadays.

From a material aspect, failure of restoration in teeth 
which is endodontically treated with post and core 
depends on many factors, which are: the type of post, 
cementation, surface treatment, and material used for 
core.9 This study was aimed to check the fracture resistance 
of different core materials through a fracture-resistance 
test. Except with the type of core material used, other 
factors were under control to maintain the same condition.

In this study, the mean value of compressive strength 
in dual-cured composite resins (598.42 ± 22.64) was 
maximum, similar to that of Fraga et al10 study result. Fraga 
et al’s10 study also showed that in cast post and core, there 
were numerous nonsalvageable fractures compared with 
that of metal posts along with the composite core. The core 
buildups with composite resin were preferred, as the load 
required to fracture is lower than that of the tooth structure.

The composite resin as a core buildup is more resil-
ient and less stiff than that of the metallic core, in turn, 
less stress transfer to the tooth structure. Yaman and 
Thorsteinsson11 observed that a stiff core material reduces 
the apical stress but increases the cervical stress.

In the present study and in the works from other 
researchers, such as Raygot et al12 and Heydecke et al,13 
it is shown that emphasis and importance were given 
mainly to the strength of the restoration, post, and core. 
According to the literature, the load required to fracture 
the tooth (post or core) is much higher than that of mas-
ticatory forces. The higher load occurs mainly during 
trauma or blow which, it may fracture the natural tooth 
structure. Therefore, post and core selection should be 
done based on the remaining tooth structure, restoration 
used after the buildup, and the tooth occlusal position.

The present study showed that there was a signifi-
cantly less compressive strength in glass ionomer rein-
forced with resin compared with that of the composites 

Table 2: Comparison of different core materials for mean 
compressive strength

Groups Mean ± SD f-value p-value Significance
I 598.42 ± 22.64 58.164 0.0001 HS
II 478.88 ± 26.74
III 442.16 ± 30.10
SD: Standard deviation HS: Highly significant

Table 1: Mean compressive strength of different core materials

Groups Core materials n Mean ± SD

I Composite resin dual cured 15 598.42 ± 22.64

II Resin-reinforced glass ionomer 15 478.88 ± 26.74

III Miracle mix 15 442.16 ± 30.10

SD: Standard deviation

Table 3: Multiple comparisons of core materials using Tukey’s post hoc test

Core materials Compared with
95% confidence interval

Mean difference p-valueLower bound Upper bound
Composite resin dual cured Resin-reinforced glass ionomer 82.1470 33.8740 119.54 0.0001

Miracle mix 105.1214 56.4328 156.26 0.0001
Resin-reinforced glass ionomer Miracle mix 52.6577 27.2130 36.72 0.03
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and more than that of Miracle mix. Cohen et al14 reported 
that the fatigue resistance of glass ionomer was less 
compared with that of the composite, similar to that of 
the present study result. Bonilla et al15 studied five core 
buildup materials, and results showed that the resistance 
to fracture was greater in titanium reinforced to composite 
resin followed by silver amalgam and GIC. Coltak et al16  
studied three core buildup materials’ fracture resistance 
which were supported by the post, and the result showed 
that fracture resistance was greater in composite resin fol-
lowed by silver amalgam and GIC which was supported 
by the post. Shah et al17 studied the fracture resistance of 
the teeth which are endodontically treated and reinforced 
with various core buildup materials, and the results 
showed that GIC had high fracture resistance followed 
by amalgam and Intermediate Restorative Material.

The present study showed that the fracture resistance 
of the Miracle mix was less than that of other materials. 
Upadhyay and Kishore18 studied silver amalgam and 
Miracle mix, and the comparative results showed that 
the Miracle mix (modified GIC with powder of silver 
amalgam alloy) was aesthetically poor and its strength 
was less compared with silver amalgam.

Based on the strength, resin-modified GIC and com-
posite resin were used for core buildup as an alternative 
to that of Miracle mix. The light cure composite has some 
disadvantages, such as improper curing due to insuffi-
cient curing time and intensity of light or too thick mate-
rial that is being used. Using bonding agent, an excellent 
tooth adhesion can be achieved but the long-term stability 
of the bonding agent is unknown.2

There were several challenges associated while 
testing the human teeth mechanically, which includes 
teeth which were normal developmentally and were not 
damaged while extraction, sourcing sound, preparation 
of tooth without creating mechanical or thermal damage, 
and effect of storage conditions which were unknown.19 
The in vitro laboratory has its limitations, such as to repli-
cate the elastic property of periodontal ligaments, clinical 
environment reproduction including masticatory forces, 
bone, and other supporting tooth structures.

CONCLUSION

The in vitro study within its limitation concluded that 
the dual-cured composite resin had fracture resistance 
higher than that of other core buildup materials used in 
teeth which were endodontically treated.
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