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Objective. Gummetal is a novel multifunctional alloy which possesses distinctive properties with the potential to refine and amend
the efficacy of orthodontic treatment. The objective of this critical literature review was to investigate scientific evidence concerning
the mechanical and clinical features of this recently manufactured beta-titanium orthodontic wire. Materials and Methods.
Electronic databases: PubMed, PMC, Google Scholar, Ovid, and Cochrane Library were searched. Studies investigating the
properties of Gummetal orthodontic wire including in vitro and clinical studies were selected, validity was assessed, and data
was extracted. The risk of bias was assessed by the Cochrane risk of bias Tool 2.0 in a randomized clinical trial. Results and
Discussion. Among 322 papers, 13 papers were selected and divided into two groups: prospective double-blinded randomized
clinical trial and in vitro studies. Conclusions. The results of this review should be interpreted with caution because of the
heterogeneity of the studies. Only single clinical trial paper was found in the literature. The studies reported different
characteristics obtained by various methods; thus, it was difficult to objectively compare the results. Low bending strength, low
fatigue limit, and high resilience have been confirmed. Gummetal provides lower force than Nitinol and TMA but higher than
Supercable wire. Plastic deformation of Gummetal questions its superelasticity. Friction of Gummetal wire is comparable to SS
and CoCr wires. Because of its nontoxic chemical composition, Gummetal might be useful in the initial phase of orthodontic
treatment for patients suffering from nickel allergy. Further studies are necessary to assess the usefulness of Gummetal in the
clinical practice.

1. Background

Orthodontists use archwires in multibracket appliances in
order to achieve a 3D control of tooth movement in the active
phase of orthodontic treatment. The force moving the teeth is
provided by the elasticity of orthodontic wire. In the Angle
and Tweed era, only gold-nickel alloy wire resisted corrosion
and was elastic enough to make it available for orthodontic
treatment. In 1933, in the United States, Rocky Mountain
Orthodontics started producing cobalt-chromium (CoCr)
(Elgiloy). It had similar strength and Young Modulus as
gold-nickel wire but was much cheaper and quickly became
the material of choice. For years, CoCr and stainless steel
(SS) wires have been a standard in orthodontic treatment [1].

In the 1970s, nickel-titanium (NiTi) wire started the next
era in orthodontics. Its superelasticity and shape memory
simplified the initial phase of orthodontic treatment. How-
ever, it is also almost impossible to bend which makes it inad-
equate for the middle and final phases of orthodontic
treatment [2]. In addition, NiTi alloy contains 50% of nickel,
which may provoke the body to produce antibodies in aller-
gic reaction [3]. Elimination of heavy metals from orthodon-
tic wires was desired.

Beta-titanium (β-Ti) alloys are the next and a very
important class of nickel and chromium-free alloys that have
found use in demanding medical applications such as ortho-
dontic and orthopedic implants and orthodontic wires. For
orthodontic use, bendable titanium-molybdenum (TiMo)
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wires were fabricated with similar properties to CoCr and
NiTi alloys [4]. β-Ti wires are suitable to replace CoCr and
SS wires, but, unfortunately, they are not good for applica-
tions in which NiTi alloys flexibility is required.

The search for an ideal orthodontic wire has not come to
an end yet. Metals and alloys designed for biomedical appli-
cations require specific properties, such as an exceptional
biocompatibility, lack of toxicity, and good corrosion resis-
tance [5]. The perfect orthodontic archwire should be aes-
thetic, very elastic, formable, and easy to bend with high
tensile strength as well. Moreover, it should provide low coef-
ficient of friction moving the teeth efficiently and be able to
control the orthodontic force freely.

