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Improving dimensional stability of dental amalgam by using Nano Zinc Oxide
Abdur Rehman?, Nimrah Khalil2, Ahsan Saleem3, Nadeem Hafeez Khokhar4, Syed Junaid Mehmood5, Abdul Frahim Khan6é

Abstract

Objective: To investigate the dimensional stability of dental amalgam after the incorporation of zinc
oxide nano powder

Methods: The experimental study was conducted at the Hamdard University Dental Hospital and
the Pakistan Council of Scientific and Industrial Research laboratories, Karachi, from January to June,
2018. Direct precipitation method was used in which analytical grade sodium hydroxide and zinc
nitrate hex hydrate were used without any further purification. The sample was randomly divided
into two groups. The control group A had 0 wt.% of nano zinc oxide, while the experimental group
was further divided into 2 subgroups, with group B containing samples having 3 wt.% and group C
5 wt.% of nano zinc oxide.

Delayed expansion was checked using electron micrometer. Data was analysed using SPSS 22.
Results: Of the 180 samples, there were 90(50%) in control group A, and 45(25%) each in experimental
groups B and C. Subgroup B showed significantly more linear expansion than subgroup C. Subgroups
B and C achieved their entire linear expansion after 24 hours.

Conclusion: There was improvement in the dimensional stability of dental amalgam after the
incorporation of nano particles of zinc oxide.

Keywords: Dental Amalgam, Nano zinc, Nano-materials, Contraction, Expansion, Delayed expansion

(JPMA 70: 830; 2020). https://doi.org/10.5455/JPMA.10690

Introduction

Regardless of an increased focus on its prevention, dental
caries remain an important global public health
concern.!.2 Despite the availability of various dental
restorative materials, like glass ionomer cements,
composite restorative material etc., dental amalgam is
considered one of the most reliable and cost-effective
material for almost 150 years.3 It is a combination of
various metallic alloys with a complex structure formed
by reaction between mercury and dental alloy, containing
predominantly silver, tin and zinc.# American National
Standards Institute / American Sental Association
(ANSI/ADA) specification no 1 requires that amalgam
alloy contain predominantly silver and tin. According to
International Standards Organisation (ISO) standard
24234, unspecified amount of other elements, for
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example zinc, copper and gold are allowed in
concentration less than silver or tin content.4

Despite being one of the most reliable dental restorative
materials, the World Health Organization (WHO), the
World Dental Federation (FDI) and various other health
organisations have encouraged the phasing down the
use of dental amalgam because of its high mercury
content and subsequent toxicity.>6 But, on the other
hand, various health organisations and published articles
stated that the amount of mercury present within the
dental amalgam restoration is not injurious to the medical
health of the recipient.6.” Therefore, studies on how to
reduce the mercury toxicity and to further improve the
properties of dental amalgam are still conducted. This
is the reason behind the incorporation of micro and nano
particles, such as zinc oxide, aluminium oxide, titanium
oxide etc.

Zinc oxide, having the richest family of nano structure,
is a unique material both in structure and properties.4 It
is present in various morphological form e.g. nanotubes,
nano rods, nano spheres etc.8 Meanwhile its properties
are dependent on its structure and morphological state
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which varies according to its method of manufacturing.4

Keeping in mind the diversity related to zinc oxide, the
current study was planned to investigate the dimensional
stability of dental amalgam after the incorporation of
zinc oxide nano powder.

Material and Methods

The experimental study was conducted at the Hamdard
University Dental Hospital and the Pakistan Council of
Scientific and Industrial Research (PCSIR) laboratories,
Karachi, from January to June, 2018. The samples were
prepared at the Polymer Department of PCSIR. The
sample size was calculated using OpenEpi software
version 39, and the mean value used was 1.22 for group
A and 1.23 for group B whereas standard deviation of
0.01 was used for both the groups. Confidence interval
(Cl) and power of 95% and 80% were used respectively.?
The sample was raised using convenience sampling.

Of all the samples fabricated, those without any visible
structural defects, like voids, cracks and porosities, and
fulfilling the criteria of ISO 24234:20154 were selected.
Samples containing structural defects were excluded.

The sample was randomly divided into two groups. The
control group A had 0 wt.% of nano zinc oxide, while
the experimental group was further divided into 2
subgroups, with group B containing samples having 3
wt.% and group C 5 wt.% of nano zinc oxide.

For synthesis, direct precipitation method was used in
which analytical grade sodium hydroxide (NaOH) and
zinc nitrate hex hydrate (Zn[NO;],.6H,0) were used
without any further purification. The production unit of
zinc oxide nano particle consisted of Erlenmeyer flask,
graduated cylinder and a magnetic stirrer. In two
separate flasks, NaOH and Zn[NO;],.6H,0 were added
in distilled water under constant stirring until complete
dissolution of the constituents were achieved. The
prepared NaOH solution was slowly added (dripped for
45-60 min) along the walls of Erlenmeyer flasks
containing Zn[NO3],.6H,0 solution under constant
stirring.

The suspension thus formed with the dripping of alkaline
aqueous NaOH solution to the Zn[NOs],.6H,0 solution
was kept stirred for various hours at room temperature
and then the solution was allowed to settle for 24 hours
at room temperature. The supernatant liquid was
discarded and the remaining infranatant was centrifuged
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for 20 minutes at 8000 roud per minute (RPM). The
centrifuged material was then washed with distilled
water and subsequently with alcohol. The washed
product was dried at 700C for one hour in an incubator.
The final product was calcined for 3 hours at 5000c. The
yield of zinc oxide nano structure by this method was
91%.

