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A medical/dental/veterinary alloy for use in treatment of living vertebrates in which the alloy is used in an article located
within body tissues or body cavities, particularly for orthodontic wire, the alloy comprising a titanium alloy having an alpha/beta
crystalline structure or a near alpha crystalline structure, the alloy comprising greater than 5 % alpha stabilising components and
being maintained below the beta transus. The percentage by weight of the aluminium is greater than 5 %. The alloy may comprise
by weight about 8 % aluminium, about 1 % molybdenum, about 1 % vanadium, balance essentially titanium. Alternatively the al-
| loy may comprise by weight about 6 % aluminium, about 4 % vanadium, balance essentially titanium. An article made of the alloy
is exposed to an aqueous hydrogen contributing substance over a period of time so as to progressively harden or embrittle the ar-
ticle over that period of time. A portion of the orthodontic wire is treated by heating or anodising to inhibit localised hardening or
embrittlement of the wire as a result of exposure to the aqueous hydrogen contributing substance over the period of time, but al-

lowing reshaping of that treated portion.
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ORTHODONTIC TREATMENT

This invention relates to materials for medical, dental or

veterinary use, such as for use in orthodontics and particularly to
orthodontic wires and appliances, methods of treatment of orthodontic
wire, ~methods of fabricating orthodontic appliances, and methods of
brthodontic treatment.,

Presently orthodontic wires of varying compositions and
properties are Kknown, In general, the presently used orthodontic
wire compositions and/or their methods of storage, handling and use
result in loss of desirable properties to varying degrees, or the
wires have some undesirable properties., For example, some alloys,
especially Elgiloy (cobalt-chrome-nickel), will show some softening
properties in the patient's mouth over a period of time,

It has been proposed to use beta titanium alloy for orthodontic
wire. For example, in US Patent No 4,197,643 in the name of Burstone
there is disclosed the concept of using a beta titanium alloy for the
production of orthodontic wire, Beta titanium alloy has a body
centred cubic crystalline structure. The advantage claimed for the
beta titanium alloy orthodontic wire is optimum force characteristics
including the preferred low force magnitude and force constancy over
a period of time, However it has been found in practice that beta
titanium alloys exhibit creep over a period of time and this is
undesirable in orthodontic wires which are intended to maintain shape
over substantial periods.

It is an object of the present invention to provide a
medical/dental/veterinary alloy for use in treatment of living
vertebrates and which maintains or develops desirable properties over
a period of time,

It is an object of a first particular aspect of -the present
invention to provide an orthodontic wire which enables maintenance or
developmeht of desirable properties of the wire over a period of
time, A further object is to provide an orthodontic appliance using
such a wire,

It is an object of a second particular aspect of the present
invention to prdvide an orthodontic wire treatment method which will

produce desirable properties in the wire after a substantial period

of use,
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It is a vyet further particular object to provide a method of
fabricating an orthodontic appliance having or developing desirable
properties over a period of time. '

It is an object of a further particular aspect of the present

- invention to provide a method of orthodontic treatment

utilising the desirable properties arising from the orthodontic wire
treatment of the first aspect of the present invention.

According to the first aspect of the present invention there is
provided a medical/dental/veterinary alloy. for use in treatment of
living vertebrates in which the alloy is used in an article located
within body tissues or body cavitiés, the alloy comprising a titanium
alloy having an alpha/beta érysfalline structure or a near alpha
crystalline structure, The titanium alloy cbmprises greater than 5%
alpha stabilising components, the wire being maintained below the
beta transus i.e. the minimum temperature at which substantially pure
beta crystélline 'phase can exist, so as not to adopt the beta
crystalline phase to any substantial extent, The alpha phase of an
alloy has a hexagonal close packed crystalline structure, whereas the
beta phase comprises a body centred cubic crystalline strﬁcture, A

near alpha titanium alloy has greater than 5% by weight alpha

stabilising ingredients and less than 2% ©beta stabilising

ingredients,

In one poésible embodiment of a near alpha titanium alloy there
is provided a titanium alloy having greater than 5% aluminium,.
aluminium being an alpha stabilising ingredient, The preferred level
of the aluminium component of the alloy is in excess of 7%. In one
poséible embodiment the alloy composition comprises a titanium alloy
having about . 8% alﬁmiﬁium, about 1% molybdehum and about 1% vanadium
(vanadium being a beta stabilising element).

