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[ ﬂq /95665:3-A A
| PA ‘fENT. )

S/ IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Docket' No. 9 438
) ‘Anticipated Classification of this application:
- R . Class __Subclass
Prior application:
Examiner: K. R ooney
v 7 Art Unit: 3301

Box Patent Application - . ‘

Commissioner of Patents and Trademarks

Washington, D.C. 20231 .

TRANSMITTAL OF FILING UNDER 37 CFR 1.60(b) | ‘

WARNING: A c-i-p (continuatic -u-m-part) t be filed under 37 CFR 1.60.

WARNING: Filing under 37 CFR 1.60 is pemwlted only if filed by the same or less than all the lnven{als named
in the pnor appllcatlon.

WARNING: The filing of an appflcat/on as the United States stage of an International Application requires an
oath or declaration. 37 CFR 1.61(a)(4).

WARNING: The claims of this new application may be finally rejected in the first Office action where all claims
of the new application are drawn to the same invention claimed in the earlier application and
would have been properly finally rejected on the grounds or art of record in the next Office action if
they had been entered in the earlier application. MPEP § 706.07(b).

This is a request for filing a
[} Continuation
(X Divisional

application under 37 CFR 1.60, of pending prior application
7,682,243 filed on /91

(date) -

serial no. 0

of James E. Jexvis

o MEDICAL DEVICES NoorPoRATING ¥H*AIIoY FLEMENTS
(title of invention) ) \\\

CERTIFICAT!ON UNDER 37 CFR 1.10 »

| hereby certify that this 37 CFR 1.60 request and the documen‘s refzrred to as a ched therein are being depos-

ited with the United States Postal Service on this date in an envelope as

E&g qul fgst Office to Addressee” service under 37 C?R 1 10, Ma:hng Label Number
9599303508 arks.

addressed to the: Commissioner of Patents apd T zem ashington, D.C. 20231.

(Type or pnnt name of person mailing paper)
K. Ward

(Signature of person mailing paper)

NOTE: Each paper or fee filed by “Express Mail” must have the number of the Express Mail” mailing label
placed thereon prior to mailing. (37 CFR 1.10(b)).

(37 CFR 1.60(b) [4-3]—page 1 of 8)
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‘NOTE: 37 CFR 1.60 permits the omission of a-declaration only if the prior appixcau'bn was complete as set
forth-in 37.°.CFR 1.51(a), namely, the prior application comprised at least (1) a specification, including a
claim or claims; (2) a declaration; (3) drawings when necessary; and (4) the prescribed filing fee. Ac-
eordingly, as presently worded, 37 CFR 1.60 does not permit this procedure to be used where the prior
.application is pending but only the processing and retention fee required by 37 CFR 1.21()) is paid or
y ) where the declaration was not filed.

3 - . Copy of Prior Application as Filed Which is Attached
y NOTE: .Under 37 CFR 1.60 practice signing and execution of the application by the applicant may be omitted
provided the copy is supplied by and accompanied by a statement by the applicant or his or her attor-
“ney or-agent that the application papers comprise a true copy of the prior application as filed and that

no amendments referred to in the declaration filed to complete the prior application introduced new
matter therein. :

< -~ NOTE: This staiemem need not be verified if made by an attorney registered to practice before the PTO. (37
. CFR 1.60(b)). .

K] 1 hereby verify that the attached papers are a true copy of what is shown in my
records to.be the above identified prior application, including the oath or decla-
ration originally filed (37 CFR 1.60).

Tﬁe_copy of the papers of prior application as filed which are attached are as follows:
‘& —12_ page(s) of specification
page(s) of claims
— 1 page(s) of abstract
——1 _ sheet(s) of drawing

& O

(Also complete part 6 below if dra wings are to be transferred)
2

&

pages of declaration and power of attorney

If the copy of the declaration being filed does not show applicant’s signature in-
dicate thereon that it was signed and complete the following:

[[] in accordance with the indication required by 37 CFR 60(b) my re-
. ‘ cords reflect that the original signed declaration showing appli-
E : : cant’s signature was filed on

[l the amendment referred to in the declaration filed to complete the prior applica-
i . “tion and 1 hereby state, in accordance with the requirements of 37 CFR 1.60(b),"
8 that this amendment did not introduce new matter therein.

2. Amendments

WARNING: ' “The claim of a new application may be finally rejected in the first Office action in those situations
where (1) the new application is a continuing application of, or a substitute for, an earlier applica-
tion, and (2) all the claims of the new application (a) are drawn to the same invention claimed in
the earlier application, and (b). would have been properly finally rejected on the grounds or art of
record in the next Office action if they had been entered in the earlier application.” MPEP
§ 706.07(). ' :

[] Cancel in this application original claims of the prior ap-
plication before calculating the filing fee. (At least one original independent
claim must be retained for filing purposes.)

] ‘A preliminary amendment is enclosed. (Claims added by this amendment have
been properly numbered consecutively beginning with the number next following
the highest numbered original claim in the prior application.)

‘NOTE: Only amendments reducing the number of claims or adding a reference to the prior application (Rule
'1.78(a)) will be entered before calculating the filing fee and granting the filing date. 37 CFR 1.60(b).

NOTE: “When filing under Rule 1.60 retain at least one original claim from the patent application to assure a
complete application.” Notice of March 3, 1986 (1064 O.G. 37-38).

(37 CFR 1.60(b) [4-3]—page 2 of 8)

/
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3. Petition for Suspension of Prosecution for the Time Necessary to File an Amendment

NOTE: Where it is possible that the claims on file will give rise to a first action final for this continuation appli-
cation and for some reason an amendment cannot be ﬂled promptly (e.g., experimental data is being
gathered) it may be desirab_le to file a petition for suspension of prosecution for the time necessary).

(check the next item, if applicable)

{1 There is provided herewith-a Petition To Suspend Prosecution For The Time
Necessary to File An Amendment (New Applucatlon Filed Concurrently)

4. Information Dlsclosure Slatement
(check this item, /f appl;cable)

An information disclosure statement is-submitted h_erewith.,.
5. Fee Calculation (37 CFR 1.16) ‘

CLAIMS AS FILED . (INCLUDING PRELIMINARY AMENDMENT)

Number filed ‘ Number Extra Rate Basic Fee
) 37 CFR 1.16(a)

. $690.00
Total
Claims (37 CFR 1.16(c)) 52-20= 32 X $ 20.00 620
Independent
Claims (37 CFR 1.16(b) 8 3= 5 x  g7200 390
Multiple dependent claim(s), if any '

(37 CFR 1.16(d)) v 5 X $220.00 - 1100

[} Feefor extra claims is not being paid at this time. (37 CFR 1.16(d))

NOTE: If the fees for extra claims are not paid on filing they must be paid or the claims cancelled by amend-
ment, prior 1o the expiration of the time period set for response by the PTO in any notice of fee defi-
ciency. 37 CFR 1.16(d).

Filing Fee Calculation $_2,190
. . Small Entity Status _ - '
[} A verified statement that this filing is by a small entity:
[1 is attached ’
[1 has been filed in the parent application and such status is still proper and
desired (37 CFR 1:28(a)) _
Filing Fee Calculatlon (50% of above) $

NOTE: Any excess of the full fee paid will be refunded if a verified statement is filed w:thm 2 months of the
date of timely payment of a full fee then the excess fee paid will be refunded on request. 37 CFR
1.28(a).

NOTE: 37 CFR 1.28(a), last sentence states: "Applications filed under § 1.60 or § 1.62 of this part must in-
clude a reference to a verified statement in a parent application if status as a smal entily is still proper
and desired.”

{37 CFR 1.60(b) [4-3]—page 3 of 8)
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7. Drawings

8.

9.

WARNING: Do not check the following box if prior case is not to be abandoned.

[[1 Transfer the drawings from the prior application to this application and, subject
"~ toitem 17 below, abandon said prior application ds of the filing date accorded
this application. A duplicate copy of this request is enclosed for filing in the prior
.application file. (May only be used if signed by (1) applicant, (2) assignee of re-
cord or (3) attorney ‘or agent of record authorized by 37 CFR 1. 138 and before
~ -payment of issue fee.) '
NOTE: “A registered am:mey or agent acting under the provisions of § 1. 34(a), or of record, may also ex-
-pressly abandon a piior application as of the filing date granted to a continuing application when filing
such a continuing applrcanon " 37 CFR 1.138.

7] Transfer the foliowing sheet(s) of drawing from the prior appllcanon to this
application

NOTE: Transferred éheets )nust beé cancelled in prior application. 37 CFR 1.88.

[T} A copy of the amendment cancelling these sheets of drawing in the prior
application is attached .

[[] WNew drawings are enclosed
[} formal

3 informal

WARNING: DO NOT submit original drawings. A high quality copy of draw:ngs should be supplied when filing a
patent apphcet_lon The drawings that are submitted to the Office must be on strong, white,
smooth, and non-shiny paper and meet the standards of § 1.84. If corrections to the drawings are
necessary, they should be made to the original drawings and a high-quality copy of the comrected
-original drawing then submitted to the Office. Only one copy is required or desired. Comments on
proposed.new 37 CFR 1.84. Notice of March 9, 1988 (1090 O.G. 57-62).

NOTE: “Identitying indicia such as the serial number, group art unit, title of the inventor, attorney’s docket
number, inventor's name, number of sheets, etc. not to exceed 2% inches (7.0 cm.) in width may be
placed in a centered location between the side edges within three fourths inch (19.17 mm.) of the top
edge. Either this marking technique on the front of the drawing or the placement, afthough not pre-
ferred, of this information and the title of the invention on the back of the drawings is acceptable.” Pro-
posed 37 CFR 1.84(1). Notice of March 9, 1988 (1090 O.G. 57-62).

Priority—35 US.C. 119 B _
[ Priority of application serial no. 0 / filed .on
in
is claimed under 35 U.S.C. 119. (country )
[} The certified copy has been filed in prior U.S. application serial no.
0 7/ on

[T] The certified copy will follow.
_Relate Back—35 U.S.C. 120
[] Amend the specification by inserting before the first line the sentence:

“Thisis a

{1 continuation

[ divisional

of copending application(s)

Serial number 0 / filed
O
on ”

[} Intemnational Application . filed on and
which designated the U.S.”

(37 CFR 1.60(b) [4-3]—page 4 of 8)
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NOTE: The proper reference to a prior.filed PCT appiication which entered the U.S. natfbnal phase is the U.S.
serial number and the filing date of the PCT appilication which designated the U.S.

10. Inventorship Statement

NOTE: If the continuation or divisional application is filed by less than all the inventors named in the prior appli-
cation a statement must accompany the application when filed requesting deletion of the names of the
person.or persons who are not inventors of the invention belng claimed in the continuation or divisional
application.-37 CFR 1.60(b) [émphasis added]. .

(complete appropn‘ate items (a) and (b))

(@) With- respect to the prior copending U.S'. application from which this applicétioa
claims benefit under 35 USC 120 the inventor(s) in this application is (are):

{complete applicable item below)

(X the same

[] less than those named in the prior apphcatlon and it is requested that the
following inventor(s) identified above for the prior application be deleted:

(Type name(s) of inventor(s) to be deleted) '
(o) The inventorship for all the claims in this application are
& the same

[ not the same, and an explanation, inciuding the ownership of the various
claims at the time the last claimed invention was made, is submitted.

11. Assignment

[XI The priorapplication is assigned of record to
Raychem Corporation

[J an assignment of the invention to

is attached. A separate “ASSIGNMENT COVER LETTER ACCOMPANYING
NEW PATENT APPLICATION"” is also attached.

NOTE: “If an assignment is submitted with a new application, send two separate letters - one for the applica-
B " tion and one for the assignment.”’ Notice of May 4, 1990 (1114 O.G. 77-78).

12. Fee Payment Being Made At This Time
: {7 Not Enclosed
] No filing fee is submltted (This and the surcharge required by 37 CFR
1.16(e) can be paid subsequently).
[ Enclosed
[X] basic filing fee
[} récording assignment

($40.00; 37 CFR _
1.21(h) ' $

[1 processing and retention fee
($130.00; 37 CFR 1.53(cd)
and. 1.21R)- $

$_ 690

X Additional Clajms $-1500

(37 CFR 1.60(b) [4-3]—page 5 of 8)
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- MNOTE:. .87 CFR.1.21(l] establishes a fee for processing and retaining any application which is abandoned for
“Railing 10 complete the application pursuant to 37 CFR 1.53(d) and this, as well as the changes to 37
CFR 1.53 and 1.78 indicale that in order to obtain the benefit of a prior U.S. application, either the basic
filing fee must be paid or else the processing and retention fee of § 1.21 (I) must be paid within 1 year
#am notification under §-53(c).

Total fees enciosed . 8 2,130
13 Method of Payment of Fees
' “[R enclosedis a check i in the amount of $.2,190

[ charge AccountNo. —___inthe amount of §
A dupllcate of this request is attached.

NOTE ‘Fees' should be itemized in such a manner that is clear for which purpose the fees are pa;d 37 CFR
J1.22(0). ’

. . Authorization To Charge Additional Fees
WAHNING If no fees are being paid on filing do not complete this item.

WARNING Accurately count claims, especially multiple dependent claims, to avoid unexpecred h/gh charges if
. extra claim charges are authorized.

i X The Commissioner is hereby authorized to charge the following addilional fees
‘; ‘ which may be required b{ this Sager and during the entire pendency of the appli-
cation to Account No. 9 : 7

K} 37 CFR 1.16 (a), (f) or (g) (filing fees)

] 37 CFR 1.16 (b), (c} and (d) {presentation of exira ciaims)

NOTE: Because additional fees for excess or multiple dependent claims not paid on filing or on later presenta-
tion must only be paid or these claims cancelled by amendment prior fo the. expiration of the time peri-
od set for response by the PTO in any notice of fee deficiency (37 CFR 1.16(d)) it might be best not to

authorize the PTO to charge additional claim fees, except possibly when dealing with amendments af-
ter final action.

"] 37 CFR 1.17 (application processing fees)

WARNING: While 37 CFR 1.17(a), (b), (c) and (d) deal with extensions of time under § 1.136(a) this authoriza-
: tion should be made only with the knowledge that: “Submission of the appropriate extension fee
; under 37 CFR 1.136(a) is to no avail unless a request or petition for extension is filed.” [emphasis
added]. Notice of November 5, 1985 (1060 O.G. 27).

{T] 37 CFR 1.18 (issue fee at or before mailing Notice of Allowance, pursuant
10 37 CFR 1.311(b)).

NOTE: Where an authorization 1o charge the issue fee to a deposit account has been filed before the mailing
) of a Notice of Allowance, the issue fee will be automatically charged to the deposit account at the time
ot mailing the notice of allowance. 37 CFR 1.311(b)).

NOTE: 37 CFR 1.28(b) requires “Notification of any change in status resulting in loss of entitlement to small
entity status must be filed in the application . . . prior to paying or at the time of paying . . . issue fee.”
From the wording of 37 CFR 1.28(b): (a) notification of change of status must be made even if the fee
is paid as "other than a small entity” and (b) no nofification is required if the change is to another smalf
entity. :
15. Power of Attorney

£1 The power of attorney in the prior application is to
Jeffrey G. Sheldon 27,953

Reg. No.

Attorney

a. [] The power appears in the original papers in the prior application.

(37 CFR 1.60(b) [4-3]—page 6 of 8)
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b. K] Since the power does not appear in the original bapers, a copy of the power in
the prior application is enclosed.

c. [JA new power has been executed and is attached.
d. ' {X] Address all future communications to

Jeffreyﬁ, Sheldon, Esq. (818) 796-4000
eldon & Mak ] :
225 S. Lake Avenue — 9th Floor

91101
(=)

(ltem onl be 'com leted by nt, or attorney or agent of record)

16. Maintenance of COpendency of Prior Application

(This item must be completed and the papers filed in the prior appl:catlon if the period set
in the pnor application has run)

[C] A petition, fee and response has been flled to extend the term in the pending
prior apphcanon until

NOTE: The PTO finds it useful if a copy of the petition filed in the prior application exiend:ng the term for re-
sponse s filed with the papers constltuﬂng the fi Ilng of the Continuation Application. Notice of Novem-
ber 5, 1985 (1060.0.G. 27).

[] A copy of the petition for extension of time in the prior application is at-
tached.

17. Conditional Petition for Extension of Time in Prior Application-

(complete this item and file condi(ional petition in the prior applica tioh if previous item not
applicable)

[T} a conditional petition for extension of time is being filed in the pending parent
apphcauon
NOTE: The PTO finds it useful if a copy of the petition filed in the prior application extending the term for re-
sponse is filed with the paper constituting the filing of the continuation application. Notice of November
5, 1985 (1060 O.G. 27).
[1 A copy of the conditional petition for extension of time in the prior applica-
tion is attached.

18. Abandonment of Prior Application (if applicable)

WARNING: (Do not complete this item if the application being filed is a divisional of the prior application wh/ch
is not being abandoned)

NOTE: "“A registered attorney or agent acting under the provisions of § 1.34(a), or of record, may also ex-
pressly abandon a prior application as of the filing date granted to a continuing application when filing
such a continuing application.” 37 CFR 1.138.

[1 Please abandon the prior application at a time while the prior application is
periding or when the petition for extension of time or to revive in that application
is granted and when this application is granted a filing date so as to make this
application copending with said prior application.

(37 CFR 1.60(b) [4-3]—page 7 of 8)
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1'9. Notification In Parent Application of the Filing of This Continuation Applicaﬁon

A hotification of the filing of this continuation is being filed -in the
parent application from which this application claims priority-under
35USC§ 120. '

I hereby declare further that all statements-made herein of my-own knowledge are true
and that all statements made on information and belief are believed to be true; and further
that these statements were made with the knowledge that willful false statements -and the
like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title
18 of the United States Code, and that such willful false statements may jeopardize the va-
lidity of the application or any patent issuing thereon. ' .

5

. Jeffrey G. Shé1don

Vol g, AT

Date Sheldon & Mak Signaturg/ !
8 225 S. Lake Avenue :
Pa‘sadena, CA 91101

P.O. Address of Signatory

Inventor

Assignee of complete interest

Person authorized to sign on behalf of assignee

Tel. No.: (1818 796-4000.

- Attorney or agent of record
Filed under Rule 34(a)

‘oEOoOoO0

Reg. No. 27,953
(if applicable)

(Complete the following if applicable)
‘ Raychem Corporation

Type name of assignee | ]
300 Constitution Drive

Address of assignee

Menlo Park, CA 94025

Thtle of person authorized to sign on behalf of assignee

Assignment recorded in PTO on
Reel Frame

[ Plus ASSIGNMENT (DOCUMENT) COVER LETTER ACCOMPANYING NEW
PATENT APPLICATION

(37 CFR 1.60(b) [4-3]—page 8 of 8)
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CONFORMED COPY

MEDICAL DEVICES INCORPORATING
SIM ALLOY ELEMENTS

James E. Jervis

ABSTRACT OF THE DISCLOSURE

Medical devices which are currently proposed to use
elements made from shape memory alloys may be improved by
the use of stress-induced martensite alloy elements instead.
The use of stress-induced martensite decreases the temperature
5 sensitivity of the devices, thereby making them easier to

install and/or remove.

Edwards Exhibit 1033, p. 12
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BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to medical devices incorporating

shape memory'alloys, and to improvements therein.

5 Introduction to the Invention

Materials, both organic and metallic, capable
of possessing éhape memory are well known. An article
made of such materials can be deformed from an original,
heat-stable configuration to a second, heat-unstable
10 configuration. The article is said to have shape
memory for the reason that, upon the application of
heat alone, it can be caused to revert, or to attempt
to revert, from its heat-unstable conFigurétion to its
original, hégp-stable configuration, i.e. it "remembers"

15 its original shape.

»% Among metallic alloys, the ability to possess shape

; memory is a result of the fact that the alloy undergoes’
"a reversible transformation from an austenitic state to
a martensitic siate with a change in temperature. Thié

ZQ transformation is sometimes referred to as a_thermoelastic
martensitic transformation. An article made from such an
alloy, for example a hollow sleeve, is easily deformed from
its-original configuration to a new configuration when
cooled below the temperature at which the alloy is trans-

25 formed from the austenitic state to the martensitic state.

Edwards Exhibit 1033, p. 13
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The temperature at which this transformation begins is
usually referred to as M5 and the temperature at which it
finishes MF' When an article thus deformed is warmed to
the temperature at which the alloy starts to revert back to

austenite, referred to as As (Af being the temperature

‘at which thé reversien is complete) the deformed object will

begin to return to its original configuration.

Many-shape memory alloys (SMAs) are known to display
stress-induced martensite (SIM). When an SMA sample exhibit-
ing stress-induced martensite is stressed at a temperature
above Ms (so that the austenitic state is initially
stable), but below My (the maximum temperature at which
martensite formation can occur even under stress) it first
deforms elastically and then, at a critical stress, begins
to transform by.the formation of stress-induced martensite:
Depending on whether the temperature is above or below ASE
the behavior when the deforming stress is released differs.
If the temperature is below As’ the stress-induced_martensite
is stablg; but if the temperature is above As, the martensite
is unstable and transforms back to austenite, with the-
sample returning (or attempting to return) to its original
shape. The effect is seen in almost all alloys which
exhibit a thermoelastic martensitic transformation, along
with the shape memory effect. However, the extent of the
temperatufe range over which SIM is seen and the stress and
strain ranges for the effect vary greatly with the alloy.

In copending and commonly aSSi%;iP[Hf }(ﬁfﬁgptnépplic'

ation - to Quin,, the disclesure of
LN A
S

is incorporated herein by reference, a nickel/titanium/_

‘vanadium alloy having SIM over a wide temperature range is

disclosed.

Edwards Exhibit 1033, p. 14
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Shape memory alloys have found use in recent years in,
for example, pipe couplings (such as are described in U.S.
Pat. Nos.'&,d}S,DO? and 4,198,081 to Harrison and Jervis),
electrical connectors (such as are described in U.S. Pat. No
3,740,839 to Otte & Fischer), switches (such as are described
in U.5. Patent No. b,205,293)!_§ctuators, ete. ‘

Various proposals have also been madé to employ shape
memofy alloys in the medical field. For example, U.5. Pat.
No. 3;620,212 to Fannon et al. proposes the use of an SMA
intrauterine contraceptive device, U.5. Pat. No. 3,786,806
to Johnson et al. proposes the use of an SMA bone plate,
U.S. Pat. No. 3,890,977 to Wilson proposes the use of an SMA

element to bend a catheter or cannula, etc.

These medical- SMA devices rely on the property of shape
memory to achieve their desired effects. That is to say,
they rely on the fact that when an SMA element is cooled to
its martensitic state and is subsequently deformed, it will

retain its new shape; but when it is warmed to its austenitic-

state, the original shape will be recovered.

However, the use aof the shape memory effect in medical
applications is attended with two principal disadvantages.
First, 1t 1is difficult to control the transformation temper-
atures of shape memory alloys with accuracy as they are

usually extremely composition-sensitive, although various

,teciﬁiques have been proposed (including the blending by
f-aw e

rametallurgy of already-made alloys of differing trans-
formation temperatures: see U.S5. Pat. No. 4,310,354 to.
Fountain et al.). Second, in many shape memory alloys there.

Edwards Exhibit 1033, p. 15
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is a large hysteresis as the alloy is transformed between
austenitic and martensitic states, so that reversing of the
state of an SMA element may requife a temperature excursion
of several tens of degrees Celsius. The‘combiﬁation of these
s factors with.the limitation that (a) it is inconvenient to
have to engege in any temperature manipulation, and (b) -
human tissue cannot be heated or cooled beyond certain
relatively narrow limits (approximately 0° - 60°C for short
periods) without suffering temporary or permanent damage is
10 expected to limit the use that can be’made of SMA medical
devices. It would thus be desirable to develop a way in
which the advantageous property of shape memory alloys,
i.e. their ability to return to an original shape after
relatively substantial deformation, could be used in medical
15 devices without requiring the delicacy of alloying control
and/or the temperature control of placement or remeal

needed by present shape memory alloy devices.

DESCRIPTION OF THE INVENTION

Summaryv of the Invention

:E 20 I have discovered that if, in a medical device containing
a shape memory alloy element which uses the shape memory
property of that 2lloy, an element which shows the property
of stress-induced martensite is used instead, an improved device

results.

25 Accordingly, this invention prbvides a medical deQice
intended for use within a mammalian body, or in such preximity
to a mammalian body that the deQice is substantially at body
‘temperature, which device comprises a shape memory alloy
element, the improvement in which comprises the substitution

30 of an alloy element which displays stress-induced martensite

at said body temperature for the shape memory alloy element.

Edwards Exhibit 1033, p. 16
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Brief Description of the Drawing

Figures 1 and 2 illustrate the stress-strain behavior

of an alloy which exhibits constant stress versus strain

behavior due to stress-induced martensite.sf

Detailed Description of the Preferred Embodiments

Sng The invention will be discussed first by introducing
the concept of stress-induced martensite and the effect

achievable by its use, and then by examples showing how SIM

alloy elements cen be substituted for conventional SMA

10 elements in hedical devices to achieve the beneficial effect

of the inventipnf

The Figures illustrate the phenomenon of stress-
induced martensite by means of stress-strain curves. In
both Figure 1 and Figure 2, the alloy is at a temperature
15 between M_ and M, so that it is initially austenitic;
and it will be assumed for the pupaoses of this discussion
thet Hs is equel to Mf, and As equal to Af. Figure
1 shows the case when the temperature is below As’ so tnzt
any martensite formed by the applied stress is stezble; while
- 20 Figure-2 shows the czse where the temperature is above Ags
so that austenite is the only stable phase st zero siress.
In Figure 1, when a stress is applied to the alloy,
it deforms elastically 2long the line OA. At a critical
applied stress, oys the austenitic alloy begins to trans-

25 form to (stress-induced) martensite. This transformation
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tskes place at essentially constant stress yntil the aliloy
becomes fully martensitic at point B. From that point en,
as further stress is applied, the martensite yields first
elastically and then plastically (only elastic deformation
is shown at point C). When the stress is relessed, the
martensite recovers . elastically to point D, at which there
is zero residval stress, but & non-zero residusl strain.
Because the alloy is below ﬂg; the defofmation is not
recoverable until heating above AS results in a reversion

to austenite. At that point, if the sample is unrestrained,
the original. shape will be essentially completely recovered:
if not, it will be recovered to the extent permitted by the
restraint. However, if the material is then allowed to
re—coo]lto the original temperature at which it was deformed
(or a temperature where SIM behavior of this type is seen),
the stress produced in the sample will be constant regardless
of the strain provided that the strein lies within the

"ﬁ}ateau" region of t stress~-strain curve. That is, for a
" 4
E.t;—a‘-i-sls)\between Eg and%‘ the strain will be op- This

means that a known, constant force (calculable from c,M) can
be zpplied over a wide (up to 5% or more for certain Ni/Ti
alloys) strain range. Thus, though this resembles the
conventional shape memory effect, because the alloy shows SIM

and is below A5 a2 constant force can be achieved.

In Fipure 2, when a stress is zpplied to the alloy,
it deforms elasticezlly zlong line DA, then by SIM along line
AB, and by deformation of the martensite to point C, just as
in Figure 1. However, the stress-strain behavior on unloading

is significantly different, since the alley is above As

Edwards Exhibit 1033, p. 18
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[

is remo;ec, the elloy recovers elasticelly frem I o

then, st & czl stress,c gy tne elloy reverte tc
austenite without requiring a change in terperature. Thue

‘5 reversion occurs st essentiaily constant stress. Finally if
the stress is removed from the reverted austenite, it -
recovers elastically along line E0. The recoverable deform-
ation associated with the formation and reversion of stress-
induced martensite has been referred to as pseudoelasticity.

10 wWhile oy may be comparetively .high, e.g. 50 ksi, €y is
usually substantially lower; e.g. less than 10 ksi; thereby
creating a constant-force spring with an effective working
range of about 5% (cB— a}. The shape chanoge svailable
in the SHA is thus mechanicelly, rsther than thermally,

15 actuated and controlled, permitting a2 greater control over a

device incorporating it..

Suitable alloy for this invention i.e. those displaying
stress-induced maritensite at temperatures near mammalian

body temperature (35°-40°C), may be_selected from known SMAs

. .. Theart . :

— by those of ordinary skill in t 4 having regard to this
o3t L .

disclosure bylgsigna7{or the existence of the SIM effect at

the desired temperzture. A particuvlarly preferred 2lloy is
the nickel/titenium/vanadium 2)}loy,of U.S5. Patent Application
B . T Now b-S.yP-ﬁmT Mo ‘1,&355‘7177pp

E referred to previously.

No.- TRt RoT AL
M-ﬁ?ﬂ
2i)w@33>\_zThe invention will now be discussed in detail by some
£xamples of the use of an-SIM alloy.

Example I. Heart Valves

Akins, in U.5. Patent No. 4,233,690, the disclosure of

which is incorporated herein by reference, cescribes the use

35 of a2 shape memory zlloy ring to hold a sewing cuff to the
body of an artifical’heart valve. The‘ring is made in the
austenstic phase, cooled to the martensitic phase, deformed,
placed around the valve body, and heated or allowed to warm
to cause reversion to the austenitic phase and recovery of

i3 the ring into engagement with the valve body.
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However, this technique has not founc commercial
acceptance. Present medical technique requires that the
valve body be cepable of being rotated relative to the cuff,
thereby enabling the surgeon to set the rotational orientation
of the valve after it has been sewn into place. This is
desirable because the techniques used make it difficult to

visualize or accomplish optimal orientation during initial

placement.

"In order to sccomplish the desired torque control to
permit the desired rotetion and yet ensure a firm hold of
the cuff on £he-valye body, precise control of the pressure
.exerted on the valye'bon by the ring is needed. This is
difficult because there are substantial manufacturing
tolerances in the valve body which may be made, for example,
of pyrolytic graphite or ceramics, ete. Because the austenite
. stress-strain curve is extremely steep, it is not considered ‘
practical to use the simple shape memory technigue proposed
by Akins. Indeed, Akins does not even address the. issue of
rotation.of the cuff with respect to the velve body.

However, if an SIM alloy is used instead of conventional

shape memory, the process may be considersbly simplified.

First, if the a2lloy has a stress-strain curve like that
of Figure 1, the alloy ring may be made just as for Akins.
The ring is then expanded from its initial austenitic state
by the formation of SIM. When the ring is placed about the
valve body, it needs only to be heated above Af and
allowed to cool to its original-temperature for the ring to
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engage the valve body with & constant force, even if the
valve body has a deviation from the'specified size. Tlhe
torque may thus be controlled to the desired level despite

manufacturing tolerances.

- Second, if the alloy has a stress-strain curve like

) that of Figure 2, the ring may be expanded, placed over the
valve body, snd the stress ‘teleased all at-the same temperature.
Because the austenitic phase is stable, the stress-induced
marfensite spontaneously reverts to sustenite until recovery

10 is restrained by the ring engaging the valve body. Because v

the reversion to austenite takes place at constant stress, a

constant force (and hence constant torque) may be obtained
regarqiess of manufacturing tolerances. Close temperature
control is not required, either; and the fact that the

| - 15 patient in a heart valve replacement operation is convention-
ally cooled as much as 15°C or so below normal body temperature

does* not affect the operation of the ring.

To control the torque at a sufficiently low level,
it may be desirable for the alley ring to be other than a
5 20 solid ring, such as, for example, a continuous helical spring,
a flét zigzag spring, etc. Such variaztions permit the
: achievement of a greater range of movement with constant
force and a reduction in the force exerted by the ring on
the value body, since the ring recovers in z bending mode

25 rather than in tension.
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“Example I1I. Catheters And Cannules

Wilson, -in U.S. Patent No. 3,890,977, the disclosure
of ‘'which is incorporated herein by reference, discloses a
catheter or cannula (both being included hereinafter in the
word "catheter") made of, .or containing, an SMA element to
cause all or a portion of the catheter to deploy in a useful

form once introduced into & living body.

However, egain this-.device has not been commercialized.
Possible defects of the device which have prevented commercial-
ization include (i) the inability to slowly emplace the

catheter in a desired position when the transition temperature

-of the alloy is below body temperature (since the SMA

element will attempt to revert to its original shape as it

.reaches body temperature), thus limiting the ability of the

physician to place the device carefully and precisely; or
alternatively, if the transition temperature of the alloy is
above body temperature, the requirement that the deyic&l%k
heéted to a temperature sbove body temperature to cause
recovery and that the device be placed so as not to change
shape again when it re-cools (since the body temperature is
below the transition temperature); (ii) the inability to
remove the device eésily: and (iii) the need for controlled
temperature storage to prevent premature reversion to
austenite of the SMA, with conseguent shape change.

The issue of removal of a catheter is especially

significant, and not addressed by Wilson. Consider, for

example, a tracheal puncture catheter. This should be
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straight for easy insertion into the trachea through a
puncture into the front of the neck, but should curve after
insertion so that the flow of air or oxygen through the
catheter passes axially down the trachea rather than impinging
on the surface of the trachea and damaging it. If a shape

memory catheter is used as coqtgmplated by Wilson, it would

. presumably become austenitic and bend after insertion (see

Figures 1a and 1b, and corresponding text, of Wilson). But
removal would require either cooling to below the transition
temperature (which could easily mean cooling to so low a
temperature that the tracheal tissue is daméged), removal in
the bent shape (presumably damaging tissue), or forcing the
austenitic SMA to straighten to permit direct removal (unlikely
to be satisfactory since the austenitic alioys e.g. of Ni/Ti
may have yield st;engths of 100 ksi or more, and force

sufficient to cause plastic deformation would be required).

If an SIM element is used instead, however, removal can
be accomplished 2lmost as easily as insertion. If the
catheter is made in a bent shape {as in Wilson), it can be
straightened by insertion of a straight pin down the catheter
axis, the catheter deforming by the formation of stress-induced
martensite. Insertion of the catheter into the trachea is
accomplished while the catheter is straight, at whatever
rate is desired (permitting easy and accurate placement),
and the pin is gradually withdrawn to permit the catheter to
take up its desired shape as the martensite reverts to
austenite., [It is assumed here that the stress-strain curve
of the alloy at the temperature of use-is of the form of
Figure 2, so spontaneous reversion occurs on removal of the
stress induced by the pin]} When removal is desired, it may
be achieved simply by the gradual insertion of the pin,
straightening the catheter and permitting easy withdrawal.
Insertion of the catheter into the body and pin removal may,

of course, take place simultaneously if desired, as may pin
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Example I1I. I1UDS

Fannon et al., in U.S. Patent No. 3,620,212, the
disclosure of which is incorporated herein by reference,
discloses an intrauterine contraceptive device {(an 1UD)

5 proposed to be formed of a shape memory alley. The device
is suggested to be deformed in.the martensitic phase (the
transition temperature being below .the temperature of the
uterus), and the deformed device insulated with, e.g., wax
and inéprted;i#: Removal is contemplated only by using two

10 SMA elements in opposition, the higher temperature one being
martensitic at body temperature but strong emough so that,
if heated, it will overcome the lower temperature element .
and deform the IUD back to a removable shape. The heating
contemplated is electrical. The storage problem discussed

15 in Example II also exists here, so that the device must be

stored below its transition temperature.

By the use of an SIM element, however, these dis- .
advantages may be overcome. Again, assume that the-alloy is
SIM psuedoelastic, i.e. that it has the stress-strain curve of
20 Figure 2.- Then an IUD may be formed into the desired shape
in the austenitic state, and deformed by compression into a
tubular placement device (the deformation being such that
the strain levels lie within the "plateau" of the stress-
5>p{%9/}ra1n curve)‘Z>When the placement device is inserted into
2 the uterus, the IUD may be deployed by extrusion of the IUD
from the placement device. Deployment is then controlled but
immediate, so that the physician may satisfy himself with
placement. Removal is the reversal of placement: the
placement device is inserted into the uterus, the IUD deformed
0 by withdrawal into the placement device, and the placement

device withdrawn. Temperatﬁre control is not required.

5
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Example 1V. Bone Plates

Johnson et al., in U.S. Patent No. 3,786,806, the
disclosure of which is incorporated herein by reference,
propose the use of Ni/7i SMA bone plates in fracture

5 fixation. The plate is deformed in its martensitic state,
.screwed to the two ends of the bone it is desired to compress
together, and warmed (or alié@ed to warm) to the austenitic

state, when the plate contracts, compressing the bone ends
. together.
éE:> g9 /#
(1)

10 Because of the high elastic moduli of the austenitic
~ shape memorTy alt&vg, it will be difficult to control the \
Ca amount of force—«ggg}%ay be applied by a bone plate of the
type proposed by Johnsan et al., and précision'placement.of

the bone ends and elongation of the plate will be required.

15 ‘ If, however, an SIM pseudoelastic bone plate is used,
it-will be easily possible to elongate the plate and fasten
it to the bone ends without requiring high precision.
Because of the camparétively large (e.g. 5%) strain range
at essentially constant stress, the force which will be put

20 on the bone ends to compress them will be readily adjustable
(by the size of the plate, for example) and will be insensitive
to precise placement of the bone ends and/or eloﬁgation of
the plate. Also, the recovery of the plate, since it is

controlled by mechanical restraint, may be as gradual as

193]

desired, achieving excellent force and time control, and

permitting the surgeon to make adjustments as desired.
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Example V. Marrow Nails

Baumgart et al., in U.S. Patent No. 4,170,990, the
diséloéure of which is incorporated herein by reference,
discloses the use of the two-way shape memory effect (where

_an SMA element exhibits a first shape in the austenitic
state and a second in the martensitic stete, and spontaneously
changes bthe%n the two shapes with a change in temperature)

. -mgyscqus . )
in, inter alia,, marrow nails (see Figures 1a through 1e, and

corresponding text, of Baumgart et al.)., 3.t

The method proposed, however, requires ﬁhe use of a
wide temperature range in order fo cause the phase change
which is the origin of the two-way shape memory effect (5°C
to 60°C for the water used to cool or heat the nail). In
addition, it requires the manufacture of two-way shape
memory elements, which is generally more complex than the
manufacture of conventional shape memory elements; and

R ron§it: 0N . .
precise control of the +®anisitien-temperature is required.

However, if an SIM pseudoelastic alloy element is employed,
. TN T .
these disadvantages may be overcome. If internal\tangs,”which
may be gripped by an inserted tool, are pfovided within a

marrow nail of the type shown in Figure 1a of Baumgart et

al., then the nail may be radially compressed by the application-

of stress by such a tool. W¥hen the nail is released by the
tool, it will expand to fill the bone channel with a constant
force (not readily available by Baumgart et al.); and it may

be withdrawn by the reverse procedure.

Edwards Exhibit 1033, p. 26



10

aléb MP0BBL&-US]L
16~

Example VI. Dental Arch Wire

Andreasen, in U.S5. Patent No. 4,037,324, the disclosure

of which is incorporated herein by reference, proposes the

use of dental arch wires made of Ni/Ti alloys instead-of

conventional 18-8 stainless steel wires. The wires are

stated to be of lower elastic modulus and higher elastic
limit than stainless steel, which is stated to be advantageous.
Heat recovery of an SMA wire is also suggested as a technique

for orthodonture.

The technique o?'using the conventional shape memory
effect is not believed to have found clinical application,
possibly because such a technique would require rapid
placement of the wire in its martensitic state to avoid
prematﬁre recovery, and would result in rapid recovery with

extremely high forces, which would be painful for the pétient.

- The use of a wire which displays lower elastic modulus
and higher elastic limit than stainless steel has found .some
application, however. Otsuka et al. in Metals Forum, v. 4,
pp. 142-52 (19B1) have suggested that this behavior may be
the result of elasticity enhanced by cold working and
martensite-to-martensite psuedoelasticity in an alloy which
has a transition temperature below body'temperature. The
alloy, then, is martensitic rather than austenitic in its

undeformed state.

" While the use of an enhanced elasticity wire may offer
some advantages over the more usual stainless steel wire, it

remains the situation that the amount of motion in the tee;h-

 that may be produced by -an arch wire without further adjustment
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is largely limited by the pain tolerance of the patient

(since the force applied by the arch wire is proportional to
the deformation of the wire). However, if an SIM pseudoelastic
wire is used, it can exert a relatively constant force

(chosen by the dentist to be sufficient to cause tooth

movement but, not painful) over a strain range of up to 5%.

The load may be applied mechanically, and is thus more

readily established, and no ﬁ;etise temperature control of

the alloy is needed as would be required for the shape

memory effect.

Example VII. Coil Stents and Filters

The use of tubular coiled wire stent grafts has been
discussed in the medical literature since 1969. Although
the coils.helped maintain patency of the vessels in which
they were placed, they were difficult of insertion unless
narrow enough to significantly narrow the lumen of the
vessel. Recently it has been propo#ed, see Radiology, v.
147, pp. 259-60 and pp. 261-3 (1983), the disclosures of
which are-incorporated herein by reference, to use SMA wire
to form these tubular coils. The wire, which has a trans-
formation temperature below body temperaturé, is introduced
through a catheter affer being straightened in its martensitic

state. Hhen'the wire is heated, the coil re-forms.

Because of the difficulty of controlling the trans-
formation temperature accurately, it has proved necessary
to cool the straightened wire during inseréion and/or to
heat the wire to form the coil after insertion. These

procedures add to the complexity of the operation.
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If an SIM pseudoelastic wire 1is used to form the
coil, which is then isothermally deformed by loading into a
catheter, then the need for temperature control is avoided.
The wire remains straight when in the catheter, but re-forms

the coil spontaneously when it is extruded from the catheter.

Accurate placement is thus readily obtainsble, since there

is no urgency as might be required with a conventional shape

memory effect element.

It has similarly been proposed to use SMA wire to form
a filter for emplacement by catheter in the vena cava to
trap blood clots. The filter is formed in the austenitic
state,vthe wire straightened in the martensitic state and
inserted, and the filter ' re-forms on warming. Just as for
the coil stents discussed above, the use of an SIM pseudo-
elastic wire would greatly simplify manufacture and insertion
of such a vena cava filter, permitting accurate plécement

with no need for urgency or temperature manipulation.

Example VIII. Bone Staples, Clips, etc.

Bone staples are frequently used to hold fragments of
fractured bone together when the fracture is fixed, and may
be used in some cases as a replacement for bone plates in
the same situation. Sometimes the staples are iﬁserted into

drilled heoles, sometimes merely driven into the bone directly.

It would be desirable to hawe a bone staple which provided

a controlled force between the Qihes*which would tend to hold

the staple in place. Shape memory allcys have been proposed
for this application, but again the problem of accurate place-
ment while operating. quickly enough to prevent the shape
change associated with the martensite-to-austenite transition

and/or the need for temperature control complicate their use.

.
/
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If an SIM alloy is used, these disad
readily overcome. If the alloy is below
émpl&ced in the martensitic state. Brief
belrequired to cause it to become austeni
cooling to body temperasture, a constant f

If the alloy is above As’ the staple can

.by a moderate force, then released after

provide an accurately-kndwn_{orce. In ei
is easier than if the alloy is purely aus

above fnr Examples II and V, for example.

Similarly, SIM alloy (especially all
pseudoelastic, above AS at its utilizatio
may be used to manufacture vascular clips
element here acts as a constant force spr
strain range (greater than conventional e

resulting in ease of use.

PDEB4-US]

vantages may be
As’ it may be
heating will then
tic, but on re-
orce can be achieved.
be held deformed
insertion to also
ther event, removal -

tenitic, as discussed

oy which is

n temperature)

, ete.  The alloy .
ing over a wide

lastic metals),

From the foregoing, it is clear that, in a situation

where narrow temperature differences are

available or

preferable, as often is the case in medical applicdtions,

mechanically constrained. shape change is

solution  -than heat actuated shape change.

a much more useful
It offers a

degree of control heat actuation does not, it offers easier

alloy composition dontroi, it eases mating part tolerance
requirements, and it offers simple mechanical reversal at

minimal stress levels, all without heating, coocling or

insulation complications.

It will be obvious to those skilled in the art, having
regard to this disclosure, that other variations on this

invention beyond those specifically exemplified here, and

other medical devices making use of stress-induced martensite,

may be made. Such variations are, however, to be considered

as coming within the scope of this invention as limited

solely by the following claims.

¢
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use within a

2. of claim 1 which is a heart valve, the

tracheal catherter.

5. The device of claim which is an intrauterine
contraceptive device.
6. The device of claim 1 is a bone plate.
7. The device of claim 1 which a marrow nail.
8. The device of claim 1 which dental arch wire.
9. The device of claim 1 whicﬁ is bone staple.

10. The device of claim 1 which is a clip.

W (5
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§1/956633

In Re Application of: Group Art Unit:

2/ Pact

JAMES E. JERVIS Examiner:

)
)
)
Divisional of )
Serial No. 07/682,243 )
)
)
)
)
)

Filed: Herewith
For: MEDICAL DEVICES INCORPORATING
SIM ALLOY ELEMENTS
PRELIMINARY AMENDMENT AND INFORMATION DISCLOSURE STATEMENT
Honorable Commissioner of Patents and Trademarks
Washington, D. C. 20231 ‘

Sir:

Please amend the above-identified patent application as

follows:

IN THE SPECIFICATION

Page 2, before the heading "“Background of the

Invention”, insert:

—= CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a divisional of application Serial

No. 682,243 filed on April 9, 1991, now U.S. Patent No.

D EHDM , which is a divisional of Serial No. 252,019 filed

_on September 27, 1988, now U.S. Patent No. 5,067,957, which is a

pcd\wpS 1\docsimiriactions.pto\Raychem\7757Pre 2. Amd September 25, 1992
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abandoned.

1

so— e

continuation of Application Serial No. 177,817 filed March 30,
1988, now abandoned; which is a continuation of Application
Serial No. 047,824 filed May 8, 1987, now abandoned; which is a
continuation of Application Serial No. 865,703 filed May 21,
1986, now U.S. Patent No. 4,665,906; which is a continuation of

Application Serial No. 541,852 filed October 14, 1983, now

//"““

Page 3, line 28, after Quin insert -- now U.S. Patent

No. 4,505,767 --.

—_— —

Page 4, line 26, delete "power" and insert --

powder --.

Page 6, line 4, after "martepsite," please inserfﬂf:T\“""_—~—

CW front-plar-l view of a one{ i‘np‘lalyt, namely a naile==

g

Page 7, line 19, delete "E;" and insert -- E,--.

Page 7, line 19, delete "strain" and insert --
stress --.

Page 8, line 20, delete "theart" and insert --

the art --.

pcd\wpb 1\docsimjriactions.pto\Raychemi7757Pre2.Amd 2 September 25, 1992

Edwards Exhibit 1033, p. 40



— e
Page 8, line 21, delete "tsting” and insert --
‘i testing --.
! Page 8, line 24, after " (Docket No. MP0873-US1)" insert

-- now U.S. Patent No. 4,505,767 --.

Page 8, between lines 24 and 25, insert the following

paragraph:

. -mollowung table sets forth transformation

(aév”}. temperature data for alloys disclosed in US- 4505767:
3 ALV o s

. — e e e
cea— .

~ — . - .. P S, =

TABLE
O Composition (atomic percent)
Ni Ti 4 M, A(90)
49.50 43.50 7.00 -107 -388
50.00 44.00 6.00 -96 -84
49.00 43.00 8.00 -83 -61
50.00 45,00 5.00 -42 ~33
49.00 45.00 6.00 =35 -12
50.50 48.00 1.50 -32 -6
48.50 44.50 7.00 =30 -13
50.00 46.00 4.00 -11 7
48.50 45.00 6.50 ~10 15
49.00 45.50 5.50 -10 14
‘ 48.00 44,25 7.75 -7 8
3 48.50 45.50 6.00 -5 27
N 41.50 38.50 20.00 -2 86
46.50 43.50 10.00 -1 50
36.25 33.75 30.00 0 42
49.50 46.00 4.50 6 35
48.00 46.00 6.00 12 36
47.75 45.75 6.50 20 54
ped\wp5 1idocsimjriactions.pto\Raychem\7757Pre 2.Amd 3 September 25, 19932
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47.50 45.50 7.00 26 58

48.50 46.50 5.00 27 58

45.00 45.00 10.00 30 71

47.50 46.50 6.00 32 71‘______4,___,,_

46.50 46.50 7.00 34 70F-

Page 11, line 17, delete "by" and insert -- be --.

I/

Page 13, line 9, delete "it".

Page 14, line 12, delete "whch" and insert -- which --.
e -

Page 14, line 9, after "together." insert -—The

dohrrson al. bone plate is of generally oblong configuration,

CRL4 overlaps a bone fracture and is secured by two screws to one

portion of the bone and by two other screws to the other portion

—

of the bongl —-.

_—

Page 15, line 8, before "marrow nails" insert --

—

implants, such as --.

Page 15, line 9, insert after "Baumgart et al.“/—::_‘_—““‘“*~\

—————

Marrow nails according to Baumgart et al. comprise a tube of

e

Ca fs memory alloy which has been split along its longitudinal axis and
i which may have a circular, elliptical, clover-leaf or other
AT rotation preventing cross section, which may also be variable

along the axis of the nail. A prepared marrow nail having a

pedwp5 tdocsimjriactions.pto\Raychem\7767Pre2.Amd 4 September 25, 1992
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CX/E;‘ reduced diameter is loosely inserted into a slightly, or not at
C%rv{j\all' pre-drilled marrow channel of a bone which has been broken
or fractured. By means of a heating probe the marrow nail is
heated and thus expands. This achieves a relative fixing of the
two bone ends along the marrow channel axis. Compression of the
fracture is effected by the available muscle tension. If it
should be necessary, the marrow nail may also be additionally
prestretched along its longitudinal axis so that it is
additionally compressed in the longitudinal direction when
ME heated. 1In this case it is necessary, however, to anchor the
» nail at both of its ends which anchoring can be effected, for

example, by sprockets or teeth on the outer surface of the

= mail )=, — ’

//,//ﬁage 15, line 17, delete "tranisition" and insert --

transition --.

IN THE CLAIMS

el

Cancel Claims 1 to 10.

Add new Claims 11 to 53 as follows: . B

(:1 é, 11. A medical device for use withlin ammalian body,

or in such proximity to a mammalian body that the device is

pedwpS1\docsiminiactions.ptolRaychem\7757Pre2.Amd S September 25, 1992
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(:i$° substantially at body temperature, the device cgmprising an
C;)Y;JTEIement which comprises a shape memory alloy whijch:
(a) displays stress induced martensifje behavior
at body temperaturé; and
t fore than

{b) has an A(90) temperature gf

0°C. 1oy b
<7y osle

f&k}%)iya ;12. A device as claimed in claim 11, which includes a

restraint by means of which the shape memory alloy element is
held in a deformedl configuration to allow it to be positioned
within or in proxfimity to a mammalian body, the deformation

occurring through| the formation of stress induced martensite.

3 13. A device as claimed in claim 12, in which the

restraint is holJow, and the shape memory alloy element is
deformed in suchfasway that it is compressed transversely, and is
positioned withi el restraint, the restraint preventing

transverse exparnsion of the element.

14. A device as claimed in claim 13, in which the

restraint is a catheter.

A device as claimed{in ¢laim 13, in which the

shape memory alloy element is an jntraluterine contraceptive

device.

ped\wp51\docsimiriactii \Raycherm\7757Pre2.Amd 6 September 25, 1992
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| 2 y
a Qa . LETTTN . ‘.\. . s . . } .
ZE;/ 6. A dev1ce as claimed in clalma&4—-1n which the

e

CLD&:IE;hape memory alloy element is a fllter for a blood vegsel.

17. A device as claimed in claim 12, in which the
shape memory alloy element is tubular, and the restyaint is

positioned within the shape memory alloy element tqd deform it.

18. A device as claimed in claim 17, ih whiichf the

shape memory alloy element is a tracheal cathetey.

w\? 19. \ medical device which comprises:

{a) an element for use within a mammalian body or
1n such prdgximity to a mammalian body that the device is
substantiallly at body temperature, the element comprising a
shape memorly alloy which displays stress induced martensite
behavior aﬁ body temperature; and

b) a restraint by means of which the shape

memory all+y element is held in a deformed configuration to
allow it t9 be positioned within or in proximity to a
manmalian pody, the deformation occurring through the
formation jof stress-induced martensite;

wherdin the device is adépted so that removal of the

restraint from |t

pe memory alloy element, without change in

temperature of

ce, releases at least a portion of the

element from i eformed configuration.

pca\wp51\docsimjractions.pto\Raychem\7757Pre2. Amd 7 September 25, 1992
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Q) s
L 206. A device as claimed in Claim 297 in which the

restraint is hollow, and the shape memory alloy element is

positioned at least partially within the restraint.
A%, A device as claimed in Claim 20/, in which the

restraint is a catheter.

Z

A device as claimed in Claim 20+ in which the

shape memory alloy element is an intrauterine contraceptive

device. &@/ ; ) /

) A device as claimed in Claim Zf in which the

shape melﬁ\&;:’y' alloy element is a filter for a blood vessel.

24~ A device as claimed in Claim 194, in which the

shape memory alloy element is tubular, and the restraint is

positioned within the shape memory alloy element to deform it.

- %5
Q‘W 25. A device as claimed in Claim 20, in which the

shape mempry alloy element is deformed in such a way that its

transver§e“dimension is reduced, the restraint preventing

transver expansion of the element.

ﬁ-? 6 The device of Claim 19 wherein removal of the

restrain ;ﬂ the shape memory alloy releases at least a portion

pediwpS 11docs\mjriactions. pto\Raychem\7767Pre2. Amd 8 September 25, 1992
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9438
(Xl( of the shape memory alloy element fyom its deformed configuration

Clpa:t\without change in state of the restiaint.

27. A medical device suitable for placement within or

proximate to a mammalian body for tjreatment of the mammalian

body, the device comprising (i) a yestraining means and (ii) a
memory alloy element formed at leagt partly from a pseudoelastic
shape-memory alloy, the alloy displaying reversible stress-
induced martensite at about body tpmperature such that it has a
stress-induced martensitic state and an austenitic state, the
i memory alloy element having (i) a|deformed shape when the alloy
is in its stress-induced martensific state and (ii) a different
unstressed shape;
the restraining means engaqing-and stressing the

memory alloy element at a temperature greater than the As of

ﬁ the alloy so that the memory alloy element is in its
deformed shape;

wherein the restrgining means is adapted to be

removed from the memory allgy element at a temperature

greater than the As of the alloy when the device is placed

within or proximate to the mammalian body to transform at

least a portion of the alldy from its stress-induced

martensitic state so that
transforms from its deform

shape, and wherein the deyice is adapted so that the

pe\wpS51\docs\mjracti \Raychem\7757Pre2.Amd 9 ) September 25, 1992
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transformation can occur withput any change in temperature

of the restraining means or

28.

body, the device comprising (i) a

the memory alloy element.

A medical device fqr treatment of a mammalian

hollow restraining member and

(ii) a memory alloy element formed at least partly from a

pseudoelastic shape-memory alloy,

the alloy displaying reversible

stress-induced martensite at about body temperature such that it

has a stress-induced martensitic

the memory alloy element having

state and an austenitic state,

i) a deformed shape when the

alloy is in its stress-induced mgrtensitic state and (ii) a

different unstressed shape;
the memory alloy
restraining member, the res
stressing the memory alloy
than the As of the alloy so

in its deformed shape;

blement being within the
training member engaging and
plement at a temperature greater

that the memory alloy element is

wherein the rest

@ining member and the memory

alloy element are movable pelative to each other to

transform at least a portipn of the alloy from its stress-

induced martensitic state at a temperature greater than the

As of the alloy so that tHe

from its deformed shape t

ry alloy element transforms

&/its unstressed shape, and

wherein the device is adapted so that the transformation can

\Raychem\7757Pre2.Amd

pediwpS1\docsimjr\actions,

10

September 25, 1992
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occur without any change] in temperature of the restraining

Jé_ member or the memory all

;*—

\29; The medical device of Claim 28 wherein the
restraining member is a tube ahd the memory alloy element is
|
/
i
j
i

axially slidable within the tulje, and wherein the device is
adapted so that relative axial jmovement between the tube and the
memory alloy element extends atlleast a pdrtion of the memory
alloy element beyond the tube and thereby transforms the memory
alloy element toward its austenitic state.

6. The device of Claim 27 wherein the memory alloy

E: element éan be extruded completely out of the tube for deployment
in the mammalian body.
2
3%4. A medical device for treatment of a mammalian
body, the device comprising (i) a restraining member and (ii) a

hollow memory alloy element formed at least partly from a

pseudoelastic shape-memory alloy, the alloy displaying reversible
stress-induced martensite at about body temperature such that it
has a stress-induced martensitic state and an austenitic state,
the memory alloy element having (i) a deformed shape when the
alloy is in its stress-induced martensitic state and (ii) a

different unstressed shape;

pe4\wp5 dacs\minactions. pto\Raychem\7757Pre2.Amd 11 September 25, 1992
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the restraining member being within the hollow

memory alloy element and engaging and stressing the memory

alloy element at a temperature greater than the As of the
alloy so that the memory alloy element is in its deformed
shape;
wherein the restraining member and the memory
alloy element are movable relative to each other to
transform at least a portion of the alloy‘from its stress-
induced martensitic state at a temperature greater than the
As of the alloy so that the memory alloy element transformé
from its deformed shape toward its stregsed shap, nd
c§;> wherein the denice.iﬁ_adapted—sixggQEQZZeAé;ansformatlon can

occur without any change in temperature of the restraining

member or the memory alloy element.

>

327 The device of Claim—3T wherein the memory alloy

element is a tube and the restraining member is ax%al&y sl

idable
within the tube, and wherein the (=) that '

A
relatiza\;:ifﬁgxz;fment between the tube and the restraining
éi/ <meansR tends at least a portion of the tube beyond the

restraining means and thereby transforms the tube toward its

austenitic shape.
15 [

33 A medical device for insertion into a mammalian

[’

body, the device comprising (i) a restraining member and (ii) a

pcd\wpS 1\docs\mir\actions.pto\Raychen\\ 7757Pre 2. Amd 12 September 25, 1992
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hollow catheter formed at least partly from a pseudoelastic

(;;:jt— shape-memory alloy, the alloy displaying reversible stress-~

induced martensite at about body temperature such that it has a
stress-induced martensitic state and austenitic state, the
catheter having (i) an easily inserteqd shape when the alloy is in
its stress-induced martensitic state fand (ii) a different
unstressed shape when the alloy is im its austenitic state;

engaging

S} the restraint
and stressing the catheter at temperature greater than the

As of the alloy so that the cdtheter is in its easily

inserted shape;

wherein disengagemgnt of the restraining member
from the catheter at a temperature greater than the As of
the alloy transforms at leagt a portion of the alloy from

its stress-induced martensitlic state to its austenitic state

so that the catheter transforms from its easi ingerted
Oﬂ%v‘o

shape toward its unstresse sﬁg;e, and wherein t /rdexlce_ls_a
—adapted- so that the transfgrlnation can occur without any

change in temperature of the restraining member or the

catheter.

