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Contemporary esthetic nickel-titanium wires:
Do they deliver the same forces?

Bradford Washington?; Carla A. Evans®; Grace Viana°; Ana Bedran-Russo®; Spiro Megremis®

ABSTRACT

Objective: To test for differences in loading and unloading forces delivered by six coated nickel-
titanium wires and their noncoated equivalents.

Materials and Methods: From six commercial companies, 0.016-inch diameter round and 0.016
X 0.022-inch rectangular cross-section nickel-titanium wires were procured “as is”: Rocky
Mountain Orthodontics (Denver, Colo), TP Orthodontics (La Porte, Ind), American Orthodontics
(AO; Sheboygan, Wis), G&H (Franklin, Ind), Opal Orthodontics (South Jordan, Utah), and
Forestadent USA (St Louis, Mo) (round only). The wires were evaluated using a three-point
bending test based on the method in ISO Standard 15841.

Results: No statistically significant differences (P > .05) in force values were found between
coated and noncoated wires, listed by deflection in three-point bending, for these specific groups:
1 mm, TP round; 2 mm, TP round and G&H rectangular; 3 mm, G&H round and G&H rectangular;
2.5 mm, TP round and G&H rectangular; 1.5 mm, TP round, G&H round, G&H rectangular, and AO
rectangular; and 0.5 mm, AO rectangular and G&H round.

Conclusion: Some manufacturers market esthetic wires delivering forces similar to the equivalent
noncoated wires, when tested according to a standard three-point bend method. (Angle Orthod.
2015;85:95-101.)
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INTRODUCTION

The demand for more esthetic orthodontic treatment
modalities is growing. This trend is understandable
since patients hope for improved appearance and the
number of adult patients is increasing. For instance, in
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a recent study, the combination of esthetic archwires
and sapphire brackets ranked second in patient
preferences, only behind clear aligners.” Beginning in
the 1970s with plastic brackets constructed from
acrylic and later polycarbonate, there have been many
iterations toward achieving a more esthetic or tooth
colored bracket.? Yet, not as much interest has been
focused on the esthetics of the other component of the
fixed orthodontic appliance, the wire. As mentioned by
Kaphoor and Sundareswaran,® some previous studies
examined coated wires with respect to coating
durability and friction properties. However, these
studies did not evaluate the difference in force delivery
values between these coated and noncoated wires
using a standardized testing procedure.

Two types of esthetic wires exist, namely, traditional
nickel-titanium wires with a chemical coating and a
fiber-reinforced composite wire. The latter, although it
offers great promise for the future, is not available
commercially as of this writing. The materials tradi-
tionally used to coat wires are synthetic fluoropolymers
such as polytetrafluoroethylene (PTFE), epoxy PTFE
resins, or a combination of the two.* Historically, the
orthodontic literature has shown that these coated
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wires may deliver lower loads than their noncoated
equivalents.® An explanation is that the nominal active
dimension of the wire is changed by the thickness of
the coating, so the underlying wire is smaller in cross
section. In 2011, Adini et al.® described a new
technology that uses inorganic fullerene nanoparticles
to coat the wire without increasing its diameter
significantly. However, this nanoparticle covering is
not yet available for commercial manufacturing.
Recent studies have shown that coated wires may
now be able to generate forces similar to the non-
coated wire, particularly when only the labial surface of
the wire is coated.®

The null hypothesis in this study is that for an
individual manufacturer, there will be no difference in
load response between coated and noncoated nickel-
titanium wires of the same size when subjected to the
same deflections using a standard three-point bend
test method.

MATERIALS AND METHODS

Both 0.016-inch diameter round and 0.016 X 0.022-
inch rectangular cross-section wires were selected for
use. These dimensions were selected because they
are commonly used in clinical orthodontic treatment
and are well characterized in the orthodontic literature.
These two wire sizes approximate the lower and upper
limits of the range of wire sizes used in the initial
leveling and alignment phase of orthodontic treatment,
with edgewise appliances having a bracket slot size of
0.022 x 0.028. All wire sizes were verified from the
manufacturer and measured with a digital micrometer
(#0400-EEP, Electric Digital Caliper Orthodontic Tip;
Orthopli, Philadelphia, Penn) with a resolution of 0.001
inches. The wires were donated directly from the
manufacturers and all from the same lots. All wires
received and tested were unused and in the original
packaging at time of receipt.

