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ABSTRACT
Objective: This study aimed to assess 
the fracture resistance of primary molars 
restored with endocrowns compared to 
prefabricated zirconia crowns. Material and 
Methods: Twelve sound, defect-free primary 
second molars were selected and divided 
into two groups: group I included 6 molars 
restored with zirconia crowns, while group II 
included 6 teeth restored with endocrowns. 
For both groups access cavity was prepared 
for the teeth to open pulp chamber. Fracture 
resistance of both groups was tested using a 
universal testing machine. Results: Zirconia 
crown showed statistically significantly 
higher mean fracture resistance than 
Endocrown (P-value = 0.001, Effect size = 
2.72). Conclusion: Pulpotomized primary 
molars restored with Zirconia crowns showed 
significantly higher mean fracture resistance 
compared to primary molars restored with 
endocrowns, meanwhile both restorations 
have shown higher mean fracture resistance 
than the maximum biting force in children.

RESUMO
Objetivo: Este estudo teve como objetivo avaliar 
a resistência à fratura de molares decíduos 
restaurados com endocrowns em comparação 
com coroas de zircônia pré-fabricadas. Material e 
Métodos: Doze segundos molares decíduos hígidos 
e livres de defeitos foram selecionados e divididos 
em dois grupos: o grupo l incluiu 6 molares 
restaurados com coroas de zircônia, enquanto 
o grupo ll incluiu 6 dentes restaurados com 
edocrowns. Para ambos os grupos, foi preparada 
uma cavidade de acesso à câmara pulpar. A 
resistência à fratura de ambos os grupos foi testada 
em uma máquina de ensaio universal. Resultados: 
A coroa de zircônia apresentou resistência média à 
fratura estatisticamente significativa maior do que 
endocrown (p=0,001, Tamanho do efeito = 2,72). 
Conclusão: Molares decíduos pulpotomizados 
restaurados com coroas de zircônia apresentam 
resistência média à fratura significativamente maior 
em comparação aos molares decíduos restaurados 
com endocrowns, entretanto, ambas as restaurações 
mostraram maior média à fratura do que a força 
máxima de mordida em crianças
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INTRODUCTION

E arly Childhood Caries (ECC) is a serious 
problem that affect preschool children, as it 

may lead to destruction of the coronal part of the 
primary teeth partially or completely [1]. Primary 
molars are highly important in development of 
occlusion and mastication, so every effort should 
be done to preserve them. Endodontic treatment 
usually is the technique of choice, where pulpotomy 
possess a proper clinical long term serviceability 
averting pulpectomy step [2], but pulpotomized 
primary molars are characterized by highly weak 
remaining tooth structure, which make the tooth 
more susceptible to fracture under masticatory 
forces [1]. The restoration of devitalised primary 
molars should improve their coronal seal, esthetics, 
functional and mechanical properties [3,4].

When stainless steel crown was introduced to 
paediatric dentistry in 1947, they remain servicing 
for decades with a significant durability, but 
without aesthetic outcome [5]. However, recently 
there has been an increasing parental demands 
for aesthetic restorations in the paediatric dental 
office [6]. 

Prefabricated zirconia crowns are a new 
alternate that has become commercially available 
since 2008, providing excellent aesthetics and 
mechanical properties similar to metal [5,7], but 
unfortunately they can’t be crimped or contoured 
and passively fit [5]. Therefore, they demand 
excessive tooth reduction together with short-term 
rates of retention documented [7].

Endocrowns are considered successful 
restorations for endodontically treated molars [8]. 
They provide better fracture resistance and stress 
distribution for endodontically treated teeth [8-
10]. These restorations are considered modified 
onlays gaining retention by bonding with coronal 
tooth structure and pulp chamber [11-13].

The endocrown restorations possess many 
advantages as they are prepared supra-gingivally 
so the restoration is far from the periodontal 
tissues, resulting in healthier periodontium, 

preserving more enamel at the periphery, and 
increasing the surface area for bonding [14,15]. 
At the beginning, the CEREC system was used to 
fabricate the endocrown restoration from CAD/ 
CAM porcelain blocks, but later on composite 
resin materials were utilized due to their highly 
stress-absorbing properties [14-16].

In paediatric dentistry, composite 
endocrowns restoration is taken into account as 
an alternate to prefabricated zirconia crowns due 
to the conservation of tooth structure and the 
high cost of porcelain restorations. However, few 
studies were done to assess endocrowns in primary 
dentition. So this study was conducted to evaluate 
the fracture resistance of primary molars restored 
with endocrowns compared to prefabricated 
zirconia crowns.

The null hypothesis of this study was 
that there is no significant difference in fracture 
resistance between primary molars restored with 
Zirconia crowns and those restored with composite 
endocrowns.