\0 )

241 The medical device of Claim }a/hherein the

catheter is a cannula.

pcdiwp51 \docs\mjr\actioris.pto\Raychem\'7757Pre2.Amd 13 September 25, 1992
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Fuimae/
(Bk t:;fﬁ /SE.le medical device for insertion into a amammaliem—
C body, the device comprising (i) a straight pin and fli) a
catheter formed at least partly from a pseudoelastic shape-memory
alloy, the alloy displéying reversible stress-induced martensite
*;§¥ at ab;t¥$§§i§yjtemperature éuch that it has a stress-induced
martensitic state and an austenitic state, the catheter having
(i) a straight shape when the alloy is in its stress-induced
martensitic state and (ii) a curved unstressed shape when the
alloy is in its austenitic state;
the straight pin engaging and stressing the inside
of the catheter at a temperature greater than the As of the
alloy so that the catheter is in its straight shape;
wherein withdrawal of the pin from the catheter at
a temperature greater than the As of the alloy transforms at
least a portion of the alloy from its stress-induced
martensitic state to its austenitic state so that the
catheter transforms from its straight shapg to itsh;SZEﬁj;tiﬁj
shape, and wherein the-&evtcg—is—adapt%%?ggsgig€<% e
transformation can occur without any change in temperature
of the pin or the catheter.
W
367 The medical device of Claim ¥5~wherein the

catheter is a tracheal insertion catheter.

\mjr\acti \Raych \7757Pré2.Amd 14 September 25, 1992
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C& L 37; A medical device for insv tion into a mammalian
GﬁVCt\ body, the device comprising (i) a hollow/ placement device and
(ii) a memory alloy element formed at l¢ast partly from a
pseudoelastic shape-memory alloy, the loy displaying reversible
stress-induced marténsite at about body temperature such that it
has a stress-induced martensitic statel and an austenitic state,
the memory alloy element having (i) afdeformed shape when the
alloy is in its stress-induced martegsitic state and (ii) a
different unstressed shape when the plloy is in its austenitic
state;
the memory alloy el¢ment being within the hollow
placement device, the hollow [placement device stressing the
memory alloy element at a temperature greater than the As of
the alloy so that the memory alloy element is in its
deformed shape;
wherein the memgry alloy element can be extruded
from the hollow placement/ device at a temperature greater
than the As of the alloyf to transform at least a portion of
the alloy from its stregs-induced martensitic state so that
the memory alloy element transforms from its_deformjd iZaSE
to its unstressed shage, and whereié2%gg%éeégge—is—adap%ed——a
)€:> so that the transformati occur without any change in

temperature of the placement device or the memory alloy

element.

ped\wp5 \docs\mjriactions.pto\Raychem\7757Pre2.Amd 15 September 25, 1992
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e

9. The device of Claim|37 wherein the memory alloy
element is a stent graft.

B
o

féd. The device of Claipm{37 wherein the memory alloy

é
~.

element is a filter for trappin od clots.
Q 9

A*. The invention of Claim_327 wherein the
transformation of the alloy occurs without any change in the
state of the restraining means.

03 5

42° The invention of Claim 28, 37 or _33 wherein the
transformation of the alloy occurs without any change in the
state of the restraining+-means-.

AN . )

ﬁ?@} The inventiopn.of Claim 37 wherein the
transformation occurs wlthout y change in the state of the
placement device.

n \

54f The invention of Claim 3% wherein the
transformation of the alloy occurs without any change in the

state of the pin.

ped\wp5 1\docs\minactions. pto\Raychem7757Pre2.Amd 16 September 25; 1992
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ii:;:§:~ Aﬁ% he invention of Claim,zfj,zelor—al‘wherein the
memory alloy element exerts constant stress during its
transformation.
?‘@ \‘5 \1

467>  The invention of Claim }d/br/;s’wherein the
catheter exerts constant stress during its transformation.

‘gﬂfff;he medical device of Claim,ﬁl/hherein the removal
of the restraining means from the memory alloy element causes at

least a portion of the alloy to transform to its austenitic

?j O 3 6

/4§f The medical device of Claim 287 3%, 3% wherein

state.

relative movement of the restraining member and the memory alloy

element causes at least a portion of the alloy to transform to

its austenitic state. ]

49, The device of Clai@/Aﬂ/;herein the device—ia—t
¢£> -adapted~so that engaging the restraining means wgih the memory
alloy element after removal results in the memory alloy elémgnt
Jtransforming toward its deformed shape by reversion of at least a
portion of the alloy from its austenitic state to its stress-

induced martensitic state.

pediwp51\docsimitactions.pto\Raychem\7757Pre2.Amd 17 September 25, 1992
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Cdv\jts\ 50. The device of Claim 48 wherein the device is

adapted so that (i) the restraining member can be completely

disengaged and separated from thq memory alloy element, and
(ii) engaging the restraining mepber with the memory alloy
eleﬁent after separation resultg in the memory alloy element
transforming towards its deformed shape by reversion of at least
a portion of the alloy from iffs austenitic state to its stress-

induced martensitic state.

51. The device of Claim 33 wherein the device is
adapted so that (i) the restraining member can be completely
disengaged and separated from the catheter, and (ii) re-engaging
the restraining member wifth the catheter after separation results

? in the catheter transforming toward its easily inserted shape by
| ortion of the alloy from its austenitic

reversion of at least a

state to its stress-induced martensitic state.

52. The devikce of Claim 35 wherein the device is
adapted so that (i) the¢ pin can be completely disengaged and
separated from the cathe{ex, and (ii) re-engaging the restraining
means with the memory a element after separation results in
the catheter transforming toward its deférmed shape by reversion
of at least a portidn of the alloy from its austenitic state to

its stress-induced partensitic state.

peatwpS1\docsiminactions.pto\Raychem\7757Pre2.Amd 18 September 25, 1992
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53. The device of Claim 36 wherein the device is
adapted so that (i) the placemept device can be completely
disengaged and separated from the catheter, and (ii) re-engaging
the placement device with the gatheter after separation results
¥K§0€»in the catheter transforming t¢wdrd its deformed shape by
, reversion of at least a portio f/the alloy from its austenitic

state to its stress-induced ma¥tensitic state.

REMARKS
Entry of the amendments is respectfully requésted. All
the amendments to the specification and drawings are the same as

were made in the parent application.

INFORMATION DISCILOSURE STATEMENT

Attached hereto are copies of Forms PT0-1449. These
forms list all the references cited in the parent application.
Copies of the references are available in the file of the parent
application. It is believed that these cited references are
relevant to claims pending in the present application for the
same reason as discussed in the parent application. Not all of
these references are relevant to the newly filed claims.

If the Examiner would like a further description, or

copies of any of the references, please call the undersigned. In

ped\wp51\docsimjtactions.pto\Raycher\ 776 7Pre2.Amd 1° September 25, 1992
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9438
view of the bulk of the references, and the fact that they are
available in the file of the parent application, Applicant does
not desire to overload the Patent Office files with duplicate
copies of references. However, if the Examiner has a need for
the copies, applicant would be most happy to provide then.
Respectfully submitted,

SHELDON & MAK

DATED: lv /)—§, , 1992 By ;/§22¢/%Z{/

rey G. Sheldon
eg. No. 27,953

SHELDON & MAK

225 South Lake Avenue - 9th Floor
Pasadena, California 91101

(818) 796-4000

ped\wpS1\docsimirtactions.pto\Raycherm\7757Pre2.Amd 20 Saptember 25, 1992
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in Re Application of: Group Art Unit: 3301

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE iij%Qél

JAMES E. JERVIS

Filed: October 2, 1992

For: MEDICAL DEVICES INCORPORATING
SIM ALLOY ELEMENTS

)
)
)
)
Serial No. 07/956,653 )
)
)
)
)
)
PRELIMINARY AMENDMENT

" Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231

Dear Sir:

IN THE CLAIMS

Please add the following claim:

54. A method for com&ressing two ends of a mammalian
bone together at body temperaturp, the method comprising the
steps of:

{(a) providing a bone plate formed from a pseudoelastic

shape-memory alloy, wherein{the shape-memory alloy can
display reversible stress-ipduced martensite at about bod&

temperature such that the shape-memory alloy has a stress-

induced martensitic state apd an austenitic state, the bone

plate being (i) elongated w the-alloy is in its ét:gsse”

oL
v

\ induced martensitic state ii) shortened when the alldy

cotrsd odf/aRShomikAS Statekil sobol 140 103 2.00CH

. {(b) stressing the bon ate at a temperaturggreater
g i+

Rndnbniutanie- 4 Nl A i
Ry 1A-2090 140 102 5 of

0 than the As of the alloy for\placing the alloy in its
0 C 01/29/93 47956653

060 MC 01/29,95

1103
CWPSI\FILES\S38-P.AMD 07954453

1102

20, 00 CK PCIS/12/30/92/10:31am
72.00 CK
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stress-induced martensitic state and elongating the bone

plate;

\ (c) attaching the stressed and elongated bone /plate to
\\ . the two ends of the bone at a temperature greater than the
g&> As of the alloy; and
(d) releasing the stress from the bone plafe so that
at least a portion of the alloy transforms from [its s
induced martensitic state to its austenitic sta e

the bone plate compresses the two ends of the bpre togegther

LL/

The above claim was submitted in an Amendment after

at essentially constant stress.

REMARKS

Allowance dated July 7, 1992, in the parent application Serial
No. 07/682,243. However, the Patent and Trademark Office did not
enter the Amendment in the parent case on the basis that the
claim was not prosecuted during the pendency of the application.
Respectfully submitted,

SHELDON & MAK

DATED: |J’I§ o/ By ﬂéLSJ%L>4%L—\

Jeffed G. Sheldon
Reg. No. 27,953

225 S. Lake Avenue - 9th Floor
Pasadena, California 91101
(818) 796-4000

CAWPSI\FILES\O438-P.AMD 2 PCIS/12/30/92(10:31am
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“VIENLMENT COVER SHEET-
DOCKET No. 9438

P@x@# >

[ 4

James E. Jervis
FILED: October 2, 1992

" FOR: MEDICAL DEVICES INCORPORATING SIM ALLOY ELEMENTS

HONORABLE COMMISSIONER OF
PATENTS AND TRADEMARKS

Washington, D.C. 20231

Sir:

Transmitted herewith is a paper in the above-identified application. Any necessary extension of time period set for this
paper is hereby requested.

0 No additional fee is required.
3 The fee has been calculated as shown below:

00 EXTENSION FEE

i
)
H
H

FIRST MONTH AFTER TIME PERIOD SET 110.00 55.00 $
SECOND MONTH AFTER TIME PERIOD SET 360.00 180.00 $
THIRD MONTH AFTER TIME PERIOD SET 840.00 420.00 3
FOURTH MONTH AFTER TIME PERIOD SET 1,320.00 660.00 $

3 TOTAL EXTENSION FEE §

K FEE FOR EXTRA CLAIMS added by Amendment in this response:

Column 1 Column 2 Column 3

—

TOTAL CLAIMS 53

MINUS ** 57 | * 1 x20 x10] § 20

]I\DEPEN DENT

9.

MINUS *++ 8

* =

1

x 72

x 36

$ 72

First presentation of multiple dependent claim

+ 220

+ 110

$

i3
H
3

TOTAL FEE FOR EXTRA CLAIMS $ _92.00

* If the entry in Column 1 is less than the entry of Column 2, write "0" in Column 3.
*k If the number of Total Claims previously paid for is less than 20, write "20" in this space.
%% If the number of Independent Claims p ly paid for is less than 3, write "3 in this space.

X  Enclosed is the fee of $ 92.00 by Check No. 3645

O  Please charge Deposit Account No. 19-2090 in the amount of $

X The Commissioner is hereby authorized to charge payment of any additional fees, in particular the following
fees, associated with this communication, or credit any overpayment to Deposit Account No. 19-2090:

Any filing fees under 37 C.F.R. § 1.16 for the presentation of extra claims
Any patent application processing fees under 37 C.F.R. § 1.17

SHELDONW . } %KI/A
By: j‘x/ J _ ,
Reg. No A Jeffrey G. Sheldon _

CERTIFICATE OF MAILING:

Date: \)-/ ‘e(/ ((;J"’

I hereby certify that this correspondence is being deposited with the United
States Postal Service as first class in an envelope addressed to: Commlssloner
of Patents and Trademarks, Washington, D.C. 20231, 0on 12/ 30/ .

\venue Signature

s X

“da9fiol Kira P. Lunk _
13) 681-9000 Typed or Printed Name of Person Mailing Paper or Fee

. - PC20\FORMS\PATENTS\AMEND.CS o
~ ) L
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. UNITED STATEw DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 2

| A pate | FIRST NAMED TNV ENTOR i IEY BOUHET MO, |

10/02/92 JERVIS I

ENAMINER
RENEALY . Tr

JEFFREY 5. SHELDON
SHELDON & MAK

. { 8o e H APER NUMBES 1
225 5. LAKE AVENUE - 9TH FLOOR 1 ART UMY | PAPER NUMBER |
FASADENG, CA 91101 2301

GATE MAILED: N2/22/93
on o the axaminer in charge of your azolicaton.
OF PATENTS AND TRADEMARKS
..'éhis lication has been ined - D Responsive to ication filed on D ‘This action is made final.
A shortened: statutery. period: for response-to this action is set to expire \ " month(s),___~™___tays from the date of this letter.

Failure to respond within-the:period-for response will.cause the application to bacome abandoned. 35U.S.C. 133

Partl THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. D Notice of Refe Cited by Examiner, PTO-892. 2 D Notice re Patent Drawing, PTO-948.
3D Notice of Art Cited by Applicant, PTO-1449, 4. D Nofice of Informal Patent Application, Form PTO-152
5. D Information on How to Effect Drawing Changes, PTO-1474. 6. D

Partll SUMMARY OF ACTION

1. B/ Claims ! / - S LIZ are pending in the application.

Of the above, claims -are withdrawn from consideration.
- . 2. Mcjaims l el / 0 have been cancelled. {
3.0 craims ‘ are allowed,
Nelalny
4 . 4.7 cigims : are rejected, L
: 5 D Claims, _ are: objected to.

,f 6. mlalms I l - SIZ«¢ 5 L{‘ . : are subject to iction or elaction requi it \
7 D This application has been:filed with informal drawings: under 37 C.F.R. .85 which.are acceptable for examination purposes.
- '8..D‘-Forma| drawings are required in respanse to this Office action.

. 9. D The-comected.or substitute drawmgs hava been ived on : . Under 37 C.F.R.11.84 these drawmgs
are O ptable; T1-not ptable (see explananorror Nonoare Palent Drawing, PTO-948)

10 D The proposed:-additional or substitute sheet(s) of drawings, filedon - - - .has(have) been. 3 approved by the
: examiner; [ -disapproved by the examiner (see explanation). ’

11.E] The proposed.drawing ion, filed - ..o+, hasbeen [] approved;:0 disapprovedi{see explanation).

L12 D ‘Acknowledgement is made of the claim for priority under U.S.C. 119.. The.certified copy has .[3 been received [ notbeen received
=] been filed in parent.applic: "_ serial no, ; filed on .

J13. D Since this.application-apppears to-be-in.conditionfor allowance except for formal matters, prosecution as o-the merits is closed in E
accordance withthe practice under Ex parte Quayle, 1935 C.D. 11:4530.G. 213. . ol

14. other

EXAMINER'S ACTION
PTOL326 (F!sv,s_{_is) . e

. - o I S N

S LN - —— ~. DR
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Serial No. 956653 -2-

Art Unit 331

The drawings are objected to under 37 C.F.R. § 1.83(a). The
drawings must show every feature of the invention specified in
the claims. Therefore, the IUD, the tubular structure, the
catheter, the filter for a blood vessel, the tracheal catheter,
etc., must be shown or the feature canceled from the claim. No
new matter should be entered. It is difficult to interpret the
claims without a drawings, especially in the instance of claim 25
which claims a transverse dimension without any antecedent basis

and has no drawing for reference.

Restriction to one of the following inventions is required
under 35 U.S.C. § 121:

I. Claims 11-53, drawn to medical devices incorporating
SIM alloy elements, classified in Class 606, subclass 78.

IT. Claim 54, drawn to a method for compressing two
mammalian bones together, classified in Class 606 and Class 128,
subclass 898.

Inventioné I and II are related as process and apparatus for
ité practice. The inventions are distinct if it can be shown
that either: (1) the process as claimed can be practiced by
another materially different apparatus or by hand, or (2) the
apparatus as claimed can be used to practice another and
maﬁerially different process. (M.P.E.P. § 806.05(e)). In this

case the apparatus as claimed can be used to practice another and
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Serial No. 956653 -3-

Art Unit 331

materially different process such as contraception or
catheterization.

Because these inventions are distinct for the reasons given
above and have acquired a separate status in the art because of
their recognized divergent subject matter, restriction for

examination purposes as indicated is proper.

This application contains claims directed to the following
patentably distinct species of the claimed invention: where the
shape memory alloy is an IUD, a stent graft, a blood filter a
catheter and a tracheal catheter.

Applicant is required under 35 U.S.C. § 121 to elect a
single disclosed species for prosecution on the merits to which
the claims shall be restricted if no generic claim is finally
held to be allowable. Currently, claims 12,19 and 37 are
generic.

Applicant is advised that a response to this requirement
must include an identification of the species that is elected
consonant with this requirement, and a listing of all claims
readable thereon, including any claims subsequently added. An
argument that a claim is allowable or that all claims are generic
is considered nonresponsive unless accompanied by an election.

Upon the allowance of a generic claim, applicant will be
entitled to consideration of claims to additional species which
are written in dependent form or otherwise include all the
limitations of an allowed generic claim as provided by 37 C.F.R.
§ 1.141. If claims are added after the election, applicant must
indicate which are readable upon the elected species. M.P.E.P.

§ 809.02(a).

Should applicant traverse on the ground that the species are

not patentably distinct, applicant should submit evidence or
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Serial No. 956653 —-4-

Art Unit 331

identify such evidence now of record showing the species to be
obvious variants or clearly admit on the record that this is the
case. In either instance, if the examiner finds one of the
inventions unpatentable over the prior art, the evidence or
admission may be used in a rejection under 35 U.S.C. § 103 of the
other invention.

It should be noted that most of the claims subsequent to
claim 41 are functional in nature and it is difficult for this
examiner to comprehend what structure is being claimed with the
limitations presented. Claims 49-53 all contain the term
"adapted" which has 1itt1e meaning in terms of patent language
used for claiming a structural item.

Any inquiry concerning this communication or earlier
communications from the examiner should be directed to David
Kenealy whose telephone number is (703) 308-2680.

Any inquiry of a general nature or relating to the status of

this application should be directed to the Group receptionist
whose telephone number is (703) 308-0858.

W “ROBERT A :

David Kenealy . 4
February 21, 1993 ABT §
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o NgﬁnE UNITED STATES PATENT AND TRADEMARK’OFFICE <f§§%?2i)
Y | 573

Group Art Unit: 3301
Examiner: L//£7

JAMES E. JERVIS
Serial No.: 07/956,653
Filed: October 2, 1992

For: MEDICAL DEVICES Pasadena, California
INCORPORATING SIM ALLOY

)
)
)
)
)
)
)
)
)
ELEMENTS )

INFORMATION DISCLOSURE STATEMENT

Honorable Commissioner of

Patents and Trademarks
-Washington, D.C. 20231
Dear Madam/Sir:

Attached hereto are PT0-1449 forms listing documents
believed relevant to the subfect application. It is respectfully

:'requested that these documents be considered by the Examiner and
an initialed copy of each form be returned to the undersigned.

Enclosed is check no. 3875 for $200, the fee due under
37 C.F.R. § 1.17(p).

Enclosed please find (1) references cited by the
Japanese Patent Office in a counterpart Japanese application,
(2) Opposition‘papers and references cited to a counterpart
European patent application, and (3) EPO Search Report and
references cited therein.

Please note that U.S. Patent 5,190,546 is a parent of
the present application, E.P.O. 0145166 is a European Patent
Office counterpart application, and Japanese Patent Kokai
100956/1985 is the Japanese counterpart application. These

TENT\9438-
080 KI0$/31753 079a4e3 1126  200.00 CK
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9438
references have the same inventor as the present application.
Hence, these references are not prior art.

It should be noted that the word "prior" has been
deleted from the form.
| It is believed that this disclosure complies with the
requirements of 37 C.F.R. §§ 1.56, 1.97 and 1.98, and the Manual
of Patent Examining Procedures § 707.05(b). If for some reason
the Examiner considers 6therwise, it is respectfully requested
fhat the undersigned be called so that any deficiencies can be
remedied.

A copy of each document is enclosed.

Some of the documents may have markings thereon. No
significance is meant to be attached to the markings.

With regard to any translation provided herewith, the
undersigned does not know how and who made the translations.
Therefore, no representation is being made as to the accuracy of
any translation.

These documents are not necessarily analogous.

Respectfully subnmitted,
SHELDON & MAK

3 \log(‘“

Dated: By

/.
Jef . Shéldon
Regl/ No. 27,953
225 South Lake Avenue
Ninth Floor | HERED ’
. X Y C :
Pasadena, California 91101 IS BEING DE:TO%T:AW,.S Tﬁ?“ﬂesg ONDENDE
(818) 796-4000 SERVICE AS FIRST CLASS MAIL IN AN éNSS.SE%
ADDRESSED TO: FOMMISSIONER OF PATENTS £v -
Encls. WH%. G. 20281 on
3-/2-93 /
(DATE SIGNED)

PC20\AKINPATENT\9438-1.IDS
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SHEET 1 OF 5

ATTORNEY DOCKET NO.: 9438 SERIAL NO.:
07/956 653

APPLICANT: JAMES E. JERVIS

Use several sheets if
(Use several shests. If necessary) FILING DATE: OCTOBER 2, 1992 GROUP: 3301

Examiner DOCKET NUMBER ' DATE NAME CLASS SUBCLASS FILING DATE
Initiat IF_APPROPRIATE
a1 ds I3 11 o |3 |5 |s |oreme| rowtam erm. |~ | ~
 Wetren e Jo fo Jo J1 |1 |2 | ovoeme TANAKA 433 20
DML faci|s |1 1o o |5 |& |6 | osroems srrvis . | 606 78
! AD-1
AE-1
) AF-1
AG-1
‘ L AH-1
i

DOCKET NUMBER DATE COUNTRY Ctass | suscLAss TRANSLATION
YES NO
: A% Ja1 o |1 Js Jo |6 |2 |1 | ososms E.P.0. — —
wet o |1 e ds J1 |6 |6 |7l E.P.O. -] — /
w11 Jo fo fo |5 |s LS | e mepicanion | —| v
po-1] 1 J6 [o fo fo Jo Jo |1014s81] crear sritamn F16L_| 21700
ae-1 Joef2s foays {7 11 |c2lezfiyf Y GERMANY c22F 1/00

AQ-1 | Brief communication dated August 13, 1991, in German.

; M— AR-1 | Communication pursuant to Article 115(2) EPC and Opposition papers dated September 28, 1992.

AS-1 | Communication of a Notice of Opposition dated August 7, 1990. Opposition papers in German.

EXAMINER Vs M " | pate consioERED @L[I 3! ‘ij?

EXAMINER: Initial if reference ct%idered, whether or not citation is in conformance with MPEP 609; Draw line through citation
if not in conformance and not considered. Include copy of this form with next communication to applicant.

PC2AKINPATENT\PTO-9438.1 March 12, 1993
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United States Patent i f1:]  Patenc Number: 5,190,546
Jervis s} Date of Patent: Mar. 2, 1993
;541 MEDICAL DEVICES INCORPORATING SIM 4035007 71977 Harmsoa etai . ... . 2857338
ALLOY ELEMENTS 4037324 771977 Andressan . 333,724
- 4.080.706 3/1978 Heilman .. o 29173
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{22} Fiied: Apr. 3, 1991 (List continued on next page.)
Related .U.S. Application Dau FOREIGN PATENT DCCUMENTS
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5,190,546

1

MEDICAL DEVICES INCORPORATING SIM
ALLOY ELEMENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This spplicstion is a divisional of application Ser. No.
252.019 filed Sept. 27, 1683, asow U.S. Pat. No.
5,067,947, which is a continustion of application Ser.
No. 177,317 filed Mar. 20, 1988, now sbandoned; which
it a conanuation of 3pplication Ser. N¢. 047,824 filed
May 3§, 1987, now abandoned: which is a continuation of
application Ser. No. 365,703 filed May 2f, 1986, now
U.S. Pat. No. 4.665,906; which is a continuation of ap-
plication Ser. No. 541,852 filed Qct. 14, 1983, now aban-
doned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invertion refates 10 medical devices incorporat-
wng shape memory alloys, and 10 improvements therein.

2. Introductnion to the Invention

Macerials. both organic and metsllic, capable of pos-
sessing shape memory arc well known. Ag article made
of such materials can be deformed from an original.
heat-stebie configuration to a2 second. heat-unsiable
configuration. The artele is said to have shape memory
for the reason that. upon the spplication of heat alone, it
can be caused 10 revert, of 10 attempt to revery, from its
heat-unstable configurarion to its original, hest-stadle
configuration, 1.¢. it “romembers” its ¢riginal shape.

Among metailic alloys, the ability 1o possess shape
memory 1s a result of the face that the ailoy undergoes a
reversible transformation from an austenitic state to &
martensitic state with 8 change in temperature, This
transformation is sometimes referred to as a thermoelas.-
uc martensitic transformation. An arti¢le made from
such an ailoy. for example a hollow sleeve, is easily
deformed from its ongins} ¢onfiguration o a new con-
figuration when cooled below the temperature at which
the alloy is transformed from the sustenitic state to the
marténsite state. The temperarure at which this trans-
formation begins is usually referred to as M; and the
temperature 3t which it finishes Mz When an articie
thus deformed is warmed to the temperature at which
the alloy s:1ar1s 10 reven back 10 sustenire, referred to as
A, (Asbeing the temperature at which the teversion is
compiete) the deformed object will begin to return to 1is
original configuration. '

Many shape memory alloys (SMAs) are known (o
display stress-induced marciensite (SIM). When an SMA
sample exhibiting stress-induced manensite is stressed at
a temperature above M, (5o that the austenitc stace s
initially stabie), but below My (the maximum tempera-
ture at which martensite formation can occur even
under stress) it first deforms elastically and then. at &
cntical stress, begias to transform by the formauon of

S
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stress-induced martensite. Depending on whether the

temperature 1S 3bove or befow A;, the dehavior when
the deforming siress is released differs. If the tempera-
ture is below A, the stress-induced marntensite is stabie;
but sf the temperature 15 above A, the marntensite s
unstable snd transforms back t0 austenie., with the
sample returnung (Or aitempting to retumy) o its onginal

shape The effect is seen tn almest alf altoys whick ex- 6

hibit a thermoelastic maftensitic ransformauon, siong
with the shape memory effect. However. the extent of
- the temperature range over which SIM 1s seen and the

60

2

stress and strain ranges for the effect vary greatly with
the alloy

In the commoniy ssmgned Quin LS. Paw. No.
04505767, the disclosure of which 8 incorporated
hercin by referepnce. 2 nickel/titantum/vanadium ailoy
baving SIM over a wide temperature range 1s disclosed.

Shape memory ailoys have found use in receat years

in, for example, pipe couplings (such as are descrided in
Harrison and Jervis U.S. Pac. Nos. 4,035.007 and
4,198,081}, electrical connectors (such as described in
Orts and Fischer U.S. Pat. No. 3,740,839), switches
(such as are desenbed tn U.S, Pat. No. 4,205,293), actua-
tors. &tc.
. Various proposals have also been made to employ
shape memory alloys in the medical field. For example,
Fannon et al. U.5. Pat. No. 3,620,212 proposes the use
of an SMA intrauterine contraceptive device, Johnson
et al. U.S. Pat, No. 3,786,806 proposes the use of an
SMA bone plate, Wilson U.S. Pat. No. 3,890,977 pro-
poses the use of an SMA element to bend a catheter or
cannuia, etc.

Thesc medical SMA devices rely on the property of
shape memory 10 achieve their desired effects. That is
10 say, they rely ot .the fact that when an SMA ¢lement
s cooled to its manensitic state and is subsequently
detormed, it will retain its new shape; but when it is
warmed to its austenitic state, the oniginal shape will be
recovered.

However, the use of the shape memory effect in med-
ical applications is attended with two principal disad-
vansages. First, it is difficult o control the transforma-
ton’temperatures of shape memory alloys with acéu.
racy ss they are usually extiremely composition-seasi-
tive. aithough warious techniques have been proposed
(including the blending by powder metallurgy of al-
ready-made alloys of differing wransformation tempera-
ured: see Fountam e al. U.S. Par No. 4,310,354). Sec-
ond, in many shape memory alloys therce is 2 large hys-
teresis 3¢ the alloy is transformed between austenitic
and marensitic states, so that reversing of the state of 2n
SMA clement may require a temperature excursion of

-several tens of degress Celsivs. The combation of

these factors wich the limetation that (a) it is inconve-
ment 10 have to engage in any temperature maniputa.
uon, and (b) human tzsue cannot be heated or cooled
beyond ¢ertam relatively, aarrow limits (approximately
0°-60" C, for short penods) without suffering tempo-
rary or permanent damage is expecied to limut the use
that can be made of SMA medical devices. It would
thus be desirable o develop a way in which the atvan-
tageous property of shape memory slloys, i.e. their
ability t0 return to an onginal shape after relatively
subsitantial deformation, could be nsed in medical de-
vices without requiring the deitcacy of alloying coatrol
apd/or the temperature control of plagement or re.
moval needed by present shape memory alloy devices.

DESCRIFTION OF THE INVENTION -

Summary of the Invention

[ have discovered that if, in 2 medicai device contain-
g 4 shipe memory alloy element which uses the shape
memory property of that ailoy, an element which shows
the property of stress-induced martensie 1s used in-
stead, an umproved device results.

Accordingly, this inventon provides a medical de-
vice intended for use within a mammahan body, or m
such proximity to 2 mammalian body that the device 1§
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substannzlly 3t bocy temperature, which device com-
prses 4 shape memory slloy eiement. the improvement
in which compnses the substitution of an alloy element
which dispiays stress-induced mantensite at s2id body
temperstuce fof the shape memory alloy alement

BRIEF DESCRIPTION OF THE DRAWING

FIGS. 1 and 2 illustratg the stress-strain behavior of
an ‘alloy which ¢xhibits conrstant stress versug steain
behavior due 10 stress-iacuced martensite.

F1G. 3 is a iront plan view of a bone implant, namely
a nal

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS -

The invention will be discussed first by introducing
the concept of stress-induced martensite and the effect
achievable by its usc, and then by examples shawing
how SIM alloy elements can oe substituted for conven-
tional SMA clements in medical devices o achieve the
beneficial effect of the invention.

The Figures illustrate the phenomenon of stress-
induced martensite by means of stress-sirain ¢urves. In
both FIG. 1 and FIG. 2, the alloy is at a temperature
oetween M, and Mgy so that it is initielly estemuc; and
it will be assumed for the puposes of this discussion that
M is equal 1o My and A equal @ Ax FIG. T shaws the
case when the temperature is below A; 50 that any
martensite formed by the applied stress is stable; while
FIG. 2 shows the case where the temperatuse is above
Agp SO thac austenste s the oniy stabie phase at 2ero
stress,

In FIG. 1, when & stress is applied to the alloy, !
deforms elastically along the line QA, At a critical ap-
plied stress. ¢y, the austenitic alloy begins to transform
10 (stress-induced) manensite. This transiormation takes
place at essentiajly constant stress unul the afloy be-
¢emes fully martensiic at point B. From chat pomt on,
as further stress is applied, the martensite yields first
elastically and then plasticaily (oaly elastic deformation
i3 shown at point C), When the stress is released, the
martensite recovers eiastically te point D, ar which
there s 2zere residual stress, but 2 non-2¢r0 residual
strain. Because the alloy 18 below A, the deformanon is
not recoversbie unat heating above A fesults in a rever-
_Si0n ta austenite. A¢ that point, if the sample is unre-
strained, the onginst shape will be essenually com.
pletely recovered: if not, it will be recovered 1o the
extent permitted by the restraine. However, if the mate-
nal is ther silowed 10 recool 1o the onginal tempera-
ture ¢ which it was deformed (or 3 temperature whete
SIM behavior of this type is seen), the stress produced
in the sample wiil be constant regardless of the strain
provided that the sirain lies within the “platesu” region
of the stress-strain curve. That 15, for 8 strain between
cg and €4 the stress will be oy This means that a
known, constant force (calcilapie from o) can be
apphed over s wide (up t& $% or more foe certain Ni/Ti
alloys) strain range. Thus,-though this resembics the
conventonal shape memory effect. because the slloy
shows SIM and 13 below A, a constant force can be
achieved.

fa FIG. 2. when a stress is applied 0 the alloy, it
deforms elasucslly along line QA, thea by SIM sjong
line AB. and by deformation of the mactensite 0 paint
C.justast FIG 1. However, the steess-stramn behsvior
on unioacing is sign:ficantly differant, since the atley 1s
200ve A, and the stabie phase s therefore 2ustenste. As
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the stress is removed, the slloy recovers etasucally from
O to D then, 2t 2 cntical stress, o 4, the alloy revents o
2ustenite without requiring a change in temperacure,
Thus reverston occurs at essentiaily constant seress.
Finmally i the stress is removed {rom the reverted aus-
ienite, it racovers elastically atong hne EQ. The recov.
erzbic deformation associated with the formation and
reversion of stress-induced martensite has been referred
10 & pseudoelasticity. While oy may be comparatively
high, c.g. 50 kst, @4 is usually substantially lower, e.g.
iess than 10 ksi; theréby ereating 2 constant-force spring
with an effective working range of about $% {eg-€.4).
The shape change available in the SMA is thus mechan.
ically, rather than thermally, actuated and controlied,
permitting & grester control over a device incorporat-
ng it. )

Suitable alloy for this invention i.e. those displaying
stress-induced martensite st temperatures nesr MamMMma-
lian body temperature (35°-40° C.), may be selected
from known SMAs by those of ordinary skill in the an,
having regard 1o this disclosure by testing for the exis-
tence of the SIM effect at the desired temperamre. A
particularly preferred alloy is the nickel/titanium/-
vanadivm eiloy of U.S. Pat. No. 4,505,767 referred to
previously. '

The following table sets forth transformation temper-
ature data for alloys disclosed in U.S. Pat. No.
4,505,767:

TABLE
—Campannon (aomug parcent)

Ni T v M A(90)
4950 43.50 700 =7 -3%
30.0C 44.00 8.0 -3 -32
4900 4300 3.00 ~33 -6l
50.00 45.00 5.0 —42 -3}
90 43.00 6.00 -3 -12
30.50 48.00 1.50 -3 -6
48.30 LY 1.00 -~ 30 - 13
30.00 40 400 -1t T
48.90 4500 §.30 -10 15
.00 45.50 5.50 —-i0 14
43.00 28 175 -2 H
48.3¢ 35.50 6.0 ~3 py
$140 33.50 2000 =2 3%
5.5 43.50 10.00 -1 0
38.25 3378 3o0.00 9 1
4330 .00 1.50 § 35
43.00 *%.0 600 1 38
4728 4575 6.50 0 s3
4730 43.50 7.00 26 14
4%.30 .43 $.00 23 58
450 4300 1000 30 i
4 48.50 6.00 32 n
.50 45.5 200 p3 70

The invention will now be discussed 1n detail by some
examples of the use of an SIM alloy.

EXAMPLE |
Hesnt Valves

Akms US. Pat. No. 4,233,690, the disclosure of
which 1s incorporated herein by reference, describes the
use of a shape memory alloy ring to hoid a sewing cufl
10 the body of an artificial heart valve. The ring is made
in the austénstic phase, cooled to the martensiuc phase,
deforned, placed sround the vaive body, and heated or
allowed 0 warm 1o cause reversion (o the austenitic
phase and recovery of the nng into engagement with
the valve body.
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However, this technique has a0t found commerciai
acceprance. Present medicai iechmque requires that che
vaive body be capable of being rotated relative ¢ the
cull, thereoy enabhing the surgeon to set the rotationsi
orientation of the vaive 2:ter it nas been sewn into place.
This is desirable because the techniques used make it
Aifficyit (0 visualize or accompiish optimai orieatation
Juring imtial placement.

In order to accompiish the desired rorque coairol to
permit the desired roacion ang yet ensure 3 firm hold of
the cuff on the valve body, precise control of the pres-
sure exerted on the valve body by the ring is needed.
This is difficult because there are substantisl manufae-
tuning tolerances in the valve body which may be made,
for cxample, of pyrolyiic graphite or ceramics, ere.
Because the austenite siress-strain curve is extremefy
steep, it ts 1ot considered practical o use the simple
shape memory technique proposed by Akins. Indeed.
Akins d0¢s nOt even address the issue of rotauion of the
cuff with respect 1o the valve body.

Q

6 .
the transition temperature of the alloy 15 below body
temperature (since the SMA element will attempt 10

.fevert to s onginal shape as it reaches body tempera-

ture). thus limiung the 2bility of the physician to place
the device carefuily and preciseiy; or altermatively, if
the transition temperature of the alloy is above body
temperature, the requirement that the device be heated
to 2 lemperaiure above dody temperature (0 cause re-
covery and that the device be placed 30 as aot to change’
shape sgain when it re~cools (since the body tempera-
ture is below the wransition temperature); (i) the inabil

- ity to remove the device easily; and (i) the need for

[*Y

However. if an SIM alloy is used instead of conven- -

tional shape memory, the process may be considerably
simplified. )
First, if the alloy has a stress-strain corve like that of

- FIG. 1, the ailoy ring m2y be made just as for Akins. 3

The ring is then expanded {rom s initial austenitic state
by the formation of SIM. When the ring is placed 2bout
the valve body, it needs only to be heated above Asand
allowed (0 ¢cool (0 its original temperature for the ring
10 engage the valve body with a constant force, even if
the vatve body has a deviation from the specified size.
The torque may thus be controlled 10 the desired ifevel
despite manufactunng olerancas.

Sccond. if the alloy has a stress-strain curve like that
of FIG. 2. the ring may be expanded, placed over the
vajve body, and the stress released all at the same tem-
perature. Because the austenitic phase is sisble, the
stresssinduced manensite spontaneously reverts 0 aus-
tenite uniil recovery is restrained by the ring engaging
the vaive body. Because the reversion to gustenite takes
place at constant stress, 3 consiant {orce (and hence
constant torque) may be obtaned regardless of manu-
faccuring toierances. Close temperstute conurol 15 not
required. enther: and the fact that the patient in 8 heart
vzlve replacement operation is conventionally cooled
as much as 15° €. or 5o betow normal body tempertature
does not affect the operation of the ring.

To control the torque ac a sutficiendy low level, it
tway be desirable for the alloy ring to be other than 3
solid ring, such 2s, for ¢xample, a continuous heiical
spnng, a flat zigzag spring, ¢te. Such vanations permit
the achievement of a greater range of movement with
constant force and 2 reduction in the force exerted by
the ring on the value body, since the nng recovers i a
bending mode rather than in tension.

'EXAMPLE I
Catheters and Cannulas

Wilsen U S. Pat No. 3,890,977, the disciosure of
which is incorporated herein by reference, disgloses a
catheter or cannula (both being included herawafter in
‘the word “catheter”) made of, oc contaiming, an' SMA
element to cause all or a partion of the catheter 10 de-
ploy 1n 3 useful forn once introduced inco 2 living body.

However, sgain thi¢ device has not been commercisl- 6

ized. Possible defects of the device which have are-
vented commercializanon include (i) the inabihty o
slowiy emplace the catheter in 3 desired position when

wr
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controlled temperature stérage to prevent premature
reversion to austenite of the SMA, with consequent
shape change. :

The issue of temaval of a catheter is especially signifi
cant, and nat addressed by Wilson, Consider, for ¢xam-
ple, a uscheal puncture catheter. This should be
straight for easy insertion inco the trzchea through a
puncture into the front of the neck, but should curve
after insertion so that the flow of air or oxygen through
the catheter passes anally down the rachea rather than
impinging on the surface of the trachea and damagng it.
If a shepe memocy cacheter is usad as contemplated by
Wilson, it would presumably become austepitic and
bend after insertion (see FIGS. 14 and 14, and corre-
spoading text, of Wilson). But removal would require
¢ither cooling to below the ftransition temperature
(which could easily mean cooling ¢0 80 low a tempera-
ture that the tracheal tissue is damaged). removal in the
bent shape (presumably damaging tissue), or forcing the
austenitic SMA to straighten (0 permit direct removal -
(unlikely to be satisfactory since the rustenttic alloys
¢.g2. of Ni/Ti may have yield strengths of 100 ksi or
more, and force sufficient to cause plastic deformation
wouid be required).

If an SIM element is used instead, however, removal
can be accomplished aimost as easily as insertion, If the
catheter is made in 2 bent shape (as in Wilson), it can be
straightened by insertion of a straight pin down the
catheter axis, the catheter deforming by the formation
of stress-induced martensite. Insertion of the catheter
into the traches is accomplished while the catheter is
straight, 8t whatever rate is desired (permirting easy and
accurate placement), and the pin is gradually with-
drawn 10 permit the catheter to take up its desired shape
as the martensite reverts 10 austenite. (It 15 assumed here
that the stress-strain curve of the alloy at the tempers-
ture of use is of the form of FIG. 2, so spontaneous
reversion occurs on removal of the stress induced by
the pin]. When remova} is desired, it may be achieved
simply by the gradual insertion of the pin, straightening
the catheter and permitting easy withdrawal. Insertion
of the catheter into the body and pin removal may, of
course, take place simultsneously ' desired, as may pua
reinseruon and removal of the catheter from the body.

EXAMPLE 11
{UDs

Fannon et al. U.S. Pst. No. 3,620.212, the disclosure
of which is incorporated herein by reference, discioses
an intrauterine contraceptive device (an IUD) proposed
1o be formed of a shape memory ailoy. The device s
suggested {0 be deformed in the martensitic phsse (the
transition temperacure being below the temperature of

-the uterus), and the deformed device insulated with,

e.g.. wax and inserted. Removal 15 contemplated oniv
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by asing (wO SMA clements «n opposition, the higher
temperature OR¢. deng martensiuc at boay temperature
But strong enough o that, if heated, it will overcome
the lower temperature element and deform the IUD
pack (o the removable skape The hearing contemplated
is electncal. The storage problem discussed in Exampie
1 2iso exists here. 5o ihat the device must be stored
pelow Its transition temperature.

By the use of an SIM slement, however, these disad-

vantagss may D¢ Overcome. AL, assume hat the
alloy is SIM pscudoelastic, i.2. that it has the stress-.

strain curve of FIG. 2. Thea an JUD may be formed
into the gestred shape in the ausienitic state. and de-
formed by compression into a tubular placement device
(the deformation being such that the strain levels lie
withia the “plateau” of the stress.strain curve). When
the placement device is inserted into the uterus, the
IUD msy be deployed by extrusion of the IUD from the
placement device. Deployment is then controtied but

tmmediate, 30 that the physician may safisfy himself ,

with placement. Removsl 1s the reversal of placement:
the placement device is inserted into the uterus, the
IUD deformed by withdrawal into the placement de-
vice, and the placément device withdrawn. Tempera-
ture control is not required.

EXAMPLE IV
Bone Plates

Johnson et al. U.§, Pat. No. 3,786,306, the disglosure
of which 15 incorporated hetein by reference. propose
the use of Ni/Ti SMA bone plates in frscture fixanon.
The platc ts detormed in its manensitic state, screwed o
the two ends of the bone it s desired 10 compress o~
gether, and warmed (or allowed to warm) to the austen-
itic stae, when the plate contracts, compressing the
bone ends together. The Jornson <t ai. bone plate 15 of
generally oblong configuration, overlaps a bone frac-
wre and is secured by two sCrews to one portion of the
bone and by two oOther serews 1o the other portion of
the bone. 3

Because of the high elasuc moduli of the ausienitic
shape memory aildys, it will be ditficult (0 controt the
amouant of force which may be sppiied by 4 bone place
of the type proposed by Johnson et al, and orecision
placement Of the bone ends and elongation of ¢he plate

will be required.

if, however, an SIM psendoeiastic bone plate is used,
it will be casily possible 10 eiongate the plate and fasten
it to the bone ends without raquining high precision.
Because of the comparstively large (e.g. 59) sirain
range at essentially constant siress, the tores whuch wall
be put on the bone e¢nds to compress. them will be
readily adjustable (by the size of the plate. for example)
snd will be insensitive 1o precise placement of the bane
ends and//or cloggation of the plate. Also. the recovery

“of the plate, since it is controlled by mechsnical re-

straint, may be as gradual as desired. schieving ¢xceilent
force and time copcrol, snd permittiag the surgson @
make adjustments 28 desired. -

EXAMPLE V
Marrow Nails

Baumgart et al. U.S. Pace. No. 4,170,990, the disclo-
sure of which 1 incorpofated herein dy reference, dis-
closes the use of the twa-way shape memory eifect
(whese an SMA element exhibits 3 first shape in the
Justenitic state 30¢ a second in the martensife state, and
spontaneously changes betucen the twa shapes wih a

-
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change in temperature) 1, inter 2iia, marrow nails (see
FIGS. 1c through e, and cortesponding text. of Baum-
gart et al.). Marrow nails according to Baumgart et ai.
comprise 2 tube of memory alloy which has been split
2long 1ts Jong:tudinal axis and which may have a &ircu-
lar, elliptical, clover-leaf or other rotation peeventing
cross section. which may also be varizbie along the axis
of the nail. A prepared marrow nail having a reduced
diameser i3 1oosely inserted into & shightly, or not at all,
pre~drilled marTrow channel of 2 bone which has been
broken or fractured. By means of 8 heating probe the
marrow nail is heated and thus expands. This achieves a
relative fixing of the two bone ends along the marrow
channel axis. Compression of the fracture is effected by
the avaiiable muscle tension. If it should be necessary,
the marrow nail may also be additionally prestretched
along its longitudinal axis so that i is additionally com-
pressed in the longitudinat direction when heated, In
this case it is necessary, however, 10 anchor the nail at
both aof its ends which anchoring caa be effected, for
example, by sprockets or ieath on the outer surface of
the aail.

The method proposed, however, requires the use of a
wide lemperature range in erder to cause the phase
change which i the origin of the two-way shape mem-
ory effect (5° C. 10 60° C. for the water used to ¢oof or
heat the nail). In addition, it requires the manufacture of
two~way shape memory eiements, which is generally
more compiex than the manufacture of conventionai
shape memory clements; and precise control of the
transition temperature is required.

However, if an SIM pscudoelasuc alloy element is
employed, these disadvantages may be overcome. If
iernal tangs, wnich may be grnipped by an inserted
tool, are provided within a marrow nail of the type
shown in FIG. 14 of Baumgart et al., then the nail may
be radially compressed by the application of scress by
such a tool. When the aail is released by the tool, it will
expand to fill the bone channel with a constant force
(not readily available by Baumgart ct al.); and it may be
withdrawn by the reverse procedure.

EXAMPLE VI
Dental Arch Wire

Andreascn U.S. Pat. No. 4,037,324, the disclosure of
which is incorporated herein by reference; proposes the
use of dental arch wires made of Ni/Ti alloys instead of
conventional 13-8 stainless steel wires. The wires are
stated (0 be of lower elastic modujus and higher clastice
timit than siainless steel, which is stated to be advanta-
geous. Heat recovery of an SMA wire is also suggested
s 2 technique for erthodonture. ’

The technique of using the conventional shape mem-
ory effect is not belicved wa have found clinical appfica-
tion, possibly because such a technique would require
rapid placement of the wire in its martensitic state to
avold premature secovery, and would result in rapid
recovery with extremely high forces, which would be
painful for the pacent.

The use of a ware which displays lower clastic modu-
lus and higher elastic limit than stainless steet has found
some application, however. Otsuka et al im Metals Fo-
um. v. 3, pp. 142452 (1981) have suggested that this
oehavior may be the resufc of clasticity enhanced by
cotd working and martensite-to-martensite pscndoeias-
neny in an alioy which has 2 transition temperature
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beiow body wemperature. The alloy, then, s martansine
rather than austenitic 1ft 13 undeformed state.

Whiie (he use of an enhanced elasticity wirs may
offer some adventages Over the more usual suainiess
steet wire. it remamns the situation that the amount of
mouon ia ihe-tecth (hat may be produced by an arch
wire withous further adjustment s largeiy timted by
the pain 10lerance of the pauent (since he force apphed
by the arch wire is proponional 10 the deformaton of
the wire). However, if an SIM pseudoclastic wire is
used, it can cxert a relauvely ¢onstant force (chosen by
the deatist to be sufficient (0 cause tooth movement but
not painful) over 2 strain range of up to $%. The load
may be applied mechanicaily, and is thus maore readily

estabiished, 2nd no precise temperature controt of the

alioy is needed 2s wouid be required for the shape mem-
ory effect.

EXAMPLE Vi1
Cotl Steats and Filters

The use of tubular coiled wire stant grafis has been
discussed in the medical Hierature since 1969, Although
the coils helped maintain patency of the vessels in
which they were piaced, they were difficult of insertion
unless narrow enough to significantly parraw the lumen
of the vessel. Recently, it has beea proposed, see Radi-
ology, v 147, pp. 259-60 and pp. 261-3 (1983), the
disclosures of which are incorporated herein by refer-
ence. 10 use SMA wire to form these tubular coils, The
wire, which has a iransformation temperature bejow
body tamperacure, s introduced through a catheter
after being straightened in us martensitic state. When
the wire is heated, the coil re-focms.

Because of the difficulty of controlling the wanstor-
maton temperature accurateiy, it has proved necessary
10 <00l the siraightened wire during insertion and/or to
heat the wire o {orm the coil after insertion. These
procedures add o the complexity of the operation.

If an SIM pseudoelastic wire is used to form the coil.
which is chen isothermally deformed by ioading into a
catheter, then the need for temperawre control is
avoided. The wire remains straight when in the cathe-
ter. but re-forms the coil spontaneously when it is ex-
truded from the catheter. Accuraté piacement is thus
readily obtainedle, since there is no urgency as might be

5

10
wauld wnd 1o hold the staple in place. Shape memory
ailoys have been proposed for thus apphicaton, but agam
the problem of accurate piacement whiic operaung
Juickly ezough to prevent the shape change associated
wuh the mertensite-io-austanite trassition and/or the

_ need Jor temperatyre controi somplicate their use.
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required with a conventional shape memory offect ele-

ment.

[t has similarly been proposed to use SMA wire to
form 2 fiter for emplacement by catheter in the vena
cava to trap blood clots, The filter is formed in the
austenitic suate, the wire strsightened in the manteasitic
state and inserted, and the filier re-forms on warmng.
Just as foe che coil stents discussed above, the use of an
SIM pseudoelastic wire would greatly sumplify manu-
facture and inseruon of such 3 vena cava filter, permut-
tng acturate placement with no aeed for urgency or
temperaqure manipuiation.

EXAMPLE vill
Bone Stapies, Clips, ctc.

Bone staples are frequeandly used 10 hold fragments of
fractured bone together when the fracture is fixed, and
may be used in some cases as & teplacement for bone
plates in the same sunanon. Someumes the staples are
wnserted into drilled holes. sometumes merely dnven into
the bone directly.

ft would be desirabie to have a done staple which
provided a controlied force between the tines winch

If an SIM alloy is used. these disadvanzages may be
readity overcome. If the alloy is below Ay it may be
emplaced io the manensitic state. Brief heating will then
be required to <3use it 16 become 2ustenitic, but on
recooling to body temperature, a constant {orce can be
achieved. If the alloy is above As, the suaple can be heid
deformed by 2 moderate foree, then released after inser-
tion 0 also provide an accuracely-known foree. In ei-
ther event, removal is easier than if the alloy is purely
austenitic, as discussed above for Examples II and V.
for example.

Similarly, SIM alloy (especially alloy which i

pseudociastic. above A at its utilization temperature)
may be used 10 manufacture vascular clips, et. The alloy
element here acts 85 a constant force sprng over a wide
strain range (greater than conventional elastic metals),
resulting in eass of use.
From the foregoing, it is clear that, in a situauion
where narrow temperature differsnces are available or
preferable, as often is the case in medical applications,
mechanicatly constrained shape change is a much more
usefui solution than heat actnated shape change. It of-
fers a degree of control heat sqtuation does not, it offers
essier alloy composition control, it ¢ases mating pant
tolerance requircments. and it offers simple mechanical
reversal at rnimai siress levels, all wathout heating,
¢doling of tnsulstion complications.

It will be obvious to those skilled in the art, having
regard 10 this disclosure, that other varations on thus
invention beyond those specifically ¢exemplified here,
and other medical devices making use of stress-induced
martensite, may be made. Such variations are, however,
0 be considered as coming within the scope of chis
invention 3s hmuted solely by the following claums.

[ claim: ’

1. A method of forming an attachment to a bone.
which compnses positioning i an aperture w the bone
an element formed at least partially from a shape mem-
ocy alloy which dispiays stress induced martensite be-

* havior at body témpersture, the element bewg so posi-

(5]

tioned that it is deformed by the walls of the aperture by
the formation of stress-induced martensite. and theredy
exerts a foree outwardly on the walls of the aperture.

2. A method as claimed in claim 1, in which the aper-
ture is formed before the element 15 potitioned.

3. The method of ciaim 1 wheretn the step of position-
ing takes place at a temperature greater than the Agof
the alloy.

4. The method of ¢laim 1 wherein substandally alf of
the formation of martensite tesults from deformation of
the efement, and not from any change in temperature of
the element. ‘

$. A method for installing 2 bone artachment 1nt0 2
bone of & mammalian body such that the device i sub-
stantially at body temperature, the method compnsing
the steps of:

(2) providing & bone attachment device at least partly
formed from 2 pseudoeiastic shape-memory alloy,
wherein the shape-memory atlov can display re-
versible stress-induced martensite at about dbody
wemperature such that the shape-memory allov has
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s stress-induced martensitic state and an-austenitic
state, the memory alloy element having (i) 2 de-
formed shape when the ailoy 5 in its stressed-
induced martensitic state and (i) a differant un-
siressed shape when the silow 13 in us austenic
state:

{b) deforming the done attachment device with 3 ool
at a temperature greater than the As of the alloy for
placing the alloy in its strass-induced mariensitic
state and the bone attachment devica in its de-
fermed shape; )

(¢) inserting and posuioning the done attachment
device into & channel in the boae at a temperature
greater than the As of the alloy while the bone
attachment remains in its deformed shape; and

(d) while maintaining the temperacure of the bonc
asrachment device above the As of the alloy, re-
leasing the bone attachment device from the tool so
that at least 2 portion of the alloy transforms from
its stress-induced martensiug siate so that the bone
attschment device transforms from its deformed
shape towasd its unstressed shape to fill the bone

3

is

"o
o

channel and exert a conswane force, wherein sub-

stantially sl of the transfommation occurs from
teleasing the bone atschment device from the tool
and not from sny change in temperature of the
bone attachment device or the 1000
§. The method of citaim S wharein the bone attach-
ment device is @ marrow nail.
7. The method of claim $ or 6 compnsing the addi-
tional szeps, after step (d), of (¢) deforming the device
with the tool at 2 temperature greater chan the As of

slloy 30 that st least a poruon of the alloy transforms

from its austenitic state so that the bone attachmen:
device transforms into its deformed shape; and (f) with-
drawing the deformed bone attachment device from the
bone without changing the temperature of the device.

8. The method of claim § wherein the bone attach.

ment device 15 3 bone staple.

9. A methed for installing an impiant into a bone in a

mammalian body comprising the steps oft

{z) dnlling a channet in the bone;

(0) selecring a bane implant comprised of s pseudo-
elastic shape memory alloy, the alloy displaying
reversible stress-induced manensite at about body
temperature such that it hes 3 stress-induced mar-
ensinie starte and an austenitic state, the bone m-
plant having (i) an inserisble shape suitable for
insertion tnto the channel when the afloy s in its
stress-induced martensicic state snd (i) 2 second
different shape when the alloy is in its austeniuc
state, the bane implant bewng 1n its second shape:
aad _

(¢) inserung the bone implant into the channeél ané

stressing the bone implant 3o that the alloy trans. S

forms award its stress-induced marensitic swace
and the done implant transforms to its insertable
shape.

18. The method of claim 9 whersin the bone implant
is mserted into the channel and siressed ac a temperature
greater than the Asof the alloy.

11. The method of claim 9 wherein subsiantially all of
the wransformanon of the bone implant 1o s insertable
shape ocsurs from inserting and stressing the bone im-
piant, and not from any change in temperaiure of the
bone impiaat.

12. The method of claim 9 wherein the bone implant
thar 1s sefected i3 2 marrow natl.

[
[y

b

&

12

13. The method of slaim 9 compasing the additional -
step. after siep (¢). of:

(d) causing the siress on the implant o be released 5o
that the alloy transforms woward its austeniue state
and e impiant iransforms toward its second
shape. .

14. The mcthod of claim 9 comprising the additional

step. after seep (c), of: _

(d) 2ausing the siress on the implanc to be released so
thet the implant ¢xerts constant force in the chan-
nel.

15. The method of ¢laim 13 or 14 inchuding the addi-
tional step, after step (), of stressing the implast so that
the alloy transforms toward its stress-induced martens-
e state and the implant transforms toward its jnsert-
able shape, and thereafter withdrawing the installed
tmplant from the channel.

'16. The method of claim 15 wherein the implant is a

masrow nail. '

17. A bone implant sized {or inserion into a channel
tn 2 bone in A mammalian body, the bone implant being
compnsed of a pseudoelastic shape memory ealloy, the
ailoy displaywng reversidle stress-induced martensite at
about body temperature such that it has a stress-induced
martensitic state and an austenitic state, the bone im-
plant having (i) an insertable shape for isertion into the
bone when the alloy is in its stress-induced manensitic
state and (1i) a second, different, non-insertabie shape
when the alloy is in its austenitic state,

18. The bone iumplant of ¢laim 17 wherein the bone
umplaat is a nail.

19. The bone implant of claim 18 wherein the nail has
2 tine.

20. A methed for holding onto a bone i a mammalian
body comprising the steps of:

(a) drilling 2 hole into the bone;

() slecung a bone-bolding device compnsed of 1

pseudoelastic shape memery giloy, the alloy dis-

. playing rteversible stresssinduced martensite at
about body temperacure such that it has a stress-
induced martensitic state and 3n 3usteninc state,
the device having (i) 2 deformed shape whea the
alloy is in its stress-induced martensitic sute and
(11) a Qifferent unsiressed shape when the alloy is in
13 aUSTENItiC State, the bone-holding device being in
its unsiressed shape: and

(¢) wserting the device into the hole and deforming
the device to its deformed shape 3o that the alloy
transforms toward its stress-induced martensitic
state.

21. The method of claip 20 wherein the device is a

bone suaple. '

22. The method of claim 20 wherein the step of select-
ing comprises sefecting 3 device baving a une.

23. The method of claim 20 wherein the step of insert-

“ing the device and deforming the device takes place at

3 tempersgure greater than the Ag of the atloy.