The crystalline surface morphology of the prepared nano
particles of zinc oxide was characterised using scanning
electron microscope (JSM-6380A, JEOL Japan) (Figure
2) followed by elemental analysis using energy
dispersive X-ray spectroscopy (EDX) (Figure 3). Fourier
transform infrared radiation spectroscopy (Thermonicolet
avatar 320 ATR) was used to identify any inorganic
material. Delayed expansion was checked by electron
micrometre (Mitutoyo, Japan).

Admixed, non-gamma type Il dental amalgam (aristalloy
21) conforming to international standard ISO 1559:1995
later revised to ISO standard 24234:20154 was used. The
mercury used was 99.99% pure and the ratio of dental
amalgam alloy to mercury used was 1:1. The samples
were prepared by mixing dental amalgam alloy and zinc
oxide nanoparticles at different ratios and weight
percentages of zinc oxide nano powder. The weights of
all prepared samples were 1.5 grams measured using
weight analytical machine with 0.0001-gram accuracy.

For delayed expansion, the samples were fabricated by
manually mixing zinc oxide nano particles with dental
amalgam alloy which were triturated with mercury using
an electrical amalgamator. The triturated dental amalgam
was compacted into Teflon mould 4 x 6 mm in
dimensions. Delayed expansion was checked at 5 min,
30 min, 3 hrs, 6 hrs, 12 hrs and after 24 hrs.

Data was analysed using SPSS 22. The variance among
the groups, was determined using one-way analysis of
variance (ANOVA).

Results

Of the 180 samples, there were 90(50%) in control group
A, and 45(25%) each in experimental groups B and C.
Control and experimental groups behaved differently
upon setting. A representative graph of linear
dimensional change versus time of the three groups was
developed (Figure 1).

The control group showed initial contraction from 5
minutes till 3 hours, but after that expansion was
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observed. All these variations noted were
within the described range of 0-20 p/cm.

Experimental subgroup B showed significantly
—— more linear expansion then subgroup C
(p<0.05). Both the experimental subgroups
approximately achieved their entire linear
expansion after 24 hours. Subroup B showed
much faster dimensional change than that of
subgroup C and resulted in much larger
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dimensional change at the end of the
experiment. Whereas subgroup C showed
dimensional change till 12 hours and after

that no dimensional change was observed.
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Figure-2: Scanning Electron Microscope (SEM) image of nano Zinc powder.

Subgroup C showed minimal amount of
dimensional change compared to subgroup B and
control group A (Tables 1-2).

Table-1: Dimensional change of dental amalgam with time.
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Figure-3: : EDX analysis of nano Zinc powder.
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of zinc oxide 5min_30min _3hrs 6hrs 12hrs 24 hrs
GroupA...0wt. % 0 -8.25 -1 -2.75 55 13.75
GroupB...3wt.% 0 2.72 6.8 10.89 16.33 17.69
Group C... 5wt.% 0 2.75 412 8.25 n n
Table-2: Percentages in accordance with the final dimensional change.
Concentration Time Passage

of zinc oxide 5min _30min_3hrs 6hrs 12hrs 24 hrs
GroupB ... 3wt.% 0 153 384 615 92 100
Group C...5wt.% 0 25 374 75 100 100
Discussion

The development of new materials on the length scale
of approximately 1-100nm has become the focus of the
investigations currently due to comprehensive progress9.
These nano materials have unique properties and
functions that are substantially different from those of
bulk materials due to their small size and large surface
area.'0 Parameters, such as size, distribution of size and
morphology, may significantly alter the physical and
chemical properties and its interaction with target
biological areas."

Among the nano materials with industrial relevance,
zinc oxide stands out which is being used in various
dental materials to improve their properties’2.13 with
regards to its manufacturing. Different techniques are
employed to produce these nano structures, such as
thermal decomposition,'4 precipitation,'> hydrothermal
method,¢ vapour phase,'” sol-gel,’® molecular beam
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epitaxy'® and solo-chemical method.20 Among the
techniques employed, those belonging to the chemical
routes are suitable for the preparation of zinc oxide nano
structures at an industrial scale 20 since they are relatively
cheap and provide a high uniformity of the final
product.20

Keeping in mind the above-mentioned results, it is to
be recalled that our previous basic understanding
regarding the dimensional change of amalgam is that
there should be slight expansion in the process of setting
which will result in better adherence of the restorative
material to the cavity walls.22 In the current study, direct
precipitation method was used for manufacturing nano
zinc oxide,23.24 for characterisation of surface morphology
scanning electron microscope (SEM) and energy
dispersive x-ray spectroscopy (EDX) was done.

Since the co-efficient of expansion of dental amalgam
is larger than the teeth, an interface created by the
contracted amalgam due to temperature drop may be
compensated by the elasticity of tooth23. Because of
this reason, ADA specification No 1 initially requires that
dental amalgam expands only 3- 13 p/ cm after 24 hours,
which was later changed to 0-20 p/cm.4

Itis generally known that initial contraction occurs with
all the conventional amalgams due to absorption of
mercury by the alloy particles, which was again
supported by the current study.22.25.26

Further research, however, is required regarding the
mechanism behind the absence of initial contraction
and effect on other properties of dental amalgam after
nano zinc oxide incorporation.

The current study has its limitations as it used only the
conventional non-gamma Il amalgam. Besides, all
experiments were carried out at room temperature,
which means changes in other physical properties need
to be evaluated further.

Conclusion

There was improvement in the dimensional stability of
dental amalgam after the incorporation of nano particles
of zinc oxide.
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