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Abstract

In the orthodontic practice during treatment with fixed appliances, different types of wires made of
different metal alloys, by different manufacturers are used. However, there is lack of precise
information about their composition, structure and optimal length of stay in the patient's mouth. This
information is important because it helps orthodontists to choose the appropriate archwire for the
proper stage of orthodontic treatment. The most commonly used ones are the following types of
orthodontic wires: stainless steel, nickel-titanium, titanium-molybdenum and heat- activated. Medical
standards for the prevention and control of nosocomial infections aim to improve the quality and safety
of medical care by reducing the incidence of nosocomial infections and by limiting the spread of
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antimicrobial resistance. In this regard, it is important to know whether autoclaving may be carried out
in all types of orthodontic wires and to ensure that the autoclaving process does not affect the chemical
composition and surface structure of the archwires. The aim of this work is to investigate the effect of
the process of autoclaving stainless steel, nickel-titanium, titanium molybdenum, heat-activated nickel
titanium and copper-nickel-titanium orthodontic archwires with the same dimension and size of
0.016x0.022 inches. The analysis was carried out via the following independent techniques: X-ray
diffraction analysis (XRD), Scanning Electronic Microscopy (SEM), Energy Dispersive Spectroscopy
(EDX) and Differential Scanning Calorimetry (DSC).It has been established that the autoclaving
process does not affect the chemical composition and surface structure of the archwires and does not
lead to the deterioration of their properties.
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Introduction

In the orthodontic practice during treatment with fixed appliances different types of wires made of different
metal alloys, by different manufacturers are used. Unfortunately, the perfect archwires, which are suitable
for each stage of the treatment, have not been created yet. Therefore, orthodontic wires of different alloys
with different characteristics, meeting the requirements of the specific stage are manufactured. The most
commonly used types of orthodontic wires are as follows: stainless steel, nickel-titanium, titanium-
molybdenum and heat- activated. The stainless steel (1) wires possess a relatively high elastic modulus,
but have an excellent molding, suitable bouncing and are characterized to possess a low frictional
resistance. Moreover, they can be welded, have a good resistance to corrosion and come at a moderate
price. The steel archwires are appropriate during all of the treatment stages with fixed appliances, except
for the initial stage in which the first archwire used should be very elastic. Nickel-titanium archwires (2, 3)
exert the lightest force and have the biggest elastic range compared to stainless steel and titanium-
molybdenum alloys. Furthermore, they have a distinctive bouncing property, which is especially
pronounced in the ones with shape memory. However, these archwires mold poorly and certain elements
cannot be welded at all. Nickel-titanium alloys have two forms of crystal lattice: martensitic and austenitic.
Wires in the martensitic state are classified as non-superelastic, however the austenitic ones are defined
as super-elastic. Beta-titanium alloy has been used for the making of orthodontic archwires by Burstone
and Goldberg (4). When activated these wires exert a weaker impact compared to those made of stainless
steel and cobalt-chromium-nickel alloys. They also have an excellent morphology and allow the welding of
additional elements. Beta-titanium archwires are the most expensive orthodontic alloys, but orthodontists
believe that the higher price can be compensated by the the fact that they require to be changed much
less often. In 1994 orthodontic archwires of a new kind of alloy were manufactured, which resulted in three
variants of temperature-dependent orthodontic wires. They were called heat-activated, because their

characteristics change at elevated temperatures by passing from a martensitic to an austenitic state, thus
restoring their original form. Kusy (5) reported that these archwires, except nickel and titanium, contain a
minimum 5 to 6% by weight copper and 0.2 to 0.5% by weight chromium. Copper-nickel-titanium
archwires are very useful for pain-sensitive patients. They are much more elastic at room temperature and
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can be placed easily in the slot of the bracket, even in very crowded teeth. Heat-activated archwires are
ideal for leveling during the first phase of treatment with fixed appliances.

Medical standards for the prevention and control of nosocomial infections aim to improve the quality and
safety of medical care by reducing the incidence of nosocomial infections and by limiting the spread of
antimicrobial resistance. In this regard it is important to know whether autoclaving may be carried out in all
types of orthodontic wires and to ensure that the autoclaving process does not affect the chemical
composition and surface structure of the archwires.

Objective / Aim:

The aim of this work is to investigate the effect of the process of autoclaving, as a method of sterilization
and disinfection of metal orthodontic materials, the chemical composition and surface structure of the main
types of orthodontic archwires, proposed and used for treatment in Bulgaria.

