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ABSTRACT

Aims: To evaluate the amount of nickel ion release from stainless steel orthodontic wires in different
artificial saliva and in different time periods. Materials and Methods: This study included six differ-
ent commercial stainless steel orthodontic wires with different diameters. They were
immersed in deionized water (control) and three different artificial saliva, the immersion periods
included 7, 14, and 30 days. A graphite-furnace atomic absorption spectrometer (AAS) was used to
determine the amount of nickel ions release. Results: The statistical analysis showed that there is a
highly significance in the release of nickel ions for all types of wire except wires 0.18, and 0.16 x 0.22
which gave non-significant 2.45 and 1.37 respectively, and the time period of immersion had no
significant effect in all types of wire. Conclusions: The release of nickel ions was influenced by the
types of wire and the surface areas that in contact with immersion in solution, in addition to the
composition of the orthodontic wires, but this were not proportional to the content of metal in the wire.
Key words: Nickel ion, arch wires, fixed orthodontic appliance.

Taga AA, Fathi WG, Mohammed RJ, Evaluation of Nickel lon Release from Orthodontic Wires in
Different Types of Artificial Saliva. ". Al-Rafidain Dent J. 2014; 14(2):182-188.
Received: 22/10/2012Sent to Referees: 23/10/2012Accepted for Publication: 25/2/2013

INTRODUCTION
Dentistry has the main purpose for

four groups of materials that are currently
employed.®

keeping or improving the patient's quality
of life by preventing diseases, relieving
pain and improving the masticatory
efficacy, phonetics and/ or esthetics. Most
of these objectives require replacement or
alteration of the existing dental structures,
as well as changes in the tooth positioning,
developing and selecting biocompatible
materials have been one of the major
challenges in  dentistry.®)  Metals,
ceramics, polymers and composites are the
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Little scientific information on
these materials was available until the
middle of the last century. Toxic,
inflammatory, allergic or mutagenic
reactions are the possible biological
response to these materials.®® Toxicity is
one of the main parameters of evaluating
the biological response and the potential
damage to cells and tissues related to the
use of such materials.”®
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There has been concern  about
hypersensitivity — reactions of  nickel
allergic subjects in association with
metallic orthodontic appliances. Adverse
responses have been reported
occasionally™ In  general, nickel
sensitivepatients have not been found to
be at any greater risk of developing
discomfort in the oral cavity during
orthodontic treatment compared with no
sensitive patients. ® Sensitizing patients
to nickel through routine orthodontic
treatment with fixed appliances have also
been a concern, although evidence is
scarce, 319

Nickel is a strong sensitizer and one of
the most common causes of contact
allergies."® In vitro, release of nickel
from orthodontic appliances has been
noted using microscopic analysis of corro-
sion, as well as chemical analyses of or-
thodontic components when exposed in an
artificial oral environment.***® When in-
cubated in artificial saliva, orthodontic
appliances of various types release 22-4ug
nickel per day, compared with the esti-
mated dietary intake of between 100 and
800ug per day (international programmer
on chemical Safety (IPCS) -1991).%° Re-
lease of nickel is reported to vary with
composition and manufacturing of the ap-
pliance components (18) and between arch
wires alloys and mechanical straining, but
not actual nickel contents, ¢

MATERIALS AND METHODS

This study used simulated fixed
orthodontic appliances, each of which
represented half of the upper and lower
archwires. Six different commercial
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stainless steel orthodontic wires with
different diameters were used in this study.
The materials used were made by
International Orthodontic Service. USA
(10S) size 0.018 lower, International
Orthodontic  Service USA (10S) size
(0.016 x 0.022) upper, Ortho matrix USA
(Spain division) size (0.016 x 0.022) low-
er, Ortho matrix USA (Spain division) size
0.018 lower, Hallimex Dental Germany
size (0.016 x 0.022) upper and Midwest
orthodontics Ltd. Size (0.016 x 0.016)
Columbus lower.

Three samples of each type of
stainless steel wires were prepared to
immerse in de-ionized water and artificial
saliva. All products were sullied as a
straight length with cross sections with
distances as the following ((0.018, (0.016
x 0.022), (0.016 x 0.022), 0.018, (0.016 x
0.022) and (0.016 x 0.016)) (16.5, 17.3,
16.5, 19.2, 16.8, and 16.1cm) respectively.
These distances gave the same surface
area for all wires in the different artificial
saliva. To simulate changing conditions in
the oral cavity, different artificial saliva
were used.

