Original Article

Comparison of changes in irregularity and transverse width with nickeltitanium and niobium-titanium-tantalum-zirconium archwires during initial
orthodontic alignment in adolescents:
A double-blind randomized clinical trial
Barrett Nordstroma; Toshihiro Shojib; W. Cameron Andersonb; Henry W. Fields Jr.c; F. Michael
Beckd; Do-Gyoon Kime; Teruko Takano-Yamamotof; Toru Deguchig

KEY WORDS: Orthodontic arch wire; Irregularity index; Randomized clinical trial
a
Resident, Division of Orthodontics, The Ohio State University College of Dentistry, Columbus, Ohio.
b
Research Assistant, Division of Orthodontics, The Ohio
State University College of Dentistry, Columbus, Ohio.
c
Professor and Chair, Division of Orthodontics, The Ohio
State University College of Dentistry, Columbus, Ohio.
d
Professor Emeritus, Division of Oral Biology, The Ohio State
University College of Dentistry, Columbus, Ohio.
e
Associate Professor, Division of Orthodontics, The Ohio
State University College of Dentistry, Columbus, Ohio.
f
Professor and Chair, Division of Orthodontics and Dentofacial Orthopedics, Tohoku University Graduate School of Dentistry, Sendai, Japan.
g
Graduate Program Director and Associate Professor, Division of Orthodontics, The Ohio State University College of
Dentistry, Columbus, Ohio.
Corresponding author: Dr Toru Deguchi, Division of Orthodontics, College of Dentistry, 4088 Postle Hall, The Ohio State
University, 305 West 12th Avenue, Columbus, OH 43210-1267
(e-mail: deguchi.4@osu.edu)

INTRODUCTION
Since nickel-titanium (NiTi) wires have a high elastic
limit and high resilience with a low modulus of elasticity
and low rigidity,1,2 they are commonly used as the initial
wire in orthodontic treatment. However, there are
certainty drawbacks to NiTi wires in certain situations.
Some patients may be allergic to the nickel3,4 contained
in NiTi wires, although there is some evidence that oral
nickel exposure provides for nickel tolerance.5 Nickel
sensitivity from orthodontic appliances may be a real,
but small, problem.
NiTi wires are also preformed and are not shape
formable. In a patient with a different initial arch form,
the ideal size of a NiTi wire may not be available, and
the use of an inappropriate size of the initial NiTi wire
may cause canine and/or molar expansion or contraction. In patients for which no archwire expansion is
desired, or for which it is not desired to level the curve
of Spee, a shape-formable archwire is more appropri-
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ABSTRACT
Objectives: The purpose of this prospective, double-blind, randomized clinical trial was to compare
the clinical efficiency of nickel-titanium (NiTi) and niobium-titanium-tantalum-zirconium (TiNbTaZr)
archwires during initial orthodontic alignment.
Materials and Methods: All subjects (ages between 12 and 20 years) underwent nonextraction
treatment using 0.022-inch brackets. All patients were randomized into two groups for initial
alignment with 0.016-inch NiTi archwires (n ¼ 14), or with 0.016-inch TiNbTaZr archwires (n ¼ 14).
Digital scans were taken during the course of treatment and were used to compare the
improvement in Little’s Irregularity Index and the changes in intercanine and intermolar widths.
Results: There was approximately a 27% reduction in crowding during the first month with the use
of 0.016-inch TiNbTaZr (Gummetal) wire, and an additional 25% decrease in crowding was
observed during the next month. There was no significant difference between the two treatment
groups in the decrease in irregularity over time (P ¼ .29). There was no significant difference
between the two groups in the changes in intercanine and intermolar width (P ¼ .80).
Conclusions: It can be concluded that Gummetal wires and conventional NiTi wires possess a
similar ability to align teeth, and Gummetal wires have additional advantages over conventional
NiTi, such as formability and use in patients with nickel allergy. (Angle Orthod. 2018;88:348–354.)

