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ABSTRACT: The selection of proper restorative
material is essential in pulpotomized treating
primary teeth to maintain the remaining tooth
structure and protect the teeth against masticatory
force. The study aimed to evaluate the structural
integrity of biomimetic restorations in 40
pulpotomized primary molars restored with
amalgam, resin-modified glass ionomer.Structural
integrity test was recorded using a universal testing
machine. Result show force at maximum
compressive stress was statistically significantly
higher among RMGIC group as compared to
amalgam group. So RMGIC restoration showed
higher structural integrity than amalgam.
KEYWORDS: Biomimetic restoration, Structural
integrity.

I. INTRODUCTION

Primary teeth are essential for maintaining
space and aesthetics, protecting the integrity of the
dental arch, and preventing malocclusion.
Therefore, teeth with pulpal disease and pulpal
exposure should be treated and preserved as long as
possible until replacement with the successors.
Pulpotomy is the treatment of choice for pulp
exposure in a vital tooth due to caries or trauma. It is
indicated when the radicular pulp tissue is intact or
capable of healing after removing the affected or
infected coronal part of the dental pulp from
deciduous teeth. [1]

Various  materials and  restorative
techniques are suggested to improve the structural
integrity of teeth with severe coronal loss. Adhesive
restorations transmit and distribute stresses across
the bonding interface to the tooth; consequently,
occlusal forces can be distributed over a large
surface area due to micromechanical adhesion,
thereby reinforcing a weakened tooth structure.[2]

Stainless steel crowns are highly suggested
to prevent the fracture of weakened cavity walls and
to reduce the possibility of pulpotomized tooth

marginal leakage.[3] The Stainless steel crowns
notable drawback is aesthetics due to the metallic
appearance, which patients and parents dislike, also
requiring tooth preparation. [4]

New restorative protocols have been
proposed over the last two decades to properly use
modern adhesive systems while preserving the
remaining sound tooth structure.[5]

Restorative dentistry uses biomimetics to
restore teeth's functional, mechanical, and aesthetic
requirements as naturally as possible. Essentially, it
aims to replace the damaged portion of teeth far
more  conservatively than traditional tooth
preparation, which involves extensive and invasive
preparations to facilitate retention and resistance
forms.[6]

In clinical dentistry, biomimetics refers to
the repair of damaged dentition by mimicking the
appearance,  biomechanical, and  functional
characteristics of natural teeth.[7]

Structural integrity isthe ability of a
structure to tolerate the force without having failed
due to fracture, deformation, or fatigue,[8] as well as
the ability of the restorative material to tolerate
functional pressures determines its long-term
performance.[9]

Therefore, because of challenges in
restoring the pulpotomized teeth and the need for
this study, it is worthy to evaluate structural
integrity of different traditional restorations in
extracted primary molars teeth using universal
testing machine.

Il. MATERIALS AND METHODS
Study design:

This study was designed as an invitro study
to alleviate the structural integrity of biomimetic
restorations in pulpotomized primary molars
restored using amalgam, resin-modified glass
ionomer. This invitro study was conducted at the
Department of Pediatric Dentistry at Mansoura
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University.Approval of this study was obtained from
ethical committee of scientific research of Faculty of
Dentistry, Mansoura University with the code
number: M14060722

Sample size calculation:

The calculated sample size of the study was
13 specimens in each group at 5% level of
significance and 95% power of the study, using
G*Power 3 sample size calculator.Sample size
calculated based on mean fracture resistance in
Newton among the studied group (516.9) , SD
(151.8) and mean (811.9) , SD (238.5) among
control group (Luthria, et al, 2012).[10]
The sample size was increased to 20 specimens in
each group (total 40) to compensate for incomplete
data and to increase the study power.

Specimens’ selection:

Forty extracted second (upper and lower)
primary molars were collected for this study from
dental clinics at Mansoura city and nearby cities,
Faculty of Dentistry, Mansoura University for the
reasons of anatomical defects, crack, extensive
carious lesions or infection. The forty teeth were
selected randomly for this study: (20) upper teeth
and (20) lower teeth. The selection based on the
following inclusion criteria: Teeth with class 1I
cavities, no or minimal (less than one third) root
resorption, no external or internal root resorption,
teeth without previous restorations.

Specimens grouping:

All the teeth were divided randomly into
two groups of 20 each. Then each group were
divided into two subgroups of 10 upper teeth and 10
lower teeth, and each sample take a number consist
of 2 digits (the number of group, humber of sample
from 1 -10).

Preparation of the cavity:

Standardized classII access cavities
dimensions and depth were be conducted. Then
pulpotomy done by filling the pulp chamber with a
layer of zinc phosphate.