24 The method of ¢laim 20 wherein sebstanrially alt
of the transformarion of the alloy results from inserting
the device and detorming the device, and not from any
change in texmperature of the device.

25. The method of claim 20 wherein the bone holding
device is 2 bone nail.

26. The method of claim 25 wherein the nail has 2
tine:

27. A method for removing from 2 mammalian body
1 medical device compnsing & memory afloy element at
least pantly formed {rom 2 pscudoelasnc shape memory
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2oy, the alloy displaying reversiple stressainduced
martensite at about 0oy temperature such that i has a
stresse:nduced msriensizic siate and an austenitic siate.
the device having (i) 2 removabie shepe when the alloy
15 10 18 stress-induced martensitic state 2na (i) 2 differ-
et non-removable shape whea the ailoy is in its austen-
iuc siate, the device deing positioned i a2 mammalian
body and being in its non-removadle shaps. the method
comprising the steps of:

{a) stressing the device so thac the alloy transiorms
toward its stress-induced martensitic state and the
devics ransforms 10 s removable shape, without
changing the temperature of the device; and

(®) withdrawing the transformed device from the
mammalian body.

28. The method of claim 27 wherein both steps (a)
and (b) ke pla\:e ata 'emperamrc greater than the Ag
of the alloy. *

29, The method of ciaim
device is 2 bone implant.

30. The method of ciaun
device is a2 marrow aail.

31. The method of claum
device 15 a bone staple.

32. The method of claim 27 ‘wherein the medical
davice is an intrautenne contraceptive device.

- 33. The method of ciaim 27 whersin the medicai
device is a filier for a blood vessel.

34, The methoa of claim 27 wherein the medical
device is tubular.

27 wherczn the medical
29 wheremn the medical

29 wherain the medicai

5

s

15

we
ivs

50

65

. 14

3S. The method of claim 34 wherein the medical
device 15 a catheter.

36. The meshod of claim 35 wherein
device is tracheal catheter.

37. An armcle formed at least paruslly from a shape
memory alloy which displays stress-induced martensite
behavior at human body temperature. (he articie
adapted 10 be positioned in an apersure in 2 bone of 2
human body so that the arucie 1s deformed by the walls
of the aperture by the {ormanon of stress-induced mar-

the medicat

" tensite, and theredy exerts a force outwardly on the

wall of the aperture.

38. A bone plate for cor.npres.».un5 two ends of a frac.
tured mammalian - bone together, the bone plate being
formed at least parily from a pseudoelastic shape-mem-
ory ailoy, the alloy displaying reversible stress-induced
martensite ar about body temperature such that it has a
stresseinduced maneasitic state and an ausienitic state,
the bone plate being (i) elongated when the alloy is in its
stress-induced manensitic state and (it) shortened when
the alloy is in its austenitic state;

the bone plate being provided with means for secur.

ing the bone plate to both ends of s tracrured bone.

39. The method of claim 9 wherein the siep of stress-
ing of the bone¢ implant is performed befoce placement
of the bone implant o the channel in the bone.

40. The method of claim 20 wherein the step of de-
forming the device is performed before the device is
inseried into the hole.

L]

e 8 &

Edwards Exhibit 1033, p. 79



B SHEET 2 OF 5
FORM PTO-1449 U.S. DEPARTMENT OF COMMERCE | ATTORNEY DOCKET NO.: 9438 SERIAL NO.:
PATENT AND TRADEMARK OFFICE 07/956,653
LIST OF ART CITED BY APPLICANT APPLICANT: JAMES E JERVIS
(Use several sheets if necessary)
FILING DATE: OCTOBER 2, 1992 GROUP: 3301

B R RS SBEN

Examiner DOCKET NUMBER DATE NAME CLASS { SUBCLASS FILING DATE
Initial ) IF_APPROPRIATE

AB

AC

AE

AF

AG

AH

Al

AJ

AK

DOCKET NUMBEk DATE COUNTRY CLASS SUBCLASS TRANSLA”QN

YES NO
W | m2fa b1 ls {4 |6 13/ 1983 JAPAN oo /
a2 bs 14 Jo & |7 3/ 1983 JAPAN -1 /
; ; m-2"]s o Jols |1 3/1983 JAPAN  — /
no-2 {ssl2 {8 o (8]0 [ 1981 JAPAN 1 /

i [

‘ 9 17 /

AQ-2 | EPO Search Report dafed June 12, 1986.

AR-2 | Jackson, "55-Nitinol--The Alloy with a Memory: Its Physical Metallurgy, Properties, and Apptications,*
NASA-SP5110 (1972)

\J AS-2 | Mazer, "Therapeutic Embolization of the Renal Artery with Gianturco Coils: Limitations and Technical
. = pitfalls," Radiology, 138:37-46 (Jan. 1981)

EXAMINER Cewwal, | oare constoeren Q!l Y43

EXAMINER: Initial if rqfdrence considered, whether or not citation is in conformance with MPEP 609; Draw line through citation
1f not in conformance a ot considered. Include copy of this form with next communication to applicant.

PC2\AKNPATENT\PTO-9438.1 March 12, 1993

Edwards Exhibit 1033, p. 80



VALY
AL o

ENGLISH TRANSLATION OF JAPANESE PATENT KOKAI PUBLICATION
NO. 31546/1983 '

APPLICATION NO.: 140477/1981
APPLICATION DATE: SEPTEMBER 7, 1981

KOKAI DATE: -MARCH 10, 1983
APPLICANT: SUWA-SEIKOSHA
INVENTORS: Susumu TANAKA, Takehiko OOSAKU, &

Kumahide SUMIDA

CLAIMS:

1. A device for orthodonture, orthodontic load of
which corresponds to and changed by a temperature difference
between a témperature corresponding to body temperature and
a temperature generated by applying a temperature stimula-
ting material to a buccal cavity.

2. The device for orthodonture according to claim
1, which comprises an alloy mainly consisting of a metal
compound of Ni-Ti.

3. The device for orthodonture according to claim
2, wherein a temperature at which reverse martensite trans-
formation of the Ni-T{ alloys finishes is lower than the
body temperature. - '

IN THE DESCRIPTION:

Page 282, lower left column, lines 13 to 19
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The super elasticity has completely different
mechanism and properties from proportlonallelastlcity found
in conventional metallic materials. Even when it is defor-
med by about 8 %, it super elastically reverts to its origi-
nal shape.

Page 283, upper lért column, line 10 to upper
right column, line 6

Metallic materials having super elastic effect and
shape memory effect include an alloy mainly consisting of
Ni-T{ metal compound, Cu-Zn, Cu-Zn-X (wherein X is Si, Sn Al
or the like), Cu-Al-Ni, Au-Cd, Ag-Cd, Ni-Al. Cu-Au-Zn, Cu-
Sn, etc. These alloys are super lattice alloys which exhi-
bit martensite transformation, namely thermoelastic trans-
formation. Super elasticity utilizes, as motive force,
stress-induced martensite transformation caused in a tempe-
rature rage higher than the martensite transformation
temperature of these alloys and its reverse transforma-
tion. Generally, this transformation has small hysterisis
of forward and reverse transformations between a mother
phase (austenite phase) and a martensite phase, and ls:crys-
tallographically reversible. "Crystallograpﬁically reversi-
ble" means that not only the alloy reverts to its crystal
structure of the mother phase but also the orientation of
the crystal reverts to its original orientation.

Edwards Exhibit 1033, p. 82



ENGLISH TRANSLATION OF JAPANESE PATENT KOKAI PUBLICATION
NO. 50951/1983

APPLICATION NO.: 150425/1981
APPLICATION DATE: SEPTEMBER 22, 1981

KOKAL DATE: MARCH 25, 1983
APPLICANT: SUWA-SEIKOSHA
INVENTOR: Susumu TANAKA'
CLAIMS:

1. A bracket for orthodonture, which comprises a
substrate member which is attached to a tooth body and a
wire supporting member which grips and support a wire,
wherein the wire supporting member is imparted with elastic
deformation ability.

2. The bracket for orthodonture according to claim
1 wherein the wire Supportingﬂmepber is imparted with defor-
mation ability due to super elasticity.

3. The bracket for orthodonture, wherein the at
least the wire supporting member is made of an alloy mainly

consisting of a metal compound of Ni-Ti.

IN THE DESCRIPTION:

Page 302, lower left column, line 11 to lower
right column, line 6

Metallic materials having super elastic effect and.
shape memory effect include an alloy mainly consisting of
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Ni-Ti metal compound, Cu-Zn, Cu-Zn-X (wherein X is Si, Sn Al
or the like), Cu-Al-Ni, Au-Cd, Ag-Cd, Ni-Al. Cu-Au-Zn, Cu-
Sn, etc. These alloys are super lattice alloys which exhi-
bit martensite transformation, namely thermoelastic trans-
formation. Super elasticity utilizes, as motive force,
stress-induced martensite transformation caused in a tempe-
rature rage higher than the martensite transformation
temperature of these alloys and its reverse transforma-
tion. Generally, this transformation has small hysterisis
of forward and reverse transformations between a mother
phase (austenite phase) and a martensite phase, and is érys-
tallographically reversible. "Crystallographically reversi-
ble" means that not only the alloy reverts to its crystal
étructure of the mother phase but also the orientation of
the crystal reverts to its original orientation.

Edwards Exhibit 1033, p. 84



SHEET 3 OF 5

ATTORNEY DOCKET NO.: 9438 SERIAL NO.:

FORM PTO-1449
07/956,653

PRTENT AND TRADEMARK OFFICE
LIST OF ART CITED BY APPLICANT APPLICANT: JAMES E. JERVIS

(Use several sheets if necessary)

FILING DATE: OCTOBER 2, 1992 3301

£ Examiner DOCKET NUMBER DATE NAME CLASS |- SUBCLASS FILING DATE
: Initial IF_APPROPRIATE

AA

AB

AC

AD

AE

AF

AG

i AH

Al

Y DOCKET NUMBER DATE COUNTRY CLASS SUBCLASS TRANSLATION
; ) YES NO

‘ P M a3 571 Jo [ ]e |3 2./ 1982 JAPAN 1

. m3|s7t7 Is (6 le |7 57 1982 JAPAN' s 7

a3 |s57]o |s lals |2 L1962, JAPAN +

A0-3 '

AQ-3 | Melton, et al., “Alloys with Two-Way Shape Memory Effect ®

Mechanical Engineering, March, 1980, pp. 42-43

AR-3 | Perkins, “Shape Memory Effects in Alloys,* Plenum Press, NY 1975.

‘} (Pages 29-59, Rodriguez article; pages 59-89, Shimizu article; pages 273-304, Perkins article.)

W(/ AS-3 | Robinson, "Metallurgy: . Extraordinary Alloys that Remember their Past "
Science, Vol. 191, No. 4230 (May, 1976)

EXAMINER & ad 7 . . DATE CoNSIDERED b l(% { 73

§XAMIME&_§: Initial if referer& considered, whether or not citation is in conformance with MPEP 609; Draw line through citation
1f not in conformancé and not considered. Include copy of this form with next communication to applicant. .

PC20\AKNPATENT\PTO-9438.1 March 12, 1993

Edwards Exhibit 1033, p. 85



SHEET 4 OF 5

T OF COMMERCE | ATTORNEY DOCKET NO.: 9438 SERIAL NO.:

FORM PTO-1449 U.S. DEP R
; D‘\\{P@Zf‘;kggﬁﬁiﬂADﬁmRK OFFICE 07/956,653
i : LIST OF ART CITED BY APPLICANT APPLICANT: JAMES E. JERVIS

(Use several sheets if necessary)

FILING DATE: OCTOBER 2, 1992

Examiner DOCKET NUMBER DATE NAME CLASS | SUBCLASS FILING DATE
Initial IF_APPROPRIATE

AA

AB

AC

AD

AE

AF

AG

AH

Al

Ad

DOCKET NUMBER DATE COUNTRY CLASS | suBCLASS TRANSLATION

ves | wo
AL
; AM
AN
: A0

AQ-4 | Wagner, “What You Can Do with that 'Memory Alloy,'" Materials

Engineering, 70 (1969) Oct. pp. 28-31.

AR-4 | Wasilewski, "The Effects of Applied Stress on the Martensitic Transformation in TiNi *

Metal lurgical Transactions, 2: Nov 1971, pp 2973-2981
AS-4 | Mayman, "“Some Applications of Shape-Memory Alloys,"

W
o
L

Journal‘ of Metals, June, 1980, pp. 129-137. .
EXAMINER M : LDATE CONSIDERED d}( {3 (‘f?
L .

EXAMINER: Initial if refereng considered, whether or not citation is in conformance with MPEP 609; Draw line through citation
if not in conformance and not considered. Include copy of this form with next communication to applicant.

PC20\AKNPATENT{PTO-9438.1 March 12, 1993

Edwards Exhibit 1033, p. 86



Yo
AsS—

Some
Applications of

And the LORD said unto Moses.
your hand?’” And he said. "A rod.”

“What is that in

Then HE said, Cast it on the ground.”” And he cast

Shape-Memory
Alloys

it on the ground and it became a serpent: and Moses
fled from it.

And the LORD said unto Moses.
hand and take it by the tail."

“Put forth ‘thine
And he put forth his hand

and caught it. and it became a rod in his hand.

C. M. Wavyman

University of Illinois .
at Urbana-Champaign
Urbana. Illinois

OLD TESTAMENT
Exodus, Chapter 4:2-4

SUMMARY

Uses or potential uses of shape memory allovs fall into
industrial. energy. and dental/medical categories. These
various applications are considered after a brief discussion
of the nature of the shape memory effect and other interest-
ing properties in shape memorv allovs. Most appiications
incoive NiTi-tvpe and Cu-based allovs. the latter being
reiativeiv inexpensive to produce and fabricate into numer-
ous forms.

" NATURE AND MECHANISTICS OF THE
SHAPE MEMORY EFFECT

The shape-memory effect (SME) can be desctibed as fol-
lows: basically. an object in the low-temperature. martensitic
condition when it is deformed and the stress then removed
will regain its original shape when heated. Strains tvpically
5~3'" may be completely recovered. The process of rezain-
ing the original shape is associated with the reverse trans-
formation of the deformed martensitic phase to the higher
temperature parent phase.

.\Ian_v materials are now known to exhibit the shape-mem-
ory or “marmem’ (martensxm\memon; effect: a partial
list includes the alloy svstems Cu-Zn. Cu-Zn-Al, Cu-Zn-Ga.
Cu-Zn-Sn. Cu:Zn-8i. Cu-Al-Ni. Cu-Au-Zn, Cu-Sn. Au-Cd.
Ni-Ti. Ni-Ti-X (X = ternarv element), Ni-Al. and Fe-Pt.
These alloys are all ordered {both parent and martensite)
and exhibit a crystallographically reversible. thermoelastic
martensitic transiormation.

. Substantial progress has recently been.made in under-
standing the nature of SME. As is well known. a crystal of
the parent phase will transform into manv orientations
tpiates or variants) of martensite on cooling. Ideally. a
<ingie crvstal of the parent phase will form 24 orientations
a1 martensite on cooling between the M. and M, tempera-
:ures. But when this multi-orientation configuration of
martensite is deformed. a single orientation of martensite

eventually results because of twinning and the movement of .

certain martensite interfaces. It has been shown that the
twins which form in the martensite are simply other orienta-
tions tvariants) of martensite: thus twinning can convert one
ortentation of martensite to another. The same thing happens
when martensite/ martensite intertaces move under stress:
one orientation grows at the expense of another. In the final
anaivsis. the single remaining orientation of martensite is
tne variant whose “shear” or shape deformation will permit
the maximum elongation of the specimen in the direction

IOURNAL OF METALS ¢ june, 1080

of the tensile axis.

Although the original single crystal of the parent phase
transtorms into manv (up to 24) orientations of martensite,
the reverse does not occur. Instead. the single crystal of
martensite obtained from deformation below the M, tem-
perature transforms. on heating. to a singie orientation of
the parent phase. This is a consequence of the relative sym-
metries involved and the necessitv to maintain ordering. In
other words. the highly svmmetric (usually cubic} parent
phase has many crystallographically equivalent principal
axes for the lattice change (Bain distortion) which will thus
lead to the manv variants of martensite which are observed.
On the other hand. the reiatively unsvmmetric martensite
te.g.. monoclinic in Cu-Zn-Al alloys) does not enjov such a
multiplicity of choices. and only a single variant of the parent
15 usually nucleated during the reverse martensite-to-parent
transformation. In essence. the single crvstal of martensite
“unshears” to form a single crystal of the parent. and this
“unshearing” during reverse transformation restores the
specimen to its original shape. This sequence is metallogra-
phically depicted in Figure 1.

The above account appears to be generally valid. irrespec-
tive of the alloy svstem or martensite crvstal structure.

OTHER INTERESTING PROPERTIES
OF MARMEM ALLOYS '
Shape-memory alloys have interesting properties ;nd
characteristics in addition to the shape-memory effect, per

se. As will be described later. excessively deformed (some-

30 strain. and well bevond the limit of shape-memory re-
coverable strain) martensitic NiTi alloys have unusual elastic

properties.. When .many of the martensitic Cu-based allovs"

are continually deformed bevond the single-crystal marten-
site stage. a new martensite phase is generated a
stress-induced  martensite-to-martensite transt'ormation
occurs. This successive mode of martensite deformation
allows recoverable strains of more than 17¢. Shape-memory
alloys are also excellent damping materials. The relative
ease of movement of internal boundaries. such as marten-
site-martensite boundanes under a small stress is strongly
attenuating. Finally. a “two-way” shape memory can be
programmed into various memorv alloys by. appropriate
stress and/ or thermal cvciing. Once this conditioning has
been achieved. a specimen will spontaneously “'bend” when
the parent transtorms into martensite. 2nd “unbend” to the
initial shape during the reverse transiormation.

120
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INDUSTRIAL APPLICATIONS OF
SHAPE-MEMORY ALLOYS
Fasteners and Couplings

One of the earliest widespread applications of SME was
Raychem Corporation’s (Menlo Park. Calif.}.introduction
oI tubing or pxpe couplings which shrink during heating.
Typical of such NiTi-type couplings are those used for
connecting aircratt hvdraulic lines. The couplings are ex-
panded ~4% in the martensitic condition at liquid-nitrogen
temperature. then placed around the tubes to be joined.
During warming to room temperature. they contract. produc-
ing a tight seal. The use of such fittings avoids metajiurgical
degradation which can result from welding or brazing. and
avoids damage to the aircraft “"skin.” Over 300.000 such high-
performance connectors have been used in U.S. Navy air-
craft. with no reported failures.

Similar NiTi-type fixtures have been used extensively for
plumbing on submarines and surface ships during the past
five vears by the British Roval Navy, and within the past
two years by the U.S. Navy for a variety of surface ships; an
example is shown in Figure 2.

The size of NiTi-type fittings has been increased consider-
ably recently. and fittings which join carbon-steel subsea
pipe up to six inches in diameter have been installed suc-

cessfully wt dep.hs up tw 300 using sa:iratiz Civing
techniques. taking a pre-chilled fitting down in the divine
chamber. For broken subsea piping. SME fittings are justi-
tied by speed and ease of installation compared with other
techniques and by no necessity to rely on operator skill.-

Ravchem has also developed a ““Crvocon™ shape-memory
tvpe electrical connector particularly suited for multicon-
nector electrical plugs.

Extensive research and development on NiTi and NiTiX
ternary allovs is also being conducted at the Brown Boverl
Research Center in Baden Switzerland.

Ravchem recently introduced a new line of Cu-based alloy
heat-shrinkable fittings in addition to other fasteners and
devices. These devices can be provided in the field in the
{deformed) martensitic condition at room temperature ana
applied simply by heating them with a propane torcn.
Figures 3-5 are examples showing a coupling, retainer. and
clamp; and Figures 6 and 7 are photographs of a clamp and
a seal made of a Cu-based SME alloy. Figure 8 shows a
clamp and expander. demonstrating that the engineering
parameters for the Cu alloys have been well worked out.
Additional fasteners, clamps. plugs, rivets, etc., will un-
doubtedly appear in the near future, including plugs for
nuclear reactors which will eliminate welding.

Figure 1. Optical micrographs showmg
a) ous orientati of mar

in as-transformed Cu-Zn-Ga alloy, b)
the “coalescence” of variants upon
stressing, ¢) leation of only a single
variant of the parent phase during
heating, and d) the original single
crystat of the parent phase.
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Figure 5. Clamp or crimp made trom Cu-based shape-memory
aloy. (Courtesy Raychem Corp.)

Figure 2. Bank of hydraulic piping on the USS Peleiiu installed
with heat-shrinkable NiTi-type couplings. (Courtesy Raychem

Corp.).
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Figure 3. Tube or pipe coupling made from Cu-based shape-
memory aitoy. (Courtesy Raychem Corp.)

Figure 6. Clamp made from Cu-b pe-mer
(Courtesy Raychem Corp.)
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“icure 4. Retainer made from Cu-based shape-memory alioy.
Sourtesy Raychem Corp.)

Figure 7. Disc seat made from Cu-based shape-memory alioy.
{Courtesy Raychem Caorp.) ’
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Numerous patents have aiso been tiled tor varous SME
agevices not vet heen marketed. such as mechamisms tor
pilattorm motion. pumps tor {luids. and thermal warning
devices which can be attached to containers used for shipping
_retrigerated biological materials such as human blood.
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Figure 8. Clamp and expander made from Cu-based shape-
memory alloy. (Courtesy Raychem Corp.)

Figure 9. Greenhouse window control incorporating a Cu-based
shape-memory alloy. (Courtesy Deita Memory Metal Co.)

Figure 10. Thermostatic radiator vaive incofpora'linQFCu-based
shape-memory alloy actuator spring. (Courtesy Deita Memory
Metal Co.) . . ' o .

Thermomechanical and Thermostatic Devices

Substantiai ettorts in deveioping Cu-based shape-mer
ory allovs nave neen made by the Delta Memorv Meta.
Company «>uffolk. England). They have developed a range
of Cu-Zn-Al SME allovs with emphasis on thermostats.
controls tor heauing and cooling equipment. automotive
control devices. and actuators for equipment ranging lrom
areenhouse windows to tire doors. Many of these prototvpes
have been cvcied a half-million times or so with no observ-
able fatigue. “creep.” or change in deflection characteristics.

Figure 9 shows an actuator for greenhouse windows. bagi-
cally a spring-ioaded hinge containing a bias spring and a-
SME spring. Below 18°C. the SME spring is in the ca:
tracted (martensitic) condition and the window is closec
When the temperature rises. the shape-memory spring over-
comes the restraining bias spring, and at 25°C the window
is fully opened. The window is automatically pulled shut
when the temperature falls. As expected. the hysteresis of
an unloaded actuator is some 10—13°C, but this can be
compensated for by torcing the actuator to work against a
bias spring. Delta has proposed similar devices to open fire
doors. actuate ventilators in factories. open radiator vents
in diesel trucks. and control vents in warm-air heatinz
systems.

Another SME spring-actuator/ bias-spring device is
thermostatic radiator valve for residential hot-water heatin,
svstems (Figure 10). As the temperature in a room increases.
the actuator expands, overcomes the force of the bias spring.
and closes the port of the valve on the hot water line of the
radiator svstem. The temperature can be adjusted by rotating
the top head assembly. which alters the compression of the
bias spring. Such regulators are comparatively inexpensive
and have a much faster system response time. With a proper
bias spring. thermal hysteresis can be held to 1.2C°. There
is a remote-control version of these valves.

Another Delta device. an automotive clutch fan (Figu~
11), uses an SME actuator in the form of a helical spri:
which is biased against a set of four steel leaf springs. The
SME actuator coil engages a clutch which turns an automo-
tive engine fan when the “air-off’ temperature exceeds a
certain value. tvpically 33°C: the actuator closes the clutch
plate until the temperature is under control. At low tem-
peratures. the fan idles at ~250 rpm. At higher tempera-
tures. the clurch fan speeds up sufficiently to cool the engine
assembly. If this speed is less than engine speed. the clutch
fan will slip. Thus the fan does only as much work as required
and. accordingly, saves energy. Such a device has been roa@
tested for 20.000 miles. and indications are that it wouic
operate an additional 60.000 miles. The clutch fan was pro-
posed in order to reduce engine noise {at idling} and fuel
consumption (because it removes the energy loss from the
fan when it is not required to cool the engine). :

Another automotive application of Cu-type SME alloys
concerns the carburetor. In this case, atmospheric pollu;ion
is minimized and fuel consumption optimized by compensat-
ing for fuel viscosity. A simple jet made of a Cu-Zn-Al SME
alloy is inserted in a Stromberg-type carburetor. As the fuel
warms, an orifice reduces in size and thus meters the correct
fuel volume. Figure 12 shows the performance of such 2 -
Note particularly the reduction in CO emission at hic?
fuel temperatures. S

A further automotive application, also concerning 1=
carburetor. is to use a Cu-tvpe SME actuator to close 2
*cold start” choke at a predetermined time after an enginé
has started. The SME actuator is energized by heat from an

_electrical source. causing the actuator to close the choke.

Figure 13 shows a room-temperature thermostat control
designed by Delta. This control consists of an SME actuatof
spring and bias spring mounted to a standard microswitcn.
with a simple adjusément for temperature. A similar therm:-
static principie is involved in the use of an SME elemer: -~
switch off electricallv-operated tea kettles once the w™
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notis. If the kettle boils drv or 15 ..ot filled. the SME ele-
ment 15 heated. switching off the kettle.

Other exampies of Cu-Zn-Al SME devices are the tubular
and col-tvpe torsion actuators shown in Figures 14 and 13
in the “closed” and “ovpen’ positions. A somewnat simiiar
line of Cu-Zn-Al SME devices is being developed by N.\'.
Bekaert in Zwevegen. Belgium. but they nave not vet heen
introduced in the U.3.

The above discussion emphasizes many existing thermo-

Figure 11. Automotive clutch fan with heat-energized actuator
made from a Cu-b d sh y alloy. (Courtesy Deita
Memory Metal Co.)
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Figure 12. Carbutelor 1et assembly with variable orifice con-
trotied by a Cu d ] y alloy. Note the reduction
ot CO emission by using the SME compensated jet. (Courtesy
Oeita Memory Metal Co.)
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nechaaica. and tnermostauc aoplications of u-based
SME atlovs. More wiil sureiv toliow. considering the inex-
pensiveness ol sucn brasses and their ease ol tabricauion.
However. such allovs are subiect to aging ettects and cannot
cvelically operate indefinitely when the “upper” tempera-
ture 15 ~150°C or more. The nature of the aging etfects
which cause deterioration ot the shape memory remains to
be determined. Higher operating temperatures are expected
in the tuture through allov development.

Figure 13. Room-temperature thermostat controt using a Cu-
based shape-memory alloy spring. (Courtesy Deita Memory
Metai Co.)

I I VLYt

Figure 14. Tubular torsion actuator made from Cu-based shape-
memory alloy. (Courtesy Deita Memory Metat Co.)

Figure 15. Coiltype torsion actuvator made from Cu-based
shape-memory alloy. (Courtesy Deita Memory Metal Co.)
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Recording Pen Drive Unit

The Foxboro Company (Foxboro. Mass.i has deveioped a
simplitied servomechanism to drive recording pens and
indicating-pointer assemblies. The servodrive unit (Figure
16+ contains a NiTi wire maintained under tensile stress.
The input signal is converted to a current which is induced
into the SME wire. the thus-heated wire changes 1ts iength
and moves a connected lever. This device eliminates manv
moving parts and is extremely reliable. Over 500.000 such
units have been produced since their introduction in 1972,

ENERGY APPLICATIONS

That large stresses are generated during the shape-memory
etfect has been known for some time. For exampie. in NiTi
alloys stresses as high as 100.000 psi are created by the re-
verse transformation of the deformed martensite to the
memory configuration during heating. Such stresses are an
order of magnitude higher than those necessarv to deform
the martensite at lower temperatures. Thus. heat can be /
used to create a mechanical force which can do work. Figure/

17 illustrates the principle involved. F

Figure 16. Servodrive unit using NiTi wire actuator. (Courtesy
Foxbaro Co.)

below M,
Flgure 17. Schematic of heat englne

|
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f

‘tarch wires are tied into malposed teeth.

s

Numerous neat engines built in the past rew vears tvpicai:
nperate between two fixed temperatures tusually maintaines:
hy two water reservoirs! and have modest efficiencies «;
1-6% when operated at room temperature and above. Thev
are consequently well suited to extract heat from “low-
crade’” energy sources such as industrial coolant water. dis-
charge water trom nuclear reactors. geothermal sources.
and solar heated masses.

DENTAL AND MEDICAL APPLICATIONS

/()rthodontic Dental Arch Wires

Unitek Corporation (Monrovia. Calif.) now extensive:.
markets an orthodontic dentai arch wire made from a Ni7’
allov. This arch wire. attached to bands on the teeth. is nov.
replacing the traditional stainless steel arch wire in many
cases. Since its introduction about 2!: vears ago. over 5.000
of the estimated 6.300 orthodontists in the U.S. have used
{ this device for straightening teeth.

In contrast to the other SME devices mentioned in this
report. the dental arch wire is used in the martensitic con-
dition. Because the martensitic wires have been plastically
deformed to more than 30%. however. they exhibit an un-
usual springback and rubberlike character. After a 90° bend
test. the coldworked NiTi wires will almost completei-
unbend. in contrast to similar stainless steel wires whici:
remain bent at a 45° angle. Figure 18 shows the resuits c:
comparative bend tests. and Figure 19 shows how the NiTi

]
|

It is claimed that using NiTi arch wires offers advantages.
such as fewer arch wire changes during treatment. a greater
working range tand thus fewer arch wire adjustments), less
patient discomfort. and shorter treatment time.

Blood Clot Filters
A vena caca filter using a NiTi alloy has been evaluated

by Dr. M. Simon of the Harvard Medical School and othe- ;
colleagues The device they propose is a new method 1-- i
trapping “wandering” blood clots. A chilled. initiait .
straight NiTi wire (martensitic condition) assumes a com- i
plex filter shape as it warms to body temperature (parent i
phase condition} after being placed into the vena cava (a
large vein which returns blood to the heart) by a catheter
inserted in a vein in the arm. A straight martensitic wire
obtains a complex cross sectional shape once ejected from
the catheter into the warm bodv. a process schematically
shown in Figure 20.
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Figure 18. Bend tests comparing coid-
worked stainless steel and coldworked
NiTi martensitic alloy. (Courtesy G.F.
Andreasen.)

Figure 19. NiTi dental arch wire betore (above) and atter (below) being tastened to malposed teeth, {(Courtesy G.F. Andreasen.)
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Figure 20. Schematic of vena cava filter
operation. (Courtesy M. Simon.}
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Figure 21. Radiograph showing placement of vena cava filter
in a dog. (Courtesy M. Simon.)

Figure 22. Composite aneurism clip; a.) of Ag; b.) of NiTi.
(Courtesy T. Honma.)

Figure 23. Prototype artificial heart using
NiTi coatractile elements, (Courtesy
P.N. Sawyer )

such deﬁs ran prevent. 99 of ciots lormea in che legs.
peivis. or thighs. and which later dislodee. rrom reaching the
heart ' lung region and causing a puimonary embolism. The
NiTi filter otters several advantages. such as avoiding anti-
coaguiant drugs tdangerous when internal bleeding mav
occur) and surgery. both risky procedures. and requiring
only a local anesthetic. Such devices promise greater safety.
simplicity. and speed of introduction.

Experiments on dogs have been verv encouraging and those
involving humans are anticipated soon. Figure 21. a radio-
graph of an NiTi filter implanted into the vena cava of a
dog. clearly shows the trapped embolus at one side of the
filter.

Intracranial Aneurism Clips

Aneurism clips or clamps used to tie off unwanted bulge:
which form in arteries have to be easily applied and removed.
After experimenting with different versions of metaliic
aneurism clips, Honma and colleagues in Japan reported on
a basic silver clip straddled by a supplementary clip made
of NiTi. Such composite clips. as shown in Figure 22. met ail
mechanical conditions for practical use and could be re-
moved easily by local heating.

Artificial Hearts

Dr. Philip Sawver and associates at the State University
of New York conceived the intriguing idea of using NiTi
SME allovs to act as prosthetic muscles when heat pulsed.
and thev have proposed using NiTi wire strands as a con-
tractile artificial muscle for an artificial heart. They claim
that NiTi allovs are a potentially practical means of obtain-
ing proximate contractility of the chamber wall and a satis-
factory beginning towards developing an artificial muscle
“skin-activated” cardiac chamber. The wire strands were
initially constructed using “muscle groups™ which were
anchored to the exterior of the chamber in various configura-
tions to attempt to replicate the contractility of the left
heart ventricle.

Such artificial hearts are envisioned to be activated b:
electrical heating and programmed timing cycles involving
various groups of contractile elements. Using NiTi elements
attached to an elastomer chamber. significant pumping
speeds were obtained. Such devices have pumped water up
a 160 cm gradient 12—15 times per minute.

Sawver and colleagues suggest that the next critical step
is an evaluation in rivo following the implantation of such
devices in dogs and calves. This is a novel. exciting possi-
bility for applving an SME allov. Figure 23 shows a prototype
artificial heart with elastomer pumping elements activated
by bands of NiTi wires.

Orthopedic Devices

Workers at the Polvtechnic Institute of New York isee
Castleman et al.) have suggested the manufacture of bone
plates from NiTi allovs for the compression fixation of bone
fractures. A “preprogrammed” NiTi implant would be
fastened to a fractured bone on each side of the fracture.
Raising the plate temperature locally some 10-15F° above
bodv temperature would cause the shape memory to con-
tract the plate and fit the ends of the fractured bone
securely together. Such a process would .involve a muckh
simpler surgical procedure than is now common. using 1m-
plants made of vitallium and other allovs with “stati.
dimensions. However. recognizing the possible bioincor
patibility of NiTi allovs. these workers carried out a tissu-
response study byv |mplantmz NiTi bone plates in dogs. Nv
adverse tissue reactions. loss of implant material to surround-
ing tissue. corrosion effects. or contamination of body organs
by implant materials were found. leading to the conclusion
that NiTi allovs are sufficiently compatible with dog tissue
to warrant turther investigation as a biomaterial. )

Another evaiuation of NiTi allovs for orthopedic impiants
was conducted hy Dr. James Hughes of the University «
Mississippi. He aiso prepared hone piates (Figure 241 ar~’
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eontirmed the biologic acceptabilivy of NiTi alloys. Huehes
aiso suggested a new tvpe of hip prosthesis and intramedul-
i2rv rod. Instead of cement to hold the stem of the prosthesis
i:. place. the metallic components within the bone are tirm-
|-~ fixed by the gnpping segments of NiTi in the stem of the
prosthesis.

Another proposed orthopedic device involves using NiTi
aiioys in a Harrington rod for straightening a bent spinai
column.

SOME FURTHER APPLICATIONS

A few additional appiications of SME allovs can be briefly
mentioned. A U.S. patent has been obtained for a varietv of
intrauterine contraceptive devices (IUDs) fabricated from
NiTi SME alloys. A Cu-Zn SME alloy has been proposed
for manufacturing integrated circuit packages with SME
used in making contacts. Finally, researchers at the Poly-
technic Institute of New York have developed “blind plugs™
of NiTi to be used as remotely activated, internally placed
seals for old gas lines under streets in New York City.

CLOSURE

The previous discussion suggests that, from a metallurgi-
cal point of view. shape-memory alloys are reasonably well
understood. Some of the many existing and proposed appli-
cations of this new class of materials have been described,
and this admittedly nonexhaustive discussion indicates a
remarkable variety of new things that can be done with
these materials. Since the shape-memory effect is an intrin-
sic consequence of martensitic transformations. this type
of phase change, once thought to be of interest only for
quenched steels. takes on new dimension and importance.
Many new developments and applications are expected now
that the Biblical “serpent” has been tamed.
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9438 “\:3
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE! E ///<?i///

In re Application of: Group Art Unit: 331

JAMES E. JERVIS Examiner: David Kenealy

Serial No.: 07/956,653

Filed: October 2, 1992
For: MEDICAL DEVICES

INCORPORATING SIM ALLOY

)
)
)
)
)
)
)
)
)
ELEMENTS )

Pasadena, California lqeﬁl 62%2\

RESPONSE TO OFFICE ACTION

Honorable Commissioner of

Patents and Trademarks
Washington, D.C. 20231
Dear Madam/Sir:

In response to the Office Action of February 22,:1993,

please amend the above-identified patent application as follows:

IN THE SPECTIFICATION

In the Cross-reference section of the Preliminary
Aﬁxé%;;;;ent, in the blank line after "U.S. Pafent ﬁ;l;ﬁ-pléase
insert --5,190,546~-. : 7 _
Page 6, line 4, delete the language --Fig. 3 is a front
plan view of a bone implant, namely a nail.--, as inadVertently
added by the prelimiﬁary amendment. (There is no Figure 3 in the

application as filed.)
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Page 6, line 4, after "martensite." please add:

' --Figure 3 is a side elevation view of a partial
section of a catheter of the present invention in a stressed
configuration.

(j) Figure 4 is a side elevation view of the catheter of

Figure 3 in an unstressed configuration.--

IN THE DRAWINGS

Please add Figures 3 and 4 to the drawings.

IN THE CLAIMS

Please amend the following claim:

25. (once amended) A device af claimed in claim 20, the

device having a transverse dimension, {jin which] wherein the

/éga__fhape memory alloy element is deformed by the restraint, in such

a way that its transverse dimension is fegduced [, the restraint

preventing] and transverse expansion of element is
obstructed.
l/ .
b PC20\AKN\PATENT9438 RSP 2
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RESPONSE TO RESTRICTION REQUIREMENT

In response to the Office Action mailed on February 22,
1993, applicant elects, the claims of Group I as defined by the

Examiner, namely claims 11-53.

PROVISTONAL ELECTION

The Office Action also reguires a provisional election
between the claims directed to an IUD, a stent graft, a blood

filter, a catheter, and a tracheal catheter.

Applicant provisionally elects the catheter, with
traverse. The generic and species claim directed to catheters

are: 11-14, 17-21, 24-37, and 41-53.

Applicant respectfully submits that no election is
required between tracheal catheters and catheters, because
"tracheal catheters" are as their name suggests, merely species
of catheters, namely those catheters that are inserted into the
~throat of a patient. This relationship is evident from the fact
§that Claim 36, which is directed to tracheal catheters, depends
upon Claim 35 which is directed to the generic catheters. Thus,
Applicant has included Claims 18 and 36, which are directed to

tracheal catheters, in the list defined above.

PC20\AK)\PATENT\9438.RSP 3
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Applicant respectfully traverses this election

requirement. Restriction is proper only when two or more
independent and distinct inventions are claimed in one
application. 35 U.s.Cc. § 121; 37 C.F.R. § 1.142. The IUD, stent
graft, blood filter, and catheter devices are not independent
because they have common design and operational features. The
relationship between the devices is evident from the structure of
the claims. Many of the claims to these devices were drafted as
claims which are dependent upon independent claims which recited
common structural and operational features. For example, Claim
14 (directed to a catheter), claim 15 (IUD), Claim 16 (blood
filter), and Claim 18 (tracheal catheter) are all dependent on
Claim 11 which recites common structural features. Similarly,
Claims 38 (IUD), 39 (stent graft) and 40 (blood filter) are all
dependent upon independent Claim 37 which has common design
elements. Thus, these devices are connected in both design and

operation.

Furthermore, if the Examiner requires election, is it
the Examiner's position that these devices are patentably

distinct, i.e., novel and non-obvious over each other as claimed?

If they are not patentably distinct as claimed, a restriction

requirement is improper. M.P.E.P. § 802.01.

Finally, Applicant wishes to direct the Examiner's
attention to U.S. Patent No. 5,190,546, in which allowed Claim

nos. 29-36 are directed to methods of using a bone implant,

PC20\AKNPATENT\9438.RSP 4
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marrow nail, bone staple, IUD, blood filter, tubular device,
catheter, and a tracheal catheter, respectively. Since these
claims directed to separate devices were allowed in the pafent
application, Applicant respectfully submits that these claims

should all be examined here.
REMARKS

Figures 3 & 4 show a catheter with a tubular structure
in the stressed and unstressed configurations, respectively.
These drawings were added pursuant to the request of the
Examiner. Both Figures 3 and 4 are merely copies of the drawings
shown in U.S. Patent 3,890,977 to Wilson (Figures la and 1b in
the Wilson patent). These figures are expressly incorporated by
reference in the specification, on page 12, lines 7-8. Hence, no

new matter is added.

Since applicant has provisionally elected the catheter
species, applicant believes that it is not necessary at the
present time to submit drawings showing the IUD or the filter for

a blood vessel. Applicant will submit such drawings if and when

it is determined that the generic claim is allowable.

CLATM 25

As per the Examiner's request, claim 25 was amended to

provide antecedent basis for "transverse dimension."

PC20\AKJ\PATENT\9438.RSP 5
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CLATMS 41-44

The Office Action also objects to claims subsequent to
claim 41 on grounds that these claims are "functional in nature,
and it is difficult for this Exaniner to comprehend what

structures being claimed with the limitations being presented."

Applicant respectfully submits that claims 41-44 merely
impose a limitation that the restraining means, placement device,
or pin, does not change in state. Such limitations are allowed

in claims. See, In re Bankowski, 318 F.2d 778, 138 U.S.P.Q. 75

(C.C.P.A. 1963) (limitation that virus propagating medium is

"devoid of avian tissue" held not objectionable); Johns-Manville

Corp. v. Guardian Indus. Corp., 586 F.Supp. 1034 (E.D. Mich.

1983), aff'd, 770 F.2d 178 (Fed. Cir. 1985), (limitation in claim

of "without using hot gas blast continuation" allowed); In re

Duva, 387 F.2d 402, 156 U.S.P.Q. 90 (C.C.P.A. 1967) (limitation
that read "absent sufficient CN ions to prevent decomposition"

held proper).

USE OF "ADAPTED"
The Office Action also states that the term "adapted"
present in claims 49-53 has "little meaning in terms of patent

language used for claiming a structural item." This rejection is

respectfully traversed.

PC20\AKJ\PATENT\9438 RSP 6

Edwards Exhibit 1033, p. 102



9438

Applicant has identified over 25 issued patents where

the term "adapted" has been used for claiming a structural item.
A partial listing of these issued patents includes: U.S. Patent

4,386,477 ("tube adapted to be inserted"); U.S. Patent 4,386,486

("adapted to fit within the eye of an anchor insert. . .adapted
to engage the anchor insert. . .adapted to receive"); U.S. Patent
4,386,646 ("adapted to be mounted"); U.S. Patent 4,431,111
("adapted to engage"); U.S. Patent 4,431,155 ("adapted to

receive").

Thus, applicant respectfully submits that the term
"adapted" has widespread use for claiming a structural item, and

consequently, should be allowed by the Examiner.

CONCLUSION

For the reasons given above, entry of the amendments

and allowance of the claims is respectfully requested.

Respectfully submitted,

SHELDON & MAK

3 [1ud)

Dated:

heldon
Reg. No. 27,953

225 8. Lake Avenue "EXPRESS MAIL™ MAILING LABEL NO. TB309073644US. DATE OF DEPOSIT: March 22, 1993.

Ninth Floor 1 HEREBY CERTIFY THAT THIS PAPER OR FEE IS BEING DEPOSITED WITH THE UNITED
Pasadena, CA 91101 STATES POSTAL SERVICE "EXPRESS” MAIL POST OFFICE TO ADDRESSEE SERVICE UNDER
; (818) 796-4000 37 CFR 1.10 ON THE DATE INDICATED ABOVE AND IS ADDRESSED TO THE COMMISSIONER
i OF PATENTS AND TRADEMARKS, WASHINGTON, D.C. 2023t BY MELISSA ALEXANDER
DY ) : Z 5 2 2 oy -

; PC20AKI\PATENT\9438 RSP 7
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s 48 ) \MENDMENT COVER SHEE

R, . .
INRE ON OF: JAMES E. JERVIS gtg

SERIAL NO.: 07/956,653 FILED: OCTOBER 2, 1992 Jﬁo .,\k
"l

: FOR: MEDICAL DEVICES INCORPORATING SIM ALLOY ELEMENTS gh
]
' HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS <
Washington, D.C. 20231

DOCKET NO. __9438 _

Sir:

Transmitted herewith is a paper in the above-identified application. Any necessary extension of time period set for this
paper is hereby requested.

B No additional fee is required.
[3 The fee has been calculated as shown below:

{0 EXTENSION FEE

/|
FIRST MONTH AFTER TIME PERIOD SET 110.00 55.00 - $
SECOND MONTH AFTER TIME PERIOD SET 360.00 180.00 3
THIRD MONTH AFTER TIME PERIOD SET 840.00 420.00 $
FOURTH MONTH AFTER TIME PERIOD SET 1,320.00 660.00 $

[0 TOTAL EXTENSION FEE §

(0 FEE FOR EXTRA CLADMS added by Amendment in this response:

Col

Column 3

TOTAL CLAIMS MINUS ** = x 20 cox10¢ $
INDEPENDENT MINUS *** * = x72 x 36
First presentation of multiple dependent claim + 220 + 110

TOTAL FEE FOR EXTRA CLAIMS $

* If the entry in Column 1 is less than the entry of Column 2, write "0" in Column 3.
*% If the number of Total Claims previously paid for is less than 20, write *20" in this space.
*¥% If the number of Independent Claims previously paid for is less than 3, write "3" in this space.

O  Enclosed is the fee of § by Check No.
O  Please charge Deposit Account No. 19-2090 in the amount of $

& The Commissioner is hereby authorized to charge payment of any additional fees, in particular the following
fees, associated with this communication, or eredit any overpayment to Deposit Account No. 19-2090:

Any filing fees under 37 C.E.R. § 1.16 for the presentation of extra claims
Any patent application processing fees under 37 C.F.R. § 1.17

o 312200

“EXPRESS MAIL" mailing label number _TB309073644US

= Date of Deposit March 22, 1993
T hereby certify that this paper is being deposited with the United States Postal
Service "Express Mail Post Office to Addressee" service under 37 C.F.R.
§ 1.10 on the date indicated above and is addressed to the Commissioner of
Patents and Trademarks, Washington, D.C. 20231,

‘WQMQ%MWQW

\225 South Lake Avenue Signature ‘ -
Stite 900° o/
Pasadena, California 91 101 : Melissa Alexandf-r L
{§18) 796-4000 (213) 681-9000 Typed or Printed Name of Person Mailing Paper or Fee. -

| PCZPAKNPATANTOSRCS . o
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- g IN THE UNITED STATES PATENT ‘ RADEMARK OFFICE
L ‘ #2575
In re Application of: Group Art Unit: 3301 “/igzq,

JAMES E. JERVIS g@%\

Serial No.: 07/956,653

Examiner:

Filed: October 2, 1992

For: MEDICAL DEVICES
INCORPORATING SIM ALLOY

1)
)
)
)
) .
) LR
) T
)
g
ELEMENTS )

" Pasadena, California

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Honorable Commiésioner of
Patents and Trademarks
Washington, D.C. 20231
Dear Madam/Sir:
) Attached hereto is a PTO-1449 form listing documents
believed relevant to the subject application. It is respectfully
requested that this document be considered by the Examiner and an
initialled copy of this form be returned to the undersigned.

It should be noted the word "pribr" h;é been deleted

from the forn.

It is believed that this disclosure complies with the

" requirements of 37 C.F.R. § 1.56 and the Manual of Patent

Examining procedures § 707.05(b). If for some reason the
Examiner considers otherwise, it is respectfully requested that
the undersigned be called so that any deficiencies can be

remedied.

050 HE 04/19/93 07954453

ot
s
[
o=

200,00 CK

PC20IAKI\RAYCHEM\9438SUP.IDS
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These documents are not necessarily analogous art.

SR

Enclosed is check no. 3929 for $200, the fee due under

37 C.F.R. § 1.17(p).

Respectfully submitted,

SHELDON & MAK

LA 2k

J¥tE¥ey G. Sheldon
eg. No. 27,953

patea: (L1 73 .

~

; 225 South Lake Avenue

; : Ninth Floor
Pasadena, California 91101
(818) 796-4000

Encls.
: } HEREBY CERTIFY THAT THIS CORRESPONDENCE IS BEING DEPOSITED WITH THE
! . V.S. POSTAL SERVICE AS FIRST CLASS MAIL IN AN ENVELOPE ADDRESSED TO:
COMMISSIONER OF PATENTS AND TRADEMARKS, WASHINGTON, D.C. ON o~ Q,??)
i BY: MELISSA ALEXANDER
5 ;
PC20\AKN\RAYCHEM\9433SUP.IDS
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SHEET 1 OF 1

'; U.S. DEPARTMENT OF COMMERCE | ATTORNEY DOCKET NO. 9438 SERIAL NO.
! PATENT AND TRADEMARK OFFICE 07/956,653
LIST OF ART CITED BY APPLICANT APPLICANT: James E. Jervis

(Use several sheets if necessary)

FILING DATE:

October 2, 1992 GROUP: 3301

Examiner DOCKET NUMBER DATE NAME CLASS SUBCLASS FILING DATE
Initial IF_APPROPRIATE

AA 4 1 9 8 0 8 1 04/15/80 HARRISON, ET AL. m—
B s |5 0 5 7 6 7 | 03719785 | auin . 1 =
Su—

ERE

AC 4 9 2 5 4 4 5 05/15/90 | SAKAMOTO, ET AL. >=

AD

AE

| AF

AG

Al

AJ

DOCKET NUMBER DATE COUNTRY CLASS SUBCLASS TRANSLATION

YES NO

AL

AS

AT

_EXAMINER ‘(XN\OMN DATE CONSIDERED (e( q 4_7)

Al EXAMINER: Initial if rekrence considered, whether or not citation is in conformance with MPEP 609; Draw tine through citation
if not in conformance and not considered. Include copy of this form with next communication to applicant.

. PC20\AKINRAYCHEM\PTO-9438.SUP
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, “
UNITED STATts .. SPARTMENT OF COMMERCE
- Patent and Trademark Office: .. -
Aiddress : COMMISSIONER OF PATENTS AND TRADEMARKS -
Washington, D.C. 20231
[ SERIALNUMBER | FILING DATE | FIRST NAMED INVENTOR - ~ [ atToRnEY DOCKET No. |
07 : 0/02/92  JERVIS L L= S
’ ‘ r EXAMINER ]
KENEALY, B

SHELLTIN [ amtunr | PAPER NUMBER |
& WGk
LAKE AVENLE - 9TH FLOOR ?
TENA, CA F1i0l . T
DATE MAILED:
Q& /24793

This is a communication from the examiner in charge of your application.
COMMISSIONER OF PATENTS AND TRADEMARKS

Qé\ls has been d % ponsive to c« fited on : 3 1nis actions made tinat. -

A shortened statutory period for response to this-action Is set to expire. . 3 th{s), —~=="""_ days from the date' oi this letter.
. Failure to respond within the perlod for response will cause the application to b bandoned ‘35 U.8.C. 133 :

Partl D?E FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:
Ol

; 1. [3/( tice of f Clted by Examiner, PTO-892. 2. otice re Patent Drawing, PTO-948.
: 3. Notice of Art Clted by Applicant, PTO-1449. 4. [ Notice of informal Patent Application, Form PTO-152,
s. O intormation on How to Eftect Drawling Changes, PTO-1474, s. O

Part SUMMARY OF ACTION’

. @/Clalms H;' 54 are pending in.the applicati

~
Of the above, clalms ‘Sr‘ (n' 27‘. Z?)i({ ’40 er) 5"{' are withdrawn from consideration.

-

- 2 E(Clalms e ‘0 have been cancelled. T
. 3. [ claims i are allowed.”
a. [SZ(cm]ms -t 11 -2 24-37a, L H-S3 are rejected
E "" I \ . T ;
s. [J ctaims : are objected to. :
O clams - are subject to restriction or election requirement.

I

7. O This application has been filed with informal drawings under 37 C.F.R. 1.85 which are acceptabie for examination purposes.

8. [J Formal drawings are required in response to this Office action.

"+ 9. ] The comected or substitute drawings have been ved on - . Under 37 C.F.R. 1.84 these drawings ..
: are [ ble.[] not acceptable (see explanation or Notice re Patent Drawing, PTO-948).

10. D The proposed additional or substitute sheet(s) of drawings,filedon_____ - has (have) been d approved by the ..
examiner. (J disapproved by the examiner (see explanation). :

1. O The proposed drawing correction, filedon___ - - - . hasbeen O approved. {J disapp d (see exp )

12. O Acknowledgment is-made of-the claim for priority under U.S.C. 119. The certified copy has [0 been received: [ not been received

O been filed in parent application; serialno. - ; filed on

13. O3 since this application appears to be.in.condition for allowance except for formal matters, prosecution as tothe merits Is closed in
accordance with the practice under Ex parte Quayle, 1935 C.D. 11,453 0.G. 213.

1. [ other -

EXAMINER'S ACTION

PTOL-326 (Rev. 9:89)
o . /
£
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Serial No. 956653 -2-
Art Unit 331

The following is a quotation of the first paragraph of 35
U.s.C. § 112:

The specification shall contain a written description of the
invention, and of the manner and process of making and using
it, in such full, clear, concise, and exact terms as to enable
any person skilled in the art to which it pertains, or with
which it is most nearly connected, to make and use the same
and shall set forth the best mode contemplated by the inventor
of carrying out his invention.

The specification is.objected to under 35 U.S.C. § 112, first
paragraph, as failing to provide an adequate description of the
invention. There is no basis in the specification for the variable
"A(90)". 1In the claims it is not understood what limitation such
a variable intends to claim. Although there is an A(90) column in
applicant’s description of the Quinn 4,505,767 device in the
9/25/92 preliminary amendment, applicant does not describe the
characteristics that the variable represents nor the units of
measurement.

Claims 11-14,17 and 18 are rejected under 35 U.S.C. § 112,

first paragraph, for the reasons set forth in the objection to the

specification.

Claims 13,14,33 are rejected under 35 U.S.C. § 112, second
paragraph, as being indefinite for failing to particularly point
out and distinctly claim the subject matter which applicant regards
as the invention.

Claim 13 is indefinite because it contains language concerning
transverse compression when there has been no transverse dimension

set forth. Without drawings it is difficult to understand such
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Serial No. 956653 ' -3-
Art Unit 331
limitations.

Claim 33 uses incorrect alternative language at line 10 where
applicant claims, "the restraint externally OR internally
engaging...".

It is requested that applicant use the standard "means for"
language when claiming a structure that has a particular function
and for which apﬁlicant desires broad coverage. For example, in
claim 12, a preferable way of claiming the restraintA is, %“a
restraint means for holding the shape memory alloy element in a
deformed configuration...". This type of claim language should be
used throughout the claims whenever applicant desires a function to
have structural weight.

In response to applicant’s remarks in the 3/22/93 Office
response, this examiner was not stating that "adapted for" language
is forbidden in any patent claim. However, such language does not
carry with it the patentable weight that positively reciting a
structure or its characteristics carries. Applicant is welcome to
use "adapted for" language in the claims, but please note that this

examiner gives little structural weight to such language.

The drawings are objected to under 37 C.F.R. § 1.83(a). The
drawings must show every feature of the invention specified in the
claims. Therefore, the restraint, the catheter, the tracheal
catheter and the straight pin, must be shown or the feature

canceled from the claims. No new matter should be entered.
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Art Unit 331

An election of species restriction is typically accomplished
by applicant selecting one of the figured embodiments. Presently
applicant does not have a drawing for each of the different
" embodiments, but has selected to prosecute the group of claims that
are directed towards the catheter. It has been determined that
claims 11-14,17-21,24~37 and 41-53 all depend from a generic claim.
The claims for a tracheal catheter will be included.

The following is a gquotation of 35 U.S.C. § 103 which forms
the basis for all obviousness rejections set forth in this Office
action:

A patent may not be obtained though the invention is not
identically disclosed or described as set forth in section 102
of this title, if the differences between the subject matter
sought to be patented and the prior art are such that the
subject matter as a whole would have been obvious at the time
the invention was made to a person having ordinary skill in
the art to which said subject matter pertains. Patentability
shall not be negatived by the manner in which the invention
was made.

Subject matter developed by another person, which qualifies as
prior art only under subsection (f) or (g) of section 102 of
this title, shall not preclude patentability under this
section where the subject matter and the claimed invention
were, at the time the invention was made, owned by the same
person or subject to an obligation of assignment to the same
person.

Claims 11-14,17-21,24-37 and 41-53 are rejected under 35
U.S.C. § 103 as being unpatentable over Schreck in view of Wilson.
Schreck discloses the use of a restraint means, 3 and 7, for
holding a shape memory catheter, 4, 1in a predeternined
configuration. A portion of the restraint, 7, is hollow so that

the catheter is held within the restraint and compressed

“transversely". The catheter displays "stress induced martensite
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Art Unit 331

behavior" at body temperature. It is not known whether the
catheter has an A(90) temperature of not more than 0 degrees C due

to the insufficiency of the specification.  Wilson teaches the use

of varying compositions in a shape memory alloy'such that the
temperature range where the alloy is in its transitional phase can
vary between -396 and +331 degrees F. It is believed that the
range of transitional temperatures being claimed would have been an
obvious characteristic to have included in the material traits of
Schreck’s catheter in light of the teaching of Wilson because if
one had desired a catheter that would return to its original shape
at body temperature after being deformed at a temperature below 0
degrees C, one could have looked to Wilson to see that such a
temperature range in-a shape memory alloy is well known in the art.

Wilson also teaches the use of a curved shape being desirable
at the catheter’s unstressed state so that it can be placed in
certain body regions with greater ease. It is also believed to
have been obvious to have had the Schreck device’s unstressed state
be in a curved configuration instead of just at a larger diameter

because if one had wanted to place the device at angle in the human

body, one could have looked to Wilson to see how this is done in a
shape memory catheter. Item 3 of Schreck could be obviously
replaced by a straight pin for design reasons if a fenestration
already existed in the area tha£ the catheter is desirably
inserted.

It is requested that applicant define more structural
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Art Unit 331

limitations that allow applicant’s device to function in the manner
described in the claims. Some of applicant’s limitations are
strictly functional, such as: "can be extruded from the device at
a temperature..", "the hollow placement device stressing the
memory alloy at a temperature...", "transformation of the alloy
occurs without any change in the state..." and more. What are the
structural limitations that allow the device to function in these
manners and how are they different from the prior art?

Any inquiry concerning this communication or earlier
communications from the examiner should be directed to David
Kenealy whose telephone number is (703) 308-2680.

