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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to prosthetic
devices and more particularly to an improved liner for
prosthetic devices including artificial limbs that also may
be articulable or bionic.
[0002] An amputee is a person who has lost part of
an extremity or limb such a leg or arm which commonly
may be termed as a residual limb. Residual limbs come
in various sizes and shapes with respect to the stump.
That is, most new amputations are either slightly bul-
bous or cylindrical in shape while older amputations that
may have had a lot of atrophy are generally more coni-
cal in shape. Residual limbs may further be character-
ized by their various individual problems or
configurations including the volume and shape of a
stump and possible scar, skin graft, bony prominence,
uneven limb volume, neuroma, pain, edema or soft tis-
sue configurations.
[0003] 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 terminating in a
stump 14. In this case, the residual limb 10 includes soft
tissue as well as the femur 16, knee joint 18, and sev-
ered tibia 20 and fibula 22. Along these bone structures
surrounded by soft tissue are nerve bundles and vascu-
lar routes which must be protected against external
pressure to avoid neuromas, numbness and discomfort
as well as other kinds of problems. A below the knee
residual limb 10 has its stump 14 generally character-
ized as being a more bony structure while an above the
knee residual limb may be characterized as including
more soft tissue as well as the vascular routes and
nerve bundles.
[0004] Referring to FIG. 3, amputees who have lost
a part of their arm 26, which terminates in a stump 28
also may be characterized as having vascular routes,
nerve bundles as well as soft and bony tissues. The
residual limb 10 includes the humerus bone 30 which
extends from below the shoulder to the elbow from
which the radius 34 and ulna 36 bones may pivotally
extend to the point of severance. Along the humerus
bone 30 are the biceps muscle 38 and the triceps mus-
cle 40 which still yet may be connected to the radius 34
and the ulna 36, respectively.
[0005] In some respects, the residual limb amputee
that has a severed arm 26 does not have the pressure
bearing considerations for an artificial limb but rather is
concerned with having an artificial limb that is articula-
ble to offer functions typical of a full arm, such as bend-
ing at the elbow and grasping capabilities. An individual
who has a paralyzed limb would also have similar con-
siderations wherein he or she would desire the para-
lyzed limb to have some degree of mobility and thus
functionality.
[0006] Historically, artificial limbs typically used by a

leg amputee were for the most part all made out wood
such an Upland Willow. The limbs were hand carved
with sockets for receiving the stump 14 of the residual
limb 10. Below the socket would be the shin portion with
the foot below the shin. These wooden artificial limbs
were covered with rawhide which often were painted.
The sockets of most wood limbs were hollow as the
limbs were typically supported in the artificial limb by the
circumferential tissue adjacent the stump 14 rather than
at the distal end of the stump 14.

[0007] Some artificial limbs in Europe were also
made from forged pieces of metal that were hollow.
Fiber artificial limbs were also used which were
stretched around a mold afterwhich they were permitted
to dry and cure. Again, these artificial limbs were hollow
and pretty much supported the residual limb about the
circumferential tissue adjacent the stump 14.
[0008] All of these various artificial limbs have sock-
ets to put the amputee's stump 28 thereinto. There are
generally two categories of sockets. There are hard
sockets wherein the stump goes right into the socket
actually touching the socket wall without any type of
liner or stump sock. Another category of sockets is a
socket that utilizes a liner or insert. Both categories of
sockets typically were opened ended sockets were they
had a hollow chamber in the bottom and no portion of
the socket touched the distal end of the stump 14. So,
the stump was supported about its circumferential sides
as it fits against the inside wall of the sockets.
[0009] These types of sockets caused a lot of shear
force on the stump 14 as well as had pressure or restric-
tion problems on the nerve bundles and vascular flow of
fluid by way of the circumferential pressure effect of the
socket on the limb. This pressure effect could cause a
swelling into the ends of the socket where an amputee
may develop severe edema and draining nodules at the
end of their stump 14.
[0010] With time, prosthetists learned that by filling
in the socket's hollow chamber and encouraging a more
total contact with the stump and the socket, the swelling
and edema problems could be eliminated. However, the
problematic tissue configurations, such as bony promi-
nences, required special consideration such as the
addition of soft or pliable materials to be put into the
socket.
[0011] Today, most artificial limbs are constructed
from thermoset plastics such as polyester resins, acrylic
resins, polypropylenes and polyethylenes, which are
perhaps laminated over a nylon stockinette which also
may be impregnated by the various resins.
[0012] In the past, most artificial limbs were sus-
pended from the amputee's body by some form of pul-
ley, belt or strap suspension often used with various
harnesses and perhaps leather lacers or lacings.
Another method of suspending artificial limbs is known
as the wedge suspension wherein an actual wedge is
built into the socket which is more closed at its top open-
ing. The wedge in the socket cups the medial femoral
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condyle or knuckle at the abductor tubical. Yet another
form of suspension is referred to as the shuttle system
or a mechanical hookup or linkup wherein a thin suction
liner is donned over the stump that has a docking device
on the distil end which mechanically links up with its
cooperative part in the bottom of the socket chamber.
Sleeve suspensions were also used wherein the
amputee may use a latex rubber tube which forms into
a rubber-like sleeve which would be rolled on over both
the top of the artificial limb and onto the amputee's
thigh. The sleeve suspensions have been used in com-
bination with other forms of suspensions techniques.