An embodiment of the alloy-comprising an alpha beta titanium
alloy preferably comprises, in addition to greater than 5% alpha
stabilising ingredient(s),r in excess of 27 beta stabilising
ingredient(s). For example the beta stabilising 'ingredieht may
comprise vanadium; A  suitable allov may comprise a titanium alloy
having aluminium 'present in an amount of about 6% and vanadium about
4% (such .an alpha beta alloy being commercially available under the

designation IMI titanium 318).
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The advantages of the alpha/beta titanium alloy and
particularly the near alpha titanium alloy having less than 2% beta
stabilising components, is a substantially improved creep resistance
together with a capacity or capability for the alloy to harden or
become embrittled with age in an aqueous environment containing
hydrogen such as free hydrogen ions. This latter advantage of
hardening or embrittlement is believed to be a result of hydrogen
being absorbed and this is facilitated in an aqueous environment. It
is speculated that either the hardening or embrittlement arises from
either the formation of brittle plates of titanium hydride or from
the diffusion of hydrogen particularly into the stressed regions of
the crystalline structure. The formation of the hydride is promoted
by the presence of aluminium, ' ' '

The alpha beta alloys and particularly the near alpha titanium
alloys having less than 2% beta stabilising components exhibit the
hardening or embrittlement property with time in an aqueous hydrogen
contributing environment. The hardening or embrittlement is believed
to proceed to a greater extent in a given time for the near alpha
titanium élloys according to early subjective ‘evaluatidn. The
hardening property is an unexpected property not common to titanium
alloys in general and particularly not appearing to be a property of
beta titanium alloys. The property has particular advantages
medical, dental and veterinary uses and particularly for' for
orthodontic uses as will be explained below.

The invention will be particularly described in relation to
orthodontic use, but the handling process is believed to make the
alloy suitable for uses such as orthopaedic wires used to locate and
retain bones during healing of fractured bones, implanted metal pinw
or other articles which may need some formability during placement
but are desirably hard in the longer term, The examples of results
and uses described suggest wider medical, dental and veterinary
applicability of the alloy as will be readily understood from the
description. ,

An alpha beta titanium alloy having an initial hydrogen content
of about 70 ppm was used in a wire for orthodontic treatment of
several patients for about three to four months, After that period

of time in the patients' mouths, i.e. in an aqueous hydrogen
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containing and contributing environment, the wires were tested for
hydrogen' content by melting and collecting and analysing the gases
yielded wup. All wires showed a significant increase in hydrogen
content:- one from 70 ppm to 120 ppm; several from 70 ppm to about
180 ppm; and one from 70 ppm to about 240 ppm. Generally at least a
doubling of hydrogen content was found.

The orthodontic wire composition mayr be provided in a found

cross section, a generally rectangular cross section or a square

‘cross section, The generally rectangular or square cross sections

are preferred for patient comfort and enabling re-positioning by the
orthodontist. =~ A suitable rectangular configuration has cross
sectional dimensions of 0.018 x 0.026 inches and a square wire may be
0.020 inches square.

The method of orthodontic wire treatment according to that
aspect of .the present invention comprises providing an orthodontic
wire having a composition as outlined above and exposing that wire to
an aqueous- hydrogen contributing substance over a period of time so
as to progressively harden or embrittle the_wire over that period of
time, The treatment may comprise exposing the wire fashioned, shaped
or used in an orthodontic appliance and in use in a patient's mouth
to an aqueous hydrogen containing and contributing substanée to

progressively harden the wire, The hardening of the wire in use

. enables the wire to be-used to apply a force to teeth so as to

-promote movement of the roots of the teeth in accordance with the

orthodontist's treatment plan. In particplar, the wire hardening as
a result of the treatment process over a period of time thereby
progressively lessens the force on teeth which have moved over that
period of time towards their final desired positions determined at
the time of installation of the wire, but generally maintains or
increases the force on teeth (such as back teeth having larger roots)
requiring larger or longer duration forces to effect tooth movement,
In the case of an orthodontic wire being used as an arch wire,
a wire having the composition according to the present invention has
good spring back properties so as to be capable of moving teeth over
distances without the need to remove the wire for reactivation or
reforming. ~ Also the wire has good formability properties enablipg

the placement of bends within the wire, The hardening or
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embrittlement of the wire following installation and exposure to
aqueous hydrogen contributing compositions over a period of time such
as several weeks or months, is an unexpected and particularly
advantageous property compared to beta titanium alloys and other
known orthodontic wire compositions as mentioned above.

