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Influence of the treatment period on the morphology and the chemical
composition of the thermally activated orthodontic archwires
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The thermally activated nickel-titanium archwires are widely employed in orthodontics because they present shape
memory effect and super elasticity. The addition of copper to nickel-titanium alloy enhances the thermal properties of
the wire while maintaining precise control of forces, comparing to “pure” nickel-titanium alloy. The purpose of this
study is to investigate the chemical composition of the surface of thermally activated copper-nikel-titanium archwires
with different cross sections (round — 0.33 mm and rectangular — 0.41 x 0.56 mm). For the purpose of comparison, the
origin wires (unused and sterilized ones) are also investigated as a control group. All studied orthodontic wires have
transition temperature range at 35 °C. The analyses are carried out by three independent methods as X-ray diffraction
analysis (XRD), Scanning Electronic Microscope (SEM) and by an Energy Dispersive X-Ray method (EDX).

The obtained results show that the processes of sterilizations of the investigated orthodontic archwires have no ad-
verse effects on their properties. From the carried out tests it is established that there are no significant changes in the
chemical composition of the surface of the thermally activated wires after treatment period up to 6 and after 8 weeks.

This period covers the average time of residence of the orthodontic wires in the mouth of the patient.
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INTRODUCTION

The copper-nickel-titanium shape-memory al-
loys are applied in many areas, due to their unique
thermal and mechanical properties [1]. One of the
successful applications of the archwires made from
these alloys is in orthodontics because of their char-
acteristics, such as low hardness, flexibility, large
stored energy, biocompatibility, the thermoelastic
shape-memory effects and super-elasticity [2]. The
orthodontic shape-memory archwires are also called
martensite active, because they can be deformed in
the martensitic phase, but when exposed in the oral
cavity they are transformed into austenite, allowing
the arch to regain its original shape [3].
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During the initial placing of the orthodontic arch
into the slot of the bracket it bends according to
the dental arch when passing into austenitic phase
orthodontic the orthodontic archwire is able to “re-
member” its pre-established form [4, 5]. Thus the
orthodontic arch begins to influence and to move
the teeth in the direction where they take the correct
position, set by the shape of the arch. When lowering
the temperature, the alloy is converted into marten-
site and becomes flexible and easily deformable.

Thermally activated arches were created in 1994
by Ormco Corporation. They are provided to the
orthodontists in three temperature options: 27 °C,
40 °C and 35 °C, corresponding to the upper auste-
nitic temperatures that finalize the transformation
from martensite to austenite [6]. The element’s
analysis carried out by EDX shows that the vari-
ants of the three thermally activated archwires have
similar composition of approximately 44 wt.%
nickel, 51 wt.% titanium, small quantities of copper
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— 5 wt.%, and according [7] 0.2 wt.% to 0.3 wt.%
chromium instead of titanium quantity. Kusy [8] re-
ports that these arches contain at least 5-6% weight
percentage of copper and 0.2% to 0.5% weight per-
centage of chromium. The archwire with transition
of 27 °C contains 0.5% weight percentage of chro-
mium in order to balance the influence of copper
on the increase of the transition temperature over
this in the mouth, and the 40 °C variant contains
0.2 wt.% chromium.

Regardless of the type of the alloys from which
the arches are made, they are subject to the ongoing
mouth chemical and electrochemical reactions re-
sulting in degradation of the existing and formation
of new chemical compounds. The conditions in the
oral cavity are very aggressive, causing corrosion
of metal alloys. All these factors suggest a rapid
aging of the metal orthodontic materials, affect-
ing the morphology, structure and their mechanical
properties.

The objective of the present study is to trace the
influence of the residence period in the patient’s
mouth on the morphology and chemical compo-
sition of the copper-nickel-titanium orthodontic
arches with two different profiles (round — 0.33 mm
and rectangular — 0.41 x 0.56 mm). The results are
compared with those obtained for unused (factory)
and autoclaved unused archwires in order to estab-
lish the changes occurring in their properties after a
prolonged stay in the oral cavity.

MATERIAL AND METHODOLOGY

The present study is on the selected orthodontic
archwires with two different cross sections used for
the treatment that stayed in the patient’s mouth, re-
spectively up to 6 and after 8 weeks. This period cov-
ers the average time of residence of the orthodontic
wires in the mouth of the patient in order to perform
a certain stage of orthodontic treatment. The type
DO wires are with round cross section 0.33 mm,

and the second D1 have a rectangular cross section
—0.41 x 0.56 mm, Table 1. Two wires are used of
each type, and are compared with the corresponding
starting wires, called as-received.