Any inquiry of a general nature or relating to the status of

this application should be directed to the Group receptionist whose
telephone number is (703) 308-0858.

s

MICKEY YU
PRIMARY EXAMINER

David Kenealy
June 13, 1993 ART UNIT 331
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FORM PT0O-892 U.S. DEPARTMENT OF COMMERCE SERIAL NO. GROUPART UNIT | rTACHMENT
{REV. 2-92) PATENT AND TRADEMARK OFFICE — - TO ?
4SGES3 | 331 | s
NOTICE OF REFERENCES CITED APPLICANT(S)
Jervis
U.S. PATENT DOCUMENTS
suB- FILING DATE IF
. DOGUMENT NO. DATE NAME cLASS CLASS APPROPRIATE
o
sHlgkloAl1lrle 15 | Wilson bot | 281
o[l (@GS | 10/83 | Sclacec  laot) 281
) ' REW o
i alhol2 m[ 151 ALSIA @0 TR
olfls|2348] 4/5S | Palkd 60|78
E
F
G
H
1
J
K
FOREIGN PATENT DOCUMENTS
SUB- IPERTINENT
3 )OCUMENT NOo. DATE COUNTRY NAME CLASS CLASS %wcs S:Eb( .
A - —I—— -
7l fola sl 892 | LK Kroge |Gep [18
" - )
N
(o]
P
Q
- OTHER REFERENCES (Including Author, Title, Date, Pertinent Pages, Etc.)
JR
S
1T
EXAMINER - DATEJ
@pl '.Zf»h??
a"')A copy of tﬁis referénce ;s not being furnished with this office action. -
(See-Manual of Patent Examining Procedure, section 707.05 (a).)
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s DOCKET NO. 9439/MP0884-US7

IN RE APPLICATION OF: JAMES E. JERVIS 3(\45 I

SERIAL NO.: 07/956,653 FILED: October f;) j ;)

FOR: MEDICAL DEVICES INCORPORATING SIM ALLOY ELEMENTS

RECEIVED
HONORABLE COMMISSIONER OF
PATENTS AND TRADEMARKS ) DEC 14 1993
e SO C: GROUP 330
Transmn{ed et \% 1 in the above-identified application. Any necessary extension &f time peﬁdd set for this paper is &
hereby reg&ueste
[

{X}]  The fee has been calculated as shown below:

[X} EXTENSION FEE

FIRST MONTH AFTER TIME PERIOD SET 110.00 55.00 $
SECOND MONTH AFTER TIME PERIOD SET 360.00 180.00 $360.00
-THIRD MONTH AFTER TIME PERIOD SET 840.00 420.00 $
FOURTH MONTH AFTER TIME PERIOD SET 1,320.00 660.00 $

[5(] TOTAL EXTENSION FEE $360.00
[] FEEFOR EXTRA CLAIMS added by Amendment in this response:

Column 1 Column 2 Column 3

TOTAL CLAIMS || 46 MINUS ** ¥=3 322 x10
INDEPENDENT || 8 MINUS *** * =1 X724 x36
First presentation of multiple dependent claim + 220 +110} §

TOTAL FEE FOR EXTRA CLAIMS $132.00

* . If the entry in Column 1 is less than the entry of Column 2, write "0" in Column 3.
** 1f the number of Total Claims previously paid for is less than 20, write “20" in this space.
*** If the number of Independent Claims previously paid for is less than 3, write "3" in this space.

\

[X] Enclosed is the fee of $:50000 by Check No. Ll S’I ‘“l %,

%o
[1 Please charge Deposit Account No. 19-2090 in the amount of $ O

[X] The Commissioner is hereby authorized to charge payment of any additional fees, in particu e f
fees, associated with this communication, or credit any overpayment to Deposit Account\No."l_ 4090

Any filing fees under 37 C.F.R. § 1.16 for the presentation of extra claims
Any patent application processing fees under 37 C.F.R. § 1.17

SHELDON & MAK
Date: H /]/7 /g.] By: EL///’%W

Ief”f'eyﬁ. Sheldon, Reg. No.: 27,953

CERTIFICATE OF MAILING: ¥ hereby certify that this correspondence is being deposited with the U.S. Postal Service
as first class mail in an envelope addressed to: Commissioner of Patents and Trademarks, Washington, D. C. 20231 on
November 24, 1993.

Dute Signed: JM# /4%_ MMM

O M AVENURZSUlE 3P P8 079sess §i6 34000 CF
FASADENA, CALIFORNIA 91101
(535) 796400 - Direct Line: (818) 356-1201

»C20\FORMS \ PATENTS \AMEND . (S
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L S’SUL/() 9438\MP0884-US7
) IN THE UNITED STATES PATENT AND TRADEMARK OFFIC%q%;-I

In re application of: Group Art Unit: 3301

JAMES E. JERVIS Examiner: KENEALY, D
Serial No. 07/956,653

Filed: October 2, 1992

)
)
)
)
)
)
)
)
For: MEDICAL DEVICES INCORPORATING )
)

. SIM ALLOY ELEMENTS Pasadena, Callfornla
AMENDMENT
'Honorable Comﬁissioner of
Patents and Trademarks
Waghington, D. C. 20231
Sir: | Abpembes. 2

(DATE SIGNED)

In response to the Office Action of June 24, 1993,

please amend the above-identified application as follows:

IN THE SPECIFICATION

At page 8, between lines 24 and 25, and after the table
added by the preliminary amendment filed with the application,

please ingert:

--The A(90) temperature is the temperature at which the
transformation from the marténsitic phase to the austenitic phase

is 90% complete.--

T R VAR E I (7954635 e Lo K
130 WP 17713792 D7IR4E53
h At page 6, line 4, after the description of Figures 3

and 4 added by the Amendment of March 22, 1993, please insert:
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--Fig. 5 is a tracheal catheter, which is curved in its
unstressed configuration, partially straightened by a straight

pin restraint.

é;\ Fig. 6 shows an IUD formed at least partly from a
pseudoelastic shape-memory alloy being restrained in a deformed

shape by a restraining tube.--

IN THE CTLAIMS

Please amend the claims as follows:

12. (Amended) A device as claimed in Claim 11, which
includes a restraint [by means of which] holding the shape memory
alloy element [is held] in a deformed jconfiguration to allow it

to be positioned within or in proximify to a mammalian body, the

deformation occurring through the forpation of stress-induced

martensite.

13. (Amended) A device ap claimed in claim 12, in

which the restraint is hollow, and the sha memory alloy element

has a transverse dimension and a lodgitudinal dimension, and

wherein the shape memory alloy elemgnt ils deformed [in such a way

that it is] by being compressed trgnsversely, and is positioned

% 4 WPS1\PC3\TEMP\9438-2.AMD 2 Nov. 24, 1993
\
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within the restraint, the restraint preventing tfanfsvgrse

expansion of the element.

| \

_x9. (Amended) A medical

evice which comprises:

(a) an element foy use within a mammalian body or

in such proximity to a mammalian:iody that the device is

o

substantially at body temperatufre, the element comprising a shape

memoxry alloy which displays s?éess—induced martensite behavior at

/
body temperature; and

(b) a restraint [by means of which] holding the
! shape memory alloy element ([is/held] in a deformed configuration
to allow it to be positio within or in proximity to a
ation occurring through the formation

%} of stress-induced martehsite;

wherein [thef/ device is adapted so that] the element is

sufficiently deformegd that removal of the restraint from the

dg) shape memory alloy glement, without change in temperature of the
device, releases At least a portion of the element from its

P - deformed configdration.

o~

g ff; /1/g5( (Amended) A device as claimed in claim_2€7 in

which the shape memory alloy element has a transverse dimension

C§> and a longitudinal dimension, and wherein the shape memory allo
element is deformed [in such a way that] by its transverse

dimension [is] being reduced, and wherein the restraint

[preventing] prevents transverse expansion of the element.

“«

%‘ WPS1\PC3\TEMP\9438-2.AMD 3 Nov. 24, 1993
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éﬁhi%(Amended) The device of claim t?TIwherein the

shape memory alloy element is sufficiently deformed that removal

of the restraint from the shape memory alloy releases at least a
E.
Q)D\o portion of the shape memory alloy element from its deformed

configuration without change in state of the restraint.

i;Z;L 27. (BAmended) A medical device suitable for placement
within or proximate {to a mammalian body for treatment of the

mammalian body, the gevice comprising: [(i) a restraining means

and (ii)]

{a)

memory alloy element formed at least partly

from a pseudoelasticjshape-memory alloy, the alloy displaying
reversible stress-influced martensitic state and an austenitic
state, the memory alfloy element having (i) a deformed shape when
the alloy is in its |stress-induced martensitic state and (ii) a
different unstresse
{b)

stressing the memo

shape; and

[the] restraining means engaging and

alloy element at a temperature greater than
; % - the As of the alloy so that the memory alloy element is in its
defcrmed shape;

wherein the alloy is selected so that removal of the

restraining means [[is adapted to be removed] from the memory

alloy element at al temperature greater than the As of the alloy

when the device ig placed within or proximate to the mammalian

body, [to transfor ransforms at least a portion of the alloy

from its stress-ifgguced martensitic state so that the memory

alloy element tramjsforms from its deformed shape toward its

"3 l WP51\PC3\TEMP\39438-2.AMD 4 Nov. 24, 1993
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unstressed shape, [and wherein the devig¢e is adapted so that the

transformation can occur] without any change in temperature of

the restraining means or the memory allpy element being required

for the transformation of the alloy.

28. (Amended) A medical device for treatment of a
mammalian body, the device comprising: [(i) a hollow restraining
member and (ii)]

{(a) a memory alloy elkment formed at least partly
from a pseudoelastic shape-memory alloy, the alloy displéying
reversible stress-induced martensite|at about body temperature
such that it has a stress-induced maptensitic state and an
austenitic state, the memory alloy glement having (i) a deformed
s-induced martensitic state

shape when the alloy is in its stre

and (ii) a different unstressed shape; and

(b) a_hollow restraining member with the memory

alloy element being within the restjraining member, the

restraining member engaging and st essing_the Eéméry ailoy

element at a temperature greater than the As of the alloy so that

the memory alloy.element is in its| deformed shépe;

wherein the restraining ﬁember and the memory alloy
element are movéble relative to epch other to transform at least
a portion of the alloy from iﬁs regss-induced martensitic state
at a temperature greatef than the As of the alloy so that the
memory alloy element transforms [from its deformed shape toward
its unstressed shape, and where he [device is adapted] alloy

is selected so that the transt ation can occur without any

WP51\PC3\TEMP\9438-2.AMD Nov. 24, 1993
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change in temperature of the restrainirg member or the memory

‘ alloy element. EE?/

\ 0

. g (Amended) The medical device of claim-28 wherein

the restraining member is a tube and the memory alloy element is
axially slidable within the tube, and wherein the [device is

adapted so]l memory alloy element is sufficiently long that

relative axial movement between the tube and the memory alloy

element extends at least a portion of the memory alloy element

S beyond the tube and thereby transforms the memory alloy element

toward its austenitic state.

-
Claim 31, line 21, change "device is adapted so" to --

alloy is selected--.

Claim 32, line 3, change "device is adapted so"

to --tube is sufficiently long--.

Claim 334/T€£e 10, delete "externally or internally";

in lines 19-20; and change "device is adapted" to --alloy is

selected--.

—
Claim 35, line 18, change "device is adapted" to

% --alloy is selected--.

Claim 377 line 21, change "device is adapted to --alloy

is selected--.

7 % WP51\PC3\TEMP\9438-2 .AMD ) Nov. 24, 1993
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Claim 49, lines 1-2, change "device is adapted" to

--alloy is selected--.

o 2

B

(Amended) The device of claim.48 wherein [the
device ig adapted so that] (i) the restraining member can be

completely disengaged and separated from the memory alloy

; r\\ element, and (ii) the alloy is selected so that engaging the
restraining member with the memory alloy element after separation
results in the memory alloy element transforming towards its

deformed shape by reversion to its stress-induced martensitic

gg% Ifj

«BTT (Amended) The device of c¢laim .33 wherein {the

state.

device is adapted so thatl (i) the restraining member can be

completely disengaged and separated from the catheter, and

" } (ii) the alloy is selected so that reengaging the restraining
member with the catheter after separation results in the catheter
transforming toward its easily inserted shape by reversion of at

least a portion of the alloy from its austenitic state to its

stress-induced martensitic state.
W
BE\ 527 (Amended) The device of claim 28" wherein [the
device is adapted so that] (i) the pin can be completely
disengaged and separated from the catheter, and (ii) the alloy is

selected so that reengaging the restraining means with the memory

alloy element after separation results in the catheter

transforming toward its deformed shape by reversion of at least a

WP51\PC3\TEMP\9438-2.AHD 7 Nov. 24, 1993
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pcertion of the alloy from its austenitic state to its stress-
induced martensitic state.
5%. (Bmended) The device of claim 36 wherein [the
device is adapted so that] (i) the placement device can be

completely disengaged and separated from the catheter, and

r\ (ii) the alloy is selected so that reengaging the placement

device with the catheter after separation results in the catheter

Czéﬁ

transforming toward its deformed shape by reversion of at least a
portion of the alloy from its austenitic state to its stress-

induced martensitic state.

E Please add the following claims to the application:

Eb\é?%%ﬁﬁﬁ* The medical device of claim .33 wherein the

restraint externally engages the catheter. ‘5/
563 2 5
8%~ The medical device of clalngfﬂhhereln the

0£)E</ restraint internally engages the catheter.

U 7,
{>FL§ET{E; f¢1éﬁf: A medical device shitable for placement within or
proximate to a mammalian body foy treatment of the mammalian

body, the device comprising (i) restraint, and (ii) an element

formed at least partly from a pspudoelastic shape-memory alloy,
the alloy displayling Yiferible stress-induced
martensite by virtue of being above § A, and above its My and

below its My at about body tempgrature;

-f & WP51\PC3\TEMP\9438-2.AMD 8 Nov. 24, 1933
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such that it has a stress-induced maytensitic
state and an austenitic state, the element having (i) a deformed
shape when the alloy is in its stress-induced martdnsitic state
and (ii) a different unstressed shape;

wherein the restraint is capable bpth of stressing
the element and of being at least partially remoyed from the
element while the device is within or proximate /to the said body
therefore at an

at the said body temperature and the element i

operating temperature greater than the A, and and below the My

£}

of the alloy,

ijﬂuCSZr such removal of the restraint

portion of the alloy to transform from its sfress-induced

ausing at least a
martensitic state to its austenitic state s¢ that the element
spontaneously transforms from its deformed/shape toward its
unstressed shape,
and such transformation cgn occur without a change
element from the

in temperature of the restraint or of t

operating temperature.

_—

IN THE DRAWINGS

Please approve new Figures 5 and 6 accompanying this

amendment .

REMARKS
Claims 11-56 are pending in this application. Claims
54-56 are added by this amendment. Claim 15, 16, 22, 23, and 38-

40 are withdrawn from consideration. Claims 11-14, 17, 18, and

WP51\PC3\TEMP\9438-2.AMD 9 Nov. 24, 1993
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33 were'rejected under 35 U.S.C. § 112. The drawings were
objected to under 37 C.F.R. § 1.83(a). All of the claims
originally submitted were rejected under 35 U.S.C. § 103.
Reexamination, reconsideration, and allowance are respectfully

requested.

It is noted the Examiner referred to claim 54 in the
Office Action. It is believed this was in error in that there

was no claim 54 in the application prior to this amendment.

Entry of the amendments is respectfully requested. No
new matter is added by the amendments in that they are clearly
supported by the specification. In particular, the amendments to
the claims are to meet some objections raised by the Examiner.
For example, new claims 54 and 55 result from deletion of the
alternative language that appeared in claim 33. Claim 56 is
similar to a claim undergoing prosecution in Europe based on the

present application.

New Fig. 5 is based on Fig. 4, with a pin inserted as
described in the specification. Fig. 6 is based on drawings in
U.S. Patent No. 3,620,212, which was incorporated by reference at
page 13, lines 2-5. The new drawings have been added purSuant to
the request of the Examiner to include in the application a
drawing showing all features claimed. Since these features are
claimed,rand the claims are supported by the specification, no

new matter is added.

WPS1\PC3\TEMP\9438-2_ AMD 10 Nov. 24, 1993
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The reference explaining the significant of A(90),
which was added to page 8 of the specification, is based on the
amendment and declaration filed in great-grandparent Application
Serial No. 177,817, filed March 30, 1988, in response to an
Office Action filed August 11, 1988. Relevant portions of that
amendment and the declaration are provided herewith for the
convenience of the Examiner. As is made clear that amendment and
declaration, A(90) is an inherent property of the materials

listed in the table.

REJECTIONS AND OBJECTIONS UNDER 35 U.S.C. § 112

The specification was objected to as failing to provide
an adequate description of "A(90)". By this amendment, that
objection has been obviated. This also obviates the rejection of
claims 11-14, 17, and 18 under 35 U.S.C. § 112, based on the same

grounds.

Claim 13 was objected to because of reference to
transverse compression. This objection has been obviated by
providing an antecedent basis in claim 13 for a trénsverse
dimension. Moreover, the specification has been amended to make
it clear that an IUD has a transverse and longitudinal dimension,

which is inherent in such a device.

The rejection to claim 33 has been obviated by removing

the alternative language.

WP51\PC3\TEMP\9438-2.2AMD 11 Nov. 24, 1993
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Applicant has used "means for" language where
appropriate. However, in view of recent decisions by the Federal
Circuit, where it is unclear exactly what scope the Federal
Circuit will apply to "means for" language, Applicant has elected

to use broad language, such as "restraint".

With regard to the use of "adapted for" language,
Applicant respectfully disagrees with the Examiner’s position
that "adapted for" language cannot be considered in determining
the patentability of the claimed invention. Nevertheless, to
avoid controversy, Applicant has revised the claims, without

prejudice, to eliminate the "adapted for" language.
In view of the foregoing remarks, removal of the
objections and rejections under 35 U.S.C. § 112 is respectfully

requested.

OBJECTION TO THE DRAWINGS

The drawings were objected to for not showing every
feature of the invention specified in the claims. The drawings
have been ameﬁded to specify all such features. Accordingly,
approval of the accompanying drawings and removal of the

objection are respectfully requested.

REJECTION UNDER 35 U.S.C. § 103

A1l the claims under congideration were rejected under

35 U.S.C. § 103 as being unpatentable over Schreck U.S. Patent

WP51\PC3\TEMP\9438-2.AMD 12 Nov. 24, 1993
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No. 4,411,655 in view of Wilson U.S. Patent No. 3,890,977. This

rejection is respectfully traversed.

This rejection assumes that Schreck’s catheter displays
"stress-induced martensite behavior". As detailed below, Schreck
teaches no such thing. Thus, no prima facie case of obviousness

has been made, and the rejection should be withdrawn.

As is made clear throughout the specification, a key
feature of the claimed invention is a medical device that
comprises an alloy in its stress-induced martensitic state. By
way of background, there are two techniques available for
transforming an appropriate alloy into the martensitic state.
The first technique, which is the common technique, is cooling
the material so that martensite forms at Mg under no stress. By
the second technique, the same material, martensite can form
above M, if stress is applied, thereby forming "stress-induced
martensite". The present invention is directed to use of the
unique properties of stress-induced martensite, not martensite

formed by cooling.

Conprarily, Schreck only teaches conventional
martensite formed by cooling. 1In particular, Schreck first

describes a "one way" mode where "a martensite phase

transformation . . . occurs as the specimen is cooled through the
appropriate temperature range (Mg -» M¢)." (Column 3, lines 18-20)
WPS1\PC3\TEMP\9438-2.AMD 13 Nov. 24, 1992
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Thus, it is clear that in Schreck’s "one way" mode, martensite is

formed through conventional cooling.

Schreck then goes on to discuss a "two way" or
reversible mode. Again, however, martensite is clearly formed by
cooling. Schreck states "if a shape-memory alloy is deformed
beyond a minimum stained (sic, strained) value while in its

martensite phage, the original "parent" shape will be recovered

on heating the specimen above the phase change as in the ‘one
way’' effect." (emphasis added; Column 3, lines 32-37) Thus,
clearly, Schreck is referring to deformation after the alloy is
in its martensite phase, and not the use of stress or deformation
to put the alloy into its martensite phase. Thus, Schreck has no

teaching of stress-induced martensite.

Moreover, by no stretch of the imagination, can
Schreck’s elastomeric sleeve be considered to be a restraint that
causes stress-induced martensite transformation. As Schreck
states at column 2, lines.21-25 "the shape memory alloy cannula
may advantageously be encased in elastomeric sleeve whose lumenal
diameter is stretched by the SMA material as it equilibrates to
the desired temperature." Thus, the elastomeric sheath is
deformed by the dilating cannula, not the reverse. There is no
suggestion that the sheath could possibly deform the cannula and
cause phase transformation, i.e., the formation of stress-induced
martensite. 1Indeed, there is no mention of stress-induced .

martensite anywhere in Schreck.

WP51\PC3\TEMP\9438-2.2AMD 14 Nov. 24, 1993
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Moreover, as specifically recited in many of the
claims, such as claims 19, 27, 28, 31, 33, 35, 37, and 56, and
the claims dependent therefrom, the changes that take place in
the memory alloy element occur "without any change in temperature
of the restraining means or the memory alloy element be required
for the transformation of the alloy." (This is language quoted
from claim 27). This is clearly not what is taught by Schreck,
who specifically requires the temperature of the shape-memory
alloy change to dilate the cannula (see for example, column 2,
line 7-16 of Schreck). This is a significant advantage of
Applicant’s invention in that recovery is achieved without

temperature change. Schreck does not have this feature.

Therefore, for the foregoing reasons, and, in
particular, because no prima facie case of obviousness has been
made, removal of the rejection under 35 U.S.C. § 103 is

respectfully requested.

INFORMATION DISCLOSURE STATEMENT

Applicant has obtained a translation of Oonishi,

Clinical Magazine: Orthopedic Surgery, 32, page 1180 (1981) which

was listed as one of the references cited to the Examiner as part
of the information disclosure statement that accompanied the

original application. A copy of the translation is enclosed.

Applicant appreciates the fact that the Examiner

considered some of the references cited. However, the Examiner

WPS1\PC3\TEMP\$438-2.AMD 15 Nov. 24, 1993
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has not acknowledged considering references that were cited as
part of a supplemental information disclosure statement that was
mailed April 2, 1993 (copy enclosed), nor references cited in the
original application (pages 1-7 of PTO-1449 forms). It is
respectfully requested that the Examiner acknowledge
consideration of all these references. Copies of these seven

pages are provided herewith for the convenience of the Examiner.

If for some reason the Examiner does not have copies of
any of these references, please notify the undersigned and
courtesy copies will be hand carried to the Examiner. Applicant
respectfully requests the Examiner to initial all of the attached

forms and return them to the undersigned.

CONCLUSION

For reasons detailed above, it is believed that the
present application is in condition for allowance. If for some
reason the Examiner considers otherwise, it is respectfully
requested that a telephone call be placed to the undersigned to
resolve any remaining difficulties. It is the undersigned’s
experience that such telephone calls can often lead to early
disposal of applications.

Respectfully submitted,

[ gl .Y

Date Jeff?%%u@( Sheldon, Reg. No. 27,953

225 South Lake Avenue, Suite 900
Pasadena, California 91101 - Phone: (818) 796-4000

WP51\PC3\TEMP\9438-2.AMD 16 Nov. 24, 1993
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NICKEL/TITANIUM/VANADIUM SHAPE
MEMORY ALLOY

BACKGROUND OF THE INVENTION |
Field of the [nvenuon

This invenuon relates to nickel/titanium shape mem-
~ry ailovs and improvements therein.

Introduction 1o the Invention

Materiais. both organic and metailic. capabie ot pos-
~assing shape memory are weil known. An arucle made
of such marteriais can be deformed from an originai.
heat-stable configuration to 2 second. heat-unstable
configuranon. The article is saud to have shape memory
‘or the reason that. upon the application ot heat along.
it can be caused 1o revert. or 1o attempt to revert. from
:ts heat-unstable configuration to its onginal. heat-stable
configuraton. i.e. it “remembers” its onginal shape.

Among metailic allovs. the ability to possess shape
memory is a result of the fact that the alloy undergoes a
reversible transiormation from an austenitic state 0 a
martensttic state with a change n temperature. This
ransformation is sometimes referred to as a thermoelas-
Iic martensiuc transtormation. An article made from
~uch an alloy. for example a hollow sleeve. 1s easily
Jeformed from its originai contiguration to a new con-
iiguration when cooled betow the temperature at which
:he alloy is transtormed from the austenttic state to the
martensitic state. The temperature at which this trans-
formation begins is usually referred to as M, and the
temperature at which it finishes Mr. When an article
thus deformed is warmed to the temperature at which
the alloy starts to revert back to austenite. referred to as
AL {Arbeing the temperature at which the reversion is
complete) the deformed object will begin to return to its
unginal configuration.

Shape memory alloys (SMAs) have tound use in re-
cent vears . for example. pipe couplings (such as are
described in U.S. Pat. Nos. 4.035.007 and 4.198.081 to
Harrison and Jervis). electrical connectors (such as are
Zescnibed in U.S. Pat. No. 3.740.839 to Otte and Fi-
~cher). switches tsuch as are descnibed in U.S. Pat. No.
<.205.293). actuators. etc.

\arious proposals have also been made to empioy *

~nape memory alloys in the medical field. For example.
U.S. Pat. No. 3.620.212 to Fannon et al. proposes the
use of an SMA intrautenne contraceptive device. U.S.
Pat. No. 3.786.806 to Johnson et al. proposes the use of
1in SMA bone piate, U.S. Pat. No. 3.390.977 to Wilson
proposes the use of an SMA clement 10 bend a catheter
or cannuia, etc.

These medical SMA devices rely on the property of
~hape memory to achieve their desired effects. That is
10 say, they rety on the fact that when an SMA eiement
s cooled to its martensitic state and is subsequently
ZJeformed. it will retain its new shape: but when it is
warmed 10 1ts austenitic state. the onginal shape will be
recovered.

However. the use of the shape memory effect in med-
ical applications is attended with two principal disad-
vantages. First. it is difficult to control the transforma-
ton temperatures of shape memory alloys with accu-
cucy as they are usuafly extremely composition-sensi-
‘tve. although vanous techniques have been proposed
including the blending by powder merallurgy of al-
ready-made alloys of differing transiormaton tempera-
‘ures: see L.S. Pat. No. 4.310.354 10 Fountain et ai.).
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Second. in many snape memory alloys there is'a large
hysteresis as the ailoy 13 transtormed between austeniti
4nd martensitic states. so that reversing of the state of an

SMA clement may require a temperature excursion of

several tens or degrees Celsius. The combination of
these ractors with the iimitation that human tissue can-
not be heated or ccoied beyond certain relatively nar-
row limits without sutfering temporary or permanent
damage is expected 1o limit the use that can be made of
SMA medical devices.

In copending and commonly assigned U.S. patent
applicauon (Ser. No. 341.844, filed 10/14/83) to Jervis.
the disclosure of which is incorporated herein by refer-
ence. it is proposed that the stress-induced martensite
(SIM) properties of shape memory ailoys be employed
in SMA medical devices. rather than the use of the
shape memory effect.

When an SMA sampie exhibiting stress-induced mar-
tensite is stressed at a temperature above M (so that the
austenitic state 1s nitially stable), it first deforms elast-
cally and then. at a critical stress. begins to transtorm by
the formation of stress-induced' martensite. Depending
on whether the temperature is above or below A,, the
behavior when the deforming stress is released differs.
If the temperature 1s below A, the stress-inducgd mar-
tensite is stable: but if the temperature is above A;, the
martensite is unstable and transforms back to austenite,
with the sample returning (or attempting to return) to
its original shape. The effect is seen in almost all alloys. -
which exhibit a thermoelastic martensitic transforma-
tion. along with the shape memory effect. However, the
extent of the temperature range over which SIM is seen
and the stress and strain ranges for the effect vary
gready with the alloy. For many purposes, it is desirable
that the SIM transformation occur at a relatively con-
stant stress over a wide strain range, thereby enabling
the creation of, in etfect. a constant force spring.

Various alloys of nickel and titanium have in the past
been disclosed as being capable of having the property
of shape memory imparted thereto. Examples of such
alloys may be found in U.S. Pat. Nos. 3,174,851 and
3.351.463.

Buehler et al (Mater. Des. Eng.. pp.82-3 (Feb. 1962);
J. App. Phys., v.36. pp.3232-9 (1965)) have shown that
in the binary Ni/Ti alloys the transformation tempera-
ture decreases dramaucaily and the yield strength in-
creases with a decrease in titanium content from the
stoichiometric (50 atomic percent) value. However,
lowering the titantum content below 49.9 atomic per-
cent has been found to produce alloys which are unsta-
ble in the temperature range of 100° C. to 500° C., as

_described by Wasilewski et al.. Met. Trans.. v.2, pp.

229-38 (1971). The instability (temper instability) mani-
fests itself as a change (generally an increase) in M;
between the anneaied alloy and the same alloy which
has been further tempered. Annealing here means heat-
ing to a sutficientiy high temperature and hoiding at
that temperature long enough to give a uniform. stress-
free condition. followed by sutficiently rapid cooling to
maintain that condition. Temperatures around 900° C.
for about 10 minutes are generaily sufficient for anneai-
ing, and air cooling 1s generaily sufficiently rapid.
though quenching in water is necessary for some of the
low Ti compositions. Tempenng here means holding at
an intermediate temperature tor a suitably long period
{such as a few hours at 200°<00° C.). The instability
ihus makes the iow titamum allovs disadvantageous tor
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siape memory uppicat..:. ; \Where a comonation of
high yieid strengtn and i..foducibie M. is devirea.
Although certamn  coid-worked hinary Keir-
- rtanium allovs have been shown (o exbit SIM. these
ailoys are ditficuit 1o use 1 pracuce because. in orger o
_cbtan the appropriate M. 10 zive SIM properues at
physioiogically  acceptable tzmperatures. ihe uliowvs
must have less (han. the stroichiometric utanium content.
These binary ailoys then are t |} extremely composition-

sensitive in M. as referred to above for shape memory:

2) unstable in- M. with aging and sensiuve to cooiing
rate; and {3) require cold-working to deveiop the SIM.
<o that any inadvertent plastic deformauon is not recov-
2rable simply by heat-treatment: new cold-working 1s
required.

Certain ‘ternary Ni/Ti ailovs have been found to
overcome some of these problems. An ailov comorising
47.2 atomic percent mckel. 49.60 percent titanum. ana
3.2 atomic percent iron (such as disclosed i U.S. Pat.

No. 3.753.700 to Harrison et ai.) has an M. temperature -

near — 100° C. and a yieid strength of about 70.000 psi.
While the addition of iron has enabled the production of
ailoys with both low M. temperature and high viewd
strength. this addition has not soived the probiem of
instability, nor has 1t produced a great improvement in
the senstuvity of the M. temperature to compositionai
change.

U.S. Pat. No. 3.538.369 shows that the M. tempera- -

ture can be lowered by subsututing cobalt for mckel,
then iron for cobalt in the stoichiometnic allov. How-

’
[
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2ver. aithough the aitoys of this patent can have iow

transtormation temperatures. they have oniv modest
vield strengths (40.000 psi or less).

U.S. Naval Ordnance Laboratory Report NOLTR
64-235 (August 1965) examined the effect upon hard-
ness of ternary additions of from 0.08 to 16 weight
‘percent of eleven different elements. including vana-
dium. to stwoichiometric Ni/Ti. Similar studies have
been made by. for exampie. Honma et al.. Res. [nst.
Min. Dress. Met. Report No. 622 (1972} and Proc. Int.
Conf. Martensitic Transformations (ICOMAT "79). pp.
259-264: Kovnensui et al.. Proc. 4th Int. Cont. on Tita-
aium. v. 2. pp. 1469-79 (1980); and Donkersloot et al..
U.S. Pat. No. 3.332.243. on the variauon of transforma-
tton temperature with ternary additions. also inciuding
vanadium. These references. nowever. do not describe
any SIM behavior n the alloys studied.

[t wouid thus be desirable to develop an alloy which
exhibits stress-induced martensite in the range from 07
to 60° C. which is prererably of low composition sensi-
tivity for ease of manuifaciure.

DESCRIPTION OF THE INVENTION
Summary of the [nvenuon

[ have discovered that the addition of appropriate
amounts of vanadium to nickelstutanium shape memory
alloys permits the production of workable alloys exhib-
iting stress-induced martensite in a physiologically ac-
ceptable temperature range. when in the fully annealed
condition (i.e. no cold working 1s required to produce
the desired mechanical properues).

This invenuon thus provides a shape memory ailoy
consisung essentially of nickel. ntanium. and vanadium
within an area defined on a nickel. titanium. and vana-

-dium ternary composition diagram by a hexagon with
its first vertex at 38.0 atomic percent nickel. 37.0 atomic
percent titamum, and 15.0 atomic percent vanadm: (s
second vertex at 47.6 atomic percent nickel. 46.4 atomic

"
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cent tranie Ad o) dtomie pereeat vanadiem: g

“5i7d Vertex dt -v4)k JIOmIC percent mokei. 46,4 atomie |
—ercanl tfamum. and +.6 atomic percent vanadiwm: xs
FIn vertex at +9 Y atomic percent nicket 436 atomie:
ercent HAMUM, 1nd 4.0 UOMIC percent »anadum: ity
h vertex at 49 ¥ atomie percent mickei. +46) atomie
percent ntanium. 1nd 6.2 atomic percent *anadwm: and
ds sixth vertex ut 393 atomic percen: mckel '
stomic percent ttantum. and 23.0 atomic percent vana-
dium.

BRIEF DESCRIPTION OF THE DRAWING

FIGS. 1A through 1E are typical stress-strain curves
for shape memory atloys at various temperatures.

FIG. 2is a mickels itamum/vanadium ternary compo-
«ation diagram showing the area ot the atioy of this
Imvention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIGS. 1A throughn 1E are typical stress-stramn curves
for shape memory ziloys at various temperatures. [g-
normng. for the moment. the ditference between M. and
M. und berween A. and A the behavior of a <hape
memory alloy may be generally seen to fit with one of
these Figures. .

In FIG. 1A. T is below M.. The alloy s imually
martensitic. and deforms by twinning bevond a low
clastic limit. This deformation. though not recoverable
at the deformauon temperature. s recoverable when
the temperature 1s increased above A.. This gives rise to
the conventional shape memory eifect.

In FIG. 1B. T is between M. and M ithe maximum
remperature  at  which martensite may be stress-
induced). and below A.. Here. though the alloy is ini-
ually austenitic. stress results in the formaton of mar-
ensite permitting ready deformanon. Because the alloy
is below A.. the deformation is again not recoverable
until heating to above A, results in the transiormation
back to austenite If the sampie is unrestrained. the origi-
nai shape will be completely recovered: it not. 1t will be
recovered to the extent permitted by :he restraint.
However. 1f the matenal 1s then allowea to re-cool 10
the temperature of deformation. the stress produced in
the ailov is constant regardless of the strun provided
:hat the strain iies within the “plateau’ rzgion of the
~tress-strain curve. This means that a known. constant
force (calculable from the hetgnt of the stress plateau)
can be appilied over a wide (up to 3 or more) strain
range.

In FIG. IC. T i~ between M. and M. and above A.:
Here. the stress-induced martensite ts thermally unsta-
hle and reverts to austenite as the stress s removed. This
proauces. without heaung. what is. 1n effect. a constant-
force spring acting over a stramn range which can be
about 3. This behavior has been termed stress-
induced martensite pseudoelasticity.

FIG. 1D shows the situation where T is near My
Although some stress-induced martensite 1s formed, the
stress level for martensite formarnon is ciose to the aus-
teniuc vield stress of the alloy and both piasuc and SIM
deformauon occur. Only the SIM component of the
deformation s recoverable.

FIG. 1E shows T above M, The alwavs-austenitic
alloy simply vieids plastically when stressed beyond its
elastic vield pownr and the deformaton is non-recovera-
hle.

32
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The type of stress-*-in behavior shown in these For a ser._: of samples. stress-stramn Curves were
FIGS. 1A through 1E will hereatter be referred to as A- measured at temperatures between - 10° and 60° C.10
¢ through E-type behavior. ‘ determine the existence of stress-induced martensite

Constant stress over a wide strain range is desirable hehavior.

TABLE |

Peonernes o Nicaer Ditanume A anadium Ao

Compostion

M NS Mechameai Behaviors Co
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150 310 49 cD
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98 1600 38 ne B 8 D-
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4775 4578 03 .0 A A L .
478 155 7O 6 A A 8 1
85 d 50 hed A A B 3
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6.5 465 0 34 A A B

14.25 1628 S8 o A A B B

* Altoys with an asterisk Paside the M temperaiure are fon wathin the scope st the iny entie, ey e theugin
the M, femperature i in the corret range

mechanical behavior for many medical applications.
Such a plateau in the stress-strain curve of these alloys
occurs over limited temperature ranges above M; and
below Mg.

Such properties are useful for medical products when
they occur at temperatures between 0° C. and 60° C..
and particularly at 20" C. to 40° C. [t has been discov-
ered that certain compositions of Ni/Ti/V alloys ex-
hibit B- or C-style behavior in this temperature range.

Shape memory alloys according to the invention may
conveniently be produced by the methods described in.
for example, U.S. Pat. Nos. 3.753.700 and 4.144.057.
The following example illustrates the method of prepa-
ration and testing of samples of shape memory alloys.

EXAMPLE

Commerciaily pure titanium and vanadium and car-
bonyl nickel were weighed in proportions to give the
atomic percentage compositions listed in Table I (the
total mass for test ingots was about 330 g). These metals 5
were placed in a water-cooled copper hearth in the
chamber of an electron beam melting furnace. The
chamber was evacuated to 10-5 Torr and the charges
were melted and alloyed by use of the electron beam.
The resuiting ingots were hot swaged and hot rolled in
air at approximately 850° C. to produce strip of approxi-

It can be seen from Table I that alloys with an M,
higher than —40° C. but lower than 20° C. show pre-
dominantly B- and C-type behavior at 20° and 40° C.
This M; criterion is not sufficient to ensure a flat stress-
strain curve at the desired temperatures, however. A
vanadium content of at least 4.6 atomic percent is also
necessary. since alloys with 1.5 and 4.0 atomic percent
V show D- and E-type behavior at 20° C. and 40° C.
The sample with a V content of 4.5 at % shows D-type
behavior at 40° C.. although B-type at 0° and 20" C.
Such an alloy would be marginally useful.

Since the alloy with an M, of —42° C. has D-type
behavior at 0° C.. it is expected that alloys with an M,
below —40° C. will show D- or E-type behavior in the
temperature range of interest. while alloys with an ‘M.
above 20° C. show A-type behavior over at least half
the 0°-60° C. range.

Too much vanadium also leads to undesirable proper-
ties. since an alloy with 30 atomic percent vanadium
shows a lesser degree of SIM elongation and 2 much
higher vield strength for the SIM transformation than
alloys of lower vanadium content. This alloy also
showed A-type behavior at 20° C. despite an M. of —3*
C. Such an alloy, with a nearly 1:1:! composttion ratio.
is probably not treatable as a Ni/Ti type alloy.

The claimed composition range, based on these data.

40

vy

60

mately 0.025 inch thickness. Samples were cut from the
strip, descaled. vacuum annealed at 850° C. for 30 min-
utes. and furnace cooled.

The transformation temperature of each alloy was
determined (on an annealed sample) as the temperature
at the onset of the martensite transformation at 10 ksi
stress. referred 1o as M. (10 ksi).

65

is shown in FIG. 2. and the compositions at the vertices
given in Table IL

TABLE II
Aromic_Pereenl Compoations
Pomme Srcket Tranwm Vanadium
A kLX) Ty 50
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".-continued

TABL
Lomie Peczzat Composigons
Panr Neched Tamium Vinadium
] T BURY ~oy
v M0 ind in

R <in

)

BN

s

HE

The lines AB and BC represent the upper fimit of M.

2xpected to allow the desired behavior. 1.e. 20° C. The
line AB corresponds approximatety to a Ni:Ti atomic
ratio of 1.13. The line CD corresponds to the lower
limit of vanadium composttion: alloys having less vana-
dium do not exhibit B- or C-type behavior in the desired
temperature range even 1f of the correct M.. The lines
DE and EF represent the lower iimit of M. giving the
desired behavior. i.e. —#)° C. The line EF corresponds
approximately to an Ni:Ti atomic ratio of 1.02. Finaily.
the line FA represents the upper limit of vanadium
content for the desirable SIM properties.

Presently preterred alloys include a region consisting
ementtally of 47.6-48.8% at ¢ Ni, 45.2-464 at % Ti.
remainder V' around 48.0% Ni, 46.0% Ti. 6.0% V.
which alloy has B-type behavior from 10° to 30° C.: and
a region having an Ni:Ti atomic ratio between about
1.07 and 1.11 and a vanadium content between 5.25 and
13 atomic percent. which shows C-type behavior at 20°
C. and/or 40° C.

[n addition to the method described in the Example,
alloys according to the invention may be manufactured
from their components {or appropriate master alloys)
by other methods suitabie for dealing with high-

nitanium ailoys. The details of these methods. and the 3

precautions necessary to exclude oxygen and nitrogen
cither by melting in an inert atmosphere or in vacuum.
are well known o those skilled in the art and are not
repeated here.

Changes n composition cann occur during the elec-
tron-beam melting ot alloys: the technique emploved in
this work. Such changes have been noted by Honma et
2i.. Res. Inst. Min. Dress. Met. Report No. 622 (1972),
and others. The composition ranges ciaimed as a part of
this invention are defined by the initial commposttions
of alloys prepared by the electron-beam method. How-
ever. the invenuon includes within its scope nickel/-
titanium/ vanadium alloys prepared by other techniques

which have final composinons which are the same as

the tinal compositions of alloys prepared here.

Alloys obtained by these methods and using the mate-
rials described will contain smali quantities of other
clements. including- oxvgen and nitrogen in total
amounts from about 0.05 to 0.2 percent. The effect of
these materials is generally to reduce the martensitic
transtormation temperature of the alloys.

A
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The ailovs  -this invenuon are hot-workable and
=xhibit stress-inducea martensie in the range of 0° to
o) C. in the fully anneaied condition. :

We cimm:

1. A shape memory alloy consisting essentially of
arckel. utanim. and vanadium' within an area defined
on a nickel. fitanium. and vanadium ternary composi-
tion diagram by a hexagon with its first vertex at 38.0
atomic percent nickel. 37.0 atomic percent titanium. and
25.0 atomic percent vanadium; its second vertex at 47.6
atomic percent nickel. 46.4 atomic percent titanium. and

‘6.0 atomic percent vanadium: its third vertex at 49.0

atomic percent nickel. 46.4 atomic percent titanium, and
+.6 atomic percent vanadium: its fourth vertex at 49.8
atomic percent nickel. 45.6 atomic percent titanium, and
4.6 atomic percent vadadium: its fifth vertex at 49.8
atomic percent nickel. 44.0 atomic percent titanium, and
6.2 atomic percent vanadium: and its sixth vertex at-39.8
atomic percent nickel. 33.2 atomic percent titanium. and
25.0 atomic percent vanadium.

2. The alloy of claim 1. which has an.Ni:Ti atomic
ratio between 1.07 and 1.11 and 2 vanadium content
between 5.25 and 13 atomic percent.

3. The alloy of claim 1 which consists essentially of
between 47.6 and 48.8 atomic percent nickel, 45.2 and
16.4 atomic percent titamum. and the remainder vana-
dium. °

4. A shape-memory article comprising a shape-mem-
ory alloy counsisting: essentially of nickel. titanium, and
vanadium within an area defined on a nickel. titanium,
and vanadium ternary composition diagram by a hexa-
gon with its first vertex at 38.0 atomic percent nickel,
37.0 atomic percent titanium, and 25.0 atomic percent
vanadium: its second vertex at 47.6 atomic percent
nickel, 46.4 atomic percent titanium. and 6.0 atomic
percent vanadium: its third vertex at 49.0 atomic per-
cent nickel. 46.4 atomic percent titanium, and 4.6
atomic percent vanadium: its fourth vertex at 49.8
atomic percent nickel. 45.6 atomic percent titanium, and
4.6 atomic percent vanadium: its fifth vertex as 49.8
atomic percent nickel. 44.0 atomic percent titanium, and
6.2 atomic percent vanadium: and its sixth vertex at 39.8
atomic percent aickel. 35.2 atomic percent titanium, and
15.0 atomic percent vanadium.

5. The arucle according to claim 4 which has an Ni:Ti
atomic ratto between 1.07 and 1.1l and a vanadium
content between 5.25 and 15 atomic percent.

6. The arucle according to claim 4 which consists
essentially of between 47.6 and 48.8 atomic percent
nickel. 45.2 and 46.4 atomic percent titanium. and the
remainder vanadium.

7. The arucle according to claim 4 exhibiting stress-
induced martensite.

8. The arucle according to claim 4 exhibiting stress-
induced martensite in the range ot 0° to 60° C. when in
the fullv annealed condition.

T »*2 3 = =2
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Variation in the Shape Recovery Temperature in Ni-Ti Alloys

Department of and Center for Materials Science and Engineering, Massachusetts Institute of Technology, Cam-

bridge, MA 02139 (US.A.)

(Received October 10, 1980; in revised form November 6, 1980)

SUMMARY

In the near-equiatomic Ni—Ti alloy, certain
processing factors significantly affect the shape
* recovery temperature T; and the extent of
shape recovery while others do not. The lowest
recovery temperature and the best shape re-
covery were obtained by annealing between
450 and 500 °C. Varying the annealing tem-
perature resulted in the largest change in these
two parameters, causing an increase of 20 °C
in Ty and a decrease of 13% in the shape re-
.iery (in one sample batch) if the annealing
.- #nperature was increased much above 500 °C.
Increasing the maximum strain (in the range
between 0% and 8%) induced an increase of
10 °C in T at 500 °C with larger increases at
. other annealing temperatures but without any
effect on the extent of shape recovery. Alter-
ing the annealing time had a relatively small
_ effect. A recovery-resistant physical constraint
- raised the effective T; but if the constraint
was maintained at a sufficiently high tempera-
ture the transformation occurred, plastic de-
formation resulted and permanent partial loss
of shape memory was suffered.

T; extrapolates to nearly the same tempera-
ture, at zero strain, for all the annealing tem-
peratures near 500 °C. Similarly, the final
temperature of the transformation from mar-
tensite to p phase (zero strain) is the same for
all the annealing temperatures. This strongly
suggests that each annealing temperature
yields a high temperature B2 phase with a
slightly different structure which interacts
differently with stress.

Although this study is based on only two
batches of Ni—Ti wires of similar composition,
% expected that qualitatively similar varia-
itons with processing factors occur in all Ni-Ti

alloys which exhibit shape memory.

0025-5416/81/0000-0000/$02.50

1. INTRODUCTION

Near-equiatomic Ni—Ti alloys (Nitinol) ex-
hibit shape memory characteristics [1 - 3].
The memory is such that, given the proper
conditions, Nitinol objects can be restored
thermally to their original shape after being
deformed from that shape. The shape recovery
takes place over a range of temperatures on
heating with maximum or, ideally, complete
recovery being reached at a specific tempera-
ture Tf.

The high temperature phase in Ni—Ti ailoys
is reported to be of a CsCl (B2) type, and the
martensite is reported to be a monoclinic
distortion of the B19 structure [4]. There is
also a higher order phase transition from the
B2 phase which occurs below a critical tem-
perature Ty . Among many other effects the
transition fror the B2 phase is characterized
by a rapid increase in electrical resistance [4,
5], extra diffraction spots at the one-third
positions of the B2 reciprocal lattice [4, 6]
and a rhombohedral distortion of the B2
lattice [5, 6]. This transition is pre-empted by
the martensitic transformation when M, > Ty
(where M, is the martensitic transformation
temperature); application of factors which
lower M relative to Ty, such as thermal cy-
cling of the specimen in the transformation
range or compositional variations [7], may be
necessary to see both transformations. We
define the structure below Ty as the R phase
and refer to the structure encompassing both
the B2 and the R phases as the g phase. Thus
martensite may form from the B2 or the R
phase depending on the relative temperatures
Tr and M, [5].

The primary mechanism for the shape’
memory effect is generally considered to be
the interaction of stress with the martensitic

© Elsevier Sequoia/Printed in The Netherlands
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transformation [5, 8 -11]. Depending on the
deformation temperature with respect to M,
one or more of the following three mecha-
nisms may be operative in Ni~Ti alloys [12]:
(1) stress-induced martensite formation from
the § phase; (2) reorientation of thermally
induced martensite variants through twin-
interface motion; (3) variation in twin thick-

_ness within individual variant ‘“‘plates”. The
B2 2 R transition has been found to contri-
bute to the two-way shape memory [5]. Our
recent results {13] show that this transition
'is probably also a primary shape memory
mechanism, although the effect is smaller in
magnitude than that due to the martensitic
transformation. When Ty is below the final
temperature A of the transformation from
martensite to g phase, the final shape recovery
temperature will be determined by the rever-
sion of the last plate of martensite (ideally the
first one formed). This situation is generally
observed in Ni-Ti alloys. Thus we expect T¢
to be closely related to A;.

The shape memory properties of Ni-Ti
alloys are very sensitive to the chemical com-
position of the alloy. Buehler and Wang [14]
have shown that T; varies in binary Ni-Ti
alloys from about —50 to 166 °C. Eckelmeyer
{15] has also reported that T; showed a steep
increase (80 °C) as the titanium content
changed from about 49.7 to 50.4 at.% and
remained constant for further increases in
titanium content. Substituting a small percen-
age of a third element for either nickel or
titanium can cause either an increase or a
decrease in Ty [15]. The shape memory
properties are also sensitive {o the methods by
which the alloy is processed and heat treated
[16]. Cross et al. [17] have performed a
study on the shape memory response of Ni-Ti
rod, wire and foil of varying diameter or
thickness. They selected a final annealing
temperature of about 500 °C as the optimum
for shape memory and reported on the shape
recovery as a function of material form (rod,
wire or foil) and the amount of strain. The
variation in 7; was not documented. Besides
the references cited above, we are not aware
of any published results which deal quantita-
tively with the effect of other factors on T
and shape recovery. .

Variables of concern in utilizing the shape
memory phenomenon can be divided into two
groups: the first group, associated with shape

memory in general, includes the final anneal-
ing temperature, the annealing time, the
amount of strain and the effect of thermal
cycling; the second group relates to param-
eters intrinsic to practical applications such as
shape change constraints caused by a storage
device and manual handling. Although these
were not expected to have as drastic an effect
on the recovery temperature as the composi-
tion, there are potential applications where
strict temperature requirements demand close
knowledge and control of all parameters which
may together cause unacceptable variations.

2. EXPERIMENTAL PROCEDURES

The materials used in this study were drawn
wires approximately 0.020 in in diameter.
Two batches numbered A383 and V4865 were
chemically analyzed to be of compositions
50.13at.%Ti-49.96at.%Ni and 50.12at%Ti-
49.86at.%Ni respectively with a reported
estimated error of 0.1%. (The A383 wire was
supplied by the Nitinol Technology Center,
Naval Surface Weapons Center, White Oaks,
MD. It was strand annealed at 500 °C in the
as-received condition. The V4865 wire was
purchased from the Timet Corporation. In the
as-received condition it is totally martensitic.)
The procedures used for specimen preparation,
electrical resistance measurement and shape
recovery experiments were as described in
ref. 5. Figure 1 illustrates schematically the
shape memory geometry for these experi-
ments. As a shape change parameter we chose
the included angle § between the two arms of
the U-shaped specimen. The “fractional shape
recovery” was taken to be (180 —6)/180.

The measurements of the detailed shape
recovery, including precise T; values, were
made as a function of annealing temperature
and annealing time and for various “straighten-

L-._{__M_ -

tigh temperature cooled 10 0°C or springback o1 O°C

shape -196°C and

straightened ot
o°C
two-way memory

at room
temperature

shape recovery

y

Fig. 1. A schematic sequence of the shape mémory
experiment, '
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strams between-2% and 8%. Earlier .
‘jempmcal observations {16,17] have indicated
‘that an annealing temperature in the vicinity
~0f'500 °C yields good shape recovery behavior
* in Ni-Tialloys. Thus our investigation centered

on this-temperature region. All specimens,
-'unless otherwise specified, were air cooled
" after the hlgh temperature anneal by placing
‘the jig over an air vent.
" The specimen was stralghtened at 0 °C. At
this temperature the V4865 wire is essentially
.100% martensite. For A383 wire the initial
_state depends onthe lowest cooling tempera-
“ture prior to deformation: (a) 0 °C, 100% R
phase; (b) —196 °C, a mixture of R phase and
martensite.

3. RESULTS AND DISCUSSION

Although the A383 and V4865 alloys have
similar atomic compositions, differences exist
in their fransformation behavior [5]. For
-example, in the range of annealing temperature
and strain investigated, T; lies between 30 2nd

.c#C for the V4865 alloy. The different
recovery temperatures for the two materials
“are also reflected in the low M, value (below
—10 °C) observed for the A383 alloy com-
pared with that (about 30 °C) for the V4865
alloy. The zero-strain values of M, and A4, as
:a function of annealing temperature for an
annealing time of 30 min are listed in Table 1.
At is constant for all the annéaling tempera-
tures in each material. Although M, is also
,_constant for the V4865 alloy, changmg the

; "’ABLE 1

243

annealing temperature from 500 to 540 °C
raises M, from —25 to —12 °C for the A383
alloy. It was also observed that 100% shape
recovery was attained for the A383 alloy for
all strains tested compared with 94% for the
V4865 alloy at the higher strains of 5% - 8%
and annealed at 500 °C. On ~epeating shape
memory cyclesup to 10 times, the A383 alloy
still achieves 100% recovery while the incom-
plete shape recovery in the V4865 alloy de-
teriorates with cycling. The differences in the

" transformation behavior between the two

materials are not clear. Neither optical micros-
copy nor' X-ray diffraction in these wire
specimens revealed any noticeable difference

in the structure or phases initially present.

Processing variables prior to the final anneal
(such as in wire drawing etc.) and the impurity
content probably cause the differences.

A typical shape recovery curve of a U-shaped
specimen consists of an immediate elastic
spring-back and then a slow recovery followed
by a narrow temperature region .of rapid
recovery. A description of shape recovery
mechanisms has been presented earlier {51. In
this paper we shall concentrate on the experi-
mental variations of T; and the percentage of
shape recovery.

3.1. Variation in the shape recovery tempera-
ture

Although the A383 and V4865 alloys show
differences in the transformation behavior,
both wire batches none the lgssexhibit similar
variations in T; with annealing temperature
and with percentage strain (for a fixed anneal-
ing time of 30 min). As shown in Fig. 2, T}

_The variations in Tg , M, and A¢ at zero strain as a f\mctlon of annealing temperature for an annealing time of

. :30 min

,‘lnnealing;r temperature (°C)

specimen‘batch Tg (°C) M, (C) Ag (€Y
A383 . 500 28 —25 31
: 520 25 S —20 31
540 2 —12 315
V4865 400 45 31.5 59
450 40 31.5 60
500 37:2 31 60
S 550 37+ 2 31 58
N 600 37+ 2 31 61

i

These values of Ty, M and A § were determined from the electrical resnstance measurements on the first thermal
B Cycle after coolmg to room temperature from the high temperature ‘annealing treatment.
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Fig. 2. Variation in the shape recovery temperature
T¢ with percentage bending strain at different anneal-
ing temperatures for an annealing time of 30 min for
the V4685 alloy (G, 600 °C; 4, 550 °C; 0, 500 °C; ¥,
450 °C; ©, 400 °C) and the A383 alloy (O, 540 °C; 4,
520 °C; 9, 500 °C).

increases linearly with increasing strain be-
tween 2% and 8% strain with a change of
approximately 9 °C for annealing tempera-
tures near 500 °C. Larger increases are caused
in samples of the V4865 alloy annealed at
other temperatures. External strain (stress)
raises M, and A in general, so this result is not
unexpected. For a fixed strain, T; has a mini-
mum for annealing temperatures between 450
and 500 °C, as shown in Fig. 3. Similar varia-
tions occur for strains between 2% and 8%.

100

V4865
90 8 %
sob 63%

S %

o) o

e . 2%
= 60— \_M/—Q

50}
. A383
T %
40— 0,/0 6 %
) g,f 1.9 %

304
1 1 1 [N

400 450 500 550. 600
Annealing Temperature ('C)

Fig. 3. Variation in shape recovery temberature Ty
with annealing temperaiure at different bending
- strains for an annealing time of 30 min.

Thus a 1tnal anneal near 500 °C yields a low
recovery temperature,

The effect of changing the annealing time is
shown in Fig. 4 for the V4865 alloy. With the
annealing temperature fixed at 500 °C and
with 6.3% strain, T} increases from 65 to
67.5 °C as the annealing time is increased
from 30 min to about 1.5 h and remains con-
stant for longer annealing times up to 24 h.
(The specimen annealed for 10 min was
quenched in water at room temperature.) The
perfection of the shape recovery decreases
slightly, from 94% to 91%, with increasing
annealing time.

Using A333 wire, othsr parametcers wore
studied to determine their effect on T;. Cool-
ing to'0 °C (100% R phase) or —196 C (a

‘mixture of R phase and martensite) prior to

straightening at 0 °C resulted in a variation in
T; of only 1 °C. This means that A, is the same
whether the induced strain is a result of
stress-induce¢ martensite formation and/or
reorientation of martensite variants. Two
different cooling rates after the final anneal,
air cooling and quenching in iced water,
showed less than 1 °C difference in T;. This
indicates that any structural changes which
may ocecur on cooling to the straightening
temperature are not diffusion controlled. On
cycling the same specimen through the shape
memary cycle up to 10 times the Tt values
showed a scatter of 1.5 °C. Changing the
straightening temperature from 0 to 15 °C and
to 24.5 °C (the A383 alloy is 100% R phase at
all these temperatures) does not shift Ty by
more than 1 °C. The immediate recovery at
the higher straightening temperatures is such
that the specimen goes directly to the shape

M--—-—— [ OO

<]
)

Shope Recovety (%)
3

68\~ o o . IS FEPTR
uG 66{ /"
L 64p-

0 2 a4 6 8-
Time (hrs)

20 22 24

Fig. 4. Variations in T¢ and shape recovery with
annealing: time (batch V4865; 500 °C anneal; 6.3%
strain). - ’
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}t was attained at the same temperature by
a specimen that was straightened at 0 °C.
Thus these processing parameters seem to
have relatively little effect on the recovery
behavior.
We now turn to the effect on the wire of
physical constraint (as'in a storage or applica-
tion container) while the temperature is
raised above the normal Ay, after it has been
straightened and placed in the container. The
normally occiuring shape change is partially
constrained by the container. This might
- result in plastic deformation which will impair
shape recovery. In our experiments an ini-
tially U-shaped specimen (A383 wire; air cool-
ing at 500 °C for 30 min; 6.0% strain) was
straightened at 0 °C and was placed inside a
rigid tube 1 in inside diameter, which only
allows a small fraction of the shape recovery
to occur. The specimen was then heated in
water to various temperatures before being
pulled from the tube into the water. These
experiments are depicted in Fig. 5. Figure 5,
curve 1, illustrates the case when the specimen
was not constrained. The corresponding elec-

i »;.al resistance curve is also shown. (It should
. .-moted however, that the resistance mea-
surements here are for the entire length of the
wire (approximately 2.5 in) while only about
20% of the wire was actually deformed as part
of the U bend. Thus the resistivity changes are
underrepresented.)