Restorations:

A universal metal matrix band/retainer will
be placed around each prepared tooth[11]. Then, the
restorative materials will be placed in the prepared
class II cavities according to each group as follow:

Group 1: Amalgam(SDI, Victoria, Australia)
Amalgam powder and liquid will be mixed

in a mechanical amalgamator for 10 seconds to

achieve a homogeneous consistency and the

triturated amalgam will be condensed into the
prepared cavity. Finally, carving will be done to
reproduce the proper tooth anatomy and then
burnishing to smoothen the rough margins and
surface of the restoration.[12]

Group 2: RMGIC(FUIJI | light cured Capsule, GC
corporation , Tokyo, Japan)

Firstly, conditioning of the cavity was be
done by 37% phosphoric acid for 5 sec, rinsed away
with a water spray and excess moisture was drying.
Then, teeth were restored using fujil LC resin
modified glass ionomer using capsule applier after
triturating for 10 sec at 4300 (cpm),Then,apply of
the material without voids in the cavity of the tooth
and light cured for 20 seconds.[13]

Static structural integrity testing will be
recorded using a universal testing machine
(Instron,UK ).A stainless steel metal ball ended
cylindrical tip size 4mm, the tip fixed parallel to the
long axis of the tooth and focalized on the center of
the tooth until the tip just touched the occlusal
surface. Compressive loading of the teeth operated
at a crosshead speed of 1mm/min, and the force
necessary to fracture each tooth recorded in Newton
(N) with the computer software.™

Statistical analysis:

Data were analyzed using the Statistical
Package of Social Science (SPSS) program for
Windows (Standard version 24). The normality of
data was first tested with one-sample Kolmogorov-
Smirnov test.

Qualitative data were described using
number and percent. Continuous variables were
presented as mean + SD (standard deviation) for
normally distributed data. The following tests were
used; Monte carlo test was used to compare
qualitative variables when expected cell count less
than 5 while ANOVA test was used to compare
more than two quantitative variables (parametric).

For all above mentioned statistical tests
done, the threshold of significance is fixed at 5%
level.The results was considered significant when p
< 0.05. The smaller the p-value obtained, the more
significant are the results.

I11. RESULT

Forty extracted second primary
pulpotomized molars carried out to evaluate the
structural integrity of biomimetic restorations in
pulpotomized primary molars using amalgam, resin-
modified glass ionomer.

Table 1 show mean force at maximum
compressive stress (structural integrity test) was
statistically significantly higher among
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RMGICgroup than amalgam group. p value
<0.05.the mean =SD force at maximum compressive
stress iNRMGIC group showed the highest

resistance against fracture (986.02 +144.1), and
amalgam group (563.93 + 194.48).

Min-Max force in amalgam group (304.62- 967.41),
in RMGIC group (714.88 - 1120.63).

Force at  maximum | Amalgam group | RMGIC group | Test of significance
compressive stress (n=20) (n=20)
Mean + SD 563.93 £194.48 986.02 +144.1

P<0.001*
Min-Max 304.62- 967.41 714.88-1120.63

Table (1): Force at maximum compressive stress (upper and lower) among the two studiedgroups

Table 2 Shows comparison of structural
integrity between upper and lower subgroups for
both restoration groups :The highest main value
was observed in RMGIC in (upper teeth
1057.3£50.4 , lower teeth 914.76+144.1) , then
amalgam group (lower teeth 581.82+227.78 and
upper teeth 546.02+165) .So, There was no

statistically significant difference between upper
and lower teeth regarding maximum compressive
stressfor two groups except in RMGIC group, it
was higher in upper teeth.

P value of amalgam group 0.692, P value of
RMGIC group 0.009.

Force _ at maximum | Amalgam group RMGIC group
compressive stress

Upper teeth 546.02+165 1057.3+50.4
Lower teeth 581.82+227.78 914.76+£144.1
P value 0.692 0.009

Table (2): Comparison between upper and lower teeth regarding force at maximum compressive stress among
the two studied groups

IV. DISCUSSION

The selection of an ideal restorative
material for the restoration of pulpotomized teeth is
among the goals of dental materials’ research
because these teeth are more susceptible to fracture
due to the great loss of tooth structure.

Structural integrity of teeth depends on
two main factors which are dimensions of the
prepared cavity and the restorative material. Hence,
the restorative material should have adequate
strength and retention to protect the teeth against
masticatory forces and preserve the remaining
tooth structure. [14]

Tooth specimens in our study were
exposed to structural integrity test because
compressive strength like other mastication forces,
is measured using a pressure force test to determine
the material's resistance to chewing pressures and is
frequently used as a performance criterion.[9]

Primary molars were chosen for this study
because it is more susceptible to caries due to
children consume more sweets in their diets.[15].
Also, Second Primary molars were using in this
study because carious primary molars can
significantly affect caries development in the
adjacent permanent first molars, and a carious
primary second molar has a significantly greater
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effect than a carious primary first molar in this
respect. [16]

Samples in this study was preserved on
0.1% thymol solution to avoid fungal or bacterial
growth at room temperature prior to studywhich
isimportant for the safety and prevention of
infection spreadingand this was supported with
Papadopoulos et al. (2019)[17]

Pulpotomy were done in this study
because it is the most indicated and most common
vital pulp procedure in primary molars with
extensive caries [18] and selecting the optimum
restorative modality to compensate for the loss of
coronal tooth structure is considered the key to
restorative success.