Material and Methods:

The main types of archwires subject to this study were as follows: stainless steel, nickel-titanium, titanium
molybdenum, heat-activated - nickel-titanium and copper-nickel-titanium, with the same dimension and
size of 0.016x0.022 inches. Eight orthodontic archwire pieces produced by the the same manufacturer
were examined — 4 as-received and 4 as-received autoclaved (Table 1). For each study five areas of the
orthodontic archwires were selected (one from the frontal area, two canine teeth-sided area bilaterally and
two from the end of the archwire — both sides). There were a total of 40 areas of archwire relevant
analyses conducted.

Table 1. Type and category of investigated archwires

Type of archwires Dimension[inches] Category
A-stainless-steel (SS) 0.016 x 0.022 AOQ — as-received

A1l — as-received autoclaved
B— nickel-titanium (Ni-Ti) 0.016 x 0.022 BO — as-received

B1 — as-received autoclaved
C— titanium molybdenum (TMA) 0.016 x 0.022 CO — as-received

C1 - as-received autoclaved
D1 - heat-activated 0.016 x 0.022 D10 — as-received
nickel-titanium (Ni-Ti) D11 — as-received autoclaved
D2 — heat-activated 0.016 x 0.022 D20 — as-received
copper- nickel-titanium (Cu-Ni-Ti) D22 — as-received autoclaved
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The analyses were carried out via these independent techniques: X-ray diffraction analysis (XRD),
Scanning Electronic Microscopy (SEM), Energy Dispersive Spectroscopy (EDX) and Differential Scanning
Calorimetry (DSC).

Results and discussion:

A —Stainless Steel (SS)

Usually from the information brochure which the manufacturers provide, it is not clear what is the exact
composition of the produced SS orthodontic materials and the way in which the alloys have been treated
(6). Therefore, in order to investigate the chemical composition of the SS orthodontic archwires before and
after autoclaving, we made an EDX analysis (7) (Table 2).

Table 2: Average element content of investigated SS archwies.

Elements Si Cr Mn Fe Ni Total
Type of investigated archwires (wt%) (i) (i) (wt%) (Wt%%)

Literature data (2) ~1% 18~20% | ~2% ~71% 8~11%

A0 0.82% 19.76% 1.54% 69.08% | 8.80% 100%
Al 0.82% 19.70% 1.44% 69.67% | 8.38% 100%
Differences 0% -0.06% -0.10% | 0.59% -0.42%

A statistical significant difference is not present in the study of the chemical composition of as-received
and as-received autoclaved SS archwires. The indicated change in the quantity of iron is at a higher
average value of 0.59 wt % and at a lower average value in the amount of nickel of 0.42 wt % and would
not affect the surface properties of the material. Figure 1 illustrates surface microstructure images of as-
received and as-received autoclaved SS archwires.

Figure 1.SEM images of as-received (A) and as-received autoclaved (B) SS archwires.
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SEM analysis does not establish any changes in the surface structure of the investigated archwires and
no corrosion processes or increase of roughness has been observed. The authors (2) established that in
as-received SS archwires only a single-phase austenitic structure is evident.

B — Nickel-Titanium (Ni-Ti)
Orthodontic archwires made from nickel-titanium alloy (Ni-Ti) contain almost equal parts nickel and
titanium, 54-55% nickel and 43-44% titanium, respectively, with only a minimal quantity of cobalt up to 3%

(2, 8).The data obtained by the EDX analysis (7) of the elements content in the investigated nickel-
titanium orthodontic archwires before and after autoclaving are shown in Table 3.

Table 3: Average element content of the investigated Ni-Ti archwires.

Elements Ti Ni Total
0, 0,

Type of investigated archwires (wt%6) (wt%6)

Literature data (2) ~54-55% | ~43-44%

BO 54.56% 45.44% 100%

B1 54.73% 45.27% 100%

Differences 0.17% -0.17%

Figure 2 illustrates the surface structure of Ni-Ti archwires.

Figure 2.SEM images of as-received (A) and as-received autoclaved (B) Ni-Ti archwires.

In the investigated Ni-TI archwires the titanium content increased by +0.17 wt% and the nickel content
decreased by -0.17 wt%, which we suppose is a result of a method error, thus showing no significant
differences in the chemical composition. The SEM analysis concluded that the autoclaving process does
not lead to any surface changes of the investigated archwires.
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C — Titanium molybdenum (TMA)

In the provided literature, the elements of TMA alloy are: 80% titanium, 11.5% molybdenum, 6%
zirconium, and 4.5% tin (2, 8). Table 4 shows the EDX analysis results of the chemical composition of the
surface of the investigated as-received and as-received autoclaved beta-titanium archwires (7). Observed
were unremarkable changes in the chemical composition of + 0.10 wt % to -0.15 wt %, which is within the
allowed method error.

Table 4: Average element content of investigated TMA archwires.