~i50”

—|00"9

ER/ER 70%

._ b
1
\
\
L)
A
\
\
N

~|50°

09}

AR SRS T RS T >
-0 0 1 20 30 40 SO &0 70 80 90 00
Temperature (°C)

Fig. 5. Effect of a recover'y-resis'taht.(;on_straint on T¢
and shape recovery (batch A383; 500 °C anneal for
3n gin; 6% strain): ———, electrical resistance (ER)

,;to strain; curves 1 and 8, correspondence be-
tween the electncal resistance and 8 changes.
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After straightening, the electrical resistance
is lower than in the zero-strain curve (broken
line) because of the stress formation of mar-
tensite, which has a lower intrinsic electrical
resistance than the R phase. Between 27 and
37 °C the martensite electrical resistance is
higher than that of the R or B2 phase, so
curve 1 lies above the zero-strain curve. Above
37 °C (Ay) the transformation of martensite to
the B2 phase is completed and the electrical
resistance curves show the same temperaiure
variations. If the intermediate temperature is
below T; (about 36 °C), the specimen imme-
diately reverts to the identical (partially
recovered) shape that was attained at the same
temperature by a specimen whick has not
been constrained. Under these conditions the
ultimate T; did not vary from the original
value by more than 1.5 °C (Fig. 5, curve 2).

If the intermediate temperature was above T¢
but below about 90 °C, an instantaneous and
100% recovery was obtained. Figure 5, curve
3, illustrates the case when the intermediate
temperature is 51 °C. The corresponding elec-
trical resistance curve showed that the electri-
cal resistance remained constant between 37
and 51 °C, indicating that a volume fraction
of martensite was prevented from reverting to
the B2 phase by the constraint. Once the
specimen had been pulled from the rigid tube,
the electrical resistance immediately attained
the value of the B2 phase at that temperature,
so the instantaneous shape recovery was ac-

.companied by the simultaneous reversion of

the remaining martensite to the B2 phase.
Thus the extra stress caused by the constraint
raises the effective T;. At a temperature of
about 90 °C, only 85% recovery was achieved
(Fig. 5, curve 4). Further, only incomplete -.
shape recovery was achieved on further cy-
cling at lower intermediate temperatures.
Thus at a sufficiently high temperature the
external stress due to the constraint is unable
to prevent the transformation in the matetial,
which then results in permanent plastic de-
formation.

This important result indicates that the
equilibrium T; may be exceeded significantly
while a shape memory device is constrained
without impairing shape recovery. These data
also stress the fact that any handling technique '
likely to cause plastic deformatlon in the wire
should be avoided.
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3.2. Variation in the percentage of shape
recovery

In the A383 wire, 100% recovery was
achieved in all the specimens and conditions
tested. The V4865 wire, however, did not
show similarly perfect behavior. The variation
in percentage shape recovery with annealing
temperature and strain is shown in Fig. 6. At
a fixed annealing temperature the elastic
spring-back is largest at 2% strain while the
total shape recovery (spring-back and shape
memory) decreases from 100% at 2% strain
to approximately 94% for strains between
5% and 8% at an annealing temperature of
500 °C. These results agree qualitativeiy with
those reported by Cross et al. [17] on Ni-Ti
alloys with a final annealing temperature of
500 °C. Their tests have shown that shape
recovery deteriorates with increases in strains
up to 18%.

At different annealing temperatures the
spring-back is essentially constant for a fixed
strain, while the extent of shape recovery has
a maximum of 94% between 450 and 500 °C
with a slight decrease to 90% at 400 “Cand a
larger decrease to 81% at 550 and 600 °C.
Thus a final annealing temperature near 500 °C
gives the best shape recovery as well as a low
recovery temperature.

3.3. Further consideration of the annealing
treatment _ '

T; extrapolates to nearly the same tempera-
- ture at zero strain for all annealing tempera-
tures near 500 °C (Fig. 2). Similarly, A at
zero strain is the same for all the annealing

00 L . . s
= 3 § “ total elastic recovery
£ g0t : )
° s & 3B t
o a e [
shape memor
§ 6o § 1 !
P =
5]
2 ‘o .
o. . .
~ . .
« »lzov_bg P 3 © ; spring-back
ol l i | !

400 450 500 550 600
Annealing Temperoture (°C)

Fig. 6. Percentage shape change as a function of
annealing temperature and strain (batch V4865;
maximum strains of 8% (&), 6.3% (£}, 5% () and 2%
(4); annealing time, 30 min).

temperatures (A; is about 60 °C for the-
V4865 alloy and 31 °C for the A383 alloy).
This strongly suggests that each different
annealing temperature yields a high tempera-
ture B2 phase with a slightly different struc-
ture (degree of order, defect structure etc.)
that interacts differently with stress to yield
different (finite strain) T values at different
strains.

Consideration must therefore be given to
the possibility that the annealing temperature
affects such structural factors as the degree of
long- and short-range order in the mutual
arrangement of the nickel and titanium atoms
and that subsequent transformaticns are
affected by these factors, particularly in the
presence of strain. Similarly, the effect of
annealing on defect structures must be con-
sidered. For example, the Ni~Ti alloys are
subject to contamination by oxygen and
nitrogen, which form oxides and nitrides as
inclusions. Although inclusions are an integral
part of the microstructure in Nitinol alloys
[171, their atomic composition, structure and
morphology have not been determined. The
inclusions may affect the phase transformation
and shape changes because of the internal
stress modifications which they cause, as a
result of interaction with external stress. The
influence of annealing temperature on the
effect of the inclusions is not clear. A clarifi-
cation of these effects may lead to a better
understanding of the changes caused by the
annealing treatment.

4. CONCLUSIONS

We estabiished that certain' processing
factors affect T; and the extent of shape
recovery significantly while others do not.
The lowest recovery temperature 7; and the
best shape recovery is obtained by annealing
between 450 and 500 °C. Varying the anneal-
ing temperature results in the largest change
in these two- parameters, .causing an increase
of as much as 20 °C in T; and a decrease of
13% in shape recovery for the V4865 alloy if
the annealing temperature is increased much

“above 500 °C. Changing the maximunm strain
{between 2% and 8%) induces a 10 °C varia-
tion in Ty at 500 °C with larger increases at
other annealing temperatures but without an
effect on the extent of shape recovery. Alter-
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ing the annealing time has a relatively small
effect. At 500 °C and 6.3% strain there is only
a maximum of 3 °C change in T; and a 4%
loss in shape recovery for the V4865 alloy.
Recovery-resistant stress caused by an external
constraint raises the effective T; but, if main-
tained at a sufficiently high temperature, the
plastic deformation accompanying the trans-

- formation under constraint causes permanent

partial loss of shape memory.
Although this study is based on only two

batches of Nitinol wires of similar composi-

tions, it is expected that qualitatively similar
variations occur in all Ni—-Ti wires that exhibit
shape memory.

ACKNOWLEDGMENTS

We wish to acknowledge the strong impetus
“ xthis work provided by Dr. Morris Simon,
+.%h Israel Hospital, through his work on the
medical application of these materials [18)
and the interaction and collaboration with
him and his colleagues Dr. Edwin Salzman,
Dr. David Freiman, Dr. Aubrey Palestrant and
Mr. Martin Prince. We also greatly appreciate
the efforts of Dr. David Goldstein, Nitinol
Technology Center, Naval Surface Weapons
Laboratory, in supplying the Nitinol wire,

This work was sponsored by the National
Institute of Health and the National Heart,
Lung and Blood Institute under Contract
ROI HL20554.

247

REFERENCES

1 W. J. Buehler and R. C. Wiley, Trans. Am. Soc.
Met., 55 (1962) 269 - 276. )

2 W. J. Buehler and R. C. Wiley, NOL Rep. 61-75,
August 3, 1961 (U.S. Naval Ordnance Labora-
tory).

3 W.J. Buehler, J. V. Gilfrich and R. C, Wiley, J:
Appl. Phys., 34 (19638) 1475 - 1477.

4 G. D. Sandrock, A. J. Perkins and R. F. Hehe-
mann, Metall. Trans., 2 (1971) 2769.

5 H. C. Ling and R. Kaplow, Metall. Trans. 4, 11
(1980) 77 - 83.

6 M. E. Meichle, M, B. Salamon, S. M. Shapiro,
C. M. Wayman and C. M. Hwang, Proc. Int. Conf.
on Modulated Structures, Kona, 1979, in AIP
Conf. Proc. 53 (1979) 223.

7 M. Matsumoto and T. Honma, New aspects of
martensitic transformation, Proc. Int. Symp. of
the Japan Institute of Metals, Kobe, 1976, in
Trans. Jpn. Inst. Met., Suppl., 17 (1976) 199.

8 H. Warlimont and L. Delzey, Prog. Mater. Sci., 18
(1974) 113.

9 C. M. Wayman and K. Shimizu, Met. Sci. J., 6
(1972) 175,

10 R. J. Wasilewski, Metall. Trans., 2 (1971) 2973 -
2981.

11 J. Perkins, Scri. Metall.,, 8 (1974) 1469 - 1475.

12 H. A, Mohamed and J. Washburn, J. Mater. Sci.,
12 (1977} 469.

13 H. C. Ling and R. Kaplow, submitted to Metall.
Trans.

14 W. J. Buehler and F. E. Wang, Ocean Eng., 1
(1968) 105 - 120.

15 K. H. Eckelmeyer, Scr. Metall., 10 (1976) 667.

16 C. M. Jackson, H. 3. Wagner and R. J. Wasilewski,
NASA Spec. Publ. 5110, 1972.

17 W. B. Cross, A. H. Kariotis and F. J. Stimler,
NASA Contract. Rep. 1433, 1969.

18 M. Simon, R. Kaplow, E. Salzman and D. Frei-
man, Radiology, 125 (1) (1977) 89.

Edwards Exhibit 1033, p. 153



Yol e

urg. 91, 67—75 (1978)

Archives of Orthopaedic

‘and Traumatic Surgery
“©J.F.Bergmann Verlag 1978

Lur Dwyerschen Skoliosenoperation mittels Drihten aus Memory-Legierungen

ine experimentelle Studie

i Baumgartl, G. Bensmann?, J. Haasters', A.Nolker? und K.F, Schlegcll

Orthopadische Klinik des Universititsklinikums Essen, Gesamthochschule (Direktor: Prof. Dr. med. K. F. Schiegel),

Hufelandstr. 55, D-4300 Essen, Bundesrepublik Deutschiand

Krupp-Forschungsinstitut, Essen (Direktor: Dr.-Ing. J. Hartwig), Miinchener Str. 100, D-4300 Essen, Bundesrepxiblik Deutschland

)n DWYER’S Scoliosis Operation Using
Aemory Alloy Wire

summary. In Dwyer’s spinal column correction a

itanium cable is stretched from vertebra to vertebra

‘pecial clamp and secured to each vertebra with
cis and clips. It is suggested to replace the titanium
vire with wire consisting of the memory alloy NiTi.
This will permit the prestretched wire to be tensioned
vy heating it to 60 deg C after it has been fixed at its
nds in the vertebrae.

The functional principle of the NiTi memory wire
vas demonstrated in an experiment carried out on a
lastic model. This consists of 8 plastic vertebrae with
Omm sides which are connected by interposed
vedge-shaped soft rubber discs, giving the model a
urved shape. Memory wire prestretched by 7% is led
hrough eylets on the convex side and fixed at the
nds.-On being heated (electrically in this experiment

r the sake of simplicity), the wire shortens, righting

he model so that it assumes a straight shape.
The authors also describe in detail the manu-

acture of -the alloy, i.e. the melting and shaping
'perations, as well as the properties of the material,

hat is, the stress-strain and Strain-temperature re-

‘ltionships and the transformation temperatures, as’

sell as mechanical problems.

'-llsammenfassung. Bei der Dwyerschen Wirbelsiulen-
orrektur wird mittels einer Spezialspannzange cin
ltankabel von Wirbelkorper zu Wirbelkdrper ver-

N %:druckanfragen an: Prof. Dr. F. Baumgart (Adresse siehe
beii)

spannt und an jedem einzelnen mittels Schrauben in
Agraffen festgeklemmt. Hier wird vorgeschlagen, das

Titankabel durch einen Draht aus Memory-Legierung -

NiTi zu ersetzen. Dies ermdglicht das Spannen des

" vorgereckten Drahtes durch einfache Erwdrmung auf

etwa 60°C, nachdem dieser an den Enden in den
Wirbelkérpern verankert wurde. ’
Die Wirkungsweise des NiTi-Drahtes wurde in
einem prinzipiellen Versuch an einem Kunststoffmodell
demonstriert. Das Modell besteht aus 8 Kunststoff-
wirbeln von 30 mm Kantenliange, die durch dazwi-
schengeklebte keilf6rmige Weichgummischeiben ver-
bunden sind. Dadurch erhidlt das Modell eine ge-
kriimmte Form. Der auf der konvexen Seite durch

Osen gefiihrte und an den Enden verankerte Memory--

Draht ist um 7% vorgereckt. Er wird in diesem
Versuch der Einfachheit halber elektrisch aufgeheizt,
verkiirzt sich und richtet das Modell in eine gerade
Form aus. .

In diesem Zusammenhang werden auch ausfiihr-
lich die Herstellung der Legierung, d. h. Erschmelzen
und Umformen, die Eigenschaften; d. h. Spannungs-
Dehnungs-Verhalten, Dehnungs-Temperatur-Verhal-
ten und Umwandlungstemperaturen sowie mechani-
sche Probleme beschrieben.

Die Skoliose ist.eine Dreh-Seitverbiegung der Wirbel-
siule, die auch mit den heute bekannten und ange-
wandten Operationsverfahren nur sehr schwer zu
korrigieren ist. Mit den meisten derzeit iblichen
Operationsmethoden 1dBt sich die Seitverbiegung in
erstaunlich gutem MaBe korrigieren. Die Torsion
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hingegen ist bisher noch nicht oder nur unbefriedigend
zu beherrschen. Wird eine dorsale Spondylodese nach
Harrington durchgefiihrt, so resultiert meist ein lor-
dosierender Effekt, wogegen bei der ventralen Wirbel-
sdulenkorrektur nach Dwyer sith die Kyphose nicht
oder nur schwer vermeiden IiBt. Dieser kyphosierende
Effekt ist im Dorso-Lumbalbereich, wo die Dwyer-
Technik auch am erfolgreichsten ist, nur erwiinscht.
Besonders vorteilhaft ist diese Technik bei rigiden
thorakolumbalen und lumbalen Wirbelsdulenverbie-
gungen Erwachsener sowie bei Liahmungsskoliosen.
Sie bilden somit die besten Erfolgschancen fiir die
Dwyersche Operationsmethode. Bei den Skoliosen

und Lordosen, die durch Meningomyelozelen oder
. andere Fehlbildungen im Bereich der dorsalen, lum-

balen Wirbelsiule. bedingt sind, ist sie sogar die
Methode der Wahl.

Um nun die aufwendige und ohnehin schon
schwierige Operationsmethode zu vereinfachen, wurde
von uns ein Verfahren zur Korrektur der Skoliose im
Modell erprobt, das auf die Grundidee von Dwyer
zuriickgeht.

1. Operationstechnik im Experiment

Nach dem Ausrdumen der Bandscheiben wird bei der
Dwyerschen Operationsmethode ein Titaniumkabel
durch Schraubenkdpfe gefiihrt, die in der Mitte ein
Loch haben. Diese Schrauben -Wwiederum sitzen in
sogenannten Agraffen, die den Wirbelk6rper wie eine
Klammer fest umschlieBen. Diese Agraffen haben die

" Aufgabe, ein seitliches Abrutschen oder Ausbrechen

der Schrauben wihrend des Spannvorganges zu ver-
hindern. Bei der Methode nach Dwyer wird das
Titaniumkabel mit einer Spezialspannzange von Wir-
belkorper zu Wirbelkdrper verspannt und jeweils

durch Zusammenquetschen des Schraubenkopfes blok-

kiert. .
" In unserem weiter unten ausfiihrlich beschriebencn
Modellversuch wurde das Titaniumkabel durch einen
NiTi-Draht ersetzt, der lediglich an den Neutral-
wirbeln fixieit wurde. An den iibrigen Wirbelkérpern

‘wird der NiTi-Draht durch Osen gefiihrt, um ein
.Ausgleiten der Korrektur aus der gewiinschten Rich-.
“tung za vermeiden. Die Korrekturwirkung wird durch

Erwirmen des Drahtes erreicht und ist stufenlos

‘steuerbar. Die genaue Versuchsbeschreibung des Mo- '

dellversuches ist weiter unten angegeben.

Wir glauben, das Operationsverfahren nach Dwyer
durch die Verwendung von NiTi-Driahten noch weiter
vereinfachen und verbessern zu kdnnen.

©Weiterhin wire auch’ eine postoperative Nach-~

korrektur durchaus noch denkbar, da die NiTi-Drihte

ja nicht in ihrer vollen Zugkapazitit ausgeschopft

werden miissen. Es erscheint z.Z. nicht ausgeschlos-
sen, das Metall z. B. induktiv soweit wieder aufzu-
heizen, daf sich eine gewisse Nachkorrektur evtl. auch
noch post operationem woméglich unter Bildwandler-
kontrolle durchfithren liefe.

Neben schon anderen von uns beschriebenen
Einsatzmdglichkeiten dieses neuen Implantat-Werk-
stoffes sehen wir in der Verwendung von NiTi-
Drihten bei der Dwyerschen Operation eine erheb-
liche technische Verbesserung einer vielfach mit Erfolg
erprobten Operationsmethode. Der Vorteil gegeniiber
der herkémmlichen Spanntechnik ist die stufenlose
Spaantechnik des Drahtes, die eine schonende Korrek-
tur der Wirbelsdule, auch in Etappen, ermoglicht.

2. Herstellung der NiTi-Legierung

Die Legierung NiTi kann grundsitzlich sowoh! im Elektronen-
strahlofen als auch in einem Vakuuminduktionsofen erschmol-
zen werden. Da beim Elektronenstrahlofen zu einer bestimmten
Zeit unmer nur ein geringer Anteil des zu erschmelzenden NiTi-
Volumens fliissig ist, kann es vorkommen, dall beim ungleich-
mifligen Abschmelzen des Ausgangsmaterials der GuBblock
inhomogen wird. Die Inhomogenititen des GuBblockes kdnnen
auch durch mehrfaches Uraschmelzen im Elektronenstrahlofen
nicht beseitigt werden. Legierungsschwankungen von* 1%
zwischen Kopf und FuBl des Ingots waren bei den durchge-
fiihrten Versuchen keine Seltenheit. .

Giinstiger gestaltet sich die Erschmelzung des NiTi im
Vakouminduktionsofen. Probleme der Inhomogenitit treten
hier praktisch nicht auf, da die Schmelze wihrend des Her-
stellungsprozesses stetig gut durchgemischt wird.

Nachdem der-Gufiblock erstarrt und abgekiihit ist, wird er

-gedrittelt. Das anschlieBende Warmwalzen selbst bereitet,

solange man nicht zu weit von der siSchiometrischen Zu-
sammensetzung entfernt ist, keine Schwierigkeiten. Die Biock-
segmente werden in einem elektrischen Kammerofen auf 900°C
erwidrmt, wobei darauf zu achten ist, dal das Material gut
durchgewidrmt ist.

Nach jedem Walzstich ist es empfehienswert, die Bramme
im Ofen wieder aufzuwirmen. Gewalzt werden kann mit einem
Walzgrad von ¢;~0,25. Hohere Walzgrade. kénnen mit groder
Wahrscheinlichkeit erreicht werden, wurden aber versuchs-
miBig noch nicht erprobt.

Der dem Warmwalzen folgende Kaliwalzvorgang gestaltet
sich etwas aufwendiger als der Warmwalzvorgang. Die warm-
gewalzte Platte kann in den ersten drei Stichen mit einem
Umformgrad von ¢ ~0,04 gewalzt werden, wobei nach jedem
Stich eine Zwischengliihung zu erfolgen hat. ‘Bei dieser Zwi-
schenglithung wird der in der Niedertemperaturphase vor-
liegende Werkstoff tiber seine A ~Temperatur erwirmt, und die
Umformung wird durch den einsetzenden Memory-Effekt
weitgehend wieder riickgangig gemacht. Pro Walzzyklus (Kalt-
walzen, Zwischenglithung, Abkihlung an Luft) wird dadurch
nur ¢in sehr geringer Umformgrad erreicht. Danach kann det
Uniformgrad langsam gesteigert werden, ohne daf mit einem
Versagen des Werkstoffes gerechnet werden mus8.

Die Probleme dér Drahtherstellung sind dhnlich wie bein:
Kaltwalzen. Die warmgewalzten, geschmiedeten oder -strang-
gepréBten Rundstibe konnen zundchst nur mit einem - schi
kleinen Ziehgrad gezogen werden. Hat ‘der Draht bereits
mehrere Ziige hinter sich, kann der Zichgrad gesteigert.werden
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3. Eigenschaften der erschmolzenen NiTi-Legierung gen aufgestaut werden. Mit gréBer werdender Dehnung nimmt

die Versetzungsdichte stark zu, was eine erheblich grofere
FlieBspannung als im Bereich I erfordert. Der Werkstoff

Um Aussagen iiber die Eigenschaften der NiTi-

! Legierung machen zu kénnen, wurden Drihte von 2 verfestigt.
mm @ aus dem Material bei verschiedenen Tempera-
U A gegliiht und dann in der ZerreiBmaschine bis zu Bereich 111 Sobald die Versetzungsdichte einen bestimmten
vorgegebenen plastischen Dehnungen gefeckt Diese Wert erreicht hat, kénnen Schraubenversetzungen quergleiten.

Dadurch werden die Versetzungen wieder frei beweglich, und
die Kurve nimmt wieder einen {lacheren Verlauf. Dieser Bereich
wird auch als .der .Bereich der dynamischen Erholung" be-

verformten Drihte wurden dann bis iiber die Um-
wandlungstemperatur erwirmt und die Umwand-

i lungstemperaturen und die Riickdehnung gemessen. zeichnet.

3.1. Das Spannungs-Dehnungs-Diagramm ) 3.2. Der Memory-Effekt

’ Abbildung 1 zeigt das typische Spannungs-Dehnungs- ~ Erwdrmt man einen plastisch verformten Draht, bis
i Diagramm der NiTi-Legierung. Klar erkennbar glie- sich das in der Niedertemperaturphase vorhandene,
dert sich die Kurve in drei Bereiche. Vor dem ersten martensitische Gefiige in ein austenitisches umgewan-

Bereich erfolgt ein linearer Anstieg der Spannung, der ~ delt hat-,(.Hochtemperzin‘n-.phase), sO nimmt er seine
durch die elastische Dchnung der Probe hervorgerufen urspriingliche Gestalt weitgehend wieder an. In Abbil-

wird, . dung 2 ist die Abhiingigkeit der Riickverformung von

) der Vorverformung und der Glihtemperatur aufge-
Die drei Bereiche lassen sich wie folgt deuten: : ~tragen. Bei den Proben handelt es sich um Drihte, die
Bergich 1. Sobald eine kritische Spannung iiberschritten wu'd - im letzten Stich um ca. 8% kaltverformt wurden. Aus
wird ‘das in der Niedertemperaturphase vorliegende, marten-  Abbildung 2 ist ersichtlich, daB die Rickverformung
sitische Gefiige bei giinstig orientierten Kristalien in . Ver- ‘mit steigender Glﬁhtcmpcrixtur ansteigt. Bei einer

formungsmartensit umgewandelt. Da -fir dic Bildung des - ° P : -
“Verformungsmartensits“ nur eine geringe Energie erforderlich Glihtemperatur von 500°C scheint die Rickverfor-

ist, wird die Spannung bei groBeren Dehnungen nur-geringfiigig ~~ Mung unabhéngig von der dapach erfahrenen plasti-

zrhoht, so daB die Kurve hier einen sehr flachen Anstieg zeigt. schen Dehnung am grofiten zu sein. Das 148t sich

o ) o ) dadurch erkliren, daff bei dieser Temperatur bereits
Bereich 11. Die Bildung von .. Verformungsmartensit”, auf die im alle Eigenspannungen, die durch den Herstellungs-
Berelch I der groBere Anteil der Dehnung zuriickzufihren war, ) 8 indie P b L sbrach d itoehend
1s* stz weitgehend abgeschlossen. Durch die nun_ verstarkt prqze l,n 'd!e fo e.n e.l,nge_ rac t\?_/ur en, weilgehen
s jzendcn Versetzungsbewégungen kommtesquerselzungs— abgebaut sind. Bei niedrigen Gliihtemperaturen (s.

reaktionen, durch die die Gleitwege verkiirzt und die Versetzun- - z. B. 200°C) diirfte das _nQCh nicht der Fall sein;, was zu_
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-einer Behinderung der Riickdehnung fiihrt. Tréagt man
die Riickdehnung in Prozent von der plastischen
Vorverformung des Drahtes auf, so erhilt man
Abbildung 3. Wie aus diesem Dlagramm ersichtlich,
betragt die Rickdehnung bis zu einer Vorverformung
“von ca. 7% etwa 80%. Werden 7% Vorverformung
“tiberschritten, verringert sich der Riickdehnungsanteil.
Dieser Effekt - ist zwanglos- aus dem Spannungs-

Dehnungs-Diagramm erklirbar. Bis etwa 7% plasti-

scher Dehnung resultiert die Verformung zum iiber-
wiegenden Teil aus der Bﬂdung von' ,Verformungs-
" martensit®, der bei Uberschreitung der Umwand-
lungstemperatur in eine austenitische Konfiguration
iibergeht. Bei groBeren plastischen Verformungen
erfolgt diese in zunehmendem MaBe durch das Wan-
dern von Stufenversetzungen. Der dadurch aufge-
brachte Verformungsanteil ist irreversibel. ‘

3.3. Die Unwandlungstemperatur

Nimmt man_von einem plastisch verformten NiTi-Draht die
Dilatometerkurve ¢ =f (§) auf, so erhilt man Abbildung 4. Aus
diesem Diagramm kénnen die Umwandlungstemperaturen wie
folgt abgelesen werden:

A =~45,5°C, A=51°C. Bei der in Abbildung 4 gezeigten
Kurve handelt es sich um einen NiTi-Draht, der bei 400°C
geglitht und um 6,68% plastisch gedehnt worden war.

Trigt man die mit Hilfe des Dilatometers bestimmten
Umwandiungstemperaturen fiir verschiedene piastische Deh-
nungen in Abhingigkeit von der Glithtemperatur auf, so erhilt
man die in Abbildung 5 dargesteliten Kurven. Ausgehend vom
ungegliihten Zustand nimmt die Umwandlungstemperatur mit
steigender Glithtemperatur rasch ab. Bei einer Glithtemperatur
von 200 bis 300°C-zeigen die Kurven ein schwaches Minimum,

_um dann mit héher werdender Gliihtemperatur wieder leicht
anzusteigen. Aus diesen Diagrammen kann abgeschitzt werden,
innerhalb welcher Bereiche die Umwandlungstemperatur durch
eine entsprechende Gliihbehandlung variiert werden kann.
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Abb. 6. Versuchsaufbau

4. Modellversuch: Dwyer-Operation

Wie bereits unter Punkt | dargelegt, besteht die
Maéglichkeit, eine Wirbelsiulenkorrektur mittels eines
Spanndrahtes vorzunehmen. Es erscheint nun sehr
sinnvoll, bei dieser recht aufwendigen Operations-
technik den Spanndraht durch einen Memory-Draht
zu ersetzen und dadurch die Operation wesentlich
einfacher zu gestalten. In diesem Fall wird ein um
& vorgereckter Memory-Draht im Bereich der Wirbel-
siulenverkrimmung an den beiden dufieren Wirbeln
befestigt. Durch die anschliefiende Erwdrmung bis
iiber die Umwandlungstemperatur nimmt der Draht
seine urspriingliche Gestalt naherungsweise wieder an
und richtet dadurch die deformierte Wirbelsaule wieder
gerade. Das Richten der Wirbelsiule kann dabei
durch die Wahl einer geeigneten Aufheizgeschwindig-
keit sehr schonend erfolgen.

Eine prinzipielle Demonstration dieser Moglich-
keit wurde an einem einfachen Modell im Krupp-
Forschungsinstitut in Essen durchgefiihrt. Abbildung
6 zeigt die Versuchsanordnung. Das Modell besteht
aus kubischer_l Kunststoffelementen, die die Wirbel
symbolisieren. Sie sind durch dazwischengeklebte
Weichgummischeiben miteinander verbunden, die
durch ihre Keilform die Verkrimmung des Wirbel-
siulenmodells erzeugen. Der Memory—Drah_t von 2.8
mm Durchmesser ist um ¢, =7% bleibend vorgereckt,
durch in den ,Wirbeln* sitzende Osen gezogen und an
den Enden mit Schraubklemmen verankert. Dabei ist
darauf zu achten,  daf sich der Draht méglichst
reibungsfrei durch die Osen bewegen kann. Prinzipiell
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_Sh':h

Abb. 7. Veranderung des StichmafBes
in Abhingigkeit von der Temperatur

Ll L

[ 10 20 30 40 S0 60 70 8o

Abb. 8a—d. Versuchsablauf

besteht auch die Mdoglichkeit, den Draht an den in den
Wirbeln befestigten Osen festzulegen. Diese Methode
bringt dann keinen Vorteil, wenn die Wirbelsiule
zwischen den beiden #dufleren Befestigungspunkten
gleichmiBig gerichtet werden soll, d.h. wenn die
verkriimmte Wirbelsdule Kreisbogenform aufweist.

Ginstig wirkt. sich die Festlegung des Memory-
Drahtes an allen _’Wirbeln nur dann aus, wenn der
Memory-Draht sich zwischen den einzelnen Fixpunk-
ten um unterschiedliche Wege verkiirzen soll, was bei
einer vom Kreisbogen stark abweichenden Verkriim-
mung interessant sein konnte. In diesem Fall sind die
einZelnen Drahtabschnitte zwischen den Befestigungs-
punkten getrennt zu beheizen und die Warmezufuhrin
dem Moment zu unterbrechen, in dem partiell die
gewiinschte Verkiirzung eingetreten ist. Bei dem hier
durchgefiihrten Modellversuch wird der Memory-

Draht nur an den beiden duBeren Wirbéln befestigt.

Die Erwdrmung des vorgereckten Drahtes erfolgt
iiber eine stufenlos regelbare Widerstandsheizung. Zur
Bestimmung ‘der Temperatur wird -eine Infrarot-
Thermovisionskamera eingesetzt, die es gestattet,
beriihrungslos die Temperatur innerhalb des Gesichts-
feldes zu bestimmen.

Hierzu wird die vom Objekt ausgehende Infrarot-
strahlung punktférmig abgetastet, auf einen Detektor
fokussiert und in ein elektrisches Signal umgewandelt.
Dieses Signal wird auf einem Oszillografen dargestellt,

30 °Cc 100
Temperatur ——m

‘wobet die Abstufung der Grautone der Temperatur-

verteilung des Objektes entspricht. Diese Kamera wird
tibrigens auch in der Medizin eingesetzt, z.B. zur
Krebsfritherkennung. Fiir die kontinuierliche Regi-
strierung der Temperatur sind am Draht zusitzlich 3
Thermoelemente angebracht, die an einen Punkt-
drucker angeschlossen sind.

Die urspriingliche Verformung des Modells —
gemessen als Stichmal in der Mitte.— betrug 25 mm.
Bei ca. 60°C wurde die Umwandlungstemperatur
erreicht, und der Memory-Effekt setzte ein. Diese
Umwandlungstemperatur kann durch. eine geringe
Anderung der Legierungszusammensetzung sowohl
nach oben als auch nach unten verschoben werden,
vgl. Buehler, Wang. In Abbildung 7ist die Verinderung
des Stichmafles in Abhéngigkeit von der Temperatur
aufgetragen. Die Gesamtverformung von 25 auf 4 mm
Stichmafl wird bei.ciner mittleren Drahttemperatur
von ca. 65°C erreicht. ) o

Die Verformungsgeschwindigkeit kann iber die

" Wirmeeinbringung in weiten Grenzen gesteuert wer-

den. Im vorliegenden Fall betrigt die interessierende
Zeit 15 min, sie kann im Bedarfsfall verlingert oder
auch wesentlich verkiirzt werden. Eine weitere Stei-
gerung der Temperatur von 67°C auf 90°C erbringt -
dann keine VergroBerung des Memory-Effektes mehr.
Abbildung 8 zeigt das Modell in verschiedenen Ver-
suchsphasen. o
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" Abb. 9. Temperaturverteilung am Wirbelsaulenmodell. a Ther-
s, mogramm in der Draufsicht, b Temperaturverteilung lings des
. Memory-Drahtes

Durch den Einsatz mehrerer Memory-Drihte kann
eine beliebig starke Wirbelsiulenverkriimmung korri-
giert werden. Der Mechanismus ist dabei der gleiche
wie bei dem hier beschriebenen Modellversuch.

Die mit der Infrarotkamera gemessene Tempera-
turverteilung ist in den folgenden Abbildungen 9a und

Draufsicht der erwirmte Memory-Draht als helle
-Linic zu erkennen. Die Kopfe der Osenschrauben
" zeichnen sich als einzelne dunkle (kiltere) Punkte ab.
Die Wirmeableitung in die Kunststoffwiirfel ist ge-
_ting. In der Umgebung der eingeschraubten Osen ist
-2war eine gewisse Temperaturerhdhung festzustellen,
die jedoch auf einen recht engen Bereich beschrinkt ist.
InAbbildung 9b ist die Temperaturverteilung in Ampli-
tudenform lings einzelner Bildzeilen wiedergegeben.
Die Temperatur stellt sich iiber die gesamte Linge
sTecht gleichmiBig ein, so-daB davon auszugehen ist,
Fdal. der Memory-Effekt auf der gesamtcn Langc des
: Drahtes ausgenutzt wird.

b dargestellt. Im Thermogramm (Abb. 9a) ist in der

Abb. 11. Rechenmodell

W
L e

e DR

B —
E R ——

E(x) ,F(x),I(x)

Abb. 12. Bezeichnungen

5. Mechanische Probleme

5.1. Grundlagen, System und Belastungen

Die Grundlagen fiir die Berechnung von Memory-
‘Bauteilen wurden von Baumgart, Bensmann und
Hartwig ausfithrlich dargelegt. Hier geht es um die
Berechnung eines Systems aus einem einachsig bean- .
spruchten Memory-Draht und einem als elastisch
angenommenen Batken (Wirbelsiule) mit verinder-
lichen Material- und Querschnittswerten. (Abb. 10).
Von funktionellen Belastungen soll bei dieser Unter-
suchung zunichst abgesehch werden. Der ein?.ig
wirkende Lastzustand ist der durch den Memory-
Effekt hervorgerufene Vorspannzustand des Memory-
Drahtes. Die Zusammenziehung des Memory-Drahtes
bewirkt eine Kriimmungsinderung und ¢ine Kom-
pression der Wirbelsdule. :

Der Berechnung wird das idealisierte System: ge-
miB Abbildung 11 zugrunde gelegt. Es'stimmt mit dem
im Experiment untersuchten System .praktisch tiber-
ein. Der Memory-Draht ist nur.an den beiden Enden
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fest mit dem Stab verbunden, dazwischen wird er in
Osen gefiihrt. Fiir eine genauere Berechnung miifite
die Veranderlichkeit der Querschnitte zusitzlich be-
riicksichtigt werden.

5.2. Berechnung

Die Berechaung ichnt sich an die von Baumgart, Bensmann und
Hartwig durchgefithrie Untersuchung eines Stabsystems aus
einem Mcmory-Stab und einem elastischen Stab an.

Fiir die Uberlegungen wurden die in Abbildung 12 einge-
tragenen Bezeichnungen benutzt. Es wird davon ausgegangen,
daf} das System als schwach gekriimmter Balken betrachtet
werden kann.

Das Biegemoment M als Funktion der Koordinate x ist beim

Wirken der Vorspannkraft P im Memory-Draht bei einer.

konstanten Exzentrizitit ¢ des Drahtes gegeniiber der Schwer-
achse des Stabes: M = - I’-¢ =const.
Die Langskraft N ist

N= -V =const.
wihrend keine Querkraft @ vorhanden ist:

Q=0

Dabei ist angenommen, dafl die Stiitzung des Memory-
Drahtes nicht in dquidistanten (reibungsfreien) Osen, sondern
kontinuierlich erfolgt.

Legt man die Querschnittswerte und die Kombination von 8
Kunststoff,wirbeln* mit 7 Gummi.knorpel“-Scheiben gemil
Abbildung 11 zugrunde, dann ergibt sich die fiir die Erzeugung
der Vorspannkrifte V erforderliche cinzuprigende Relativver-
kiirzung Au im Memory-Draht zu

Au= ! Idx + ! Vdx + ! Veldx
"'jf..u Fy JE(x)fm jg(x,;(x)

o 4
i Ta [, e 7% (1 (-’}
Au=V]|——+ — [ —+ —V + L —+
“ [eM Fy E. ( £, ) Ey ( Fe T

W

Fir die Verschiebung Aw in der Mitte des Balkens
gegeniiber der Anfangsausienkung relativ zur Sehne hat ' man in
gleicher Weise bei Annahme eines zur Stelle x ={/2 symmetri-
schen Systems

T n

o xdx
Aw=-1e J _‘_—E(.\’)J(.\')

o

Ao Ve | 4049 +486) | b(50a+49b)
YETTROT R, Eq Iy
Fiireinen zahlenmiBigen Uberschlag wurden die folgenden Werte'
eingesetzt:
r =1.000.000 N/cm’=10.000 N/mm’ (Kunststoff, Holz)
—'*0 30 =900 .mm"

J, =75 30°=61.500 mm"

EK—043 N/mm (in einem Druckversuch gemessener

Materialwert)

F, =900 mm’

JK =61.500 mm*

a =30 mm

b = § mm

e = 195 ‘mm
E,=E=35000 ‘N/mm’
£y= % 2,8 =6,16 mm’

Man sieht leicht, dal die Anteile aus den Wirbeln®
gegeniiber denen aus dem .Knorpel” wegen des erheblichen
Unterschiedes der Elastizititsmoduli in diesem Falle zu ver-
nachlissigen sind.

Man erhiit:
_ 7-38 7-30 {1, 19,8
Bu= V[ssooo 6.16 T 10000 (900 67500)+
7-87 1 19,5
* 04 ( 67500
= Vlo.omzw.oom 08783]—-—V 08796——N
und v
éﬂ _L’_ — mmz
1F, £204-107 S
Aw=op 195 19,5 30(49:30+48- -8) , 8(50:30+49-8)
10600~ 67 500 0,43+ 67500

Aw ==V -{0,0002+1,2711) ==V 12713-——

Der Draht ist um 7% bleibend vorgereckt. Man hat also eine
Anfangsdehnung von ¢,=0,07.
Man kann sich leicht iiberlegen, daB

4mm

|4 .4mm_
(o, c)— 204 10 N <204-10 N~

Au _
T =™

sein muf. Dabei ist g, (a. &,) eine fiir eine bestimmte Legierung
aus Versuchen ermittelbare Kurvenschar fiir die -Memory-
riickdehnung als Funktion der Lastspannung ¢ und der
Anfangsdehnung &,. Wir nehmen fiir diesen Fall an, daB die
Spannung ¢ sehr klein ist, so daB keine Behinderung des
Memory-Effektes erfolgt und daBl bei dieser Legierung bei
Lastfreiheit (¢=0) eine 80%ige Riickverformung erfolgt,
d.h.

&y (0. £)=08 £,=0,056
Damit {48t sich leicht errechnen

- 0056 N N

und eine Vorspannkraft von
V=g E,=275-6,16=169 N
Damit ergibt sich eine Stichanderung von
Aw=—169 12713=-21,5mm
Dies stimmt recht gut mit den gemessenen Werten iiberein.

Der nach Abschlu8 der Erwirmung verbleibende
Spannungszustand sieht also im Versuchsmodell gro- -
Benordnungsmiflig so aus:

im Memory-Draht .

_ N
o=2,75 peenc B Zugspannpng

in der , Wirbelsaule®

o=lsle- —-V-‘(—Li'%e.—) ==L (168

- L‘ﬁ(l +6. i9_§) 20,0920 N/mm?, Druck,
900 X 30/ " 1+00545 N/ma’, Zug.

Man sieht, daB die Beanspmchungen sehr gering -
sind, was auf die groBe Nachgiebigkeit der Gumimi--
schexben zuruckzufuhren ist. Auf der urs, runghch
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Yonkaven Seite treten Zugspannungen auf, wihrend
"% dem Memory-Draht zugewandte Seite Druck-
spannungen aufweist.

6. Abschliefende Bemerkungen
Der beschricbene Versuch zeigt, dafl es méglich ist,
Kriimmungsinderungen an der Wirbelsdule durch
Memory-Spanndrihte vorzunehmen. Die Vorteile bei
dieser neuartigen Technik sind das Entfallen jeglicher
Spannvorrichtung und die schonende Auslésung durch
Erwarmen des Drahtcs.Der Draht braucht nur an den
_beiden Enden der Spunnstrecke kinreicher:d verankert
zu werden, an den Zwischenwirbeln geniigen u. U.
+ leichte Fiihrungsosen, so dafl-der Umfang des Ein-
¢ griffs reduziert wird. Die bei dieser MafBnahme
. auftretenden Spannungen in der Wirbelsiule sind
relativ gering. :
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Y ) I‘ WHEI¥HE Vol 23 No.61 (1982
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LB NiTi BER 7 4 ¥ —-OP%E
CRE IR TF

® 4 B A

Studies on New Superelastic NiTi Orthodontic Wire
(Part 1) Tenstle and Bend Test

Katsuhisa WATANABE

Division of Metallurgy, Institute for Medical and Dental
Engineering, Tokyo Medical and Dental Univ. Tokyo
(Director: Prof. Ishi Miura)

NiTi alloy has attracted the most public interest in recent years. This alloy has two unique properties,
one is “shape memory effect” and the other is “outstanding elasticity”. NiTi wire with the property of
outstanding elasticity suggested it could be useful in orthodontics.

Recently new NiTi alloy which had other characteristics of “superelasticity” was developed. In this
study, new superelastic NiTi wire was examined to evaluate for use in orthodontics, in tensile and bend
tests, compared with stainless steel, Co-Cr alloy and work hardened NiTi wire.

The results obtained are as follows;

(1) New superelastic NiTi wire showed unique stress-strain curve with a plateau from the strain
of 2% to 5%, the unique deformation behavior was caused by stress induced transformation, and
returned to almost zero strain as stress was reduced.

(2) New superelastic NiTi wite showed an elongation of about 11%. In the cyclic tensile tests to
the strain of 8%, new superelastic NiTi wire showed little permanent deformation of 0.5% after 10
cycles. ) .

(3) In bend tests, new superelastic NiTi wire showed lower than half load compared with stain-
less steel and Co-Cr alloy wires. lts permanent deformation was very little after 2 mm deflection.

(4) The load-deflection curve of new superelastic NiTi wice showed almost constant load in the
wide range of deflection.

The results of this study indicate that new superelastic NiTi wire must be considered as a promising
candidate for orthodontic arch wire. :
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B, COXRGETIIEEEN S bracket TO7 4+ —~DE
ERTHOTFERNL 3 ST RBRC LY, 74 Y ~D
BoHBET- 7.
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F' igure 3. Case 1. Photomicrograph of the polypectomy spec—
imen. Note the branching core of smooth muscle fibers in a
treelike pattern in the lamina propria (H&E, original magnifi-
cation X17)..

Figure 4. Case 2. Radiographic apbéaranoe of a multitobu- -

"lated polyp in the second to third portion of the duodenum;

the -head measures 25 X 20 :mm in size, and the stalk

" measures 53 mm in length.

. :642l ]

AR

mucocutaneou: ,..gmentation and family history, and sug-
gestéd that these were incomplete forms of the syndrome. A
recent report‘ gave some support to their concept by the
finding of a solitary hamartoma in a resected specimen of
ileum.

Paterlini et al.’ in 1983 succeeded in performing endo-
scopic polypectomy of multiple jejunal polyps in a patient
with Peutz-Jeghers syndrome who had undergone surgical
segmental resection of the jejunum. In the literature, there
have been only two cases of hamartoma detected endoscop-
ically in the distal duodenum.*® One polyp was removed by
endoscopic polypectomy.?

Because of the difficulty of inserting the conventnonal '
duodenofiberscopes into the distal duodenum -and upper
jejunum, endoscopic excision of polypoid lesions in these .
areas has rarely been reported. We recently described the
advantages of jejunal endoscopy with a long duodenofiber-
scope,” which was successfully used for the excision of these
solitary hamartomas in the distal duodenum.

Hiroaki Tanaka, MD
Mitsuo lida, MD

Norio Kohrogi, MD
Toshiyuki Matsui, MD
Youich Yasunami, MD
Takashi Yao, MD
Kenjirou Nakamura, MD
Masatoshi Fujishima, MD
Departments of Internal Medicine i, Surgery I, and Pathology I
Facuity of Medicine

Kyushu University

Fukuoka, Japan
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Variable stiffening device for colonoscopy

To the Editor:

It is apparent to most endoscopists who perform colon-
oscopy on a regular basis that it is sometimes difficult to
perform colonoscopy. where there is formation -of loops in
the sigmoid, transverse colon, or even the descending colon.

“The more redundant the colon and the less stiff the scope,

the more frequent this problem would be. Some gndoscopnsts o
have already used vanous devmes such as biopsy forceps:to
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Figure 1. Prototype variable stiffening device SVSC-1 (Wil-
son-Cook Medical, Inc.) for colonoscopy.

stiffen the colonoscope. As the colonoscope becomes older
with more frequent uses and more torqueing, the inser’ion
tube becomes more flexible; it then becomes more difficult
to perform colonoscopy since the critical stiffness is lost.

Various ways to introduce stiffening into the scope, in-
cluding external stiffeners such as splints, have not received
widespread acceptance. Patients with redundant sigmoid
colons, redundant colons in general, long colons, and large
dilated atonic colons, and those with megacolon are espe-
cially difficult to treat. To provide for a stiffening device, it
was thought best that the stiffener might have the additional
luxury of being variably stiff. This would allow different
degrees of stiffness for different settings and different en-

oscopists.

For. the past 2 years, we have been experimenting with
different types of cables to be used through the biopsy
forceps of a standard colonoscope. A protoiype stiffening
device, SVSC-1 (Wilson-Cook Medical Inc.,, Winston-
Salem, N.C.) through an Olympus CF10L colonoscope was
used in 25 patients (Fig. 1). The patients were selected when
routine colonoscopy was not easily performed.

The SVSC-1 was successful in providing colonoscopy to
“the cecum in 22 of 25 patients (88%). It was thought that
the stiffening device was helpful ir. proceeding with more
rapid- colonoscopy where the procedure might have been
prolonged without the use of the stiffener.

.. Although we do not have a control group, it was thought

- subjectively that the stiffener provided a great improvement

~+in_forward ‘motion in cases where the colonoscope was

thought to be too limp or-the colon itself was thought to be
" too redundant.

7 This type-of variable stiffener can be expanded to other
types of endoscopy, including in the very flexible upper
- endoscopes that require further stiffening to intubate the
pylorus and even in intubation of other structures that are
routinely performed by the gastrointestinal endoscopist (e.g.
choledochoscapy, stent placement, ete.). It is thought that a
variable stiffening device will provide many more applica-
tions in the future in all fields of endoscopy.

A Michaetl J. Sullivan, MD
East Tennessee University School of Medicine
‘Kingsport, Tennessee

i

VOLUME 36, NO. 6, 1990

Pyelo-choledochal ti. «Jla secondary to -
pancreatic carcmoma .

To the Editor:

The presence of spontaneous fistulization between the
biliary system and the gastrointestinal tract is an uncommon
complication of neoplasms. Fistulizations are exceptional
when one of the organs is not digestive.

We encountered a 55-year-old man, who was a heavy
smoker and moderate drinker. He was admitted to the
hospital with a 1-month history of upper abdominal pain,
progressive jaundice, dark urine, and pale stools.

Abdominal sonography displayed dilation of the intrahe-
patic and common bile ducts and gallbladder. In addition,
CT demonstrated a mass in the head of the pancreas and
dilation of the main pancreas duct, and the common bile
duct was sharply interrupted at the level of the pancreatic
mass. .
ERCP was performed and showed a long, irregular ste-
nosis in the intrapancreatic portion of the common bile duct
and a small fistula between the bile duct and the right renal
pelvis. The ureter was filled with the contrast that was
introduced into the common bile duct. There was a signifi-
cant dilation of the common hepatic and intrahepatic bile
ducts (Fig. 1). A subsequent abdominal radiograph showed
the bladder to be filled with contrast. Urinalysis confirmed
the presence of bile.

The patient underwent surgical exploration that disclosed
unresectable pancreatic carcinoma. A choledochojejunos-
tomy was performed. The patient died 1 month later.

Figure 1. EHCPishowing fistula between thie common bile
duct and the right renal pelvis (arrow).

643
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In re the Application of:

James E. Jervis Examiner: C. Sam

Serial No. 177,817 Raychem Corporation
300 Constitution Drive
Filed: March 30, 1988 Menlo Park, CA 94025
For: Medical Devices
Incorporating SIM Alloy
Elements

Nt Nl N N Nt et N e e N

August 11, 1988

RESPONSE TO OFFICE ACTION

Hoﬂ. Commissioner of Patents and Trademarks
Washington, D.C. 20231

Sir:

This is a response to the office action dated August 5,
1988. Reexamination is requested in view of the following

amendments and remarks.

REQUEST FOR WITHDRAWAL OF FINALITY OF REJECTION

The present application was filed as a continuation
application claiming priority under 35 USC §120 from US
patent applications nos. 06/541852 and 07/047824. As filed,
the application contained claims identical to those con-
tained in application serial no. 07/047824 and rejected in
an office action in that application dated September 30,
1987. It was the intention to amend the present applica-

tion, by submitting new claims in a preliminary amendment.

I Fereby cecify that this cefresoondence is being
Cecositer with the United Siates Poc'si Sers ‘e 2s

bust c'ass madl in an enveizpe  addresser 1n

Neme_oi ezpirai, assignze, or Recier erqd Moo

NG ars ﬂL\//;m// N
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In order to provide the Examiner with all the information
that the might require in order to consider the issues pre-
sented in the amendment, it was thought prudent to submit a
declaration under 37 CFR §1.132 by a technical expert. This
was completed and signed at the beginning of ' August.

It is sincerely regretted that compilation of the papers
to be submitted has meant that the preliminary amendment has
not been filed before receipt of the first office action.

In accordance with MPEP 706.07 (e), it is requested that
the finality of the rejection of this application be
withdrawn. The géneral policy of the Patent Office of
rejecting a continuation application in the first office
action in the situation outlined in MPEP 706.07 (b) is
recognized. However, in the present case, the delay in
filing a preliminary amendment arose from efforts to make

more clear the issues presented in the amendment.

Furthermore, the rationale behind the policy of final
rejecting applications is to further the interest of the
public that prosecution of an application be confined to as
few actions as is consistent with a thorough consideration
of its merits (see MPEP 706.07). It is respectfully sub-=
imitted that the examination, to which the present application
was subjected for the purposes of the outstanding office
action, did not involve the consideration of merits not con-
sidered previously in connection with the application from
which priority is claimed. The merits are now presented for
consideration, unfortunately and regretably after receipt of
the first office action. 1In view of the bona fide reasons
for the delay in filing the amendment.and of the nature of

Edwards Exhibit 1033, p. 185



MP0884-US4

the examination to which the application has been subjected,
it is respectfully requested that the finality of the rejec-
tion be withdrawn and that the amendments now submitted be
entered and considered. While refusal to enter the amend-
ments would be contrary to the interest of the applicants,
it is believed that it would also be contrary to the
interest of the public since the required further con-
tinuation application would prolong prosecution of this case
yet further. It is believed that this should be avoided,
and that, in the present circumstances,'to do so by
withdrawing the finality of the rejection is consistent . with
the provisions of the MPEP and the Code of Federal
Regulations.

AMENDMENTS

The Examiner is requested to amend the specification as
follows:

In the Description:

Page 2, before the heading "Background of the
Invention", insert:

—— CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation of copending commonly
assigned application serial no. 047,824, filed May 8, 1987,
which is a continuation of application serial no. 865,703,
filed May 21, 1986 now US Patent No. 4665906, which is a
continuation of application serial no. 541852 filed October
14, 1983 now abandoned. --
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Za\ Page 3, line 28, after Quin insert --now U.S. Patent
X No. 4,505,767--.

sza Page 4, line 26, delete "power"™ and insert --powder--.

R’L& Page 7, line 19, delete "Ep" and insert --Ep--.

~
G\QD Page 7, line 19, delete "strain" and insert --stress--.

G&h)Page 8, line 20, delete "theart" and insert--the art--.
Q>f\ Page 8, line 21, delete “"tsting" and insert --testing--.

ﬁg Page 8, line 24, after " (Docket No. MP0O873-US1l)" insert f
Pﬂ --now U.S. Patent No. 4,505,767--. '
p(:\ Page 11, line 17, delete "by" and insert --be--.

\LO
f\\ Page 13, line 9 delete "it".

¥%\\ Page 14, line 12, delete "whch" and insert --which--.

V}Page 15, line 17, delete "tranisition" and insert --
transition --.

\3) Page 8, between lines 24 and 25, insert the following
paragraph:

/E%E; --The following table sets forth transformation tem-
perature data for alloys disclosed in US-4505767:
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Composition (atomic percent)

Ni

49.50
50.00
49.00
50.00
45.00
50.50
48.50
50.00
48 .50
49.00
48.00
48.50
41.50
46.50
36.25
49.50
48.00
47.75
47.50
48.50
45.00
47.50
46.50

i

43.50
44,00
43.00
45.00
45.00
48.00
44.50
46.00
45.00
45.50
44,25
45.50
38.50
43,50
33.75
46.00
46.00
45.75
45.50
46.50
45.00
46.50
46.50

In the Claims:

o\

v
7.00
6.00
8.00
5.00
6.00
1.50
7.00
4.00
6.50
5.50
7.75
6.00

20.00

10.00

30.00
4.50
6.00
6.50
7.00
5.00

10.00
6.00
7.00

Cancel claims 1 to 10.

MP0884-US4

Mg A(90)
-107 -88
-96 -84
-83 -61
-42 -33
-35 -12
-32 - -6
-30 -13
-11 7
-10 15
-10 14
-7 8
-5 27
-2 86 f
-1 50
0 42
6 35
12 36
20 54
26 58
27 58
30 71
32 71
34 70--

\,E} Add new claims 11 to 28 as follows:

-- 11.

A medical device for use within a mammalian body,

or in such proximity to a mammalian body that the device is

substantially at body temperature,

the device comprising an

element which comprises a shape memory alloy which:
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(a) displays stress induced martensite behavior at body

temperature; and
(b) has an A(90) temperature of not more than 0°C.

12. A device as claimed in claim 11, which includes a
restraint by means of which the shape memory alloy element
is held in a deformed configuration to allow it to be posi-
tioned within or in proximity to a mammalian body, the
deformation occurring through the formation of stress

induced martensite,.

13. A device as claimed in claim 12, in which the

restraint is hollow, and the shape memory alloy element is
deformed in such a way that it is compressed transversely,
and is positioned within the restraint, the restraint pre-

venting transverse expansion of the element.

14. A device as claimed in claim 13, in which the

restraint is a catheter.

15. A device as claimed in claim 13, in which the shape
memory alloy element is an intrauterine contraceptive
device.

16. A device as claimed in claim 14, in which the shape
memory alloy element is a filter for a blood vessel.

17. A device as claimed in claim 12, in which the shape

memory alioy element is tubular, and the restraint is posi-

tioned within the shape memory alloy element to deform -it.
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18. A device as claimed in claim 17, in which the shape

memory alloy element is a tracheal catheter.

19. A medical device for use within a mammalian body or
in such proximity to a mammalian bbdy that the device is
substantially at body temperature, the device comprising an
element which comprises a shape memory alloy consisting
essentially of nickel, titanium and vanadium within an area
defined on a nickel, titanium, and vanadium ternary com-
position diagram by a hexagon with its first vertex at 38.0
atomic percent nickel, 37.0 atomic percent titanium, and
25.0 atomic pércent vanadium; its second vertex at 47.6 ato-
mic percent nickel, 46.4 atomic percent titanium, and 6.0
atomic percent vanadium; its third vertex at 49.0 atomic
percent nickel, 46.4 atomic percent titanium, and 4.6 atomic
percent vanadium; its fourth vertex at 49.8 atomic percent
nickel, 45.6 atomic percent titanium, and 4.6 atomic percent
vanadium; its fifth vertex at 49.8 atomic percent nickel,
44.0 atomic percent titanium, and 6.2 atomic percent vana-
dium; and its sixth veftex at 39.8 atomic percent nickel,
35.2 atomic percent titanium, and 25.0 atomic percent vana-

dium.
20. A medical device which comprises:

(a) an element for use within a mammalian body or in
such proximity to a mammalian body that the device
is substantially at body temperature, the element
comprising a shape memory alloy which displays
stress induced martensite behavior at body tem-

perature; and
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by means of which the shape memory

alloy element is held in a deformed configuration

to allow it

to be positioned within or in proximity

to a mammalian bedy, the deformation occurring

through the

21. 3 device as
restraint is hollow,

formation of stress-induced martensite.

claimed in claim 20, in which the

and the shape memory alloy element is

deformed in such a way that it is compressed. transversely,

and is positioned within the restraint, the restraint pre-

venting transverse expansion of the element.

22. A device as

claimed in claim 21, in which the

restraint is a catheter.

23. A device as
memory alloy element
device.

24. A device as
memory alloy element

25. A device as

memory alloy element

claimed in claim 21, in which the shape

is an intrauterine contraceptive

claimed in claim 22, in which the shape

is a filter for a blood vessel.

claimed in claim 20, in which the shape

is tubular, and the restraint is posi-

tioned within the shape mémory alloy element to deform it.

26. A method of medical treatment which comprises:

(a) providing a

device comprising an element which

comprises a shape memory alloy which displays

stress induced martensite behavior at body tem-

perature, the element being restrained in a
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deformed configuration against a stress which indu-
ces the formation of stress induced martensite;

(b)Y positioning the device so that the shape memory
alloy element is within a mammalian body or in such
prbximity to a mammalian body that the element is
substantially at body temperature; and

(c) allowing the element to transform from the deformed
configuration, the transformation occurring

substantially at body temperature.

27. A method as claimed in claim 26, in which the shape
memory alloy element is held in the deformed cpnfiguration f
by a restraint, and the method includes the step of removing
the restraint to allow the element to transform from the

deformed configuration.
28. A method as claimed in claim 26, in which transfor-
mation of the shape memory alloy element causes one or more

parts of the body in contact with the element to be

displaced.--
REMARKS

Amendments to the description:

The description has been amended by incorporating a
cross-reference to related applications and to correct

typographical errors.