[0013] The first artificial limb socket liners were
made with molded horsehide leather covered with strips
from extruded sheets of rubber glued to the leather as
the liner was built up over a positive cast of the residual
limb. As before, stump socks typically made of cotton or
wool were used with these first liners as well as with the
earlier hard sockets.
[0014] The next major socket liner was formed from
an expanded foam such as polyurethane foam as sold
by Durr-Fillauer Medical, Inc. of Chatanooga, Tennes-
see. After a positive cast was made of the residual limb,
a cone-like structure of the hard foam plastic was
formed and heated. Next, the expanded foam was
pulled over the cast of the residual limb in an effort to
form it to the limb after which the foam was cooled and
its shape was retained over the positive cast. Thereaf-
ter, a hard shell socket could be built or laminated over
the liner from which a shin and foot of the artificial limb
could be attached.
[0015] Another type of socket liner was made from
a combination of silicone and gauze being sandwiched
in between two pieces of leather. However, this type of
liner had problems in that it was much too rigid, wouldn't
stretch and eventually loosened up and migrated
thereby becoming ineffective.
[0016] The next group of socket liners were made
from the impregnation of a cotton stockinette with sili-
cone resins formed over a positive cast of the residual
limb. The problem with these types of liners is that the
silicone could not migrate or stretch and was often short
lived in that sweat from the residual limb would break
down the silicone and create pungent and unsanitary
conditions.
[0017] Another type of silicone liner without the
impregnated stockinette has been utilized to create suc-
tion about the residual limb for use in combination with
perhaps a shuttle or mechanical link up device with the
socket. However, these types of liners offered no yield
or cushion and required the wearing of stump socks.
[0018] US - A - 3377416 relates to a method of
moulding a liner for an artificial limb. EP - A - 0057839
relates to the use of polyurethane gels as shock absorb-
ing elements such as padding within prosthesis. EP - A
- 0261884 relates to a method of manufacturing a limb
prosthesis by moulding US-A-4923475 relates to a
socket of soft polyurethane. US-A-4456642 relates to a

socket liner, within the wall which is located a pad of
polyurethane gel

[0019] While some of these devices addressed
some of the problems associated with prosthetics, none
of the artificial limbs, liners and sockets, individually or
in combination offered a prosthesis that presented a
total contact relationship with the residual limb;
absorbed and dissipated shear, shock and mechanical
forces transmitted to the limb tissues by the artificial
limb; controlled perspiration of the residual limb; control-
led residual limb volume; and, promoted equal weight
distribution while having a long life expectancy.
[0020] There is a need for a liner to be used with
prosthetic devices that will offer total contact relation-
ship with the residual limb; provide hypoberic suction
suspension with a sticky or tacky surface condition;
absorb and dissipate shock, mechanical and shear
forces typically associated with ambulation, twisting and
turning and weight bearing with an artificial limb; control
perspiration; control residual limb volume by way of
even weight distribution; and offer relief for the various
tissue configurations that plague residual limbs while
yet being of long life.

