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ABSTRACT

BACKGROUND
This in vitro experimental study investigated and compared the physical properties of three newly developed atraumatic
restorative treatment materials.

MATERIALS AND METHODS

Atraumatic Restorative Treatment materials (ART) with three different compositions were prepared by varying the percentage of
Azadirachta indica (Neem) extract within the materials. Micro-hardness, compressive strength, marginal adaptation to tooth
structure of the atraumatic restorative treatment materials were assessed.

Statistical Analysis Used- Data was analysed using SPSS version 20 statistical software. One-Way ANOVA, Tukey’s Highly Significant
Difference (HSD), Scheffe’s tests were conducted to assess the level of significance of differences between mean values in post-hoc
testings. P < 0.05 was considered statistically significant.

Settings and Design- Samples were prepared in the Department of Oral Biology and Genomic Studies, AB Shetty Dental College and
experiments were conducted in NITK, Surathkal.

RESULTS

The micro-hardness of ART-I was found to be 21.1 - 25.8 VHN, whilst ART-II showed values between 13.2 - 16.3 VHN. The
compressive strengths of ART-I and Il were 38.2 - 56 and 43.3 - 61 MPa respectively. The micro-hardness of the ART-III was from
35.3 - 36.4 VHN. However, the compressive strength of ART-III was 31.2 - 38 MPa. Micro-hardness was recorded as significantly
high when compared between the groups (P < 0.0001). Although, there were no significant differences in compressive strengths
between the ART-I and ART-II materials (P > 0.05), the compressive strength of ART-III was significantly greater than those of the
ART-I and II (P < 0.05). No marginal gap was observed between the walls of the cavities in extracted teeth and restorative ART-I],
whereas these were found when employing the ART-I and III products.

CONCLUSION
The ART-II product evaluated physical properties consistent with promising Atraumatic Restorative Treatment materials, unlike
the ART-I and III.
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Atraumatic Restorative Treatment (ART) serves a minimal
interventional clinical restorative technique.lll Indeed, its
major advantage is that it requires minimal resources and can
easily be used in community settings.[23]1 Hence, such
materials can be considered as low-cost restorative strategies
for the rapid treatment of dental caries.[45]

Orally, restorative materials in teeth are continuously
exposed to human saliva and therefore their physical and
mechanical properties are required to be viable within such a
physiological environment, which has a high level of both
biochemical and microbiological complexity.l671 There are
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various ART materials available in the market, ranging from
temporary and semi-permanent to permanent alternatives.
ART materials can be functionalised to have adhesive,
antibacterial and fluoride anion-releasing properties. Some
recent ART materials available in the market are quite
durable and have the strength to withstand normal occlusal
forces. Such materials have promising physical properties
and most importantly fluoride releasing capacity.[89]
Conventional glass ionomer and resin-modified glass
ionomer cements have been previously employed, but these
have certain shortcomings.[10-15]

The in vitro experimental present study aimed to develop
a more financially-viable ART material incorporated with
Neem (Ethanolic Neem extract), which has proven
antibacterial activity. The objectives of the study were to
determine and compare the physical properties of newly-
developed ART materials, specifically micro-hardness,
compressive strength, surface morphology and marginal
adaptation using Scanning Electron Microscopy (SEM) prior
and subsequent to incorporation with an ethanolic extract of
Neem, a natural product with established antibacterial
properties compared with conventional ART
materials.[16,17.18]

MATERIALS AND METHODS

A total of n= 60 cylindrical samples of ART materials (20
samples of ART-I, ART-II and ART-III) with dimensions of 7.0
x 3.5 mm were prepared using a Teflon mould before
determining micro-hardness and compressive strength. The
cement was mixed according to the composition provided in
Table 1, placed in the Teflon mould and then compressed for
20 minutes. All specimens were then removed from the
moulds and stored at 100% relative humidity (Although not
immersed) for 24 hrs. during maturation of the material.

Micro-Hardness

Ten samples each of ART-], II and III materials were selected
randomly for micro-hardness testing. Samples were polished
by using emery papers of particle sizes varying from 01 to 03
before recording the micro-hardness. Their micro-hardness,
measured as the Vickers Hardness Number (VHN), was
recorded using a standard micro-hardness tester (HMV-G,
Shimadzu).

The Vickers Hardness indentation was performed under a
load of 100 g for a period of 15 s on the polished surface of
the prepared samples. For each sample, 3 indentations were
performed and the mean VHN value was recorded.

Compressive Strength

The remaining n= 30 samples, consisting of ten samples each
of ART-], II and III materials, were used for compressive
strength testing. Each sample was loaded and compressed to
the limit of distortion using a Tensometer 6907 mechanical
testing facility.

