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Attorneys for Plaintiff
OTTO BOCK HEALTHCARE LP

UNITED STATES DISTRICT COURT
CENTRAL DISTRICT OF CALIFORNIA

SOUTHERN DIVISION

OTTO BOCK HEALTHCARELP, | Case No. SACV13-891-CJC (ANx)

Plaintiff, | FIRST AMENDED
COMPLAINT
V.

OSSUR HF. and OSSUR AMERICAS, | ;

INC., '
Defendants.

Plaintiff Otto Bock HealthCare LP (“Otto Bock™), by and through its
attorneys, alleges for its Complaint against Ossur Hf. and Ossur Americas, Inc.
(together, “Ossur”) as follows:

NATURE OF THE ACTION
Otto Bock brings this action to recover damages and obtain injunctive and

other relief arising from Ossur’s infringement of Otto Bock’s U.S Patent No.
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6,726,726 B2 (the “*726 Patent”) and Ossur’s breach of a settlement agreement
between Otto Bock and Ossur HF. reached in a previous federal district court action
brought by Otto Bock for infringemeﬁt of the *726 Patent (the “July 2012
Settlement Agreement”). Otto Bock is the owner and developer of patented .
techno‘logy relating to vacuum-controlled artificial limb prosthetics. Otto Bock’s
claims arise out of Ossur’s manufacture and offer for sale of vacuum pump systems
that infringe the *726 Patent, and Ossur’s corresponding breach of its agreement not
to make, use, sell, offer for sale, or import any products or goods that fall within the
claims of the ’726 Patent. | |
PARTIES |

1. Plaintiff Otto Bock is a limited partnership organized and existing
under the laws of Minnesota, with its principal place of business in Minneapolis,
Minnesota. Otto Bock HealthCare GmbH, a parent company of Otto Bock, was
founded in Germany in 1919. Otto Bock HealthCare GmbH researches, designs,

develops, manufactures, and sells products to help people increase and retain their

| physical independence, including unique and patented vacuum-controlled artificial

limb prosthetics. Otto Bock, which was founded in the United States in 1958, is the

leading manufacturer and distributor of vacuum-controlled artificial limb
prosthetics in the United States. |

2. Upon information and belief, Defendant Ossur Hf. is a corporation
organized and existing under the laws of Iceland, with a principal place of business
at Grjothals 5, Reykjavik 110, Iceland.

3. Upon information and belief, Defendant Ossur Americas, Inc. is a
corporation organized and existing under the laws of the State of California, with a

principal place of business at 27501 Town Centre Drive, Foothill Ranch, California.

‘Upon information and belief, Ossur Americas, Inc. is a wholly owned subsidiary of

Ossur Hf,

ny- 1103468
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JURISDICTION AND VENUE

4, This Court has jurisdiction over Otto Bock’s élaims for infringement
of the *726 Patent arising under the patent laws of the United States, 35 U.S.C. §§ 1
et seq., pursuant to 28 U.S.C. §§ 1331 and 1338(a).

5. This Court has supplemental jurisdiction over Otto Bock’s claims for
breach of the July 2012 Settlement Agreement pursuant to 28 U.S.C. § 1k367(a),
because those claims are so related to Otto Bock’s claim for infringement of the
>726 Patent that they form part of the same case or controversy and derive from a
common nucleus of operative facts.
| 6. This Couﬁ has personal jurisdiction over Ossur Hf. because, on
information and belief, Ossur Hf. has sufficient contacts with this judicial district
and Ossur Hf. regularly conducts business within this judicial district. Upon
information and belief, Ossur Hf. directly or through its agents distributes, offers
for sale or license, sells or licenses, and advertises its products and services within
the State of California and this judicial district, has purposefully availed itself of the
privileges and benefits of the laws of the State of California, and committed acts of
patent infringemeﬁi during the course of its business in this judicial district.

7. This Court has personal jurisdiction over Ossur Americas, Inc.
because it has its principal place of business in this judicial district.

8. Venue is proper in this judicial district pursuant to 28 U.S.C. §§
1391(b), (c), and (d) and 1400(b).

OTTO BOCK’S CLAIMS OF INFRINGEMENT AND BREACH

The ’726 Patent

9. In the late 1990s, Carl Caspers, the inventor of the *726 Patent, -
originated the idea of a vacuum-controlled artificial limb for amputees. Caspers,
who is a transtibial amputee, was focused on developing improved prosthesis

~technology. He believed that such vacuum technology would address significant
issues of comfort, prosthesis fit and safety experienced by amputees on a day-to-

3
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day basis, including issues related to loss of residual limb volume due to weight-
bearihg pressures.

10.  Caspers continued his innovative work. He has been rewarded with
several United States patents, including the 726 Patent. On April 27, 2004, the
>726 Patent entitled “Vacuum Apparatus and Method for Managing Residual Limb
Volume in an Artificial Limb” was duly and legally issued by the United States
Patent and Trademark Office.

11.  Caspers sought to commercialize his inventions and started his own
company, which became Caspers-Schneider Technologies, Inc. d/b/a TEC Interface
Systems, Inc. In 2003, Otto Bock agreed to buy the assets of TEC Interface,
including its patents. As part of that transaction, the application that led to the 726
Patent, then owned by TEC Interface, was assigned to Otto Bock, and the 726
Patent issued to Otto Bock U.S. Otto Bock is the sole owner by valid assignment of
all right and title to the *726 Patent. A true and correct copy of the *726 Patent is
attached as Exhibit 1. -

12.  The invention of the 726 Patent is incorporated into Otto Bock’s
prostheses, the Harmony and Triton Harmony vacuum systems. These systems are
manufactured and sold in the United States by Otto Bock. The different Harmony
vacuum systems, including the Triton Harmony Foot/vacuum combination, have
achieved success in the marketplace and are considered one of the most beneficial
suspension-type prostheses for lower limb amputees.

The Prior Litigation |

1'3. On or about March 19, 2012, Otto Bogk filed a complaint in the United
States District Court for the District of Utah, captioned Otfo Bock HealthCare LP v.
Evolution Industries, Inc., Case No. 2:12-cv-00267-DN (the “Prior Litigation”), for
infringement of the *726 Patent. The accused products were a vacuum-controlled
artificial limb prosthetics system. On information and belief, Ossur HY. is the
parent company and owner of Evolution Industries (“Evolution”).

4
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14.  In or around July, 2012, Otto Bock and (")ssur.Hf./Evolution agreed to
settle the Prior Litigation plirsuant to the terms of the July 2012 Settlement
Agreement. In Article 6 of the July 2012 Settlement Agreement, Ossur Hf, agreed
that, “for a period equating to the life of the [>726] Patent, it shall not, directly or

indirectly make, have made, use, sell, offer for sale, or import any products or

goods that fall within the claims of the [*726] Patent, as ultimately determined by a
court of law.”

15.  In Article 6 of the July 2012 Settlement Agreement, Ossur Hf. further
“acknowledge[d] the validity and enforceability of the [*726] Patent.” In the same
article, Ossur Hf. agreed that should it subsequently contest the validity of the
patent, Otto Bock had the right: a) at its sole option and sole discretion, to
immediately terminate the accompanying license agreement attached to the
Agreement as Exhibit B, more fully described in paragraph 17 of this First
Amended Complaint, and b) to recover its reasonable attorney’s fees and costs in
defending against any unsuccessful challenge to the validity of the 726 Patent.

16.  The Parties to the July 2012 Settlement Agreement, including Ossur
Hf,, agreed that each would cause “all Affiliates to comply with the provisions of
this Agreement.” “Affiliates” was defined to include “subsidiaries.” Therefore, the
July 2012 Settlement Agreement is binding on (")vssur Americas.

17.  Although Otto Bock also granted a license to Evolution, that license |
was limited to specifically identified valve products. Further, Otto Bock expressly
stated that it did not grant “any express or implied, exclusive or nonexclusive,
license to Ossur or any Ossur Affiliate, customer or supplier of Ossur....”

18.  The July 2912 Agreement contained, in Article VI, mutual releases
that were contingent in part on “compliance with the obligations contained in this
Agreement.” The voluntary dismissal of the case by Otto Bock was made without
prejudice.

19. Onor aboutharch 8, 2013, Otto Bock filed a notice of voluntary

5
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dismissal without prejudice in the Prior Litigation.

Ossur’s Infringement

20. Upon information and belief, Ossur Hf, and Evolution did cease
manufacturing the products at issue in the Prior Litigation. But notwithstanding its
agreement not to manufacture any vacuum pump system that infringes any claim of
the *726 Patent, following the July 2012 Settlement Agreement, Ossur Hf. has
begun manufacturing new vacuum pump systems that infringe claims of the ’726
Patent. | |

21.  Upon information and belief, Ossur HF. is currently manufacturing and
selling and/or importing at least the following infringing products under its “Unity”
Vacuum System line: Unity Vacuum System for Re-Flex Rotate and Unity
Vacuum System for Re-Flex Shock (the “Unity Foot Products”), both of which are
sold together with Ossur Hf.’s Iceross Seal-In V liner, and a valve kit containing a
Unity Valve.

