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Corrosive changes and chemical composition of the orthodontic
archwires’ surface during treatment
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The orthodontic archwires are an integral part of the fixed appliance used for treatment of orthodontic malocclu-
sions. The chemical composition of the surface of three of the most frequently used archwires in orthodontic treatment
worldwide and in Bulgaria is investigated, which consist of the following types of metal alloys: chromium-nickel
stainless-steel, nickel-titanium, and titanium-molybdenum. The results of XRD, SEM and EDS show that the main el-
ement composition of the orthodontic archwires has not been changed for the examined residence time in the patient’s
mouth, which is an average of 6 and 10 weeks and the complex oral bacterial flora does not influence them.

Key words: orthodontic wires, XRD, SEM, EDX, surface chemical composition.

INTRODUCTION

The orthodontic wires are an integral part of the
fixed appliance which is used to treat orthodontic
malocclusions. The most frequently used archwires
are made of the following alloys: chromium-nickel
stainless steel, nickel-titanium, titanium-molybde-
num and copper-nickel-titanium. Each of these al-
loys has its specific characteristics and the corre-
sponding wires made by them possess the typical
mechanical properties which enables choice in dif-
ferent treatment phases.

The orthodontic wires, made by stainless
steel, classified by AISI (American Iron and Steel
Institute) as type 304, are with chemical composi-
tion as follows: approximately 71% iron, 18-20%
chromium, 8-11% nickel and quantities of carbon,
manganese and silicon, respectively not exceeding
0.08%, 2% and 1% [1, 2]. Their mechanical prop-
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erties are determined by the chemical composition
and the microstructure and they are the most fre-
quently used in their austenitic form. They are hard,
elastic and have the smoothest surface, which leads
to reducing of the friction between the wire and the
brackets [3].

Nickel-titanium wires presented by Andreasen
and Hilleman [4] in 1970 contain nearly equal
amounts of nickel and titanium, respectively, 54—
55% and 43-44%, and minimum amount of cobalt —
1.6-3%. They have very low modulus of elasticity
and high elastic potential compared to the stainless
steel and thus they are able to let out weak and con-
tinuous forces, which is desirable during the ortho-
dontic treatment. These first wires are in martensite
state and it is believed that they have curved mono-
clinic, three-clinic or hexagonal crystal structure
[5]. They are known as non-super-elastic. The mod-
ern orthodontic nickel-titanium wires exist in the
austenitic state with cubic crystal structure. They are
called super-elastic and are able to undergo stress-
induced transformation from austenite to marten-
site. When subjected to load or activated till elastic
deformation they restore their shape approximately
8% of the initial [6].
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Later titanium-molybdenum wires are introduced
(B-Ti, or TMA) [7], which are characterized by a
high springy effect, low hardness, can be bent and
directly soldered. The Element composition of these
wires contains: 79% Ti, 11% Mo, 6% Zr and 4% Sn,
and the adding of zirconium and zinc contributes to
the strength and hardness of the arch. Their major
disadvantage is the high friction coefficient.

A new generation of wires is the copper-nickel-
titanium arches, which are known as orthodontic
wires with shape memory, also called heat-activat-
ed. That’s because they can be deformed in the mar-
tensite state but when increasing their temperature
in the oral cavity a phase transformation is induced
towards austenite and the form of the arch is re-
turned to the original one [8].

The presented three types of orthodontic wires
are used at certain treatment’s stages with fixed
equipment. They stay in the mouth a certain period,
during which they are exposed to the aggressive
environment of the oral cavity. The latter is char-
acterized by the presence of complex oral micro-
flora, which together with its bioproducts forms and
accumulates plaque around the material [9]. Also
the impact of food that the patient used, the type of
tooth pastes and the temperature changes occurring
in the oral cavity should not be overlooked. All this
leads to changes in the surface characteristics of the
retrieved orthodontic archwires.

It is established that the surface of the orthodon-
tic wires is covered by the formed intraoral protein
coat which covers up their topographic surface to
a degree depending on the individual patient’s oral
circumstances and on the intraoral exposure period.
The film’s organic components founded on alloy’s
surface are amide, alcohol and carbonate while the
predominant elements are sodium, potassium, chlo-
ride, calcium and phosphorus [10].

