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Abstract restorations will be critical in planning restorative

behavior of restorative

Background: The clinical
materials such as glass ionomer (GIC) and resin
modified cements (RMGIC) can be affected by thickness
as well as the combinations in which they are used.

Evaluation of such single-layered and bi-layered

therapy especially in primary teeth.

Aim: This aim of this in vitro comparative study was to
assess the impact of layering technique of GIC and
RMGIC with Mineral trioxide aggregate (MTA) on the

surface microhardness using Vickers Hardness testing
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and determination of the stress distribution pattern using
Finite Element Analysis (FEA).

Method: Surface microhardness was assessed on 80
discs, 5 mm in diameter and 3 mm thick, with four
combinations of restorative materials. Group la — GIC
3mm in thickness (N-20), Group 1b — 1 mm MTA base
+ 2 mm GIC (N=20), Group 2a — 3 mm RMGIC (N=20)
and Group 2b — 1 mm MTA base + 2 mm RMGIC
(N=20). The discs were stored in artificial saliva for 24
hours and then subjected to microhardness testing at 25
gf and 50 gf for 10 seconds using Vicker’s hardness
testing unit. Comparison of the surface microhardness
using One-way ANOVA test and Tukey’s Post hoc
analysis showed no statistically significant differences
between the groups.

For FEA analysis, test models were generated and
physiological masticatory loads were applied. The
fracture strength of the material was used to calculate the
safety factor of the restorative. FEA analysis showed a
higher stress concentration at the point of loading on the
surface of the restoration which did not penetrate
through the deeper layers. None of the restorations
showed any failure under physiological masticatory
forces.

Conclusion: The study indicates that GIC and RMGIC
with or without MTA can be used as both single and
bilayered restorations. The reduction in thickness of the
surface restorative material up to 2 mm did not affect the
surface microhardness of the material. FEA analysis
showed that bilayered restorations function as a single
unit, and the occlusal stresses are confined to the
superficial layers of the restoration. Safety factor
assessment shows that both GIC and RMGIC perform
well under the range of masticatory forces with RMGIC

showing a slightly higher value than GIC.

©2023 1IDSIR, All Rights Reserved
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Introduction

Glass ionomer cements and their modifications as well
as composite resin based restorative materials are the
preferred tooth-coloured restorative materials for
primary teeth.}? These restorative materials are used as
single- and multi-layered restorations depending on the
depth of the carious lesion. In deep carious lesions pulp
protective bases such as calcium hydroxide (CAOH) or
(MTA) have been

advocated.® In such cases a 0.75 mm to 1 mm thick*®

Mineral trioxide aggregate
base of either material will be required. However, this
will reduce the thickness of the overlying restoration and
can affect the physical properties of the restoration
including its surface microhardness as well as the
patterns of stress distribution. Functional evaluation of
these patterns of stress distribution will help us assess
and predict the functional behaviour of these materials
and so help plan the most appropriate strategies to
dentistry.® The surface

follow in restorative

microhardness testing (Vicker’s hardness testing)
provides an indicative value of the surface impact of
such layering procedures.” For functional evaluation we
need to use the current technology of finite element
analysis.® Therefore, this study sought to assess and
compare the surface microhardness (VHN) of glass
ionomer (GI) and resin modified glass ionomer cements
(RMGIC) when used as a single layered and bilayered
restoration with or without Mineral Trioxide Aggregate
(MTA). The single and bilayered restorations in primary
teeth were also assessed for patterns of stress

conductance and failure using Finite Element Analysis.
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Methods The latest version of ANSYS (R 18.1) software was
(A) Sample used.!?

microhardness test
The GIC, RMGIC and MTA were manipulated

according to the manufacturer’s guidelines and 80 discs

preparation  for  the  surface
Material properties
The Young’s modulus and Poisson’s ratio as given in the

literature were assigned to the respective FEA models.®

with a diameter of 5 mm and a thickness of 3 mm were Table 1 : Material Properties
prepared USing pIaStiC moulds, finished and pOIiShed as Component of teeth | Modulus of elasticity | Poisson’s ration
specified for assessment of Vickers Hardness Number. rE— 2035 Gpa 033
Group 1a— GIC (3mm) — N = 20. :

Dentin 19.89 GPa 0.31
Group 1b — GIC (2mm) + MTA (1 mm base) — N = 20.

