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ABSTRACT

BACKGROUND

Association between fixed orthodontic therapy and enamel decalcification causing
periodontal disease and enamel decalcification is a known problem of orthodontic
treatment. The root cause of this is the fact that brackets provide an ideal
environment for bacteria to accumulate and multiply. Hence modifying the surface of
brackets with some photocatalytic antibacterial substance could help in prevention
of this side-effect. The current study was thus planned to evaluate the anti-adherence
of bacteria to photocatalytic silver coated brackets for the prevention of white spot
lesions.

METHODS

After obtaining ethical clearance from the institutional ethics committee, 40 metal
brackets of upper central incisor were taken. These brackets were divided into group
1 & group 2 each containing twenty brackets. Group 1 (control group) consisted of
plain metal brackets while group 2 (experimental group) consisted of silver coated
brackets. Both the groups were subjected to laboratory bacterial tests to assess the
bacterial adhesion to brackets and then statistical analysis was done to obtain results.

RESULTS
Silver modified brackets showed around 25 % less adhesion of bacteria as compared
with plain brackets.

CONCLUSIONS

Modifying orthodontic brackets by coating them with photocatalytic silver could
prove to be an innovative and effective method in prevention of white spot lesions
after fixed orthodontic therapy.
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BACKGROUND

The specialty of orthodontics has evolved enormously along
with drastic changes in biomechanics and material science
from the day Angle first introduced fixed appliance. Recent
advances in orthodontic material science & technology have
come a long way. In last few decades, there has been an
enormous increase in demand for orthodontic treatment from
patients of all age groups. Also the patient’s and doctor’s
expectations from outcomes of orthodontic treatment is
increasing day by day. Clinicians always wish to give the best
orthodontic treatment possible with the most stable results.
But, in spite of the various developments in orthodontic
materials and techniques, the finishing of orthodontic
treatment is hindered by the risk of development of
periodontal diseases and white spot lesions on teeth around
the appliances. This still remains a common side effect of
orthodontic treatment especially in patients who have very
poor oral hygiene. To the orthodontist, health of the
surrounding para - dental tissue is of utmost importance as
they contain the required substance that helps the
orthodontist not only to move the teeth to new positions in the
oral cavity but also perhaps alter the form of the alveolar bone.

Fixed orthodontic appliance therapy deals with the
correction of malaligned teeth by the application of light
continuous force on teeth by the arch wires through the
orthodontic brackets. Orthodontic brackets along with arch
wires and elastics remain in in the oral cavity for almost one
and half years. Orthodontic brackets provides ideal condition
for the growth of bacteria due to their complex design and
irregular and sharp surface.! Furthermore the difficulty in
maintaining oral hygiene to orthodontic patients due to
presence of brackets and wires increases the colonization of
bacteria around the brackets even more. This bacterial
colonization over the period of time results in plaque
accumulation, enamel demineralization finally progressing to
white spot lesions (wsl).2 patients undergoing braces
treatment commonly becomes victims of this side - effect
which is clearly visible after debonding of orthodontic
brackets.3-5 Orthodontic brackets are proven to have very high
critical surface tension and hence they have the tendency to
accumulate bacteria around them.¢ The irregular and complex
design of orthodontic brackets further hinders proper
cleaning around it thus increasing the bacterial accumulation.”
stainless steel brackets are the most commonly used and
preferred brackets by the orthodontists for treating their
patients however elevated plaque adhesion, increased
bacterial activity and thus low ph, around these stainless steel
brackets leading to white spots on teeth has been well
proven.8?

White spot lesions are matter of concern for orthodontist
as well as orthodontic patients due to their unaesthetic and
unhealthy appearance. Also, these white spot lesions are
irreversible in nature and hence prevention of these unhealthy
and unaesthetic lesions is considered as one of the most
important objectives of successful orthodontic treatment.10
One of the methods to reduce bacterial accumulation around
orthodontic brackets is by organic degradation process.
Degradation of organic compounds by photo catalysis for
decontamination using semiconductor particles has proved to
be quite effective and among these particles, silver has been
proved to be the best substance on account of its chemically
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stable properties. Various other substances like titanium di-
oxide, silver di-oxide, zinc oxide, tungsten oxide, etc. Are
considered effective for this process,!! however silver has
been considered to be ideal and most useful substance for this
process.10.11 Hence, Applying the concept of photo - catalysis in
orthodontics for prevention of bacterial accumulation could
prove to be an innovative concept for prevention of white spot
lesions, Therefore the above study was planned to evaluate the
anti-adherence of bacteria to photocatalytic silver coated
orthodontic brackets for the preventing the development of
white spot lesions.