Information concerning alloys disclosed in US-4509767

has been incorporated in the description on page 8. The
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disclosure of US-4505767 is incorporated in the present spe-
cification by the reference thereto on page 3 at line 28. »
Specifically, several alloys are disclosed in Table I in
column 6 of the incorporated document, each alloy having
characteristic thermomechanical properties. In particular,
the Mg temperature (which is the temperature at which tran-
sition of the alloy from martensitic phase to austenitic
phase starts) is specified for each alloy. Each alloy
inherently also has a characteristic A(20) temperature
(which is the temperature at which the transformation from
martensitic phase to austenitic phase is 90% complete). t
is appropriatevto define alloys which are preferred for use
in the device of the present invention in terms of their
A(90) temperature since, for the alloy to be capable of !
being deformed by the formation of martensite under stress,
it is necessary for the alloy initially to be at least par-
tially, preferably completely, in the austenitic phase.

Like the Mg temperature, the A(90) temperature is an
inherent characteristic of the alloys disclosed in
US-4505767, so that the disclosure therein of alloys having
the compositions set forth in Table I represents also the
disclosure of alloys having the A(90) values set forth in
the table to be included on page 8 of the description.

The table incorporated on page 8 sets out Mg and A(S0)
data for the alloys disclosed in US-4505767. The data is
the subject of a 37 CFR §1.132 declaration submitted
herewith. It is believed that amendment of the description
by inclusion of the data set out in the table does not

involve the addition of subject matter.

Amendments to the claims:
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. IN. THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of: Group Art Unit: 331

James E. Jervis Examiner: C. Sam

Serial No. 177,817 Raychem Corporation
300 Constitution Drive
Filed: March 30, 1988 Menlo Park, CA 94025
For: Medical Devices
Incorporating SIM Alloy
Elements

N N N N N e N e et e

August 1, 1988

DECLARATION UNDER 37 CFR §1.132

Hon. Commissioner of Patents and Trademarks
Washington, D.C. 20231

Sir:
I, Thomas W. Duerig of 41618 Mission Creek Drive,

Fremont, CA 94539 hereby declare as follows:

1. I hold a BS Degree in physics from Lehigh University,
and ME and Ph.D Degrees in metallurgy from Carnegie-Mellon
University. I have worked in the field of shape memory
alloys for eight years.

2. For the last five years, I have been employed by Raychem
Corporation of 300 Constitution Drive, Menlo park,
California 94025-1164 in its metals division to develop
inter alia shape memory alloys and devices employing such
alloys. '

3. US Patent No. 4505767 relates to shape memory alloys
which consist essentially of nickel, titanium and vanadium

! ‘\_?re’:y cemify that- this cortesoonder;ce s beino

fsired with the United Siates Posial Service as
wi class mail in an envclose addreszed o
lommissioner of Paten's and Trademarts, Wash-

agion, D.C. 20231, on g, / / / £5

— . ] die of D2 - .
TGl G5

Name of applicanr. arsigose. or Rewsierad R::
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and which were developed by Mary P. Quin who, at the time,
was also employed by Raychem Corporation in the metals divi-
sion.

4. The compositions, and aspects of the thermomechanical
behavior, of certain Ni-Ti-V alloys are disclosed in Table T
in column 6 of US-4505767. The disclosed alloys have
characteristic martensite-austenite transformation tem-
peratures of which the Mg temperatures are set forth in the
table.

5. The table which forms part of this declaration sets
forth Mg and A(90) temperatures for alloys disclosed in
Table I of US-4505767. The A(90) temperature is the tem-
perature at which the transformation from ﬁhe martensite
phase to the austenite phase is 90% complete. Like the Mg
temperature, the A(90) temperature is an inherent charac-
teristic of the alloys disclosed in US-4505767, so that the
disclosure therein of alloys having the compositions set
forth in Table I represents also the disclosure of alloys
having the A(90) values set forth in the table below.

6. The data included in the table below have been compiled
by ‘me from technical records of the metals division of
Raychem Corporation, which were compiled during the develop-
ment of the alloys which form the subject of US-4505767.

I declare that all statements made herein of my own
knowledge are true, and that all statements made on infor-
mation and belief are believed to be true, and further that
these statements were made with the knowledge that willful
false statements and the like so made are punishable by fine

or imprisonment or both, under the provisions of 18 U.S.C.
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1001 and that such willful false statements may jeopardize
the validity of any patent issuing upon the application.

FURTHER DECLARANT SAYETH NOT.
&.—’——',_/.
///44;h~p01 ({41//' :

Declarad at Menlo- Park, California
on Auq Q , 1988.
3
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Composition (atomic percent)

Ni

49.50
50.00
49.00
50.00
49.00
50.50
48.50
50.00
48.50
49.00
48.00
48.50
41.50
46.50
36.25
49,50
48.00
47.75
47.50
48.50
45.00
47.50
46.50

Ti
43.50
44.00
43.00
45.00
45.00
48.00
44.50
46.00
45.00
45.50
44.25
45.50
38.50
43.50
33.75
46.00
46.00
45.75
45.50
46.50
45.00
46.50
46.50

4
7.00
6.00
8.00
5.00
6.00
1.50
7.00
4.00
6.50
5.50
7.75
6.00

20.00
10.00
30.00
4.50
6.00
6.50
7.00
5.00
10.00
6.00
7.00

MP0884-US4
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

_James E. Jervis Examiner:

Serial No.: 07/956,653 Group No.

Filed: October 2, 1992

For: MEDICAL DEVICES INCORPORATING SIM ALLOY ELEMENTS

Commissioner of Patents and Trademarks

Washington, D.C. 20231

STATUS INQUIRY

1. More than 3 months have passed since the filing of a
response on 11/24/1993. No further communication has been
received from the Patent and Trademark Office.

2. Kindly advise the undersigned of the present status of this
application, by checking the appropriate box on the next
page. A stamped return-addressed envelope is provided.

Respectfully submitted,

SHELDON & MAK

Date: )’ /}~&,fc7\7 }9/04 /@Z) ﬂ/N

Jegftey G. Sheldon
Regsx No. 27,953

225 South Lake Avenue

9th Floor

Pasadena, California 91101
(818) 796-4000

pc96ideborah\ptirs\9000\9438 si
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STATUS INQUIRY REPLY

APPLICATION SERIAL NO. 07/956,653 IS CURRENTLY
AND AWAITS:

ASSIGNED TO GROUP

O
] ACTION BY THE EXAMINER
0 APPLICANT’S RESPONSE TO THE OFFICE ACTION
MAILED
0 OTHER

08¢ dnoyn
601 yyy
a0

pc96\deborah\ptltrs\9000\9438.si

Edwards Exhibit 1033, p. 199



c’e 5
-EL\_I?FS'AN'B;H?RADEMAHKS -

SERPLHUMBER | FIYNG g@',egi JERV TRAST NAMED INVENTOR

| ATPORREY DOCKET NO. |

{ 3
KENEALY, D
FaM1/ 0307 ' o j'
JEFFREY G. SHELDON : : EXAMINE :
SHELDDN % MAK
25 5. LAKE AVENUE — 9TH FLIOOR _ _ o »
PASADENA, ©A 91101 [ mevar ]:«mWERNumBBtTJ
03/07/94 l
\,
DATE MAILED: \‘v

This is a2 communication from the examiner in charge of your applicaton,
COMMISSIONER OF PATENTS AND TRADEMARKS

: “This application-has been examined ' - D Responsiveto communication filed on,
~Ash R

4

y period for

to-thisaction is:set-to expire’ month(s),

P

(

i

D ‘This action is made final.
- days from the date of this letter. -

- Failure 1o respond within.the period. for response will cause the apphcanon lo become abandoned. 35 U.S.C. 133

< Pantl  THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. ﬁ:w of References Cited by Examiner; PTO-892.
3.8 Noticaof Art Gited by Applicant, PTO-1448,
5. E] Information on How to Effect Drawing Changes, PTO-1474.

2.1
a. 3
e 1.

Notice re Patont Drawing, PTO-848.
Notice-of Informal Ratent Application, Form PTO-152

- Partll . SUMMARY OF ACTION

1. |__\;}/Glalms \"’S-Y

are pending in the application.

-.are withd

Ot the above, daims __V® 11, 72,23, 37- ‘*04‘431 =Y

from

S 2. [® claims. L-10 have been éancelled.
o el owms e albwed, e
p 4, B/Cla,ims “‘.;.: V‘f'. [ 'ZL' ?"'{" 3(2%“{#%1.#"}“1 - gg’. S5 -C7 are rejectad.
5. D Claims ) are objected to.

.. are subject to restriction or election requirement.

6. D aims
-7 IE I This application-has been filed withinformal-drawirigs under:37-C.F:R.1.85:which are acceptable-for examination purposes. .

8. D Formal.drawings are required in response to this Office action.

-9, D The.comected.or:substitute dr. gs have been ived on

00.
P

are: [J.-acceptable;. [J- not acceptable-(

10. D The propesed additional-or.substitute sheet(s).of drawings, filed on _
+.. [0 disapproved by.the examiner (see explanation).

1. D'ﬁwpn d.di

i 9 ﬁled

3 been filed in parent apphamon, serial no. ; filed on

or Notice re Patent Drawing, PTO-948).

-, has been' :[J" approved; [J di

.- Under 37 C.F.R. 1.84 these drawings

.. has {have) been: [3 -approved by the..-

pproved (see ion).

12, D -Acknowledgement is-made of the-claim for priority under U.S.C. 119. The certified copy.has' L] been received: [1 notbeen recelved

13,1 m ‘Since this application.apppears to:be:in condition. for allowance except for:formal matters, prosecution as to the merits is closed in

dance-withthe p under Ex parte Quayle, 1935 C.D. 11; 453 O.G. 213,
14, [J other
. EXAMINER'S ACTION
PTOL-326 (Rev.5-89) )

e e e e e e
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Art Unit 331

Applicant should note that preliminary amendment B filed
1/5/93 added a claim 54 (subsequently restricted). Applicant’s
additional claims 54-56 have been renumbered as claims 55-57.
Applicant should refer to these claims'as claims 55-57 in any later
communications.

The following is a quotation of the first paragraph of 35
U.S.C. § 112%¢

The specification shall contain a written description of the
invention, and of the manner and process of making and using
it, in such full, clear, concise, and exact terms as to enable
any person skilled in the art to which it pertains, or with
which it is most nearly connected, to make and use the same
and shall set forth the best mode contemplated by the inventor
of carrying out his invention.

The specification is objected to under 35 U.S.C. § 112, first
paragraph, as the specification, as originally filed, does not
provide support for the invention as is now claimed. Applicant’s
declaration defining the A(90) temperature as the temperature at
which 90% of .the material has been transformed from martensite to
austenite is not sufficient to now allow a claim for a specific
value for the A(90) temperature being 0 degrees C. Nowhere.fﬁ
applicant’s specification does he state the criticality of such a

temperature for the A(90) temperature, nor does he ever state a

preferred range in which the A(90) temperature should fall.
Claims 11-14,17 and 18 are rejected under 35 U.S.C. § 112,

first paragraph, for the reasons set forth in the objection to the

specification.
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Art Unit 331

Claim 25 is rejected under 35 U.S.C. § 112; second paragraph,
as being indefinite for failing to particularly point out and
distinctly claim the subject matter which applicant regards as the
invention. It cannot be discernéd from the drawings or the
specification how the SIM material inside a catheter can be
deformed in a transverse dimension. If this claim is directed
towards an IUD, it should have been restricted from this
application. Examiner cannot find support for such a deformation
of the catheter SIM invention.

Claims 11-14,17-21,24-27,31-36,41,42,44-53 and 55-57 are
rejected under the judicially created doctrine of obviousness-type
double patenting as being unpatentable over claim 3 of U.S. Patent
No. 4,665,906. Although the conflicting claims are not identical,
they are not patentably distinct from each other because they both
are directed towards a restraint in combination with an SIM medical
Fdevice.

Claims 28-30 rejected under the judicially created doctrine of
obviousness—-type double patenting as being unpatentable over claim
3 of U.S. Patent No. 4665906 in view of Wilson. To have made the
restraint out of SIM material and the catheter out of non-SIM

material is well known in the art as shown by Wilson.

The following is a guotation of 35 U.S.C. § 103 which forms
the basis for all obviousness rejections set forth in this Office
action:

A patent may not be obtained though the invention is not
identically disclosed or described as set forth in section 102
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Art Unit 331 :

of this title, if the differencés between the subject matter
sought to be patented and the prior art are such that the
subject matter as a whole would have been obvious at the time
the invention was made to a person having ordinary skill in
the art to which said subject matter pertains. Patentability
shall not be negatived by the manner in which the invention
was made.

Subject matter developed by another person, which qualifies as
prior art only under subsection (f) or (g) of section 102 of
this title, shall not preclude patentability under this
section where the subject matter and the claimed invention
were, at the time the invention was made, owned by the same
person or subject to an obligation of assignment to the same
person. :

Claims 19,20,26-28,41,42,45,47,48,49,50, and 57 are rejected
under 35 U.S.C. § 103 as being unpatentable over the Wayman article

titled, "Some Applications of Shape Memory Alloys", of applicant’s

disclosure (referred to as Wayman). Wayman discloses an SIM alloy
that can be used in orthodontic dental wires. The wire is placed
in a restraint (bands placed on the user’s teeth) and exhibits SIM
behavior at body temperature inside the mouth of the patient. This
SIM behavior cause the wire to act more like a spring and retain
pressure or tension on the treated teeth. When the wire is taken
out of the mouth it is assumed that the wire will return to its
austenitic state and straighten out of the stress induced
martensite state. The Wayman disclosure of the orthodontic device
does not specifically disclose the use of SIM material for the
wire, but the disclosure does describe the use of SIM as natural
property of SMA’s in general. It is not believed to have been
outside of the scope of the skilled artisan to have q;ed é wire

with an Af temperature at about body temperature such that this
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Art Unit 331
"super-elasticity”" region can be taken advanfage of in an
orthodontic device as described later in the Wayman article.
Claims 21,29 rejected under :35 U.S.C. § 103 as being
unpatentable over Wayman in view of @ilson. Wayman discloses the
use of SIM alloys that exhibit SIM behavior at body temperature.
Wilson teaches the use of SMA’s in a catheter. It would have been
obvious to have used the Wayman alloy in a catheter because if one
had desired to have a catheter that could be bent and instantly
retain its original unbent shape when the stress induced martensite
transforms back to austenite, one could have looked to Wayman to
see that such a matérial was available.

RESPONSE TO APPLICANT’S REMARKS

Applicant’s remarks have been considered but are deemed moot
in light of the new rejections set forth. This action has not been
made final since the new rejection was not necessitated by
applicant’s amendments.

Any inguiry concerning this communication or earlier
communications from the examiner should be directed to David
Kenealy whose telephone number is (703) 308-2680.

oW

David J. Kenealy
March 7, 1994

Edwards Exhibit 1033, p. 204



3,

UNITED STATES DEPARTMENT OF COMMERCE
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of: )
JAMES E.

Group Art Unit: 3301
)
JERVIS ’

Ss Examiner: KENEALY, D.
Serial No.: 07/956,653 qu; ]

0.
g% e ™
= O
) 2 - m
Filed: October 2, 1992 ) Pasadena, CA o = =
) w M
For: MEDICAL DEVICES ) w \:D. <
INCORPORATING SIM ALLOY ) / 3 é
ELEMENTS (
[
Honorable Commissioner of

Patents and Trademarks
Washington, D.C. 20231

AMENDMENT
Sir:

HOP.Q . isic < NTTY Nofed
In response to the Office Action of March 7,

., 1994,
please amend the above-identified application as follows:

IN THE CILAIMS

Please amend Claim 16

19, 23, 27, 28, 30, 32,
and 57 as follows:

33, 42, -

Claim 16, line'Tj/;;;;ge "14" to --13--

Claim 19,

line 10, after Y“body" insert |~-i
\. deformed configuration-- )
¥ 20 BA O7/12/%4 6795464653 1102 294.00 CK
02¢ BA 07/12/%94 079356853 +—10Z 198,00 CK
090 BA 07/12/94 07934633 © 1 1S 11¢.00 CK
Claim 23, llH//l

change "21" to --20--.

-
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éﬁvlbfjf' 27. (Twice Amended) A medical devjce suitable for

placefient within or proximate to a mammali body for treatment

of the mammalian body, the device comprisihg:

(a) a memory alloy eleme formed at least partly
from a pseudoelastic shape-memory alloy,/ the alloy displaying
reversible stress-induced martensitic gtate and an austenitic
state, the memory alloy element having (i) a deformed shape when
the alloy is in its stress-induced martensific/state and (ii) a
different unstressed shape; and
(b) restraining meAns en stressing the

memory alloy element at a temperagture grpe than the As of the

alloy so that the memory alloy ositioned within

or in proximity to the mammali le the memory alloy

element is in its deformed sh
wherein the alloy selected so that removal of the
‘restraining means from the nmpemory alloy element at a temperature
greater than the As of the falloy when the device is placed within
or proximate to the mammalian body, transforms at least a portion
of the alloy from its stress-induced martensitic state so that
the memory alloy element/ transforms from its deformed shape
toward its unstressed ghape, without any change in temperature of
the restraining means for the memory alloy element being required

for the transformatign of the alloy.

28. (Twife Amended) A medical device for treatment of

a mammalian body, the device comprising:

PCAWPSIUGS\9438-3.AMD 2
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(a) a memory alloy elemgnt formed at least partly
from a pseudoelastic shape-memory alloy, the alloy displaying
reversible stress-induced martensite At about body temperature
such that it has a stress-induced mgrtensitic state and an
austenitic state, the memory alloy felement having (i) a deformed
shape when the alloy is in its stiyess-induced martensitic state
and (ii) a different unstressed ghape; and

(b) a hollow regtraining member with the memory
alloy element being within the/restraining member, the
restraining member engaging ajd stressing the memory alloy

element at a temperature gredter thi;/j:7 As of the alloy so that

the memory alloy element cal be positiohed within or in proximity

element is in its

allo

E>\ to the mammalian body whild the me
%5’/)K1deformed shape;

| Q§§\\ wherein the regtraining mber and the memory alloy
element are movable rel ach other to transform at least
a portion of the alloy from its stress-induced martensitic state
at a temperature greatpr than the As of the alloy so that the
memory alloy element fransforms from its deformed shape toward
its unstressed shape/ and wherein the alloy is selected so that
the tranéformation gan occur without any change in temperature of

the restraining member or the memory alloy element.

¥

Claim 395 1line 1, change "27" to --29--.

~

Claim 32, lines 5 and ifdégange “means" to --member--.

PCA\WPS1UGS\9438-3. AMD i 3
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&
j/

tj:;ﬂf (Twice Amended) A medical device for insertion
into a m&muﬁmrl'\bg@:‘(:\\e device comprising (i) a restraining

member and (ii) a hollow catheter formed at least party from a
pseudoelastic shape-memory alloy, the alloy displaying reversible
stress-induced martensite at abo&%?béé§4¥:§g%g;fﬁle such that it
has a stress—induced martensitic state and an austenitic state,
the catheter having (i) an easily inserted shape when the alloy
is in its stress-induced martensitic state and (ii) a different

unstressed shape wiien the alloy is in its austenitic state;

the ([restraint] restraining member engaging and

stressing the catheter at a temperature greater than the As of
the alloy so that the catheter is in its easily inserted shape so

that the catheter can be inserted into the mammalian body;

wherein disengagement of the restraining member from
the catheter at a temperature greater than the As of the alloy
transforms at least a portion of the alloy from its stress-
induced martensitic state to its austenitic state so that the
catheter transforms from its easily inserted shape toward its
unstressed shape, and wherein the alloy is selected so that the
transformation can occur without any change in temperature of the

restraining member or the catheter.

— i
| Claim 42, line 3, change "means" to —--member--. |
57. (Amended) A medical/ defice suitable for placement

within or proximate to a mammalign y for treatment of the

mammalian body, the device com (i) a restraint, and (ii)

PCAWPS1UGS\9438-3.AMD 4
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an element formed at least_partly from a psé doelastic shape-
memory alloy,
the alloy displaying reversible/stress-induced
martensite by virtue of being above its A, and above its M, and
beloy its M, at about body temperature; ‘
such that it has a str¢ss-induced martensitic
state and an austenitic state, the eJement having (i) a deformed
shape when the alloy is in its stregs-induced martensitic state
nd (ii) a different unstressed shgpe;
wherein the restra

t is capable both

; b( (i) stressing the element for plgcement of the element in its

deformed shape in or in proximiU4 to the mammalian body, and

kii) of being at lszast partial removed from t element while

the device is within o1 proximate to the [saj body at the

[said] body temperature and e element is/Mherefore at an

operating temperaturebgreat than the A _4nd M, and below the M,
of the alloy,

such remov of the restrdint causing at least a
bortion of the alloy to transform from its stress-induced
martensitic state to itsf/austenitic state so.that the element

spontaneously transformg from its deformed shape toward its

unstressed shape,
and sucfy transformation can occur without a change
in temperature of thefrestraint or of the element from the

operating temperatur

Please add claims 58-65 to the application.

PCAWPSIUGS\9438-3. AMD 5
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:j:: ,58?25A medical device for treatment of a /\

body, the device comprising:
(a) a memory alloy element formed at least partly

from a pseudoelastic shape-memory alloy, the alloy displayin

reversible stress-induced martensite at about Body temperature

/-

such that it has a stress-induced martensitié>state and an
austenitic state, the memory alloy element having (i) a deformed
shape when the alloy is in its stress-induced martensitic state
and (ii) a different unstressed shape; and
(b) a hollow tubular restraining member with the

memory alloy element heing within the restraining member, the
restraining member engaging and stressing the memory alloy
element at a temperature greater than the As of the alloy so that
the memory alloy element is in its deformed shape;

wherein the memory alloy element is axially slidable
within the tube, and wherein the memory alloy element can be
extruded completely out of the tube for deployment in the
mammalian body to transform at least a portion of the alloy from
its stress-induced martensitic state towards its austenitic state
at a temperature greater than the As of the allay so.that the
nemory alloy elemeht transforms from its deformed shape toward
its unstreésed shape:, and wherein the alloy is selected so that
the transformation can occur without any change in temperature of

the restraining member or the memory alloy element.

PCAWPSIIGS\9438-3.AMD 6
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/izgii> —;5?”A medical device which comprises: \{\llAﬂlzdtD

(a) a tubular,element for use within a ammma&i&nj\
Fammatiambody that the device is

A

:j::; body or in suChiﬂiﬁi?ity to a
;:I;d substantially atAPody temperature, the tubular element comprising
;; a shape memory alloy which displays stress-—induced martensite
behavior at body temperature; and
(b) a restraint within the tubular element
holding and deforming the tubular shape memory alloy element in
a deformed conf{g&;::i;:{;gviﬁlow it to be positioned within or
::j://in proximity to.a mamma%ianébody, the deformation occurring
through the formation of stress-induced martensite;
wherein the tubular element is sufficiently deformed
that removal of the restraint from the tubular shape memory alloy
element, without change in temperature of the device, releaseé at
least a portion of the tubular element from its deformed

configuration.

\S;%Z@/ éL 60. A medical device for tfeatpént of a mammalian

body, the device comp;ising (1) a r¢striihing member and (ii) a

hollow memory alloy element formed/at JMMeast partly. from a

pseudoelastic shape-memory alloy/ the [alloy displaying reversible

stress-induced martensite at a temperature such that it
has a stress-induced martensit/ic stategf and an austenitic state,
the memory alloy element having (i deformed shape when the

alloy is in its stress-induged martensitic state and (ii) a

different unstressed shap

PCAWPSIVGS\9438-3.AMD
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" alloy element and engaging and stressi

%Fé 62. A medical device

9438

the restraining member being wjthin the hollow memory
the memory alloy element
at a temperature greaiter than the As Of the alloy so that the

memory alloy element can be positiofied within or in proximity to

the mammalian body while the memo¥Yy alloy element can be

positioned within or in proximi to the alian body while the

memory alloy element is in its/ deformed
element are movable relativye to each o r to transform at least
a portion of the alloy frpm its s Ss-induced martensitic state
at a temperature greatey than the As of the alloy so that the

memory alloy element tfansforms from its deformed shape toward
its unstressed shape,/ and wherein the alloy is selected so that

the transformation dfan occur without any change in temperature of

the restraining mepber or the memory alloy element.

The device of Claim_ﬁéfaherein the memory alloy
element is a tube and the restraining member is axially slidable
within the tube, and wherein the tube is sufficiently long that
relative axial movement between the tube and the restraining
member extends at least a portion of the tube beyond‘the
restraining member and thereby transforms the tube toward its

austenitic shape.

r ingsertion into a mammalian
body, the device comprisin restraining member and (ii) a

hollow catheter formed at/leaspZpartly from a pseudoelastic

PCAWPSIUGS\9438-3.AMD 8

Edwards Exhibit 1033, p. 213



9438

shape-memory alloy, the alloy displaying rgversible stress-

induced martensite at about body temperat/ure such that it has a
stress-induced martensitic state and ary austenitic state, the
catheter having (i} an easily inserted shape when the alloy is in

its stress-induced martensitic stat¢ and (ii) a different

unstressed shape when the alloy is/in its austenitic state;

the restraining member /fengaging and stressing the

catheter at a temperature great¢r than t As of the alloy so

that the catheter is in its eagily ins ed shape so that the

catheter can be inserted intg the mampalian body; and
wherein disengagenient of restraining member from

the catheter at a temperatyre great than the As of the alloy

e e, .
N

transforms at least a porftion of the alloy from its stress-
induced martensitic state to its austenitic state so that the
catheter transforms frgm its easily inserted shape toward its

4 é unstressed shape, and/ wherein the alloy is selected so that the

<

>< transformation can dccur without any change in temperature of the

@i restraining member /or the catheter.

/66”3 The invention of Claim 54,/.66, or;spwherein the

transformation of the alloy occurs without any change in the

state of the restraining member.

i % The device of Claim jzﬁwherein the device is

adapted so that (i) the restraining member can be completely
disengaged and separated from the catheter, and (ii) re-engaging

the restraining member with the catheter after separation results

PCAWPSIVGS\9438-3 AMD 9
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in the catheter transforming toward its easily inserted shape by
f) reversion of at least a portion of the alloy from its austenitic

{i/ state to its stress-induced martensitic state.

REMARKS
Claims 11-64 are pending in this application, Claims 1-
10 have been canceled, and Claims 15, 16, 22, 23, 25 (after this
amendment), 37-40, 43, and 54 have been withdrawn from
consideration. All of the claims originally_submitted and
examiﬁed were rejected. Claims 58-64 are added by this
amendment. Re-examination, reconsideration, and allowance are

respectfully requested.

Entry of th= amendments to the claims originally
submitted is respectfully requested. Claims 16, 23, and 30 have
been amended to corvrect their dependency; Claims 19, 27, 28, 33,
and 57 have been amended to make it clear that the because of the
restraint, the shape memory alloy element can be positioned
within or in proximity to a mammalian body while it is iﬁ its
deformed configuration. Claims 32 and 42 have Yeén amended to

use the correct antecedent term, namely, “restraining member."

New claim 58 is claim 30 rewritten in independent form,
rewritten as if it depended from Claim 29 (which it should have

in the first place).

Claim 59 is Claim 24 rewritten in independent form.

S L- PCAWPSIUGS\9438-3.AMD ’ 10
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Claims 60-64 correspond to claims 31, 32, 33, 42, and
51, respectively, where the independent claims include the
limitation that the mémory alloy element can be positioned within
or in proximity to the mammalian body while it is in its deformed

shape as a result of the restraining member.

REJECTION UNDER 35 U.S.C. 112

Claims_11w14, 17, 18, 25 were rejected under 35 U.S.C.
§ 112. With regafcl to the rejection under 35 U.S.C. § 112, of
Claim 20, applicéht agrees that Claim 25 should be withdrawn from
consideration. The rejection of the remaining claims is’

respectfully traversed.

Claims 11-14, 17, and 18 were rejected under the first
paragraph of 35 U.S.C. § 112 on the basis that the specification,
as originally filed, does not provide support for the invention
as it is claimed. 1In particular, the Office Action contends that
the definition in the specification of the A(90) temperature and
including a specific value of 0° C is not supported by the
specification as originally filed. This rejection is

respectfully traversesl.

Both the Federal Circuit and the CCPA have held that
including in the claims an inherent limitation of a composition
described in the patent application is permissible. See

Kennecott Corp. v. Kyocera International, Inc., 5 USPQ 2d 1194,

835 F.2d 419 (Fed. Cir. 1987); In Re Nathan, 140 USPQ 601, 321

PCAWPSIUGS\9438-3.AMD 11
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F.2d 1005 (CCPA 1964). .In the Kennecott decision, the Federal
Circuit held that it is permissible to add to the claims the
limitation that a ceramic body has a predomiﬁantly "equitaxed
microstructure", even though the original application did not
disclose such a structure, because the structﬁre was inherent in
the original disclosure. The Court stated:

"The disclosure in a subsequent patent

application of an inherent property of a

product does not deprive that product of the

benefit of an earlier filing date. Nor does

the inclusion of a description of that

property iﬁ later-filed claims change this

reasonable result.”

5 USPQ 24 at 1198.

Similarly, in Nathan, the CCPA held that it is
permissible to includz in the claims the limitation that a
particular compound had an alpha orientation, even though that
was not in the original disclosure, because it was "merely a
statement of an inherent property of the steroids as disclosed in
appellants' original disclosure."
| If it is the examiner's position that applicant was
required to indicate in the disclosure that 0°C is a preferred
temperature for the A(90) temperature of the alloys, that
contention is respectfully traversed. The requirement of 35
U.S.C. § 112, first paragraph, is: "The specification shall
contain a written description of the invention . . . ". There is

nothing in section 112 that requires the applicant to specify

PCAWPSIUGS\9438-3.AMD 12
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that a particular limitation is preferred or critical; 112 only
requests that the invention as claimed be described. See for
example, In Re Eickmeyer, 202 USPQ 65 (CCPA 1979), where the CCPA
held that a specification supported adding to the claims the
1imitation, "at least about 56° C". In that case, the patent
office contended that:the~description requiremenf of 35 U.S.C.

§ 112 was not satisfied because applicant had not disclosed that
56° C was a minimum or critical lower limit for operation of the
process. The CCPA reversed that rejection noting that the
appellant was entitled to claim a range of temperatures below
56°C and above 56°C, stating:

We are not persuaded that there is any

regquirement for the appellant to demonstrate

the criticality of a lower limit to meet the

description requirement. (Emphasis

original.)
202 USPQ at 663.

The examiner's attention is also directed to the

Federal Circuit decision in Vas-Cath, Inc. v. Mahurkaas, 35 F.2d

1555 (Fed. Cir. 1991), where the Federal Circuit held that a
design patent application provided a sufficient basis under 35
U.S.C. § 112 for a utility patent. Certainly, if a design
application, which contains substantially nothing but drawings,
can support a utility patent application, applicant's disclosure
herein supports the claims presented.

For these reasons, removal of the rejection under

35 U.S.C. § 112 is respectfully requested.

PCAWPS51UGS\9438-3. AMD 13
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DOUBLE PATENTING REJECTION
Certain claims were rejected under the judicially
created doctrine of obﬁiousness-type double patenting.
Applicant, without prejudice, to expedite prosecution, is willing
to file a terminal disclaimer on resolution of the remaining

issues present in this application.

ALLOWABLE CLAIMS

Upon. £iling of the terminal disclaimer, it is believed
that Claims 24, 30-56, 35, 36, 42 (31, 33), 44 (35), 45 (31), 46,
48 (31, 33), 50 (48 (31, 33)), 51, 52, and 53 are allowable.
Moreover, all of the new claims, are likewise allowable. 1In
particular, Claims 58 and 59 are claims that are believed to be
allowable based on the prior office action, rewritten in
independent form. _Claim 60-64 are narrower versions of claims

containing allowable subject matter.

REJECTION UNDER 35 U.S.C. SECTION 103

Claims 19, 20, 26-28, 41, 42, 45, 47-50, and 57 were
rejected under 35 U.S.C. 103. The rejection was based upon the
Wayman article alone. In addition, Claims 21 and 29 were
rejected as unpatentable over Wayman in view of Wilson. These
rejections are respectfully traversed as applied to these claims
as you presented.

It is believed that the claims as originally submitted
are allowable over Wayman alone or Wayman in combination with

Wilson. However, to further distinguish the claimed subject

PCAWPS1UGS\9438-3.AMD 14
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matter over these two references, certain of the claims have been
amended. In particular, all of the claims rejected under
35 U.S.C. § 103 now state that the restraining member stresses
. the SIM memory allow element so that the memory allow element can
be positioned within or in proximity to the mammalian body while
it is in a deformed shape, something not suggested by these
references.

In particular, i£ iéﬂcontended in the office action
that Wayman suggests or teaches the use of dental wires using SIM
(Stress-Induced Martensite) alloys. However, Wayman's device is
clearly of the kind which is inserted into the body in an
unstressed state, and is subsequently stressed within the body
and fixed in the sfiressed state, so as to apply corrective
pressure to a misaligned tooth.

The Wayman pressure-—applying device does not require or
suggest the presence of a restraint, which is essential to the
claimed invention, for holding the SIM device in the deformed

state during insertion into the body. There is no need in Wayman

for a restraint to be applied to the dental wire before it is
positioned in the body, since it is unstressed during insertion.
Indeed, it is difficult to imagine how a pre-insertion restraint
could be used with the dental wires, given their elongated form.
The claims presented specifically require that the
restraint stresses the SIM memory alloy element so that it can be
"positioned within or:in proximity to the mammalian body while
the memory alloy element is in its deformed shape." (See, for

example, Claim 27.) The claimed device is constructed so that,

PCAWPSIVGS\9438-3.AMD 15
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after the deformed device held in the restraint has been
positioned within the body, the restraint can be removéd to allow
the SIM element to reéover to its unstressed shape.

The claimed devices with the insertion restraint are
highly advantageous in surgical techniques whereas the unstressed
shape, to which the SIM element reverts on removal of the
restraint within the body, is important for the therapeutic
effect. This ability to release the unstressed shape after
placing the SIM element where it is needed for treatment is the
antithesis of deforming and stressing the element wiﬁhin the
body, which would be essential to the use of an SIM dental wire.

Thus, the claimed "shape-forming" device claims should
be regarded as a different class of medical devices from the
"pressure-applying”" Wayman device. The problems encountered in
surgical use of the shape-forming devices generally are quite
different from those of the pressure-applying devices, and it
must be recognized that each special surgical procedure has its
own unique set of problems.

Part of the claimed invention is the recognition of the
problem in prior art devices that rely on temperature change.
Note that Claim 27, for example, specifically states that the
change in shape of the SIM member can occur "“without any change
in temperature of the restraining means or the memory alloy '
element".

Wilson does nothing to remedy the deficiencies of
Wayman. Wilson, in fact, teaches away from the invention, in

that Wilson requires a change in temperature of the catheter for

PCAWPSIUGS\9438-3.AMD 16
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it to be effective. This is completely contrary to what is
claimed by applicant. In effect, Wayman teaches away from the
use of SIM material in combination with a restraint.

Further, there is no suggestion in the references to
place an SIM element inside a restraint as specified in
Claims 20, 21, 28, 29, and claims dependent therefrom. The most
Wayman teaches is an SIM element engaged with a device on a
tooth, and Wilson does not teach the use of any restraint. 1In
the Wilson device, the catheter 10 does not restrain the rod 16
in any configuration. Rather, the shape of the rod is dependent
only upén temperature. Thus, neither reference suggests the use
of an external restraint for maintaining an SIM element in a

deformed configuration.

CONCLUSTON
Thus, for these additional reasons, it is respectfully

submitted that these claims are allowable.

SHELDON & MAK, INC.

Date: June 24, 1994 By:

Jeffrg¥ G. Sheldon
Reg. No. 27,953
SHELDON & MAK
225 South Lake Avenue
Suite 900

Pasadena, California 91101
(818) 796-4000 (213) 681-9000
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__MENDMENT COVER SHEET:

;

DOCKET NO. 9438

FILED: October 2, 1992
FOR: MEDICAL DEVICES INCORPORATING SIM ALLOY ELEMENTS

HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

Sir:

Transmitted herewith is a paper in the above-identified application. Any necessary extension of time period set for this
paper is hereby. requested.

O No additional fee is required.

'The fee has been calculated as shown below:

m/ EXTENSION FEE
FIRST MONTH AFTER TIME PERIOD SET 110.00 55.00 $110.00
SECOND MONTH AFTER TIME PERIOD SET 360.00 180.00 $
THIRD MONTH AFTER TIME PERIOD SET 840.00 420.00 $
FOURTH MONTH AFTER TIME PERIOD SET 1,320.00 660.00 $

IB/ TOTAL EXTENSION FEE $ 110.00

FEE FOR EXTRA CLAIMS added by Amendment in this response:

Column 1

Column 2

Coiumn 3

TOTAL CLAIMS || 55 MINUS 46 x 22 x 11 | $198.00
INDEPENDENT | 12 MINUS 8 * =4 x 74 x 37 | $296.00
First presentation of multiple dependent claim + 230 + 1151 $

TOTAL FEE FOR EXTRA CLAIMS $ 494.00
*  If the entry in Column 1 is less than the entry of Column 2, write "0" in Column 3.

ek If the number of Total Claims previously paid for is less than 20, write "20" in this space.
sk If the number of Independent Claims previously paid for is less than 3, write "3" in this space.

IZ/ Enclosed is the fee of $604.00 by Check No. 5012

0, Please charge Deposit Account No. 19-2090 in the amount of $

IZ/ The Commissjoner is hereby authorized to charge payment of any additional fees, in particular the following -
fees, associated with this communication, or credit any overpayment to Deposit Account No. 19-2090:

Any filing fees under 37 C.F.R. § 1.16 for the presentation of extra claims
Any patent application processing fees under 37 C.F.R. § 1.17

SHELDON &
_ Date: June 24, 1994 o By:
Teffred|G[/S#ldon
Reg.|No.: 29,753
225 South Lake Avenue
Suite 900

Pasadena, California 91101
(818) 796-4000. (213) 681-9000

»

PCAWPSITGS\943R.3.08
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IN THE UNITED STATES PATENT AND TRAD K OFFICE 30

In re application of:

Group Art Unit: 3301 6}/

JAMES E. JERVIS Examiner: KENEALY, D.
Serial No.: 07/956,653
Filed: Octqber 2, 1992
For: MEDICAL DEVICES

INCORPORATING SIM ALLOY
ELEMENTS

Pasadena, CA

N N )

SUPPLEMENTAL AMENDMENT

Honorable Commissioner of
Patents ‘and Trademarks
Washington, D.C. 20231
Sir:
In response to the Office action of March 7, 1994, and

as a supplement to the Amendment of June 24, 1994, please amend

the above-identified application as follows:

_ IN THE cy&s g /
Please amend claims(I§i 27, Zéi/;§7<66f/;gd 62 as

follows:

PC3\PTO\9438-4 .AMD -1- Jul. 28, 1994

=
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\ (b) a restraint holding the shape wmemor
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19. (Thrice Amended) A medical device whidh
comprises:

(a) an element for use within a mammalian
such proximity to a mammalian body that the device i
substantially at body temperature, the element comprising a shape

memory alloy which displays a stress-induced martengite behavior

e e s it b e
—— .

at body temperature; and

alloy element

.\ in a deformed configuration at a temperature Jless jthan the body

temperature of the mammal (to allow it to be positioned] for

positioning the shape memory alloy element withig or in proximity

to a mammalian body in its deformed configuratioh, the
deformation occurring through the formation of gtress-induced

martensite;

wherein the element is sufficiently
removal of the restraint from the shape memor
without change in temperature of the device,

portion of the element from its deformed conffiguration.

C‘)ﬁ%‘ (Thrice Amended) A medical device suitable for

R,

. 7/////placement within or proximate to a mammalian body for treatment

of the mammalian body, the device comprising:
(a) a memory alloy element formed at least partly from

a pseudoelastic shape-memory alloy, the alloy displaying

PC3\PTO\9438-4 .AMD - 2 - Jul. 28, 199%
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reversible stress-induced martensitic state and an austenitic
state, the memory alloy element having (i) a deformed shape when
the alloy is in its stress-induced martensitic state and (ii) a
different unstressed shape; and
(b) restraining means engaging and stressing the
memory alloy element at a tempgrature less than the body
:Efemperature of‘thETnEmmmﬁﬁ%;ﬁ\glééEggvékégkfﬁe As of the alloy

[so that] for positioning the memory alloy element [can be

positioned] within or in proximity to the mammalian body while

the memory alloy element is in its deformed shape;
wherein the alloy is selected so that removal of the

restraining means from the memory alloy element at a temperature

greater than the As of the alloy when the devAce is placed within

or proximate to the_mammalien y. transforms at least a portion
A

of the alloy from its stress-induced martensitic state so that

Y

the memory alloy element transforms from its deformed shape
toward its unstressed shape, without any change in temperature of
the restraining means or the memory alloy element being required
for the transfqrmation of the alloy.

\Y |

28" (Thrice Amended) A medical device for treatment
of a mammalian body, the device comprising:
(a) a memory alloy element formed at least partly

from a pseudoelastic shape-memory alloy, the alloy displaying

© PC3\PTO\9438-4 .AMD -3- Jul. 28, 1994
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reversible stress-induced martensite at abougAbody temperature
such that it has a stress-induced martensitic state and an
austenitic state, the memory alloy element having (i) a deformed
shape when the alloy is in its stress-induced martensitic state
and (ii) a different unstressed shape; and

(b) a hollow restraining member with the memory
alloy element being within the restraining member, the
restraining member engaging and stressing the memory alloy

elemeQﬁ{i;;;Cj;E:iTture less than the body temperature of the

—mammat—and greater than the As of the alloy [so that] for
A

positioning the memory alloy element [can be positioned] within
or in proximity to the mammalian body while the memory alloy
element is in its deformed shape;.

wherein the restraining member and the memory alloy
element are movable relative to each other to transform at least
a portion of the alloy from its stress-induced martensitic state
at a temperature greater than the As of the alloy so that the
memory alloy element transforms from its deformed shape toward
its unstressed shape, and wherein the alloy is selected so that
the transformation can occur without any change in temperature of

the restraining member or the memory alloy element.

= %%

i,

wiF— (Twice Amended) A medical device suitable for

placement within or proximate to a mammalian body for treatment

PC3\PTO\9438-4_.AMD -4- Jul. 28, 1994
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of the mammalian body, the device comprising (i) a restraint, and
(ii) an element formed at least partly from a pseudoeiastic
shape-memory alloy,

the alloy displaying reversible stress-induced
martensite by virtue of being above its A, and above its M_, and
below its My at about body temperature;

such that it has a stress-induced martensitic
state and an austenitic state, the element having (i) a deformed
shape when the alloy is in its stress-induced martensitic state
and (ii) a different unstressed shape;

wherein the restraint is [capable bothl]
(i) stressing the element at a temperature less than the body
temperature of the mammal for placement of the element in its
deformed shape in or in proximity to the mammalian body and
(ii) is capable of being at least partially removed from the
element while the device is within or proximate to the body at
the body temperature and the element is therefore at an operating
temperature greater than the A, and M, and below the My of the
alloy,

such removal of the restraint causing at least a
portion of the alloy to transform from its stress-induced
martensitic state to its austenitic state so that the element
spontaneously transforms from its deformed shape toward its

unstressed shape,

PC3\PTO\9438-4.AMD -5- Jul. 28, 1994

Edwards Exhibit 1033, p. 228



e

PATENT
9438

and such transformation can occur without a change
in temperature of the restraint or of the element from the

operating temperature.

Hle

\&I 607 (Amended) A medical device for treatment of a
:K; jzgmaééik:gééy, the device comprising (i) a restraining member
| A

and (ii) a hollow memory alloy element formed at least partly

from a pseudoelastic shape-memory alloy, the aldoy displayinpg
iS; reversible stress-induced martensite at abougzjééé/zgégégthre

such that it has a stress-induced martensitic state and an

austenitic state, the memory alloy element having (i) a deformed

shape when the alloy is in its stress-induced martensitic state

and (ii) a different unstressed shape;

the restraining member being within the hollow memory

: alloy element and engaging and stressing the memory alloy element
;S: at a temperature less than the body temperature of the an

greater than the As of the alloy [so that] for positioning the

memory alloy e‘iment [can be positioned] within or in proximity
g:g, to the mamme%iae%ﬁggilqahile the memory alloy element can be
positioned within or in proximity to the mammalian body] while
the memory alloy element is in its deformed shape;

wherein the restraining member and the memory alloy

element are movable relative to each other to transform at least

a portion of the alloy from its stressed-induced martensitic

PC3\PTO\9438-4.AMD -6- Jul. 28, 1994
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state at a temperature greater than the As of the alloy so that

the memory alloy element transforms from its deformed shape

toward its unstressed shape, and wherein the alloy is selected so

that the transformation can occur without any change in
temperature of the restraining member of the memory alloy

element.

el (Amended) A medical device for insertion into a
\NW\.O\(\b . o .
:;; ~wmeammart T body, the device comprising (i) a restraining member
and (ii) a hollow catheter formed at least partly from a
; pseudoelastic shape-memory allow, the alloy displaying reversible

stress-induced martensite at about/?ody temperature such that it

has a stress-induced martensitic state and an austenitic state,

the catheter having (i) an easily inserted shape when the alloy

is in its stress-induced martensitic state and (ii) a different
unstressed shape when the alloy is in its austenitic state;
the restraining member engaging and stressing the

catheter at a temperature less than the body temperature of the

ggugg%%%gggxareater than the As of the alloy so that the catheter

is in its easily inserted shape [so that the] for inserting the

. (I VXl

catheter [can be inserted] into the.mammaliﬁﬁrbody; and
wherein disengagement of the restraining member from

the -catheter at a temperature greater than the As of the alloy

transforms at least a portion of the alloy from it stress-induced

g PC3\PTO\9438-4_AMD -7~ Jul. 28, 1994

B
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martensitic state to its austenitic state so that the catheter
transforms from its easily inserted shape toward its unstressed

shape, and wherein the alloy is selected so that the

transformation can occur without any change in temperature of the
restraining member or the catheter.
—
REMARKS
Applicant wishes to thank the Examiner for the courtesy
’? ‘ shown to Applicant’s attorney, the undersigned, during the
l interview on June 30, 1994.
As indicated during the interview, and as stated on the
Examiner’s Interview Summary Record:
'é "Examiner agrees that the inclusion of the
E limitation requiring the restraining means to
f engage and stress the memory alloy element at
: a temperature below body temperature will
define over the Wayman article . . . .7
In accordance with that statement, the independent
claimsipending in this application that were subject to rejection
undef:35 U.S.C. § 103 (namely claims 19,27, 28, and 57) have been
PC3\PTO\9438-4 .AMD -8- Jul. 28, 1994
: : .
A
. [‘
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so amended. In addition, other claims, namely claims 60 and 62,

which were not so rejected, have been amended.

As indicated in the interview, for the purposes of a
response, Applicant has assumed that Wayman teaches an SIM dental
wire. However, as appreciated by the Examiner in the interview,
Wayman’s SIM dental wire is not stressed until it is in the
mouth, and thus Wayman does not teach or suggest a restraining
means "engaging,énd stressing the memory alloy element at a

temperature legs than the body temperature of the mammal . "

Therefore, for this reason and in addition the reasons
presented in the prior amendment, allowance of all of the claims

is resgpectfully requested.

Applicant wishes to remind the Examiner of two comments
made by Applicant’s attorney during the interview. In
particular, it was noted that at page 12, line 3, the word is
"equiaxed" and not "equitaxed". It was also noted that at page
15 of the amendment, the pafagraph bridging pages 15 and 16, in
the first sentence, the claims being referred to were the claims
rejected under 35 U.S.C. §A103. Not all of the claims presented

include the limitations specified in that sentence, but only the

PC3\PTO\9438-4.AMD -9- Jul. 28, 1994
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claims that were being argued with regard to the rejection under

§ 103.

Another typographical error has been noted. At page

11, line 9, the reference is to claim 25 and not claim 20.

Respectfully submitted,

SHELDON & MAK

Dated: July 2P 1904 By: %’/QW

JHFFREY G. SHELDON
Regis. No. 27,953

PC3\PTO\9438-4.AMD -10- Jul. 28, 1994
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: ) “{ENDMENT COVER SHEET
oL ey DOCKET NO. 9438

IN RE APPLICATION OF: JAMES E. JERVIS REpe
SERIAL NO.: 07/956,653 FILED: OCTOBER 2, 1992 ;/U
FOR: MEDICAL DEVICES INCORPORATING SIM ALLOY ELEMENTS L 29 94
GRoto. 4.
HONORABLE COMMISSIONER OF » = ' RBU} * 330
PATENTS AND TRADEMARKS 2 o
Washington, D.C. 20231 -

,

Sir K (Y ANR 7N
Transmitted herewith is a paper in the above-identified application. Any ngcessary extension of time period set for this paper is
hereby requested.

™ No additional fee is required.
[1 The fee has been calculated as shown below:

[1  EXTENSION EEE

FIRST MONTH AFTER TIME PERIOD SET 110.00 55.00 $
SECOND MONTH AFTER TIME PERIOD SET 360.00 180.00 $360.00
THIRD MONTH AFTER TIME PERIOD SET 840.00 420.00 $
FOURTH MONTH AFTER TIME PERIOD SET 1,320.00 660.00 $

[X] No extension fee is necessary because the original amendment was filed with the extension fee already paid.

[1 FEE FOR EXTRA CLAIMS added by Amendment in this response:

Column 1 Column 2 Column 3

TOTAL CLAIMS MINUS ** = x22 x11}| §
INDEPENDENT MINUS- ik ¥ o= x 74 x37( §
First presentation of multiple dependent claim + 230 + 1151 §

TOTAL FEE FOR EXTRA CLAIMS $

* If the entry in Column |{ is less than the entry of Column 2, write "0" in Column 3.
** If the number of Total Claims previously paid for is less than 20, write "20" in this space.
*¥** If the number of Independent Claims previously paid for is less than 3, write "3" in this space.

[]1 Enclosed is the fec of § by Check No.

[1 Please charge Deposit Account No. 19-2090 in the amount of $

X1 The Commissioner is hereby authorized to charge payment of any additional fees, in particular the following
fees, associated with this communication, or credit any overpayment to Deposit Account No. 19-2090:

Any filing fees under 37 C.F.R. § 1.16 for the presentation of extra claims
Any patent application processing fees under 37 C.F.R. § 1.17

SHELDON & MAK
Date: | 7(‘%7#”7 By: ”A/ yw

Vi., Sheldor, Reg. No. 27,953 -
_ 'd
SHELDON & MAK

225 SOUTH LAKE AVENUE, SUITE 400
PASADENA, CALIFORNIA 91101
(818) 796-4000 - Direct Line: (818) 356-1201

CAPCI\PTOWORMS\AMEND. C2 R . Jul. 28, 1994
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-~ UNITED STA'I‘@»,JE ARI'MENT OF COMMERCE
‘Patent and Trads
Address: COMMISSIONER OF F'ATENTS AND TFIADEMAHKS ;
. Washirigton, D.C.. 20231 i
[SERIALNUMBER |  FILING DATE | ~__FIRST NAMED INVENTOR ~__- ] ATTORNEY DOCKETNO. |
Q7/956, 833 la/02/92 JERVIS J 432
EXAMINER i ]
EENEALY, I ;
F2M1/71031 B ,
JEFFREY G. SHELDON } [ aRTuNT | __PAPER NUMBER i ),
SHELDON & MAK : s :
225 S. LAKE AVENUE - 9TH FLOOR : "
FASADENA, CA 911M 3301 »,
' DATE MAILED:
_ 10/31/794 /
This Is a communication from the examiner in charge of your application. : s

COMMISSIONER OF PATENTS-AND TRADEMARKS

[34!5 application has been examined esponsive to communication flled on__~ Z z Zq ( q L{ %oﬁou is made final.

A shortened statutory period for response to this action Is set to explre month(s), == days from the date of this letter.
Failure to respond within the period for response will cause the application to become abandoned. 35 U.S.C. 133

Part] THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. D Notice of References Cited by Examiner, PTO-892. 2. I:] Notice of Draftsman's Patent Drawing Review, PTO-948.
3. ] Notice of Art Cited by Appiicant, PTO-1449. 4. ] Notice of Informal Patent Application, PTO-152.
5. D Information on How to Effect Drawing Changes, PTO-1474.. 6.

Partll SUMMARY OF ACTION

1. m/CIaii'ns i (-“‘ (" ‘ . ___are pending In the application.

Of the above, claims are withdrawn from conslderation,

2 E/Clalms -t D, have been cancelled.

3. O Claims. are allowed.

2.1 Craims - (4 arerefocted. e
5. D Claims ' are objected to. .
6. l:l Cl;:ims are subject to restriction or election requirement.

7. Mhis application has been filed with informat drawings under 37 C.F.R. 1.85 which are acceptable for examination purposes.

8. D Formal drawings are required in response to this Office actlon.

9. D The corrected or substitute drawings have been received on . Under 37 C.F.R. 1.84 these drawings \‘\:‘
are [Jacceptable; [1not accoptable (see explanation or Notice of Drafisman's Patent Drawing Review, PTO-948). 5

10. D The proposed additional or substitute sheet(s) of drawings, filed on . has (have) been [Japproved by the
examiner; [J disapproved by the examiner (see explanation).

1. D The proposed drawing correction, filed has been [Japproved; [1disapproved (see explanation).

12. D Acknowledgement is made of the clalm for priority under 35 U.S.C. 119. The cerlified copy has [ been received L3 not been received
[ been filed in parent application, serial no. - ; filed on .

3. D Since this application apppears to be In condition for allowance except for formal matters, prosecution as tb the merits is closed in
accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213.

4.D0ther '

EXAMINER'S ACTION
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Serial No. 956653 -2~
Art Unit 331

The following is a quotation of the first paragraph of 35
Uu.s.C. § 112:

The specification shall contain a written description of the
invention, and of the manner and process of making and using
it, in such full, clear, concise, and exact terms as to enable
any person skilled in the art to which it pertains, or with
which it is most nearly connected, to make and use the same
and shall set forth the best mode contemplated by the inventor
of carrying out his invention. '

The specification is objected to under 35 U.S.C. § 112, first
paragraph, as the specification, as originally filed, does not
provide support for the invention as is now claimed. Applicant’s
declaration defining the A(20) temperature as the temperature at
which 90% of the material has been transformed from martensite to
austenite is not sufficient to now allow a claim for a specific
value for the A(90) temperature being 0 degrees C. Nowhere 1in
applicant’s specification does he state the criticality of such a

temperature for the A(90) temperature, nor does he ever state a

preferred range in which the A(90) temperature should fall.

Claims 11-14,17 and 18 are rejected under 35 U.S.C. § 112,
first paragraph, for the reasons set forth in the objection to the
specification.

Claim 25 is withdrawn since it is drawn to a non-elected
species of invention.

Claims 11-14,17-21,24-27,31-36,41,42,44-53,55~-57,59 and 60-64
are rejected under the judicially created doctrine of cbviousness-

type double patenting as being unpatentable over claim 3 of U.S.

Edwards Exhibit 1033, p. 236
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Art Unit 331

Patent No. 4,665,906. Although the conflicting claims are not
identical, they are not patentably distinct from each other because
they both are directed towards a restraint in combiﬁation with an
SIM medical device.

Claims 28-30,58 rejected under the judicially created doctrine
of obviousness-type double patenting as being unpatentable over.
claim 3 of U.S. Patent No. 4665906 in view of Wilson. To have made
‘the restraint out of SIM material and the catheter out of non-SIM
material is well known in the art as shown by Wilson.

Claims 19,20,21,26-29,41,42,45,47,48,49,50,57 and 63 are
rejected under 35 U.S.C. § 112, second paragraph, as being
indefinite for failing to particularly point out and distinctly
claim the subject matter which applicant regards as the invention.
Applicant’s amended language requires the element to be restrained
in a deformed configuration at a temperature less than body
temperature. The claim also states that this deformation occurs
through the formation of stress-induced martensite at that
temperature less than body temperature. However, the device is
earlier claimed as exhibiting stress-induced martensite behavior at
body temperature.

RESPONSE TO APPLICANT’S REMARKS

Applicant’s amended claim language is not believed to place
the case in condition for allowance. Applicant is invited to
discuss the claim languadge with the examiner to determine possible

amendment to the claims to overcome the indefiniteness rejection.
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Art Unit 331

With regard to the rejection under 35 USC 112 1st paragraph,
it should be noted that if applicant believes that the A(90)
temperature being greater than 0 degrees C is an inherent gquality
of any SIM material, then the only true limitation that claim 11
has is that the material exhibits stress induced martensite at body
temperature. Examiner does not consider the value of A(90)
temperature being 0 degrees C to be inherent. Thus this
limitations is considered to be a new limitation presently set
forth in the claims with no basis in the original specification.

Applicant’s amendment necessitated the new grounds of
rejection. Accordingly, THIS ACTION IS MADE FINAL. See M.P.E.P.
§ 706.07(a). Applicant is reminded of the extension of time policy

as set forth in 37 C.F.R. § 1.136(a).

A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS FINAL ACTION
IS SET TO EXPIRE THREE MONTHS FROM THE DATE OF THIS ACTION. 1IN THE
EVENT A FIRST RESPONSE IS FILED WITHIN TWO MONTHS OF THE MAILING
DATE OF THIS FINAL ACTION AND THE ADVISORY ACTION IS NOT MAILED
UNTIL AFTER THE END OF THE THREE-MONTH SHORTENED STATUTORY PERIOD,
THEN THE SHORTENED STATUTORY PERIOD WILL EXPIRE ON THE DATE THE
ADVISORY ACTION IS MAILED, AND ANY EXTENSION FEE PURSUANT TO 37
C.F.R. § 1.136(a) WILL BE CALCULATED FROM THE MAILING DATE OF THE
ADVISORY ACTION. IN NO EVENT WILL THE STATUTORY PERIOD FOR
RESPONSE EXPIRE LATER THAN SIX MONTHS FROM THE DATE OF THIS FINAL
ACTION. :

Any inQuiry concerning this communication or earlier
communications from the examiner should be directed to David
Kenealy whose telephone number is (703) 308-2680.