In the present study are considered three types
(chromium-nickel stainless steel, nickel-titanium,
titanium-molybdenum) orthodontic archwires and
the changes in the chemical composition of the
surface are observed when these wires are used for
treatment.

MATERIAL AND METHODOLOGY

The research is on the orthodontic archwires of
patients treated in 2012 by researchers — orthodon-
tists. In relation to the study’s objectives we pro-
vided the tested three main types of orthodontic
wires in 3 pieces each, Table 1. The type A wires
are with circular cross section 0.016 inches, and the
remaining B, and C have a rectangular cross sec-
tion — 0.016x0.022 inches. These are some of the
most commonly used wires as a size and type that
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Table 1. Characteristics of investigated
orthodontic wires

Type of Cross section ~ Time of residence
orthodontic wires [inches] in the mouth
A — stainless steel, 0.016 A6 — 6 weeks
AISI 304* A10 - 10 weeks
B — nickel-titanium  0.016 x 0.022 B2 — 2 weeks
alloys B6 — 6 weeks
B10 - 10 weeks
C — beta-titanium 0.016 x 0.022  C6 — 6 weeks

alloys C10 — 10 weeks

are offered by the distributors to the orthodontists in
Bulgaria. The treatment of patients with orthodontic
malocclusions is carried out with them as at certain
treatment’s stage the appropriate type and size wires
are placed. Two wires are used of each type, which
are compared with the corresponding starting wires,
called control ones. The selected wires are used for
the treatment and stayed in the patient’s mouth, re-
spectively 6 and 10 weeks. This period covers the
average time of residence of the orthodontic wires
at the mouth of the patient in order to perform a cer-
tain stage of orthodontic treatment. All wires, after
removal from the patient’s mouth, they are cleaned
with disinfectant and placed in a resealable plastic
bag each along with a note in which the following
data is recorded: patient’s name, his age, wires’
type, the size, date of placement, date of removal,
the total time of stay in the mouth.

The studied wires were analyzed by X-ray dis-
persive analysis (EDS), X-ray powder diffraction
and scanning electron microscopy (SEM). Powder
X-ray diffraction patterns were collected within
the range from 5.3 to 80° 26 with a constant step
0.02° 20 on Bruker D8 Advance diffractometer
with CuKa radiation and LynxEye position sensi-
tive detector. Phase identification was performed by
the program DiffracPlus EVA using ICDDPDF-2
(2009) database. The microstructure of the wires
surface was studied by means of Zeiss EVO MA-15
scanning electron microscope (SEM) with LaB,
cathode on the polished cross-section samples. The
chemical composition was determined by the X-ray
microanalysis using the energy dispersive spectros-
copy (EDS) method and Oxford Instruments INCA
Energy system. The qualitative and quantitative
analyzes were carried out at an accelerating voltage
20 kV, an optimal condition for these samples.

RESULTS AND DISCUSSION

XRD patterns of the orthodontic archwires from
the type A are amorphous, these of type B and C
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are presented in Figure la) and 1b) respectively.
On Fig. 1a) it can be seen the peaks of a crystal-
line phase marked with asterisk. The peaks corre-
spond to the NiTi alloy with composition Ni, ;,Ti,
(ICDDPDF#65-5746) with cubic type structure
S.G. Pm-3m and unit cell parameter 3.01A. For the
peaks of the alloy presented in Fig. 1b) the best cor-
respondence was found with a hexagonal phase
(Ti,Sn) with unit cell parameters a = 4. 65 A and
¢ = 5.7 A. It is worth nothing that an amorphous
hump is seen of the diffraction patterns of arches
after prolonged usage for patient treatment. This
amorphous part comes not only from corrosion
processes on the wires surface but mostly from or-
ganic residues. The formed biofilms and calcifica-
tion layers are well adsorbed to the wire surface and
may play protective role towards the alloy surface.
It should be mentioned that the presence of such
films as well as their thickness and composition do
not correlate well with the time of the wires appli-

*
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cation. The quality of the film is also patient de-
pendant. These differences are mainly related to the
nourishing traditions, composition of the saliva and
the hygienic habits.

