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Abstract

Treatment with fixed orthodontic appliances compromises the oral hygiene and
increases the risk of plaque related disorders and dental staining in addition to
corrosion and corrosion byproduct: ions. The aims this study was assessment the
effects of air polishing on Chromium ion (Cr) release from stainless steel self-ligating
brackets.

one hundred and sixty self-ligating stainless-steel brackets of four brands Damon®
Q™ (Damon® Q™, Ormco, Orange, CA, USA), Discovery® SL 2.0 (Dentaraum,
Ispringen, Germany), Leone® F1000 (SLB; F1000, Leone SpA, Sesto Florentino,
Florentino, Italy) and Lotus Plus® (Lotus plus, Orthotechnology co., Brazil) were
exposed to different time of air abrasion polishing (0, 5, 10, 20 seconds) then
immersed in artificial saliva with pH value 6.75 and incubated at 37°C for 28 days. Cr
ion release was assessed using atomic absorption spectrophotometer at 7, 14 and 28
days and accumulative effect was calculated. Scanning electron microscope (SEM)
were used to assess the surface changes and microtopography after polishing for
randomly selected sample. Analysis of variance test (ANOVA), and Tukey’s (HSD)
test were used to identify the significant difference among the studied groups where
the level of significance set as P < 0.05.

The results revealed that all brands showed significant increase in Cr ion release
concomitant with an increase in the polishing time. Damon® Q"™ show the greatest
amount of Cr ion release

Conclusion: The air polishing procedure enhanced the amount of Cr ion release to
a subtoxic level and could be used in adult patients using 5 sec. recommended time of
polishing with prolonged intervals between the visits.

Introduction

Orthodontic treatment with fixed or may provide a favorable medium for
removable appliance has  been electrochemical corrosion of metallic
increasingly demanded. During embedded structures and metal ions
orthodontic  treatment, however, release. This is especially true for the
several drawbacks can be encountered brackets, archwires and auxiliaries that
such as plaque related diseases and are made of metallic substances .
allergy. The hostile oral environment Moreover, the exposure of metal
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orthodontic components to damaging Ormco, Orange, CA, USA),
physical and chemical agents may Discovery® SL 2.0 (Dentaraum,

increase their metallic corrosion .

Corrosion and release of corrosion
byproducts (ions) of metallic alloys
used in the construction of orthodontic
bracket has  been intensively
investigated with regards to its
carcinogenic potential, mutagenic and
allergenic effects of ions that released
as a result of the corrosion process.
Several studies have demonstrated that
the major corrosion products are nickel
(Ni), iron (Fe) and chromium (Cr) and
manganese for stainless steel and
titanium alloys, and nickel from nickel
titanium alloy & 39,

On the other hand, Fixed braces are
considered as a burden to effective
cleaning procedure and enhance plaque
accumulation and dental staining

The effectiveness of air-polishing
system that releases controlled jets of
air, water, and utilized different type of
air borne abrasive particles such as
sodium bicarbonate, calcium sodium
phosphosilicate, or calcium carbonate
has shown to be more effective than
the traditional Professional dental
prophylaxis (PDP) for removing the
dental plaque; additionally, it promotes
less working time and operator effort.
Furthermore, this system has been
widely used to remove teeth
discoloration  during  orthodontic
treatment which compromises adult
patients; thus, enhance good patient
compliance and satisfaction toward
treatment €.

Limited information in  the
literature was available about the
effects of air polishing procedure on Cr
ion release from orthodontic brackets.

Materials and Methods

Four Dbrands of stainless steel
passive type of self-ligating metal
brackets Damon® Q™ (Damon® Q™
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Ispringen, Germany), Leone® F1000
(SLB; F1000, Leone SpA, Sesto
Florentino, Florentino, Italy) and Lotus
Plus® (Lotus plus, Orthotechnology
co., Brazil) were used. The brackets of
each brand were divided into four
groups of 10 brackets for each group
according to different polishing times
of 5, 10 and 20 seconds, and a control
group without polishing. For air
polishing, Prophy-Mate neo polishing
system (Prophy-Mate neo, NSK Co.,
Japan) was used with Prophy-Mate neo
Flash pearl calcium carbonate airborne
particles (NSK). A purposely made
holding device for air polishing was
constructed in such way that the
brackets were attached to the plastic
base using a double adhesive tape
Figure (1 B). Then, the airflow hand
piece was installed so that its tip is
perpendicular to the bracket at a
distance of 5mm using a standardized
measuring tool Figure (1 C) %