The treatment of the orthodontic wire in use may comprise
administration of aqueous acidic or other hydrogen contributing
substances to the wire such as by mouth washes or administration by
means of swabbing or daubing the wires in situ with the aqueous
solution. )

The method of orthodontic wire treatment may include the
further step of treating portion(s) of the wire(s) to dinhibit
localised hardening or embrittlement of the wire as a result of
exposure to aqueous hydrogen contributing compositions over a period
of time. The treatment may be carried out before initial placement
of the wire in the patient's mouth so that some portion(s) do not
harden, or harden to a lesser extent. This treatment may be
desirable to enable reshaping of portions of an orthodontic wire,
particularly the ends which are cinched, after a period of use
without the »embrittlement causing breaking of cinched ends upon
re-straightening during reshaping the wire;

The treatment to' inhibit hardening preferably comprises a
treatment to inhibit hydrogen absorption by the alloy. One possiblé
treatment comprises heating the portion to be made hydrogen resistant
to create an oxide coating to inhibit hydrogen absorption. The
heating is preferably carried out at a relatively low temperature
(but above room or normally encountered teméeratures in the mouthj,
e.g. to say 600°C to 700°C. This temperature is believed sufficient
to cause oxygen to take up interstitial positions at least to a
number of atomic layers and between the metal particularly titanium
atoms in the alloy which are the positions otherwise occupied by
hydrogen atoms over the orthodontic treatment period. The heating is
preferably of short duration, e.g. in the order of a few seconds so
that surface oxidation only is effected. The heating may be carried
out, e.g.. by flame, until the surface exhibits a blue colour which
indicates the pfesence of oxidation. Heating is then stopped (with

quenching if desired) to prevent continuing oxidation which may
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immediately embrittle the end. The surface oxidation is believed to

itself be brittle but _inhibits or prevents hydrogen take up which

over the period of orthodontic treatment would produce a degree of

embrittiement to make reshaping of the wire more difficult or
impossible. '

An alternative method of treatment to inhibit hydrogen
abéorption. may comprise an anodising process of the surface of the
portion(s) to be treated. The anodised laver or skin can be
effective to inhibit hydrogen absorption into the alloyrpfoducing the
hardening effects. o _

The method of fabricating an orthodontic applianée'accor&ing to
that aspect' of this invention comprises shaping an orthqdontic wire
having a rcomposition as outlined above, the shaping comprising
bending the wire without substantial heating to adopt the required
conformation, followed by installing the wire in a patient's mouth so
as to be secured to the patient's teeth and coupled to at least one

tooth so as to apply a force upon that tooth, If desired localised

pre-treatment of portion(s) of the wire to inhibit hardening may be

carried out as described above to allow re-shaping after a period in
the mouth, :

The treatment of the orthodontic wire to exhibit the property
of hardening or embrittlement is preferably carried at relatively low

temperature and preferably in the range of 30°C to 50°C, most

-preferably at about 36°C - 40°C.

The storage of the orthodontic wire having the particular
composition may be temperature sensitive and therefore it may be
preferable to store the wire (before being used in the fabrication of

an orthodontic appiiance) at a relatively Ilow temperature, e.g.

_between 5°C and 20°C. The wire may also be preferably stored in a

dry environment so as not to be in contact with moisture which may

provide a medium for introduction of hydrogen thereby causing

- premature hardening.

The present invention also provides a method of orthodontic
treatment comprising the installation of orthodontic wire having a
composition as outlined above within a patient's mouth so as to be

affixed to the patient's teeth and be coupled to at least one tooth

to be moved under forces applied to that tooth by the wire, the

i
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method further including hardening of the wire over a period of time
by exposing the wire to an aqueous hydrogen contributing substance by
means of which the orthodontic wire is hardened or embrittled over a
period of time which is significant compared to the orthodontic
treatment period. Pre-treatment of portion(s) to inhibit hardening
as described above may be carried out before installation to enable
later re-shaping of such portion(s).

