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ABSTRACT
Background: Pulp capping involves placing a medicament over deepest layer of remaining affected dentin in order to
maintain pulp vitality. MTA is a popularly used material for pulp capping. However, its long setting time discourages its use
as single-visit pulp capping material. Enamel substrate can provide a biological alternative for the same.

Aim and objectives: The aim of this study is to evaluate enamel, a natural substrate as an alternative material for pulp
capping and to compare it with MTA by evaluating fracture strength and microleakage in Class | cavities.

Material and methods: Class | cavities were prepared on 100 extracted molar teeth and were divided into two groups for
microleakage (Group I) and fracture strength analysis (Group 1) respectively. Each group was divided into 5 subgroups (1A
IB IC ID IE and IIA 1IB IIC IID IIE): Group IA, IIA restored with 2mm thick enamel slab+ composite; Group IB, 1B 1mm
thick enamel slab+ composite; Group IC, IIC MTA+ RMGIC+ composite; GROUP ID, IID intact tooth; Group IE, IIE
unrestored tooth. Samples of Group | was subjected to microleakage study by the dye penetration method and those of Group
I were subjected to fracture strength analysis under the Universal Instron testing machine.

Results: The intact teeth and the group with 2mm thick enamel slab showed lowest microleakage with no statistically
significant difference (p value< 0.005) between the two. MTA showed statistically significantly higher microleakage than
these groups (p-value< 0.005). Significantly high fracture strength was observed in the intact tooth group followed by the
group having 2mm thick enamel slab. However, MTA showed significantly lower fracture strength than groups with 2mm
and 1mm thick enamel slab.

Conclusion: 2mm thick enamel slab is a novel pulp capping agent and can be considered as a potential alternative to
conventional pulp capping agents.
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INTRODUCTION defects in dentin bridge, pulp chamber obliteration, high

. solubility in oral fluids, have led to a shift towards bio
The consequences of pulp exposure from caries, can be

severe pain and infection. However, damage to the pulp in
its initial stages results in inflammatory response which can
be reversed if sufficient affected dentin is present. Pulp
capping is a conservative treatment modality, in which a
medicament, a cavity liner or sealer is placed over deepest
layer of remaining affected dentin (indirect pulp capping) in
an attempt to maintain pulp vitality and avoid the more
extensive treatment dictated by extraction or endodontic
therapy [1]. Among the earlier materials calcium hydroxide
was considered the gold standard [2] by which all the other
pulp capping materials were judged. However, considerable
limitations of calcium hydroxide such as presence of tunnel
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ceramic materials like MTA.

Mineral Trioxide Aggregate (MTA) has become popular as a
pulp capping agent in recent years due to its antibacterial
and biocompatibility properties, less solubility as it sets in
the presence of moisture, osteo-induction and osteo-
conduction and its ability to aid in the release of bioactive
dentin matrix proteins [3]. The major disadvantage of MTA
is its prolonged setting time. This requires that pulp capping
with MTA either be done in a two-step procedure, placing a
temporary restoration to allow the MTA to set before placing
the permanent restoration, or using a quick-setting liner to
protect the MTA during permanent restoration placement.

Using a natural substrate (enamel) as a pulp capping agent
could be a possibility due to its better adhesion to restorative
materials. In (1991) Santos and Bianchii [4] used the
technique of bonding sterile tooth dental fragments to teeth
with large coronal destruction. The term ‘“Biological
Restoration” was used to describe an alternative technique
that uses adhesive capabilities of materials in combination
with strategic placement of parts of extracted human
permanent teeth to achieve better aesthetics and more
conservation of sound dental tissues. The research in the
field of biological restorations is still lacking. This study
aims to evaluate enamel, a natural substrate as an alternative
material for pulp capping and compare it with MTA by
evaluating fracture strength and microleakage at the tooth-
restoration interface in Class | cavities.
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MATERIALS AND METHOD

This study was done in the Department of Conservative
Dentistry and Endodontics, Sri Guru Ram Das Institute of
Dental Sciences and Research, Sri Amritsar. Ethical
clearance for which was obtained from the institutional
ethical committee. Sample size was calculated by using
formula i.e Nn=2*Z1.,»> X SD?d? suggested by Charan and
Biswas (2013). 140 extracted molar teeth were selected
based on the following inclusion and exclusion criteria. Non-
carious permanent mandibular molar teeth were included,
whereas teeth with developmental defects, visible cracks,
fractures, previously treated root canals, or any
malformations were excluded from the study.