22.  Also upon information and belief, Ossur Americas is importing, using,
offering for sale and/or selling since mid-April 2013 at least the following
infringing products:' the Unity Foot Products, both of which are sold together with
Ossur HE’s Iceross Seal-In V liner, and a valve kit containing a Unity Valve.

23. Beginning in or around September, 2012, Otto Bock GmbH and Ossur
Hf. communicated regarding the 726 Patent and Ossur Hf.’s Unity Foot Products
that it planned to introduce in the United States. Ossur Hf. suggested that it had a
work-around of the *726 Patent but was open to a possible “collaboration.” Ossur
Hf. also provided a drawing of its proposed products, but it was insufficient to
compare to the claims of the *726 Patent. Otto Bock determined that this matter
was of such importance to its business that it had to investigate Ossur’s activities.
On May 3, 2013, Otto Bock placed an order for Ossur’s Unity Foot, valve, and
Iceross liner, and Ossur shipped these products on May 7, 2013. Otto Bock
completed its investigation and filed a Complaint.

6
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Ossur’s Repudiation of the July 2012 Settlement Agreement

24.  On June 12, 2013, Otto Bock filed the original Complaint in this
Action. The Complaint contained paragraphs 14-17 above, referring to terms of the
July 2012 Settlement Agreement. |

25, On or about.July 18, 2013, counsel for Ossur wrote a letter to counsel
for Otto Bock, claiming that by filing the Complaint that referenced terms of the
July 2012 Settlement Agreement in paragraphs 14-17, Otto Bock had materially
breached that Agreement.‘ Counsél for Ossur claimed that this alleged material
breach “discharges Ossur and Evolution of their previous duties and obiigations
under the [July 2012] Settlement Agreement, which Ossur deems to be no longer
effective.” '

26.  On or about July 19, 2013, Ossur filed its Answer and Counterclaims
in this Action. In its Answer and Counterclaims, Ossur again took the position that
Otto Bock’s filing of the original Complaint constituted a material breach of the
July 2012 Settlement Agreement that relieved Ossur of its duties and obligations
under that Agreement. Ossur further took the position that the July 2012 Settlement
Agreement was no longer effective.

27.  Further, in the Aforesaid Answer and Counterclaims, Ossur asserted a
Second Claim For Relief, seeking a declaratory judgment of the invalidity of one or
more claims of the ‘726 Patent. Pursuant to Article 6 of the Agreement, more fully
set forth in paragraph 15 and 17 above, this assertion gave Otto Bock the right, inter
alia, to terminate License Agreement to Evolution which is Exbibit B to the July
2012 Settlement Agreement.

FIRST CAUSE OF ACTION

Patent Infringement

28.  Otto Bock hereby realleges and incorporates by reference each and
every allegation set forth in paragraphs 1 through 27 above.

29. Otto Bock has not licensed or otherwise authorized either of the Ossur

7
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entities to use the >726 Patent to make, use, offer for sale, sell or »irriport into the
United States the Unity Foot Products.

30.  On information and belief, Ossur Americas, Inc. has directly
infringed, and continued to directly infringe one or more claims of the *726 Patent
in violation of 35 U.S.C. § 271(a), by testing and demonstrating the aforesaid Unity
Foot Products to entities such as doctors, hospitals, rehabilitation centers,
prosthetists, and amputees. | |

31.  On information and belief, Ossur Hf, has had actual knowledge of the
’726 Patent since at least March 19, 2012, the date of the filing of the complaint for
infringement of the *726 Patent against its subsidiary, Evolution Industries, which
led to the July 2012 Settlement Agreement. Further, on information and belief,
Ossur Americas, Inc. had had actual knowledge 6f the >726 Patent since in or about
July 2012, because the July 2012 Settlement Agreement required Ossur HF. to cause | -
its subsidiaries to comply with the terms of the Agreement, including without
limitation, the covenant not to infringe the *726 Patent.

32.  On information and belief, the Ossur entities have contributorily
infringed the *726 Patent and continue to contributorily infringe one or more claims
of the *726 Patent in the United States in violation of 35 U.S.C. § 271(c) by
importing, offering to sell and selling the aforesaid Unity Foot products, which are
material to practicing the invention of the *726 Patent, with knowledge that they are
especially made for use in the infringement‘ of the 726 Patent, and are not staple
articles of commerce suitable for substantial noninfringing use.

33.  On information and belief, Ossur HE. has ‘actively induced and
continues to actively induce infringement of one or more claims of the 726 Patent
in the United States in violation of 35 U.S.C. § 271(b) by inducing a) Ossur
Americas, Inc. to infringe claims of the *726 Patent by providing Unity Foot
Products and marketing and sales suppdrt to enable Ossur Americas, Inc. to sell,
offer for sale and use in the United States Unity Foot Products, together with

8
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Iceross Seal-In V liners, and valve kits containing Unity Valves and b) end-users to
directly infringe the 726 Patent in the United States by importing, selling and
offering for sale Unity Foot Products together with Iceross Seal-In V liners and
valve kits containing Urﬁty Valves . Ossur Hf. intentionally took the aforesaid
actions that induced Ossur Americas, Inc. and end-users to directly infringe claims
of the *726 Patent. Ossur Hf. has awareness of the >726 Patent and knew or was
willfully blind to the fact that its actions would cause direct ihfringement by end-
users.

34. On information and belief, Ossur Americas, Inc. has actively induced,
and continues to actively induce end users of its Unity Foof Products to directly
infringe the *726 Patent in the United States in violation of 35 U.S.C. § 271(b) by
importing, selling and offering for sale Unity Foot Products together with Iceross
Seal-In V liners, and accompanying valve kits containing Unity Valves. Ossur
Americas, Inc. intentionally took the aforesaid actions that induced end-users to
directly infringe claims of the 726 Patent. Ossur Americas has awareness of the
»726 Patent and knew or was willfully blind to the fact that its actions would cause
direct infringement by end users.

:35.  Upon information and belief, the Ossur entities’ infringement of
claims of Otto Bock’s *726 Patent has been and will continue to be .willful, wanton
and deliberate. | |

36. Otto Bock is damaged and irreparably injured by Ossur’s infringing
activities and will continue to be so damaged and irreparably injured unless and
until Ossur’s infringing activities are enjoined by this court.

SECOND CAUSE OF ACTION

Breach of Contract

37.  Otto Bock hereby realleges and incorporates by reference each and
every allegation set forth in paragraphs 1 through 35 above.

38.  Otto Bock and Ossur Hf. entered into a written contract referred to as

9
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the July 2012 Settlement Agreement that, inter alia, resulted in the dismissal
without prejudice of the Prior Litigation.

39. The July 2012 Settlement Agreement is also binding on Ossur
Americas, Inc. as an “Affiliate” of Ossur Hf.

40. The July 2012 Settlement Agreement is a valid and enforceable -
contract. |

41. Otto Bock has performed its obligations under the July 2012
Settlement Agreement. | |

42.  As set forth above, by their actions infringing claims of the *726 .
Patent, the (")ssulj entities have breached their obligations under the July 2012
Settlement Agreement.

43,  As a direct result of the Ossur entities’ breaches of the July 2012
Settlement Agreement, Otto Bock has suffered damages and other harm.

44.  Otto Bock has suffered, and will continue to suffer, substantial and
irreparable damage to its position in the market, business reputation, and good will
for which Otto Bock has no adequate remedy at law, as well as losses in an amount
to be determined.

THIRD CAUSE OF ACTION

Breach of Contract |

45,  Otto Bock hereby realleges and incorporates by reference each and
every allegation set forth in paragraphs 1 through 41 above.

46.  As set forth in paragraph 26 above, because of the Ossur entities’
actions in asserting a Second Claim For Relief of Invalidity of the 726 Patent,
Otto Bock now has the unfettered right to terminate the License Agreement to
Evolution which is Exhibit B to the July 2012 Settleinent Agreement.

47.  As set forth in paragraphs 23-25 above, by their actions repudiating the
July 2012 Settlement Agreement, the Ossur entities have breached the July 2012
Settlement Agreement.

10
ny- 1103468




Case 8-13-cv-00891-CJC-A\(N““}Document 61 Filed 08]08/13 Pagy 110f 37 Page ID #:2852

[y

l\)l\)l\)[\)[\)l\)[\)[\)[\))—Ay—A»—t)—kr—tr—i)—Av—aF—A)—l
0 1 &N W AW =, O 0 NN W N = O

O 0 N N L R W N

48.  As set forth in paragraph 18 above, as a result of the breach by the
Ossur entities, Otto Bock may refile its patent infringement litigation againsf
Evolution and may seek past damages. Ossur and Evolution are also not entitled to
the benefit of the Release of Article 6 of the Agreement.

49.  As a direct result of the Ossur entities’ breach of the July 2012
Settlement Agreement, Otto Bock has suffered damages and other harm.

50. Otto Bock has suffered, énd will continue to suffer, substantial and
irreparable damage to its position in the market, business reputation, and good will
for which Otto Bock has no adequate remedy at law, as well as losses in an amount
to be determined.

