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Abstract: The swift integration of ‘Gummetal’ into the orthodontic armamentarium can be attributed
to its distinct advantages as an entirely new Ti-Nb-based beta titanium alloy. Developed by Toyota
Central R&D Labs and publicly revealed in April 2003, this innovative material is rapidly reshaping
orthodontic practices. Its sui generis properties allow its use as a potential substitute for the Multi-
Loop Edgewise Archwire (MEAW) method. Three-dimensional orthodontic movement using this
new alloy could eliminate the disadvantages of the MEAW method, such as its technical complexity
and patient discomfort. In our comprehensive review of the current literature, we examined relevant
publications sourced from the PUBMED database and explored one seminal work on Gummetal
from the journal literature. Characteristic properties of Gummetal, such as its exceptional flexibility,
superelasticity, and malleability (approximately 10 times greater than conventional metals), enable
seamless formation of bends without posing challenges, thereby allowing precise control over
orthodontic force application. Also worthy of mention are Gummetal’s biocompatibility and non-
toxic properties, along with its low coefficient of friction. The wire seems to be a relatively easy way
to achieve good occlusion. Its usage does not require extensive experience in terms of manual skill,
and it is not time consuming. Diligent usage of any prescribed plastics by the patient is crucial to
prevent complications and ensure successful orthodontic outcomes.

Keywords: Gummetal; orthodontic wire; open bite treatment

1. Introduction

We are witnessing a growing demand from individuals seeking orthodontic treatment
with the aspiration of achieving a beautiful smile. However, most of them are hesitant
about extracting healthy teeth, especially premolars, or undergoing surgical procedures. It
is crucial to be aware of the advantages and disadvantages of all methods so the doctor
can select the best option for the patient. Different methods can have varying impacts on
the profile, periodontium, position of incisors, smile, TMJ (temporomandibular joint) or
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the respiratory tract [1–4]. Therefore, it is essential to individualize the decision on the
orthodontic treatment method, considering all these factors. The unique multifunctional
characteristics of the new beta titanium alloy known as Gummetal make it nearly ideal
for use in a new method of three-dimensional teeth movement, which is very similar
to the MEAW method but easier, and more pleasant for the patient. It can help resolve
discrepancies in some cases and is effective in closing anterior open bites or altering the
occlusal plane to correct Class II or III malocclusions using tip-back bends, torque, and
toe-in on Gummetal wires, along with the use of short elastics. This approach contributes
to rebuilding the TMJ and to improving profile. However, it is important to be aware of the
limitations of this method. Similar effects were observed over the years with the orthodontic
MEAW technique [5,6]. However, the bends used in that technique are intricate, requiring
extensive training for wire bending. Maintaining ideal oral hygiene is also challenging, and
the procedure is less comfortable for the patient. The new Gummetal wires are an excellent
material that can be used for three-dimensional control of teeth without the need for very
complicated bends.

Just as the development of nickel–titanium wires marked the beginning of a new era
in orthodontics about fifty years ago, nowadays it seems that the new beta titanium alloy
called Gummetal is introducing new possibilities in orthodontic treatment.

Nickel–titanium (NiTi) wires possess superelasticity and the ability to retain a memory
of a shape, but they cannot be easily bent. Consequently, they are mainly used in the
initial stages of orthodontic treatment to nivelate the teeth, especially round ones with
0.016 inches diameter [7]. However, their usage is limited in treating individuals with nickel
allergies. Titanium–molybdenum alloy (TMA) wires are known for their high strength and
springiness, making them excellent for auxiliary springs and finishing archwires, but they
produce high friction between the archwire and the bracket [7–9].

The unique characteristics of Gummetal make it suitable for treating the early stages
of crowding with very low orthodontic force even when displacement is high. Due to
very early torque control, the leveling time is shorter and the number of orthodontic
visits is lower. Additionally, Gummetal helps to minimize pain by using the appropriate
orthodontic force. Cleaning teeth with these wires is very easy for the patient. Orthodontists
using them do not need to possess a masterful hand technique but can achieve precise three-
dimensional control of teeth from the beginning of the treatment with an uncomplicated
appliance [8–10].

2. Materials and Methods

In the review of the relevant literature that qualified for our study, we conducted a
search and included the publications from the PUBMED database, along with one position
paper on the topic of Gummetal from the journal literature.

