ejpmr, 2022, 9(4), 503-508 SJIF Impact Factor 6.222

EUROPEAN JOURNAL OF PHARMACEUTICAL
AND MEDICAL RESEARCH

Research Article

ISSN 2394-3211
EJPMR

[ EVALUATION OF BIOCOMPATIBILITY OF ORTHODONTIC RETAINERS ]

“IDr. Kalyani K. Manwatkar, “Dr. Jai Prakash Mongia, °Dr. S. P. Gupta, “Dr. Danyasi Ashok Kumar,
°Dr. Yogesh Mahobia, °Dr. Soumya Gupta and 'Dr. Rakshit Sthapak

'Post Graduate Student, Department of Orthodontics and Dentofacial Orthopedics, New Horizon Dental College and
Research Institute, Bilaspur.
*Professor and Head, Department of Orthodontics and Dentofacial Orthopedics New Horizon Dental College and
Research Institute, Bilaspur.

’Research Scholar, College of Pharmaceutical Sciences and Technology, AKS University, Satna, Madhya Pradesh.
3Faculty of Pharmaceutical Sciences and Technology AKS University, Satna, Madhya Pradesh.
*Professor, Department of Orthodontics and Dentofacial Orthopedics, New Horizon Dental College and Research
Institute, Bilaspur.
>87Reader, Department of Orthodontics and Dentofacial Orthopedics, New Horizon Dental College and Research
Institute, Bilaspur.

*Corresponding Author: Dr. Kalyani K. Manwatkar
Post Graduate Student, Department of Orthodontics and Dentofacial Orthopedics, New Horizon Dental College and Research Institute,
Bilaspur.

Avrticle Received on 21/02/2022 Avrticle Revised on 11/03/2022 Avrticle Accepted on 01/04/2022

ABSTRACT

It is in the clinician’s interest to select the least hazardous devices and materials among the many offered by
manufacturers. The polymer chosen is important; some polymers have been reported to be hazardous, and these are
quite often used in direct contact with human tissues. Long-term studies testing the biocompatibility of these
material (acrylic and bioplastic sheet) are not available. The aim of the study is to analyse the leachable monomers,
polymers and dilatational products from retainer materials. Materials and Methods: Using the oxidation reduction
reaction taking place in the presence of two different concentrations of potassium permanganate and distilled water
separately, three different samples of different companies were tested. The sequence of colour change from purple
to red to brown to yellow to clear was used to determine the amount of leaching. This is the result of a
stoichiometric relation between the oxidizing agent and the reducing sample. Colour changes were observed
through naked eyes over a period of 24 h. Photographs were taken at 15 min, 8 h and 24 h using D-SLR1000
Canon camera. Photos were evaluated separately. Result: Using oxidation reduction reaction colour changes were
observed visually and the amount of colour change and leaching showed heat cure>cold cure>bioplastic sheet.
Conclusion: The release of BPA and the leaching of monomers, such as Bis-GMA and TEGDMA, is a well-
demonstrated phenomenon in oral conditions, which requires special clinical handling and further research.

KEYWORDS: Orthodontic retainers, biocompatibility, polymer.

INTRODUCTION In 1980s, vacuum formed clear thermoplastic sheets

Polymer-based biomaterials are widely used in dentistry.
In orthodontic treatment, polymer-based materials are
used both as base-plate materials and as adhesives for
brackets.™ Incomplete polymerization of dental resins is
the cause of residual monomers within the material
(Ruyter and Oysaed, 1982; Vallittu et al., 1998). These
unreacted monomers are free small molecules present
within the polymer matrix. As such, they may leach out
of the material both from the surface layer and, over
longer time perspectives, from inside of the material
through diffusion. Several reports are available on
monomers leaching from orthodontic adhesives (Baker et
al., 1988; Eliades et al., 1995; Gioka et al., 2005),
whereas information is scarce within the case of
orthodontic base-plate materials (Stafford and Brooks,
1985; Rose et al., 2000).

fitting tightly over the teeth were introduced into
orthodontics as “retainers”. It quickly became apparent
that if the teeth were slightly reset before forming, a
tooth moving device would result; hence the name
“aligner” was used.? Soon it was apparent that it could
be used for far more than just minor movements. Today
it is on the verge of bringing about a paradigm shift from
unesthetic  brackets and archwires to invisible
orthodontic treatment.?