As an example of use of the wire according to the present
invention, and being used in a ribbon arch mode, to place torque in
the wire for a standard case, the torque can be wiped in for the
anteriors when the anterior arch form is wiped in. Then with the aid
of two pairs of pliers, the person installing the wire can crank out
the buccal torque mesial to the cuspids. Molar offsets and other
offsets can be placed to level and align the teeth., If the molars
are awry, then bands can be placed on the second molars and the
archwire passed through both sets of tubes., It has been found that
there are less problems with retention when finishing archwires are
routinely used. However the wires have great benefits where one
needs good control to place the teeth precisely (compared to letting
them settle) in such situations as cleft palate, cases which require
prosthetic replacement such as Maryland bridges and for orthognathic
surgery.

The wires can be held in with T-pins, the heads of which may
also be used for attaching the patient's elastics. If desirable,
shoe-hooks can be incorporated. These can be bent buccally in first
instance, and then cranked vertically (gingivally) - again with two
pliers, mesially and distally to the shoe-hooks. The wires are then
cinched slowly,

The orthodontic wire according to the present invention when
treated and used according to the process aspects of the present
invention hardens in the mouth over a period of several weeks or
months. This is ideal compared to other wires which soften over
time, The hardening means that the wire is gentle on the shallower
front teeth before reaching force levels feyr the larger back teeth.
Also, compared to beta titanium wire, the alpha/beta, and

particularly the near alpha titanium wire does not exhibit

substantial creep.
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It is to be understood that various alterations, modifications
and/or additions may be made to the features of the possible and
preferred embodiment(s) of the invention as herein described without
departing from the scope of the invention as defined in the appended

claims.
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CLAIMS
1. A medical/dental/veterinary alloy for use in treatment of
living vertebrates in which the alloy is used in an article located
within body tissues or body cavities, the alloy comprising a titanium
alloy having an alpha/beta crystalline structure or a near aipha
crystalline structure, the alloy comprising greater than 5% alpha
stabilising components and being maintained below the beta transus,
the beta transus being the minimum temperature at which
susbstantially pure beta phase can exist, so that the alloy does not
to adopt the beta crystalline phase to any substantial extent.
2. An alloy wire as claimed in claim 1 wherein the alloy comprises
less than 2% by weight of beta stabilising ingredients.,
3. An alloy wire as claimed in claim 1 or 2 wherein the alloy
comprises a titanium alloy having greater than 5% bv weight
aluminium.
4, An alloy wire as claimed in claim 3 wherein the percentage by
weight of the aluminium is greater than 77%.
5. ‘An alloy wire as claimed in claim 4 wherein the alloy comprises
by weight about 8% aluminium, about 1% molybdenum, about 1% vanadium,
balance essentially titanium. ' ) |
6. An alloy wire as claimed in claim 1, the alloy comprising an
alpha/beta titanium alloy comprising greater than 5% by weight of
alpha stabilising ingredients, and greater than 2% beta stabilising
ingredients.
7. An alloy wire as claimed in claim 6 wherein the beta
stabilising ingredient comprises vanadium.
8. An alloy wire as claimed in claim 7 wherein the alloy comprises
by weight about 6% aluminium, about 4% vandaium, balance essentially

titanium,
9. An orthodontic wire made of an alloy as claimed in any one of

the preceding claims.

10. A medical/dental/veterinafy article which is for use in body
tissues or body cavities of a living vetebrate so as to be exposed to
an aqueous hydrogen contributing substance, the article being

composed of or including an alloy as claimed in any one of Claims 1

to 8.
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11. An orthodontic = appliance having an orthodontic wire for

applying force to teeth so as to correctively reposition the teeth,

‘the orthodontic wire being as claimed in Claims 9.

12. A method of treatment of a medical/dental/veterinary arficie as
claimed in Claim 10, the method comprising the step of exposing the
article to an aqueous hydrogenrcontributing substanbe over a period
of time so as to progressively harden or embrittle the orthodontic
wire over that period of time.

13, A method of treatment as claimed in Claim 12 wherein the
article comprises an orthodontic wire. 7 o
14, ‘A method of orthodontic wire treatment as claimed in claim 13
wherein the orthodontic wire is fashibned and used in an orthodontic

appliance and is in use ina patient's mouth, the aqueoﬁs hyvdrogen

contributing substance being applied to the appliance within the

patient's mouth whereby the wire hardens progressively over a period
of time thereby progressively lessening the force on teeth which have
moved over that period of time towards their final desired pbsitions
determined - at the time of installation of the wire and the appliance,
the hardening of the wire generally maintaining or”increasing the
foréer on teeth requiring larger forces or longer duration forces to
effect tooth movement.