Case report: The patient sought an orthodontic consultation due to pain and clicking
in the temporomandibular joint (TMJ) and a malocclusion. During the interview, she
reported using a therapeutic splint for approximately a year, which successfully alleviated
the symptoms. The patient had not undergone any orthodontic treatment before.

Extraoral and intraoral examination revealed an anterior open bite with minor crowd-
ing (Figures 1 and 2). Functional evaluation indicated the absence of incisal and canine
guidance and all mandibular movements resulted in traumatic nodes on the molars. An-
gle’s Class I relationship was present on both sides in the molars. However, the occlusal
planes of the upper and lower arch were found to be divergent (Figure 3).

All permanent teeth were visible in the panoramic image (Figure 4). The patient had
the eighth tooth extracted. The lateral telerentgenogram of the head before treatment and
the results of the cephalometric analysis are shown in Figure 5 and Table 1.
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Figure 1. Initial extraoral photographs: (A) extraoral front in neutral expression; (B) right profile in
neutral expression; (C) extraoral front in smile; and (D) right profile in smile.

Figure 2. Initial intraoral photographs: (A) right intraoral view; (B) left intraoral view; (C) front
intraoral view; (D) 45◦ vertical photo; (E) occlusal view of upper teeth; and (F) occlusal view of
lower teeth.
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Figure 3. Initial models: front, left, and right in occlusion, upper, and lower occlusal.

Figure 4. Initial pantomographic image.
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Figure 5. Initial lateral cephalogram.
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Table 1. Initial cephalometric values.

Segner–Hasund Analysis

Parameter Norm Deviation Value

SNA 82◦ ±3 83.8◦

SNB 80◦ ±3 76.6◦

ANB 2◦ ±2 7.2◦

SNPg 81◦ ±3 76.8◦

NSBa 132◦ ±4 130.4◦

GntgoAr 122◦ ±7 121◦

NL-NSL 8◦ ±4 10.6◦

ML-NSL 28◦ ±5 30.5◦

ML-NL 20◦ ±7 20◦

H 9◦ ±3 19.5◦

1+:1- 133◦ ±8 113.3◦

1+:NA 21◦ ±4 18.2◦

1-:NB 24◦ ±4 41.3◦

nose-lip 110◦ ±7 108.4◦

Pg:NB 2.3 mm ±2 0.4 mm

1+:NA [mm] 3.7 mm ±2 2.6 mm

1-:NB [mm] 3.8 mm ±5 9.3 mm

Wits 0 ±2 2.1

Index 80 ±7 83.1

Prognosis

Before treatment Prognosis without treatment Prognosis with treatment

ANB 7.2 7.2 7.2

Pg:NB [mm] 0.4 0.4 -

1+:NA [mm] 2.6 −0.4 −0.4

1+:NA [◦] 18.2 11.1 11.1

1-:NB [mm] 9.3 7 7

1-:NB [◦] 41.3 32.9 32.9

H 19.5 17.1 17.1

Diagnosis

Norm Description Value

Skeletal class 0◦–4◦ II ANB = 7.2

Skeletal class −2◦–2◦ II WITS = 2.1

Face type 79◦–85◦ orthognathic SNA = 83.8

The patient presented with a Class II skeletal defect (WITS = 2.1, ANB = 7.2) exhibiting
an orthognathic facial type, a normal skull base angle, lower incisor protrusion, a reduced
intermaxillary angle and a normal vertical intermaxillary relationship. The distance of the
lower incisors from the Pogonion point was excessive (4.8 mm).

The treatment goal was to close the anterior open bite and achieve functional occlusion,
including the establishment of incisal and canine guidance while eliminating occlusal
trauma on the molars. In the sagittal dimension, there was a need to tilt the upper and
lower incisors to achieve proper vertical and horizontal occlusion.

Upon reviewing the patient’s case history, it was recommended that she should be treated
with traditional metal wired braces, utilizing appropriately contoured Gummetal (J. Morita
Corp., Osaka, Japan) arches for the correction of plane rotation and occlusal closure.
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Since both the maxillary and mandibular alveolar process were narrow, retraction of
the incisors after extractions could result in contact with the palatal plate and incisive canal,
causing undesirable side effects.

The patient accepted and understood the need to continuously wear the light elastics
necessary for this treatment method.

