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Mechanical evaluation of quad-helix appliance made of
low-nickel stainless steel wire

Rogério Lacerda dos Santos!, Matheus Melo Pithon?

Objective: The objective of this study was to test the hypothesis that there is no difference between stainless steel and
low-nickel stainless steel wires as regards mechanical behavior. Force, resilience, and elastic modulus produced by Quad-
helix appliances made of 0.032-inch and 0.036-inch wires were evaluated. Methods: Sixty Quad-helix appliances were
made, thirty for each type of alloy, being fifteen for each wire thickness, 0.032-in and 0.036-in. All the archwires were
submitted to mechanical compression test using an EMIC DL-10000 machine simulating activations of 4, 6, 9, and 12
mm. Analysis of variance (ANOVA) with multiple comparisons and Tukey’s test were used (p < 0.05) to assess force,
resilience, and elastic modulus. Results: Statistically significant difference in the forces generated, resilience and elastic
modulus were found between the 0.032-in 0.036-in thicknesses (p < 0.05). Conclusions: Appliances made of low-
nickel stainless steel alloy had force, resilience, and elastic modulus similar to those made of stainless steel alloy.
Keywords: Orthodontic appliances. Hypersensitivity. Nickel.

Objetivo: o objetivo do presente estudo foi testar a hipdtese de nio haver diferenca no desempenho mecanico entre fios
de aco inoxidavel e fios de a¢o inoxidivel com baixo teor de niquel. Avaliar, também, a forca, a resiliéncia e o médulo
de elasticidade produzidos pelos aparelhos quadri-hélice confeccionados com fio de 0,032" ¢ 0,036". Métodos: foram
confeccionados 60 aparelhos quadri-hélice. Desses, 30 para cada tipo de liga, sendo 15 confeccionados com fio de 0,032"
e 15 com fio 0,036". Todos os arcos foram submetidos a teste de compressio mecanica em miquina EMIC DL-10000,
simulando 4, 6, 9, ¢ 12mm de ativagio. A anilise de variancia e comparagio multipla (ANOVA) ¢ o teste de Tukey foram
utilizados (p < 0,05) para avaliacio da forca, resiliéncia e modulo de elasticidade. Resultados: observou-se diferenca es-
tatisticamente significativa entre forcas produzidas, resiliéncia e moédulo de elasticidade entre as espessuras 0,032" ¢ 0,036"
(p <0,05). Conclusio: os aparelhos confeccionados com liga de ago inoxidavel com baixo teor de niquel apresentaram
liberagio de forga, resiliéncia e modulo de elasticidade semelhantes aos aparelhos que utilizaram a liga de aco inoxidével.
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INTRODUCTION

In orthodontic practice, a variety of metal al-
loys, such as stainless steel, cobalt-chrome, nickel-
titanium and beta-titanium are used, the majority of
which contain nickel."" The percentage of nickel in
brackets and auxiliary appliances used in orthodontics
ranges from 8% (in stainless steel wires) to over 50%
(in nickel-titanium wires).”!”

Among the austenitic steels most commonly used
in Orthodontics, types 302 and 304 are outstanding,
according to the American Institute of Steel and Iron,
AISI), containing approximately 18% chrome and
8% nickel, which is represented by the 18-8 group of
stainless steels.

Nickel is a strong immunologic sensitizer, and
may result in hypersensitivity'* and tissue reactions.
These reactions may consist of intraoral diffuse red
zones, blisters and ulcerations that may extend to the
perioral area. In addition, there may be urticariform
and eczematous reactions in the face or in more dis-
tant areas of the body."

Therefore, to solve this problem, stainless steel al-
loys with low nickel content began to be used for fab-
ricating appliances, among them the expanders used
for the correction of posterior tooth crossbite. These
can be used in primary, mixed and permanent denti-
tion as an alternative for patients who present high
allergenic potential.

The appliances commonly used for correcting
dental crossbite include the Coffen, “W” arch and
Quad-helix arch appliances.'?

Graber? affirmed that 400 g would be the lowest
orthopedic force required to achieve an effect in the
maxillary arch. Inversely, the correction of posterior
tooth cross bite requires orthodontic forces, and Ja-
rabak and Fizzell® recommended ideal levels of force
for each group of teeth. They suggested that to move
a maxillary molar, a force of 250 g should be used.

Thus, the aim of this study was to test the hypoth-
esis that there would be no difterence in the mechan-
ical performance between stainless steel wires and
stainless steel wires with a low nickel content when
evaluating force, resilience and modulus of elasticity
produced by the Quad-helix appliance used for cor-
recting posterior tooth crossbite, and to determine
the ideal activation levels for each appliance.
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MATERIAL AND METHODS

Sixty Quad-helix appliances were tested, using
two wire thicknesses (0.032-in and 0.036-in), two
types of metal alloys, the first being stainless steel
(stainless steel-CrNi, Morelli, Sorocaba, Sio Paulo,
Brazil) and the second low-nickel stainless steel —
nickel content below 0.2 % (Biowire-CrMo, Mo-
relli, Sorocaba, Sio Paulo, Brazil). Of these, 30 were
made of each type of alloy, with 15 being made of
0.032-in and 15 of 0.036-1n.

The Quad-helix appliances made had 2 external
and internal segments, 40 mm and 35 mm long, re-
spectively, 1 anterior section 10 mm in extension and
4 helical spirals with 1.5 mm in diameter (Fig 1).

The samples were fabricated by the same profes-
sional, using patterns of a single model with the same
intercanine and intermolar distances. A segment
measuring 5 mm long and 0.040 inches in diameter
of a telescopic tube was attached to the posterior part
of each external extremity of the Quad-helix appli-
ance, to enable the application of force on the maxil-
lary permanent first molars. A 10 mm long stainless
steel wire 0.032-1n in diameter was silver-welded to
the center of the telescopic tube, so that the appliance
could be fixed to a universal test machine.'