COMPARISON OF NiTi AND TiNbTaZr ARCHWIRES

MATERIALS AND METHODS
The study protocol was reviewed and approved by
the institutional review board of The Ohio State
University.
This experiment was a randomized, double-blind,
prospective clinical trial involving patients undergoing
orthodontic treatment. Subjects were recruited from
The Ohio State University Orthodontic Clinic, and
informed consent was obtained. Participation in this
study was completely optional. Inclusion criteria were
(1) age between 12 and 20 years; (2) confirmation that
all permanent teeth were fully erupted from first molar
to first molar; (3) no history of trauma involving

periodontal structures or bisphosphonate use; (4) no
known allergy to nickel or to any other metal; (5) no
root abnormalities visible on the patient’s panoramic
radiograph, such as developmentally short roots,
resorption, or dilacerations; (6) no periodontal disease,
as determined by radiographs, and documentation of
no pocket depths greater than 3 mm; and (7) Little’s
Irregularity Index greater than 2 mm, and treated
without any extractions.
With an alpha risk of .05, a sample size of 28
subjects (14 in each group) was required to detect a
difference of 1 mm in tooth movement with a power of
0.80. A difference of 1.0 mm in tooth movement was
chosen because any differences of less than 1.0 mm
could not be considered clinically meaningful. Subjects
were assigned into either the control group (0.016-inch
round NiTi wires; GAC Sentalloy, DENTSPLY GAC,
Islandia, NY; n ¼ 14) or the experimental (0.016-inch
round TiNbTaZr wires: Gummetal, Rocky Mountain
Morita Corporation; n ¼ 14) treatment group using
simple randomization according to a computer-generated randomization list.
A 0.022-inch slot straight wire orthodontic appliance
(Forestadentt, Pforzheim, Germany) was used on all
patients. No additional active or passive adjunctive
appliances, such as a quad helix, rapid palatal
expander, transpalatal arch, or lower lingual holding
arch, were used on these patients. Both maxillary and
mandibular arches were studied. Before giving the
wires to the operators, the Gummetal wires were
contoured to the original archform based on pretreatment study models by the first author. For the NiTi
group, because the archforms cannot be modified, the
operators were given a stock of Sentalloy wires
according to canine width.
During the experimental period, the archwire was religated, without modifications to the wire, to the
brackets or to the teeth (no interproximal reduction)
using elastomeric modules (DENTSPLY GAC). Once
brackets were bonded by the orthodontic resident, the
same archwire (0.016-inch NiTi in half the patients, and
0.016-inch Gummetal in the other half) was re-ligated
for two subsequent appointments at 4–6-week intervals.
A digital scan was obtained on each patient before
bonding the brackets. Then, every 4–6 weeks for an
additional two appointments, another digital scan was
obtained to measure tooth movement. The scanner
used in this study was manufactured by Trios, and the
software used to make the measurements was 3Shape
OrthoAnalyzer (TRIOS; 3Shape, Copenhagen, Denmark). After the digital scans were performed on the
patients, Little’s Irregularity Index was calculated for
each patient. Although this index can be influenced
greatly by a single tooth and may not detect vertical
Angle Orthodontist, Vol 88, No 3, 2018
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ate. Additionally, NiTi does not hold bends well,
meaning that detailing bends need to wait until
stainless-steel or TMA archwires are placed later in
treatment. While detailing bends are typically not
placed in the initial archwire, these bends can be
useful from the start when ideal bracket placement is
not possible as a result of partial eruption, rotations,
crowding, or other factors.
When the situations described above occur, appropriate alternative archwires are needed. One such type
of wire with the potential to address all of the scenarios
is a niobium-based titanium archwire, with the chemical
formula niobium-titanium-tantalum-zirconium (TiNbTaZr), the trade name Gummetal (Rocky Mountain
Morita Corporation, Tokyo, Japan).6 The wire is nickelfree, shape formable, and produces light-continuous
forces. There have been several published lab studies6–
10
testing the properties of niobium-based archwires and
several animal studies8,11,12 testing the safety and
allergenicity of titanium-niobium alloys. However, no
randomized clinical trials comparing Gummetal to NiTi in
human patients have been published.
In 2009, in ‘‘A Systematic Review of Clinical Trials of
Aligning Archwires,’’2 Riley and Bearn identified seven
in vivo clinical trials investigating aligning archwires. Of
the seven studies, four were chosen for quality
assessment, but a meta-analysis was not possible
due to a lack of homogeneity in study design. Most of
the studies failed to show a significant difference
between the wires being tested. Only one of the four
trials showed a statistically significant difference, but
the clinical significance was questionable. So that a
meta-analysis can be possible in the future, one of the
recommendations from the systematic review was that
future clinical trials use a valid and reproducible
measurement system such as Little’s Irregularity Index
to measure alignment.
The purpose of this study was to use digital models
to compare the effectiveness of Gummetal wires to
NiTi wires as the initial archwire in aligning teeth.
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Table 1. Demographic Distribution of Subjects
Treatment Groups
Variable