After the initial leveling with 0.014, 0.018, and 0.017 × 0.025 NiTi archwires in both
arches, the 0.018 × 0.025 Gummetal tip-backs were bent at about 60 degrees with an
active progressive torque of about 45 degrees. The recommended treatment plan included
24/7 wearing of light 3/16 2.5 oz intermaxillary elastics in the anterior segment, intended
to eliminate the intrusive effect of the arches on the anterior segment. There was a very
rapid occlusal closure within 3 months (Figure 6). The arches were then aligned with the
simultaneous continuation of the elastics to verticalize the roots. In the final stage, straight
TMA 0.019 × 0.025 arches were used to stabilize the occlusion. The treatment resulted
in maximal intercuspation and functional occlusion. The patient did not report any TMJ
complaints either during or after treatment.

Figure 6. Intraoral photographs (A–C, right, front, left) after 3 months of using Gummetal.

The lateral telerentgenogram of the head, taken after the active phase of treatment,
shows improvement in the inclinations of the lower incisors, the inter-incisal angle and
rotation of the occlusal plane with verticalization and intrusion of the upper and lower
molars (Figure 7, Table 2).

Table 2. Final cephalometric values.

Segner–Hasund Analysis

Parameter Norm Deviation Value

SNA 82◦ ±3 82.6◦

SNB 80◦ ±3 76◦

ANB 2◦ ±2 6.6◦

SNPg 81◦ ±3 73.6◦

NSBa 132◦ ±4 132.8◦

GntgoAr 122◦ ±7 115.9◦

NL-NSL 8◦ ±4 11.6◦

ML-NSL 28◦ ±5 30.1◦

ML-NL 20◦ ±7 18.5◦

H 9◦ ±3 17.6◦

1+:1- 133◦ ±8 124.8◦

1+:NA 21◦ ±4 14◦

1-:NB 24◦ ±4 34.6◦

nose-lip 110◦ ±7 118.3◦

Pg:NB 2.3 mm ±2 −5.1 mm

1+:NA [mm] 3.7 mm ±2 2.2 mm

1-:NB [mm] 3.8 mm ±5 8.7 mm

Wits 0 ±2 1.9

Index 80 ±7 85.6
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Table 2. Cont.

Prognosis

Before treatment Prognosis without treatment Prognosis with treatment

ANB 6.6 6.6 6.6

Pg:NB [mm] −5.1 -5.1 -

1+:NA [mm] 2.2 1.2 1.2

1+:NA [◦] 14 15.7 15.7

1-:NB [mm] 8.7 8.1 8.1

1-:NB [◦] 34.6 36.4 36.4

H 17.6 23.7 23.7

Diagnosis

Norm Description Value

Skeletal class 0◦–4◦ II ANB = 6.6

Skeletal class −2◦–2◦ I WITS = 1.9

Face type 79◦–85◦ orthognathic SNA = 82.6

Figure 7. Final lateral cephalogram and final cephalometric values.
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The final result (Figures 8–10) was satisfactory to the patient from both aesthetic and
functional perspectives.

Figure 8. Extraoral photographs: (A) extraoral front in mild smile; (B) extraoral front in smile;
(C) right 3/4 in smile; and (D) right profile in smile.

Figure 9. Final intraoral photographs: (A) occlusal view of upper teeth; (B) right intraoral view;
(C) front intraoral view; (D) left intraoral view; and (E) occlusal view of lower teeth.
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Figure 10. Final models: front, left, and right in occlusion, upper, and lower.

Physicochemical properties: X-ray Powder Diffraction (XRPD) technique was used to
analyze the crystal structure of the materials by means of an X’Pert PRO X-ray diffractome-
ter (Cu Kα1, 1.54060 Å) (Malvern Panalytical Ltd., Mavern, UK). The obtained patterns
were analyzed by Match! software version 3.11.1.183 (Crystal Impact, Bonn, Germany).
The energy dispersive spectroscopy (EDS) was performed on a FEI Nova NanoSEM 230
microscope equipped with an EDAX PegasusXM4 add-on (Hillsboro, OR, USA).

3. Results

Four companies took part in the development of Gummetal for orthodontic therapy
with the primary role played by Professor Shin Hasegawa of Kanagawa Dental University
in Japan.