Nickel-titanium maxillary preformed segments of
0.016-inch and 0.016 X 0.022-inch cross-section wires
were procured from six commercial companies: Rocky
Mountain Orthodontics (RMO; Denver, Colo), TP
Orthodontics (La Porte, Ind), American Orthodontics
(AO; Sheboygan, Wis), G&H (Franklin, Ind), Opal
Orthodontics (South Jordan, Utah), and Forestadent
USA (St Louis, Mo). Each company had both a
rectangular and round group (except Forestadent
USA, which had only round), yielding 11 total groups.
Ten wire specimens of 0.016-inch diameter round and
0.016 X 0.022-inch cross-section rectangular were
prepared using the following protocol: as specified in
the 1SO 15841 standard, a 30-mm section was cut
from the straightest portion of the distal ends of a
preformed wire using a common cutter, and the
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remaining portion was discarded. The cross section
of each 30-mm section was then verified using a
micrometer, marked with a permanent marker at
15 mm, and tested based on the three-point bend
method specified in the standard ISO 15841 “Dentistry
Wires for Use in Orthodontics,”” except that the
temperature was 23°C. Briefly, the key test parameters
of ISO 15841 are the following: the cross-head speed
was 7.5 mm/min, the span between the supports was
10 mm, the radii of fulcrum and indenter were 0.1 mm,
and the wires were centrally deflected 3.1 mm. The
wires from each company were sorted and tested by
the principal investigator. Because of the distinct
nature of each wire, blinding was not necessary.
Rectangular wires were tested in the direction of the
height, as per the standard. The coated wires were
manufactured with a variety of different materials and
thicknesses: Forestadent and Opal wires are manu-
factured with a 0.002-inch epoxy coating; G&H uses a
proprietary polymer coating listed as <0.002; AO
uses Everwhite, a proprietary polymer coating, which
is 0.001 inches thick; TP uses a labial-only Teflon
coating, which is 0.005 inches; and RMO uses a
0.002-inch average thickness Teflon.

An Instron universal testing machine (model 5582,
Norwood, Mass) with MTS TestWorks 4 software
(version 4.12 D, Eden Prairie, Minn) equipped with a
1-kN capacity load cell was used for the experiments.
The experiments were performed at the Research
and Laboratories of the American Dental Association
(Chicago, lll), where the equipment was properly cali-
brated prior to testing. Representative load-deflection
output from the test apparatus is shown in Figure 1. A
sample of 10 wires in each study group was used in
accordance with usual practice in the orthodontic
literature. Statistical analysis was done using SPSS
version 19.0 (Chicago, lll). Analysis of variance was
performed with Sheffé post hoc for the mean comparison
among the measurements of each loading and unloading
deflection for coated and noncoated wires. Student’s t-
tests were performed for the mean comparisons between
noncoated and coated groups for each deflection.

RESULTS

Table 1 shows, for each manufacturer, the descrip-
tive statistics (n = 10) and the test results for the
comparison of wires found to be approximately the
same, that is, displaying no statistical difference (P >
0.5) as related to mean force (N) values at different
deflections (mm) of each group (manufacturer). Similar
force values between coated and noncoated wires are
indicated. Additional data from experiments showing
differences between coated and noncoated wires are
available.®
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Non-coated

Figure 1. Representative output from the experimental apparatus. Mean force levels in group AO rectangular coated and noncoated wires. (Left)
Load deflection curves for group AO rectangular coated wires. (Right) Load deflection curves for group AO rectangular noncoated wires.

Four of the eleven groups exhibited at lease some 1 mm loading deflection, only TP round wires exhibited
load responses that were significantly different (P > no difference between the coated and noncoated
0.05) at the same deflection for coated and noncoated wires. At 2 mm, TP round and G&H rectangular wires
wires. These groups were TP Orthodontics round, exhibited no difference in force values between the
G&H round and rectangular, and AO rectangular. At respective coated and noncoated wires upon loading.

Table 1. Comparisons of Mean Force (N) Between Coated and Noncoated Nickel-Titanium Wires at Different Deflections (mm)
by Manufacturers

Coated Noncoated
Manufacturer Variables Deflections, mm n® Mean = SD,* N Mean = SD,* N P Value*

TP round Loading 1 10 2.33 = 0.11 2.33 £ 0.08 .910
2 10 2.55 = 0.11 2.50 = 0.03 .190

3 10 241 = 0.13 2.30 = 0.05 .032

Unloading 2.5 10 1.49 = 0.09 1.54 = 0.05 115

1.5 10 1.27 £ 0.10 1.29 = 0.04 .647

0.5 10 0.92 = 0.09 1.12 = 0.02 <.001

G&H round Loading 1 10 2.08 + 0.05 1.99 = 0.04 <.001
2 10 2.35 = 0.05 2.22 + 0.03 <.001