PRAYER FOR RELIEF

WHEREFORE, Otto Bock prays for judgment as follows:

A.  An entry of judgment that the *726 Patent is valid and enforceable;

B.  Anentry of judgment holding the Ossur entities liable for infringement

of one or more claims of the *726 Patent and for breach of the July 2012 Settlement

~ Agreement;

C.  An entry of judgment that the July 2012 Settlement Agreement is valid
and enforceable;

"D.  Anentry of judgment holding that Otto Bock did not breach the July
2012 Settlement Agreement by filing the Complaint in this action and that in any
event, the conduct of Otto Bock about which Ossur complains cannot qualify as a
material breach sufficient to justify Ossur’s repudiation of that Agreement; |

E.  An entry of judgment holding that Otto Bock has the unfettered right
to a) terminate the License Agreement which is Exhibit B to the July 2012
Settlement Agreement. and b) refile its case against Evolution for infrivngement of
the 726 Patent and seek all past damages for Evolution’s infringement ,and that
Ossur and Evolution are not entitled to the benefit of the Release of Article 6 of the
July 2012 Settlement Agreement.

11
ny- 1103468




A Case 8;:

O 00 N3 N W bR W

O TN NG TR NG TR NG TR NG TR NG TR N6 T N T NG T S e e e e e e
00 . O W bW N e O 0 0NNy I RN O

13-cv-00891-CJC-A(NA ">Document 61 Filed 08/08/13 eag‘g 12 of 37 Page ID #:2853

F.  An order preliminarily énd permanently enjoining the Ossur entities,
their officers, agents, representatives, employees, attorneys and affiliated
companies, their assigns and successors in'interest, and those persons in active
concert or participation with them, from continued acts of infringement of the *726
Patent;

G.  An order preliminarily and permanently enjoining the Ossur entities,
their officers, agents, representatives, employees, attorneys and affiliated
companies, their assigns and successors in interest, and those persons in active
concert or participation with them, froni continued actions in breach of the July
2012 Settlement Agreement; | |

H.  An order awai*ding Otto Bock all damages adequate to compensate for
the Ossur entities’ infringement of the *726 Patent, and in no event less than a
reasonable foyalty for the Ossur entities’ acts of infringement, and for breach of the
July 2012 Settlement Agreement, together with prejudgment and post-judgment
interest; _ , '
L. Trebling of damages under 35 U.S.C. § 284 in view of the willful and

deliberate nature of the Ossur entities’ infr’ingerhentlof the *726 Patent, together
~ with prejudgment and post-judgment interest;

L Actual damages suffered by Otto Bock as a result of the Ossur entities’
breach of the July 2012 Settlement Agreement, in an amount to be proven at trial,
together with prejudgment and post-judgment interest, and any attorney’s fees and
costs recoverable under Article 6 of the July 2012 Settlement Agreement;

K.  An order awarding Otto Bock its costs and attorney’s fees pursuant to
35 U.S.C. § 285; and
L. Anyandall other legal and equitable relief as may be available under
the law and which the Court may deem proper. |
| DEMAND FOR A JURY TRIAL
Otto Bock hereby demands a jury trial on all issues so triable under the law

12
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as provided by Rule 38(b) of the Federal Rules of Civil Procedure.

: CHARLES S. BARQUIST
Dated: August 7,2013 MORRISON & FOERSTER LLP

=

Charles S. Barquist

707 Wilshire Boulevard,(#6000
Los Angeles, California 90017
Telephone: (213) 892-5200
Facsimile: (213) 892-5454
cbarquist@mofo.com

Patricia A. Martone (Admitted Pro

Hac Vice)

%mil E. Huters (Admitted Pro Hac
ice

1290 Avenue of the Americas

New York, New York 10104

Telephone: (212) 468-8000

Facsimile: (212) 468-7900

pmartone@mofo.com

ehuters@mofo.com

Attorneys for Plaintiff
OTTO BOCK HEALTHCARE LP
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YACUUM APPARATUS AND METHOD FOR
MANAGING RESIDUAL LIMB VOLUME IN
AN ARTIFICIAL LIMB

This application is a contiouation-in-part of U.S. patent
application Ser. No. 09/492,406, filed Jan, 27, 2000, which
is a continuation-in-part of U.S, palent application Ser. No,
09/325,297, filed Jun. 3, 1999, now abandoned, and a
continuation-in-part of U.S, patenl application Ser. No,
09/534,274, filed Mar, 23, 2000, which is also a
continvation-{-part of U.S. patent application Ser. No.
097325,297, Rled Jun. 3, 1999, now abandoned.

BACKGRQUND OF THE INVENTION

The present inveation relales fo prostbetic devices and
mare particularly to a hypobarically-controlled artificial
limb for ampulees and to n method for prevenling loss of
residual imb volume due to weight-bearing pressures.

An amputee is a person who bas lost pari of an extremity

or limb such as a leg or arm which commonly may be lermed :

as a residual limb, Residual imbs come in various sizes and
shapes with respect Lo the stump. Thal is, most new ampu-
tations are either slightly bulbous or cylindrical in shape
while ulder amputations that may have had a lot of atrophy
are generally more conical in shape. Residual limbs may
further be characterized by their various individual problems
or configurations including the volume and shape of  slurop
and possible scar, skin grafi, bony prominence, uneven Hmb
volume, neuroma, pain, cdema or soft tissue configurations.

Referring to FIGS. 1 and 2, a below the knee residual limb
10 is shown and described as a leg 12 having been severed
below the knee icrminating in a stump 14, In this case, the
residual lirmb 10 includes sofi tissue as well as the fornur 16,
knce joint 18, and severed tibia 20 and fibula 22, Along these
bone structures sucrounded by soft tissue are nerve bundles
and vascular routes which must be protected against external
pressure o avoid neuromas, numbness and discomfort as
well as other kinds of problems, A below the knee residual
fimb 10 has its stump 14 generally characterized s being a
more bony structure while an above the knee residual imb
may be characterized as including more soft tissue as well as
the vascular routes and nerve bundles.

Referring to FIG. 2, amputees who huve lost a part of their
arm 26, which terminates in a stump 28 also may be
characterzed as having vascular routes, nerve bundies as
well as soft and bony tissues. The residual limb 10 includes
the humerus bone 30 which extends from below the shoulder
lo the ¢lbow From which the radius 34 and ulna 36 bones
may pivotally exiend (o the point of severance. Aloag the
humerus bone 30 are the biceps muscle 38 and the triceps
muscle 40 which still yet may be connceted to the radius 34
and the ulna, 36, respectively.

In some respects, the residual imb ampulee that has 2
severed arm 26 docs not have the pressure bearing consid-
crations for am artificial limb but rather is concerned with
baviag an artificial Limb that is articulable 1o offer functions
typical of a full arm, such as bending al the elbow and
grasping capabilities, An individual who bas a paralyzed
fimb would also have similar considerations wherein he or
she would desire the paralyzed limb to having some doegrce
of mobility and thus lunctionality. :

Historically, artificial limbs typically used by a leg smpu-
tee were [or the most parl all made out of wood such as an
Upland Willow. The limbs were hand carved wilh sockels
for receiviag the stump 14 of the residual imb 10, Below the
sacket would be the shin portion with the foot below the

1
=3

2

shin, These wooden artificial limbs were covered with
rawhide which often were painted. The sockets of most
wood limbs were hollow as the limbs wese typically sup-
ported in the adificial Hmb by the circumferential lissue
adjacent the stump 14 rather than al the distal end of the
stump 14,

Some artificial limbs in Burope were also made from
forgged pieces of melal that were hollow, Fiber artificial
Jimbs were also used which were strelched around a mold
after which they were pormitted to dry and cure. Again, these
antificial limbs were hollow and pretty much supported the
residual limb about the circumferential tissue adjacent the
stump 14. :

All of these varjous artificial limbs have sockets o put the
ampuiee’s stump 14 thereinto. There are generally two
catcgories of sockets. There are hard socksts wherein the
sturp goes right into the socket actually touching the sockel
wall withowt any type of liner or stump sack, Another
calegory of sockels is a sackel that ulilizes a liner or insert,
Both calegories of sockets typically were opencd ended
sockels where they had a bollow chamber in the botlom and
no portion of the socket touched the distal end of the stump
14. So, the siump was supporled sboul ils circumferential
sides as it fits against the inside wall of the sockels,

These types of sockels caused a lot of shear force on the
stump 14 as well as had pressure or restriction problems on
the nerve bundles and vascular flow ot fiuid by way of the
circumfercntial prossure effect of the socket on the limb.
This pressure cffect could cause a swelling into the eads of
the socket where an amputee may develop severe edema and
draining nodules at the end of their stump 14.