The information about the change in the surface
morphology of the orthodontic wires is obtained by
scanning electron microscopy (SEM), Fig 2. The
observed change in the surface of the archwires is
studied in details through energy dispersion study
(EDS). The method used allows quantitative iden-
tification of the chemical composition by elements
and focuses on the corrosion changes of the alloy
rather than commenting on the complex oral flora.
In Table 2 are presented the average values of the
main components contained in the wires’ alloy (Fe,
Cr, Ni, Si and Mn) as well as the identified inclu-
sions (P, S, Cl, K, Ca). For comparison are used the
data of the studied as-received wires. The results in-
dicate that the presence of the inclusions are as a re-
sult of the oral bacterial flora and of the oral hygiene

b
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Fig. 1. a) XRD patterns of the orthodontic archwires type B at different stages of treatment; b) XRD patterns of the
orthodontic archwires type C at different stages of treatment

stainless steel, AlISI 304

10 weeks

Fig. 2. Scanning electron microscopy images of A-austenitic stainless steel wires with cross section 0.016 inches:
a) — as-received (A); b) — 6 weeks retrieved wire (A6) and c¢) — 10 weeks retrieved wire (A10)

457



V. Petrov et al.: Corrosive changes and chemical composition of the orthodontic archwires’ surface during treatment

Table 2. Elements content in new wire type A-stainless steel and used ones after

6 and 10 weeks

Elements, S C Mn Fe Ni P,S.CLK Ca
weight %
Initial components content
\ 0.67 1948 14 7019 826 _
(new wire)
Mean components content o ¢c 1951 151 6963 839 175
after 6 weeks treatment
Mean components content o519 44 149 6970 838 2.89

after 10 weeks treatment

of the patient, while the main element composition
of the orthodontic archwires from the stainless steel
does not change for the examined period of treat-
ment (6 and 10 weeks).

The second type of studied orthodontic wires
is composed of nickel and titanium in almost
equal amounts. Figure 3 shows the structure (3a)
and the spectrum of the performed integral anal-
ysis of the element content by EDS (3b) of the
as-received wires. The analysis confirms the two-
component composition of nickel (54.67 wt.%)
and titanium (45.38 wt.%).

nickel-titanium

After the usage of the wires correspondingly
6 and 10 weeks, which is shown in Figure 4, again
changes of the surface are observed, which are
associated with the presence of oral plaque. The
presented scanning microscopical pictures are of
selected areas of the wires’ surface, where a point
element analysis is made. The average values of
the element composition are shown in Table 3.
The quantity of nickel and titanium is not changed
during the time of use. On the wires’ surface that
has stayed in for 10 weeks are observed surface
irregularities, Figure 4c, which we assume, are as

Fig. 3. Scanning electron microscopy images of as-received nickel-titanium wire and EDS spectrum of wire

6 weeks

200 ym

10 weeks

100 pm

Fig. 4. Scanning electron microscopy images of retrieved nickel-titanium wires: a) — 2 weeks retrieved wire (B2); b)
— 6 weeks retrieved wire (B6) and ¢) — 10 weeks retrieved wire (B10)
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Table 3. Elements content in new wire type B — nickel-titanium alloys and used ones

after 2, 6 and 10 weeks

Elements, . .
weight % Ni Ti Al P, S, ClL K, Ca
Initial components content (new wire) 54.67 45.38 -
Mean components content after 54.85 45.16 206
2 weeks treatment
Mean components content after 5433 45.48 1.48
6 weeks treatment
Mean components content after 54.74 4530 022

10 weeks treatment

a result of mechanical action. According to some
authors [11] such surface alterations may be caused
by loads during chewing. It is difficult to trace and
investigate the corrosion according to the treat-
ment’s time stage and the wires’ residence in the
mouth due to the individuality of each patient (type
of food, hygiene, age, gender, etc.). As an example
we will point out the carried out analysis of nickel
- titanium archwires used only for 2 weeks (B2), in
which there is a large percentage of accumulated
plaque on the surface in comparison with those
used for 6 and 10 weeks, Fig. 4a, Table 3. From the
analysis it appears that the coating deposits cannot

“beta-titanium alloys

be regarded as foci of corrosive change in wires.
In-depth research on the mechanical resistance is
about to be made.