METHODS

The above study was an in-vitro study. In order to assess the
anti - adherent properties of orthodontic brackets, 40 stainless
steel pre - adjusted edgewise orthodontic brackets of 3M
Unitek of upper right central incisor were selected after
consulting a statistician. The sample size was selected after
taking into consideration the minimum sample size required
to obtain a significance value. These orthodontic brackets
were subdivided into two groups, group 1 (control group) &
group 2 (experimental group). Each group containing twenty
brackets. Group 1 - 20 brackets (control group) having plain
(uncoated) metal orthodontic brackets while group 2 - 20
brackets (experimental group) having silver coated
orthodontic brackets. After incubating these brackets in
culture broth. Both the groups were subjected to laboratory
bacterial tests to assess the adhesion of bacteria to brackets by
weight change comparison.

Surface modification (coating) of SS orthodontic brackets
with silver was done with electromagnetic sputtering method
using “Tecport coating unit” at Indian Institute of Science
(IISC) Bengaluru. Sputtering process removes superficial
particles from the target substance by sputtering it with
positively charged ion from inert gas discharge and depositing
it above the substrate as a micro film. Then the silver coated
brackets were subjected to oxidation in an open-air furnace at
500 °Cin order to achieve a uniform coating of silver di - oxide.

For assessing the adhesion of bacteria to the orthodontic
brackets, the orthodontic brackets were first cleaned in
ultrasonic cleaner for removal of surface impurities and then
autoclaved. The orthodontic brackets were then pre- weighed
on digital balance and packed in air tight Eppendorf tubes.

Cultured broth inoculated to the concentration of 10 %
was used and 0.5 - 1 ml of this solution was then put into each
of the Eppendorf tubes. The orthodontic brackets were then
submerged in it for incubation under UV light inside the
laminar air flow chamber for 24 hrs. Bacteria adhered
orthodontic brackets were then removed and kept in
formaldehyde solution to immobilize the cells. After a
thorough washing with distilled water, the orthodontic
brackets were subjected to drying for 24 hrs. The weight
change of the brackets was again recorded.

Statistical Analysis

Inferential & descriptive statistics was done. Assessment was
done at 5 % significance. Student t - test was used to calculate
the significance value of study. Leven 1s test was used to
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evaluate the homogeneity of variance. The software used for
statistical analysis was, Stata 10.1 was used for the data
analysis, and Microsoft office was used for graphs & tables

RESULTS
Difference 95 %
Before After T P
(%) CL
Plain 0.0743 +£0.0003 - 0.004
. +0. - 0.00 . . *H
Brackets 0.0702 £ 0.00 (0.0738 - 0.0749) (5.85 %) 61.125 <0001
Silver G200 0.0799 + 0.0002 -0.002 0.00
Modified (0.0782 - " 38.637 <0.001*
Bracket: ’ 0.0795 - 0.0802 219
rackets 0.0782) ( ) (221%)
Valueoft T=02.5+10 T=70.55
Value of p <0.001** <0.001**

Table 2. Weight Comparison of Brackets

**greater significance value

Orthodontic brackets coated with the photocatalytic silver
showed comparatively less adherence effect of S. mutans
compared with the uncoated orthodontic brackets. The
bacteria’s that sticked to silver coated orthodontic brackets
were much less when compared to the uncoated orthodontic
brackets. Apart from the reduction in bacterial adhesion to its
surface, the silver coated orthodontic brackets also had a
bactericidal effect on S. mutans which is known to cause dental
caries and periodontal diseases. It can be seen from the above
table that plain brackets showed more increase in the weight
as compared to the silver coated brackets thus proving that
bacterial adhesion is more in uncoated brackets.
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0.082 o Coated

0.08 —
0.078 - |

0.076 -
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0.074-

Weight
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0.068 <

0.066 +
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Before incubation After incubation