Gummetal is a novel multifunctional β-Ti alloy developed
in Japan in 2001 at the Metallurgy Research Section of Toyota
Central R&D, Inc. It consists of titanium, niobium, tantalum,
zirconium, and oxygen. Gummetal’s chemical composition
(Ti-23Nb-0.7Ta-2Zr-1.2O) was based on its atomic valence
theory [6]. This alloy is intensively cold-worked to produce
its important characteristics. Gummetal properties arise from
the juxtaposition of three electronic magical numbers: a com-
positional average valence electron number of 4.24 valence
electrons per atom, bond order (BO-value) of 2.87, and Md
value of 2.45 eV (“d” electron-orbital energy level). According
to the producers, this nontoxic alloy combines not only high
strength but also very high elasticity due to the extremely
low value of Young’s modulus, which is exceptionally rare
for a metal alloy to possess both of these properties at the same
time. In this novel alloy, as stated by the manufacturers, plastic
deformation (the dislocation motion of the crystal) is con-
trolled completely which makes it unique [7].

As claimed by Hasegawa [8], Gummetal appears to be
almost ideal material for orthodontic archwire. It is assumed
to produce a small continuous force from an early stage of
crowding treatment. Because Gummetal does not follow
Hooke’s law, it could lessen the orthodontic force even with
large teeth displacement.

The aim of the present study was to verify and confirm
the advertised properties of this novel β-Ti archwire as
extremely low elastic modulus, super high tensile strength,
high flexibility, nontoxicity, dislocation-free plastic deforma-
tion mechanism, low coefficient of friction, low bending
strength, and low fatigue limit.

2. Materials and Methods

Literature search was proceeded in February 2020 using the
keywords: “gummetal orthodontic wire” in the following
databases:

(i) PubMed

(ii) PMC

(iii) Google Scholar

(iv) Ovid

(v) Cochrane Library

The PRISMA flow diagram is presented in Figure 1.

All titles and abstracts were read by the first and verified
by the second author to retrieve eligible studies. Then, full
texts of papers included were obtained. No date or language
limits were applied if at least article’s abstracts were in
English. The inclusion criteria comprised (1) double-
blinded randomized clinical trials (RCT), (2) controlled clin-
ical trials, and (3) in vitro studies. The exclusion criteria were
(1) papers not investigating directly the properties of Gum-
metal orthodontic wire, (2) reviews, (3) authors’ debates,
(4) abstracts, (5) editorials, (6) opinions, and (7) case reports.
All full texts of papers included were retrieved and analyzed.
Hand search was proceeded in reference lists of the studies
included. The authors used Cochrane risk of bias (RoB) Tool
2.0 to assess the RoB of the selected RCT [9].

3. Results

Initially, fifteen papers proved eligible for a critical review.
However, two of them had to be excluded because of the
duplication of the findings described. Two studies (one arti-
cle and one dissertation) covered the same double-blind
RCT and were cowritten by the same first author. Another
group of authors published the same findings twice: in Japa-
nese (2013) and in English (2015). Surprisingly, there was
only one RCT paper found in the literature (Table 1).

All the latter were in vitro studies (Table 2).
In included RCT study, the authors had some concerns

regarding the bias due to deviations from intended interven-
tion. The clinicians were aware of participants’ assigned
group during the trial. However, the patients were not most
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Figure 1: PRISMA flow diagram.
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likely conscious of archwire used and that presumably have
not affected the outcome of the intervention. Two domains
were judged to present high RoB. The overall RoB of this
study was evaluated high which corresponds to the worst risk
of bias in any of the domains (Figure 2) [9].

3.1. Microstructure and Mechanical Properties. The micro-
structure and mechanical properties of cold-drawn and
annealed TNTZO (Ti-Nb-Ta-Zr-O, Gummetal) wires (pre-
pared by powder metallurgy) with 0.3mm diameter were
analyzed by Zhang et al. [11]. The microstructure of cold
drawn TNTZO consisted of nanometer-sized elongated
drains “marble-like” in cross-section with 70nm width. After
700°C 5min annealing, the grain size increased to approxi-
mately 5μm. The cold-drawn wires exhibited better mechan-
ical properties, higher tensile strength (around 1000MPa)
and similar Young’s Modulus (69MPa) compared to
annealed wires. In addition, TNTZO wire presented higher
creep resistance and lower stress exponent compared to tita-
nium (Ti) and TC4 wires of the same diameter.

