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[57] ABSTRACT

An orthodontic system including an ultraelastic arch-
wire having a transformation temperature of normal
body temperature of about 37° C. is provided. Only a
small load is applied to the teeth when the orthodontic
system is disposed in a patient’s mouth. An increased
load is applied to the teeth only when the temperature
in the mouth is increased by placing a material having a
higher than body temperature in the mouth. As a result,
the temperature in the patient’s mouth can be controlled
without inflicting pain during natural every day actions.
The orthodontic effect is available intermittently by
raising the mouth temperature for producing higher
stress or load which serves to move the teeth orthodon-
tically. The ultaelastic alloy is preferably Ni-Ti alloy
containing at least about 50.5 atomic percent of nickel
and preferably about 50.7 atomic percent.

11 Claims, 3 Drawing Figures
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ORTHODONTIC SYSTEM AND METHOD

BACKGROUND OF THE INVENTION

This invention relates to a novel orthodontic system
and orthodontic method for the orthodontic movement
of malaligned teeth and more particularly to a system
utilizing an ultraelastic material which applies a variable
orthodontic load in response to temperature change.

Conventional systems for the orthodontic movement
of teeth have usually been based on the elasticity of a
metal wire. A load created by bending a metal wire is
applied to the tooth to be corrected in order to move it
in the direction of the load. Such conventional systems
utilize orthodontic metal wires formed from stainless
steel, a Co-Cr based alloy or an intensly worked Ni-Ti
alloy. The elasticity of these wires is represented by the
proportional elastic limit of the metal or alloy involved.
The Ni-Ti alloy has a higher proportional elastic limit
than the stainless steel or other alloys. However, the
Ni-Ti alloy does not exhibit elongation exceeding about
2% in a tensile test. The stainless steel and other alloys
show elongation which is less than 1%. Thus, if the wire
is bent or pulled beyond its proportional elastic limits it
undergoes plastic deformation. Excessive deformation
is unpredictable in the conventional wires. This small
proportional elastic limit means that the orthodontic
effect obtained is relatively small.

The elasticity of the conventionally utilized metallic
materials is an inherent property thereof which is diffi-
cult to modify by heat treatment or otherwise. Specifi-
cally, it is not possible to heat treat an intensively
worked Ni-Ti alloy, since heat treatment reduces by
about one-half the proportional elastic limits which has
been obtained by the intense working. U.S. Pat. No.
4,037,324 utilizes one such alloy wherein a stoichiomet-
ric alloy of Ni and Ti, specifically the atomic ratio of Ni
to Tiis 1:1 . An orthodontic system based on this alloy
presents practical problems when utilized in that a pa-
tient undergoes intense pain, often with the dental peri-
osteum suffering from interruption in blood circulation.
This occurs because the transformation temperature
(which is the lowest temperature wherein the ultraelas-
tic effect occurs) is 26.7° to 32.2° C.,, a temperature
lower than normal body temperature. Thus, the large
load is applied continually to the teeth at all times that
the orthodontic system -is disposed in the patient’s
mouth. This system based on the stoichiometric alloy of
Ni and Ti is not fully satisfactory from the point of view
of the patient’s comfort.

Accordingly, it would be desirable to provide an
orthodontic system which overcomes the shortcomings
of the prior art systems. Such a system would apply a
very small load to the teeth when the orthodontic sys-
tem is disposed in a patient’s mouth, and only apply an
increase load when the temperature in the mouth is
increased by taking in a material having a temperature
above body temperature.

SUMMARY OF THE INVENTION

Generally speaking, in accordance with the inven-
tion, an orthodontic system including an orthodontic
member which applies variable orthodontic load in
response to a difference between normal body tempera-
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a temperature -affecting material in the mouth is pro-
vided. The orthodontic member is a Ni-Ti alloy con-
taining about 50.5 to 51.0 atomic percent nickel with the
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balance titanium having a transformation temperature
of about 37° C. or normal body temperature. This per-
mits applying a very small load to the teeth when the
orthodontic system is installed in a patient’s mouth and
increasing the orthodontic load to the teeth when the
temperature in the mouth is increased by taking in a
high temperature material, such as hot water. Utilizing
a orthodontic system whose transformation tempera-
ture is about normal body temperature permits intermit-
tently varying the orthodontic load applied to the teeth
to promote orthodontic movement of the teeth more
effectively. Preferably the orthodontic member in: ac-
cordance with the invention is formed from a Ni-Ti
alloy containing 50.7 atomic percent nickel.

Accordingly, it is an object of the invention to pro-
vide an improved orthodontic system.