Procedure

Out of 140 selected teeth, 40 teeth were used for preparation
of enamel slabs and on the other 100 teeth a Class | cavity
was prepared using a No. 245 carbide bur, with a high-speed
air rotor handpiece. The preparation extended 3-mm
buccolingually and 4 mm mesiodistally with 4-mm pulpal
depth. The samples were randomly divided into two groups:
GROUP | for Microleakage study and GROUP Il for
Fracture strength analysis. In each of these groups 5 sub-
groups were made depending upon the material used for
pulp capping (n=10 samples in each sub-group) as classified
in Table 1.

Table 1. Description of Materials Used.

IA= Enamel slab of thickness 2mm+ composite (Omnichroma, Tokuyama)

IB= Enamel slab of thickness Imm+ composite (Omnichroma, Tokuyama)

Group |

IC= MTA (ProRoot, Dentsply) + GIC (GC Fuji IX, GC Corp.) + composite (Omnichroma, Tokuyama)

ID = Intact tooth

IE= Unrestored tooth

IA= Enamel slab of thickness 2mm+ composite (Omnichroma, Tokuyama)

11B= Enamel slab of thickness 1mm+ composite (Omnichroma, Tokuyama)

Group Il

11C= MTA (ProRoot, Dentsply) + GIC (GC Fuji IX, GC Corp.) + composite (Omnichroma, Tokuyama)

IID=Intact tooth

IIE=Unrestored tooth
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Sample Preparation

Preparation of enamel slab for SUB-GROUPs IA, IB, IIA,
1B - From 40 freshly extracted teeth 2 types of enamel slabs
(n=10 each) one with dimensions 3mm buccolingually, 4mm
mesiodistally and thickness of 1mm and the other with
similar dimensions mesiodistally and buccolingually but
greater thickness i.e., 2mm were obtained from the buccal or
lingual aspects of extracted molars using a double side
diamond coated disc.

Procedure

GROUP IA, I1A: Enamel slab of thickness 2mm (to be used
as a pulp capping agent) was placed on the floor of the
cavity. One coat of self-etch bonding agent (Palfique bond,
Tokuyama) was applied and air dried for 5s followed by
curing for 10s. The cavity was then restored with composite
(Omni chroma, Tokuyama Dental) added in increments and
each cured for 20s as per the manufacturer’s instructions.

GROUP IB, 11B: Enamel slab of thickness 1mm (to be used
as a pulp capping agent) was placed on the floor of the
cavity. One coat of self-etch bonding agent (Palfique bond,
Tokuyama) was applied and air dried for 5s followed by
curing for 10s. The cavity was then restored with composite
(Omni chroma, Tokuyama Dental) added in increments and
each cured for 20s.

GROUP IC, IIC: MTA (Pro Root, Dentsply) powder was
mixed with distilled water on a glass slab according to
manufacturer’s instructions and it was placed in the cavity
using an amalgam carrier to a thickness of 1mm. After
45mins, GIC (GC Fuji IX, GC Corp.) was mixed according
to manufacturer’s instructions, placed over MTA as a base.
The rest of the cavity was restored with Omni chroma
(Tokuyama Dental).

GROUP ID, IID Intact tooth: intact molar with no cavity
preparation.

GROUP IE, IIE Unrestored tooth: class | cavity preparation
was done on a molar tooth but no restorative material was
placed in the cavity.

Thermocycling was done by alternating the samples in hot
(fifty-five degree Celsius) and cold (five degrees Celsius)
water baths with a dwell time of thirty seconds in each water
bath and transfer time of 10 seconds between hot and
Coldwater bath. Whole procedure was repeated for five
hundred times i.e., total 500 cycles 5]. After thermocycling,
the apices of the teeth were sealed with sticky wax to
prevent dye to penetrate from the open apical areas of the
prepared specimens.

Microleakage Testing
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50 restored samples of subgroup 1A IB IC ID IE (n=10 each)
were subjected to the microleakage analysis by the dye
penetration method. The specimens were dried and coated
with nail varnish except for 0.5-1mm window around
restoration margins and allowed to dry. Then the samples
were immersed in 1% methylene blue dye for 24hrs and
washed under running water for 30mins to rinse off the
excess dye. Sectioning of the samples was done in the
mesio-distal direction. The samples were observed under the
stereomicroscope (MOTIC SMZ-%43 SERIES) 40X and the
extent of dye penetration was evaluated according to scoring
criteria by Mazumdar [6].

e 0 nodye infiltration

e 1 dye penetration up to the first third of prepared cavity
wall

e 2 dye penetration up to the second third of the prepared
cavity wall

e 3 dye penetration onto the entire prepared cavity wall

e 4 dye penetration onto the entire prepared cavity wall
and pulpal wall

Fracture Strength Analysis

50 restored samples of subgroup A 11B 1IC IID IIE (n=10
each) were stored in deionized water for 24 h and then
embedded in acrylic molds till the CEJ and subjected to
fracture strength testing under the Universal Instron testing
machine at crosshead speed of 1mm/min. Maximum force
required to fracture was recorded.