In the present study, amalgam had been
chosen as it considered the most low-cost, simple-
to-use material in restoring pulpotomized primary
teeth.It has excellent durability and clinical
properties, including low technique sensitivity and
self-sealing capacity.[19] However, because it does
not bond to the tooth structure, cavity preparations
with retentive features are required.[20]

In our study, RMGIC used because it’s
able toimprove the mechanical properties of the
teeth and it has a better wear resistance, higher
moisture resistance, higher fracture toughness and a
longer working time.[21]It can also remineralise,
thereby inhibiting secondary caries at the
restorative margins.[22]

Furthermore, RMGICs were created to
combine the mechanical properties of composite
resins with the anti-carious properties of GICs.
However, they may not be acceptable in
aesthetically critical areas of the mouth, as
discoloration of resin-modified glass ionomer
restorations was higher than discoloration of resin-
based composite restorations.[23]

The current study used biomimetic
aesthetics restorations because they are preferred
by parents and children over stainless-steel crowns
(SSC).Parents who care deeply about appearances
are not welcomed by SSCs. The metallic look of
SSCs is enough to turn off some parents. [24]

In this study the purpose of using
biomimetic concepts is to conserve tooth structure
and vitality, increase the longevity of restorative
dental treatments, and eliminate future retreatment
cycles. Biomimetic dental materials are inherently
biocompatible with excellent physico-chemical
properties. They have been successfully applied in
different dental fields with the advantages of
enhanced strength, sealing, regenerative and
antibacterial abilities.[25]

The biomimetic concept is very important
in restorative dentistry because it aims to process

restorative materials in a way that mimics the
natural processing mechanisms of the oral
environment. The secondary goal is to create
restorative materials that can mimic or restore
natural tooth biomechanics.[7]

Regarding the results of structural
integrity,it was noted that RMGIC showed higher
structural integrity than amalgam. In agreement to
our result, Mohammad N et al. (2019)[14] and this
explained by its adhesive property and probably by
water sorption and expansion of the material during
setting.

Rekha et al. (2012) [25]illuminate in their
study that the addition of a 20% resin component in
RMGIC restoration may explain the higher tensile
bond strength of resin modified glass ionomer
cement.

In the present study results showed that
amalgam had the leastforce at maximum
compressive stressamong all groups. In agreement
to our result, the findings of Ghahramani et
al.(2021), [26] When compared amalgam to
prepared non-restored teeth, amalgam did not
improve fracture resistance of pulpotomized teeth.
This can be explained by the inability of amalgam
to reinforce the remaining tooth structure.

Some studies have suggested that bonded
composite restorations will strengthen a tooth when
compared with amalgam. [27] On the other hand,
this result disagrees with Cobankara et al(2008)
[28] as they found that indirect hybrid ceramic
inlay restorations prevented unfavourable fractures
of teeth under occlusal loading, it seems to be a
more reliable restorative technique than amalgam,
resin composite and fibre reinforced resin
composite restorations.

For restoring proximal caries in primary
molars, resin modified GICs performed better than
conventional GICs. The risk of a failed restoration
was more than five times higher with Fuji 11 than
with Vitremer. The main reasons for failure in both
types of GICs were loss of retention and secondary
caries. [29]

Regarding the result of the current study
there was no significant difference between upper
and lower teeth and this result comes in accordance
withSheen et al.(2019)except in RMGIC group ,
upper teeth had higher structural integrity and
thismay explained by their crown anatomy differs.
The oblique and transverse ridges of maxillary
molars  (which link the distobuccal and
mesiobuccal cusps to the mesiolingual cusp) make
them more resistant to fracture compared to their
mandibularand this finding disagree with Bhanderi,
Sanjeev(2021)[30]
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V. CONCLUSION

From the current investigations, several points
could be declared:
a)RMGIC showed higher structural integrity than

Molars Using Three Different Matrix
Systems in Children Aged 5-9 Years: An
In Vivo Study. Int J Clin Pediatr Dent,
2021. 14(1): p. 70-74.

amalgam. [12]. Dimitraki, D., S.N. Papageorgiou, and N.
b)No difference between upper and lower primary Kotsanos, Direct pulp capping versus
molar teeth except in RMGIC group , upper teeth pulpotomy with MTA for carious primary
had higher structural integrity. molars: a randomised clinical trial. Eur
Arch Paediatr Dent, 2019. 20(5): p. 431-
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