It is another object of the invention to provide an
improved orthodontic system for intermittently varying
the load applied to promote orthodontic movement of
teeth more effectively.

It is a further object of the invention to provide an
improved. orthodontic system wherein intermittently
varying orthodontic loads are applied in response to the
temperature of the patient’s mouth.

Still a further object of the invention is to provide an
improved orthodontic member for applying a varying
orthodontic load in response to the temperature of the
patient’s mouth.

Yet another object of the invention is to provide an
improved orthodontic system including an orthodontic
member of a Ni-Ti alloy.

Yet a further object of the invention is to provide an
improved orthodontic system wherein the orthodontic
member is a Ni-Ti alloy containing from about 50.5 to
51.0 atomic percent nickel.

Another object of the invention is to provide an im-
proved method of promoting orthodontic movement of
teeth.

Still other objects and advantages of the invention
will in part be obvious and will in part be apparent from
the specification.

The invention accordingly comprises the several
steps and the relation of one or more of such steps with
respect to each of the others, and the apparatus em-
bodying features of construction, combination of ele-
ments and arrangement of parts which are adapted to
effect such steps, all as exemplified in the following
detailed disclosure, and the scope of the invention will
be indicated in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference
is had to the following description taken in connection
with the accompanying drawings, in which:

FIG. 1 are graphs illustrating the load-strain charac-
teristics obtained from tensile test of an ultraelastic wire
utilized in an orthodontic device prepared in accor-
dance with the invention;

FIG. 2 are graphs showing the load-strain character-
istics obtained from bending tests of the same wire uti-
lized in FIG. 1; and

FIG. 3 is a schematic view illustrating the principle of
the orthodontic movement of teeth utilizing the ultra-
elastic wire in accordance with the invention.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The physiological aspects of the orthodontic system
constructed and arranged in accordance with the inven-
tion will now be described. Generally, a substantially
constant orthodontic load has been applied in orthodon-
tic. systems. However, in accordance with the inven-
tion, an intermittenily varying load:is applied to pro-
mote orthodontic movement of the teeth effectively.
More specifically, the orthodontic movement of the
teeth in accordance with the invention utilizes a varia-
tion in the temperature in the mouth. The orthodontic
member applies an orthodontic load which varies in
response to a difference in the temperature of the mouth
between normal body temperature (37° C.) ‘and the
higher or lower temperature wherein ‘a high tempera-
ture effecting material, such as hot water or food, or a
cold material, such as cold water or ice has been placed
in the mouth. The orthondontic load increases in. re-
sponse to an increase in the temperature of the mouth.
The orthodontic system in accordance with :the inven-
tion facilitates effective orthodontic treatment, since the
patient takes at least some of such temperature effecting
materials every day. Additionally, such materials can be
taken consciously so as to apply the orthodontic load
selectively.

The application of an intermittently varying load to
the human body is physiologically more effective, and
can complete orthodontic treatment more quickly than
application of a constant load. In accordance with the
invention, it is sufficient normally to maintain a light
orthodontic load. In fact, no load need be maintained
when the mouth is at normal body temperature. A maxi-
mum:load can be selected to be applied -only when a
certain temperature affecting material is placed in the
mouth. Thus, it is possible to avoid pain or discomfort
on the part of the patient to a great extent. A light load
which: is normally maintained is at a level which dis-
comfort is negligible for the patient and will remove
any mental discomfort during the time of orthodontic
treatment which usually extends over an appreciable
period of time.

Previously it was believed that maximum orthodontic
force must be applied for moving the teeth. However, in
accordance with the invention the orthodontic load is
applied and released to move the teeth intermittently. A
compressed region is formed on the dental periosteum
on the side of the tooth in the direction in which it is
being moved and formation of osteoclasts causes ab-
sorption on the alveolar wall. A ‘pulled zone is formed
on the dental periosteum on the opposing side. The
activity of bone-forming cells results in addition on the
opposite alveolar wall.

When the orthodontic system in accordance with the
invention is utilized, the dental periosteum does not
suffer from any interruption in blood circulation. This is
due to the fact that maximum load bears only temporar-
ily on the tooth and is maintained at a comfortable level
otherwise.Additionally, the variable load promotes
formation of the osteoclasts and bone-forming cells for
enhancing the progress of the orthodontic treatment.
Having discussed the advantages of-the orthodontic
system in accordance with the invention, a method for
orthodontic treatment may be carried out by utilizing
an orthodontic device which will not be described.