David J. Kenealy /é§252224é§2?32?%§;z;a,f

October 31, 1994
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~-OCKET NO. 943@0884 us
IN RE APPLICATIO

SERIAL NO.: 07/956,653 FILED: :E\': {SQ

FOR:_MEDICAL DEVICES INCORPORATING SIM ALLOY ELEMENTS %)L)\)ﬂ O

COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

Sir:
Transmitted herewith is a paper in the above-identified application. Any necessary extension of time period set a%gg'pvgmereby
requested.
MAR 2 9 1995
[»] No additional fee is required. [Mail to Box Non Fee Amendment]
GROUP 330
= The fee has been calculated as shown below:
] EXTENSION FEE
FIRST MONTH AFTER TIME PERIOD SET 110.00 55.00 $
SECOND MONTH AFTER TIME PERIOD SET 370.00 185.00 $370.00
THIRD MONTH AFTER TIME PERIOD SET 870.00 435.00 $
FOURTH MONTH AFTER TIME PERIOD SET 1,360.00 680.00 $
] - TOTAL EXTENSION FEE $370.00
[m] FEE FOR EXTRA CLAIMS added by Amendment in this response:
Column 1 Column 2 Column 3
TOTAL CLAIMS MINUS ** * = x 22 x11 | $
INDEPENDENT MINUS *** * = x 76 x38 | $
First presentation of multiple dependent claim + 240 + 120} $

TOTAL FEE FOR EXTRA CLAIMS $

- if the entry in Column 1 is Less than the entry in Column 2, write "0" |m
.- if the number of Total Claims previously paid for is Less than 20, write "20" in this space.
il If the number of Independent Claims previously paid for is Less than 3, write "3" in this space.
= Enclosed is the fee of $_ 270-00 by Check No. HEp
v oF
. . ATTY
a Please charge Deposit Account No. 19-2090 in the amount of $ o
] The Commissioner is hereby authorized to charge payment of any additional fees, in particular the following fees,

associated with this communication, or credit any overpayment to Deposit Account No. 19-2090:

Any filing fees under 37 C.F.R. § 1.16 for the presentation of extra claims.

Any patent application processing fees under 37 C.F.R. § 1.17. %ﬂ//
—
Date: _? /f/ ?/ ] By: %/&

Jeffgdy G. Sheldon, Reg. No. 27,953

CERTIFICATE OF MAILING: t hereby certify that the above-identified carrespondence, which is attached, is belng deposited with the, !

U.S. Postal Servic ajgz clasg mail in an envelope addressed to: Commnss:oner of Patents and Trademarks, Washington, D.C. -
20231 on 2P0 S /99 i

Date Signed: 3' ?— 95 By: ¢ ~¥]‘
Signature 4
SHELDON & MAK v
2285 South Lake Avenue, Sth Floor Marilyh C. Paik ) »
Pasadena, California 91101 P Type or PintName = . 5
(818) 796-4000 (213) 681 9000 : . :
100 HG 03/27/95 07956653 " )3 s L )
’ ? 6 .-3720.00 CK
5C3\PTO\FORMS\943BPMD .75 L_,,,__»——%:}" . Mar. 6. 1995 . -fy
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ITED STATES PATENT AND TRADEMARK OFFICE

Group Art Unit: 3301

JAMES E. JERVIS Examiner: KENEALY, D

Serial No. 07/956,653
Filed: October 2, 1992

For: MEDICAL DEVICES INCORPORATING

SIM ALLOY ELEMENTS Pasadena, California

DECLARATION ¥ HEREBY CERTIFY THAT THIS CORRESPONDENCE

IS BEING DEPOSITED WITH THE U. S. POSTAL

Honorable Commissioner of SERVICE AS FIRST CLASS MAIL IN AN ENVELOCE
Patents and Trademarks ADDRESSED TO: COMMISSIONER OF PATENTS AKD
Washington, D. C. 20231 TRADEMARKS, WASHINGTON, D. C. 20231 ON

shr 3-9-9¢ FHonlof and

(DATE SIGNED)  / 4
I, Dr. John D. Harrison, declare:

BACKGROUND

1. As established in my attached resume, I am an
expert metallurgist, with special knowledge of alloys exhibiting
martenéite/austenite transformation characteristics.

2. In particular, I received a B.S. and M.S. in
Metallurgy from Pennsylvania State University and an Sc.D. in
Metallurgy in 1958 from the Massachusetts Institute of
Technology.

3. My professional experience includes almost 30
years as a metallurgist associated with Raychem Corporation
where, among other projects, I worked on the research and
development which lead to commercial shape memory alloy products,

including those based upon titanium/nickel alloys.

PC3\PTO\DEC\JH9438 .DEC 1 Feb. 21, 1995
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4. I left Raychem in 1981 to start my own consulting
business. In my consulting business I have continued my work in
titanium/nickel alloys, as exhibited by the list of publications
provided in my curriculum vitae. Forvexample, since 1989 I have
had two publications dealing with shape memory effects and
titanium/nickel alloys. Also, I was co-editor on a chapter on
"Metals" in Electronic Materials and Processes Handbook.

5. In my position as a consultant, one of the
companies I consult fof is Raychem, from whom I also receive a
pension as a result of my retirement. I am charging Raychem
Corporation for the time expended in preparing this declaration
at my normal billing rates.

6. In addition to the publications listed in my
attached resume, I am also the inventor or co-inventor of the

following U.S. patents, which relate to shape memory alloys:

Patent No. Title

3,753,700 HEAT RECOVERABLE ALLOY

4,035,007 HEAT RECOVERABLE METALLIC COUPLING

4,198,081 HEAT RECOVERABLE METALLIC COUPLING

4,337,090 HEAT RECOVERABLE NICKEL/TITANIUM
AT,LLOY WITH IMPROVED STABILITY AND
MACHINABILITY

4,565,589 NICKEL/TITANIUM/COPPER SHAPE MEMORY
ALLOY :

There are also foreign patents corresponding to at least some: of

these U.S. patents.

PC3\PTO\DPEC\JH9438 .DEC Feb. 21, 1995
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MATERIALS REVIEWED -

7. In preparation for this declaration, I reviewed
the above-identified patent application, the Office Action of
October 31, 1994, for this application, and U.S. Patent No.
4,505,767 to Quin (“Quin"i, which is incorporated by reference

into the above-identified patent application.

CONCLUSTONS

8. I wish in this declaration to correct some
misconceptions that appear in the Office Action of October 31,
1994.

9. A(90) temperature is an inherent property of any
alloy that can transform from the martensitic phase to the
austenitic phase. It represents the temperature of such an
alloy, annealed under standard conditions, where the
transformation from the martensitic phase to the austenitic phase
is 90% complete. Just like water has a freezing point of 0oC at
standafd pressure, each alloy that exhibits SIM behavior
inherently has a fixed A(90) temperature, which is a function of
its specific composition, when annealed under standard
conditions.

10. The A(90) of an alloy is dependent upon its
composition. At least one and possibly more of the alloys
described in the Quin example and prepared using standard
annealing conditions, i.e., those described in the example of the
Quin patent, has an A(90) temperature "of not more than 0oC", a

limitation that appears in claim 11. Stating it in another way,

PC3\PTO\DEC\JH9438 .DEC 3 Feb. 21, 1995

Edwards Exhibit 1033, p. 242



9438\MP0884-US7
at least one, but definitely not all, of the alloys in the
hexagonal area in Fig. 2 of the Quin patent inherently has an
A(90) of not more than 0oC, when annealed under standard
conditions.

-11. Accordingly, claim 11 has at Jeast two important
limitations on the shape memory alloy that is used to form the
medical device of claim 11, namely the alloy has to display SIM
behavior at body temperature, and has to have an A(90) of not
more than 00C. These properties clearly are not satisfied by all
shape ﬁemory alloys. ‘

12. As the table added to the application (and which
appears in issued U.S. Patent No. 5,067,957) clearly shows alloys
within the scope of the Quin patent have A(90) that ranges from
at least -880C to 860C.

13. A person of ordinary skill in the art, by reading
the above-identified patent application, will recognize that the
preferred shape memory alloy for use in at least some medical
devices according to the present invention has an A(90) of not
more than 0oC. This is because the application makes it clear
the invention requires "an alloy element which displays stress-
induced wartensite at said body temperature for the shape memory
alloy element." (page 5, lines 29-31). It is evident that an
alloy with an A(90) of not more than 0oC will assure good SIM
effect in the body temperature range. A{90) above 00oC would give
a mix of SIM and SME or all SME in the body temperature range.

An A(90) far below 0oC would give permanent deformation in the

body temperature range.

PC3\PTO\DEC\JH9438.DEC 4 Feb. 21, 1935
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I further declare that all statements made herein of my
own knowledge are true and that all statements made on
information and belief are believed to be true, and further that
these statements were made with the knowledge that willful false
statements and the like are punishable by fine or imprisonment,
or both, under § 1001 of Title 18 of the United States Code, and
that such willful false statements may jeopérdize the validity of
this application and any patent or patents resulﬁing therefrom.

Respectfully submitted,

Date: 5€GS-E£h§rzz%:7-/€¥3S‘ By: CEZZ 4¢~w¢;~,

John D. Harrison

PC3\PTO\DEC\JH9438 .DEC 5 Feb. 21, 1995
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CURRICULUM VITAE

Joun D. HARRISON, Sc.D.
Watsonville, California 95076-5333

PROFESSIONAL EXPERIENCE
October 1981 to Present

JACK HARRISON, INC. (formerly John D. Harrison, Metallurgist)

December 1966 to October 1981
RAYCHEM CORPORATION, Menlo Park, California
First metallurgist at the corporation; primary activity was the research and development
which led to shape memory alloy products; most intimately involved with TiNi alloys,
extensively involved with copper-base memory alloys; participated in initial laboratory
development, first production, product introduction to customers, trouble-shooting field
problems; alloy development, thermomechanical processing, melting techniques from gas-
fired crucibles through induction, electron beam and plasma; strategy for proprietary
protection and patents; -corporate-wide metals selection, corrosion stadies, failure analysis.

September 1959 to November 1966
WESTINGHOUSE RESEARCH LABORATORIES, Churchill Borough, Pennsylvania
Research into solidification phenomena; special topics included interface morphology of ice
during freezing from saline solutions, embrittlement of chromium-copper castings and
seeded growth of selenium single crystals under high pressure.
August 1958 to August 1959

FRITZ-HABER-INSTITUT DER MAX-PLANK-GESELLSCHAFT, Berlin, German

-Post-doctoral study of internal oxidation in alloys.
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EDUCATION
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

Sc.D., Metallurgy, 1958
Thesis Advisor: Professor Carl Wagner

PENNSYLVANIA STATE UNIVERSITY
M.S., Metallurgy & Ensign, USNR 1953
B.S., Metallurgy 1952
MILITARY EXPERIENCE
July 1953 to July 1955
U.S. Navy, Ensign, then Lt. j.g.
USS LST 32 .
Home port: Naples, Italy
September 1949 to June 1953

NROTC Midshipman

LIST OF PUBLICATIONS

K.N. Melton & J.D. Harrison, "Corrosion of TiNi," Proceeding of Shape Memory &
Superelasticity Technologies Conference, Asilomar, March 6-10, 1994, in publication.

J.D. Harrison & D.E. Harrison, co-editors, Chap. 5, "Metals," Electronic Materials &
Processes Handbook, second edition, editors: C.A. Harper and R.M. Sampson (McGraw-
Hill, New York, 1993), p 5.1-5.69.

1.D. Harrison, "Measurable Changes Concomitant with the Shape Memory Effect
Transformation," Engineering Aspects of Shape Memory Alloys, editors T.W. Duerig, K.N.
Melton, D. Stoeckel & C.M. Wayman, (Butterworth, Boston, 1990) p. 106-111.

C.M. Wayman & 1.D. Harrison, "The Origins of the Shape Memory Effect," JOM 41 no. 9
26 (September 1989). :
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J.D. Harrison & D.E. Hodgson, "Use of TiNi in Mechanical and Electrical Connectors,"
Shape Memory Effects in Alloys, edited by A.J. Perkins (Plenum Press. New York, 1975), p.
517-523.

J.D. Harrison & D.E. Harrison, "Etch Pit Studies on Single Crystals of Hexagonal Selenium
Grown from the Melt at High Pressures," The Physics of Selenium and Tellurium, edited by
W.C. Cooper, (Pergamon Press, New York, 1969), p 115-134.

I.D. Harrison, "Seeded Growth of Selenium Crystals under High Pressure," Journal of
Applied Physics 39 no. 8 3672 (July 1968).

J.D. Harrison, "Measurement of Brine Droplet Migration in Ice," Journal of Applied
Physics 36 3811 (December 1965).

J.D. Harrison, "Solute Transpiration Pores in Ice," Journal of Applied Physics 36 326
(January 1965).

1.D. Harrison & W.A. Tiller, "Ice Interface Morphology and Texture Developed During
Freezing," Journal of Applied Physics 34 3349 (November 1963).

J.D. Harrison & W.A. Tiller, "Controlled Freezing of Water," Ice and Snow Properties,
Processes and Applications, edited by W.D. Kingery (Technology Press, Cambridge,
Massachusetts, 1963) p 215.

1.D. Harrison & W.A. Tiller, "The Controlled Solidification of Aqueous Solutions,"
Desalination Research Conference Proceedings, NAS-NRC Publication 942 312 (1963).

J.D. Harrison & W.A. Tiller, "Optimum Conditions for Zone Refining," Trans. AIME 221
649 (June 1961).

J.D. Harrison & C. Wagner, "The Attack of Solid Alloys by quuld Metals and Salt Melts,"
Acta Met. 7 722 (November 1959).

| HEREBY CERTIFY THAT THIS CORRESPONDENGE
IS BEING DEPOSITED WITH THE U. 8. p0sTaL
SERVICE AS FIRST CLASS MAIL IN AN ERVELOSS
ADDRESSED TO: COMMISSIONER OF PATENTS AND
TRADEMARKS, WASHINGTON, D. C. 20231 ON

wich ¢, /9 25
[/
3G g7 , |
{DATE SIGNED)
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IN THE UNTI STATES PATENT AND TRADEMARK OFFICE
In re application of: Group Art Unit: 3301
JAMES E. JERVIS Examiner: KENEALY, D
Serial No. 07/956,653

Filed: October 2, 1992 10/31/94

Pasadena, Callforni{aﬁtgl
AMENDMENT
Honorable Commissioner of CE'VED %

Patents and Trademarks
Washington, D. C. 20231 MAR 29 1995

For: MEDICAL DEVICES INCORPORATING

)
)
)
)
)
) Office Action Mailed:
)
)
)
SIM ALLOY ELEMENTS )

Sir: Y, )
GROUP 330

This is submitted in response to the final rejection of

October 31, 1994. It is believed this response places this

application in condition for allowance, and such allowance is

respectfully requested.

IN T IMS

Cancel claim 54.

REMARKS
Claims li—53 and 55-64 are in this application with
claim 25 being withdrawn as being directed to a non-elected
species of the invention. All the claims presented were rejected
under 35 U.S.C. § 112 and/or for double-patenting.

Reexamination, reconsideration, and allowance are respectfully

regquested.

PC3\PTO\AMD\ 9438-3_AMD 1 Mar. 9, 1995
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DOUBLE-~-PATENTING REJECTION

All the ciaims under consideration have been rejected
for double-patenting. Applicant respectfully disagrees with the
Examiner that a terminal disclaimer is appropriate with regard to
at least some of the claims subject to the double-patenting
rejection. However, to expedite issuance of this application, a

terminal disclaimer is submitted herewith.

SPECTES CLAIMS

Claims 15, 16, 22, 23, 25, 37-40, and 43 were withdrawn
from consideration as being directed to a non-elected species.
However, for the reasons detailed below and in view of the
terminal disclaimer, the generic claims are allowable in this

application, and thus the species claims should also be allowed.

REJECTION OF CLAIM 25

Claim 25 complies with 35 U.S.C. § 112. As the
Examiner noted, at least the IUD version of the invention
supports claim 25. Applicant recognizes that claim 25 is not
under consideration. However, since a generic claim is

allowable, claim 25 should be allowed.

REJECTION UNDER 35 U.S.C. § 112

REGARDING TEMPERATURE LIMITATIONS

Claims 19-21, 26-29, 41, 42, 45, 47-50, 57, and 63 were
rejected under 35 U.S.C. § 112, second paragraph for being

indefinite. 1In particular, the Examiner was not clear as to how

PC3\PTO\AMD\9438-3 .AMD 2 Mar. 9, 1995
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the element can be restrained in a deformed configuration at a
temperature less than body temperature, while the claim also
requires that the element display stress-induced martensite

behavior at body temperature.

The undersigned placed a telephone call to the Examiner
regarding this rejection in December, 1994, and it is believed
that in view of the telephone conversation and the remarks made

by the undersigned, the rejection will be withdrawn.

In particular, the two limitations referred to by the
Examiner are two limitations on the claimed device, which are
complimentary, and not inconsistent. The first limitation
requires that the element which is used within a mammalian body
be a shape memory alloy (SMA) which displays stress-induced
martensite behavior at body temperature. In particular, this
limitation requires that the element be made out of a particular
alloy that has specific properties, namely SIM behavior at body
temperature. This is a physical parametexr of the element;
analogous to Applicant specifying that the shape memory alloy has

a melting temperature at body tewmperature.

The second limitation referred to requires that the
restraining portidn of the claimed medipal device holds the shape
memory alloy element in a deformed configuration at a temperature
less than the body temperature of the mammal. in particular, the

claimed combination of the SMA element éhd the restraint must at

PC3\PTO\AMD\9438-3 . AMD 3 Mar. 9, 1995
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some time be at a temperature less than body temperature, a
limitation which helps distinguish over prior art dental arch
wires. Using the same analogy above as with regard to the
meléing temperature of a shape memory alloy, this is akin to
requiring that the medical device be provided at a temperature

less than the melting point of the shape memory alloy.

Accordingly, the two limitations are not inconsistent,
but rather are complimentary. The shape memory alloy must
display SIM behavior at body temperature, but in addition the SMA
element must be restrained by the restraint at some point in time

at a temperature lower than body temperature.

It is believed that in view of this explanation, this

rejection under 35 U.S.C. § 112 should be withdrawn.

REJECTION RELATING TO A(90) TEMPERATURE

Claims 11-14, 17 and 18 were rejected under 35 U.S.C.
§ 112, and similarly the specification was objected to under 35

U.S.C. § 112 with regard to the reference to A(90) temperature.

It is believed that the rejection is based on the

following grounds:

1. Reference to A(90) is not in the application as

originally submitted, i.e., is new matter; and

PC3\PTO\AMD\9438-3 . AMD 4 * Mar. 9, 1995
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2. The specification as originally submitted did not
state the criticality of the A(90) temperature and the preferred

range.

This rejection is respectfully traversed for the

following reasons.

First, the addition of the A(90) temperature in the
specification is not hew matter. This is in inherent property of
the alloys described in the Quin patent, which is incorporated by
reference into the present application. Provided herewith is a
declaration by an expert in the field, Dr. John D. Harrison,

where he concludes, based upon facts, that:

"A(90) temperature is an inherent property of
any alloy that can transform from the

martensitic phase to the austenitic phase."

The Examiner’s attention is directed to the declaration and the

factual basis in the declaration for that conclusion.

Since we are dealing with an inherent property of the
material, it is not new matter to add A(90) values to the
specification and the claims. Both the Federal Circuit and the
C.C.P.A. have held that an inherent property of a product that is
not disclosed in the original specificatioﬁ can be recited in

later filed claims without losing the benefit of the earlier

PC3\PTO\AMD\9438-3 .AMD 5 Mar. 9, 1995
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filing date. XKennecott Corp. v. Kyocera Int'l, Inc., 5

U.S.P.0Q.2d 1194, 1197, 835 F.2d 419 (Fed. Cir. 1987); In _re
Nathan, 140 U.S.P.Q. 601, 321 F.2d 1005 (C.C.P.A. 1964). 1In
Kennecott, the Federal Circuit held that it is permissible to add
claims directed to a ceramic body having a predominantly
lequitaxed microstructure," even though the originally filed
specification directed to a process for producing the ceramic did
not disclose that the ceramic body had such structure. The Court
allowed the later filed claims because Ehe "equitaxed
microstructure" was an inherent property of the ceramic material

fabricated in the original patent. The Court stated:

"The disclosure in a subsequent filed patent
application of anrinherent property of a
product does not deprive that product of the
benefit of an earlier filing date. Nor does
the inclusion of a description of that
property in later filed claims change this
reasonable result."

Id. at 1198.

Similarly, in Nathan, the C.C.P.A. held that is
permissible to include in later added claims, a limitation that a
particular compound had an "alpha orientation,® even though that
was not in the original disclosure because the alpha orientation
was "an inherent characteristic" of the claimed subject matter.

The Nathan Court explained that "a subsequent clarification of,

© PC3\PTO\AMD\9438-3 .AMD 6 Mar. 3, 1985
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or a change in, an original disclosure does not necessarily make
that original disclosure fatally defective." 140 U.S.P.Q. at

603.

Another C.C.P.A. case supporting this established rule

of law is In re Reynolds, 170 U.S.P.Q. 94, 443 F.2d 384 (C.C.P.A.

1971). In Reynolds, the claimed product had an inherent function
that was not expressly described in the specification. The issue
was whether worxds describing this function could be added to the
Specification by Amendment, or whether such description was "new
matter." The Court held that the express description of the
inherent property was not "new matter" and could be added to the
Specification, without losing the original filing date. Id. at

98.

Accordingly, in view of this case law, and in view of
Dr. Harrison’s explanation that at least one and possibly more of
the alloys described in the Quin example (which was incorporated
by reference in this application) has an A(90) temperature "of
not more than 0°C," it is clear that if the Examiner is
suggesting the specification and claims create issues of new

matter, this suggestion is incorrect.

It should also be noted that the Examiner’s comment
that an A(90) greater than 0°C is an inherent property of "any
. 8IM material" is incorrect. All SIM materials do not have such

an A(90). Dr. Harrison notes that "at least one, but definitely

PC3\PTO\AMD\9438-3 .AMD Mar. 9, 1995
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not all, of the alloys in the hexagonal area in Fig. 2 of the
Quin patent inherently has an A(90) of not more than 00C, when

annealed under standard conditions" (paragraph 10).

With regard to the suggestion that Applicant needed to
reéognize the criticality of the limitation, this suggestion is
respectfully traversed. It is believed the law does not support
the contention. For example, in Kennecott and Nathan, cited
above, the claims were amended to include a limitation that was
not in the application as originally filed, but was inherent in
the application as filed. Similarly here, BApplicant is entitled
to include in his claims a claim limitation which is inherent in

the specification as filed.

A leading case on this issue is In re Voss, 194
U.S.P.Q. 267, 271-3 (CCPA 1977). In that case the CCPA held

that:

It is only required, for example, that the
specification describe the invention
sufficiently for those of ordinary skill in
the art to recognize that the Applicant
invented the subject matter he now claims.
The PTO has the initial burden of presenting
evidence or reasons why those skilled in the

art would not recognize in the specification

PC3\PTO\AMD\9438-3.AMD 8 Mar. 9, 1995
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a description of the invention defined by the

present claims. (citations omitted)

Applying this principle, the Court held that the Patent
Office improperly rejected claims under 35 U.S.C. § 112 even
though the expression "at least 50 percent" crystal content did
not appear in the parent application. The Court noted that the
application at issue incorporated by reference a discussion of
élass—ceramic materials from another patent application, and even
though that portion incorporated by reference did not include "at
least 50 percent," the Court concluded that the "at least 50
percent">limitation "merely quantifies the percent of

crystallinity one of ordinary skill in the art at that time would

have attributed to the term ’glass-ceramic material’" (emphasis

original) .

Likewise, here, we have the necessary information
incorporated by reference. Moreover, Dr. Harrison, in his

accompanying declaration, concludes:

A person of ordinary skill in the art, by
reading the above-identified patent
application, will recognize that the
preferred shape memory alloy for use in at
least some medical devices according to the
present invention has an A(90) of not more

than 0oC.

PC3\PTO\AMD\9438~3 .AMD 9 Mar. 9, 1995
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Thus, based on Voss, the claims submitted are supported by the

specification and should be allowed.

The Examiner’s attention is also directed to the
decision of the Patent and Trademark Office Board of Appeals in

Ex Parte Curxre, 215 U.S.P.Q. 567 (1982), which likewise is

factually similar to the present application. In Cure, the
claims at issued included a limitation "said shield being
constructed of a metal which melts at 2800°F," but there was no
disclosure in the application of that limitation. The only
disclosure was that the shield could be made with low carbon
steel. The Board concluded that based on the disclosure of low
carbon steel, one having ordinary skill in the art would have
understood that "other metals having a melting point less than
2800°F are suitable for use as shield wmaterials in Appellant’s
invention." The Examiner should note that claims in Cure were
not limited just to low carbon steel having such a melting point,

but any metal.

Likewise here, as stated by Dr. Harrison, "one of
ordinary skill in the art from the disclosure will recognize that
the preferred shape memory alloy for use in at least in some
medical devices claimed in the present invention has an A(90) of
not more than 0°C." Accordingly, the rejection under 35 U.S.C. §

112 should be withdrawn in view of Cure.

PC3\PTO\AMD\9438-3.AMD 10 Mar. 9, 1995
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CONDITIONAL NOTICE OF APPEAT,

» Accompanying this amendment is a conditional notice of
appeal which should be entered in case the amendment does not

place this application in condition for allowance.

‘CONCLUSION
In view of the foregoing remarks, allowance of all the
claims is respectfully réQuested.
Respectfully submitted,

SHELDON & MAK

2/l oy Wy M

Date Je é& G. Sheldon
Reg. No. 27,953

225 South Lake Avenue, 9th Floor
‘Pasadena, California 91101
(818) 796-4000

 HERERN CERTIEY THAT THIS CORRESFONDENCE
IS BENG DEFOSITED WITH THE G S SOeTAL
SERVICE AS FIRST CLASS MAIL IN AN EWvELOSE
ADDRESSED TO: COMMISSIONER OF PATENTS AND
TRADEMARKS, WASHINGTON, D. C. 20231 ON

Llarch 4 (99
k3- 7-98 - :
EKDAIE SIGNED) ...
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In re appllcatlon of: Group Art Unit: 3301

JAMES E. JERVIS Examiner: KENEALY, D

Office Action Mailed:
Filed: October 2, 1992 10/31/94
For: MEDICAL DEVICES INCORPORATING

)
)
)
. )
Serial No. 07/956,653 ;
)
)
)
SIM ALLOY ELEMENTS )

Pasadena, Califormnia

HEREBY CERTIFY THAT THIS CORRESPONDENC
CONDITIONAL NOTICE OF APPEAls peing DEPOSTED WITH THE U. S. PQSTS

SERVICE AS FIRST CLASS MAIL IN AN ENVELOF

Honorable Commissioner of ADDRESSED TO: COMMISSIONER OF FATENTS AN
Patents and Trademarks TRADEMARKS, WASHINGTON! D. C. 20231 C
Washington, D. C. 20231 Hlarh 9, 1295
Sir: 3-7-%" W
. (DATE SIGNED)

Applicant conditionéliy appeals from the final
rejeétion of October 31, 1994, rejecting claims 1-64.

This appeal should be entered only if the accompanying
amendment does not place this application in condition for
allowanée.

Please charge the requisite $280 (Large Entity) fee ﬁé
our Deposit Account No. 19-2090 if this Notice of Appeal is
entered.

The Commissioner is hereby authorized to charge payment
of any additional fees associated with this communication or
credit any overpayment to Deposit Account No. 19-2090.

Respectfully submitted,

3 Jple~ | Dy

Date Jekfrey G. Sheldon
Reg. No.: 27,953

SHELDON & MAK

225 South Lake Avenue, 9th Floor
Pasadena, California 91101

(818) 796-4000

 MM11396  04/04/95 07954453 19-2090 110 119 280.00CH
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iN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: ) Group Art Unit: 3301
)
JAMES E. JERVIS )} Examiner: KENEALY, D
)
Serial No. 07/956,653 )
) Office Action Mailed:
Filed: October 2, 19592 ) 10/31/94
) .
For: MEDICAL DEVICES INCORPORATING )
SIM ALLOY ELEMENTS %I ) Pasadena, Califiprnia
. [ Y
S

TERMINAL DISCLATMER nr~pEiVED)
Honorable Commissioner of APR 4. 1995

Patents and Trademarks
Washington, D. C. 20231

GROUP 330
Sir: Ei] e

I, Herbert G. Burkard, residing at 256 Prior Lane,
‘htherton, Califorﬁia“84027} represepp that I am Corporate Counsel
and Assistant Secretary of Raychem Corﬁoiation, a corporation
having its principal place of business at 300 Constitution Drive,
Menlo Park, California 94025, and that Raychem Corporation is the
assignee of the entire right, title and interest to Application
Serial No. 07/956,653, filed:October 2, 1992, for a method for
inserting medical devices incorporating SIM alloy elements.

I, on behalf of Raychem Corporation, hereby disclaim
the terminal part of any patent granted on the above-identified
application, which would extend beyond the expiration date of the
full statutory term defined in 35 U.S.C. 154 to 156 and 173 as
shortened by any terminal disclaimer filed prior to U.S. Patent
No. 4,665,906, issued May 19, 1987, and hereby agree that any
patent so granted on the above-identified application shall be
enforceable only for and during such period that the legal title

0%0 BA 03/27/95 07954453
07956653

1 148 11¢.60 LK
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to said patent be the same as the legal title to the above
referenced patent, this agreement to run with any patent granted
on the above-identified application and to be binding upon the
grantee, its successors or assigns. |

In making the above disclaimer, petitioner does not
disclaim the terminal part of any patent granted on the present
application that would extend to the expiration date of the full
statutory term as defined in 35 U.S.C. 154 to 156 and 173, as
presently shortened by any terminal disclaimer, of the above-
listed application in the event that it later: expires fpr
failure to pay a maintenance fee, is held unenforceable, is found
invalid by a court of competent jurisdiction, is statutorily
‘disclaimed in whole or terminally disclaimed under 37 CFR 1.321,
Has all claims cancelled by a reexamination certificate, is
reissued, or is otherwise terminated prior to the expiration of
its full statutory term as presently shortened by any terminal
disclaimer filed prior to the grant of the patent.

The undersigned has reviewed all the evidentiary
documents accompanying or referred to in the instant Terminal
Disclaimer and it is certified to the best of the undersigned’s
knowledge and belief, title is in the assignee identified above.

The undersigned (whose title is supplied below) is
empowered to act on behalf of the assignee.

I hereby declare that all statements made herein of my,
own knowledge are true and that all statements made on
information and belief are believed to be true; and further that

these statements were made with the knowledge that willful false

WP52\PC3\TEMP\9438TERM. DIS 2 Feb. 22, 1995
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statements and the like so made are punishable by find or
imprisonment, or both, under Section 1001 of Title 18 of the
United Stétes Code and that such willful false statements may
jeopardize the validity of the application or any patent issued

thereon.

The fee of $110 required by 37 C.F.R. § 1.20(d) is
submitted herewith.
Respectfully submitted,

RAYCHEM CORPORATION

%Mwa [ W @ﬁ%/

Daté Herbert G. Burkard
Assgistant Secretary

I HEREBY CERTIFY THAT THIS CORRESPONDE?7E
IS BEING DEPOSITED WITH THE U. 8. POSTAL
SERVICE AS FIRST CLASS MAIL iN AN ENVELOFY
ADDRESSED TO: COMMISSIONER OF PATEMTS AND
TRADEMARKS, WASHINGTON, D. C. 20231 ON

arch 9., /9 76/“%

{DATE SIGNED)

WP52\PC3\TEMP\9438TERM. DIS 3 Feb. 22, 19385
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UNITED STATES uxPARTMENT OF COMMERCE

Patent and Trademark Office .

Address: COMMISSIONER OF PA_TENTS_.AND TRADEMARKS
Washington, D.C. 20231 /

SERIAL NUMBER | _FILING DATE FIRST NAMED APPLICANT | ATTORNEY DOCKET NO.
R o - . 2432
AT ADEL LS 100 R JERVIS J 436
O FAREE £

VEMELLY - B aAMmINER

F2M1 /06426

JEFFREY G&. SHELDON . _ e
SHELDON & Ak ART UNIT | PAPER NUMBER™
z2m &, LAKE AVENUE - 9TH FLOOR a3 2 ‘\- :
PASARENA. CTA 21103 330
DATE MAILED: 04726795

Below Is a communlcation from the EXAMINER In charge of this application
COMMISSIONER OF PATENTS AND TRADEMARKS

ADVISORY ACTION
[{THE PERIOD FOR RESPONSE:
a) g is extended to run _;‘L_"f‘i_ orconinuestorun_______ from the date of the final rejection

b) [ expires three months from the date of the final rejecﬁén or as of the mailing date of this Advisory Action, whicheveris later. In no
event however, will the statutory period for the response expire later than six months from the date of the final rejection.

Any extension of time must be obtained by filing a petition under 37 CFR 1.136(a), the proposed response and the appropriate fee.
The date on which the response, the petition , and the fee have been filed is the date of the response and also the date for the
purposes of determining the period of extension and the corresponding amount of the fee. Any extension fee pursuant to 37 CFR

. 1.17 will be calculated from the date of the originally set shortened statutory period for response or as set forth in b) above.

m/ Appellant's Brief is due in accordance with 37 CFR 1.192(a).

[j Applicant's response to the final rejection, filed % % 5 has been considered with the following effect, but it is not deemed
to place the application in condition for allowance: .

1. [} The proposed amendments to the claim and /or specification will not be entered and the final rejection stands because:

a.[] There is no convincing showing under 37 CFR 1.116(b) why the proposed amendment is necessary and was not earlier
presented.

b. ] They raise new issues that would require further consideration and/or search. {See Nota).
¢. [] They raise the issue of new matter. (See Note).

d.[[] They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for
appeal.

6. [] They present additional claims without cancelling a corresponding number of finally rejected claims.

NOTE:

2. [7] Newly proposed or amended claims would be allowed if submitted in a separately filed amendment cancelling ’
the non-allowable claims.

3. E/{ Upon the filing an appeal, the proposed amendment [Q{vill be entered {_] will not be entered and the status of the claims will
be as follows: hb
<5
Claims allowed: _S! '53,,- 58-Gn. ¥
Claims objected to: 24 ¥ %0-%1 ,"(3,‘{"“1 46
Claims rejected: _XXJA,J]TBT__,_M,._LM[,‘ 1 11 3 = 12 ("‘ 3/"”,‘* 31 50157/ b3
However;
[J Applicant's response has overcome the following rejection(s):

4. Ef The aﬁldavn exhil # or re quesl for reconsideration has been considered but does not overcome the rejection because
1/

5. D The affidavit or exhibit will not be considered because applicani has nof shown good and sufficent reasons why it was not earlier
presented.

[3 The proposed drawing correction [ ! has {1 has not been approved by the examiner.

§ & afnchment ROBERT A. HAFER

. SPE
ART UNIT 331

PTOL-303 (REV. 5-89)
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Serial No. 07/956653 -2-
Art Unit 3301

Attachment To Advisory Action

With regard to the rejection relating to the BA(90)
temperature,'examiner agrees that an A(90) temperature is inherent
to SIM materials. Like the -ceramic that inherently' has an
"equitaxed microstructure", SIM materials inherently have an A(90)
temperature. However, a specific value for the A(90) temperature
is not an inherent quality of all SIM materials. In fact, the
specific value for the A(90) temperature is exactly what applicant
bases patentability on. Therefore it is difficult to see how
applicant can argue that the specific value is inherent without
also conceding that the claim is obvious. Examiner concludes that
the O degree value for the A(90) temperature is new matter that is
unsupported in applicant’s original specification and wvalidly
rejected under 35 USC § 112 1st paragraph.

Examiner is hesitant to allow claim 19 despite applicant’s
arguments and explanations. The claim that the deVice be at "body
temperature" is still indefinite because different mammals have
different body temperétures. Does the material exhibit SIM
behavior at and below body temperature?

Finally, examiner also requests drawings to accompany the case
since applicant’s claim 19 requires structural entities to restrict
a wire.

Any inquiry concerning this communication or earlier

communications from the examiner should be directed to Exr. Kenealy
wggzj/telephone number is (703) 308-2680.

D&V1d Kenealy . //{ﬁ222;22;§i§%§;21/
4/24/95 i
/24! ROBERT A. HAFE
SPE

\ pgT UNIT 331
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S 9438\MP0OBE4-US?

~

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: ) Group Art Unit: 3301 —

JAMES E. JERVIS . g Examiner: KENEALY, D ;L
Filed: October 2, 1992 ; JUN 71995
For: MEDICAL DEVICES INCORPQRATING )

SIM ALLOY ELEMENTS . ) Pasadena, California
REQUEST FOR EXTENSION OF TIME TO FILE APPEAL BRIEF

Honorable Cornmissioner of
Patents and Trademarks
Washingron, D.C. 20231

Sir:
L Applicant requests an extension of time of one moénth to file an appeal brief in the
.  above-identified application. A Notice of Appeal had been previously filed on March 9, 1995.
The Examiner is authorized to charge the requisite fee of $110 to our Deposit Account
No. 19-2090.
Small Entity "Large” Entity
First Month After Time Period Set _ . *$ 55.00 $ 110.00
Second Month After Time Period Set 185.00 . 370.00
Third Month Afrer Time Period Set 435.00 870.00
Fourth Month After Time Period Set 680.00 1,360.00
If any additional extension of time is required, such extension is hereby requested. The
Commissioner 1Is hereby authorized to charge any additional fees which may be required, or credit
any overpayment, to Account No. 19-2090. ’
@L ) Rtspecrfnily submirted,
X0 N
o SHELDON & MAK
o

Vi

_She]dop, Reg. No. 27,953

g L/)/Z/’ By:

225 South Lake Street, Suite 900 b
Pasadena. California 91101 =2
(818) 7964000 (213) 681-5000

PC3\PTO\AYMD\ 3438 =5AR . EXT 1 Jun. 7, 1398
¥
D
P 3013§ »06/22/?5 07956653 19-2090 030 115 110.00CH
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DOCKET NO. 9438/MP0884-US7

INRE APPLICATfQ\Irﬁ]aE
"SERIAL NO.: 07/956,633°
FOR: MEDICAL DEVICES INCORPORATING SIM ALLOY ELEMENTS

FILED: October 2, 2992

HONORABLE COMMISSIONER OF Ji 14
PATENTS AND TRADEMARKS Q ’995
Washington, D.C. 20231 O s 3
300

Sir:

Transmitted herewith is a paper in the above-identified application. Any necessary extension of time period set for this paper is
hereby requested.

[1 No additional fee is required.
] The fee has been calculated as shown below:

[X] EXTENSION FEE

FIRST MONTH AFTER TIME PERIOD SET 110.00 55.00 $110
SECOND MONTH AFTER TIME PERIOD SET 360.00 180.00 $
THIRD MONTH AFTER TIME PERIOD SET 840.00 420.00 $
FOURTH MONTH AFTER TIME PERIOD SET 1,320.00 660.00 $ -

[X] TOTAL EXTENSION FEE 110.00

[1 FEE FOR EXTRA CLAIMS added by Amendment in this response:

Column 1

Column 2

Column 3

TOTAL CLAIMS MINUS ** ¥ = x 20 x10 | $
INDEPENDENT MINUS #*#* * = x 72 x36}) $
First presentation of multiple dependent claim + 220 +110} $

TOTAL FEE FOR EXTRA CLAIMS $

= If the entry in Column 1 js less than the entry of Column 2, write "0” in Column 3.
** If the number of Total Claims previously paid for is less than 20, write "20" in this space.
**% If the number of Independent Claims previously paid for is less than 3, write "3" in this space.

{1  Enclosed is the fee of § by Check No.

[X] Please charge Deposit Account No. 19-2090 in the amount of $110.00.

[X] The Commissioner is hereby authorized to charge payment of any additional fees, in particular the following
fees, associated with this communication, ox credit any overpayment to Deposit Account No. 19-2090:

Any filing fees under 37 C.F.R. § 1.16 for the presentation of extra c]alms
Any patent application processing fees under 37 C.F.R. § 1.17 ;

SHELDON & MAK

/208 By: Iy

. Yefftpy}fG./Sheldon, Reg. No.: 27,953

Date:

CERTIFICATION OF FACSIMILE TRANSMISSION: I hereby certify that this paper is being facsimile transmitted to
the Patent and Trademark Office on the date shown below.

Date Transmitted: June 7, 1995

Date Signed: June 7, 1995

'Ev

SHELDON & MAK.

225 SOUTH LAKE AVENUE, SUITE 300
PASADENA, CALIFORNIA 91101

{818) 796-4000 - Direct Line: (818) 356-1201

© mAslrmalasno mmae eum Tam 7w anac
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{ IN THE UNITED STATES

In re application of: )} Group Art Unit: 3301

JAMES E. JERVIS ; Examiner: KENEALY, D

Serial No. 07/956,653 ;

Filed: October 2, 1992 ; .

For: MEDICAL DEVICES ; %9@ ',-
INCORPORATING SIM ALLOY } - .
ELEMENTS } Pasadena, Callfo%ﬁ}ﬂ / 2"’ %

AMENDMENT CERTIFICATION OF FACSHYILE '!IRANSMISSION

| hereby. canify that thi per is being facsimile
transmitted to the Patent Office and Trademark
Office on the date shown below.

Honorable Commissioner of

Patents and Trademarks ﬂ?an‘/zn C. a;&
Washington, D. C. 20231 Type or print name of pefson SgHng
sir: M_ /2[5

In response to the Advisory Action of April 26, 1995,.

please amend the above-identified applica’éion as follows:

IN THE CLATMS

_—
‘Cancel claims 11-18, without prejudice. Applicant may

present these claims in a continuation application.

Please amend claim 19 as follows:

/
”1—9"1 (Fourth Amendment) A medical device which

\ comprises:

(a) an element for use within a [mammalian] human body

or in such proximity to a [mammalian] human body that the device

PC3\PTO\AMD\ 94385, AMD 1 Jun. 7, 1995

RT\}'
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LAY .
i

9428\MP0$SE-US?
is substantially at human body temperature, the element
comprising a shape memory alloy which displays a stress-induced
" martensite behavior at body temperature; and
. (b} a restraint holding the shape memory alloy eiement
in a deformed configuration at a temperatﬁre less than the body

temperature .of the [mammall human for positioning the shape

memory alloy element within or in proximity to [a mammalian] the

human body in its deformed configuration, the deformation

occurring through the formation of stress-induced martensite;

l Qﬁf\ , wherein the ghape memorv alloy element is sufficiently
deformed that when the shape memory alloy element is at human

body temperature removal of the restraint from the shape memory
[allow] allov element, without.change in temperature of the

device, releases at least a portion of the shape memoxry alloy

element from its deformed configuration.

REMARKS
Applicant wishes to thank the Examiner for the courtesy
shown to Applicant’s attormey, the undersigned, during a

telephone interview on May 16, 1995.

During the telephone interview, the amendments to claim

' 19 were discussed. The Examiner indicated that the amendments

made herein to claim 19 would obviate the rejections under 35

U.s.C. § 112.

PCI\PIO\AMD\ 9432 -5. 00D 2 Jun. 7, 1995

B
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A

o

9438\MP0884-US7
With regard to the claims that contain the "A(90)"
limitation, 2pplicant respectfully disagrees with the position of
the Patent Office. Nevertheless, to expedite issuance of this
application, the claims containing "A(90)" are cancelled by this

amendment, thereby obviating the rejection as to thosé claims.

In the Advisory Action, the Examiner requested drawings
to accompany the case. During the telephone interview, the
undersigned advised the Examiner of the filing of Figs. 3 and 4,

which are believed to meet the drawing requirements of 37 C.F.R.

Applicant wishes to advise the Examiner that claim 19-
is not restriéted to a wire. This comment is being made because
the Bxaminer refers to a wire in the Office Action. Claim 19
only refers to a "shape memory alloy element"™ and a "resgtraint”.
Although one oxr more of these elements may be a wire, the claim

does not so require.

In view of the amendments to the application and thé
above remarks, it is believed that this application is in
cpndition'fér allowance. Such allowance is respectfully
requested. Since Applicant’s appeal brief was due on May 9,
1995, it is unclear to Applicant whether an extension of time is
required for submitting this amendment. In an abundance of

caution, such an extension is hereby reguested, and an

PC3\ETOAMD\ 9438 -5 AMD 3 Jun. 7, 2395
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authorization to charge our Deposit Account 18-2090 for the
extension fee is included. If for some reason the extension is
not necessary, it is requested that the deposit account not be

charged.

Applicant wishes to advise the Examiner that Applicant
may file a continuation application that includes the "aA(90}"
claims, as well as a claim comparable to claim 19 that is not
limited to humans. Applicant respectfully disagrees with the
rejectiong for new matter and under § 112. However, to expedite
issuance of this patent, Applicant has agreea to amend the
application as indicated above.

Respectfully submitted,
SHELDON & MAK

L7/(7vq>ﬁ By: | Aékz

Date J ey G. Sheldon
Reg. No. 27,953

225 South Lake Avenue, Sth Floor
Pasadena, Califormia 91101
(818) 796-4000

PCI\PTOIDAS438-5 . A 4 ) Jun. 7, 1995
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

[ seriaL numBer |  FiLinG DATE | FIRST NAMED APPLICANT | ATrornEY DOCKET NO.
r - EXAMINER
ART UNIT ] PAPER NUMBER

DATE MAILED:

EXAMINER INTERVIEW SUMMARY RECORD

Al participants (applicant, applicant’s representative, PTO personnel):

m_ﬂﬁ_\éﬂ&fﬁwl&! @
2 Mﬂ SMHOV\ (4)
st imanion__(0[ 22 [AS

Type: E’aphonic [ Personal (copy is given to [ applicant [0 applicant’s representative).

Exhibit sh or d ation c 1 0O Yes No. IIf yes, brief description:

Agreement @{vas reached with respect to some or all of the claims in question. [ was not reached.

Claims discussed: __ A\

tdentification of prior art di d: K\\

Description of the general nature of what was agreed to if an agreement was reached, or any other comments: l Iﬂ£= Q:ﬂ a Gha
- A4 - . -
Gxammers  dmdb vl 0} lace. Case.. m{‘l_.\ ConN (&Lh\)’h S

g;j'[mmn b

%
H

(A fuller description, if necessary, and a copy of thg amendments, if available, which the examiner agreed would render the claims allowable must be
attached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must be attached.)

Unless the paragraphs below have been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION IS

NOT WAIVED AND MUST INCLQDE THE SUB_STANCE OF THE INTERVIEW (e.g., items 1—7 on the reverse side of this form). 1f a response to the
tast Office action has gh’eadv been filed, then applicant is given one month from this iljlterview date to provide a statement of thg substance of the interview.

1 1t is not necessary for applicant to provide a separate record of the substance of the interview.

[ Since the examiner’s interview summary above (i_ncludipg any attachments) reflects a complete response to each of the objections, rejections and
requirements that may be present in the last Office action, and since the claims are now allowable, this completed form is considered to fulfill the
response requirements of the last Office action.

. e ) f :
PTOL-413 (REV. 1-84) iners s‘“"‘u

ORIGINAL FOR INSERTION 'IN RIGHT HAND FLAP OF FILE WRAPPER
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Patent and Trademark Office

()
%

m " UNITED STATES DEPARTMENT OF COMMERCE
g

4 ‘Address: COMMISSIONER OF PATENTS AND TRADEMARKS

Srares of . Washington, D.C. 20231
[ SERIAL NUMBER l FILING DATE r ... ,FIRST NAMED APPLICANT 1 LATT@J};@_\;:;)OCKET NO. l
WF7oon T8 ARV IS

EERESLY . Ir

Faml/a70é L EXAMINER
JEFFREY SHEL T
HEL L Rlaie -
= oS, LAKE AVENLE - 9TH FLOOR L ART UNIT.. L CAPCR NUMEER
PASADEMA, CA Fliot Bam ey
7 43

DATE MAILED:

NOTICE 0F>ALLOWABILITY

PART L n ‘F
1. E/ns communication is responsive to _W %Zz ’(F

2, All the claims being allowable, PROSECUTION ON THE MERITS IS {OR REMAINS) CLOSED in this application. i not lncluded
- herewith {or previously mailed), a-Notice Of Allowance And Issue Fee Due or other appropriate communication will be sent in due
ourse. . —
3. I?/Theallowedclaims are \q ’3(01 qL ‘-‘4-—- 561 55-—(’%
4. O The drawings filed on are acceptable.
5. [J Acknowledgment is made of the claim for priority under 35 U.S.C. 119. The certified copy has [-) been received. [_] not been
received. {_} been filed in parent application Serial No. filed on

6. B’No(e the attached Examiner’s Amendment.
7. @/Nole the attached Examiner Interview Summary Record, PTOL-413.
8. OO Note the attached Examiner’s Statement of Reasons for Allowance.
9. O -Note the attached NOTICE OF REFERENCES CITED, PTO-892.
10. O Note the attached INFORMATION DISCLOSURE CITATION, PTO-1449.

PART .

A SHORTENED STATUTORY PERIOD.FOR RESPONSE to comply with the requirements noted below is set to EXPIRE THREE MONTHS
FROM THE "DATE MAILED" indicated on this form. Failure to timely comply will result in the ABANDONMENT of this application.
Extensions of time may be obtained under the provisions of 37 CFR 1. 136(a).

1. O Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-152, which discloses that the oath
r declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED.
2. APPLICANT MUST MAKE THE DRAWING CHANGES INDICATED BELOW W THE MANNER SET FORTH ON THE REVERSE SIDE
OF, THIS PAPER.
Q/Drawmg informatities are indicated on the NOTICE RE PATENT DRAWINGS, PT0O-948. attached hereto or to Paper No.
. CORRECTION IS REQUIRED.

b. 3 The proposed drawing correction filed on has been approved by the examiner. CORRECTION IS
REQUIRED.

c. [ Approved drawing corrections are described by the examiner in the attached EXAMINER'S AMENDMENT. CORRECTION IS
REQUIRED.

d. 67 Formal drawings are now REQUIRED.

Any. response to this letter should include in -the upper right hand corner, the following information from the NOTICE OF ALLOWANCE
AND ISSUE FEE DUE: ISSUE BATCH NUMBER, DATE OF THE NOTICE OF ALLOWANCE, AND SERIAL NUMBER.

tachments:
ifxaminer's Amendment — Notice ot Informal Application, PTQ-152
Y Examiner Interview Summary Aecord. PTOL- 413 — Notice re Patent Drawings. PT0-948
— Reasons for Allowance - Listing of Bonded Drattsmen
~ Notice of Relerences Cited. PT0O-892 : — Other

— Information Disclosure Citation. PTO- 1449

ROBERT A, HAFE
SPE
ART UNIT 331

PYOL-37 (REV. 4-89; » USCOMM-DC 89-3789
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Serial No. 956653 -2~

Art Unit 3301

An Examiner’s Amendment to the record appears below. Should
the changes and/or additions be unacceptable to applicant, an
amendment may be filed as provided by 37 C.F.R. § 1.312. To
ensure consideration of such an amendment, it MUST be submitted
no later than the payment of the Issue Fee.

Authofization for this Examiner’s Amendment was given in a
telephone interviéw with Mr. Sheldon on 6/26/95. |

The following changes have been made to the claims:

Claim 277//£€/iine 3 of subparagraph b), the phrase "the mammal”
has been deleted and replaced with the phrase "a human".
At‘izge 10 of subparagraph b), the term "mammalian"
has been deleted and replaced with the term "human".
Claim 28+ At line 3 of subparagraph a), the term "human" has
been inserted in bekween the term "about" and the term “"body".
At lihe 5 of subparagraph b), the term "mammal" has
been deleted and replaced with the term "human".
Claim 33: At line 2 the term "mammalian" has been deleted and
replaced with the term "human".
At line 5 the term "human" has been inserted in
between the term "about" and the term "body"“.
Claim 35? At line 1 the term “mammalian® has been deleted and
replaced with the term Jthuman".
At line 5/€;; term "human" has been inserted in

between the term "about" and the term "body".
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Art Unit 3301

Claimg 37-40 gnd/43: Have been cancelled.

Claim 54:;;§if/been cancelled.
Claim 58: 7 At line 1 the term "mammalian®" has been deleted and

replaced with the term "human".

At lirne 5 the term "human" has been inserted in
between the term "about" and the term "body".
Claim 59+ At line 1 of subparagraph a), the term "mammalian" has
been deleted and replaced with the term "human".

At liﬁe 2 of subparagraph a), the term "mammalian" has

been deleted and replaced with the term "human“.

N~ At line 4 of subparagraph a), the term "human" has av e
. . x "4/13/‘—73\
. been inserted in between the term "abksut'" and the term "body". e
X Zon ;17(_‘ ;)9):(
At 1ine 4 of subparagraph b), the term "mammalian" has S;;(
' Roedte,

been deleted and replaced with the term "human'.
—

Claim 60: At line 2 the term "mammalian' has been deleted and
replaced with the term "human".

At 1line”5 the term "human" has been inserted in
" between the term "about” and the term "body" .

At line 12 the term "mammal" has been deleted and
replaced with the term "human".

At 1i62/i5 the term "wammalian" has been deleted and
replaced with the term "human".
Claim 62: ‘At line 2 the term "mammalian" has been deleted and

replaced with the term "human".
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Art Unit 3301

At line 5 e term "human" has been inserted in
between the term "about" and the term "body".

At line 12 thé~term "mammal" has been deleted and
replaced with the term "human".

At lin?/ié/the’fggm "mammalian" has been deleted and

replaced with the term "human”.

Any inquiry concerning this communication or earlier
communications from the examiner should be directed to David
Kenealy whose telephone number is (703) 308-2680.

WS

David J. Kenealy
June 28, 1995

7 "ROBERT A HAF
SPE

ART UNIT 331

Edwards Exhibit 1033, p. 275



f. : l 7 ‘%

UNITED STATES: JEPAR'F%ENT OF COMMERCE

f"w‘\% Patent and Trademark Office o
% % f’ Address: Box ISSUE FEE

COMMISSIONER OF FATENT S AND TRADEMARKS
Washington, D.C. 20231

: FEML A7
JEFFREY G. SHELDON
i SHELDON & MAk ; NOTICE OF ALLOWANCE )
275 S. LAKE AVERDE - STH FLOOR AND ISSUE FEE DUE '
: FaS@bDERS . O 1103
'z [ Note attached communication from the Examiner
.. [J This notice s issued in view of applicants communication filed
__SERIESCODE/SERIALNO. | FILNGDATE | TOTALCLAMS | EXAMINER AND GROUP ART UNIT |  oaremateo
:‘; . W LS LY A e § L S Rl T NIl XL i e e 2 Y-
L e AR VoL : ALY S 72 B
| Applicant o o
: - —F TS Sk S 1} T
; TIMLEOF
.} INVENTION .
e MEGICAL DEVICES IpORPORATING SIM QLLOY ELEMENMTS

" ArTvs pocker No. FEE DUE " DATE DUE

[cass-susciass | satchno. [ appntvPe | smawenty |

P e SRe LS A VRN (A Therd [3Tw] ARk ) E I SR« s
e e Pt + -t ke

ok

|.THE APPLICATION IDENTIFIES ABOVE HAS BEEN EXAMINED.AND IS ALLOWED FOR ISSUANCE AS A PATENT.
'\ PROSECUTION ON THE MERITS IS CLOSED.

f.."_ . HE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE OR.THIS
 APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD CANNOT BE EXTENDED.

-\ HOW TO RESPOND TO THIS NOTICE:

. Review the SMALL ENTITY: Status shown above.
~f the: SMALL ENTITY is'shown as YES verify your
current SMALL ENT ITY status :

If the SMALL ENTITY is shown as NO:
A. Pay FEE DUE shown above, or
B. File verified statement of Small Entity Status befote or with,

pay of 1/2 the FEE DUE shown above
A. If the status is changed pay tW|ce the amount of the

'FEE DUE shown above and notify the patent and
Trademark Office of the change'in status, or o it
-B. if the Status is the same, pay the FEE DUE shown C
above.

i. Part B of. th|s notice should be completed and returned to the Patent ahd Trademark Office {(PTO) with your ISSUE FEE. -
" Even if the: ISSUE FEE has already been paid by charge to deposit account, Part B should be campleted and retumned. .
I you are charging the ISSUE FEE te your deposit account, Part-C of this notice should also be completed and returned.

Il All. communications regarding this application must give series-code (or filirig date), serial number and batch number
Please direct all communication prior fo issuance to Box ISSUE FEE unless advised to contrary. .

lMPORTANT REMINDER. Patents issuing on appilications filed on or after Dec. 12, 1980 ‘may require payment of

.maintenance fees. It Is patentee’s responsibility to ensure timely payment of maintenance
fees when due.

PATENT AND TRADEMARK OFFICE COPY
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§ %
N @ 7 | UNITED STATES DEPARTMENT OF COMMERCE
G,’) q"’ é" Patent and Trademark Office
R 1 Address: COMMISSIONER OF PATENTS AND TRADEMARKS.
res Washington, D.C. 20231
{ SERIAL NUMBER l FILING DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NO. —l
[ EXAMINER ]

| ARTUNIT |  PAPER NUMBER |

ng

DATE MAILED:

SvPPLEMENTAL.
NOTICE OF ALLOWABILITY

PART I
1. (O This communication is responsive to
2. Q/;«I\ the claims being aliowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. if not included
herewith (or previousty mailed), a Notice Ot Allowance And Issue Fee Due or other appropriate -communication will be sent in due

3. M(T:::r:'owed claims are lq —3 él Lﬂ,‘ 4 3f~§ SFSSL&‘

4. O The drawings filed on are acceptable.

5.0 Acknowledgment is made of.the claim for priority. under 35 U.S.C. 119. The certified copy has [_) been received. [_] not been
received. [} been filed in parent application Serial No. filed on

6.?&10(& the attached Examiner's Amendment.

7. ote the attached Examiner Interview Summary Record, PTOL-413.

8. [1 Note the attached Examiner's Statement of Reasons for Allowance.
9. O3 Note the attached NOTICE OF REFERENCES CITED, PTO-892.
10. VNote the attached INFORMATION DISCLOSURE CITATION, PTO-1449. *r

PART II.

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requiremeénts noted below is set to- EXPIRE THREE MONTHS
.FROM THE “DATE MAILED" indicated on this -form. Failure to timely comply will result in the- ABANDONMENT of this application.
Extensions of time may be obtained under the provisions of 37 CFR 1.136(a).

1. O Note the attached EXAMINER'S AMENDMENT or-NOTICE-OF INFORMAL APPLICATION, PTO-152, which discloses that the oath
r declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED.
2. APPLICANT MUST MAKE THE DRAWING CHANGES INDICATED BELOW IN THE MANNER SET FORTH ON THE ‘REVERSE-SIDE -

OF JHIS PAPER.
a. Drawing informalities are indicated on the NOTICE' RE PATENT DRAWINGS, PTO-948, attached hereto or to Paper No.
. CORRECTION IS BREQUIRED.

b. O The proposed drawing correction filed on has 'been‘approved:- by the examiner. CORRECTION IS .
REQUIRED.

- .13 Approved drawing corrections are described -by .the examiner in the attached EXAMINER'S AMENDMENT. CORRECTION IS .
QUIRED.

d. ‘84" Formal drawings are now REQUIRED.