Pulp 2 GPa 0.45
Group 2a— RMGIC (3 mm) — N = 20.
Group 2b — RMGIC (2 mm) + MTA(L mm base) — N = FDL 000345 GPa 043
20. Alveolar Bone 13.8 GPa 0.30
The samples were coated with a lubricant, stored in GIC 8.0 GPa 0.25
artificial saliva for 24 hours (figure 1) and then subjected RMGIC 10.8 GPa 0.30
to Vickers Hardness testing (MICRO MACH MTA 15.7 GPa 033

TECHNOLOGIES S1300) at 25 gf and 50 gf with a
dwell time of 10 seconds (figure 2).2

(B) Sample preparation for Finite element analysis

A graphic representation ° (figure 3) and a CBCT
image'® (figure 4) of a mandibular second primary molar
was used for the geometric modelling for finite element
analysis.

A Class | cavity with a depth of 3 mm was incorporated
into the FEA models. These cavities were then ‘digitally
restored’ incorporating the properties of the restorative
materials and their combinations (figures 5-8).

Model A - Tooth restored with a single layer of GIC.
(N=1)

Model B -Tooth restored with a bilayer filling consisting
of 1 mm of MTA as base and 2 mm of GIC. (N=1)
Model C - Tooth restored with a single layer of RMGIC.
(N=1)

Model D — Tooth restored with a bilayer filling
consisting of 1 mm of MTA as base and 2 mm of
RMGIC. (N=1)

©2023 1IDSIR, All Rights Reserved

Masticatory forces

Static occlusal loads of 176 N, 240 N, 289 N, 433 N and
527 N were applied to simulate the maximum bite force
at early primary, late primary, early mixed, late mixed
and permanent dentitional stages respectively as
mentioned in the literature.’? The loads were applied at
0°, 30° and 60° to long axis of the tooth on the mesial
cusp tip and the centre of the occlusal surface to simulate
masticatory forces.® This was done in order to assess the
overall deformation, overall stress and restorative stress
on the FEA model. This provided us with pictographic

and numerical data (figures 9-16).

Table 2: Total number of nodes and elements

Models

Number of elements

Number of nodes

Model A (GIC - 3 mm)

156283

210827

Model B (GIC - 2 mm + MTA - | mm)

157528

211622

Model C (RMGIC - 3 mm)

156283

210827

Model D (RMGIC - 2 mm + MTA - 1 mm) 157528 211622

The FEA model is divided into discrete units called
elements which are connected by nodes (figures 5,6).%3
The FEA Models A and C and Models B and D had the
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same number of elements (Table 2) since FEA is mesh Graph 2: Mean Vickers Hardness Number
based in order to apply any of the properties. between 4 groups at 50 gm force loading
The safety factor/fracture resistance was assessed using

the compressive strength and the restorative stress of the ;‘é ig:gg eIE0L 6945 6780
material. The fracture strength for the bilayered Z  60.00

materials was calculated using the formula. é zg:gg

Combined strength = (2E. + 1Ep)/total combination f;“ 30.00

where E,and Ep are the respective compressive strengths é 20.00

of the material. % lg:gg

Studies have shown the compressive strength of MTA g Group 1a Group 1b Group2a Group 2b

within the range of 18MPa to 67 MPa over a period of
21 days,**1 60 to 300 MPa for GIC,* and 218 MPa after
24 hours for RMGIC.Y

The mean Vickers Hardness Number for Group la was
69.80 + 14.67, for Group 1b was 71.65 + 13.57, Group
2a was 69.45 + 16.71 and Group 2b was 67.80 + 13.40 at

Table 3 — Compressive strength of the restorations 50 gf Ioading (g raph 2).
Models Compressive strength
Model A (GIC - 3 mm) 170 Graph 3: Mean Vickers Hardness Number
Model B (GIC - 2 mm + 111 between 25 & 50 gm force loading in each
MTA - | mm) group
Model C ( RMGIC - 3 mm) 218 )
o]
Model D (RMGIC - 2 mm + 127.66 £ 80.00
£ .
MTA - 1 mm) = £0.00
Results %J 40.00
[g]
Graph 1: Mean Vickers Hardness Number T 20.00
between 4 groups at 25 gm force loading E 0.00
~‘>:’ Group 1a Group 1b Group2a Group 2b
c
3 800 (7> 708 7050 6955 g m25gm m50gm
€ 70.00
Z 6000 The mean Vickers Hardness Number for Group la at 25
§ 50.00 & 50 gm force loading was 74.75 = 14.00 & 69.80 *
o 40.00
ke 30.00 14.67, for Group 1b was 70.85 + 14.64 & 71.65 + 13.57,
g 20.00 Group 2a was 70.50 + 16.55 & 69.45 + 16.71 and Group
L 10.00
= 0.00 2b was 69.55 + 13.50 & 67.80 + 13.40. However, the
< :
S Groupla Group1b Group2a Group2b differences in the mean Vickers Hardness Number