The orthodontic system in accordance with the in-
vention is formed utilizing a material exhibiting ultra-
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elasticity, for example an utlraelastic Ni-Ti alloy. Ultra-
elasticity is a property, entirely different from the pro-
portional elastic limit of conventionally available metal-
lic materials.: An ultraelastic material returns to its origi-
nal shape upon removal of the deforming load even if
deformation of :about 8% is imposed during a tensile
test. This high elastic deformability permits bending or
pulling required for any orthodontic purposes.

When the ambient temperature -of the orthodontic
device changes, the device applies a load which varies
in response to the temperature change in such a fashion
that the load increases with an increase in temperature.
This is due'to the fact that in the range of ultraelasticity;
the stress (or load) is substantially constant, and is pro-
portional to the temperature. The variation in stress (or
load) with a change in temperature is' a feature not
found in other materials. This feature enables variation
in orthodontic load with a temperature variation selec-
tively caused by the temperature of a material placed in
the mouth.

In order to provide an orthodontic device having
these desired properties, it is not sufficient merely to
utilize an ultraelastic Ni-Ti alloy, but it is necessary to
select an appropriate alloy composition. Additionaliy, it
is necessary to select appropriate conditions for the
preparation of the orthodontic' device by appropriate
heat treatment. The utlimate properties of the ortho-
dontic device can also vary with the shape of the de-
vice, for example the diameter of the wire or the cross-
section. When these factors are appropriately consid-
ered with respect to one another, it is possible to pro-- .
vide the properties required for varying orthodontic
purposes:

The orthodontic system in accordance with the in-
vention will now be described in greater detail. Exam-
ples of ultraelastic metallic materials which can be uti-
lized in accordance with the invention include various
alloys. Such alloys may include intermetallic’ com-
pounds of nickel and titanium, and also may be alloys of
Cu and Zn; Cu, Zn and X, wherein X is Si, Sn, Al étc.;
Cu, Al and Ni; Au and Cd; Ag and Cd; Ni and Al; Cu,
Au and Zn or Cu and Sn. The alloys are of the “thermo-
elastic” type having a superlattice and which undergo a
martensitic iransformation. Their ultraelasticity is de-
rived ‘from the martensitic -transformation caused by
stress ‘at-a temperature range above the martensitic
transformation temperature and the inverse-transforma-
tion thereof. There is only a small degree of hysteresis in
the normal and reverse transformation  between the
austenite and the martensite; -therefore, these -alloys
undergo crystallographically reversible transformation.
Crystallographic reversibility means not only the res-
torability of the austenitic structure, but also of its origi-
nal crystal orientation.

An ultraelastic alloy of nickel and titanium is poly-
crystalline.- Thus, it is an opiimum material for ortho-
dontic devices, since it has excellent properties; includ-
ing corrosion resistance. As a result of recent research,
not only are Ni-Ti alloys available, but it possible to
obtain alloys containing copper; iron or:cobalt instead
of the nickel and which have a controlled transforma-
tion temperature, a low degree of hysteresis and a small
difference in ultraelasticity when a load is applied and
when the load is removed.

The Ni-Ti alloy which contains at least 50.5 atomic
percent nickel exhibits ultraelasticity of a temperature
of about 37° C., which corresponds to. the normal
mouth or body temperature. An orthodontic member in
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accordance with the invention is formed preferably
from an Ni-Ti alloy containing somewhat more nickel,
namely about 50.7 atomic percent nickel was formed as
follows.

A raw material containing 50.7 atomic percent nickel,
with the balance being titanium, was melted at a high
frequency vacuum furnace and the molten material was
poured into a copper mold to form an ingot. The ingot
was forged into a billet and the billet was diedrawn into
a wire having a diameter of 0.4 mm. The wire rod was
annealed during the drawing operation so that any fur-
ther drawing thereof might be performed smoothly.
The wire was polished to have a mirror surface and a
final diameter of 0.37 mm. The wire was heat treated in
a vacuum furnace to remove any strain created during
the drawing operation and obtain ultraelasticity. The
wire was heat treated under the following conditions:

Temperature: 700° C,;

Treating time: One hour;

Cooling: The wire was left in the furnace to cool

slowly.

The properties of the heat treated wire were as fol-
lows:

Temperature at which martensitic —40° C.
transformation begins:

Temperature at which inverse 5°C
martensitic transformation ends:

Load-strain characteristics See FIG. 1
found from a tensile test:

Load-strain characteristics See FIG. 2.

found from ‘a bending test:

Referring now to FIG. 1, the load-strain characteris-
tics of the wire are shown. The characteristics of the
wire under load are shown by the solid line curves and
the characteristics after removal of the load by the
broken lines. Deformation and restoration of the wire
took place at a fixed load both when the load was ap-
plied and removed. This is the feature called “ultraelas-
ticity.” The lower curve represents test results obtained
at ordinary body temperatures. of 37° C. The upper
curve illustrates the results obtained at a temperature of
60° C. simulating the presence of a hot substance in the
mouth. The graph indicates that a higher load for the
same amount of deformation is obtained at the higher
temperature, the same phenomenon occuring both
under low and upon removal of the load.