Elements Ti Zn Mo Sn Total
(Wt%) (Wt%) (Wt%) (wWt%)

Type of investigated archwires

Literature data (2) ~79% ~6% ~11 % ~4%
Cco 76.80% | 6.74% | 11.75% | 4.71% | 100%
C1 76.84% | 6.59% | 11.75% | 4.81% | 100%
Differences 0.04% | -0.15% | 0.00% | 0.10%

The conducted analysis of the surface of the archwires via SEM are shown on Figure 3. From the SEM
images it can be observed that there are no signs of corrosion.

Figure 3.SEM images of as-received (A) and as-received autoclaved (B) TMA archwires.

Heat-activated orthodontic archwires are one of the most frequently used types in the initial stages of
orthodontic treatment. They can release a weak and continuing force that aids the biological movement of
the teeth. They possess super-elastic and thermosetting characteristics and a shape memory property. By
bending and repeated temperature cycling, the orthodontic archwire in the austenitic phase is able to
"remember” the pre-formed shape including the specific orthodontic shape of the dental archwire. By
decreasing the temperature of the alloy, the archwire is converted into a martensitic state and becomes
flexible and easily deformable and when the temperature increases, the austenitic transformation stage
occurs (9, 10, 11). The transition temperature and its alteration is particularly important, since it indicates
the temperature through which the material will return entirely to the original shape and consequently
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acquire greater rigidity (12). Some of the most commonly used heat-activated archwires in our country: Ni-
Ti (D1) and Cu-Ni-Ti (D2), have been studied in this paper.

D1 —Nickel-Titanium (Ni-Ti)

Heat-activated nickel-titanium orthodontic archwires are studied by llievska et all (13). It is shown that due
to the autoclaving process there are no noticeable changes of their surface, chemical composition does
not change and the Ni-Ti alloy is with an austenite type structure in room temperature. From the DSC
analysis made using temperature ranges from —50°C to +50°C and back to —50°C, it can be observed that
there is a transition from austenite to R-phase, without the presence of a martensitic phase. For the as-
received sterilized Ni-Ti archwire, in the cooling process there are two peaks which are attributed to an
austenite to R-phase followed by an R-phase to martensitic transition.

D2 — Copper-Nickel-Titanium (Cu-Ni-Ti)

EDX analysis was conducted on Cu-Ni-Ti (Table 5) in order to study the chemical composition and for the
surface microstructure an SEM analysis was used (Figure 4).

Table 5: Average element content of investigated Cu-Ni-Ti archwires.

Elements Ti (Wt%) Ni (wt%) | Cu Total
Type of investigated archwires (wt%)

Literature data (2) ~43% ~50% ~6.5 %

D20 46,69 % 47,15% | 6,15% 100%
D21 45,23 % 48,61% | 6,16 % 100%
Differences -1,46% 1,46% 0.01%

Figure 4.SEM images of as-received (A) and as-received autoclaved (B) TMA archwires

The minimal differences, as a result of the analyses, could be due to the following reasons: the analyses
were made on different parts of the archwires, the alloy is not completely homogeneous, or it falls within
the allowed method error. The general determination is that there is no big difference in the elemental
percentage of alloy between as-received and as-received autoclaved Cu-Ni-Ti archwires.
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Figure 5 illustrates the XRD analysis of heat-activated as-received and as-received autoclaved Cu-Ni-Ti
archwires and it can be seen that there is a presence of amortization and that the archwires are of an
austenite type structure under room temperature.
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Figure 5.XRD patterns of as-received and as-received autoclaved Cu-Ni-Ti archwires.

From the DSC analysis made on Cu-Ni-Ti archwires (Figure 6), during the cooling process we observe no
remarkable temperature changes between the as-received and as-received autoclaved. During the
heating process it can be seen that the transition temperature changes, which can be due to surficial
interaction with contamination, thus repeated measurements are going to be conducted.
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Figure 6.DSC curves of as-received (A) and as-received autoclaved (B) Cu-Ni-Ti archwire.

Conclusion

Sterilization as a method for disinfection of the orthodontic archwires before placing them in the oral cavity
of the patients is useful and it helps to achieve maximal safety for the professional demands of
orthodontics.

Studying of the autoclaving effect of SS, Ni-Ti, TMA, heat-activated Ni-Ti and Cu-Ni-Ti (as-received and
as-received autoclaved) orthodontic archwires, shows that there are no remarkable changes in the
chemical composition and surface structure.

Heat-activated Ni-Ti n Cu-Ni-Ti orthodontic archwires do not change their austenite type structure under
room temperature.

For the as-received and as-received autoclaved Cu-Ni-Ti on DSC analyses, in the cooling process, the
transition temperatures do not change.
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