Any:response: 1o this letter-should include .in the. upper: right. hand corner, the following information from the NOTICE OF ALLOWANCE T
AND 1SSUE FEE DUE: ISSUE BATCH.NUMBER,-DATE OF THE NOTICE OF ALLOWANCE, AND SERIAL NUMBER:

. Attachments: .
Examiner’s Amendment - — Notice of Informal Application, PTO-152

: - Examiner. Interview Summary Record, PTOL- 413 -~ '+ _ Notice re Patent.Drawings, PTO-948
— Reasons tor Allowance . . — Listing of Bonded Drattsmen
- Notice of References Cited. PTQ-892 — Other .

-Intormation Disclosure Gitation. PTO-‘M@Q

* any televence citahons Hiaf d ne date ’
varked.  have feen cmsced ovF avd  have ret-
boen congidered .

USCOMM-DC 89-3789

PTOL-37 (REV.4-89) *
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- Date:

¢« B

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

n re application of Group No.: 27,953

James E. Jervis Examiner: Kenealy, D.

Serial No.: 07/956,653

)
)
)
)
3
) Batch No. N17

Filed: October 2, 1992

For: MEDICAL DEVICES INCORPORATING SIM ALLOY ELEMENTS

TRANSMITTAL OF FORMAL DRAWINGS
_Patént-and Trademark Office
Washington, D.C. ~ 20231
Attention: Official Draftsman
Dear Sir:

Please find (2) sheets of formal drawing(s) for this
application. Each sheet of drawing indicates the serial number
and Group Art Unit on the reverse side of the drawing.

Respectfully submitted,
SHELDON & MAK, INC.

3

q& G. Sheldon
No. 27,953

?[! y (57

SHELDON & MAK

225 South Lake Avenue

9th Floor

Pasadena, California 91101
(818) 796-4000

CERTIFICATE OF MAILING: 1 hereby certify that this paper is being deposited with the U.S. Postal Service
as First Class Mail in an envelope addressed to:

Box ISSUE FEE
Commissioner of Patents and Trademarks, Washington, D.C. 20231

Date signed: %/ [ (-) / (15

93/john/ptltss/9000/9438fd.tm
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;' ’ PART B—ISSUE FEE TRANSMIT: AL

|
MA)LING INSYTRUCTIONS: This form should be us. 4 for transmitting the ISSUE FEE. Blocks 2 through 6 should be compieted where appropn%
All furt™-. ¢, ., ispondence including the Issue Fee Receipt, the Patent, advance orders and notification of maintenance fees will be mailed to addressee
enter_u in Block 1 uniess you direct otherwise, by: (a) specifying a new correspondence address in Block 3 below; or (b) providing the PTO with a separate
“FEE ADDRESS" for maintenance fee notifications with the payment of issue Fee or thereafter. See reverse for Certificate of Mailing.

/° JYD LD
/a’b £

&;2'\

1. CORRESPONDENCE ADDRESS

2. INVENTOR(S) ADDRESS CHANGE (Compilete only if there is a change) \

INVENTOR'S NAME

suvotAdtesa N -

City, State and ZIP Code

CO-INVENTOR'S NAME

Street Address

City, State and ZIP Code

Ucr:eckufaddinonalehangesmonrwerseslde

SERIES CODE/SERIAL NO. |

FILNADATE | TOTALCLAMS | Examiner anp Group ART UNIT 1 DATE MAILED
£ IR A Lol A=t LA BEREAL Y T Yok 7 sns s
Firat Named ’
Wm oo T T eATTT T
o B AR - —
IRPORAT ING IF ALLDY EBELEMERNTS
| arrvspockerno CLASS-SUBCLASS | BATCHNO. | APPLN.TYPE | SMAWENTTY | - FEEDUE | DATE DUE
'\ 5 ENE-NZE. 01 WiZ T ‘.1 R AN | SN & Ik | fi. Qi1 AR CVA Th
| ’
?iaconmadenee . hange (Complete only if there is a change) 4. For printing on the patent front
B . page, fist the names of notmorethan ~ 1_Jeffrey G. Sheldon
_i_ 3mﬁseemd patent attomeys or agents
.‘ e e op e od™ 5 SHELDON & MAK, INC.
B b auomeyotagem. if no name s fisted,
i no name will be printed. ‘
' 3
; KV | 4
X 080 UM 0B/28/95 0795463F " - ‘1 142 17210.00 CK
. 080 UM 08/‘2.’8/°5 07°566 3 1 541 U ROL00 CK-
EASSMTOATATOBEFBINTEDON““EPATENTWmW)
(Y NAME OF ASSIGNEE: . L check #5968 for §1,240.
Raychem Corporatlon e ‘ ea.mmmmmmmdosod: .
W(ﬁﬂ&ﬂﬂidﬂmﬂ T % tasuo Foe K] Advance Order - ldCoples 10
; Menlo Park, California

6b. mmmmumwn

"A ] This appiication is NOT assigned.
DWVMMMMPM“WTM%

Dwummmdm«sapamm Assignments should be ‘

mmmmwhmhws Mmmmwmmm ¢ ture)

mm

PTOL-85B (REV. 4-04) (0851-0033)

DEPOSIT ACCOUNT NUMBER 19—2090
{(ENCLOSE PART C)

[ tssue Fee [0 Advance Order - & of Copies
ClAny D in Feos

The COMMISSIONER OF PATENTS AND TRADEMARKS Is
memmebﬂwmphmuuﬁﬁdm

,,..‘f’“"7'faz'_m’_

not be accepted from anyone other than the
a amammmmm
hum:;umbymmusdmmmwn-mmom

NOTE;

TRANSMIT THIS FORM. WITH FEE-CERTIFICATE OF MAILING OF REVERSE
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Certificate of Mailing R

I hereby certify that this correspondence is being deposited with the United States Postal "
Service with sufficient postage as first class mail in an envelope addressed to:

Box ISSUE FEE -
Commissioner of Patents and Trademarks
Washington, D.C. 20231

o @@Z& /Y 1995
S i o ¢ (Date)

Tolaa (A0S

(Name of person making deposit)

yEA /%

(Signéture)

7/4/95

(Date)

Note: If this certificate of mailing is used, it can only be used to transmit the Issue Fee.
This certificate cannot be used for-any other accompanying papers. Each additional
paper, such as an assignment or formal drawing, must have its own certificate of mailing.

“Burdén Hour Statemerit: This form is estimated fo, take .2 hours fo complete. Time will =~
vary depending upon the needs:of theindividual cagse. Any comments on:the:amount:of
time you are required to complete this form should be sent to the Office of Information:
Systems, Patent and Trademark Office, Washington, D.C. 20231, and to the Office of
Information and Regulatory Affairs, Office of Management and Budget, (Project 0651+ - 7 '~

0033), Washington, D.C. 20503. DO NOT SEND FEES OR COMPLETED FORMSTO -

~ THIS ADDRESS:" SEND TO: Commlssmner of Patents and Trademarks,-Box Issue Fee

Washmgton, DC 20231 -

REVERSE PTOL85B (REV. 4-94) (0651-0033)
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PTO UTILITY GRANT
Paper Number___ ¢ L ? ;

The Commissioner of Patents
and Trademarks

Has received an application for a patent
Jor a new and useful invention. The title
and description of the invention are en-
closed. The requirements of law have
been complied with, and it has been de-
termined that a patent on the invention o
shall be granted under the law. .

Therefore, this

United States Patent

Grants fo the person or persons having
title to this patent the right to exclude
others from making, using or selling the
invention throughout the United States
of America for the term of seventeen
years from the date of this patent, sub-
Ject to the payment of maintenance fees
as provided by law.

Boce Tedma

Commissioner of Patents and Trademarks
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE /ﬁ |

In re the Application of: ) Group Art Unit: 3301
)

JAMES E. JERVIS ) Examiner: Kenealy, D.
)

Serial No. 07/956,653 )  Raychem Corporation
) 300 Constitution Drive

Filed: Otober 2, 1992 ) Menlo Park, CA 94025
) -

For: MEDICAL DEVICES ) February 1, 1996

INCORPORATING SIM ALLOY

ELEMENTS

P R TO INSPECT MAKE COPIE

Honorable Assistant Commissioner for Patents
Washington, D.C. 20231

Sir: .
This communication gives Shonda Reed-Baten and Jennifer Harris of Barbara Harris &
Associates the right to inspect and make copies of our patent application, titled Medical Devices

Incorporating Sim Alloy Elements, U.S. Serial No. 07/956,653, filed October 2, 1992.

If you have any questions or concerns, please feel free to call the undersigned at (415)
361-3338.

Respectfully submitted,

Herbert G. Burkard hot {@

Registration No. 24,500 »
PROUESSED BY

Tel. No. (415) 361-3338
FEB PR AR

FiU
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Application or Docket Number \
PATENT APPLICATION FEE BETERMINATION RECORD s CJCD C@% !
“ Effective October 1, 1992 _ z AL D
CLAIMS AS FILED - PART | OTHER THAN
SMALL ENTITY .
(Column 1) (Column 2) L ENTI OR SMALL ENTITY
F " | NUMBER FILED l N;J\r\?%ER EXTRA RATE | FEE RATE | FEE
D O[PS U N O mloAE~
BASIC FEE $710.00
TOTAL CLAIMS minus 20 = * X$1 1=
INDEPENDENT CLAIMS / minus 3= | * x 37= OR} x 74=
EULTIPLE DEPENDENT CLAIM PRESENT +115= OR] +230=
- {f the difference in column 1 is less then zero, enter "0" in column 2 TOTAL OR TOTAL 7 | [9) N
] ' OTHERFHER 2. :
CLAIMS AS AMENDED - PART Il SMALL ENTITY OR :
(Column 1) (Column 2) {Column 3) SMA |
< CLAIMS HIGHEST ADDI- ADDI-
REMAINING NUMBER PRESENT RATE | TIONAL
e AFTER PREVIOUSLY | EXTRA FEE RATE "gg’é"
N AMENDMENT PAID FOR
=S
Q ] Total Minus ** = x$11= OR x$22= 1
E * I . OR i
= ]Independent Minus = x 37= OR X 74= J
<L
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM +115= OR +230=
TOTAL OR TOTAL
(Column 1) (Column 2) (Column 3) ADDIT. FEE ADDIT. FEE | 1
" > ’
o OLAIMS | HIGHEST ADDI- ADDI-
- REMAINING NUMBEHR PRESENT RATE | TIONAL RATE |TIONAL
2 AFTER PREVIOUSLY EXTRA FEE FEE
|:_|§_| AMEND‘MB\IH PAID FOR
* 4 .
0 | Total _ 1{‘ L’{’ Minus w = ! x$11= OR x$22= 9\ 9\
l%pv 0-92) * ‘ LT OR ’
= |independent 0‘ Minus % = x37= oR X 74= '7 g
< M . ot H
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM +115= or|+230= | — °
TOTAL OR TOTAL g @
(Column 1) (Column 2) (Column 3) ADDIT. FEE ADDIT. FEE | =
CLAIMS HIGHEST ADDI- ADDE -
N4 RE\%EJF"NG NUMBER PRESENT RATE | TIONAL RATE |TIONAL ©
> PREVIOUSLY EXTRA FEE FEE
Lé" AMENP}\_A_.ENT PADFOR, | _ £
L 1 :
8t [P [uns [~ NN TS x$11= OR vg22- ﬁ
! ﬁ * ) D Mi *kk / 37 OR 74 7 //
= {lIndependent inus —CL = x 37= X 74= g
< ) OR ]
b FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM +115= OR +230= | —-—
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. TOTAL OR TOTA
** If the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20". ADDIT. FEE ADDIT. F
*** [f the “Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter “3".

e "Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in cofum
. ({ q /[ pasent md)a‘}aél\%; us. DEPAI}'I%LEy
L i G ’
1) d oy -~ &
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70 FORM 948 - U.S. DEPARTMENT OF COMMERCE [ATTACHMENT 10 PAPER NUMBER
(REV. 7-92) Patent and Trademark Office .

T Bllb >

NOTICE OF DRAFTSPERSON’S PATENT DRAWING REVIEW

THE PTO DRAFTSMEN REVIEW ALL ORIGINALLY FILED DRAWINGS REGARDLESS
OF WHETHER THEY WERE DESIGNATED AS INFORMAL OR FORMAL. ADDITIONALLY, THE PATENT
EXAMINER WILL ALSO REVIEW THE DRAWINGS FOR COMPLIANCE WITH THE REGULATIONS.

The drawings filed I D lg\\ q;)e

A [ ae approved by the draftsperson.

B. are objected to by the draftsperson under 37 CFR 1.84 for the reason(s) checked below. The examiner will require
ission of new, corrected drawings at the appropriate time. Corrected drawings must be submitted according to the
instructions listed on the back of this Notice.

1. Paper and ink. 37 CFR 1.84(a) 5. Hatching and Shading. 37 CFR 1.84(d)
D Sheet(s)_Poor. I:I Shade Lines are Required.
2.-Size of Shget-afid Margins. 37 CFR 1.84(h) Fig(s)
A ) aper Sizes and Margins [[] criss-Cross Hatching Not Allowed.
Paper Size Fig(s)
[ 81ty 812by DIN size A4
Magif | t4inches | \13inches | 21by297cm. [C] Double Line Hatching Not Altowed.
Top \ | 2inches | Jtinch 250m. Fig(s)
tet \| 1ainh | Jiinen 25 cm. [T] Parts in Section Must be Hatched.
Rght Y t4inch |/ 1inch 15¢m. Fig(s)
Boft 1/4 inch 1/4inch 10cm.
on [\ /] - 6. Reference Characters. 37 CFR 1.84(f)

Proper Size Paper Required. Reference Characters Poor or Incorrectly Sized.
All Sheets Must be Same Size. ia(s) )\
Sheet(s) T

[T Reference Characters Placed Incorrectly.

oper Mgg;lns Eequired. )
hiet(s) Fig(s)
7. Views. 37 CFR 1.84(i) & (j)

oP [ RIGHT

CILEFT . [J BOTTOM [ Figures Must be Numbered Properly.

3. Character of Lines. 37 CFR 1.84(c) L1 Figures Must Not be Connected. x
Lines Palci o§fugh and Blurred. Figls) _
Fig(s)__i~ 8. *ldentification of Drawings. 37 GFR 1.84(1)

/ Copy ine )
[ Soid Black Shading Not Allowed. arks Not Allowed. Fig(s)
Fig(s) 9. D Changes Not Completed from Prior

4. [] Photographs Not Approved. PT0-948 dated

[ comments;

Telephone inquires concerning this review should be directed to the Chief Draftsperson at telephone number (703) 305-8404.

.' - | p“&‘% laq.

Reviewing Drafisperson 7 Date
Note: Any objection to the drawings made by iner will be ] 1 sep: ly in an office action. } .
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INFORMATION ON HOW TO EFFECT DRAWING CHANGES

1. Corection of Informalities—37 CFR 1.85
File new drawing with the changes incorporated therein. The art unit number, serial number and number of drawing sheets should
be written on the drawing in accordance with 37 GFR 1.84(1). Applicant may delay filing of the new drawings until receipt "Notice of
Aflowability” (PTOL-37). Jf delayed, the new drawings MUST be Filed within the THREE MONTH shortened statutory period set for
response in the“Notice of Allowability” (PTOL-37). Extenslons of time may be obtained under the provisions of 37 CFR 1.136. The
drawing should be filed as a separate paper with a transmittal letter addressed to the Official Draftsperson. .

Tmmg of Corrections

Applicant is required to submit acceptable corrected drawings within the three month shortened statutory period set in ihe “Notice
of Allowability” (PTOL-37). Within the three month period, two weeks should be aliowed for review by the Office of the correction.if
acorrection is determined to be unacceptable by the Office, applicant must arrange to have acceptable correction re-submitted within
the original three month period te avoid the necessity of obtaining an extension of time and paying the extension fee. Therefore
applicant shoutd file corrected drawings as soon as possible.

Failure to take corrective action within set (or extended) period will result in ABANDONMENT of the Application.

2. Corrections other than lnformalities Noted by the Brafisperson on the PTD-948 .
Ali changes to the drawings, other than informalities noted-by the Draftsperson, Must be made In the same manner as above except
that, normally, a red ink sketch of the changes to be tncorporated into the new drawings MUST be approved by the examiner before
the application will be aliowed. No changes will be permrtleﬂo be made, other than correction of informalities, unless the examiner
has approved the proposed changes >
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Uniied States Patent

l'l. a

(117 Patent Number: 5,597,378

U.S. PATENT DOCUMENTS
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Assistant Examiner—David J. Kenealy
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(571 , ABSTRACT
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MEDICAL DEVICES INCORPORATING SIM
ALLOY ELEMENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS '

This application is a divisional of application Ser. No.
682,243 filed on Apr. 9, 1991, now U.S. Pat. No. 5,190,546,
which is a divisional of Ser. No. 252,019 filed on Sep. 27,
1988, now U.S: Pat. No. 5,067,957, which is a continuation
of Application Ser. No. 177,817 filed Mar. 30, 1988, now
abandoned; which is a continuation of Application Ser. No.
047,824 filed May 8, 1987, now abandoned; which is .a
continuation of Application Ser. No. 865,703 filed May. 21,
1986, now U.S. Pat. No. 4,665,906; which is a continuation
of Application Ser. No. 541,852 filed Oct. 14, 1983, now
abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to medical devices incorporating
shape memory alloys, and to improvements therein.

2. Introduction to the Invention

‘Materials, both organic and metallic, capable of possess-
ing shape memory are well known. An article made of such
materials can be deformed from an original, heat-stable
configuration to a second, heat-unstable configuration. The
article is said to have shape memory for the reason that, upon

_ the application of heat alone, it can be caused to revert, or
to attempt to revert, form its heat-unstable configuration to
its original, heat-stable configuration, i.e. it “remembers” its
original shape.

Among metallic alloys, the ability to possess shape
memory is a result of the fact that the alloy undergoes a
reversible transformation from an austenitic state to a mar-
tensitic state with a change in temperature. This transfor-
mation is sometimes referred to as a thermoelastic marten-
sitic transformation. An article made from such an alloy, for
example a hollow sleeve, is easily deformed from its original
configuration to a new configuration when cooled below the
temperature at which the alloy is transformed from the
austenitic state to the martensitic state. The temperature at
which this transformation begins is usnally referred to as M,
and the temperature at which it finishes M. When an article
thus deformed is warmed to the temperature at which the
alloy starts to revert back to austenite, referred to as A, (A,
being the temperature at which the reversion is complete)
the deformed object will begin to return to its original
configuration. ) .

Many shape memory alloys (SMAs) are known to display
stress-induced martensite (SIM). When an SMA sample
exhibiting stress-induced martensite is stressed at a tempera-
ture above M, (so that the austenitic state is initjally stable),
but below M, (the maximum temperature at which marten-
site formation can occur even under stress) it first deforms
elastically and then, at a critical stress, begins to transform
by the formation of stress-induced martensite. Depending on
whether the temperature is above or below A, the behavior
when the deforming stress is released differs. If the tem-
perature is below A, the stress-induced martensite is stable;
but if the temperature is above A, the martensite is unstable
and transforms back to austenite, with the sample returning
(or attempting to return) to its original shape. The effect is
seen in almost all alloys which exhibit a thermoelastic
martensitic iransformation, along with the shape memory
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2.
effect. However, the extent of the temperature range over
which SIM is seen and the stress and strain ranges for the
effect vary greatly with the alloy.

In copending and commonly assigned U.S. patent appli-
cation to Quin, now U.S. Pat. No. 4,503,767 the disclosure .
of which is incorporated herein by reference, a nickel/
titanium/vanadium alloy having SIM over a wide tempera-
ture range is disclosed. . .

Shape memory alloys have found use in recent years. in,
for example, pipe couplings (such as are described in U.S.
Pat. Nos. 4,035,007 and 4,198,081 to Harrison and Jervis),
electrical connectors (such as are described in U.S. Pat. No.
3,740,839 to Otte & Fischer), switches (such as are
described in U.S. Pat. No. 4,205,293), actuators, etc.

Various proposals have also been made to employ shape
memory alloys in the medical field. For example, U.S. Pat.
No. 3,620,212 to Fannon et al. proposes the use of an SMA
intrauterine contraceptive device, U.S. Pat. No. 3,786,806 to
Johnson et al. proposes the use of an SMA bone plate, U.S.
Pat. No. 3,890,977 to Wilson proposes the use of an SMA
element to bend a catheter or cannula, etc.

These medical SMA devices rely on the property of shape
memory to achieve their desired effects. That is to say, they
rely on the fact that when an SMA element is cooled to its
martensitic state and is subsequently deformed, it will retain
its new shape; but when it is warmed to its austenitic state,
the original shape will be recovered.

However, the use of the shape memory effect in medical
applications is attended with two principal disadvantages.
First, it is difficult to control the transformation temperatures
of shape memory alloys with accuracy as they are usually
extremely composition-sensitive, although various tech-
niques have been proposed (including the blending by
powder metallurgy of already-made alloys of differing trans-
formation temperatures: see U.S. Pat. No. 4,310,354 to
Fountain et al.). Second, in many shape memory alloys there
is a large hysteresis as the alloy is transformed between
austenitic and martensitic states, so that reversing of the state -
of an SMA element may require a temperature excursion of
several tens of degrees Celsius. The combination of these
factors with the limitation that (a) it is inconvenient to have
to engage in any iemperature manipulation, and (b) human
tissue cannot be heated or cooled beyond certain relatively
narrow limits (approximately 0°-60° C. for short periods)
without suffering temporary or permanent damage is
expected to limit the use that can be made of SMA medical
devices. It would thus be desirable to develop a.way in
which the advantageous property.of shape memory alloys,
i.e. their ability to return to an original shape after relatively
substantial deformation, could be-used in medical devices
without requiring the delicacy of alloying control and/or the
temperature control of placement or removal needed by
present shape memory alloy devices.

DESCRIPTION OF THE INVENTION

Summary of the Invention .

1 have discovered that if, in a medical device containing
a shape memory alloy element which uses the shape
memory property of that alloy, an element which shows the
property of stress-induced martensite is used instead, an
improved device results.

Accordingly, this invention provides a medical device
intended for use within a mammalian body, or in such
proximity to a mammalian body that the device is substan-
tially at body temperature, which device comprises a shape
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memory alloy element, the improvement in which comprises
the substitution of an alloy element which displays stress-
induced martensite at said body temperature for the shape
memory alloy element.

BRIEF DESCRIPTION OF THE DRAWING

FIGS. 1 and 2 illustrate the stress-strain behavior of an
alloy which exhibits constant stress versus strain behavior
due to stress-induced martensite.

FIG. 3 is a side elevation view of a partial section of a
catheter of the present invention in a stressed configuration.

FIG. 4 is a side elevation view of the catheter of FIG. 3
in an unstressed configuration.

FIG. 5 is a tracheal catheter, which is curved in its
unstressed configuration, partially straightened by a straight
pin restraint. .

FIG. 6 shows an TUD formed at least partly from a
pseudoelastic shape-memory alloy being restrained in a
deformed shape by a restraining tube. )

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The invention will be discussed first by introducing the
concept of stress-induced martensite and the effect achiev-
able by its use, and then by examples showing how SIM
alloy elements can be substituted for conventional SMA
elements in medical devices to achieve the beneficial effect
of the invention.

The Figures illustrate the phenomenon of stress-induced
induced martensite by means of stress-strain curves. In both
FIG. 1 and FIG. 2, the alloy is at a temperature between M,
and M, so that it is initially austenitic; and it will be assumed
for the purposes of this discussion that M, is equal to M, and
A equal 10 A, FIG. 1 shows the case when the temperature
is below A, so that any martensite formed by the applied
stress is stable; while FIG. 2 shows the case where the
temperature is above A, so that austenite is the only stable
phase at zero stress. -

InFIG. 1, when a stress is applied to the alloy, it deforms
elastically along the line OA. At a critical applied stress, G,,,
the austenitic alloy begins to transform to (stress-induced)
martensite. This transformation takes place at essentially
constant stress until the alloy becomes fully martensitic at
point B. From that point on, as further stress is applied, the
martensite yields first elastically and then plastically (only
elastic deformation is shown at point C). When the stress is
released, the martensite recovers elastically to point D, at
which there is zero residual stress, but a non-zero residual
strain. Because the alloy is below A, the deformation is not
recoverable until heating above A results in a reversion to
austenite. At that point, if the sample is unrestrained, the
original shape will be essentially completely recovered: if
not, it will be recovered to the extent permitted by the
restraint. However, if the material is then allowed to re-coo}
to the original temperature at which it was deformed (or a
temperature where SIM behavior of this type is seen), the
stress produced in the sample will be constant regardless of
the strain provided that the strain lies within the “plateau”
region of the stress-strain curve. That is, for a stress between
€g and E,, the strain will be ©,,. This means that a known,
constant force (calculable from o,,) can be applied over a
wide (up to 5% or more for certain Ni/Ti alloys) strain range.
Thus, though this resembles the conventional shape memory

10

15

45

50

60

65

4

effect, because the alloy shows SIM and is below A; a
constant force can be achieved.

In FIG. 2, when a stress is applied to the alloy, it deforms
elastically along line DA, then by SIM along line AB, and
by deformation of the marttensite to. point C, just as in FIG.
1. However, the stress-strain behavior on unloading is sig-
nificantly different, since the alloy is above A and the stable
phase is therefore austenite. As the stress is removed, the
alloy recovers elastically from C to D: then, at a critical’
stress, 0,, the alloy reverts to austenite without requiring a-
change in temperature. Thus reversion occurs at essentially
constant stress. Finally if the- stress is removed from the
reverted austenite, it recovers elastically along line EO. The
recoverable deformation associated with the formation and
reversion of siress-induced martensite has been referred to
as pseudoelasticity. While 6,, may be comparatively high,
e.g. 50 ksi, G, is usually substantially lower, e.g. less than
10 ksi; thereby creating a constant-force spring with an
effective working range of about 5% (ez—€,). The shape
change available in the SMA is thus mechanically, rather
than thermally, actuated and controlled, permitting a greater
control over a device incorporating it.

Suitable ailoy for this invention i.e. those displaying
stress-induced martensite at temperatures near mammalian
body temperature (35°—40° C.), may be selected from
known SMAs by those of ordinary skill in the art having . .
regard to this disclosure by testing for the existence of the .
SIM effect at the desired temperature. A particularly pre-
ferred alloy is the nickel/titanium/vanadium alloy of U.S.
patent application No. now U.S. Pat. No. 4,505,767 referred
to previously.

The following table sets forth transformation temperature
data for alloys disclosed in U.S. Pat. No. 4,505,767

TABLE
Composition (atomic percent)

Ni Ti v Mg A(50).
49.50 43.50 7.00 -107 —88
50.00 44.00 6.00 -96 -84
49.00 43.00 3.00 -83 —61
50.00 45.00 5.00 —~42 -33
49.00 45.00 6.00 =35 -12
50.50 48.00 150 -32 -6
48.50 44.50 7.00 -30 -13
50.00 46.00 4.00 -11 7
48.50 45.00 6.50 -10 15
49.00 45.50 5.50 -10 14
48.00 4425 1.75 ~7 8
4850 45.50 6.00 ~5 27
41.50 38.50 20.00 ~2 86
46.50 43.50 10.00 ~1 50
36.25 33.75 30.00 0 42
49.50 46.00 4.50 6 35
48.00 46.00 6.00 12 36
4115 4575 6.50 20 54
4750 45.50 7.00 26 58
4850 46.50 5.00 27 58
45.00 45.00 10.00 30 n -
47.50 46.50 "6.00 32 n
46.50 46.50 7.00 34 70

The invention will now be discussed in detail by some’
Examples of the use of an SIM alloy.

EXAMPLE 1

Heart Valves
Akins, in U.S. Pat. No. 4,233,690, the disclosure of which
is incorporated herein by reference, describes the use of a
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shape memory alloy ring to hold a sewing cuff to the body

of an artificial heart valve. The ring is made in the austenitic
phase, cooled to the martensitic phase, deformed, placed
around the valve body, and heated or allowed to warm to
cause reversion to the austenitic phase and recovery of the
ring into engagement with the valve body.

However, this technique has not found commercial accep-
tance. Present medical technique requires that the valve
body be capable of being rotated relative to the cuff, thereby
enabling the surgeon to set the rotational orientation of the
valve after it has been sewn into place. This is desirable
because the techniques used-make it difficult to visualizeé or
accomplish optimal orientation during initial placement.

In ofder to accomplish the desired torque control to permit
the desired rotation and yet ensure a firm hold of the cuff on
the valve body, precise control of the pressure exerted on the
valve body by the ring is needed. This js difficult because

there are substantial manufacturing tolerances in the valve’

body which may be made, for example, of pyrolytic graphite

or ceramics, etc. Because the austenite stress-strain curve is

extremely steep, it is not considered practical to use the
simple shape memory technique proposed by Akins. Indeed,
Akins does not even address the issue of rotation of the cuff
with respect to the valve body.

However, if an SIM alloy is used instead of conventional
shape meinory, the process may be considerably simplified.

First, if the alloy has a stress-strain curve like that of FIG.
1, the alloy ring may be made just as for Akins. The ring is
then expanded from its initial austenitic state by the forma-
tion of SIM. When the ring is placed about the valve body,
it needs only to be heated above A, and allowed to cool 1o
its original temperature for the ring to engage the valve body
with a constant force, even if the valve body has a deviation
from the specified size. The torque may thus be controlled to
the desired level despite manufacturing tolerances.

Second, if the alloy has a stress-strain curve like that of
FIG. 2, the ring may be expanded, placed over the valve
body, and the stress released all at the same temperature.
Because the austenitic phase is stable, the stress-induced
martensite spontaneously reverts to anstenite until récovery
is restrained by the ring engaging the valve body. Because
thé reversion to austenite takes place at constant stress, a
constant force (and hence constant torque) may be obtained

regardless of manufacturing tolerances. Close temperature

control is not required, either; and the fact that the patient in
a heart valve replacement operation is conventionally cooled
as much as 15° C. or so below normal body temperature
does pot affect the operation of the ring.

To control the torque at a sufficiently low level, it may be
desirable for the alloy ring to be other than a solid ring, such
as, for example, a continuous helical spring, a flat zigzag
spring, efc. Such variations peérmit the achievement of a
greater range of movement with constant force and a reduc-
tion in the force exerted by the ring on the value body, since
the ring recovers in a bending mode rather than in tension.

EXAMPLE 11

Catheters and Cannulas .

Wilson, in U.S. Pat. No. 3,890,977, the disclosure of
which is incorporated herein by reference, discloses a cath-
eter or cannula (both being included hereinafter in the word
“catheter”’) made of, or containing, an SMA element to cause
all or a portion of the catheter to deploy in a useful form once
introduced into a living body.
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However, again this device has not been commercialized.
Possible defects of the device which have prevented com- -
mercialization include (i) the inability to slowly emplace the
catheter in a desired position when the transition tempera-
ture of the alloy is below body temperature (since the SMA:
element will attempt to revert to its original shape as it
reaches body temperature), thus limiting the ability of the
physician to place the device carefully and precisely; or
alternatively, if the transition temperature of -the alloy is
above body temperature, the requirement that the device be
heated to a temperature above body temperature to cause
recovery and that the device be placed so as not to change
shape again when it re-cools (since the body temperature is
below the transition temperature); (ii) the inability to remove
the device easily: and (iii) the need for controlled tempera-
ture storage to prevent premature reversion to austenite of
the SMA, with consequent shape change.

The issue of removal of a catheter is especially significant,
and not addressed by Wilson. Consider, for example, a
tracheal puncture catheter. This should be straight for easy
insertion into the trachea through a puncture info the front of
the neck, but should curve after insertion so that the flow of -
air or oxygen through the catheter passes axially down the
trachea rather than impinging on the surface of the trachea -
and damaging it. If a shape memory catheter is nsed as
contemplated by Wilson, it would presumably become aus-
tenitic and bend after insertion (see FIGS. 1a and 15, and
corresponding text, of Wilson). But removal would require
either cooling to below the transition temperature (which
could easily mean cooling to so low a temperature that the
tracheal tissue is damaged), removal in the bent shape
(presumably damaging tissue), or forcing the austenitic
SMA to straighten to permit direct remaoval (unlikely to be
satisfactory since the austenitic alloys e.g. of N/Ti may have
yield strengths of 100 ksi or more, and force sufficient to
cause plastic deformation would be required).

If an SMI element is used instead, however, removal ‘can
be accomplished almost as easily as insertion. If the catheter
is made in a bent shape (as in Wilson), it can be straightened
by insertion of a straight pin down the catheter axis, the
catheter deforming by the formation of stress-induced mar-
tensite. Insertion of the catheter into the trachea is accom-
plished while the catheter is straight, at whatever rate is
desired (permitting easy and accurate placement), and the
pin is gradually withdrawn to permit the catheter to take up -
its desired shape as the martensite reverts to austenite. [It is
assumed here that the stress-strain curve of the alloy at the
temperature of use is of the form of FIG. 2, so spontaneous
reversion occurs on removal of the stress induced by .the
pin). When removal is desired, it may be achieve simply by
the gradual insertion of the pin, straightening the catheter
and permitting easy withdrawal. Insertion of the catheter
into the body and pin removal may, of course, take place
simultaneously if desired, as may pin reinsertion and
removal of the catheter from the body.

EXAMPLE 11

IUDS

Fannon et al., in U.S. Pat. No. 3,620,212, the disclosure
of which is. incorporated herein by reference, discloses an
intrauterine contraceptive device (an TUD) proposed to be
formed of a shape memory alloy. The device is suggested to
be deformed in the martensitic phase (the transition tem-
perature being below the temperature of the uterus), and the
deformed device insulated -with, e.g., wax and inserted.
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Removal is contemplated only by using two SMA elements
in opposition, the higher temperature one being martensitic
at body temperature but strong enough so. that, if heated, it
will overcome the lower temperature element and deform
the TUD back to a removable shape. The heating contem-
plated is electrical. The storage problem discussed in
Example II also exists here, so that the device must be stored
below its transition temperature.

By the use of an SIM element, however, these disadvan-
tages may be overcome. Again, assume that the alloy is SIM
psuedoelastic, i.e. that it has the stress-strain curve of FIG.
2. Then an IUD may be formed into the desired shape in the
austenitic state, and deformed by compression into a tubunlar
placement device (the deformation being such that the strain
levels lie within the “plateau” of the stress-strain curve). The
TUD has a longitudinal dimension and a transverse dimen-
sion. When the placement device is inserted into the uterus,
the JTUD may be deployed by extrusion of the IUD from the
placement device. Deployment is then controlled but imme-
diate, so that the physician may satisfy himself with place-
ment. Removal is the reversal of placement: the placement
device is inserted into the uterus, the IUD deformed by
withdrawal into the placement device, and the placement
device withdrawn. Temperature control is not required.

EXAMPLE IV

Bone Plates

Johnson et al., in U.S. Pat. No. 3,786,806, the disclosure
of which is incorporated herein by reference, propose the use
of Ni/Ti SMA bone plates in fracture fixation. The plate is
deformed in its martensitic state, screwed to the two ends of
the bone it is desired to compress together, and warmed (or
allowed to warm) to the austenitic state, when the plate
contracts, compressing the bone ends together. The Johnson
et al. bone plate is of generally oblong configuration, over-
laps a bone fracture and is secured by two screws to one
portion of the bone and by two other screws to the other
portion of the bone.

Because of the high elastic moduli of the austenitic shape
memory alloys, it will be difficult to control the amount of
force which may be applied by a bone plate of the type
proposed by Johnson et al., and precision placement of the
bone ends and elongation of the plate will be required.

If, however, an SIM pseudoelastic bone plate is used, it
will be easily possible to elongate the plate and fasten it to
the bone ends without requiring high precision. Because of
the comparatively large (e.g. 5%) strain range at essentially
constant stress, the force which will be put on the bone ends
to compress them will be readily adjustable (by the size of
the plate, for example) and will be insensitive to precise
placement of the bone ends and/or elongation of the plate.
Also, the recovery of the plate, since it is controlled by
mechanical restraint, may be as gradual as desired, achiev-
ing excellent force and time.control, and permitting the
surgeon to make adjustments as desired.

EXAMPLE V

Marrow Nails

Baumgart et al., in U.S. Pat. No. 4,170,990, the disclosure
of which is incorporated berein by reference, discloses the
use of the two-way shape memory effect (where an SMA
element exhibits a first shape in the austenitic state and a
second in the martensitic state, and spontaneously changes
between the two shapes with a change in temperature) in,
inter alia, implants such as marrow nails (see FIGS. la
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through le, and comresponding text, of Baumgart et al.)
Marrow nails according to Baumgart et al. comprise a.tube
of memory alloy which has been split along its Jongitudinal
axis and which may have a circular, elliptical, clover-leaf on
other rotation preventing cross section, which may also be
variable along the axis of the nail. A prepared marrow nail
having a reduced diameter is loosely inserted into a slightly,
or not at all, pre-drilled marrow channel of a bone which has
been broken or fractured. By means of a heating probe the
marrow nail is heated and thus expands. This- achieves a .
relative fixing of the two bone ends along the marrow-
channel axis. Compression of the fracture.is effected by the
available muscle -tepsion. If it should be necessary, the
marrow nail may also be additionally prestretched along its
longitudinal axis so that it is additionally compressed in the
longitudinal direction when heated. In this case it is neces-
sary, however, to anchor the nail at both of its ends which
anchoring can be effected, for example, by.sprockets or teeth ..
on the outer surface of the nail. .

The method proposed, however, requires the use of a wide
temperature range in order to cause the phase change which
is the origin of the two-way shape memory effect (5° C. to
60° C. for the water used to cool or heat the nail). In
addition, it requires the manufacture of two-way shape
memory elements, which is generally more complex than
the manufacture of conventional shape memory elements;
and precise control of the transition temperature is required.

However, if an SIM pseudoelastic . alloy element is
employed, these disadvantages may be overcome. If internal -
tangs, which may be gripped by an inserted tool, are
provided within a marrow nail of the type shown in FIG. 1a
of Baumgart et al., then the nail may be radially compressed
by the application of stress by such a tool. When the nail is
released by the tool, it will expand to fill the bone channel
with a constant force (not readily available by Baumgart et
al.); and it may be withdrawn by the reverse procedure.

EXAMPLE VI

Dental Arch Wire

Andreasen, in U.S. Pat. No. 4,037,324, the disclosure of
which is incorporated herein by reference, proposes the use
of dental arch wires made of NU/Ti alloys instead. of con-
ventional 18-8 stainless steel wires. The wires are stated to
be of lower elastic modulus and higher elastic limit than
stainless steel, which is stated to be advantageous. Heat
recovery of an SMA wire is also suggested as a technique for
orthodonture. ) ) ) )

The technique of using the conventional shape l_xicmory
effect is not believed to have found clinical application,
possibly because sich a technique would require rapid
placement of the wire in its martensitic state to avoid
premature recovery, and would result in rapid recovery with
extremely high forces, which would be painful for the
patient. '

The use of a wire which displays lower elastic modulus
and higher elastic limit than stainless steel has found some
application, however. Otsuka et al. in Metals Forum, v. 4, pp.
142-52 (1981) have suggested that this behavior may be the
result of elasticity enhanced by cold working and marten-

‘site-to-martensite -psuedoelasticity in an alloy which has a

transition-temperature below body temperature. The alloy,
then, is martensitic rather than austenitic in its undeformed
state. .

While the use of an-enhanced elasticity wire may offer
some advantages over the more usual stainless steel wire, it
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remains the situation that the amount of motion in the teeth
that may be produced by an arch. wire without further
adjustment is largely limited by the pain tolerance of the
patiént (since the force applied by the arch wire is propor-
tional to the deformation of the wire). However, is an SIM
pseudoelastic wire is used, it can exert a relatively constant
force (chosen by the dentist to be sufficient to cause tooth
movement but not painful) over a strain range of up to 5%.
The load may be applied mechanically, and is thus more
readﬂy established, and no precise temperature control of the
alloy is needed as would be reqmred for the shape memory
effect.

EXAMPLE VII

Coil Stents and Filters

The use of tubular coiled wire stent grafts has been
discussed in the medical literature since 1969. Although the
coils helped maintain patency of the vesséls in which they
were placed, they were difficult of insertion unless narrow
enough to significantly narrow the lumen of the vessel.
Recently it has been proposed, see Radiology, v. 147, pp.
259-60 and pp. 261-3 (1983), the disclosures of which are
incorporated herein by reference, to use SMA wire to form
these tubular coils. The wire, which has a transformation
temperature below body temperature, is introduced through
a catheter after being siraightenéd in its martensitic state.
When the wire is heated, the coil re-forms.

Because of the difficulty of controlling.the transformation
temperature accurately, it has proved necessary to cool the
straightened wire during insertion and/or to heat the wire to
form the coil after insertion. These procedures add. to the
complexity of the operation.

If an SIM pseudoelastic wire is used to form the coﬂ
which is then isothermally deformed by loading into a
catheter, then the need for temperature control is avoided.
The wire remains straight when in the catheter, but re-forms
the coil spontaneously when it is extruded from the catheter.
Accurate placement is thus readily obtainable, since there is
no.urgency as might be required with a conventional shape
memory effect element.

It has similarly been proposed to use SMA wire to form
a filter for emplacement by catheter in the vena cava to trap
blood clots. The filter is formed in the austenitic state, the
wire straightened in the martensitic state and inserted, and
the filter re-forms on warming. Just as for the coil stents
discussed above, the use of an SIM pseudo-elastic wire
would greatly simplify manufacture and insertion of such a
vena cava filter, permitting accurate placement with no need
for urgency or temperature manipulation.

EXAMPLE VHI

Bone Staples, Clips, etc.

Bone staples are frequently used to hold fragments of
fractured bone together when the fracture is fixed, and may
be used in some cased as a replacement for bone plates in the
same situation. Sometimes the staples are inserted into
drilled holes, sometimes merely driven into the bone
directly.

It would be desirable to have a bone staple which pro-
vided a controlled force between the tines which would tend
to hold the staple in place. Shape memory alloys have been
proposed for .this application, but again the problem of
accurate placement while operating quickly enough:to pre-
vent the shape change associated with the martensite-to-
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anstenite transition and/or the need for temperature control
complicate their use.
“If an' SIM alloy is used, these disadvantages may be
readily overcome. If the alloy is below A, it may be

emplaced in the martensitic state. Brief heating will then be"

required to cause it to become austenitic, but on re-cooling
to'body temperature, a constant force can be achieved. If the
alloy is above A,, the staple can be held deformed by a
moderate force, then released after insertion to also provide

an accurately-known force. In either event, removal is easier -

than if the alloy is purely austenitic, as discussed above for
Examples II and V, for example.

Similarly, SIM alloy (especially alloy which is pseu-
doelastic, above A, at its utilization temperature) may be
used to manufacture vascular clips, etc. The alloy element
here acts as a constant force spring over a wide strain range
(greater than conventional elastic metals), rcsultmg in ease
of use.

‘From the foregoing, it is clear that, in a sitvation where
narrow temperature differences’ are available or preferable,
as often is the case in medical applications, mechanically
constrained shape change is a much more useful solution
than heat actuated shape change. It offers a-degree of control
heat actuation does not, it offers easier alloy composition
control, it eases mating part tolerance requirements, and it
offers simple mechanical reversal at minimal stress levels,
all without heating, cooling or insulation complications.

Tt will be obvious to those skilled in the art, having regard

‘to this disclosure, that other variations on this invention

beyond those specifically exemplified here, and other medi-
cal devices making use of stress-induced martensite, may be
made. Such variations are, however, to be considered as
coming within the scope of this invention as limited solely
by the following claims.

I claim:

1. A medical device which comprises:

(a) an element for use within a human body or in such
proximity to a human body that the device is substan-~
tially at human body. temperature, the element com-
prising a shape memory alloy which displays. a stress-
induced martensite behavior at body temperature; and

(b) a restraint holding the shape memory alloy element in
a deformed configuration at a temperature less than the
body temperature of the human for positioning the
shape memory alloy element within or in proximity to
the human body in its deformed configuration, the
deformation occurring through the formation of stress-
induced martensite;

wherein the shape memory alloy element is sufficiently
deformed that when the shape memory alloy element is
at human body temperature removal of the restraint
from the shape memory alloy element, without change
in temperature of the device, releases at least a poriion
of the shape memory alloy element from 1ts deformed
configuration.

2. A device as claimed in claim 1, in which lhe Testraint
is hollow, and the shape memory alloy element is positioned
at least partially within the restraint. -

3. A device as claimed in claim 2, in which the restraint
is a catheter.

4. A device as claimed in clalm 2, in which the shape
memory - alloy element is an intranterine contraceptive
device.

5. A device as claimed in claim 2, in which the shape
memory alloy element is a filter for a blood vessel.

6. A device as claimed in claim 1, in which the shape
memory alloy element is tubular, and the restraint is posi-
tioned within the shape memory alloy element to deform it.
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7. A device as claimed in claim 2, in which the shape
memory alloy element has a transverse dimension and a
Jongitudinal dimension, and wherein the shape memory
alloy element is deformed by its transverse dimension being
reduced, and wherein the restraint prevents transverse
expansion of the element.

8. The device of claim 1, wherein the shape memory alloy
element is sufficiently deformed that removal of the restraint
from the shape memory alloy releases at least a portion of
the shape memory alloy element from its deformed configu-
ration without change in state of the restraint.

9. A medical device suitable for placenmient within or
proximate to 2 mammalian body for treatment of the mam-
malian body, the device comprising:

(a) a memory alloy element formed at least partly from a
pseudoelastic shape-memory alloy, the alloy displaying
reversible stress-induced martensitic state and an aus-
tenitic state, the memory alloy element having (i) a
deformed shape when the alloy is in its stress-induced
martensitic state and (ii) a different unstressed shape;
and

(b) restraining means engaging and stressing the memory
alloy element at a temperature less than the body
temperature of 2 human and greater than the As of the
alloy for positioning the memory alloy element within
or in proximity to the mammalian body while the
memory alloy element is in its deformed shape;

wherein the alloy is selected so that removal of the
restraining means from the memory alloy element at a
temperature greater than the As of the alloy when the
device is placed within or proximate to the human
body, transforms at least a portion of the alloy from its
stress-induced martensitic state so that the memory
alloy element transforms from its deformed shape
toward its unstressed shape, without any change in
temperature of the restraining means or the memory
alloy element being required for the transformation of
the alloy.

10. A medical device for treatment of a mammalian body,

the device comprising:

(a) a memory alloy element formed at least partly from a
pseudoelastic shape-memory alloy, the alloy displaying
reversible stress-induced martensite at about human
temperature such that it has a stress-induced martensitic
state and an austenitic state, the memory alloy element
having (i) a deformed shape when the alloy is in its
stress-induced martensitic state and (ii) a different
unstressed shape; and

(b) a hollow restraining member with the memory alloy
element being within the restraining member, the
restraining member engaging and stressing the memory
alloy clement at a temperature less than the body
temperature of the human and greater than the As of the
alloy for positioning the memory alloy element within
or in proximity to the mammalian body while the
memory alloy element is in its deformed shape;

- ‘wherein the restraining member and the memory alloy
element are movable relative to each other to transform
at least a portion of the alloy from its stress-induced
martensitic state at a temperature greater than the As of
the alloy so that the memory alloy element transforms
from its deformed shape toward its unstressed shape,
and wherein the alloy is selected so that the transfor-
mation can occur without any change in temperature of
the restraining member or the memory alloy element.

11. The medical device of claim 10 wherein the restrain-

ing member is a tube and the memory alloy element is
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axially slidable within the tube, and wherein the memory
alloy element is sufficiently long that relative axial move-
ment between the tube and the memory alloy element
extends at least a portion of the memory alloy element
beyond the tube and thereby transforms the memory alloy
element toward its austenitic state.
12. The device of claim 11 wherein the memory alloy
element can be extruded completely out of the tube for
deployment in the mammalian body.
13. A medical device for treatment of 2 mammalian body,
the device comprising (i) a restraining member and (ii) a
hollow memory alloy element formed at least partly from a
pseudoelastic shape-memory alloy, the alloy displaying
reversible stress-induced martensite at about body tempera-
ture such that it has a stress-induced martensitic state and an
austenitic state, the memory alloy element having (i) a
deformed shape when the alloy is in its stress-induced
martensitic state and (ii) a different unstressed shape;
the restraining member being within the hollow memory
alloy element and engaging and stressing the memory
alloy element at a temperature greater than the As of the
alloy so that the memory alloy element is in its
deformed shape;
wherein the restraining member and the memory alloy
element are movable relative to each other to transform
at least a portion of the alloy from its stress-induced
martensilic state at a temperature greater than the As of
the alloy so that the memory alloy element transforms
from its deformed shape toward its unstressed shape,
and wherein the alloy is selected that the transformation
can occur without any change in temperature of the
restraining member or the memory alloy element.
14. The device of claim 13 wherein the memory alloy
element is a tube and the restraining member is axially
slidable within the tube, and wherein the tube is sufficiently
long that relative axial movement between the tube and the
restraining members extends at least a portion of the tube
beyond the restraining means and thereby transforms the
tube toward its austenitic shape. .
15. A medical device for insertion into a human body, the
device comprising (i) a restraining member and (ii) a hollow
catheter formed at least party from a pseudoelastic shape-
memory alloy, the alloy displaying reversible stress-induced
martensite at about human body temperature such that it has
a stress-induced martensitic state and an austenitic state, the
catheter having (i) an easily inserted shape when the alloy is
in its stress-induced martensitic state and (ii) a different
unstressed shape when the alloy is in its austenitic state;
the restraining member engaging and stressing the cath-
eter at a temperature greater than the As of the alloy so
that the catheter is in its easily inserted shape so that the
catheter can be inserted into the mammalian body;

wherein disengagement of the restraining member from
the catheter at a temperature greater than the As of the
alloy transforms at least a portion of the alloy from its
stress-induced martensitic state to its austenitic state so
that the catheter transforms from its easily inserted
shape toward its unstressed shape, and wherein the
alloy is selected so that the transformation can occur
without any change in temperature of the restraining
member or the catheter.

16. The medical device of claim 15 wherein the catheter
is a cannula.

17. A medical device for insertion into a human body, the
device comprising (i) a straight pin and (ii) a catheter formed
at least partly from a pseudoelastic shape-memory alloy, the
alloy displaying reversible stress-induced martensite at
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about human body ‘temperature ‘such that it-has a stress-

induced martensitic state and an austenitic state, the catheter

having (i) a straight shape when the alloy is in its stress-
tate and (ii).a curved unstressed shape

s austenitic state, .

t.he straight pin engagmg and stressing the. inside of the

catheter at a temperature greater than the As of the alloy
so that the catheter is in its straight shape;

. wherein withdrawal of thé pin'from the catheter at a
temperature greater than the As of the alloy transforms
at least a portion of the alloy from its stress-induced
martensitic state to its austemitic’ state so that the
‘catheter transforms fromh its straighit shape to its curved
shape, and wherein the alloy- is selected so that the
transformation can occur without any change in tem-
perature of the pin or the catheter, :

18. The medical device of claim 17 wberem the catheter
is a tracheal insertion catheter. .

19. The invention of claim 9 whierein the transformation
of the alloy occurs without ‘any change in the state of the
festraining means.

20. The invention of claim 10, 13 or 15 wherein the
transformation of the alloy occurs without any change in the
state of the restraining member.

21. The invention of claim 17 wherein the transformation
of the alloy occurs without any change in the state of the pin.

22. The invention of claim 9, 10 ¢r 13 wherein the
memory alloy element exerts constant stress during its
transformation.

23.'The invention of claim 15 or 17 wherein the catheter
exerts constant stress during its transformation.

24. The medical device of claim 9 wherein the removal of
the restraining means from the memory alloy element causes
at least a portion of the alloy to transform to its austenitic
state. - :

25. The medical device of claim 10, 13, 15 wherein
relative movement of the restraining member and the
memory alloy element causes at least a portion of the alloy
to transform to its austenitic state.

26. The device of claim 24 wherein the alloy is selected
so that engaging the restraining means with the memory
alloy- element after removal results in the memory alloy
element transforming toward its deformed shape by rever-
sion of at least a portion of the alloy from its austenitic state
to its stress-induced martensitic state.

27. The device of claim' 25 wherein (i) the restraining
member can be completely disengaged and separated from
the memory alloy element, and (ii) the alloy is selected so
that engaging the restraining member with the memory alloy
element after separation results in the memory alloy element
transforming towards its deformed shape by reversion to its
stress-induced martensitic state.

28. The device of claim 15 wherein (i) the restraining
member can be completely disengaged and separated from
the catheter, and (ii) the alloy is selected so that reengaging
the restraining member with the catheter after separation
results in the catheter transforming toward its easily inserted
shape by reversion of at least a portion of the alloy from its
austenitic state to its stress-induced martensitic state.

29. The device of claim 17 wherein (i) the pin can be
completely disengaged and separated from the catheter, and
(ii) the alloy is selected so that reengaging the restraining
means with the memory alloy element after separation
results in the catheter transforming toward its deformed
shape by reversion of at least a portion of the alloy from its
austenitic state to its stress-induced martensitic state.

30. The device of claim 36 wherein (i) the placement
device can be completely disengaged and separated from the
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catheter, and (ii) the alloy is selected so that reengaging the
placement device with the catheter after separation resuits in
the catheter transforming toward its deformed shape by
reversion of at least a portion of the alloy from its austenitic
state to its stress-induced martensitic state.

31. The medical device of claim 15 wherein the restraint
externally engages the catheter..

32. The medical device of claim 15 wherein the restraint
internally engages the catheter.

33. A medical device- suitable for placement within or
proximate to a mammalian body for treatment of the mam-
malian body, the device comprising (i) a restraint, and (ii) an
element formed at least partly from a pseudoelastic shape-
memory alloy,

the. alloy displaying reversible stress-induced martensite
by virtue of being above its A; and above its M, and
below its M, at about body temperature;

such that it has a stress-induced martensitic state and an
austenitic state, the element having (i) a deformed
shape when the alloy is in its stress-induced martensitic
state and (ii) a different unstressed shape; :

wherein the restraint is (i) stressing the element at a:
temperature less than the body temperature of the
mammal for placement of the element in its deformed
shape in or in proximity to the mammalian body and (ii)
is capable of being at least partially removed from the
element while the device is within or proximate to the
body at the body temperature and the element is
therefore at an operating temperature greater than the
A, and M, and below the M,, of the alloy,

such removal of the restraint causing at least a portion of
the alloy to transform from its stress-induced marten-
sitic state to its austenitic state so that the element
spontaneously transforms from its deformed shape
toward its unstressed shape, )

and such transformation can occur without a change in
temperature of the restraint or of the element from the
operating temperature.

34. A medical device for treatment of a human body, the

device comprising:

(a) a memory alloy element formed at least partly from a
pseudoelastic shape-memory alloy, the alloy displaying
reversible stress-induced martensite at about human
body temperature such that it has a stress-induced
martensitic state and an austenitic state, the memory
alloy element having (i) a deformed shape when the
alloy is in its stress-induced martensitic state and (ii) a
different unstressed shape; and

(b) a hollow tubular restraining member with the memory
alloy element being within the restraining member, the
restraining member engaging and stressing the memory
alloy element at a temperature greater than the As of the
alloy so that the memory alloy element is in its
deformed shape;

wherein the memory alloy element is axially slidable
within the tube, and wherein the memory alloy element
can be extruded completely out of the tube for deploy-
ment in the mammalian body to transform at least a
portion of the alloy from its stress-induced martensitic
state towards its austenitic state at a temperature greater
than the As of the alloy so that the memory alloy
element transforms from its deformed shape toward its
unstressed shape, and wherein the alloy is selected so
that the transformation can occur without any change in
temperature of the restraining member or the memory
alloy element.
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35. A medical device which comprises:

(a) a tubular element for use within a human body or in
such proximity to a human body that the device is
substantially at human body temperature, the tubular
element comprising a shape memory alloy which dis-
plays stress-induced martensite behavmr at body tem-
perature; and

(b) a yestraint within the tubu]ar element holding and
deforming the tubular shape memory alloy element in
a deformed configuration to allow it to be positioned
within or in proximity to a-human body, the deforma-
tion occurring through the formation of stress-induced
‘martensite;

wherein the tubular element is sufficiently deformed that
removal of the restraint from the tubular shape memory
alloy element, without change in temperature of the
device, releases at least a portion of the tubular element
from its deformed configuration.

36. A medical device for treatment of a human body, the
device comprising (i) a restraining member and (ii) a hollow
memory alloy element formed at least partly from a pseu-
doelastic shape-memory alloy, the alloy displaying revers-
ible stress-induced martensite at about human body tem-
perature such that it has a stress-induced martensitic state
and an austenitic state, the memory alloy element baving (i)
a deformed shape when the alloy is in its stress-induced
martensitic state and (ii) a different unstressed shape;

the restraining member being within the hollow memory
alloy element and engaging and stressing: the memory
alloy element at a temperature less than the body
temperature of the human and greater than the As of the
alloy for positioning the memory alloy element within
or in proximity to the human body while the memory
alloy element is in its deformed shape;

wherein the restraining member and the memory alloy
element are movable relative to each other to transform

- at least a portion of the alloy from its stressed-induced
martensitic state at a temperature greater than the As of
the alloy so that the memory alloy element transforms
from its deformed shape toward its unstressed shape,
and wherein the alloy is selected so that the transfor-
mation can occur without any change in temperature of
the restraining member of the niemory alloy element.
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37. The device of claim 36 wherein the memory alloy
element is a tube and the restraining member is axially
slidable within the tube, and wherein the tube is sufficiently
long that relative axial movement between the tube and the
restraining member extends at Izast 2 portion of the tube
beyond the restraining member and thereby mmsforms the
tube toward its austenitic shape.’

38. A medical device for insertion into a human body, the
deviee comprising (i) a restraining member and (ii) a hollow
catheter formed at least partly from a pseudoelastic shape-
memory allow, the alloy displaying reversible stress-induced
martensite at about human body temperature such that it has
a stress-induced martensitic state and an austenitic state, the
catheter having (i) an easily inserted shape when the alloy is
in its stress-induced martensitic state and (i) a different
unstressed shape when the alloy is in its austenitic state;

the restraining member engaging and stressing the cath-

eter at a temperature less than the body temperature of
the buman and greater than the As of the alloy so that
the catheter is in its easily inserted shape for inserting
the catheter into the human body; and

wherein disengagement of thie restraining member from

the catheter at a temperature greater than'the As of the
alloy transforms at least a portion of the alloy from it
stress-induced martenistic state to its austenitic state so
that the catheter transforms from its easily inserted
shape toward its unstressed shape, and wherein: the
. alloy is selected so that the transformation .can occur
without any change in temperature- of the restraining
member or the catheter.. :

39. The invention of claim 34, 36 or 37 wherem the
transformation of the alloy occurs without any change in the
state of the restraining member.

40. The device of claim 38 wherein the device is adllpted
so that (i) the restraining member can be completely disen-
gaged and separated from the catheter, and. (i) re-engaging
the restraining member with the. catlieter after separation
results in the catbeter transforming toward its easily inserted
shape by reversion of at least a portion of the alloy from its
austenitic state to its stress-induced martensitic state.
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