All results of microleakage and fracture strength evaluation
were put to statistical analysis using Post-hoc Bonferroni
Test.

RESULTS
Microleakage Analysis

The lowest microleakage was observed in Group ID which
was the intact tooth followed by Group IA (enamel slab of
thickness 2mm). However, on statistical evaluation no
statistically significant difference (p value< 0.005) was
observed between these two groups. Group IB (enamel slab
of thickness 1mm) had significantly higher microleakage (p
value< 0.005) than Group IA and ID (Graph 1, Table 2).

Group IC (MTA with GIC) showed significantly higher
microleakage (p value< 0.005) than Group ID (intact tooth),
IA (enamel slab of 2mm thickness), IB (enamel slab of 1mm
thickness). Highest microleakage was observed with the
Group IE (unrestored tooth) which was significantly higher
(p value< 0.005) than all other groups (Graph 1, Table 2).

SciTech Central Inc.
J Pharm Drug Res (JPDR)

755



J Pharm Drug Res 6(3): 753-759

Kaur R, Bhullar KK, Goyal S, Sahiwal H, Grover JS, et al.

Microleakage
4
3
2.5

=
o 2
E 1.5
1
0.5
0
1 2 3 4 5
GROUPS

Graph 1. Comparison of Microleakage among experimental groups (x-axis: denotes groups; 1-5, y-axis: denotes mean

microleakage).

Table 2. Post hoc comparison of microleakage among different groups.

Post Hoc Bonferroni Test - Microleakage Column 1 Column 2
Groups P-Value Result
Group 1 vs 2 0.000172953 Significant
Group 1 vs 3 4.91601 X 10°® Significant
Group 1vs 4 0.176879648 Non-Significant
Group 1 vs 5 7.75766 X 1012 Significant
Group 2 vs 3 0.004744032 Significant
Group 2 vs 4 3.11702 X 10°® Significant
Group 2 vs 5 4.61599 X 10°° Significant
Group 3 vs 4 4.9104 X 107 Significant
Group 3vs 5 0.003559867 Significant
Group 4 vs 5 2.14509 X 1013 Significant

p-value < 0.005, significant

Fracture Strength Analysis

Highest Fracture strength was observed with Group IID
(intact tooth) with a mean value of 347.2 MPa. Group IIA
(enamel slab of 2mm thickness) showed lesser fracture
strength than Group 1ID and there was a significant
difference (p value< 0.005) between the two groups. Group
1B (enamel slab of 1mm thickness) showed lesser fracture
strength than both Groups 11D (intact tooth) and Group A

(enamel slab of 2mm thickness) with a statistically
significant difference (p value< 0.005) with both the groups.
Group 1IC showed mean fracture strength value of 268.5
which was lesser than Groups IIA, 1ID and IIB with a
statistically significant difference between them (p value<
0.005). Lowest fracture strength was observed with Group
IIE (unrestored tooth) which was significantly (p value
<0.005) lower than all the groups (Graph 2, Table 3).

SciTech Central Inc.
J Pharm Drug Res (JPDR)

756



J Pharm Drug Res 6(3): 753-759

Kaur R, Bhullar KK, Goyal S, Sahiwal H, Grover JS, et al.

400

350

Mean

S

Fracture Strength

300
250
200
150
100 I
0
1 2 3 4 5

GROUPS

Graph 2. Comparison of Fracture strength among experimental groups (x-axis: denotes groups; 1-5, y-axis: denotes mean

fracture strength.

Table 3. Post hoc comparison of microleakage among different groups.

Post Hoc Bonferroni Test - Fracture Strength
Groups
Group 1vs 2
Group 1vs 3
Group 1vs4
Group 1vs 5
Group 2 vs 3
Group 2 vs 4
Group 2vs 5
Group 3vs4
Group 3vs5
Group 4 vs 5

Column 1 Column 2
P-Value Result

5.9444 X 10°%° Significant
6.7459 X 10°Y Significant
2.30634 X 10° Significant
1.25065 X 107 Significant
3.67295 X 10°® Significant
8.5181 X 106 Significant
1.14469 X 102 Significant
2.02393 X 10°Y Significant
1.02425 X 10% Significant
2.31848 X 10% Significant

p-value < 0.005, significant

DISCUSSION

In this study microleakage and fracture strength of MTA was
compared with natural tooth substrate (enamel slab) when
used as pulp capping agents in deep cavities.