After air abrasion procedure,
brackets were removed carefully from
the metal double adhesive tape using
bracket clamping tweezers
(Dentaraum, Ispringen, Germany) and
immersed in an ultrasonic machine
(Codyson, CD-4820, China) for five
seconds with ethanol to remove the
calcium carbonate particles V.
Bracket then placed in a vacuum glass
tube containing 10ml of artificial saliva
with pH 6.75 in such a way that the
brackets were fully immersed in the
saliva. Each container secured closed
and placed in the incubator (Fisher
scientific, Pittsburg, PA, USA) at 37°C
for 28 days “?. After seven days
brackets were transferred to another
tube containing 10ml of artificial saliva
then after second seven days bracket
are transferred to another tube contain
10ml of artificial saliva for the rest
period of study (ISO/IEC
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17025:2005).

The Cr ion release concentration
was assessed using atomic absorption
spectrophotometer  (Analytik  jena,
Jena, Germany) at 7, 14, 28 days and
the accumulative concentrations were
calculated.

The surface micromorphology of
the brackets as received and after air
polishing was evaluated using SEM
(Vega-Tescan, Czech republic) on
randomly selected sample.

Results

The results showed that there was a
highly significant increase in the
amount of Cr ion release concomitant
with an increase in the polishing time
though out the study period. Damon Q
showed the greatest amount of release
compared to other brands Tables (1
and 2) and Figure (2). Surface
micromorphology of the brackets was
evaluated before and after application
of calcium carbonate air abrasive
polishing  visualized at 2000X
magnification using SEM. It was found
that the use of air abrasive polishing
exaggerates surface changes of the
tested brackets. This was represented
by the appearance of numerous pits
with  different depth and sizes
concomitant with the increase in
polishing time Figure (3).

Discussion

During recently, the number of
adult seeking orthodontic treatment is
increasing. The dietary habits for the
category of those patients differed
from adolescents in that it contains
more coloring beverages i.e. coffee and
tea, which results in stain deposit on
the enamel that requires polishing
procedure . Professional dental
prophylaxis (PDP), over the years, has
traditionally involved the use of a
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rubber cup or brush and abrasive paste
for polishing. This procedure enables
the removal of supragingival plaque
and stain. However, the use of rubber
cup and abrasive paste is often
laborious, time consuming, and
ineffective in removing supragingival
deposits and stain around bonded
orthodontic appliances ¥, So, it was
suggested that air flow polishing has an
advantage over the traditional PDP in
effectiveness of removing the dental
plaque and stain because it promotes
less working time and operator effort.
Furthermore, this system has been
widely used to remove teeth
discoloration  during  orthodontic
treatment which compromises adult
patients; thus, enhance good patient
compliance and satisfaction toward
treatment &9,

However, the stainless-steel
brackets have lower surface hardness
compared to enamel; thus, affected by
the air polishing. to the best of the
authors knowledge, Cr ion release of
stainless steel self-ligating bracket after
air polishing was not investigated
before. This study demonstrated and
emphasized the effect of air polishing
on the Cr ion release in artificial saliva
with three different time of air
polishing using calcium carbonate
powder. 17,

Previous studies of ion release
suggested that the corrosion process
and metal ion release extended over a
period of 4 weeks. So, the incubation
period of the brackets in the artificial
saliva in this study was set to period of
ogth day (18,19).

This study examin Cr ion release
because it is one of the main
component in stainless steel alloy used
in manufacturing of stainless steel
bracket ?°22).

The increase in the amount Cr ion
release that are in concomitant with
increase in the polishing time this
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could be due to an increase in the
surface roughness of the brackets that
resulted in an increase in the surface
area of the bracket. It was suggested
that the longer the polishing time the
greater the roughness texture and
increase in the total surface area ™.

Additionally, the increase in
surface roughness resulted in an
increase in surface area of contact with
the saliva causing increase in the
amount of Cr ion release ©*.