The compressive strength was determined by dividing
the value of failure-load of a specimen with the cross-
sectional area of the sample.

CS= P/mr?, where CS was the compressive strength in
MPa, P was the load in newtons and r was the radius of the
specimen in millimetres.
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Scanning Electron Microscopy (SEM) to explore the
Marginal Adaptation of ART to Tooth Structure-

After acquiring Research Ethics Committee approval for the
SEM study, a total of thirty caries-free extracted human teeth
were selected randomly, cleansed and soaked in 0.5% (w/v)
ethanol-based chlorhexidine for 20 mins prior to being
placed in distilled water (pH 7.0) for a 7-day period. Using a
cylindrical bur, standardised cavities were prepared, rinsed
with distilled water and dried at ambient temperature. These
30 teeth were randomly sub-divided into three groups-
Groups A, B and C. Freshly prepared ART-I material was
placed in Group A teeth, ART-II material in Group B teeth and
ART-III material in Group C teeth. The samples were cured at
room temperature for 24 hrs., whilst stored in airtight sample
containers. Following 24 hrs., samples were cut and polished
using emery papers (the grit size was ranged from 1/0 to
3/0). Samples were etched using 35% (v/v) orthophosphoric
acid for 15 s to remove the smear layer and etch the surface,
washed with distilled water and then dried with tissue paper.
The restored teeth were then dehydrated in a series of
laboratory-grade aqueous-ethanol solutions [30%, 40%,
50%, 60%, 70%, 80% and then 90% (v/v) absolute ethanol]
for 10 mins. Samples were then placed in desiccators for 24
hrs.

After the samples were dried in an oven at 110° C for 15
mins, they were then gold sputter-coated before examination
using a Scanning Electron Microscope (SEM) (model: JEOL
JSM-6380LA). Areas were sub-divided into two sites (the
coronal enamel-cement and root dentine-cement junctions),
and marginal gap images of each sample were obtained from
two sites. Magnification used was from X500 to X2500.

Statistical Analysis

Statistical analysis of the micro-hardness and compressive
strength values was carried out using the SPSS version 20
software. One-Way ANOVA, Tukey’s Highly Significant
Difference (HSD) and Scheffe’s tests were conducted to assess
the level of significance of differences between mean values
in post-hoc testings.

RESULTS

Micro-Hardness

The mean (SD) micro-hardness for ART materials are
discussed in Table 2. Micro-hardness of ART decreases with
increase in the percentage of Neem extract added to it
[Figure-1].

Compressive Strength

Table 3 presents the compressive strength of ART materials.
Compressive strength of ART is directly proportional to Neem
extract quantity in the composition of it [Figure 2].

SEM Study

The mean (SD) marginal gap between the ART-I and enamel
was 1.45 = 0.007 (mean * SD) um, whilst that between the
ART-I material and dentine was 1.31 * 0.003 um (Figure 4(a)
and 4(b)). No marginal gap was found between the ART-II
and either the enamel or dentine of the tooth (Figure 5(a) and
5(b)). However, there was an uneven marginal gap between
the ART-III and tooth structure (Figure 6(a) and 6(b)). The
mean marginal gap between ART-I and enamel was 9.87+1.03
um and that between ART-III and dentine was 10.97+0.96 um
(Table 4). Marginal gap between ART and tooth structure
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decrease with increase in percentage of Neem extract added
to it [Figure 3].

Composition of ART Material ART-I (%) ART-II (%) ART-III (%) Action
Zinc Oxide 20 20 20 Base of the Cement
Aluminium Oxide 70 70 70 Base of the cement
Hydrogenated rosin 06 06 06 Bonding Agent
Sodium Fluoride (NaF) 03 03 03 Fluoride Agent
Neem extract 06 11.5 00 Antibacterial Agent
Eugenol 40 40 40 Binding Agent
Ethoxybenzoic Acid (EBA) 60 60 60 Bonding Agent
Table 1. Compositions of New ART Material
Material N _ Mlcro-Har(-lness (VHN) SD SE Statistical Analysis
Minimum | Maximum Mean ANOVA | Tukey HSD Sheffe
ART-I1 10 211 25.8 23 2.34734 1.04976
ART-II 10 13.2 16.3 15.12 1.25976 0.56338 p<0.0001 | p<0.0001 | p<0.0001
ART-III 10 35.3 36.4 35.72 0.42071 0.18815

Table 2. Vickers Hardness Number (VHN) of Three ART Materials. N- Total Number of Samples of each ART Materials, SD-
Standard Deviation, SE- Standard Error