3.2. Initial Teeth Alignment and Force System Evaluation.
The clinical efficiency of 0.016″ Gummetal and 0.016″ NiTi
orthodontic wires during teeth alignment in the first two
months of treatment was compared by Nordstrom et al.
[10] in a prospective, double-blind randomized clinical trial.
Twenty-eight patients were divided into two equal groups.
During the treatment, digital scans were performed and then
used to assess changes in Little’s Irregularity Index and the
alteration in intercanine and intermolar widths. With Gum-
metal wire, there was 27% crowding reduction during the
first month, and an additional 25% decrease in crowding
was observed in the following month. There was no signifi-
cant difference observed in the decrease in irregularity
between the two groups over time. Moreover, there was no
significant difference between the groups concerning the
changes in intercanine and intermolar width.

The investigation of the initial force systems of Gumme-
tal and its comparison to the Supercable, Nitinol and TMA
archwires proved that Gummetal provided slightly lower
(10% lower) force systems than Nitinol and higher than
Supercable, which was the only archwire that has not
exceeded the recommended values [12]. TMA delivered the
highest force value. Moreover, the author noticed a plastic
deformation after removing the archwires from the brackets
in 7% of Nitinol wires, 60% of Gummetal wires, and 83% of
TMA wires.

3.3. Bending Properties, Fatigue Evaluation. Thirteen differ-
ent 0:016″ × 0:022″ β-Ti archwires (including Gummetal),

SS, and NiTi wires were tested by Suzuki et al. [13] for stiff-
ness, active deflection range, load at 3mm displacement,
and apparent plastic deformation. Among the wires tested,
Gummetal presented the lowest stiffness (below 3N/mm),
second highest active deflection range after NiTi (approxi-
mately 1.75mm), second lowest load at 3mm deflection after
NiTi (approximately 6N), and apparent plastic deformation.

High-cycle fatigue behavior in three β-Ti wires (TMA
0:016″ × 0:022″, Resolve 0:016″ × 0:022″ and Gummetal
0:017″ × 0:022″) was analyzed by Murakami et al. [14] using
static bending test and bending fatigue test. Among all wires
studied, Gummetal exhibited the lowest elastic modulus,
fatigue limit, and bending strength. It also performed the
highest resilience. However, there was no difference observed
in the number of cycles to failure among these three arch-
wires. TMA, Gummetal, and Resolve presented similar risk
of the archwire fracture.

3.4. Frictional Force (FF). The frictional forces (FFs) of
titanium-niobium (TiNb, Gummetal), NiTi, and TiMo arch-
wires in sizes 0.016″, 0:016″ × 0:022″, and 0:017″ × 0:025″
(in 0.018″-slot bracket) and 0.018″, 0:017″ × 0:025″, and
0:019″ × 0:025″ (in 0.022″-slot bracket) ligated with elastic
modules at three different wire-bracket angles were com-
pared by Takada et al. [15]. It has been revealed that the
FFs increased gradually with the angle and size of the wire
in both types of brackets. Moreover, Gummetal and NiTi
archwires exerted comparable FFs, and those of TiMo pre-
sented the greatest FFs. In this study, all three alloys gener-
ated greater FFs in the 0.018″-slot bracket than in the
0.022″-slot bracket. Scanning microscope images revealed
that the surface of TiMo was much rougher with abundant
scratches visible than that of the NiTi and TiNb wires.

The amount of dynamic friction in dry state at room tem-
perature was measured by Kopsahilis [16] in 660 in vitro tests
with 132 different wire-bracket combinations. The loss of
applied force due to friction of Gummetal was comparable
to well-known archwires as CoCr and SS. No influence of
the slot size on friction using different dimensions of Gum-
metal was found in nine out of twelve results.

3.5. Torque Moment. The torque moment provided by Gum-
metal wire was measured and compared with NiTi and TiMo
archwires by Kuroda et al. [17]. Two sizes of TiNb, NiTi, and
TiMb and 0.022″-slot SS brackets were ligated with elastic
modules and ligature wires. The torque moment delivered
by the bracket-wire combination was measured by means
of a torque gauge at the temperature of 37°C and 50% humid-
ity. The study revealed an increase of the torque moment

Table 1: In vivo study.