Immersion Tests:

Within each group, specimens kept in
three different types of artificial saliva as
shown Table (1), three specimens from
each type of stainless steel wires kept in
type of artificial saliva medium, and the
last three specimens kept in deionized
water as control group 37°C(23). The test
wire with an exposure length of 15 cm was
dipped in a glass tube (15 ml) and
maintained at 37° C. The immersion
periods included 7, 14, and 30 days.
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Table (1):Chemical composition of three different artificial saliva mediums.

1- Artificial saliva composition (12) type (1)

Component's Concentration (gIL)
NacCl 0.40
KCI 0.40
CacCl,. 2H,0 0.795
NaH, PO42 Hgo 0.780
Na,Sq H,O 0.005
CO (NH3y); (Urea) 1.0
Distilled water 1000ml

2- Artificial saliva composition (11) type (2)

Components Concentration (mg/ml)
NacCl 125.6
KCI 963.9
KSCN 189.2
KH, PO, 654.5
Ureia 200.0
Na, SO4, 10 H,O 763.2
NH,CI 178.0
CaCIZ , 2H20 227.8
NaHCO; 630.8

3- Artificial saliva composition (1) type (3)

Component Concentration (g/l)
Zanthangum 0.92
Potassium chloride 1.2
Sodium chloride 0.85
Magnesium chloride 0.05
Calcium chloride Di-Potassium 0.13
Sodium di-hydrogen phosphate 0.13
Methyl-polyhydroxy Benzoate 0.35

Atomic Absorption Spectrometer Anal-
ysis:

A graphite-furnace atomic absorption
spectrometer  (AAS)  (Model 302,
Germany) was used to determine the
amount of nickel ions released after
different immersion periods in three types
of artificial saliva and de-ionized water.
The measurements were carried at Biology
Department, College of Science / Mosul
University.

Statistical Analyses:
For statistical analysis was done using
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SPSS program version 11.5, One Way
Analysis of Variances (ANOVA) and
Duncan’s Multiple Range Test were used
to test the effects of two independent
variables (types of wires and solutions)
and one dependent (time/length of
immersion) variable.

RESULTS
Results of the analysis of
concentration of released nickel ion were
shown in Figure (1).
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Figure (1): The quantity of released metal ion during one month and the totalquantity of metal
ion released in the experiment solutions and control.

The graph displayed the quantity of
released metal ion during one month and
the total quantity of metal ion released in
the experiment solutions and control. The
amount of nickel ions from six different
wires one immersiontime with various
solutions.

The accumulated amount of nickel
ion increased with longer immersion
period for all wires tested a slower
increasing trend of metal ion with longer

immersion period was observed in
deionized solution. Regardless of wire 6
immersions exhibited the highest release
amount of nickel ions.

The statistical analysis ANOVA
(Table 2) showed that there is a highly
significance in the release of nickel ion in
all types ofwire except wire 4 and 5 which
gave non-significant difference 2.45 and
1.37 respectively.

Table (2): Analysis of Variance (ANOVA) of the nickel ion release from different shapes of
stainless steel wires in different solutions

wires Sumofsquares df  Mean Square  F-value p-value
Between Groups 1.357E-5 4
00t lowey  WithinGroups  0BI7E5 10 SSSED 5500 0013
' Total 1.974E-5 14 :
Between Groups 1.394 E-5 4
0016x0.022 o 0a32ES 10 3485E6 go7i o004
upper Total 1.826 E-5 14 0432E-6
Between Groups 1.937 E-5 4
0016x0.022 iU 1110E5 10 4883ES 4361 o027
lower Total 3.047 E-5 14 1.110 E-6
Between Groups 1.394 E-5 4
0.018 lower Within Groups 1419E-5 10 3.483 E-g 2 457 0.114
Total 2.813 E-5 14 1.419 E-
Between Groups 2443 E-5 4
0016x0.022 ‘it saspEs 10 6107ES 1375 0310
upper Total 6.885 E-5 14 A442E6
Between Groups 1.135E-5 4
0.016x0.016 it se79E5 10 2838E6 418 o030%
lower Total 1.814 E-5 14 0.679 E-6
* Means statistically significant at (P > 0.05).
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Tables (3, 4) showed the effect of results revealed that all solutions have the
different solutions on the release of nickel same effect with the different types of
ions after one month immersion. The wire.