Figure 1. Comparison of Weight Change in
Coated and Uncoated Brackets

DISCUSSION

Several parameters are said to influence the physical, chemical
and biological characteristics of dental plaque, thus favouring
the development of dental caries or periodontal diseases. One
of the environmental changes that leads to the formation of
dental plaque and also alters the severity of it, is the placement
of orthodontic brackets and bands. The inherent irregularities
of brackets and bands provide additional surface for the
collection of food and debris.! Brackets can alter the ecological
environment in the oral cavity by development of new
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retention areas available for bacterial colonization and
retention of the debris.2 This increased supply of debris for the
bacteria permits the fluent growth of bacteria. The complex
design of fixed orthodontic appliance also protects the plaque
from the action of brushing, mastication and salivary flow.!
Brackets are considered one of the important part of the
orthodontic therapy but due to their complicated design and
high surface tension they provide a good environment for the
bacteria to accumulate and multiply. The prevalence of enamel
demineralization on labial surface of teeth after fixed
orthodontic treatment involves up to 60 % cases. Prevalence
of such white spot lesions around orthodontic brackets has
been observed within 1 month of appliance placement.34.

Literature on the management of oral hygiene in
orthodontic patients have been concentrated on the effects of
different oral hygiene protocols!213. Various Chemical
solutions and antibiotics have been used as bactericidal agents
against S. mutans bacteria to reduce plaque related diseases,
including dental caries!4. However, these chemical solutions
and antibiotic agents sometimes can have adverse effects such
as nausea, vomiting, diarrhoea, and tooth staining!516. Though
Chlorhexidine mouthwashes, as an adjunct to tooth brushing,
is effective in the control of gingival inflammation, its
prolonged use may cause problems such as staining of teeth.16
Bad taste, tooth staining, and temporary alteration of taste
most of the time leads to low patient compliance. Hence
altering the surface of orthodontic brackets with
photocatalytic antibacterial silver can help in prevention of
this side - effect. Antibacterial and anti - adherent properties
of titanium coated brackets has already been proven.1” Hence
it can be accepted that reducing adherence of bacteria to the
surface of the brackets could be an innovative method for
prevention of enamel decalcification & wsl.12 Silver has been a
known antibacterial drug and is also used for coating in
industries due to its anti - corrosive properties by creating a
passive layer.!3 Hence the concept of coating with
photocatalytic silver was thought. One of the Randomized
Clinical Trial revealed that that silver alloy catheters are
significantly more effective in preventing urinary tract
infections due to its antibacterial property.14 In an in - vitro
study conducted by Arun Mahaska etal in 201515 it was proved
that modifying the surface of orthodontic wires with
photocatalytic silver has drastically reduced the accumulation
of plaque on its surface. Hence the same concept was thought
to be applied to brackets16. Apart from these, mouthwashes
can cause some amount of corrosion of the wires and brackets
that are placed in patient’s mouth. This leads to loss of physical
properties of the wires & brackets and also release of the
nickel ions which have been shown to be toxic and cause of
allergic reactions in the human body.

Various studies have been done in which antimicrobial
substances were mixed in the bonding system. These Materials
showed antibacterial effect by sustained release of the added
agent. But leaching of the antimicrobials from these material
have various disadvantages, such as decreased mechanical
properties of the carrier substance over a period of time, short
lived effectiveness and possible toxicity to human health.
Above a certain caries activity level, neither an increase in the
frequency of tooth brushing nor in the dose of added fluoride
is suitable to totally stop the demineralization process,
especially in the high risk individuals. The concept of using
silver for coating brackets instead of titanium comes from the
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limitations of previous studies.1? The first being that titanium
is very expensive which will create hesitation among the
practitioners from using these brackets, second when the
brackets were coated with titanium, it was found to have lost
their shininess and they appear slightly blackish which will
definitely be an aesthetic concern. Thus, coating of brackets
with silver was considered. In spite of the major developments
in orthodontic materials brackets in this form are notavailable
in the market. So coating silver on stainless steel orthodontic
brackets which are readily available in the market is chosen.
Also the unavoidable problem of demineralization and plaque
accumulation around the brackets during orthodontic
treatment has not been overcome. The prevention and
reduction of periodontal diseases and white spot lesions
during fixed orthodontic therapy still remains one of the
greatest challenges for the practicing orthodontist.

CONCLUSIONS

Modifying Stainless Steel Orthodontic brackets by coating it
with photocatalytic silver could prove to be an innovative
method in prevention of enamel demineralization and white
spot lesions in patients undergoing fixed orthodontic
treatment due to its anti-bacterial and anti-adherent
properties.

Limitation
Itis alab based study, clinical trials would be required to prove
its efficacy and permit its use in day to day practice.

Financial or Other Competing Interests: None.
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