Figure 5 shows the structures of titanium-mo-
lybdenum orthodontic archwires, respectively, Sa
— as-received, 5b — after 6 weeks, and 5S¢, after 10
weeks of use. The determined chemical composi-
tion by EDS analysis is presented in Table 4. The
trend to maintain the main components of the alloy
(Ti, Mo, Zr, and Sn) is also observed in this type of
orthodontic wires. The element study of the wires
surface’s changes indicate the presence of Na, Ca,
Cl, which is associated with biofilm formation and

10 weeks

Fig. 5. Scanning electron microscopy images of retrieved beta-titanium wires with cross section 0.016x0.022 inches:
a) — as-received (C); b) — 6 weeks retrieved wire (C6) and c) — 10 weeks retrieved wire (C10)

Table 4. Elements content in new wire type C beta — titanium alloys and used ones

after 6 and 10 weeks

Evleegﬁ? 55 Ti Zr Mo Sn Na,Cl, Ca
Initial components content 76.90  6.36 11.87  4.86 -
EA\ZI;:SO ?:;Ef:;f content after 76.80 7.1 1145 465 0.52
Mean components content after 1709 654 4 305 e

10 weeks treatment
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does not contribute to a change of the initial wires’
chemical composition.

CONCLUSION

The studied orthodontic archwires made of
stainless steel, nickel-titanium and titanium-mo-
lybdenum is essential in orthodontic treatment.
The analyses made and the achieved results show
chemical resistance of all three wires. The ortho-
dontic archwires are under continuous influence of
the saliva, which is different from patient to pa-
tient and depends on the age, the hygiene of meal,
the individual oral hygiene, which determines the
plaque quality in the oral cavity, the presence of
different diseases. From the carried out tests it is
established that the complex oral flora, regardless
of the changes it is subjected to according to the
above described factors, it does not alter the major
components of the alloys, which make them bio-
compatibility to the patient.
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KOPO3MOHHU [NTPOMEHU B XUMNWYHNA CbCTAB HA ITOBBPXHOCTTA
HA OPTOAOHTCKU ABI'U ITPU U3IIOJI3BAHETO UM 3A JIEUEHUE
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(Pesrome)

OpTO,IlOHTCKI/ITe AbIr' Ca HEPA3ACJICH CJIICMCHT OT (1)I/IKCI/IpaHaTa TEXHHKA, U3I0J3BaHa 3a JICHCHUC Ha OPTOAOHT-
CKHUTC I[e(i)OpMaLlI/II/I. HSCHGZ{B&H € XUMHUYHHA CbCTAB HAa IOBBPXHOCTTA HA TPU OT Hal-M3M0JI3BAHUTE JbI'v 3a JICUCHUC
B B’BJ’IFapI/Iﬂ, ChCTOAIIN CC OT CJICAHUTC BUAOBE MCTAJIHU CIJIABU: XPOM-HUKEI0OBA HEPBIKAAEMAa CTOMAaHa, HUKCJI-TH-
TaH, TI/ITaH-MOJ'II/I6I[eH 1 MCI-HUKCJI-TUTAaH. Besxa €IHa OT TC3U CIIJIaBKM UMa CBOUTC Cl'Ie].[I/Iq)I/I‘IHI/I XapaKTCPUCTHUKHU U
HaIllpaBCHUTC OT TAX CbOTBCTHU AbI'U MIPUTCIKABAT XapaKTCPHU XUMHWYIHU U MCXaHUYHU CBOfICTBa, ﬂaBaﬁKH BB3MOXK-
HOCT 3a I/1360p npu yHOTpC6aTa UM B PA3JIMYHUTE €TallA OT JICHCHHUCTO. PeSyJ’ITaTI/ITe OT HAIPpaBCHUTC PCHTTCHOBU U
MOp(bOJ'IOI‘I/I‘IHI/I MOBBbPXHOCTHHU MU3CJICABAHUA TOKA3BAT, Y€ OCHOBHUAT XUMUYCH CbCTAB HAa OPTOAOHCKUTC AbI'K HE CC
IPpOMCH: B ICPpHUOJda HA JICUCHUC, KOHTO € MCKIAY 2, 6u10 CCIIMMUIIN. Hanmumero Ha XUMHYIHI OPpUMECH U OTJIaraHus
CC CBBbP3Ba C UHAUBUyaTHATA 6aKTepI/IaJ'[Ha MHKpO(bJ'IOpa B YCTHATa KyXHHa Ha BCCKU MALIUCHTUT.
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