Authors, year
(language)

Study group Outcome measured Comparison Main findings

Nordstrom
et al. [10],
2018
(English)

28 patients;
age: 12-20

Crowding reduction during
initial orthodontic alignment in

adolescents over time of 2
months

Fourteen 0.016″ NiTi
archwires and fourteen

0.016″ Gummetal
(experimental)

Both wires reduced Little’s Irregularity Index
(no significant difference between the wires
tested), statistically insignificant increase in

the transverse dimensions
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with increasing torque applied and wire size. The torque
moment with elastic ligatures was significantly smaller than
that with wire ligatures. With more than 20° torque applied,
the torque moment of NiTi and TiMo wires was larger than
that of Gummetal wire.

3.6. Distribution of Stress and Strain. The evaluation of ten-
sion distribution in two different orthodontic mechanical
approaches to treat anterior open bite was the aim of the
study of Meros et al. [18]. In the in vitro experimental study,
the mandibular anterior teeth underwent orthodontic forces
provided by Blue Elgiloy 0:016″ × 0:022″ in multiloop edge-
wise archwire (MEAW) and Gummetal 0:018″ × 0:022″ in
Gummetal edgewise archwire (GEAW) techniques with and
without anterior elastic bands placed between upper lateral
incisors and lower canines. The GEAW technique with inter-
maxillary elastics generated the lowest mean tension values
significantly different (P < 0:05) from the other groups.
GEAW provided lower and more favorable tension levels
than MEAW technique with Blue Elgiloy.

The distribution of stresses and deformations in the wire,
the bracket, and the dentoalveolar unit with and without class
III intermaxillary elastics applied, using Blue Elgiloy archwire
with multiloops and Gummetal archwire by finite element
analysis, was compared by Jácome et al. [19]. The distributed
tension maintained its maximum values at the level of the
crest, decreasing towards the mandibular symphysis and
towards distal parts of the mandible; trend was shown when
using both archwires. The stress and strain distributions for
Gummetal and Blue Elgiloy wires were consistent with the
distal “en bloc” movement in the teeth and cortical bone.
The Blue Elgiloy with multiloops showed higher stress values
compared to the Gummetal, when no elastic load was used.

The distribution of stress and strain in the dentoalveolar
unit of lower left second molar with 20° inclination with alve-

olar bone, the wire and the tube with Gummetal and Nitinol
by finite element analysis was compared by Pacheco et al.
[20]. Gummetal archwire generated less effort (214.28MPa)
than Nitinol (219.93MPa) and presented slightly smaller
(0.007mm) deformation. The molar, alveolar bone, and
molar tube expressed greater stress and strain when using
the Nitinol archwire compared to the Gummetal. In conclu-
sion, under the same mechanical conditions, Gummetal
showed less effort and deformation than Nitinol.

The comparison of Gummetal to conventional leveling-
archwires for the “en bloc” uprighting of mesially inclined
premolars and first molar was performed by Bertl et al.
[21]. The clinical situation was simulated in a 2D measuring
apparatus. Gummetal 0:018″ × 0:022″ and TMA 0:016″ ×
0:022″ archwires produced similar and highest uprighting
moments at the second premolar and highest vertical forces
at the first premolar and first molar brackets. Highly signifi-
cant differences between moments of these two types of arch-
wires and other tested alloys were found. In contrast to other
wires, Gummetal, TMA, and Blue Elgiloy multiloop per-
formed the same at room and body temperature.

3.7. Calorimetric and Thermomechanical Properties. Gum-
metal, TMA, Copper NiTi (CuNiTi), Thermalloy Plus, Niti-
nol SE, and NiTi wires were subjected to a dynamic
mechanical analysis and differential scanning calorimetry
by Laino et al. [22]. A model was designed to predict the elas-
tic modulus of superelastic wires. Gummetal and TMA pre-
sented a flexural elastic modulus almost constant with the
temperature. On the contrary, the elastic modulus of the
Thermalloy Plus, NiTi, Nitinol, and CuNiti were temperature
dependent. It was stated that Gummetal wire behaved as an
elastic wire with a very low Young’s Modulus (40GPa
+/-3GPa) which was about half of that related to TMA
(105.0+/-8.5GPa).