Wilh time, prosthetists learned that by filling in the
socket’s holiow chamber and encouraging a more lotal
contact with the stump and (he sockel, the swelling and
cdema problems could be eliminated. However, the prob-
lematic lissue configurations, such as bony prominences,
required special consideration such as the addition of soft or
pliable materials to be pul into the spcket,

Today, most astificial limbs are construcled from thermo-
scl plastics such as polyester resinis, acrylic resins, polypro-
pylenes and polyethylenes, which are perhaps laminated
over o nylon stockinelle which also may be impregnated by
the various resins,

In the past, mos! adificial Limbs were suspended from the
ampulee’s body by some form of pulley, bell or sirap
suspension ofien used with various harnesses and perhaps
leather lacers or lacings. Another method of suspending
artificial limbs is known as (he wedge suspension whersin an
actual wedge is builtinto the socket which is mare closed al
its top opening. The wedge in the sacket cups the medial
femoral condyle or kauckle at the abductor tubical. Yet
another form of suspension is referred to as the shuttle
syslem or & mechanical hookup or linkup wherein a thin
suction Liner is donned over the stump that has » docking
device on the distal end which mechanically lnks up with its
cooperative past in the bottom of the sockel chamber. Sleeve
suspensions were also used whercin the ampulee may use a
latex rubber tube which forms into a rubber-like sleeve
which would be rolled on over both the top of Lhe artificial
Jimb and onto the ampulee’s thigh, The slesve suspensions
have been used in combination with other farms ol suspen-
sions techniques.

Both the use of a positive pressure system and the use of
a negative pressure system (or hypobarie closed chamber)
have been utilized in the field of prosthetics. At one time, for
pressure systems “inflatable inper tubes” were used fo fit
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into sackels. Presently, there are paeumatic “bags” which
are sirategically placerd over whal people consider to be
good weighl-hearing areas to increase pressure 1o help
accommodate for volume changes within the socket.

The problem with this is that it is a very specific pressure
and creales atrophy and loss of tissue dramatically over
these high pressure areas, None of these systems employs
posilive pressure distributed over the total contact area
between the residual Bmlb and the artificial limb socket to
accommodate volume changes within the socket.

The negative pressure aspects have been ulilized for a
closed chumber in thal a sockel is donned by pulling in with
a sock, pulling the sock oul of the sockel and then closing
the opening with a valve. This creates a seal at the bottom
and the siump is held into the sockel by the hypobaric seal.

"The older systems were initially started in Germany. They
were an open-ended sockel, mcaning there was an air
chamber in the bottom of the socket, This did not work
particujarly well because it would cause swelling of the

residual limb inlo the chamber created by the negative draw ™

of suspending the weight of the leg and being under a
confined arca, This would lead 10 significance edema which
would be severe enough to cause stump breakdown and
drainage. o

It was later discovered in America thal total conlact was
essential between the residual limb and the socket and once
you bad tolal contact the weight was distributed evenly or
the suspension was distributed over the whole surface of the
limb ryther thao just over the open chamber poriion of the
sockel. '

The human body as a whole is under approximaltely onc
atmosphere of pressurc at sea level. It keeps and maintains
a normal fluid system throughiout the body, When ap ampu-
tee dons a prosthesis and begins faking the pressures of
iransmitting the weight of the body through the surface area
of the residual limb 10 the bone, there is increased pressure
- on the residual limb equal to one atmosphere plus whatever
addilional pressures are created by weight bearing. This
increased pressure causes the eventual loss of fuids within
ihe residual limb to the larger portion of the body which is
under less pressure. This loss of fuids ceuscs the volume of
the residual limb to decrease during the day. It varics from
amputee 1o ampultee, but it is a constant among all amputee
and the more “fleshy” and Lhe soffor the residual limb, the.
more volume fuctuation there will be. The greater the
weight and the smaller the surface area, the greater the
pressures will be and the more “swings” there will be in
fluids. In the past, the amputee had to compensate for this
volume decrease by removing the artificial fimb and donning
addilional stump socks to make up for the decreased residual
limb volume.

U.8. Pal. No, 5,888,230 discloses the use of a vacuum
pump connected between the limb und 4 liner, However, this

invention is essentially inoperable becavse the liner will 3

conform to the stump at all times, by an interference fit, so
that there is no space belween the residual limb and the lner
against which to draw a vacuum. In any case, the patent docs
not disclose application of vacium to the socket cavity in
such a manner as (o draw the residual Hmb firmly and totally
against the interior of the sacket. Tnstead, the patent dis-
closes the use of shims between the liner and the socket.
Withoul total conlact between the residual limb and the
socket, the limb may swell inlo the space between the limb
and the socket, Also, the palent does not disclose the use of
vacuum o prevent reduction in volume of the artificiul limb
due to weight- bearing pressures.
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While some of these devices addressed some of the
problems associated with prosthetics, none of the artificial
limbs, liners and socket, individually or in combination,
offered a prosthesis that presenicd a lotal contact velation-
ship with the residual limb; absorbed and dissipaled shear,
shock and mechanical forces transmitied to the limb tissves
by the artificial limb; controlled residual limb voluroe; and

“used ncgative prossure as a locking device to hold the

residual limb into the sockel.

There is 4 need for an improved hypobarically-controlled
arlificial limb that will offer lotal contact relationship with
the residual limb; absorb and dissipale shock, mechanical
and shear forces typically associated with ambulation, twisl-
tng and furning and weight bearing with an arlificial limb;
cdptrol residual limb volume by way of even weight distri-
bution; use negative pressure as a locking device Lo hold the
residual limb into the sockel withoul causing swelling of the
residual limb into the sockel; and control residual limb
volume changes by a ncgalive prossure system, Ideally, the
vacuum system should be automatically reguiated.

U.S. Pat, No. 5,549,709 discloses several embodiments of
a hypobarically-controlled artificial limb. However, all of
these embodiments required two sockets: an outer socket
and an inner sacket, Applicant has found that the present
ipvention offers improved performance without the require-
ment for two sockets. A single socket works equally well or
better than two sockets. Also, this patent does not disclose a
mechanism for maintasining vacuum in the prescnce of air
leakage into the socket,

It has been found thal it is essentially impossible to
maintain a perfect, airtight seal between the residual limb
and the sockets disclosed in U.S. Pat, No. 5,549,709, with
the result that slow air leakage into the sockels diminishes
the vacuum in the sockets, With the reduction in vacuum, the
bencficial effects of the vacuum also slowly diminish.
Consequently, there is a nced for a meaps for maintaining
the vacuum in the socket cavity in the presence of some air
leakage past the seal,

SUMMARY OF THE INVENTION

A hypobarically-controlled artificial limb [or amputees
includes & single socket with 2 volume and shape to receive
a substantial portion of the residual limb, A sealed cavily is
formed between the socket and the residual imb. The wearer
may use a liner over (he residual 1imb for comfort, A vacuum
source is connected lo a vacuum valve connected to the
cavily to suspend the artificial imb from the residual limb
and to contro} and midimize volumetric and fuid changes
within the cesidual limb, To compensate for some air leakage
past the scal, there is a mechanism to maintain the vacuum
in the cavity, A method for preventing the loss of residual
limb volume due to weight-bearing pressures includes the
steps of: inserting the residual limb inlo 2 socket with a
cavity; making a seal beiween the residual limb and the
socket; applying a vacuum to the socket cavity lo thereby
draw the residual limb into firm and total contact with the
socket; maintaining the vacuum in (he socket cavity in the
presence of some leakage past the seal; and opposiag the
loss of body fluids from the residual imb due to weight-
bearing préssures, by means of the lotal contact relationship
of the liner with the residual limb and the vacoum drawing
the liner into firm and total contact with the sockel.

A principle object and advantage of the present invention
is that it uses vacuum within the artificial limb socket 1o
suspend the artificial limb from the residual imb.

. Another object and advantage of the preseat invention is
that it uses vacuurmn wilhin the artificial limb socket (o assist
in sockel fil and minimizes volumelric limb changes wilhin
the sacket.
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Another object and advantage of the present invention is
that it uses vacuum within the socket to lock the residual
limb into the socket while preventing negative draw within
the socket from causing swelling of tbe residual limb into the
socket.

Another object and advantage of the present invention is’

that il uses vacuum within the socket to oppase the loss of
fluids from the residual limb caused by weight-bearing
pressures.

Another object and advaniage of the preseal invention is
thal the vacuum may be created by a pump with a mechani-
cul or molor drive,

Another principal object and advantage of the present

invention is that it inay comprise anly a single socket, rather

than two sockets, simplifying construction and reducing cost
and complexity.

Another principal object and advantage of the present
invention is that it includes a mechanism that can be used to
mainlain vacuum in the cavity between the residual limb or
liner and Lhe socket as air leaks inlo the cavity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view of Lhe tissue and skeletal
structure of an amputee’s residual Limb;

FIG. 2 is 4 side clevational view of a residual limb in the
form of an ampulated arm showing the skeletal and mus-
cular structure of the residual limb;

FIG. 3 is an exploded elevational view of the residual
limb donning the polynrethane sleeve, stretchable nylon
sleeve, liner, nylon sheath and socket of an artificial limob;

FIG. 4 is a cross-section of the artificial limb in FIG. 3,

" which is a first cmbodiment of the artificial limb;
PIG. 5 is'a cross-section of the artificial limb similar to

- FIG. 4, showing & secand embodiment of the artificial limb;

FIG. 6 is the same as FIQ. 5, but showing compression of
the inner sockel under the intlucnce of positive air pressure;

FIG. 7 is 4 cross-section of (he urtificial limb showing a
third embodiment of the artificial limb;

FIG. 8 is a cross-section of the artificial limb showing a
fourth embodimenl of the artificial limb;

FIG. 9 is an slevalional view of the polyurcthane sleove
_ and second stretchable nylon sleeve rolled over the socket
and residual limb wilh clothing shown in broken outline;
. FIG. 10 is a cross-scction of the artificial limb showing a
fifth embodiment of the adificial limb; °

TIG. 11 is a cross-seclion of the artificial limb showing a
sixth embodiraent of the artificial limb;
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FIG, 12 is a detailed view of the vacuum mechanism in -

FIG. 11;

[1G. 13 is a cross-section of the artificial limb showing a
scventh embodiment of the artificial limb;

FIG. 14 is a delailed view of the vacunm mechanism and
suspeosion sleeve of FIG, 13;

FIG. 15 is a cross-section of the artificial limb showing an
cighth cmbodiment of the artificial Hoab; and

FIG. 16 is a cross-section of the artificial imb showing a
ninth embodiment of the artificial limb,

FIG. 17 is a cross section of the artificial limb showing a
liner with an annular seal.