Polymers are the base or matrix substance for many
plastics and devices (like adhesives, retainers,
elastomeric chemicals, elastic ligation rings) used in
orthodontics, many of which are placed in direct contact
with human soft tissues, often for years Bisphenol-A
(BPA) is an industrial chemical used to manufacture
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polycarbonate and numerous plastic materials.”®! Recent
studies have shown that it can leach out from certain
products. Low level of BPA have also been found to
cause biological effects. Mode of action appears to
mimic that of female hormone oestrogen. BPA therefore
belongs to group of chemicals termed “Hormone
Disrupters” or “Endocrine Disrupters”.

There is growing international concern about man made
endocrine disrupting chemicals causing:

1) Disruption of development of offspring in the
womb.[

2) Decline in sperm count.

3) Increased rates of hormone related cancers, such as
cancer of breast, testes and prostate.

4) Birth defects and other hormones related effects such
as early puberty in girls.!

Many manufactures do not disclose the ingredients or the
procedure used in the manufacturing of their products.
Hence, there is need to device a simple yet effective test
to detect and measure the amount of hazardous by-
products released from routinely used orthodontic
materials.

AIMS AND OBJECTIVE

The aim of the study is to analyse the leachable
monomers, polymers and dilatational products from
retainer materials. (Fig 1)

Group I- Heat cure acrylic.

Group Il — cold cure acrylic.

Group 11 — Bio plastic sheets.

Fig 1: Samples containing retainers of heat cure acrylic, cold cure acrylic and thermoplastic sheet.

MATERIAL AND METHODS

This is a simple test which can be performed by the
clinician or an assistant in the clinic itself using easily
available material.

Preparation of disclosing solution: Three different types
of disclosing solution used were.

1)1.6 mg potassium permanganate KMNO, (99%) added
to 1 litre of distilled water.

2) 3.2 mg potassium permanganate KMNO, (99%) which
was added to 1 litre of distilled water. The solution was
stored in closed container for at least an hour before use.
3) Distilled water, separately.

After mixing, the solution is stored in a closed container
for 24 hours. The adhesives and restorative materials to
be tested were cured. After curing, the foils were cooled
and reduced to particles by using a coffee grinder and
weighted to samples of 1 g each. The particles were then

immersed in 20 mL the permanganate solution in 25-cc
capped test tubes.

The reaction proceeds in two ways, according to the pH
of the solution. In a neutral environment, the Mn ions are
reduced to manganese oxides that give the solution a
brownish tint. By adding a few drops of an acid, such as
phosphoric, sulfuric, or hydrochloric (muriatic) to pH 1-
2, the colour further changes to clear as the manganese is
reduced to colourless salts (Fig 2).
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Red yellow
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KMnO4 > Mn3+
Organic material leached
No < Yes

Fig 2: Colour transitions occurring during the reduction of potassium permanganate as it oxidizes the leached

ingredients.

Alternatively, if a reacted solution obtained in a neutral
environment is acidified, it will have either a shade of
purple (unreacted permanganate) or become clear. The
latter indicates a total consumption of the Mn ions, i.e.,
an excess of leached (and oxidized) ingredients. Due to
the resiliency of the rubber-like material of the retainer,
grinding did not result in particles fine enough to expose
a large surface area. The samples were then cooled.

All sheets of retainers were powdered into fine particles
using straight handpiece with stainless steel round bur 1
mm in diameter. 1 g of each powdered sheet was added
to 5ml of the reagent in capped and marked test tubes
and photographed. All the samples of group I, group I,
group 11l of 1 gm each were weighted and immersed in
5ml of potassium permanganate and distilled water
solution separately taken in 10 cc capped test tube and
they are numbered from 0 to 6 which contain different
testing samples.

0-Control group

1-Heat cure acrylic (Trevlon)

2-Heat cure acrylic (DPI)

3-Cold cure (Trevlon)

4-Cold cure (DPI)

5-Bio Plastic sheet (Denmark)

6-Bio plastic sheet (Bio art)

Using Nikon DSLR Camera, the samples were
photographed for colour change using different time
intervals.

a) After 15 minutes (Fig 3, Fig 4, Fig 5)

b) After 8 hours (Fig 6, Fig 7, Fig 8)

c) After 24 hours (Fig 9, Fig 10, Fig 11)

RESULTS

Each fresh sample was subjected to test on 5 different
days, the results were tabulated and statistically
evaluated keeping in mind that faster the discoloration
time, the greater the amount of leached product present.