4. Discussion

β-Ti alloys are important class of alloys that have found use
in demanding applications such as aircraft structures,
engines, orthopedic, and orthodontic implants [23]. Their
high strength, great biocompatibility, excellent corrosion
resistance, and ease of fabrication provide important advan-
tages compared to other high performance alloys [23]. It
was stated by Suzuki et al. [13] that mechanical properties
vary markedly among β-Ti wires from different manufac-
turers. Thus, it seems that understanding their specific prop-
erties is essential for proper clinical application [13].

Gummetal unveils unique mechanical properties and
combines them with typical for β-Ti alloys lack of toxicity
due to nickel and chromium-free chemical composition [6].
Clinicians should be aware of possible adverse reactions aris-
ing from the intraoral use of orthodontic materials due to
corrosion, galvanic corrosion, and release of ions from dif-
ferent alloys [24]. TiNb wires could substitute CoCr, SS,
and NiTi archwires in particular stages of orthodontic treat-
ment especially, but not only, in susceptible groups of
patients [25–27].
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Nordstrom et al. [10] claimed that further studies are
necessary to evaluate the usefulness of Gummetal with differ-
ent wire sizes and in various clinical situations in order to
prove its advantages over other wires. They also suggested
that Gummetal wire could be used in patients when bends
could be useful from the beginning of orthodontic treatment.

According to Grauberger [12], advertised “superelasti-
city” of Gummetal should be discussed and examined in
the future.

Orthodontists should be aware of the FFs in bracket-wire
combinations to achieve efficient tooth movement [12]. Kop-
sahilis [16] mentioned that additional in vivo tests with oral
mouth conditions might have significant influence on FF
rankings of orthodontic wires.

Gentle and continuous load is desired for optimal tooth
movement [28]. Gummetal orthodontic archwire could be
useful for the initial stage of orthodontic treatment but might
be convenient in the final stage as well [22].

The search for an ideal orthodontic wire definitely has
not come to an end yet [29]. There are many different
methods and tests, including more 3-dimensional finite ele-
ment model analyses, low-level laser therapies, and bio-
chemical or spectroscopic analytical methods which could
be performed to compare the characteristics of novel ortho-
dontic wires with the older existing ones [30–34]. Surpris-
ingly, for the authors of this review, from 2003 when there
were first publications about the great potential of Gumme-
tal alloy up to date, to the best knowledge of authors, only
one double-blind RCT exists in the literature available to
compare its usefulness as orthodontic archwire with dissim-
ilar wire.

5. Conclusions

(i) Gummetal archwire could be useful in the initial
stage of orthodontic treatment alternatively to NiTi
wires. However, it shows some plastic deformation,
which questions its superelasticity

(ii) It is assumed that Gummetal alloy could be used
in patients suffering from nickel allergy; all the
atomic elements of the alloy are nontoxic and
biocompatible

(iii) Gummetal wire exhibits low bending strength, low
fatigue limit, and high resilience. However, these
properties do not affect the numbers of cycles to
fracture (similar risk to wire fracture)

(iv) Loss of applied force due to friction of Gummetal
wire is comparable to SS and CoCr wires

(v) TiNb wires might demonstrate appropriate torque
moment and low tension values when they are
used combined with edgewise appliances (GEAW
technique)

(vi) Gummetal archwire has a very low Young’s Modu-
lus constant with the temperature with high tensile
strength, which provides lower force than Nitinol
and TMA but higher than Supercable wire

Abbreviations

β-Ti: β-Titanium
CoCr: Cobalt-chromium
CuNiTi: Copper nickel-titanium
FF, FFs: Frictional force(s)
GEAW: Gummetal edgewise archwire
MEAW: Multiloop edgewise archwire
NiTi: Nickel-titanium
RCT: Randomized clinical trial
RoB: Risk of bias
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Ti: Titanium
TiMo: Titanium-molybdenum
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