According to Professor Shin Hasegawa [10], Gummetal possesses the following char-
acteristics:

– Possesses a very low modulus of elasticity—a Young’s modulus of approximately
40 GPa., providing high flexibility and superelasticity;

– Exhibits ductility approximately 10 times greater than that of conventional metals,
making Gummetal superelastic and easy to bend and handle;

– Enables easy control of orthodontic force, as superelastic deformation represents true
elastic deformation without hysteresis;

– Does not deform via a dislocation-free plastic deformation mechanism, and intraoral
breakage is rare;

– Is biocompatible and non-toxic, being free of nickel;
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– Has a low coefficient of friction, making it an excellent choice for the sliding mecha-
nism of orthodontic tooth movement.

Murakami et al. compared three types of β-Titianium wires (TMA, Resolve, Gummetal)
and found that Gummetal wire is characterized by the lowest bending strength, fatigue
limit and elastic modulus. Furthermore, the resilience is the highest [11].

In the research conducted by Schmeidl et al., Gummetal exhibited similar frictional
resistance to cobalt–chromium and nickel–titanium archwires. When comparing the fric-
tional properties of different alloys, Gummetal falls in between. It is superior to stainless
steel alloy wire and inferior to titanium–molybdenum alloy wire [12]. Considering its low
friction, Kopsahilis et al. stated that Gummetal is a helpful addition in daily orthodontic
practice [13].

Another study revealed that the frictional resistance forces of Gummetal wire are
comparable to stainless steel alloy wire and therefore useful in space closuring with sliding
mechanics [14].

Some physicochemical properties of new and used Gummetal were studied by the
X-ray powder diffraction and energy dispersive spectroscopy measurements. The XRD
diagrams visible in Figure 11 show that for the new Gummetal sample, only peaks from Ti,
Nb, and Ta are visible (2θ = 38.5◦, 55.7◦ and 70◦), while for used Gummetal sample some
additional peaks appear at 2θ = 30.8◦, 41◦, 44.8◦, 50.4◦, and 51◦. These additional peaks are
results of chemical processes which occur in the patient’s mouth.

Figure 11. XRD diagrams of new and used Gummetal samples.

According to the EDS measurements, the new Gummetal sample is composed of
62.5% of Ti, 31.5% of Nb, 3.6% of Zr, and 2.4% of Ta, while the used Gummetal sample is
composed of 62.4% of Ti, 31.3% of Nb, 3.9% of Zr, and 2.4% of Ta. Additionally, elements
such K, O, C, Cl, and P were discovered on the used Gummetal samples.

4. Discussion

An anterior open bite can be dental or skeletal and there is a difference between
the occlusal planes in both types. Skeletal anterior open bite is mainly caused by the
overgrowth of the posterior dental alveolar of maxilla in the molar region, while dental
open anterior bite is due to two small dental alveolar in the anterior region [15–18]. The
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treatment of anterior open bite is challenging due to a very high relapse date and should
relate to the etiology of the malocclusion. Bad habits such as tongue pressing, mouth
breathing or thumb sucking [19] can also be taken into account. Mouth breathing can
produce long-face syndrome or adenoid facies and is often caused by allergy. Such patients
may have a weak biting force and insufficient growth of the mandibular condyle.

This type of malocclusion is primarily treated by surgery or with camouflage, involv-
ing a change in the occlusal plane with the intrusion of the molar region and the extrusion
of incisors. Camouflage treatment includes the use of Tads, the MEAW technique, high-pull
headgear, teeth extractions, and now, the utilization of Gummetal wires to facilitate en-
block teeth movement. With the introduction of TADs as an effective treatment modality,
orthognathic surgery may be avoidable in selected anterior open bite cases [20]. Addition-
ally, TADs are one of the most effective methods for torque control during en-block incisor
retraction [21].

Young H. Kim could not find cephalometric evidence of any measurable reduction in
the distance from the molars to the hard palate using high-pull headgear. He also notes
that vertical elastics in the anterior region, which are used to close the bite by extruding the
incisors, produced an unstable relationship, leading to common relapse of the teeth [19].

According to studies by Koji Kojima during MEAW treatment, the results in the
retrusion and extrusion of the maxillary incisors, the distal movement of the maxillary first
molars, and the uprighting of the maxillary first premolars and the mandibular first molars
were better in the group with the extraction of the second upper molar teeth than without
extraction [22].

In non-extraction treatment of anterior open bite using MEAW technique, the upright-
ing and retrusion of the premolars and molars and the extrusion, uprighting and retrusion
of the incisors and canines played important roles [23].

Analysis of the post-treatment and follow-up cephalometric radiographs proved that
the treatment results obtained by this therapy were very stable [24].