MATERIAL AND METHODS

Specimen Selection and Preparation:

Twelve sound, defect-free primary second 
molars were selected for this study. De-identified 
teeth were obtained from the tooth bank of Misr 
International University after being disinfected 
in 10% formalin to avoid reduction of fracture 
resistance [17]. Teeth were divided into two 
groups according to the type of restoration used: 
group I included 6 primary molars restored with 
Zirconia crowns (Nusmile, Huston, Texas, USA), 
while group II included 6 teeth restored with 
nano-ceramic composite endocrowns (ceram.x 
SphereTEC one universal, Dentsply Sirona, USA). 
Simple randomization was performed using Excel 
software.

For both groups, access cavity was prepared 
for the teeth to open pulp chamber, simulating 
the process of pulpotomy for primary molars 
(Figure 1).
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Figure 1 - Pulpotomy and access cavity for primary molar.

Preparation for Zirconia crown:

In group I specimens, the opened access 
cavity was filled with composite restoration 
(ceram.x Sphere TEC one universal, Dentsply 
Sirona, USA). Teeth were prepared according to 
the guidelines for preparation of primary molars to 
receive zirconia crowns with occlusal preparation 
of 2 mm to create space for the crown, tapered 
stone was used to prepare axial walls and open 
contact to create a feather edge finish line [18] 
(Figure 2a and 2b). Zirconia crown size was 
selected according to the size of the tooth and 
cemented in place using glass ionomer cement 
(GC Fuji I, GC America, USA).

Preparation for endocrown:

As for group II teeth, which were restored 
with endocrowns (Figure 3a, 3b, 3c and 3d), the 
cavity design simulated the condition of occlusal 
mesial cavity, orifices of the canals were sealed 
with flowable composite (Filtek Supreme, 3M, 
USA). For calibration of occlusal preparation, 
tapered stone was used to create depth grooves to 
obtain the desired amount of occlusal. Preparation 
of occlusal surface was continued with wheel 
stone to create 2 mm occlusal clearance; the 
occlusal surface was prepared flat to create a butt-
joint. The junction between occlusal and mesial 
cavity was rounded to produce cervical side walk. 
Divergence of the inner cavity walls was obtained 
using a tapered stone with rounded end (TR-

12 Dia Bur Mani). Impression was taken for the 
prepared tooth structure using addition silicone 
material (Elite HD Zermach, Italy), stone model 
was poured for fabrication of endocrown to allow 
for blockage of any undercuts in the pulp chamber 
cavity. Endocrown was constructed on the stone 
model using nano-ceramic light cured composite 
(ceram.x Sphere TEC one universal, Dentsply 
Sirona, USA), composite was added in increments 
which were cured using LED light curing unit 
(Elipar deep cure, 3M, USA) for duration of 
40 seconds for each increment. Finished final 
endocrown restoration was cemented in place 
using self-adhesive universal dual cured resin 
cement (rely X Unicem, 3M, USA), which has been 
cured using LED light curing for 40 seconds and 
from multiple directions to ensure total curing of 
the resin cement. For standardization of research 
procedures all steps were performed by the same 
operator.

Fracture Resistance Test:

All samples were subjected to load in a 
universal testing machine (Instron, Ave Norwood, 
MA, Usa). Vertical compressive loading of the 
specimens was applied vertically at a crosshead 
speed of 0.5 mm/min till fracture of the sample. 
Value of fracture resistance was recorded at 
the moment of sudden drop of applied force to 
the sample. The breaking load was recorded in 
Newton (N).

Table I - Materials used

Materials Description Company

Nusmile Zirconia crowns Nusmile, Huston, Texas, 
USA

Ceram.x Sphere TEC one 
universal

Nano-ceramic light cured 
composite Dentsply Sirona, USA

GC Fuji I, GC Glass ionomer cement America, USA

Filtek Supreme, Flowable composite 3M, USA

Elite HD Addition silicone material Zermach, Italy

Rely X Unicem Self-adhesive universal 
dual cured resin cement 3M, USA
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Figure 2 - a) prepared primary molar for Zirconia crown , b) 
Zirconia crown cemented over primary molar.

Figure 3 - preparation of primary molars for endocrown . a) 
depth grooves for occlusal preparation.  b) proximal preparation 
c) preparation for endocrown.  d) primary molar restored with 
composite endocrown.

a

c

b

d

Sample size calculation

This power analysis used fracture resistance 
values obtained from a pilot study using three 
samples in each group as the primary outcome. 
The mean ± SD values were 1075.2 ± 145.8 and 
886 ± 30.8 N Zirconia and Endocrown groups, 
respectively. The effect size (d) was (1.98). Using 
alpha (α) level of (5%) and Beta (β) level of (20%) 
i.e. power = (80%); the minimum estimated 
sample size was (6) samples per group. Sample 
size calculation was performed using G*Power 
Version 3.1.9.2.

Statistical Analysis

Numerical data were explored for normality 

by checking the distribution of data and using 
tests of normality (Kolmogorov-Smirnov and 
Shapiro-Wilk tests). Fracture resistance data 
showed normal (parametric) distribution. Data 
were presented as mean and standard deviation 
(SD) values. Student’s t-test was used to compare 
between the two groups. The significance level 
was set at p ≤ 0.05. Statistical analysis was 
performed with IBM SPSS Statistics for Windows, 
Version 23.0.1 (IBM Corp, Armonk, NY, USA).