After 15 min colour changes were observed visually in
three different solutions.

Two different solutions of potassium permanganate in
concentration of (1.6 mg & 3.2 mg) showed colour
changes and there was no colour change in distilled
water solution.

After 15 min test tubes containing heat cure acrylic
shows more colour change compared to test tubes
containing cold cure acrylic and bio plastic sheet which
indicates more amount of polymer leaching by heat cure
acrylic.

While differing in speed, some oxidation-reduction
reaction took place in all cases, as shown by the
discoloration of all the samples except the control. In a
neutral environment, the reaction is slow and the
discoloration more difficult to assess due to the
suspended particles of manganese oxides; therefore, an
acid environment was preferred. In an acid environment,
the reaction is faster and the shades vary between clear
and purple.

Amount of colour change and leaching — heat cure>cold
cure>bio plastic sheet.
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After 15 min After 8 hours

Fig 4: Distilled Water.

POTACSIUM PERMANGANATE —  =lés 4 i

Fig 5: 1.6 mg of potassium permanganate.

Fig 8: 1. mg potssim permanganate.
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After 24 hours

X o 2
Fig 9: 3.2 mg of pdtassiumApermanganate.

Fig 11: 1.6 mg of potassium permanganate.

DISCUSSION

In this study, an oxidation reduction reaction using
KMnO4 takes place. In a neutral environment, the
permanganate in the presence of polymers is reduced to
manganese (IV) oxide (MnO2) and manganese (I1)
oxide (Mn203) which precipitate and give the liquid a
yellow-brown colour, manganese is further transformed
into a nearly colourless salt (Mn2+). The amount of
polymer in the solution determines the degree of

purple to red to brown to yellow to clear. This is the
result of a stoichiometric relation between the oxidizing
agent and the reducing sample.

In this study, we made three readings differing in
concentration of reagent in order to check if we could
increase the rate of the reaction for clinical usage and
still get consistent results. Diluted solution did show
faster results, because it had lesser concentration of
KMnO4, hence it requires lesser amount of leaching
products to complete the reaction and hence shows faster
changes in colour. The results were almost like those
obtained using concentrated reagent but occurred at a
faster rate. This study only provided an approximation of
the degree to which a polymer leached oxidizable,
organic matter. Although the latter may not always be
harmful, as a general rule the less leaching, the safer the
product is considered. By showing the relative degree of
leaching, the method allows the manufacturer to
optimize his product, the clinician and the researcher to
select the least harmful and the researcher to follow the
progress of the leaching in time. According to Matasa,
because the relative molecular mass of the polymer is
increased and therefore the crosslinked network gets
denser the larger molecules become entangled and are
kept within the polymer’s structure thus reduced amount
of leaching.®! Thermoplastic overlay orthodontic
appliances are generally recommended to be used for 2
weeks in each stage. During this period, temperature
fluctuations in the oral cavity can change the properties
of these materials.’®! It was reported by Waked et al.”}
that aging induced various dimensional changes in
mouthguard materials, which have similar compositions
to those of thermoplastic overlay orthodontic materials,
counting on the materials and processing techniques.

The shortcoming of this method is that it gives only
comparative results based only on visual estimates; the
precise amount of polymer leaching can’t be evaluated.
There is a requirement for a way more accurate but
simple method for evaluation of polymer leaching from
clear aligner sheets, especially considering its increasing
demand.

CONCLUSION

This is a simple in vitro observational study to evaluate
the amount of potentially harmful polymer, monomer
and dilatational products leached from various
orthodontic products.

The decision to use material in the mouth is one that is
based on balance between risk and benefit. Ultimately,
the practitioner must determine whether the benefit to the
patient outweigh the risk in his or her own mind.

The release of BPA and therefore the leaching of
monomers, like Bis-GMA and TEGDMA, may be a
well-demonstrated phenomenon in oral conditions,
which needs special clinical handling and further

. 2 research.
progress of reaction; the sequence of colour is from
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