In camouflage treatment, the edges of the maxillary central incisors should serve as
the guide for the anterior limit of the upper occlusal plane. Their position relative to the
lip line must be at or near the 4 mm norm, as measured cephalometrically [19]. We should
identify whether the lower, upper, or both occlusal planes require correction.

Sometimes the extraction of second molars is necessary to eliminate the blocking effect.
Additionally, the extraction of first molars has been prescribed for open bite treatment, but
soon after such an extraction, the maxillary sinus descends and creates a cortical lining
along the sinus surface [19]. Therefore, if the first molars are healthy and not malformed,
they should be preserved in the occlusion.

The MEAW technique is effective in the treatment of open bite but it is very difficult
and requires professional and time-consuming bends.

The new Gummetal wires give us an easier way to upright inclined mesially teeth,
extrude the incisors, and intrude the molars, ultimately closing the open bite. The new con-
cept of en-block teeth movement by Hasegawa requires tip-back bends about of 60 degrees
on both 0.018 × 0.022 or 0.018 × 0.025 arches, and the use of intermaxillary light elastics on
the anterior teeth to oppose the intrusive force on this segment and prevent flareout. It is
mandatory to bend an active progressive torque by about 45 degrees.

This uprighting of teeth rotates the mandible and closes the bite. After that, it should
take two or three stages to partially straighten the wire to achieve an intercuspation.
Hasegawa shows that the open bite temporarily worsened during the initial stage of the
treatment, but in the active part, the bite closes. As he also demonstrates in his book, the
treated cases with pre- and post-treatment panoramic radiograph and cephalogram show a
slight closing rotation of the mandible, intrusion of the molars, and a changed inclination
of the incisors. There seems to be no extrusion of the incisors. The change in incisor edges
is only with their recline and with the overall rotation of the mandible [10].

The easy and effective operation of that method may be due to the individual prop-
erties of Gummetal [25–27]. Sabbagh et al. noticed that Gummetal archwire has similar
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behavior to a force plateau, but in contrast to Niti archwires, this plateau was located
at very high force values. Additionally, they show hysteresis, which indicates a phase
transformation in the material [27].

Due to the great interest in aesthetic orthodontics, there is a demand for white arch-
wires, which means they come with special aesthetic coatings. Zhou et al. has studied
Gummetal wires with the application of epoxy, polytetrafluoroethylene, clear ceramic,
white ceramic, and silicone. They showed that coated wires have lower frictional forces
than uncoated stainless wires when they are used with ceramic braces, but the frictional
forces are similar in coated and uncoated Gummetal and stainless wires with metal brackets.
They also proved that coated Gummetal wires have good wear resistance after friction
testing and provided corrosion resistance to low pH saliva [28].

On the other hand, the comparison of sliding mechanics using stainless steel and
Gummetal archwires showed no differences between either, and similar movement [29]

The treatment has been completed without the use of miniscrews, thus avoiding risks
of root injuries [30], failure [31], or fracture [32].

The limitations of this publication mainly include a single clinical case as well as a
follow-up period of only 12 months after treatment. It is important to take into account
the individual conditions of the patient’s oral environment, which can modify the physico-
chemical properties of the orthodontic material in specific ways. Another limitation of the
study is the use of a single time variable for XRD testing of the ‘overworked’ Gummetal
samples. The physicochemical testing of the alloy was carried out only after six weeks of
application in the oral cavity.

5. Conclusions

The decision regarding the method of orthodontic treatment should be made after
very detailed diagnosis. It should depend on the manual skills of the orthodontist, because
some methods require very precise bends on the wires. In some cases, orthognathic surgery
can be replaced by camouflage treatment with very similiar effects and the new method
of ‘en block’ movement of teeth using Gummetal wire seems to be quite an easy way to
achieve a good occlusion. It is not manually complicated and not time-consuming.

However, this method requires good cooperation with the patient due to the necessity
of using elastics throughout the day. According to Hasegawa, in cases of anterior open
bite, the use of Gummetal wires can lead to good occlusion by changing the occlusion
plane. The results of using this method on Hasegawa’s patients, as shown in his book, are
promising, but more research should be conducted to ensure reliability. There are only a
few publications in Japanese, making it impossible to draw conclusions based on them.
There is also no research about the stability of such treatment. However, we can expect that
the results should be similar to the research on the MEAW or GEAW technique due to a
similar way of changing the occlusal plane but using easier bends.
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