The mean Vickers Hardness Number for Group la was between &t 25 gm & 50 force loading in all the 4 study

74.75 £ 14.00, for Group 1b was 70.85 + 14.64, Group
2a was 70.50 £ 16.55 and Group 2b was 69.55 + 13.50 at
25gf loading.(graph 1)

groups were not statistically significant (graph 3).

©2023 1IDSIR, All Rights Reserved
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Graph 4 - Overall stress when
527N applied at 0°

250 Bl ] |
200
150
100
50

O e —
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(¢][@) + MTA)

Model D
(RMGIC +
MTA)

Model C
(RMGIC)

center of occlusal surface W mesial cusp tip

The overall stress was recorded as 191.22 MPa for
Model A, 188.178 MPa for Model B, 180.61 MPa for
Model C and 178.77 MPa for Model D when load was
applied on the center of occlusal surface. The overall
stress was recorded as 266.47 MPa for Model A, 264.15
MPa for Model B, 254.3 MPa for Model C and 253.04
MPa for Model D when the load was applied on the
mesial cusp tip (graph 4).

Graph 5 - Overall stress when 527
N applied at 60°

Model C Model D
(RMGIC) (RMGIC +
MTA)

O e —

Model A (GIC) Model B (GIC
+ MTA)

center of occlusal surface

B mesial cusp tip

The overall stress was recorded as 147.05 MPa for
Model A, 146.7 MPa for Model B, 140.29 MPa for
Model C and 140.1 MPa for Model D when load was
applied on the center of occlusal surface. The overall
stress was recorded as 397.55 MPa for Model A, 393.35
MPa for Model B, 378.48 MPa for Model C and 376.27
MPa for Model D when load was applied on the mesial
cusp tip (graph 5).

©2023 1IDSIR, All Rights Reserved

Graph 6 - Restorative stress when
527N applied at 0°

50

0 SRS B
Model A Model B (GIC
(GIC) + MTA)

Model C Model D
(RMGIC) (RMGIC +
MTA)

center of occlusal surface ~ ® mesial cusp tip

The restorative stress was recorded as 87 MPa for Model
A, 84.96 MPa for Model B, 77.06 MPa for Model C and
75.82 MPa for Model D when the load was applied on
the center of occlusal surface. The restorative stress was
recorded as 138.91 MPa for Model A, 138.92 for Model
B, 121.92 MPa for Models C and D when the load was
applied on the mesial cusp tip (graph 6).

Graph 7 - Restorative stress when
527N applied at 60°

50

Model D
(RMGIC +
MTA)

0 _—
Model A (GIC) Model B (GIC  Model C
+ MTA) (RMGIC)

center of occlusal surface

B mesial cusp tip

The restorative stress was recorded as 103.46 MPa for
Model A, 103.18 MPa for Model B, 100.54 MPa for
Model C and 100.45 MPa for Model D on the center of
occlusal surface. The restorative stress was recorded as
142.89 MPa for Model A, 143.14 MPa for Model B,
143.66 MPa for Model C and 143.28 MPa for Model D
when the load was applied on the mesial cusp tip (graph
7.
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Graph 8 - Overall Deformation at
527N load

0 —
Model A (GIC) Model B (GIC
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The overall deformation measured at the maximum load
applied was seen to be minimal, i.e., 0.05mm for all the
four models (graph 8).

Graph 9 - Safety Factor

Model A Model C

(RMGIC)

Model D
(RMGIC +
MTA)

Model B (GIC
(GIC) +MTA)

Among the four groups, RMGIC showed to have the
highest safety factor of 2.03 (graph 9).