15. A method of orthodontic wire treatment as claimed in claim 13
or 14 rand further including the step of treating a portion of the
orthodontic wire to dinhibit localised hardening or embrittiement of
the wire as a result of exposure to the aqueous hydrogen contributing
substance over the period of time,

16. A method of orthodontic wire treatment as claimed in claim 15

wherein the step of treating the portion of the wire comprises

- heating of -the portion to ‘be made resistant to hardening so as to

‘éreate an oxide coating at the heated portion of the wire.

17. A method of orthodontic wire treatment as claimed in claim 16
wherein the heating is carried out to a temperature of between 600°C
and 700°C. '

18. Ar method of orthodontic wire treatment as claimed in claim 16
or 17 wherein the heating is carried out for a duration in the order

of a few seconds so that surface oxidation only is effected.

o

»
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19. A method of orthodontic wire treatment as claimed in any one of
claims 16 to 18 wherein the heating is carried out until the wire
surface at the portion being heated exhibits a blue colour indicating
the presence of oxidation, the heating then being stopped to prevent
further oxidation.
20, A method of orthodontic wire treatment as claimed in claim 15
wherein the step of treating the portion of the wire comprises
anodising the surface of the portionmn.
21. A method of othodontic wire treatment as claimed in any one of
claims 13 tc 20 wherein the exposure of the orthodontic wire to the
aqueous hvdrogen contributing substance is carried out at a
temperature of from 30°C to 50°C.
29, A method of fabricating an orthodontic appliance comprising the
steps of shaping an orthodontic wire as claimed in claim 9,the
shaping comprising bending the wire without substantial heating te
adopt the required conformation, followed by the step of installing
the wire in a patient's mouth so as to be secured to the patient's
teeth and coupling the wire to at least one tooth so as to apply a
force on that tooth. - ‘ '
23, A method of fabricating an orthodontic appliance as claimed in
claim 22 and further including the step of treating the orthodontié
wire before installation of the wire in the patient's mouth, the
treatment of the orthodontic wire being carried out by a method as
claimed in anv one of claims 13 to 20. .
24, A method of orthodontic- treatment comprising the steps of
installing an orthodontic wire as claimed in claim 9 within a
patient's mouth so as to be secured to the patient's teeth and
coupled to at least one tooth, that tooth being movable under a force
applied to the tooth by the orthodontic wire, the method of
orthodontic treatment including the further step of hardening of the
orthodontic wire over a period of time by exposing the wire to an
aqueous hydrogen contributing substance whereby the orthodonticrwire
is hardened or embrittled over a period of time, the period of time
being a substantial proportion of the desired period of orthodontic
treatment of the patient. '
25. A method of orthodontic treatment as claimed in claim 24
wherein the orthodontic wire is treated by a method as claimed in any

one of claims 15 to 20 so as to inhibit hardening of the portion of
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the wire, the “orthodontic treatment method further comprising the
step of reshaping the treated portion at at least one time during the
orthodontic treatment period so as to adjust the magnitude and/or

direction of force being applied by the orthodontic wire.

»
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which fees*were plld specifically clains:

" No réquired additional search fees were timely paid by the applicant. Consequently, this

international search report is restricted to the invention first mentioned in the clainms;
it is covered by claim numbers:

As all searchable clLaims could be searched without effort justifying an additional fee,
the International Searching Authority did not invite payment of any additional fee.

Remark on Protest
L 1 The additional search fees were acconpan1ed by applicant's protest.

protest accompanied the payment of additional search fees.
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ANNEX TO THE INTERNATIONAL SEARCH REPORT ON

INTERNATIONAL APPLICATION
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NO. PCL/AU 89700541

This Annex lists the nown "A* publication level patent family members
above-mentioned

relating to the patent documents cited in the

international search report. The Australian Patent Office is in no way
liable for these particulars which are merely given for the purpose of

Patent Document
Cited in Search

Patent Family Members

Report
GB 2203755 DE 3813667 FR 2616448 JP 1025931
SE 8801476 US 4900510
US 4645453
EP 302717 JP 1284243
EP 202031 CA 1252697 JP 62064366 Us 4704126
US 4412819
US 4197643 DE 2910021 FR 2419715 JP 54129797
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