FIG. 18 is a cross-section of the artificial limb showing a
second embodiment of the liner of FIG. 17.

FIG. 19 is & partial cross-seclion of the artificial limb
showing a third embodiment of the liner of FIG. 17.
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" FIG. 20 is a partial cross-seclion of the artifical limb
showing a fourth embodiroent of the liner of FIG. 17.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The drawings show a number of different embodiments of
an apparalus and method for munaging the volume of #
residual limb withio an artificial {imb, by applying a vacuum
source to the artificial limb cavity. It will-be scen that
application of the vacuum to the cavily draws the residuni
Iimb (which may be eacased in a liner) firmly and totally
against the socket, thereby preventing swelling of the
residual limb into the socket, because there is no open
chambor into which the residual limb muy be drawn by the
vacuum. lmportanily, applicalion of the vacuum lo the
cavity nlso opposes the loss of fiuids from the residual limb
due o weight-bearing pressures. :

FIGS. 3 and 4 show one embodimen! of the apparatus S0
of the presenl invention. The hypabarically-controlled arti-
ficial Kb 50 includes an outer sacket 52, shin 54, and fool
56. ‘I'he oufer socket 52 has a volume and shape Lo receive
o substantial portion of the residual limb 14 with a space 58
therebetween, :

The apparatus 50 further includes 2 flexible inner sockel
60 with a cavity 62 with a volume and shape for receiving
a substantial portion of the residual imb 14 and fitting in the
space 58 between the outer socket 52 and the residual limb
14. ‘The inner sackel 60 has an inner surface 64 opposing the
residual limb 14 and an outer surface 66 opposing the ouler
socket 52,

A vacuum source 70 may convenicnily be attached to the
shin or pylon 54, The vacuum sourct 70 may preferably be
a mechanical or motor-driven pump 72, The vacuum source
70 may be connected lo 4 power source 83, which may be
a battery,

. A vacuum valve 74 is suitably connected to the vacuum
source 70, The vacuum valve 74 may preferably be disposed
on the outer socket 52. A vacuum tube 76 connects the
vacuum valve 74 1o the cavity 62, It will be seen that the
vacuum source will cause the residual imb 14 to be drawn
into firm contact with the inner surface 64 of the inner socket
60.

The bypobarically-controlled artificial limb S0 also
includes a regulator means 80 for controlling (he, vacuum
source 70. Preferably, the regulator means 80 may be a
digilal compuler 82, Alternately, the regulator means may be
a vacuum regulator, The regulator means 80 is connected lo
4 power source 83, which may be a battery,

A seal means 84 makes an airlighl seal belween the
residual limb 14 and the outer socket 52, Preferably, the seal
meaas 84 is a nonfoamed, nonporous polyurethane suspen-
sion sleeve 86 which rolls aver and covers the outer socket
52 and a portion of the residual limb 14. Alterpalively, the
seal means 84 may be any type of seal which is airtight.

The hypobarically-controlled arlificial limb 50 may also
include a thia sheath 90 between the residual limb 14 sod the
inner surface 64 of the inner socket 60. As vacuum is applied
to the cavity 62, the sheath 90 will allow the vacuum to be
evenly applied throughout the cavity 62. Withoul the sheath
90, the residual limb 14 might “tack up” against the inner
surface 64 and form a seal which might prevent even
application of the vacuum to the cavity 62. The sheath 90
may also be wsed to sssist the amputee into a smooth and
easy fitting into ihe inner sacket 60, The sheath 90 is
preferably made of thin kaitted nylon. ’

The apparatus 50 may also include & nonfoamed, nonpo-
rous polyurcthane liner 92 receiving the residual limh 14 and
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disposed between the sheath 90 and the residual limb 14,
The liner 92 provides a lotal-conlaél hypobaric suction,
equal weight distribution socket liner. The liner 92 readily
tacks up to the skin of the residual limb 14 and provides total
contacl with the limb 14. The liner 92 absorbs and dissipates
shock, mechanical and shear forces typically associated with
ambulation, :

The hypobarically-controlled artificial limb 50 may also
include a stretchable nylon second sleeve 94 for rolling over
and covering the suspension sleeve 86 to prevent clothing
from sticking to and catching the suspension sleeve 86.

Referring to- FICL 3, the polyurethanc tubular slecve 86
may be appreciated alon¢ and in combination with the
urcthane liner 92 together with the optional nylon sheath 90
and second stroichable nylon sleeve 94,

More specifically, the-ampulee takes the swreichable nylon
sccond sleove 94, suilably made of a spandex-like material
and rolls it up over the stump 14 (o the upper porlions of the
residual limb suitably as the thigh of a leg 12, Next, the
polyureihane sleeve 86 Is also rolled upwardly over the
residual {imb 10. Thereafler, the liner 92 is oplionally
donned,

Next, the amputce may optionally utilize the nylon sheath
90 which is suitably of a non-stre(ching, thin, friction
reducing aylon, As slated, this shealh 90 optionally may be
used 1o assist the ampule info 1 smooth aod easy fitting into
the inner socket 60. Allernatively, the sheath 90 may be
avoided and the liner 92 simply inserted into the inner socket
60 of the artificial limb 50.

Next, the amputee simply grasps the rolled over portion of
the polyurethane steeve 86 and rolls il over a substantial
portion. of the outer sockel 52. The siceve 86 makes an
airtight seal between the residval Hmb 14 and the outer
socket. 52,

As can be appreciated, the polyurcthane sleeve 86 is
tacky, Consequently, the siretchable nylon second sleeve 94
may be utilized and rolled over the polyurethane sleeve 86.

The amputey (hen sels the rogulator means 80 lo cause the
vacuum source 70 Lo apply vacuum through the vacuum
valve 74 and vacuum tube 76 to the cavily 62. Enough
vacuum is applied {o cause the residual limb (with optional
coverings) lo be drawn firmly against the inoer surface 64 of
the innor socket 60, which is flexible. The vacuum source 70
may preferably maintain a vacuum in the range of 0 to 25
inches of mercury (ideally ten 1o twenty five inches).

It will be seen thal the vacuum within the inner socket 60
will cause the hypobarically-controlled artificial imb 50 to
be suspended from the residual limb 14, The vachium will
Jock the residual limb 14 inta the inner socket 60 without
causing swelling of the cesidual limb inlo the sockel,
because of the lofal contacl of the residual limb 14 with the
inner sacke! 60, ‘That is, there is no open chamber between

" the residual limb 14 and the inner socket &) which would
draw on the residual limb. )

As the volume of the residual limb 14 doecreases during
the day due to weight-bearing pressures, the regulalor means
80 may appropriately adjust the vacuum source 70 to draw
the residual limb 14 more finmly against the inner socket 60
and thus compensate for the loss of residual Jimb volume,
The vacuum may also parfially or completely eppose the
loss of fluids from the residual limb cauged by weight-
bearing pressures,

A socond embodiment ol the apparatus 50 is shown in
FIGS. 5 and 6, The second embodiment of the apparatus 50
is as deseribed ahove, with the exceplion that the inner
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socket 60A is compressible ag well as being fiexible, Instead
of a vacuum source, the second embodiment bas a positive
air pressute source 100, which may preferably be a motor-
driven pump 102. The regulator means 80, which may be a
digital computer 82, controls the positive air pressure source
100. The regulator means and positive air pressure source
100 are connccted Lo a power source 83, which may be a
battery. A positive pressure valve 104 connects the space 58
to the positive air pressure source 100, for compressing the
inner sacket 60A as the volume of lhe residual limb
decreascs.

1t will be seen that as the volume of the residual limb 14
decreases during the day due to weight-bearing pressures,
the regulator means 80 may coutrol the positive air pressure
source 100 1o cause air pressure fo compress the inner socket
60A to compensale for the decreased volume of the residual
limb, as shown in FIG. 6.

A third embodiment of the bypobarically-controlled arti-
ficial limb 50 is shown in F1G. 7. The third embodiment is
a combination ol the first and svcond embodiments
described above.

The mechanical motor-driven pump 72 may act as both
the vacuum source 70 and the posilive air pressure source
100. The regulator means 80, vacuum souvrce 70 and positive
air pressure source 100 are connected lo a power source (not
shown), which ray be a battery.