Discussion

Glass lonomer Cement based restorative materials are
preferred for primary teeth because of their chemical
bonding to tooth structure, fluoride release and
biocompatibility!® with a success rate of 33% after 5
years.’ RMGIC has the advantages of greater working
time, esthetics closer to resin-based materials and better
strength characteristics.® Both these restoratives are
used as single or bi layered restorations.

Surface hardness tests help to evaluate the behaviour of
dental restorative materials under occlusal stresses.’
Evaluation of the VHN values for GIC and RMGIC as

©2023 1IDSIR, All Rights Reserved

single layered and bi-layered restorations showed no
statistically significant difference at 25 gm force and 50
gm force when evaluated after 24 hours of immersion in
artificial saliva. Evaluation of samples after 24 hours
was done as studies have shown that GIC based
restoratives attain their maximum strength after 24
hours.® Studies have suggested that VHN tends to vary
with time®?° and may explain the patterns of failures
reported over a period of time. Previous studies have
shown a VHN of 41.01(200 gm loading force) for GIC*
and 50.70 (100 gm loading force) for RMGIC.?? The
lower loading forces used in our study was in line with
the gradual increase in masticatory bite force in
children.?? Further when higher loading forces were
applied in our samples they tended to fracture. It can be
inferred that at lower masticatory forces as seen in
children, both GIC and RMGIC show similar surface
microhardness. Our study indicates that layering of
restorations with a reduction in thickness of surface layer
upto 2 mm had no significant impact on the surface
microhardness of GIC or RMGIC. Similar results were
seen in a previous study where the surface
microhardness remained unaffected up to a depth of
2.6mm.2 Further study will be required to assess the
behaviour of these materials at thicknesses of less than 2
mm. This would provide us with more information
regarding the behaviour of these materials across their
applications in minimal invasive dentistry.

Our study also indicates that both GIC and RMGIC are
comparable when used as bulk fill materials up to a
thickness of 3 mm, without any impact on surface
microhardness when evaluated at 24 hours. This would
also indicate that the immediate strength of both the
materials is functionally adequate when used for single
surface restorations in primary teeth.

The Finite Element Analysis is a valuable tool to assess
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biomechanical responses of dental restorative materials
in which the stress distribution can be studied in 3D
CAD (Computer aided design) models of teeth in vitro
where in vivo testing is not feasible. This would help us
to plan restorative management depending upon the
properties of the material as well as interpret the in vivo
functioning of restorations.®

The FEA models were used to assess the stress patterns
in a 3D model of a primary tooth with a Class | cavity
restored with either GIC or RMGIC as single layered
and bilayered restorations. The results indicated that the
occlusal stresses were dissipated within the surface layer
of the restoration when it is 3 mm thick. The loading was
done on the center of the occlusal surface and the mesial
cusp tip. A comparison between the points of loading
showed that the stress when the loading was on the
mesial cusp tip is higher than on the center of the
occlusal surface. In a similar study, loads were applied
on the mesial cusp tip and center of the occlusal surface.
The magnitude of the stresses experienced by the tooth
when loaded at the mesial cusp tip increased with the
These

comparable with the results of another study.® However,

increasing force angulation. results are
in our study the stress decreased with increasing
angulation when applied at the center of occlusion. In
our study the cavosurface margins of the restorative
showed lesser stresses similar to the above study.

This FEA stress model is based on the Young’s modulus
and Poisson’s ratio. The Young’s ratio is a measure of
the stiffness of the material. Higher the Young’s
modulus, greater is the stiffness of the material and the
possibility of restorative fracture.* The reduced Young’s
modulus values of the three restorative cements which
were in the comparable range to dentin, minimised the
stress propagation through the restorative layers. Similar

results were observed in another study.?

©2023 1IDSIR, All Rights Reserved

On the other hand, the Poisson’s ratio measures the
deformation in the material in a direction perpendicular
to the direction of the applied force. A low Poisson’s
ratio means that the material is brittle and prone to
fracture. It changes from layer to layer. A Poisson’s ratio
between the range of 0.35 to 0.45 indicates that the
material does not fracture easily.?® The Poisson’s ratio
for GIC and RMGIC is 0.25% and 0.30% respectively,
implying that these materials do not fracture easily. GIC
and RMGIC having low Young’s modulus and a higher
Poisson’s ratio indicate that these materials function well
as restorative materials for primary teeth. Therefore,
these values were critical in generating the FEA model
for our study.

