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Mechanical properties and clinical significance of orthodontic wires
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ABSTRACT

Orthodontic treatment is usually conducted by applying forces to certain teeth to move them into a targeted position.
Orthodontic wires have been reported to be the primary modalities used in fixed-appliances-based orthodontic
treatment to induce favorable tooth movement events. Accordingly, acquiring adequate knowledge about these
approaches' clinical applications and biochemical behavior is essential when planning for a successful orthodontic
treatment. Orthodontic wires are widely used and are mainly composed of composites, polymers, alloys and metals.
Accordingly, the physical properties and clinical application of orthodontic wires vary based on their composition. In
this context, it was recommended that achieving favorable outcomes of orthodontic treatment obliges clinicians to
decide the best orthodontic wire and treatment plan based on the chemical properties and related clinical applications
of each wire. Therefore, wires that tend to produce increasing stiffness gradually are generally used. However, it
should be noted that no ideal wire exists. Therefore, favoring the application of a wire over the other should be based
on the intended outcomes and stage of the treatment process.
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produce rapid tooth movement. Unfortunately, evidence
shows that orthodontic forces are remarkably variable
among the different studies in the literature because it is
significantly difficult to accurately estimate the ideal
force needed to achieve rapid tooth movement.l3
However, some studies reported that lower forces could
obtain optimal results. On the other hand, it has been

INTRODUCTION

Orthodontic treatment is usually conducted by applying
forces to certain teeth to move them into a targeted
position. Ideal forces can be determined by those that do
not damage the periodontal ligament and tooth and
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shown that impaired tooth movement might occur
secondary to the application of excessive forces, which
might decrease cellular activities in periodontal tissues.*

Orthodontic wires have been reported to be the primary
modalities used in fixed-appliances-based orthodontic
treatment to induce favorable tooth movement events.’
Accordingly, acquiring adequate knowledge about these
approaches' clinical applications and biochemical
behavior is essential when planning successful
orthodontic treatment. Unfortunately, many orthodontic
wires were reported with variable biochemical and
physical characteristics in the literature.” Therefore, we
conducted a literature review to discuss orthodontic wires'
clinical application and mechanical characteristics in the
present study.

METHODS

This literature review was based on an extensive literature
search in Medline, Cochrane and EMBASE databases on
which was performed 3 December 2021 using the
medical subject headings (MeSH) or a combination of all
possible related terms, according to the database. To
avoid missing poetential studies, a further manual search
for papers was done through Google Scholar, while the
reference lists of the initially included papers. Studies
discussing congenital dental anomalies were screened for
useful information, with no limitations posed on date,
language, age of participants or publication type.

DISCUSSION

Various orthodontic wires were reported among the
different studies in the literature. Accordingly, these
studies aimed to evaluate their mechanical and physical
properties and investigate their clinical efficacy and
validity for wvarious sets of orthodontic treatment.
Fulfilling all required orthodontic treatment parameters
can be best achieved by deciding the most appropriate
size and type of orthodontic wires to enhance their
clinical significance and raise treatment efficiency. The
treatment technique approaches (for instance, straight or
segmental wire techniques) can significantly influence the
wire sequence during orthodontic treatment. Evidence
showed that this process can also be modified when
needed based on the treatment requirements.
Accordingly, it had been shown that having adequate
knowledge about the different mechanical, chemical and
physical properties of orthodontic wires can significantly
help clinicians choose the most appropriate wires based
on geometry, type and size suitable for each case. This
can effectively enhance the quality of treatment and
enhance the outcomes for the corresponding patients.

Evidence indicated that superelastic NiTi wires were the
most commonly used elastic wires during the initial
orthodontic treatment process, which were then replaced
by stainless-steel and beta-titanium wires during the rest
of the treatment process.® A previous investigation

demonstrated that the amount of activation of stainless
steel and Co-Cr wires were usually two and four times the
force of beta-titanium and conventional NiTi wires based
on the high modulus elasticity of the formerly mentioned
wires.® It had also been reported that the following
equation (strength=stiffnessxrange) can be significantly
used to determine the elastic properties of different
orthodontic wires and evaluate their mechanical
characteristics.'® In this context, a linear relationship was
found between elastic deformation and force of different
orthodontic wires, except for some NiTi conventional
wires.!! Moreover, it had been shown that the length, size
and geometry were the main determinants of the different
elastic properties of orthodontic wires (range, stiffness
and strength).