The vacuum source 70, under control of the regulator '

means 80, will compensate for reduced residual limb vol-
uine up to a certain point, From that point on, the regulator
means 80 will cause the positive air pressure souree 100 to
further compensate for reduced residuat limb volume as
described above, The third embodiment thus uses both
vacuum and positive air pressure warking logether (o lock
the residual imb 14 into the inner socket 60 and reduce
socket volume to compensate for fluid loss in the residual
limb 14. The exact point at which the changeover js made
belween vacuum compeusation and posilive air pressure
compensation is controlied by the regulator means 89, which
as described may be a digitel computer apprapriately pro-
grammed for the socket envitonment.

A fourth embodiment of the apparatus 50 {s shown in FIG.
8. The fourth embodiment is like the first embodiment, but
includes two vacuum valves: a lirst vacuum valvo 106 snd
a second vacuum valye 110, both connecled fo the vacuum
source 70, The first vacuum valve 106 connects the vacuum
source 70 to the space S8, The space 58 contains a semi-
compressible material 108, such as polystyrene beads, &5
disclosed in U,S, Pat. No. 4,828,325, herein incorporated by
reference.

To don the artificial limb 50, (be amputee proceeds as
described above, After inserting the residual limb 14 (with
optional coverings) into the inner socket 601, which is both
compressible and expandable, and rolling the suspension
sleeve 86 over the ouler socket 52, the amputee activates the
regulator means 80, causing the vacuum source 70 lo apply
a2 vacuum fo the space 58, This causes the material 108 1o
lock mechanically logether info a rigid mass, conforming lo
Ihe shape of the residual limb 14, The inner socket 60B may
expand slightly under the weight of the residual Emb 14 and
under the influence of vacuum.

It will be seen thal the scrmi-compressible molding mate-
rial 108 can be molded to the contours of the residual limb
14 without using a custom-building process to produce a
custom sockel. The outer sockel 52 may approprialely occur
io standard sizes, such as small, medium, and large, The
inner socket 0B may also accur-in standard sizes such as
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small, medium, and large, Adaptation of the inner socket
60B to the contours of the residuat limb 14 oceurs through
solidifying the material 108 under the influence of vacuum,

The second vacuum valve 110 connccts lhe vacuur
source 70 to the cavity 62 as previously described, for
locking the residual limb 14 into the inner socket 608,

The fourth cmbodiment may also include a positive air
pressure source 100 as previously described, to adjusl the
size of the inner socke! 60B to compensale for decreased
residual limb volueme.

‘I'he fourth embodiment may also include a thin sheath 90,
liner 92, and second sleeve 94, us previously described.

The positive air pressure source 100 may also be vsed for
shock absorption and a dynamic response in the ankle and
fool sections of the artificial limb 50, by means of a
connection 120. )

A fifih embodiment of the bypobarically-controlled arti-
fieia) limb SO is shown in FIG. 10, This embadiment is the
same as the first cmbodiment shown in FIG. 4, with some
chauges, First, vacuum source 71 may be a hand-operated
vacuum pump 71 which may remove air from the cavity 62
down to approximately 10-25 inches of mercury, A suitable
hand-operated vacuum pump is marketed under the trade-
mark MITY VAC lI® by Neward Enterpnises, Inc. of
Cucamoaga, Calif,

The fifth embodiment also includes the seal means 84
which preferably consists of a non-foamed, nonporous poly-
urethane suspension slecve 86 for rolling over and covering
3 portion of the residual limb 14, A portion of Ihe seal means
86 is adapted 1o be disposed betweén the outer sockel 52 and
the inner sockel 60. The sleeve may be made of any of &
variely of air-impervious elastomers.

The ffth embodiment, shown in FIC, 10 also includes a
mechanical fnterlock 67, $9 Lor interlocking the inoer socked
62 with Ihe outer socket 52, Prelerably, (he mechanical
interlack consists of a first detent 67 in the inner sacket 62

and a second detent 39 in the outer socket 52. The first detent -

67 engages the second detent 59 to lock the inoer socket 60
into the outor socket 52,

A sixth embodiment of the apparalus of the present
invention is'shown in FIGS. 11 and 12. The sixth embodi-
ment is like the first embodiment shown in FIG. 4, with
some changes,

First, the inner sockel is specifically inlended to be
romovably from the outer sockel, To provide a positive
mechanical connection between the inner socket and outer
socket and yet allow the inner-sacke! lo be easily removed,
the sixth embodiment includes a mechanical interlock 103
engaging the inner socket 60 and the ouler sockef 52.
Preferably, the mechanical interlock may be an exiension
104 which is attached to the inodr socket 60 and a docking
device 106 attached to the outer socket 52 and receiving the

extension 104, and a locking mechanism 105 enpaging the

extension 104 und the docking device 106,

The extension may be any sort of protrusion from the
jnnersocket, such as a bulge or tab. Preferably, the exlension
104 comprises a shultle pin 108,

The locking mechanism may be any sort of member
which cngages both the exténsion 104 and the docking
device 106, such as 8 screw, wire, or pin. Preferably, the
locking mechanism 105 comprises 4 second pin 110 which
extends oulside the outer socket 52 as to be accessible,

Second, (he sixth embodiment includes two thin sheaths,
rather than one, A Rrst inner sheath 90 may preferably be
disposed hetween the residual limb 14 and the inner surface
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64 of the inner socket 60. As vacuum is applied to the cavily
62, the inner sheath 90 will allow the vacuum lo be evenly
applied throughout the cavity 62. Without (he inner sheath
90, the residual limb 14 might "tack up” against the inner
surface 64 and form a seal which might prevent even
application of the vacuum to the cavity 62. The inaer sheath
90 may also be used (o 4ssist the ampulee info a smooth unc
easy filting into the inver socket 60, :
An outer sheath 93 is preferably disposed between the
suspension stecve 86 and the inner sockel 60, thereby
preventing lhe suspension sleeve from tacking o the inner

“socket 60. Such tacking would cause [riction between the

{oner sockel 60 and the sleeve 86 which would cause the
sleeve to wear out. Such lacking might also cause resiric-
tions in the movement of the residual limb, The outer sheath
93 also protects the suspension sleeve 86 from Leing dam-
aged by [riction with the inner socket 60.

The sixth embodiment also preferably includes an adhe-
sive pressurc tape 95 adapied {o cover the outer sheath 93,
suspension sleeve 86, and the second slesve 94 and sealing
the outer sheath 93, suspension-sieeve 86, and the second
sleeve 94 1o the inner socket 60, The tape 95 locks all of®
these layers to the inner socket so that they do nol come
loose during movement.

In theé sixth embodiment, the suspension sleeve 86 goes
belween the inner socket 60 and the outer socket 52, so that
the sleeve 86 is protecied from dumage.

In the sixth cmbodiment, the inner socket 60 has a rigid
lower portion 98 and a substantially ficxible upper portion

- 96, The rigid lower portion assisis in weight-bearing while

the substantially flexible upper portion aflows for movement
of the residual limb 14. As the koce is bent from fully
straight 1o fully flexed, the width of the kace changes rathér
significantly and in a hard, nou-flexible socket hrim, there
can be excessive pressure on the residual limb 14, The
substantially flexible upper portion 96 makes the artificial
limb 50 more comfortable and more adaptive lo these
changes. For the same reason, (he outer sockel 52 has a rigid
lower portion 102 and a substantially fexible upper portion
100

Prelerably, the top edge of the inner socket 60 is below the
top edge of the outer socket 52 so that the slecve 86 is
protected from impact, Preferably, the lop edge of the joner
socket 60 may be ¥is inch below the top edge of the outer
sockel 52,

The sixth embodiment includes extensive modifications
to the vacuum system, :

First, a vacuum filling 78 has been added to the inner
socket 60 to atlach the vacuum tube 76. The vacuum fitting
78 allows the attachmenf of a vacunm sensor 79 adapted io
sense {he amount of vacuum in the cavity 62 and a sensor
lead 81 is attached to (he sensor 79 connecting the sensor 79
to the regulator means 80, thus conveying the sensed
vacuum 1o the regulator means R0,

A vacuum valve 74 is placed between the cavily 62 and
the vacuum soutce 70 o maintain vacuum in (he cavity 62,
Typically, the vacuum valve 74 is a ome-way valve or
non-return valve,

In the sixth embodiment, the vacuum source 70, vacuum
tube 76, vacuum valve 74, regulator means 80, and power
source 83 are all attached lo the outer socket 52 in the space
58 botwoen the outer socket 52 and inner socket 60, In this
way, these delicate componenis arc protected against being
damaged by impact, Because of the placement of the regu-
lator means 80 within the onter socket 52, a vacuum conlrol
77 is provided extending outside the ouler socket 52 to allow
manual conirol of the regulator means 86,
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The ampulce dons the sixth embodiment in a mapner
similar 1o thal earlier described, with some modifications.
Firsl, the outer sheath 93 is put on the residual limb 14 after
rolling the suspension sleeve 86 upward over the residual
limb and before donning the liner 92, After donning the
inner sheath 90 over the liner 92, the ampuice jnserts the
residual limb 14 into the inner sockel 6. Next, lhe ouler
sheath 93, suspension sleeve 86, and second sleeve 94 are
rolled down over the inner socket 60, and the adbesive
pressure tape 95 is applied. Next, the wearor sels the

regulator means 80 {o an appropriate vacuuam level by means

of the vacuum control 77, and cannects the vacuum tube 76
10 the vacuum ftting 78. The inner socket 60 is then placed
within the outer socket 52 so that the shuttle pin 108 engages
the docking device 106 and the locking pin 110 is set to
engage the shutlle pin 108 and the docking dovice 106,
providing a positive mechanical inlerlock.