. Compressive Strength (MPa) Statistical Analysis
Material N Minimum | Maximum | Mean Sb SE ANOVA | Tukey HSD | Sheffe
ART-] 10 38.2 56 45.88 5.46 1.72 High significant
ART-II 10 43.3 61 50.06 6.14 1.94 p<0.0001 comp(iglefsfgir\?:zs:elr?gth o
ART-III 10 31.2 38.5 34.89 3.32 1.05 ART-1II with ART-1 and 1I

Table 3. Compressive Strength of Three ART Materials. N- Total Number of Samples of each ART Materials, SD- Standard
Deviation, SE- Standard Error

Mean (SD) Marginal Gap
ART Material Sample (Micrometre)
ART-Enamel ART-Dentine
ART-1 n=10 1.45 (0.007) 1.31 (0.003)
ART-II n=10 0(0) 0(0)
ART-III n=10 9.87 (1.028) 10.97 (0.964)

Standard Deviation

Table 4. Marginal Gap of ART Materials to Tooth Structures. Where, n- Total Number of Samples of each ART Materials, SD-

Figure 1. The Micro-Hardness of ART Materials is inversely
proportional to the variation of Neem Extract (%) added
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Figure 2. Shows the Compressive Strength (MPa)

Value is proportional to Percentage of
Neem Extract added to ART

to the ART Materials
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Figure 3. Representation of Variation of Marginal
Integration between ART to Dental Structure vs
Percentage of Neem Extract added to the Restorative
Materials

Figure 5(a). SEM Image shows no Marginal Gap
between Enamel and ART-II Material

Figure 5(b). Shows a Good Adhesion between
Figure 4(a). Shows a Marginal Gap between the Enamel ART-II and Dentine
and the ART-I with an Average Gap of 1.45 Micrometres

E 1

Fig 6(a)

Figure 6(a). Shows the Irregular Marginal Gap
Figure 4(b). The Marginal Gap between Dentine to between Tooth Enamel and ART-111
ART-I of an average 1.31 Micrometre
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Figure 6(b). Shows the Irregular Marginal Gap
between Root Dentine and ART-1II

DISCUSSION

The development of new materials for ART applications are
required to have an effective ability to bond to teeth, and this
represented one of the major objectives of this study. Indeed,
this investigation involved different approaches for the
assessment of these new ART materials, which consisted of a
basic powder containing zinc oxide, alumina and an acidic
liquid of ethoxy benzoic acid and eugenol that are mixed
together in a viscous paste.[19] This then sets into a hardened
mass [Table 1].

The criteria to choose of varying percent of Neem and
that was based on antibacterial activity of Neem; therefore, in
order to determine the maximum antibacterial activity we
used different concentration of Neem extracts. The
antibacterial efficiency of the new ART materials
incorporated with Neem extract were assessed by measuring
the zone of inhibition in the agar diffusion test (Data was not
included in this study). We also ensure thatthe general
physical properties of the ART material are not compromised
with the concentration of the extract.

The setting time of ART-I and ART-II was 12.59 and 17
minutes respectively, while ART-IIl was hardened in 11
minutes. The setting time varies with the variation in the
percentage of Neem extract added to the ART materials.
Setting time was found to be proportional to the percentage
of Neem present in the ART. Azadirachta indica commonly
known asNeem which possesses anti-bacterial, anti-
carcinogenic, anti-helminthic, anti-diabetic, anti-oxidant,
astringent, anti-viral, cytotoxic and anti-inflammatory
activity. The chief active constituent of Neem is azadiracht, an
effective antimicrobial agent.[20] Nimbidin, nimbin, nimbolide,
Azadirachtin, gallic acid, epicatechin, catechin and margolone
are the phytochemical constituents present in Neem extract
are responsible for antibacterial activity.[21]

Micro-Hardness

Surface hardness is an important property that can relate to
wear, abrasion resistance and durability of a material.[22] As
the Vickers hardness increases, the surface hardness of the
material also increases. However, several studies on hardness
of restorative materials have been carried out using Knoop
Hardness measurements.[23-251 Vicker’s hardness has been
used to assess the surface hardness of glass ionomer
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cements; other dental materials have been used elsewhere.[26-
32] Thziner T and Ulusu T in their study found that micro-
hardness of one of the marketed ART (Fuji IX) was 53
VHN.[27]

In this study, the Vicker’s hardness measurement showed
highly significant differences for micro-hardness (P <0.0001).
The micro-hardness of the ART-I material ranged between
21.1 VHN and 25.8 VHN. The micro-hardness of ART-II was
between 13.2 VHN and 16.3 VHN. The micro-hardness of
ART-III was between 35.3 VHN and 36.4 VHN [Table 2 and
Figure 1].