All

Gummetal

(N ¼ 28)

(N ¼ 14)

.32
15.43
2.31
13
19

16.50
3.27
12
20

17 (61)
11 (39)

9 (640)
5 (36)

8 (57)
6 (43)

21
2
3
2

11
1
1
1

(79)
(7)
(7)
(7)

10 (36)
1 (7)
2 (14)
1 (7)

6 (43)
5 (36)
3 (21)

10 (71)
4 (29)
0 (0)

.7

1.00
(75)
(7)
(11)
(7)

.17
16 (57)
9 (32)
3 (11)

discrepancies, it is traditionally applied to this type of
study.13,14 Transverse widths of the digital models were
measured by a dentist rater who was blinded as to
which wire was used in each patient. Canine measurements were made from cusp tip to cusp tip, and
molar measurements were made from central fossa to
central fossa. Research assistants (undergraduate
students) were trained to use the OrthoAnalyzer
software and were blinded to the type of archwire
used in each patient. The rater performed each
measurement twice in order to calculate intrarater
reliability. The repeated measurements occurred at
least 2 weeks apart.
Statistical Analysis
Intraclass correlation coefficients were calculated to
determine intrarater reliability for Little’s Irregularity
Index and transverse measurements for each jaw.
Initial between-group measurements in age were
assessed by the randomization test, while those for
occlusal class and race/ethnicity were evaluated using
the Fisher exact test. Differences in gender were
evaluated by the chi-square test.
Both the Little’s Irregularity Index and transverse
width-dependent variables were analyzed using a
repeated-measure, mixed-model analysis of variance
(ANOVA). The independent variables were jaw, tooth,
assessment period, and wire type. Patient sex was a
random variable.
RESULTS
Sample demographics and characteristics are presented in Table 1. There were no significant differencAngle Orthodontist, Vol 88, No 3, 2018

DISCUSSION
This study found that both the control and the
experimental wire reduced Little’s Irregularity Index in
patients and that there was no significant difference
between the two types of wires for alignment. There
was also no statistically significant difference in the
transverse expansion caused by the two types of
wires, despite the fact that the Gummetal wires were
pre-formed to the pretreatment archform. In fact,
changes in transverse width were very minimal for
both treatment groups, and there was no statistically
significant canine or molar expansion in either treatment group. This may be the case because the flexible
wires delivered little force over a limited amount of time
and were not capable of changing the arch form under
these circumstances.
When looking at the irregularity of the full arch for
both treatment groups, irregularity decreased by 27%
during the first 4–6 months of treatment and then
decreased by another 25% during the next 4–6 months
of treatment; these differences were statistically
significant. When looking at the irregularity of the
anterior region only for both treatment groups, irregularity decreased by 31% during the first 4–6 months of
treatment, and this amount was statistically significant.
The decrease in anterior irregularity during the second
4–6 months of treatment was 24% but was not
statistically significant, indicating a plateauing or
slowing of alignment as the irregularity decreased.
These results are in line with those of previous
studies; however, other studies sometimes used

Downloaded from http://meridian.allenpress.com/doi/pdf/10.2319/061417-393.1 by guest on 03 March 2021

Age, y
Mean
Standard deviation
Minimum
Maximum
Gender, No. (%)
Female
Male
Race/ethnicity, No. (%)
Caucasian
African American
Asian
Hispanic
Occlusal class, No. (%)
Class I
Class II
Class III