Evidence indicated that an increase in size significantly
increased the stiffness of most conventional wires. But,
on the other hand, the working range and flexibility were
usually decreased. However, evidence indicated that this
did not apply to the multistranded wires, particularly
NiTi.'? For the rest of the orthodontic wires, it had been
demonstrated that, regardless of the approached
construction material, changes in the shape and size were
of the same degree. For instance, it had been observed
that the initial stiffness of a stainless wire will be
significantly reduced by half when the diameter was also
decreased at the same rate.’® In the same context, the
elasticity of these modalities also increased and would be
decreased in a proportionate correlation to any increase in
length. Moreover, sliding freeing by loosely ligating the
wire into the brackets can significantly increase
resilience.* It can also be noted that severely reduced
stiffness and torque control have been associated with
rounding the edges of rectangular wires.

Different factors were proposed in the literature as
potential parameters that might influence torque control.
These included the free space between the bracket slot
and the wire, the type of ligation and other factors related
to the design of the approached brackets. Previous studies
also indicated that the edge bevel, wire section and raw
material might also have a significant role in this
context.>7 However, it had been previously reported that
no significant differences were noticed between Cu-Ni-
Ti, TMA and stainless steel wires in terms of torque
expression by small activations (<12°). However, it
should be noted that stainless steel wires had 2.5-3 and
1.5-2 times higher forces than Cu-Ni-Ti and TMA wires
in higher angles (>24°), respectively.’® Studies also
showed that the superelasticity expression of NiTi wires
was significantly variable. However, it had been shown
that it usually ranged around 20° at torsion in mouth
temperature. Accordingly, it had been suggested that it
was difficult to estimate the clinical characteristics and
outcomes of real torsion force and NiTi wire cross-
section.’® In addition to the importance of determining the
size increase and proper wire configuration of orthodontic
wires, it had been reported that using variable-modulus
orthodontics might also enhanced the treatment
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outcomes.?®  Accordingly, evidence from various
laboratory investigations indicated that wires' stiffness
and expressed force were proportionally variable.?!??

It had been shown that the stiffness correlations of NiTi
wires, beta-Ti, SS and Cr-Co were 0.26:0.42:1:1.2.
Moreover, a single-strand stainless steel wire's estimated
stiffness was 2-4 times higher than that of multistranded
wires.? Accordingly, clinicians can use bigger wires
during orthodontic treatment because of the better 3D
control of movements. Besides, controlling the amount of
friction can be achieved by establishing a constant
relationship between the bracket slot and the wire.?®
However, it had been demonstrated that using wires with
higher stiffness and narrower activation ranges was better
to control wire actions in areas where movement was not
usually anticipated, although some evidence showed that
comprehensive working and low stiffness range were
favorable characteristics for tooth movement.?* Therefore,
wires with low force delivery and a wide range of
activation were recommended during orthodontic
treatment.?®>  Accordingly, it had been shown that
clinicians preferred to use wires with sufficient strength,
high resilience and low stiffness.?® In addition, the
initially selected wire should have the maximum tolerated
when attached to the maximum activation point.?
Therefore, it had been suggested that the first wires used
during initial orthodontic treatment should be superelastic
NiTi wires with a small diameter. Then, other rectangular
NiTi wires can be used to provide more stiffness
characters during the last steps. In this context, previous
research indicated that NiTi wires' high resilience
characteristics suggest that a wide range of elastic
activation and deformation was usually attainable with
using NiTi wires.>272¢ Moreover, it had been shown that
these modalities also exhibited more and lower constant
force when compared to Cr-Co and stainless steel wires.