The process by which a material undergoes a change in
its shape is called deformation. Stress usually decreases
as a function of distance from the force applied. Thus,
stress distribution is rarely uniform in an elastic model.
On application of a load, the models undergo a
deformation within the elastic limits and the change is
reversible when the load is removed.?® In our study all
the four models showed minimal overall deformation
upon loading i.e., 0.05 mm. This low plastic deformation
contributes to the compressive strength and fracture
resistance of these restorative materials.

In our study, the safety factor was calculated by dividing
the  compressive strength of the material by the
restorative stress obtained at the respective loading. The
safety factor was calculated as 1.5 for model A (GIC),
0.99 for model B (GIC + MTA), 2.04 for model C
(RMGIC) and 1.2 for model D (RMGIC + MTA) at a
loading of 527 N i.e., the maximum occlusal bite force
for the permanent dentition stage up to the age of 14.5
years. Bilayering of both GIC and RMGIC with MTA
reduced the safety factor of the restoration as compared

to their single layered counterparts. It was observed that
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the restoratives showed a higher fracture resistance than
the stress experienced, hence undergoing no fracture.
The results show that both GIC and RMGIC function
similarly well as single layered and bilayered
restorations for primary teeth up to an age of 14.5 years.
Similar results were shown in a review of survival rates
and reasons of failure of restorations in primary molars.
It was seen that the restorations performed really well in
single surface restorations.?® According to a study, 50%
survival rate for RMGIC was 55 months and 48 months
for GIC.* RMGIC showed a higher safety factor as
compared to the other groups, suggesting its use in
higher stress bearing areas.

The results of both Vickers Hardness Test and the FEA
indicate that RMGIC has slightly better mechanical
properties than GIC as reported by other studies as
well .3t Therefore, both materials functions similarly
when used as single layered or bilayered Class 1
restorations in primary molars. This relates well and
explains the clinical observations seen in Pediatric
restorative treatment. The patterns of clinical failures
observed may therefore be attributed to improper
manipulation of the materials, errors in cavity design and
anatomic variations. If these factors are controlled it may
be possible to expect improved longevity of primary
teeth restorations.

The results of the study indicate that a minimum
thickness of 2mm is required for the survival of the
restorative. Applying a base reduces the fracture
toughness of the material, and hence it is only indicated
when there is a need for a pulp protection.

Conclusion

The surface microhardness of GIC and RMGIC, remains
unaffected when used as single layered or bilayered
restorations when a minimum thickness of 2-3

millimeters is maintained, indicating the requirement of

©2023 1IDSIR, All Rights Reserved

a minimum thickness of 2mm for the survival of a

restorative. The Finite Element Stress Analysis shows

the concentration of stress at the point of loading
confined to the superficial layer in Class 1 cavity
restorations. Under the range of occlusal stresses,

bilayered restorations in primary molars behave as a

single unit, the dissimilar base following the

characteristics of the surface restorative. Both GIC and

RMGIC demonstrate good safety factors and minimal

overall deformation especially in single surface lesions.

The cavosurface margins of the restorative showed least

stresses.
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Figure 1: Single layered and bilayered GIC and RMGIC
discs prepared and stored in artificial saliva prior to

Vickers hardness testing.

|
Figure 2: GIC and RMGIC discs being examined to

assess surface microhardness on the Vicker’s hardness

testing machine (Micro Mach Technologies S1300)
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Figure 5: FEA model of the tooth
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Figure 6: Restored FEA tooth model

Figure 4: CBCT image
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Figure 7: Single layered restoration

Figure 8: Bilayered restoration
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Figure 9: Pattern of overall stress when load applied at 0

degree on the center of occlusal surface
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Figure 10: Pattern of overall stress when load applied at

0 degree on the mesial cusp tip
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Figure 11: Pattern of overall stress when load applied at

60 degrees on the center of occlusal surface
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Figure 12: Pattern of overall stress when load applied at

60 degrees on the mesial cusp tip
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Figure 13: Pattern of restorative stress when load applied

at 0 degree on the center of occlusal surface
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Figure 14: Pattern of restorative stress when load applied

at 0 degree on the mesial cusp tip
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Figure 15: Pattern of restorative stress when load applied

at 60 degrees on the center of occlusal surface
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Figure 16: Pattern of restorative stress when load applied

at 60 degrees on the mesial cusp tip
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