We chose self-etch Palfique Bond for this study as studies
support the use of Universal bonding agents to bond GIC to
composite. Gupta and Mahajan [7] in their study concluded
that the application of self-etch bonding agent between GIC
and composite resin increases the shear bond strength as
compared to total etch type systems.

Omnichroma was used as a final restorative material for this
study as it consists of spherical silica filers with uniform

particle size of 260nm formed by SOL-GEL technique hence
it shows better compressive strength and surface hardness.
Thereby providing an adequate balance between esthetics
and strength.

MTA, a highly biocompatible material which sets in the
presence of moisture and forms a sound dentinal bridge is
preferred for pulp capping [3]. However, the biggest
drawback with MTA is its prolonged setting time of 2h and
45min [8,9] in their study compared the bond strength of
composite with MTA at different time intervals and found
that MTA has highest bond strength with composite after
24h with the total etch system and the lowest value after
immediate application of MTA. In a study by Napte and
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Raghavendra S [10] it was seen that bond strength of MTA
with GIC was comparable at 45 minutes and 72 h time
interval that is why GIC was used as a base over MTA after
45 minutes in this study.

Enamel slab was chosen as an alternate to conventional
materials as a pulp capping agent as it is a biological natural
material thereby showing excellent biocompatibility,
According to Beznos C [11] with enamel margins all
materials and techniques demonstrated very good seal and
less microleakage in contrast to cementum/dentin margins.

Microleakage results of our study showed that enamel slab
of thickness 2mm exhibits less leakage as compared to MTA
[12]. The mineralized structure of enamel presents distinct
ultra-morphology and composition. Regardless of depth or
where it is located enamel has crystal homogenous structure
composed of hydroxyapatite (96% by wt and 86% by
volume inorganic, 3%by wt/ 12% vol water, 1% wt/ 2% vol
organic matrix). Higher mineral content of enamel allows
more etching and hence better penetration of resin tags.
Therefore, better bonding to restorative material. On the
other hand, Cervino [13] analyzed the MTA- Adhesive
interface under the scanning electron microscope and
reported the presence of micro-gaps exhibiting
unsatisfactory bonding at the MTA - Composite interface
which promotes microleakage. Islam [14] stated that MTA
has as a long setting time so it cannot be restored
immediately.

Enamel slab of thickness 2mm exhibits less leakage as
compared to enamel slab of thickness 1mm. Lesser the
enamel more will be the composite resin hence more
leakage. This was supported by Abrol [15] in their study
found that all restored teeth exhibited certain amount of
microleakage as compared to an intact tooth. The maximum
microleakage was observed with the unrestored tooth.

Fracture Strength Analysis

In this study fracture strength of MTA was compared with
natural tooth substrate (enamel slab) when used as pulp
capping agents in deep cavities and it was found that the
fracture strength of MTA was significantly lower than
enamel slab. Balal [16] stated that the ProRoot MTA has
higher molecular weight particles because of which it has
lesser interfacial bonding with dentin and lesser tubular
biomineralization which may be the reason for its reduced
fracture strength. Calcium hydroxide formed as a by-product
of the setting reaction of MTA may also be responsible for
its reduced fracture strength.

The fracture strength of 2mm thick enamel slab was more
than that of 1mm thick enamel slab because decrease in the
thickness of enamel and increase in the resin composite
values reduced the fracture strength of the tooth.

The fracture strength of 2mm thick enamel was significantly
less than that of intact tooth. This is in accordance with the
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results of the study published by Forster [17] which showed
that the fracture strength of the intact tooth is higher than
restored tooth. In this study this may be due to operative
procedures like the loss of tooth structure during cavity
preparation, smear layer formation and presence of
composite restorative material.

CONCLUSION

2 mm enamel slab used as pulp capping agent showed
significantly lower microleakage as compared to 1mm
enamel slab and MTA.

2 mm enamel slab used as pulp capping agent showed
significantly higher fracture strength as compared to 1mm
enamel slab and MTA.

Thus, it can be concluded from the present study that 2mm
enamel slab is a novel natural pulp capping agent and can be
considered as a potential alternative to conventional
synthetic pulp capping agents. Further long-term In-Vivo
studies should be done to evaluate its clinical application.
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