RESULTS

Prefabricated zirconia crown showed 
statistically significantly higher mean fracture 
resistance than endocrown (p-value = 0.001, 
Effect size = 2.72). 

DISCUSSION 

Endocrowns have been widely used in 
the past few years [14] as they can offer a 
more conservative alternative restoration with 
accepted esthetics [1,19]. They consisted of two 
parts: a core and a crown acting as one piece 
where the macro retention is obtained from the 
pulp chamber and the micro retention is obtained 
from the adhesive resin cement [14,20]. 

Resin endocrown restorations provide 
more advantages being more economic treatment 
option as well as reduced preparation time, 
together with esthetic properties comparable to 
ceramics [21].  

Multiple researches studied the clinical 

Table II - Mean and standard deviation (SD) values and results 
of Student’s t-test for comparison between fracture resistance 
(Newton) in the two groups

*: Significant at p ≤ 0.05

Fracture resistance (N)

Mean (SD) p-value Effect size (d)

Group I
Zirconia crown 1229 (192.6)

0.001* 2.72
Group II

Endocrown 845.4 (51.5)
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performance of endocrown and emphasized 
in their conclusion its success as restoration 
for endodontically treated permanent molars 
[14,22,23]. In the current in-vitro study, natural 
deciduous molars were utilized to nearly simulate 
the clinical condition in terms of the pulp chamber 
size, root canals contouring and the crown root 
ratio [1]. Fracture resistance was measured by 
mechanical loading method in order to originate 
stresses at interface between the adhesive and 
the tooth structure which was the most familiar 
method used [14,16].

Former research results showed that 
endocrown used to restore endodontically treated 
permanent teeth [1] can be applied to deciduous 
teeth despite the differences between primary 
and permanent teeth in morphologically and 
chemically in the form of minimal calcification 
and wider diameter of the dentinal tubules [24].

In the current study, indirect nano-ceramic 
composite was preferably used for construction 
of the indirect endocrown as it has modulus of 
elasticity matching that of the tooth structure 
due to the resin content and filler particles which 
increase the resistance to wear [25].   

According to the results of the current 
study, prefabricated zirconia crown showed 
statistically significantly higher mean fracture 
resistance than endocrown. The mean occlusal 
load that causes fracture of prefabricated zirconia 
crowns is in consistency with those founded by El 
Makawi and Khattab 2019 and Vinson et al. 2016 
which were (1420.893 ± 308.39 N) and (1214 
(82) N) respectively [1,26], while the results of 
fracture resistance weren’t in agreement with 
the study done by Altier et al. 2018 which was 
2366.50b ± 420.86, as this study was performed 
on permanent teeth [25]. 

The range of maximum normal force 
of occlusion may reach 500 N, which may be 
dependent on the age and the morphology of the 
face [27]. Nonetheless, in a study done by Braun 
et al. when the maximal biting force in the first 

primary molar and the first permanent premolar 
area where measured, it was found to vary from 
78 N to 106 N for a 6-year-old and a 10- year-old 
child respectively [28]. The findings of a study 
done to evaluate the biting force of the molar 
related to occlusion, craniofacial dimensions, 
and head posture in 7-13 years old children, were 
349.2 (N), 369.3 N & 288.3 N for Angle Class I, 
Class II and Class III respectively [29]. In their 
study, Subramaniam et al. concluded that the 
children with permanent dentition showed the 
highest mean occlusal bite force which was 269.7 
N [30].

In the current study, the mean fracture 
loads used with both materials were higher than 
the ultimate force of mastication reported. Thus 
it can be assumed that both materials tested 
could bear up the ultimate intraoral masticatory 
forces in the posterior area, enabling both types 
of restorations to be successful for restoring 
pulpotomized primary molars. Meanwhile 
endocrown restorations have the advantage of 
conservation of tooth structure compared to 
zirconia crowns.

Limitations of this study include the need 
for testing fracture resistance under dynamic 
load to provide more simulation for the oral 
conditions, and also using different ceramics 
or hybrid ceramic materials for construction of 
endocrowns, further studies are required to study 
the efficacy of endocrowns as restorative option 
for pulpotomized primary teeth.

The null hypothesis of this study 
was rejected as mean fracture resistance of 
primary molars restored with endocrowns was 
significantly lower than that of the ones restored 
with zirconia crowns, meanwhile both types of 
restorations surpassed the maximum occlusal 
load value in the posterior region. Clinical trials 
should be done to assist clinicians to assess the 
clinical efficiency of endocrowns in pulpotomized 
primary molars.
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CONCLUSION 

Within the limitations of this study, the 
following could be concluded:

Endocrown can serve as a successful 
alternative for prefabricated zirconia crown 
in restoration and protection of pulpotomized 
primary teeth.
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