NiTi
(N ¼ 14) P-Value

es between the two groups in age, gender, race/
ethnicity, and occlusal class (P . .05).
The range for the intrarater reliability for Little’s
Irregularity Index and transverse measurements resulted in 0.56–0.86 and 0.93–0.99, respectively.
A summary of the changes in Little’s Irregularity
Index and in transverse width is presented in Figures 1
and 2. With both types of wires, Little’s Irregularity
Index decreased over time in each jaw, both in the
anterior region and for the full arch. Although the
maxilla presented with greater initial irregularity than
the mandible, the difference in the reduction in
irregularity over time between the two jaws was not
significant. With both wires, there was minimal change
in the transverse dimensions over time.
For irregularity, ANOVA showed a significant effect
for jaw, tooth, assessment period, tooth 3 period
interaction, and jaw 3 wire type interaction. For the
transverse measurements, the ANOVA revealed a
significant effect for jaw, tooth, jaw 3 tooth interaction,
jaw 3 wire type interaction, and tooth 3 wire type
interaction.
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different measurement systems and performed measurements at different intervals, making precise comparisons difficult. Celikoglu et al.15 measured the
change in irregularity in the mandibular anterior
segment over 8 weeks when using 0.014-inch NiTi
with both conventional and self-ligating brackets. They
found that irregularity decreased by 3.84 mm in the
self-ligating group and by 2.93 mm in the conventional
ligation group. These numbers are in line with the
current results of a decrease of 2.48 mm in the
Gummetal group and 3.6 mm in the control group in
terms of mandibular anterior irregularity.
Abdelrahman et al.16 measured initial irregularity of
the mandibular anterior segment as well as irregularity
after 8 weeks. They found that 0.014-inch superelastic
NiTi reduced irregularity by 4.76 mm, 0.014-inch
thermal NiTi reduced irregularity by 4.86 mm, and
0.014-inch Nitinol reduced irregularity by 4.75 mm
during this time period. These subjects experienced a
greater decrease in irregularity than did the current
study’s subjects; in this study, a decrease of 2.48 mm
was found in the Gummetal group and a decrease of
3.6 mm in the NiTi group. The difference is likely due to
dissimilarities in initial irregularity.
The study of Ong et al.17 did not keep the initial wire
in place for a set amount of time; instead, they kept the
initial wire in place until the clinician felt that rectangular

wires could be ligated. They then measured the
reduction in irregularity that had occurred up to this
point in the mandibular anterior region. They found that
during the observation time, 0.014-inch Nitinol reduced
irregularity by 4.4 mm; 0.014-inch Sentalloy reduced
irregularity by 4.8 mm; and 0.014-inch Damon CuNiTi
reduced irregularity by 3.7 mm. These numbers are
higher than the current study’s numbers of 2.48 mm in
the Gummetal group and 3.6 mm in the NiTi group. The
difference is likely due to a longer observation period in
the study of Ong et al. Ong et al. then placed
rectangular wires of various cross sections into the
brackets. They found that irregularity decreased by an
additional 0.2 mm with 0.017 3 0.017-inch heatactivated NiTi, an additional 1.1 mm with 0.016 3
0.022-inch Bioforce wires, and an additional 0.1 mm
with 0.014 3 0.025-inch Damon CuNiTi wires, showing
that the majority of the reduction in irregularity occurs in
the initial portion of treatment with light round wires.17
Sebastian18 did not report irregularity; this study
measured mean total tooth movement at 4, 8, and 12
weeks in the mandibular anterior region. The study
found that 0.016-inch NiTi led to a total of 1.552 mm
tooth movement after 4 weeks, 2.327 mm after 8
weeks, and 3.103 after 12 weeks. These results were
in contrast to 0.016-inch coaxial NiTi, which led to a
total of 4.934 mm tooth movement after 4 weeks, 7.4
Angle Orthodontist, Vol 88, No 3, 2018
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Figure 1. Graph of changes in Little’s Irregularity Index.
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mm after 8 weeks, and 9.867 mm after 12 weeks.18
Their findings of 2.327 mm total tooth movement after 8
weeks and 3.103 mm after 12 weeks for the
conventional NiTi group are comparable to the current
findings of 2.48 mm in the Gummetal group and 3.6
mm in the control group.
Other studies have also measured changes in
transverse width during treatment. Celikoglu et al.15
compared the effects of self-ligating vs conventional
brackets on transverse expansion of the mandibular
arch when using 0.014-inch NiTi wires. After 8 weeks
of treatment with 0.014-inch NiTi, they found 0.87 mm
expansion in mandibular intercanine width in the selfligating group and 0.59 mm expansion in the conventional bracket group. During this same time period,
Celikoglu et al. found 0.29 mm expansion in mandibular intermolar width in the self-ligating group and 0.35
mm expansion in the conventional bracket group. The
results of Celikoglu et al. of less than 1 mm intercanine
and intermolar expansion are similar to the results that
were found in the current study.
The original a priori power analysis indicated a
power of 0.95 to detect a difference of 61 mm in tooth
movement. However, a post hoc power analysis
revealed that the power for the Little index was 0.503
for a difference of 61 mm and 0.230 for a 61-mm
difference for the transverse measurements, both of
Angle Orthodontist, Vol 88, No 3, 2018