Many advantages were reported for using NiTi wires
during orthodontic treatment. These included high patient
comfort levels, faster rotation correction and leveling,
reduced chair time and decreased wire changes.?’
However, it had been recommended that firmly fit
rectangular wires should not be used during the initial
orthodontic treatment steps to avoid the potential
reciprocal movement of the treated teeth. This had been
reported to increase the risk of root resorption and
treatment time potentially. Proffit et al reported that low
diameter wires should be used instead during this initial
treatment step.!® This can significantly enhance the
potential to simultaneously achieve torque control,
rotation correction, alignment and level during
orthodontic treatment. For correction incisors overbite
(reverse curve of Spee arches or utility arches), using
intermediate sizes of Australian wires had been shown to
yield favorable outcomes. This had been attributed to the
high resilience of these modalities towards plastic
deformation powers that were usually exerted by external
forces.® Accordingly, it had been suggested that when the
leveling and alignment of the dental arches were usually

approached during orthodontic treatment, wires with
increased strength and small diameters should be used
during the treatment process.?%

Irrespective of the used wire, clinicians should care for
the loose legation of the wires during the initial treatment
process to allow for a free-sliding of the wires within the
bracket slots. Accordingly, it had been demonstrated that
the treatment process can be faster. In addition, in cases
of high crowding events, evidence demonstrated that
wires with expressable share memory and superelastic
NiTi wires should be used to insert the wire in the
corresponding  brackets because of the large
deformation.! On the other hand, evidence indicated that
superelastic NiTi wires, which were less stiff, should be
used for cases with symmetric crowding. Otherwise, it
had been demonstrated that the risk of losing dental arch
shape would be higher secondary to the alignment of the
teeth within the same period. Previous research had
further reported that the efficacy of multistranded wires
was significant and comparable to the NiTi wires and can
replace expensive wires during the initial phase of
orthodontic  treatment.'*  Furthermore, researchers
estimated a wider range of activities for the three-
stranded 0.015"" stainless steel wire than beta-titanium
and conventional NiTi wires.®> On the other hand,
previous clinical investigations reported no significant
differences in teeth leveling and speed and initial
alignment ability between multistranded stainless steel,
conventional NiTi and superelastic NiTi wires. 3%
Moreover, bonding various biomechanic accessories and
proper wire bending was essential during the initial
orthodontic treatment process. When approaching
complex configuration management, it had been shown
that beta-titanium wires were good candidates for these
events. This had been attributed to the non-solder-based
weldability and the enhanced forming behavior.
However, they have a very high cost, which might affect
their clinical use and application. In the same context,
studies also demonstrated that these modalities were
usually associated with lower forces and a wider range of
activation more than the Co-Cr and stainless steel
Wires.23*26'37

Inserting NiTi wires with large cut sections can be used
when there was no requirement for wire bending.?® In
these events, evidence showed that stainless steel wires
can effectively induce sliding with movement-associated
low friction characteristics.?>¥” Furthermore, previous
laboratory-based investigations on wire notching-based
permanent deformations (which temporarily block
movement) and wire bindings that occured at the initial
phases of treatment were critical to achieving enhanced
treatment outcomes.®®*!  Accordingly, it had been
suggested that the process of tooth movement during this
setting was multifactorial and cannot be adequately
comprehended by simple laboratory investigations,
indicating the need for clinical investigations.4:4?
Accordingly, it had been shown that the clinical
significance of studies showing that stainless steel wires
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were superior to Ti-alloy was minimal. However, many
clinicians should note that stainless steel wires favorably
have better torque control, greater stability and
subsequent smaller movement events. On the other hand,
studies also showed that beta-titanium wires should be
used for larger corrections. This had been attributed to the
ability of these modalities to intervene against enduring
excessive forces on the teeth because of their greater
range of activation. Finally, evidence showed that NiTi
wires were unsuitable for final orthodontic treatment
stages because of their low stiffness abilities,?326:30:37.43-46

CONCLUSION

Orthodontic wires are widely used and are mainly
composed of composites, polymers, alloys, and metals.
Accordingly, the physical properties and clinical
application of orthodontic wires vary based on their
composition. In this context, it is recommended that
achieving favorable outcomes of orthodontic treatment
obliges clinicians to decide the best orthodontic wire and
treatment plan based on the chemical properties and
related clinical applications of each wire. Therefore, wires
that tend to produce increasing stiffness gradually are
generally used. However, it should be noted that no ideal
wire exists. Therefore, favoring the application of a wire
over the other should be based on the intended outcomes
and stage of the treatment process.
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