A seventh embodiment of the hypobarically-controlled
arlificial limb of the presenl invention is shown in FIG. 13,
The sevonth embodiment is similar to the sixth cmbodiment,
with some changes. -

First, the mechanical joterlock 103 docs not engage the
janer socket 60. Tnstead, the mechanical interlock engages
the outer socket 52 and the suspension sleeve 86, To
accomplish this, the suspeasion sleeve 86 covers lhe entire
ianer sockel 60, and the suspension sleeve 86 has the
extension 104 or shulile pin 108 embedded in the suspension
sleeve at the distal end of the suspension sleeve, as shown
in FIG, 14. Preferably, the extension 104 has a portion 104A
embedded in the suspension sleeve, This portion 104A may
be a disk or umbrella 104A, The extension 104 then engages
the docking device 106 as previously described.

Second, the suspension sleeve 86 is modificd to support

the additional weight imposed on the suspension slecve 86
due 1o the outer socket 52 and artificial limb. In particular,
the suspension siceve 86 is fabricated from a malerial which
allows circumferential expansion but resists longitudinal
stretching under the weight of the urtificial Jimb. Such a
matedal is described in US. Pal. No, 5,571,208, herein
incorparated by reference,
. The sleeve 86 preferably contains [abric threads which
may be oriented circumferentially around the sleeve. The
threads preferably are comprised of double-knit polyure-
thane, The threads may also include nylon, The threads
perenit Lhe sleeve 86 to expand circumferentially so thal the
sleeve may be slipped onto the rosidual limb 14 and so that
the lower portion may be slipped over the inner socket 52.
The threads are preferably connecled logether with cross-
links, which also may be preferably comprised of polyure-
thane. The cross-links and {hreads form a matrix which
allows circumferential expansion but resists longitudinal
stretching under (ho weight of the artificial limb, By
cxample, the sleove 86 may have a 4-to-1 ratio of circum-
ferential stretch relative to lopgitudinal stretch.

The sleeve 86 may have a portion abave the inner socke!
52 which is manufactured of malterial which allows both
vertical and horizonta) stretching, to increase Rexibilily.

An cighth cmbodiment of the hypobarically-controlled
arlificial limb of (he presenl invention is showa in FIG. 15,

Unlike earlier embodiments, the artificial limb 50 of the
cighth crubodiment has only a single socket 60 rather than
inner and outer sockets and is thus considerably simpler.

The sacket 60 has a volume and shape to receive a
substantial portion of the residual limb 14 with a cavity 62
therebetween,

A nonfoamed, nonporous polyurcthane liner 92 is pref-
¢rably adapted fo receive the residual limb 14 and to be
disposed between the residual limb 14 and the sacket 60.
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A vacuum source T0 is connected {o the cavity 62 by a
vacuum valve 78, thereby drawing Lhe residual limb 14 into
firm contact with the socket 60.
A seal means 84 makes a seal between (he residual Himb
14 and the socket 60 fo minimize air leakage into the cavity

62. T has been found that it is impossible to make a perfect

seal, with the result that air Jeakage can ocour al rales up to
30 cc per minute. As air leaks into the cavity 62, it is
necessary to activale the vacuum source 70 to restore
vacuum in the cavily. Furthermore, it has been found that
when the vacuurm in the cavity Is about 5 inches of mercury,
the residual limb may lose up to 6 10 15% of ils volume
chiring the day, whereas if the vacuum in the cavity is 10-25

snches of mercury, the residual limb loses only about 1% of

its volume during the day,

To minimize the time that the vacuum source, such as a
vacuum pump 72, nceds o run lo maintajn vacuum in the
cavily, a nisth embodiment of the artificial limb 50 is shown
in FIG. 16, The nioth embodiment is the same as the eighth
embodiment, but a vacuum reservoir 110 is added between
the vacuum source 70 and the vacuum valve 78. The vacuum
reservoir 110 has -a volume substantially larger than the
cavily 62. Suitably, the vacuum reservoir may have a volume
of 2 gallons or 9000 cc while the volume of the cavily 62
may be only about 100 ce or even luss.

It will be seen thal as air leaks into the cavity 62, the air
will e pulled inlo the vacuum reservoir 110, therehy main-
tainiog the vacuum in the cavity 62,

When the vacuum in the reservoir 110 reaches a certain
minimum threshold, the vecuum source 70 may be activated
lo restore vacuum to the vacuym reservoit 110. The vacuum
source 70 may be activated either manually or by a regulator
means (not shown).

The artificial limb 50 typically includes a shin or pylon 54
and a fool 56, as shown in FIG, 3, Preferably, the vacuum
reservoir 110 is attached to the shin 54 between lhe socket
60 and the fool 56. However, the vacuum reservoir may also
be carried separately, as for example in a backpack. Depend-
ing on (he placementof the vacuum reservoir 110, a vacuum
tube 76 may be necessary to connect the vacuum reservoir
110 10 the vacuum valve 78, )

If the volume of the vacuum reservoir 110 is about 9000
ce and air leaks into the cavity 62 al about 75 cc per minute,
it will be seen that the infervals bolweca activation of the
vacuum source 70 can be up 1o about 120 minutes.

The artificial limb 50 of the eighth and ainth embodimenis
may preferably further comprise the following.

An inger sheath 90 may be adapted to be disposed
between the liner 92 and the socket, to eosure evea distfi-
bution of vacuum in'the cavity 62, as earlier described.
Preferably, the inner sheath 90 may be thin kaoited nylon.
The sheath 90 may also be affixed 10 the outside of the liner
92.

The seal means 84 is preferably a nonfoamed, nonporous
polyurethane suspension sleeve 86 for rolling over and
covering the socket 60 and a portion of the artificial limb 14,
as earlier described.

A stretchable nylon second sleeve 94 for rolling over and
covering the suspension sleeve 86 may be added to prevent
clothing from sticking to and calching on the suspension
sleeve 86, as earlicr described.

The vacuum source 70 is preferably a motor or mechani-
cal driven vacuum pump 72, as carlier described. A vacuum
tube 76 may be necessary ta copnect the vacuum pump 72
to the vacuum valve 78, depending on the placement of the
vacuum pump 72,
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The vacuum source 70 may also be a weight-wctuated
vacoum pump and shock absorber as disclosed in U.S,
Patenl application Ser, No. 09/534,274, filed Mar. 23, 2000
and herein incorporaled by refercnce.

To mnintain the vacuum in the cavity, either a reguiator
means 80, a vacuum rescrvoir 110, or a weight-actuated
vacuum ‘pump and shock absorber as disclosed in U.S,
palent applicalion Ser. No. 09/534,274, may be cmployed.

Appticant has found thal many of the embodiments dis-
cussed carlier share a common problem, The vacuum which
holds the residual limb (aod liner) in fiem contact with the
sacket tonds to cause cdoma and blistering at the point on the
residual limb where the suspension sleeve contacts the
residual limb. This problem occurs because the vacuum
(perhaps 7% pounds of negative pressure) in cavity 62 draws
against the suspension sieeve 86 at the point where the
suspension sleeve 86 contacts the skin of the restdual himb,
However, because the liner 92 often has an outer fabric
cover 130 to preveal the liner from adhering to the sockel 60
or clothing, the suspension sleeve cannol mike 4 good seal
al Ibe point where it contacts the outer fabric cover 120, This
has left the residual limb as the only point at which to make
the seal.

FIG. 17 shows one solution lo this problem. The liner 92

is improved by adding an anoular seal 140 extendipg out-
wardly from the fabric cover 130. The annular seal, which
may be made from the same material as the inner layer 92
of the liner, is adapled Io sealingly engage the suspension
sleeve 86, producing a scal against the vacuum in cavily 62
at the point of contacl with (he suspension slecve 86.
Therefore, the vacuum in cavity 62 now draws against the
annular 5eal 130 rather than against the skin of the residual
fimb 14.

An altemative solution to the abave problem is shown in
FIG. 18, Here, the apnular seal 140 does not make contact
with the suspension sleeve 86, bul rather makes contact with
the inner wall 63 of the sockel 60, and makes a seal at that
point, No suspension sleeve is used in this variation, it being
found that sufficient holding force is provided by (he vacuum
in cavily 62.

Asecond alternative is shown in FIG. 19, This alternative
is like that of FIG, 18, with the exception that & mechanical
interlock 103 is provided which is adapted to interlock with
the socket 60, Preferably, as shown, the recchanical interlock
103 comprises a shultle pin 108 adapted (o connect the liner
92 with the socket 60, and a locking mechanism 105 such as
2 second pin 110 extending through the sockel 60 o the
exterior of (he socket 60 for access by the amputee as earlier
described. More particularly, the liner 92 may have an
extension 104 or shuttle pin 108 embedded in the liner at the
distal end of the liner. Preforably, the exicosion 104 has a
portion 104A which may be a disk or umbrella which
cngages a docking device 106 as carlier described.