Each sample was initially activated to 12 mm, and
after this it was submitted to a series of compression
tests in an EMIC DL 10000 machine, using the Mtest
program version 1.0, at a speed of 5 mm / min. The
Mtest program generated the mean force, resilience
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Figure 1 - Diagram used for fabricating the Quad-helix appliance.
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Table 1 - Mean force (g) produced by the Quad-helix appliances.

Quad-helix appliance Activation

Stainless steel 0.032-in 108.8 + 11° 136.9 + 16° 189.6 +15° 221.2 + 122
Stainless steel 0.036-in 1239 + 8° 1721+ 11° 2458 + 18° 2915 + 24°
Low-nickel stainless steel 0.032-in 1108 + 0* 1399 + 72 1931 + 102 2242 + 12
Low-nickel stainless steel 0.036-in 1264 + 14° 175 + 15° 250.3 + 20° 316.1 + 22°

N= 15, for each combination between metal alloy and wire diameter used. Different letters indicate statistically significant difference (p < 0.05) between appli-

ances for the same activation.

Table 2 - Resilience and modulus of elasticity produced by the Quad-helix appliances.

Quad-helix appliance

0.032-in 1464 + 132 847+ 7%
Stainless steel
0.036-in 195 + 15° 86 + 6°
0.032-in 1498 + 92 86.7 + 112
Low-nickel stainless steel
0.036-in 1974 + 17° 87 + 12°

N= 15, for each combination between metal alloy and wire diameter used. Different letters indicate statistically significant difference (p < 0.05).

and modulus of elasticity produced by the activations
of 4, 6, 9 and 12 mm, as well as a graph of the me-
chanical behavior at these activation indices. The re-
sults obtained were statistically compared by one-way

ANOVA and Tukey’s tests.

RESULTS

The low-nickel stainless steel showed greater release
of force, resilience and modulus of elasticity compared
with conventional stainless steel (Tables 1 and 2).

In both alloys evaluated, the groups using 0.036 inch
wire showed statistically higher (p < 0.05) levels of
force, resilience and modulus of elasticity when com-
pared with appliances made with 0.032-in wire.

For the same wire thickness there was no sta-

tistically significant difference between the alloys
(p > 0.05) (Tables 1 and 2).

DISCUSSION

The mean force values increased proportionally to
the activations, which is in agreement with the fact that
the appliances operated in the elastic phase, in which
deformation is proportional to force. Resilience is the
property associated with the capacity of absorbing and
releasing energy; therefore, the greater the resistance,
the more continuous the force will be."

Studies have reported various forms of palatal
arches in the correction of posterior crossbite.!>
In the present study, the Coften appliances showed
distinct mechanical properties, indicating the need
for knowledge about their performance in order to
choose them. In addition, it is important to iden-
tify the etiology of the malocclusion and determine
the ideal force for each treatment' to be performed.
The movement of a single molar may require 250 g,
but orthopedic effects are perceptible in primary and
mixed dentition with forces greater than 400 g.’

Urbaniak et al® in their study observed that the
force produced by activation of the Quad-helix ap-
pliance is influenced by the size and diameter of the
appliance wire. In this study it was verified that the
quantity of wire used in fabricating the palatal arch
and the force used are inversely proportional, and that
the wire diameter is directly proportional to the force.

In other studies on the Quad-helix®*%® the use of
a force of approximately 400 g was suggested for an
activation of 8§ mm.

In view of the results obtained in this study, ad-
equate treatment of cross bite of a single molar, or
group of a few teeth is obtained with the Quad-helix
appliance made with 0.036 inch wire, with 9 mm of
activation, irrespective of the metal alloy.
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The findings showed that the force produced by
activations of up to 12 mm with Quad-helix appli-
ances made with 0.036 inch stainless steel alloy or
low-nickel stainless steel wire were below 400 g.
This force is insufficient for achieving orthopedic
effects, whether associated with the use of a fixed
appliance, or not. Therefore its use would be invalid
for this type of treatment.

Nickel is known for its allergenic potential.'?!%22
It is estimated that 4.5% to 28.5% of the population
is hypersensitive to nickel,*"*!%# with greater prev-
alence for the female gender. For every 10 women,
1 man presents allergy to nickel.”® The presence of
metal ions such as nickel in orthodontic appliances
has been associated with hypersensitivity reactions.?

The clinical manifestations of hypersensitivity
to nickel are easy to diagnose. When faced with an
allergic condition, any intraoral or extraoral appli-
ance that contains nickel must be removed until the
signs of adverse effects in the mucosa or skin have
completely healed.” Previous history of allergy must
be considered a predictive factor of clinical mani-
festations of hypersensitivity to nickel.® Therefore,
instead of using intra and extraoral appliances that
contain nickel, it is suggested that they should be
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replaced by nickel-free, or low-nickel stainless steel
brackets and wires.

Low-nickel stainless steel wire is an option the or-
thodontist may use in patients with a history of hy-
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This alteration may generate an increase in rigidity of
the orthodontic wire.

The Quad-helix appliance fabricated with low-
nickel stainless steel presented greater release of
force when compared with the conventional steel
alloy, and this may have a significant influence of
the proposed treatment, by obtaining greater tooth
movement than expected.

CONCLUSION
1) The low-nickel stainless steel showed release of
force, resilience and modulus of elasticity simi-
lar to conventional stainless steel.
2) Quad-helix appliances produced adequate
forces for orthodontic treatment, when their
clinical application is correctly planned.
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