which are inadequate. However, if the differences were
increased to 62 mm for the Little index and to 62.5
mm for the transverse measurements, the post hoc
power would increase to 0.976 and to 0.861 for the
Little index and transverse width measures, respectively. Consequently, readers should be aware that a
realistic lower threshold for detecting tooth movement
as a result of wire type in this study is in the range of
2.0 to 2.5 mm.
Although the two types of wires in the current study
showed no difference in performance, other factors
were statistically significant. Little’s Irregularity Index
improved over time with both types of wires. There
were differences in the initial irregularity between the
mandible and the maxilla, with the maxilla presenting
with greater initial irregularity; however, the difference
in their change in irregularity over time was not
significant. There were also differences in comparing
the full arch to the anterior segment, indicating that the
patients’ crowding was not confined to the anterior
segments. In terms of transverse widths, there were
differences in the maxilla vs the mandible, and there
were differences between the molar width and the
canine width.
It should be noted that although the performance of
the two wires was shown to be comparable, after
removing the wires from the patients’ mouths at the
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Figure 2. Graph of changes in transverse width.
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between the treatment groups because there was a
greater reduction in irregularity during the first month of
treatment than during the second month; re-ligating the
same wires for additional months would lead to
diminishing returns.
CONCLUSIONS






Based on the present findings, it was concluded that
Gummetal could be used as an alternative initial
archwire to NiTi wires.
Since Gummetal wire is nickel-free, there is a
possibility that this wire could be used in patients
who have a nickel allergy. This wire also could be
used in cases in which prevention of unwanted flaring
or expansion at the initial stage of leveling is desired.
However, further study is necessary to investigate
the usefulness of Gummetal wire with different wire
sizes and in various situations in order to conclude
that Gummetal has advantage(s) over other wires.
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end of the study, the Gummetal wires appeared to
undergo more permanent distortion than did the NiTi
wires. Because Gummetal wires are shape formable
when bent at a sharp enough angle, they also have the
ability to experience deformation when ligated into
brackets on teeth that are severely displaced. In cases
of severe crowding, it is possible that Gummetal would
underperform NiTi because of Gummetal’s shapeformable properties. It may be suggested that omega
loops could be bent and adjusted to the malocclusion
with Gummetal to prevent flaring and expansion.
However, at the same time, permanent distortion may
result in less flexibility of the wire, and, thus, it may take
more time in the case of leveling cases with severe
crowding. A future study focusing exclusively on
severe crowding could test this theory, and clinicians
will need to learn the limits of these wires during clinical
use.
This study produced similar results to previous
laboratory studies. In vitro studies showed that
Gummetal has low stiffness, low Young’s modulus,
and generates light forces,7,19 meaning that its clinical
performance should be comparable to NiTi. Suzuki et
al.8 used niobium-titanium archwires and NiTi archwires to produce buccal tooth movement in rats, and
they found no difference in terms of tooth movement
between the two types of wires. The current study
confirms these results in humans.
Previous laboratory studies7 have shown Gummetal
to have a torsional stiffness sufficient to produce thirdorder corrections. Therefore, it is suggested that
Gummetal wires could be used to generate torque in
patients. A future clinical study comparing the performance of rectangular Gummetal to either stainless
steel or TMA could confirm this finding.
In an in vivo experiment, it is not possible to account
for every possible difference among subjects because
no two subjects present with the exact same malocclusion. Potential confounding factors include differences in bone density and occlusal forces among
subjects. The goal of this study was to compare how
these two types of wires behave in a clinical setting. To
determine precise differences between the two types of
wires, a laboratory study would be appropriate.
Additionally, a larger sample size in an in vivo study
might reveal smaller differences in performance
between the two types of wires that this study was
not able to detect, but any such difference would likely
be of minimal clinical relevance. In addition, a study
focusing exclusively on patients with severe crowding
may reveal a difference in performance between the
two wires. There are no published studies examining
the use of Gummetal wires in extraction cases. A study
of the same archwires over a longer duration of
treatment would be unlikely to demonstrate differences
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