3 10 2.27 = 0.20 2.18 = 0.04 .193

Unloading 25 10 1.28 = 0.05 1.20 = 0.05 .002

1.5 10 1.02 £ 0.20 0.98 = 0.04 .077

0.5 10 0.87 = 0.03 0.90 = 0.07 176

G&H rectangular Loading 1 10 411 = 0.06 4.26 = 0.06 <.001
2 10 4.52 + 0.08 4.53 = 0.06 .581

3 10 4.34 + 0.06 4.14 + 0.49 217

Unloading 25 10 2.17 = 0.06 2.23 + 0.08 .071

1.5 10 1.67 = 0.04 1.71 = 0.07 147

0.5 10 1.44 = 0.05 1.67 = 0.07 <.001

AO rectangular Loading 1 10 4.67 = 017 4.30 = 0.07 <.001
2 10 5.19 = 0.20 4.67 = 0.07 <.001

3 10 4.98 + 0.21 4.47 + 0.08 <.001

Unloading 2.5 10 2.60 = 0.11 2.38 = 0.07 <.001

1.5 10 2.16 = 0.13 2.08 = 0.07 .105

0.5 10 1.83 = 0.15 1.87 = 0.06 .405

2 SD indicates standard deviation; n, number of wires used for analysis; TP, TP Orthodontics; AO, American Orthodontics.
* Statistically significant at P < .05.
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Figure 2. Mean differences between coated and noncoated nickel-titanium wires (error bars: 95% confidence interval). (A) Round archwires. (B)

Rectangular archwires.

At 3 mm, loading deflection showed similar force
values with G&H round and rectangular. At 2.5 mm
unloading, only TP round and G&H rectangular
exhibited no difference in the force values. At 1.5 mm
unloading, there was no difference in mean force
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values between the groups TP round, AO rectangular,
G&H round, and G&H rectangular. At 0.5 mm unload-
ing, G&H round and AO rectangular proved to be
similar. Figure 2A,B summarizes the differences be-
tween coated and noncoated wires at all deflections.
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DISCUSSION

The in vivo functionality of coated archwires with
respect to friction and durability of the coating is well
documented in the literature.® Most studies were
performed with stainless-steel wires and did not
address the basic premise of whether the mechanical
force values of the wire are changed by the coating.
There are very few publications in the orthodontic
literature that address mechanical properties of coated
vs noncoated super elastic wires.?

Measurement of the force (N) at loading and
unloading extensions was able to provide insight
regarding the tooth-moving properties of various wires.
Four of the 11 groups tested (TP round, AO
rectangular, G&H round, G&H rectangular) exhibited
at least some load responses that were not signif-
icantly different (P > .05) at the same deflection for
coated and noncoated wires. For an individual
manufacturer, if the coated and noncoated wires are
of the same size, the cross-sectional area of the wire
beneath the coated sample must be smaller. However,
in a 2013 study that examined the cross-section
dimensions of esthetic orthodontic coated archwires
from four different manufacturers, the authors found
that for one manufacturer (TP Orthodontics), there was
no significant difference between the inner alloy core
dimensions of the coated wires (Aesthetic Shiny
Bright) and the noncoated wires (Shiny Bright).® In
the Materials and Methods section of this article, it was
noted that the nominal dimensions of the wires were
measured using a micrometer with a resolution of
0.001 inches. However, to further investigate the
dimensions of the coated and noncoated wires similar
to the aforementioned 2013 study, a Nikon Profile
Projector (Nippon Kogaku, Tokyo, Japan) with a
resolution of 0.00001 inches was used to examine
the wires at 100X magnification. For each manufac-
turer, a random sampling of the wires was measured,
and for the coated wires, the coating was first
dissolved using methyl ethyl ketone. The profiles of
the wires were measured along their respective
lengths, and the averages were recorded. For the
round wires, the TP and GH wires had similar
diameters for the coated and noncoated wires: TP
coated, 0.01578 inches; TP noncoated, 0.01618
inches; GH coated, 0.01557 inches; and GH non-
coated, 0.01567 inches. Likewise, for the rectangular
wires, the GH and AO wires had similar dimensions for
the coated and noncoated wires: GH coated, 0.01552
X 0.02148 inches; GH noncoated, 0.01547 x 0.02127
inches; AO coated, 0.01562 X 0.02168 inches; and
AO noncoated, 0.01513 X 0.02117 inches. As noted
above, it is these four groups that exhibited at least
some load responses that were not significantly
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different at the same deflection for coated and
noncoated wires. Therefore, from closer examination
of the wires with the profile projector, it can be seen
that the reason for these groups’ exhibiting some load
responses that were similar for the coated and
noncoated wires is that, for each of these manufac-
turers, the respective coated and noncoated wires
(with the coating dissolved) have approximately the
same dimensions.