The studied wires were analyzed by X-ray pow-
der diffraction (XRD), X-ray dispersive analysis
(EDX) and scanning electron microscopy (SEM).
Powder X-ray diffraction patterns were collected
within the range from 5.3 to 80° 20 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 ICDD-PDF-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 volt-
age 20 kV, an optimal condition for these samples.

RESULTS AND DISCUSSION

For the purpose of comparison, the origin wires
(control group) were also analysed before and after
avtoclave sterilization process. The specific require-
ments for the prevention and control of the health-
care associated infections require every orthodontist
not to allow contaminated orthodontic archwires to
be placed in the patient’s mouth. Most of the leading
companies offer their products in individual sealed
packages suitable for autoclaving. The autoclaving
was carried out in an autoclave type B at 121 °C for
21 min.

After the analysis done by XRD Scanning
Electronic Microscope and by an Energy Dispersive
X-Ray method (EDX) it is established that there are
no significant changes in the chemical composition

Table 1. Characteristics of investigated cooper —nickel —titanium orthodontic wires

Type of Cross section Time of residence
orthodontic wires [mm] in the mouth

_ DO_as-received

DO~ round thermal activated 033 D0_6—up to 6 weeks
cooper-nickel-titanium -

DO0_8 — after 8 weeks

. D1 as-received
D1 — rectangular thermal activated 041 % 0.56 DI 6 up to 6 weeks

cooper-nickel-titanium

B1 8 — after 8 weeks
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Fig. 1. a) XRD patterns of the orthodontic archwires type DO at different stages of treatment; b) XRD patterns of the
orthodontic archwires type D1 at different stages of treatment

of the surface of the autoclaved wires. There are also
no changes in the surface characteristics of the arch-
wires made of the investigated alloys. The obtained
results show that the processes of autoclaving of the
investigated orthodontic archwires have no adverse
effects on their properties [9].

Thermally active orthodontic archewires have
shape-memory property and are called marten-
site active. They can be deformed in their marten-
sitic phase, as when increasing the temperature in
the mouth a phase transformation to the austenitic
phase is induced, and the corresponding restoring
of the arch’s to the original. The copper-containing
thermally activating archwires have constant and
weak forces when activating and deactivating in
comparison with Ni-Ti arches. Adding copper to
the nickel-titanium alloy is effective to stabilize the
thermal transformation and to narrow the tempera-
ture hysteresis between the formation of the austen-
ite during heating and martensite during cooling.
Furthermore, the copper affects the mechanical
properties of nickel-titanium alloy. Powder diffrac-
tion patterns obtained at room temperature for the
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two profiles of arches studied (round or rectangular)
show peaks typical for cubic austenite phase (Fig.
la and Fig. 1b). With the gradual increase of the res-
idence’s period in the mouth, it is noticed the forma-
tion of amorphous “humps” in the diffraction pat-
terns of both wire profiles which probably is a result
of two occurring phenomena: first — an increase in
defectiveness of the structure (micro-deformations
and strains) as a result of deformation effects and
second increase in defectiveness of the structure due
to the corrosive processes starting from the surface
of the material as a result of the chemical interac-
tion with environment during treatment. The lat-
ter is more visible in bends of rectangular section
(SEM Fig. 3).

The information about the change in the surface
morphology of the orthodontic wires is obtained by
scanning electron microscopy (SEM), Fig. 2. The
presented scanning microscopical pictures are of
unused wire and after treatment period up to 6 and
after 8 weeks correspondingly.

The results indicate that the wire’s surface does
not change for the examined period of treatment. On

Fig. 2. Scanning electron microscopy images of cooper —nickel —titanium with round cross-section 0.33 mm
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Table 2. Elements content of investigated DO-cooper—nickel-titanium
orthodontic wires with round cross-section 0.33 mm

Round thermal activated

Elements, weight %

cooper-nickel-titanium (0.33 mm) Cu | Ni | Ti Cr

Industrial data (information) 6.5 50 43 0.50
DO _as-received 551 4875 4518 023
DO_6 —up to 6 weeks 549 48.60 45.66 0.25
DO_8 — after 8 weeks 547 4858 45.67 0.28

as-received

8 weeks

Fig. 3. Scanning electron microscopy images of cooper—nickel-titanium with cross section 0.41 x 0.56 mm

the wires’ surface that has stayed in for 8 weeks sur-
face irregularities are observed, which we assume
to appear as a result of mechanical deformation ef-
fects. Additionally, the surface of the archwires was
studied in details by means of energy dispersion
technique (EDX).