FIG. 2 illustrates the bending characteristics of a 10
mm long wire secured at one end with the load applied
to the other end. The curves indicate that a greater load
occurs at 60° C. than at 37° C. for the same amount of
deformation. This tendency corresponds to that ob-
tained in the tensile tests. FIG. 2 also shows that the
deformation of the wire beyond a certain level proceeds
at a constant load. This feature is called “ultraelasticity
in bending.”.

The results of both the tensile and bending tests dem-
onstrate that the orthodontic device in accordance with
the invention undergoes deformation or restoration at a
certain load depending upon the ambient temperature.
This is true whether under load or after removal of the
load. The load depends upon the martensitic transfor-
mation temperature of the material. More specificaily,
the ultraelastic load upon application thereof depends
on the temperature at which the alloy begins martens-
itic transformation (Ms point), while the ultraelastic
load upon removal thereof depends upon the tempera-
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ture at which the alloy finishes  inverse martensitic
transformation (Af point).

In view of these characteristics it is necessary that the
orthodontic device in accordacne with the invention be
formed from a material capable of undergoing inverse
martensitic transformation at a temperature below nor-
mal ‘mouth temperature of 37° C. This is necessary in
order to retain the ultraelasticity at a temperature of at
least 37° C. It is, thus, necessary to -employ an alloy
containing between about 50.5 to 51.0 atomic percent,
or preferably 50.7 atomic percent, of nickel the balance
being titanium.

The transformation temperature of an alloy may be
affected by its heat treatment conditions. It is, therefore,
necessary to anticipate that the orthodontic device will
be heat treated when it is installed, particularly by an
orthodontist. Although it is desirable to employ a heat
treating furnace wherein the temperature can be con-
trolled, an orthodontist usually uses a more simple appa-
ratus. The orthodontist will heat treat the wire by ap-
plying an electric current thereto and utilizing the heat
generated by the electric resistence of the wire. A wire
treated by this method cools quickly and tends to have
a lower transformation temperature than that of a wire
cooled slowly in a heat treating furnace.

In view of this, if a wire provided to an orthodontist
can furnish inverse martensitic transformation at a tem-
perature of 37° C. corresponding to normal body tem-
perature, subsequent heat treatment lowers its transfor-
mation temperature to a level below 37° C. and insures
the satisfactory elastncxty of the device at normal body
temperatures Thus, it is possible to preset a somewhat
higher transformation temperature to' provide for any
further reduction thereof brought about by the faster
cooling rate upon installation.

An orthodontic device utilizing a wire formed in
accordance with the invention will now be described by
way of an example.

An ultraelastic wire is prepared in a straight form so
that it may be utilized for a variety of purposes. It is, of
course, possible to prepare a wire in the shape of an arch
like an array of teeth. An easier method for obtaining a
more precise shape to place an ultraelastic wire in a
mold having a desired shape and heat treat the same.
This method facilitates realization of very complicated
shapes. An orthodontist may heat treat the wire at a
temperature of 200° C. or higher.

Referring now to FIG. 3, an ultraelastic archwire 1 is
fastened to a tooth 2 to be moved, and a first normal
tooth 3 and a second normal tooth 4 on both sides
thereof. Wire 1 may be fastened to the teeth by follow-
ing any conventional method in the art. For example, a
bracket 5 can be bonded directly to each tooth, or
welded to a metal ring fitted over a tooth. In FIG. 3, the
pair of solid arcuate lines show the position of wire 1
fastened only to normal teeth 3-and 4, while the broken
lines show the position of wire 1 fastened to the mala-
ligned tooth 2 also. Archwire 1 is placed under bending
and tensile stresses along an array of teeth 3, 2 and 4 and
a force (or load) which urges wire 1 to recover its origi-
nal shape bears on tooth 2 in the direction of the arrow.

Tooth 2 is moved gradually by the load applied
thereto and aligned correctly. Under normal circum-
stances, the temperature in the mouth is equal to the
normal body temperature of 37° C., and therefore, ultra-
elastic wire 1 in accordance with the invention pro-
duces only a slight stress or load. However, once hot tea
or coffee is taken into the mouth, or during a meal, the

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