One can devise a tier system to order the method of
manufacturing based on statistical differences be-
tween coated and noncoated wires.® In tier 1, the
0.0050-inch Teflon coating labial-only TP round wires,
the 0.001-inch Everwhite coating (harder than Teflon)
AO wires, and the <0.002-inch proprietary polymer
coating G&H wires performed almost identically to their
respective noncoated versions in terms of force
values. In tier 2, the 0.001- to 0.003-inch Teflon
coating labial-only RMO wires and the 0.005-inch
Teflon coating labial-only TP rectangular wires per-
formed slightly better than the noncoated wires, with
the coated wires exhibiting higher load response
values. Using the profile projector, as described above,
the dimensions of the coated wires (with the coating
removed) and the noncoated wires were measured:
RMO round coated, 0.01608 inches (0.00013 inches);
RMO round noncoated, 0.01613 inches (0.00013
inches); RMO rectangular coated, 0.01583 X
0.02160 inches (0.00016 X 0.00028 inches); RMO
rectangular noncoated, 0.01590 X 0.02135 inches
(0.00018 X 0.00018 inches); TP rectangular coated,
0.01560 X 0.02145 inches (0.00010 X 0.00026
inches); and TP rectangular noncoated, 0.01587 X
0.02042 inches (0.00013 X 0.00045 inches). Standard
deviations are provided in parentheses to show that
although the average dimensions are similar for the
wires of an individual manufacturer, it is possible that
there may be enough deviation in the dimensions to
cause slight differences in the load responses between
the respective coated and noncoated wires. In tier 3,
the 0.002-inch epoxy-coated Forestadent and Opal
wires showed the greatest difference in force values,
with the coated wires exhibiting lower load response
values. Again, using the profile projector, as described
above, the dimensions of the coated wires and the
noncoated wires were measured, and the coated wires
(with the coating removed) had smaller dimensions
than the noncoated wires: Forestadent round coated,
0.01365 inches; Forestadent round noncoated,
0.01578 inches; Opal round coated, 0.01368 inches;
Opal round noncoated, 0.01578 inches; Opal rectan-
gular coated, 0.01372 X 0.01902 inches; and Opal
rectangular noncoated, 0.01543 X 0.02135 inches.

The use of ISO Standard 15841 as a guide for this
study is one of its strengths. Variables such as span
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length, size of the loading instrument, loading speed,
method of ligation, and direction of testing can yield
varying results from the same piece of wire tested in
different manners. In the literature, previous three-
point bend testing used an arbitrary span length
(usually 14 mm, which is the span from a central
incisor to canine), and the method of ligation varied
from none to ligation with conventional or even self-
ligating brackets.’®' These inconsistencies make
comparisons of the results between these studies
problematic. The use of an agreed-upon standard
allows for replication and comparison of studies and
can provide a more efficient way to test new wires
developed by manufacturers. In ISO Standard 15841,
all of these key variables are set.

A weakness of this study is that the tests were
performed at 23°C instead of the 36°C specified in ISO
15841. It is known that superelastic deformation
behavior is strongly dependent on deformation tem-
perature, and it has been shown that the stresses for
superelastic deformation and superelastic reverse
deformation increase with increasing temperature.'
Therefore, the load response values obtained in this
study may be higher at 36°C. It also worth noting that
ISO 15841 requires that the bending forces during
unloading be reported. In this study, we reported
bending forces for both loading and unloading. It has
been suggested that for three-point bend tests, the
loading section of the curve represents the force
required to engage the wire in the bracket, while the
unloading section of the curve represents the forces
applied to the teeth during the leveling and aligning
phase of treatment.® Therefore, it could be argued that
the data provided by the unloading curve may be the
more clinically relevant information.

This study directly relates to the practice of
evidence-based dentistry. It provides a specific guide
for round and rectangular coated wires that perform
similar to their uncoated counterparts with respect to
load response, which can help the clinician with
selection of these coated archwires. For example, if
the clinician uses a 0.022-inch slot appliance and
desires the force levels of a conventional 0.016-inch
super elastic wire, there are three choices: (1) select a
wire manufactured with a labial-only coating and the
dimensions of 0.016 inches, (2) select a wire with an
0.002-inch epoxy coating and an overall size of 0.018
inches, or (3) select one of the wires listed with a low
overall mean difference between coated and non-
coated wires. There are myriad iterations of these, and
it is not the scope of this article to discuss each one in
detail or to dictate treatment mechanics; however, the
data generated by this study can be used to guide
clinical decision making. This study was limited by the
lack of information available from manufacturers
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regarding their manufacturing process of the nickel-
titanium wires. A number of factors may influence the
wire properties, including but not limited to austenite
finish temperatures, temperatures used during coating
application, actual thickness of coatings, and exact
composition of coating. Manufacturers should supply
buyers with testing data obtained according to recog-
nized standards so that buyers can make informed
decisions when choosing between different wires.