The method used allows quantitative identifica-
tion of the chemical composition by elements and
focuses on the corrosion changes of the alloy rather
than commenting on the complex oral flora. The av-
erage values of the element composition are shown
in Table 2. The period of residence in the mouth has
no significant effect on the proportion of elements
in the tested orthodontic wires.

The obtained results of the second type studied
orthodontic wires (rectangular cross-section) show
similar behaviour. As a result of the carried out
analyses by SEM was established that small changes
have occurred in the structure on the surface of the
rectangular wires after treatment process, Fig. 3. The
determined chemical composition by EDX analysis
is presented in Table 3.

The analysis confirms the presents only of the
main components composition. The observed
changes of the surface of the material could be as
a result of the chemical environment during treat-
ment. It is difficult to trace and investigate the cor-
rosion according to the treatment’s time stage and

Table 3. Elements content of investigated cooper—nickel-titanium
orthodontic wires with cross section 0.41 x 0.56 mm

Rectangular thermal activated

Elements, weight %

cooper-nickel-titanium (0.41 x 0.56 mm) Cu Ni Ti Cr

Industrial data (information)
D1 as-received

D1 6 —up to 6 weeks

D1 _8 — after 8 weeks

6.5 50 43 0.50
547 4829 4558 031
541  48.55  46.05 -

575 48.11 4582  0.27
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TomoakTHBUPAINTE HUKEI-TUTAHOBH JIBTH €A IIMPOKO M3IOI3BaHN B OPTOJAOHTHUSATA 3apaan CBOHCTBOTO MaMeT
Ha (hopmara, KOETO IPUTEXKABAT U TOsIMATa UM elacTU4HOCT. J00aBsSHETO HAa MeJl KbM HHKEJ-THTAaHOBATa CILIAB
oZ00psiBa TEMIEpaTypHUTE TpaHC(HOPMAIMK B braTa U MOJIbpKa IMO-MOCTOSIHHU U 1T0-CJIa0W BPB3KH MPH aKTH-
BUpAHE U ACAKTHBHUPAHE B CPABHEHME C JIBTUTE OT ,,9MCTa’’ HUKEJI-TUTaHOBa cruiaB. LlenTa Ha HacTosmara padboTa e
Jla N3CJIe/IBa XUMUYHUST ChCTAB TI0 IIOBBPXHOCTTA Ha TOIUIOAKTUBHPAIIN MEI-HUKEII-TUTAHOBU OPTOJJOHTCKHU JIBI'H C
nBe pa3nuaHu ceueHus (kpbrim — 0,33 mm u npaBobsreaan 0,41 % 0,56 mm) u3nonsBanu 3a neueHue. [lomydennre
pe3yJsITaTy ca CpaBHEHHU C M3CIICABAHUS HAIIPABEHU W HA HEU3IOJI3BAHU M HEM3IIOJI3BAaHN aBTOKJIABUPAHU ABIH, CIIO-
MEHATH KaTO KOHTPOJHA Ipyna. BCcHUKHM M3cneaBaHN TOIUIOAKTUBHUPAIIN JBI'M CE XapaKTepHU3UpaT ¢ TeMIeparypa
Ha nipexon 35 °C. 3a npoBeACHUTE aHATHM3H Ca U3IOJI3BAHN TPH HE3aBUCHMH METOAA: PEHTTeHOCTPYKTYypEeH aHaIN3
(XRD), Cxanupar enekrponer Mukpockon (SEM) u Erepruitno-nucnepcronen ananus (EDX).

PesynraTure mokasBaT, e MpOIECHTE HA CTEPHIIM3ALUs HE MPOMEHST cBOWcTBaTa Ha Abrute. OT MpOBEICHNUTE
CTPYKTYPHH M3CJIEBAHUS € YCTAHOBEHO, Y€ OCHOBHUAT XUMHUYCH ChCTaB Ha TOIUIOAKTUBHPAIIUTE TBI'H HE CE TIPOMe-
HS B TIEPHO/Ia HA JICYCHHE OT 10 6 M HaJl § CeAMUIIN.
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