These surface irregularities enhance
the corrosion process by their adverse
effects on the protective layer as
proposed by Pakshir et al., (2011) ®¥
and Roberge (2012) ® who claimed
that when there are manufacturers pits
the passive layer dissolved locally and
the pits depth increase rapidly in the
underlying metal. An electrochemical
cell developed where its anode is
extremely small area of active metal
and the cathode is a large area of
passive metal; hence, more ions were
elaborated and detected.®* 2

Moreover, it was reported that the
corrosion resistance property is the
result of the protection conferred by a
chromium-rich passive layer, which is
typically on the order of 3 to 5 nm
thick, or about 15 layers of atoms .
The passive layer is formed by an
oxidation-reduction reaction in which
the chromium and iron are oxidized,
and the passivating agent is reduced. If
this layer is not allowed to form, or if
the layer is broken, rapid general
and/or galvanic corrosion can follow
%) Indeed, the abrasive particles of the
polishing procedure had an undesirable
effect on the protective passive layer,
chromium oxide layer ®”, which was,
probably, removed and exposing a
fresh metal to corrodes and thereby
accelerating surface damage ®.

Conclusion
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Calcium carbonate air polishing
could be used during orthodontic
treatment considering the
recommended polishing time ie. 5

seconds, with prolonged polishing
intervals in adult patients.
Additionally, Damon Q brackets

showed the greatest level of Cr ion

release compared to others and can be
recommended.
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Table 1: Accumulative Cr

different polishing time

ion release from different self-ligating brackets brands at

p-value | F-test Max. Min. S.D. Mean (ug/dl) | company time of polishing
0.01 0.01 0.001 | 0.0132 Damon Q
0 0 0.0004 | 0.0019 Discovery

0.000 826.555 0 0 0.0003 | 0.0026 Leon control
0 0 0.0006 | 0.0025 Lotus plus
0.02 0.02 0.0007 | 0.0177 Damon Q
0.01 0.01 0.0015 | 0.0082 Discovery

0000 194146 151 To.01 0.0018 | 0.0082 Leon S sec.
0.01 0.01 0.0016 | 0.0107 Lotus plus
0.03 0.02 0.0015 | 0.0253 Damon Q
0.02 0.01 0.0014 | 0.0153 Discovery

0000 192773 17 0 To.01 0.0014 | 0.0167 Leon 10 sec.
0.02 0.02 0.0015 | 0.0188 Lotus plus
0.04 0.03 0.0028 | 0.0316 Damon Q
0.03 0.02 0.0014 | 0.0242 Discovery

0000 130598 17 05— T0.03 0.0012 | 0.027 Leon 20 sec.
0.04 0.03 0.0028 | 0.0322 Lotus plus

Table 2: Comparison between the mean values of Cr ions released for all different
brackets brands at different polishing time

p-value Mean difference Brands Time of abrasion (Sec.)
0.000 .01126* Discovery
0.000 .01061* Leone Damon Q
0.000 .01072* Lotus Plus control
0.089 -0.00065 Leone Discovery
0.2 -0.00054 Lotus Plus
0.976 0.00011 Lotus Plus Leone
0.000 .00949* Discovery
0.000 .00948* Leone Damon Q
0.000 .00699* Lotus Plus
5 sec.
1 -0.00001 Leone Discovery
0.003 -.00250* Lotus Plus
0.003 -.00249* Lotus Plus Leone
0.311 .01001* Discovery
0.000 .00855* Leone Damon Q
0.000 .00645* Lotus Plus
10 sec.
0.128 -0.00146 Leone Discovery
0.013 -.00356* Lotus Plus
0.014 -.00209* Lotus Plus Leone
0.000 .00738* Discovery
0.000 .00463* Leone Damon Q
0.935 -0.00057 Lotus Plus 20 sec.
0.037 -.00275* Leone Discovery
0.000 -.00795* Lotus Plus
0.000 -.00520* Lotus Plus Leone

* The mean difference is significant at the 0.05 level
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Figure 1: Customized holding device used for air polishing A) device assembly; B)
Fixing bracket on a table of the holding device using a double adhesive metal tape; C)
Distance adjustment.

CONTROL 5 SEC. 10 SEC.

B Damon Q MEDiscovery [Eleon [OLotusplus
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Figure 2: Histogram represent the effect of polishing time on the accumulative Cr ion
release of different brackets brands.
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Figure 3: Surface micromorphology of each brand bracket at 2000X magnification
using SEM. A) represent the surface of control bracket to air polishing; B) represent
the surface of the bracket after 5sec. of air polishing; C) represent the surface of
bracket after 20sec. of air polishing;
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