CONCLUSIONS

« It has been shown that for some manufacturers, there
is no significant difference in load response between
coated and noncoated nickel-titanium wires of the
same size when subjected to the same deflections
using a standard three-point bend test method.

 Specifically, esthetic wires exhibiting similar load
responses to their noncoated counterparts are these:

o 1-mm deflection: 0.016-inch TP round

o 2-mm deflection: 0.016-inch TP round, 0.016 X
0.02-inch G&H rectangular

o 3-mm deflection: 0.016-inch G&H round, 0.016 X
0.022-inch G&H rectangular

o 2.5-mm deflection: 0.016-inch TP round, 0.016 X
0.022-inch G&H rectangular

© 1.5-mm deflection: 0.016-inch TP round, 0.016-inch
G&H round, 0.016 X 0.022-inch G&H rectangular,
0.016 X 0.022-inch AO rectangular

© 0.5-mm deflection: 0.016-inch G&H round, 0.016 X
0.022-inch AO rectangular

ACKNOWLEDGMENTS

We thank the Research and Laboratories of the American
Dental Association, especially Victoria Ong for the dimensional
measurements using the profile projector and Hank Shepelak for
machining of test fixtures. The experiments would not have been
possible without wire donations from Opal Orthodontics, American
Orthodontics, TP Orthodontics, Rocky Mountain Orthodontics,
and Forestadent USA. We thank these companies and their staff.

REFERENCES

1. Feu D, Catharino F, Duplat CB, Capelli JJ. Esthetic
perception and economic value of orthodontic appliances
by lay Brazilian adults. Dental Press J Orthod. 2012;17:
102—-114.

2. Russell JS. Current products and practice aesthetic ortho-
dontic brackets. J Orthod. 2005;32:146—163.

3. Kaphoor AA, Sundareswaran S. Aesthetic nickel titanium
wires—how much do they deliver? Eur J Orthod. 2011;34:
603—-609.

4. Mistakidis |, Gkantidis N, Topouzelis N. Review of properties
and clinical applications of orthodontic wires. Hell Orthod
Rev. 2011;14:45-66.

5. Elayyan F, Silikas N, Bearn D. Mechanical properties
of coated superelastic archwires in conventional and



ESTHETIC WIRES

self-ligating orthodontic brackets. Am J Orthod Dentofacial
Orthop. 2010;137:213-217.

. Adini AR, Redlich M, Tenne R. Medical applications of
inorganic fullerene-like nanoparticles. J Mater Chem. 2011;
21:15121-15131.

. International Organization for Standardization. 2006. Den-
tistry wires for use in orthodontics. ISO 15841. Available at:
WWW.iS0.0rg.

. Washington BC. Mechanical properties of coated vs. non-
coated nickel-titanium wires. University of lllinois College of
Dentistry. Proquest, UMI Dissertations, 2013, 1550288.

. da Silva DL, Mattos CT, Sant’ Anna EF, Ruellas AC, Elias
CN. Cross-section dimensions and mechanical properties of
esthetic orthodontic coated archwires. Am J Orthod Dento-
facial Orthop. 2013;143(4 suppl):S85-S91.

10.

11.

12.

13.

101

Alavi S, Hosseini N. Load-deflection and surface properties
of coated and conventional superelastic orthodontic arch-
wires in conventional and metal-insert ceramic brackets.
J Dent Res. 2012;9:133-138.

Nakano H, Satoh K, Norris R, et al. Mechanical properties
of several nickel-titanium alloy wires in three-point bend-
ing tests. Am J Orthod Dentofacial Orthop. 1999;115:
390-395.

Miyazaki S, Sachdeva RL. Shape memory effect and
superelasticity in Ti-Ni alloys. In: Yoneyama T, Miyazaki S,
eds. Shape Memory Alloys for Biomedical Applications.
Cambridge, UK: Woodhead Publishing Limited; 2009:3-19.
Segner D, Ibe D. Properties of superelastic wires and their
relevance to orthodontic treatment. Eur J Orthod. 1995;17:
395-402.

Angle Orthodontist, Vol 85, No 1, 2015