To keep air from entering the cavity 62, the invention of

FIG. 19 also preferably includes a locking mechanism seal
150 adapted 1o cngage the inner wall 63 of (he socket 60
about the locking mechanism 10S. The seal 150 could
alternatively be on the. outer surface of the sockel 60.
Another alternative is shown in FIG. 20. Here, the fabric
cover 130 staps below the annular seal 140. The annular seal
149 may also be made of the same malerial as the liner 52,
A very important advantage, in all of the above
cmbodiments, is the use of vacuum within the socket lo
prevent fluids [rom migratiog out of the dista} end vf the
vesidual limb due to weight-bearing pressures. Although the
exact mechanism is nat precisely known af this time, Appli-
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canl belicves this limb vacunm volume management sysiem
to function s follows.

Application of a vacunm lo the socket-cavity 62 sucks the
linor 92 tightly againisi the inner wall of the socket 60, The
liner has a tight interference fit with the residual limb 14, so
that the residual limb is also butted tightly up agaios! the
{nner wall of the socket. During the weight-bearing phase of
walking, the wearer’s body weight will force the limb and
liner even more tightly against the inner wall of the socket.
However, during the non-weight-bearing phase, or swing
phase, of walking, the weight of the artificial Jimb will have
a tendency to cause the socket 60 to pull away from the lincr
92, This is prevented by the vacuums in the sockel cavily.
Because the vacuum keeps the liner tightly opposed to the
ioner wall of the socket, this fendency will also cause lhe
Jiner 92 to pull away from the residual limb, creating a small,
partial vacuum between the liner 92 and the residual limb
14. This small, paftial vacuum, perhaps on the order of 2
inches of mereury, will then oppose Lthe migration of fiuids
out of the residual Limb.

In order for this beneficial effect of vacuum fo oceur, the

.vacutn in Lhe socket cavity 62 needs to be al least about 10

10 25 inches of mercury. Al Ihis level of vacuum, it bas beea
found that the residual limb loses only about 1% of its

2 yolume during the day.

The prasent invention may be embodied in other specific
forms without departing from the spiril or essoniial atlribuies
thereof, and it is therefore desired that the present embodi-
ment be cousidered in all respects as illustrative and not
resirictive, reference being made lo the appended claims
rather than to the foregoing description o indicate the scope
of the invention.

What is claimed: )

1. In an artificial imb for ampuices who have a residual
limb, an apparatus for mapaging residual limb volume,
wherein application of a vacuur prevents loss of residual
limb volume duc to weight-bearing pressures and locks the
residual limb fo the artificial limb withoul causing swelling
of the residual limb, the apparalus comprising:

(2) a Nexible liner having a cavity with & volume less than
that of the residual limb, whercby the liner is tensioncd
into a total contact relationship with the residual limb;

(b) & single socket with a volume and shape to receive a
substantial portion of the residual Hmb and the liner, the
socket having a cavily adapled o receive the residual
limb and the liner;

(¢) a vacuum source connected to the socket cavity
botween the liner and the socket, wherein application of
the vacuum source to the socket cavity draws the
residual Limb and liner into firm and total contact with
the sockel, thereby locking the residual Limb to Lhe
sooket -withoul causing swelling of the residual Himb
into the socket;

(d) a seal means for sealing the socket cavity;

(¢) a means to maiotain & vacuum in the socket cavity, in
the presence of some air Jeakage past the scal means;
and

(6) further comprising a thin sheath between the liner and
the sacket, 10 assist the even dislribution of vacuum in
the cavity about the liner;

wherein application of the vacuum source of the socket
cavily prevents lhe loss of residual limb volume due lo
weightl-bearing pressures.

2. The apparatus of claim 1, wherein & vacuuro of al least

{en inches of mercury is maintained in the cavity.
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3, The apparatus of claim 1, wherein the socket has a
single wall,

4, The spparatus of claim 1, wherein the seal means
further comprises a noofoamed, nooporous polyurelhane
suspension sleeve for rolling over and covering the socket
and a portion of the residual limb.

5, The apparatus of claim 1, whercin the liner is of a
nonfoamed, nonporous polyurethane,

6. The apparatus of claim 1, wherein the seal means
further comprises an annular seal between the liner and the
socket,

7. The apparatus of claim 1, wherein the vacuum source
is a vacuum pump and the means lo meintain the vacuum in
the cuvily is a regulator, and furlher comprising a pewer
source for the vacuum punp and the regulalor,

8. The apparatus of claim 1, wherein the means lo
maintain the vacuum in the cavily further comprises a
vacuum reservoir haviog a volume subslantially lavger than
the cavity.

9, The apparatus of claim 1, wherein the vacuum source
and (he means to maintain the vacuum in the cavily further
comprise & weight-actuated vacuum pump,

10. 1n an arlificial Jimb for amputees who bave a residual
limb, an apparatus for managing residual limb volume, the
artificial limb having a sockel, the socket having a cavity for
inserlion of the residual Hmb, wherein application of a
vacuum to the cavity prevents loss of residual limb volume
due lo weight-hearing pressures and locks Lhe residual limb
to the socket without causing swelling of the residual limb
into the socket, the apparatus comprising:

(a) a flexible liner baving a cavity with a volume less than
that of the residual limb, whereby the liner is tensioned
into a total contact relationship with the residual limb;

(b) 2 single socket with a single wall-and with a volume
and shape lo rteceive a substantial portion of the
tesidual Jimb and the liner, the socket having a cavity
adapted (o receive the residual fimb and the liner;

() & vacuum source conascled to the socket cavity
between the liner and the socket, whersin application of
the vacuum source to the sockel cavily draws the
residual limb and liner into firm and lotal contact with
the sockel, thereby locking the residual Hmb to (he
socket without causing swelling of the residual limb
into the socket; and

(@) a scal means for scaling the socke! cavity;

wher¢in application of the vacuum source lo the cavity
also limits the loss of residual limb volume due to
weighi-bearing pressures lo about 1%.

11. The apparatus of claim 10, further comprising a means
to maintain vacuum in the cavity in the presence of some air
jcakage past the seal means.

12, The upparatus of claim 11, wherein a vacuum ol al
least fen inches of mercury is maintained in the cavity,

13. The apparatus of claim 11, wherein the vacuum source
is a vacuum pump and the means [0 maiotain the vacuum in
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the cavity is a regulatar, and further comprising a power
source for the vacuum pump and the regulator.

14, The apparatus of claim 11, wherein the means lo
maintain the vacuum in the cavily further comprises 8
vacuum reservoir having a volume substantially larger than
the cavity.

15. The apparaivs of claim 11, wherein the vacuum source
and the means to maintain the vacuum in the cavity fusther
comprise weight-acluated vacuum pump,

16. The apparatus of claim 10, whercin Lhe seal mesns
further comprises a tonfosmed, nonporous polyurcthane
suspension sleeve for rolling over and covering the socket
and a portion of the residual limb.

17. The apparatus of claim 10, wherein the liner is of a
nonfoamed, nonporous polyurethane.

18. The apparatus of claim 10, wherein the soal means
further compriscs an annular scal belween the liner and the
socket,

19. The apparatus of claim 10, furlher comprising a thin
sheath between the liner and the socket, lo assist the even
distribution of vacuum in the cavity about the liner.

20. A method for preventing the foss of residual limb
volume due 10 weight-bearing pressures in an artificial Himb,
comprising the steps of:

(8) insorting the rosidual limb into a Aexible liner with 4
volume less than that of the residual limb, whereby ihe
liner is teosioned into a lotal contact relationship with
lhe residual limb;

(b) inserting the cosidual limb and liner into. a single
socket having a volumc and shape to reccive the
residual limb and the liner, the socke! having a cavity
into which the residual limb and liner are inscricd;

(c) sealing the sockel cavity;

(d) applying a vacoum to the sockel cavily belween the
liner and the sacket, thereby drawing the residual limb
and liner into firm and tolal contact with the socket;

(¢) maintaining a vacuum in the sockel cavity to al least
ten iuches of mercury below ambient, in the presence
of some air leakage inta (he socket cavity; and

() opposing the loss of body fluids from the residual limb
duo to weighl-bearing pressures, by means of the total
contact relationship of the Hner with the residual Lmb
and the vacuwum drawing the linec into rm and total
contact with the sackel.

21. The method of claim 20, wherein the liner is of &

non-foamed, non-porous polyurethane.

22. The method of claim 20, wherein the socket has a
single wall.

23. The method of claim 20, further comprising the step
of encasing Lhe residual Himb and the liner in a thin sheath
1o assist in the even distribution of vacuum about the liner.
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UNITED STATES PATE;NT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. :6,726,726 B2 Page 1 of 1

DATED .1 Aprif 27, 2004
INVENTOR(S) : Carl A, Caspers.

Itis certified that error appears in the above-identified patent and that sald Letters Patent is
hereby corrected as shown below: .

Column 14,
Line 65, after “mercury” insert -- below ambient --

Signed and Sealed this

Twenty-fourth Day of August, 2004

+ JON W, DUDAS
Director of the United States Patent and Trademark Office
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