In this study, ART-III material had higher Vicker’s
hardness values compared to ART-I followed by ART-II. It has
been suggested that this could be due to ART-III not
containing any added antibacterial agent (i.e. Neem extract),
with the Vicker’s hardness values of the materials decreasing
with the addition of antibacterial agent.[222733] Micro-
hardness of ART materials are inversely proportional to the
percentage of antibacterial agent in the sample, which was
observed in the present study too.[27]

Compressive Strength

Compressive strength is an important property of tooth
restorative materials, which can help protect materials from
masticatory forces.[3436] Compressive strengths can vary
depending on the mixing and placement methods as well as
the conditions maintained during measurement. Bresciani E
et al found that compressive strength of marketed ART
(Bioglass R) was 99 MPa.[2]

In the present study, no significant difference (P > 0.05) in
compressive strength was observed between ART-I and ART-
II. A significant difference in compressive strength was
recorded between ART-III and ART-I as well as between ART-
III and ART-II (P < 0.0001). The maximum and minimum
compressive strengths of the ART-I material were 38.2 MPa
and 56 MPa respectively and that of ART-II was 43.3 MPa and
61 MPa. Additionally, the compressive strength of ART-III
ranged from 31.2 MPa to 38 MPa [Table 3, Figure 2]. The
compressive strength of ART-II was greater than both ART-I
and ART-IIL

It has previously been noted that the compressive
strength of ART material reduces when antibacterial agents
were added.2] But in the present study, compressive
strength (CS) of ART-II showed more CS compared to ART-I
and ART-IIL It was observed that the CS of ART materials
increases with increase in percentage of Neem extract added.

SEM Study
Scanning Electron Microscopic (SEM) analysis of restorative
materials and tooth cavity preparations can assess the
properties of surface topography, interface adhesion and
porosity.[241 Out of the three newly-developed ART materials,
ART-II had a higher percentage of ethanolic Neem extract
compared to ART-I followed by ART-IIL. It was observed from
the SEM images 1 to 6 that the ART-II material exhibited a
relatively smooth surface, whereas ART-I and III displayed
structural variations best described as surface irregularities.
The SEM images [Figure 4(a), 4(b), 5(a), 5(b), 6(a) and
6(b)] display the adaptation of the restorative material to the
cavity walls of the tooth. In the present study, we found no
marginal gap between the ART-II material and the wall of the
tooth cavity with a regular surface being observed [Figure
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5(@@) and 5(b)]. Hence, the ART-II material presented
excellent adaptation with tooth structure. Conversely, poor
adaptation was found between the ART-I material and the
tooth structure [Figure 4(a) and 4(b)]. An uneven marginal
gap between the ART-III and the wall of the restored tooth
cavity [Figure 6(a) and 6(b)] was also observed, which
contrasts with the ART-II adhesion. In the present study,
Neem extract was introduced into the ART materials in the
form of gel. Hence, during material preparation it was
observed that adhesion of ART materials increased
proportionally with the percentage of Neem extract; a
potentially promising property for enhancing bonding of
material to the tooth superstructure.

The percentage incorporation of ethanolic Neem extract
in ART-II was greater than in the ART-I and ART-III materials
[Table 1]. It is conceivable that Neem extract may not only
potentially act as an antibacterial agent, but also as a possible
binding agent which could be the subject of future work.
Smooth surfaces and margins reduce the risk of plaque
accumulation, microleakage, sensitivity, staining, recurrent
caries, gingival irritation and staining.[37-39]

The success of a dental restorative material depends on
an appropriate marginal seal. In the current study, ART-II
showed excellent marginal adaptation to the wall of tooth
cavity compared to ART-I and ART-IIL

With the limitation of present study, it is difficult to
predict the exact antibacterial agent and its quantity present
in the Neem extract added to ART materials. Further study
need to be done to know what is the actual agent responsible
for antibacterial property and their mechanism of action.
Also, why the marginal integration of ART materials to tooth
structure improved with increase in percentage of Neem
extract added to materials.

CONCLUSION
ART-II material showed substantially superior marginal
adaptation to the tooth structure and a greater compressive
strength compared to ART-I and ART-III materials; therefore,
it shows much promise as a potential restorative material
which also compared to marked ART materials. This study
presented novel material and constituents for potentially new
ARTs, augmented with antibacterial natural products i.e.
Neem. This approach clearly enhances key structural and
mechanistic properties of ART materials, whilst incorporating
an inexpensive natural product with antibacterial properties.
Within the limitations of the present study, we aimed to
determine the physical properties of new ART material and
compared them with the published data of marketed ART.
Initial study and future research will be conducted by
comparing a group containing commercially available ART.
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