Table (3): Duncan Test Analysis of the nickel ion release from different shapes of
stainless steel wire in different solutions.

Solutions Sum of squares df Mean Square F-value p-value
Deionized water 0.000 5 0.000
Between Groups Within 0.000 12 0'000
Groups Total 0.000 17 '
Between Groups Within 2.344E-5 12 1'954E 6 1.116  0.402
Groups Total 3.434E-5 17 : )
Solution 1 0.416E-5 5
Between Groups Within 2.221E-5 12 (l)ggigg 0.450  0.806
Groups Total 2.637E-5 17 : }
Solution 2 0.149E-5 5
Between Groups Within 0.864E-5 12 8%2852 0.414  0.830
Groups Total 1.013E-5 17 : )
Solution 3 0.149E-5 5
Between Groups Within 3.270E-5 12 g;gggg 0.109  0.988
Groups Total 3.419E-5 17 : }

Table (4): Duncan test Analysis of the nickel ion release from different shapes of stainless
steel wire in different times.

Time N Mean Std. D
7 days 30 2.02020 1.896435
14 days 30 1.89193 1.143382
30 days 30 1.37887 1.176398

Total 90 1.76367 1.458232

Table (4) indicated the time period for
immersion had no significant difference

for all types of wires (F=1.648) as shown
in Table (5).

Table (5): Analysis of Variance (ANOVA) for the period time for immersion
had no significantdifference for all types of wires.
Period Sum of df

. Mean Square F-value p-value
Time squares
7 days Between Groups 6.910E-6 2 3.455E-6
14 days Within Groups 182.343E-6 87 2.096E-6 1.648 0.198
30 days Total 189.253E-6 89
DISCUSSION goals of (1) determining the upper limit of

The release of nickel ions from
orthodontic stainless steel wires is a phe-
nomenon that cannot be avoided; it is dif-
ficult to find a material that will be fully
stable within an organism and will show
no signs of biodegradation. A growing
number of recent studies have investigated
the problem of biocompatibility with the
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biological tolerance and (2) finding means
through which the release of ions will be
kept within these limits. This study
identified the effects of changes in
solution and of the wire material on the
release of nickel metal ions. However, the
absorption of released metal ions and their
effects on oral tissues remain to be
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examined in future in vivo studies.

This study emphasizes the importance
of several factors that can influence the
release of nickel ions from fixed
orthodontic appliances, namely, the type
of alloy, the effect of the solution, and the
length of immersion and of course the
appliance consisted of the stainless steel
wires. This study demonstrates that the
release of nickel ion depended only on the
type of wire and the surface area of wire
that will contact with immersion solution.

Results  from  immersion  tests
revealed that the highest amount of nickel
ions released in solution ® immersions for
all types of wires. If a full-mouth
appliance is considered, the total length of
nickel ions orthodontic wire can be
estimated to be around 15 cm (including
upper and lower arch). Although, the
difference in chemical composition of
different solutions, but after one month of
immersion they gave non-significant
difference as indicated in Tables (3, 4),
although these results disagree with
previous study “® which assumed that the
release of ion on the length of exposure,
but these results agree with other studies
(18, 24), which have suggested that the
guantity of released metal ions is
depended on the content of metal
(chemical content) in the wire alloy.
Although the quantities of released metal
ions measured in this and similar studies
cannot be directly applied to in vivo
conditions, they are useful for relative
comparisons and for determination of the
effect of each individual variable (e.g.,
artificial saliva) on ion release without the
influence of external factors.

CONCLUSIONS
*The difference in chemical composition
of artificial saliva has no effect on the
amount of nickel ion release.
*All solutions have similar effect on the
nickel ion release although the different in
chemical composition of these solutions.
*The shapes of wire and surface area that
contact with immersion in solution have
influenced amount of ion release.
*The time of the exposure of wires to the
solution after one month has no significant
effect on the ion release.
*Release of metal ions was influenced by
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composition of the orthodontic wire, but
this was not proportional to the content of
metal in the wire.
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