SUMMARY OF THE INVENTION

[0021] A visco-elastic polymer liner for use in don-
ning over a residual limb and fitting within the socket of
an artificial limb. The liner is shaped to have its cavity
formed with a volume and shape less than a volume and
shape of the residual limb for both tension and tissue
configuration relief while the liner has an outer surface
formed with a volume and shape greater than the vol-
ume and shape of the artificial limb socket for relief of
certain tissue configurations and to create weight bear-
ing, relief and compression areas on and in the liner to
absorb and dissipate shock, shear and mechanical
forces through the liner otherwise transmitted to the
residual limb. The liner may have imbedded on its inner
cavity side electrodes adjacent muscles that are sensi-
tive to the muscle action potentials to generate signals
to a power source to move an articulable artificial limb.
The liner may take the shape of a tube to be donned
over a paralyzed limb similarly having electrodes imbed-
ded in its inner cavity side adjacent neuromuscular junc-
tions which are connected to a muscle action potential
generator to activate flexion and extension of the para-
lyzed limb. A method for making the liner is also claimed
which comprises the making of a positive model of the
residual limb, reducing the model, forming the liner
about the reduced model and laminating a hard socket
over a reduced model of the liner.
[0022] A principal object and advantage of the
present liner is that it provides total environment control
about the tissue of the residual or paralyzed limb by way
of a total contact relationship between the liner and the
tissue.
[0023] Another advantage and object of the present
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invention is that it has a tacky or sticky surface which
permits the liner to actually tack up to the limb tissue
and provide a hypoberic suction when used as a socket
liner which eliminates a bulky suspension apparatus as
well as control on the residual limb volume and perspi-
ration.

[0024] Another object and advantage of the present
invention is that the liner, when utilized with an artificial
limb socket, totally absorbs and dissipates shock, shear
and mechanical forces which are normally transmitted
directly to the tissues of the residual limb from the artifi-
cial limb during weight bearing, ambulation, twisting and
turning.
[0025] Another advantage and object of the present
invention is that the total contact relationship between
the residual limb tissues, the liner and the artificial limb
socket permits equal weight distribution resulting in
lower kg/cm2 (pounds per square inch) pressure on limb
tissues thereby permitted extended comfortable wear of
an artificial limb heretofore not known.
[0026] Another advantage and object of the present
invention is that the visco-elastic, energy absorbing,
flexible polymer liner will stretch, move or creep inter-
nally while having a memory for the liner to return to its
original shape.
[0027] Another advantage and object of the present
invention is that the liner when used with a socket and
artificial limb may be used with any means of suspen-
sion although suction socket with a mechanical link-up
appears advantageous.
[0028] Another principal object and advantage of
the present liner is that the polyurethane elastomer
material permits additional buildup and removal of
material for adjustment of the liner over time that is easy
and simple without the need of additional catalysts.
[0029] Yet another advantage and object of the
present invention is that the liner is durable for long wear
and is readily cleanable with soap and water to provide
an odor free clean environment for a residual limb or a
paralyzed limb.
[0030] A final principal object and advantage of the
present invention is that an amputee with a residual limb
may simply don the liner and place the limb within a
socket without the need of additional padding or stump
socks which has normally been the case until this inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031]

FIG. 1 is a side elevational view of the tissue and
skeletal structure of an amputee's residual limb;

FIG. 2 is a front elevational view of a residual limb
with a volumme and shape and the skeletal struc-
ture visible while donning a light cotton marking
sock;

FIG. 3 is a side elevational view of a residual limb in
the form of an amputated arm showing the skeletal
and muscular structure of the residual limb;

FIG. 4 is a front elevational view of a plaster wrap or
cast of the residual limb of FIG. 2 constituting a
negative model of the residual limb;

FIG. 5 is a front elevational view of a plaster positive
model of the residual limb of FIG. 2 made from the
mold of FIG. 4;

FIG. 6 is a reduced positive model of the residual
limb of FIG. 2 formed by reduction of the positive
model of FIG. 5 having a volume and shape less
than that of the positive model;

FIG. 7 is a front elevational view of the reduced pos-
itive model or prototype of FIG. 6 mounted in a jig
with a liner filler medium stretched thereover;

FIG. 8 is a cross-section take along lines 8-8 of FIG.
7;

FIG. 9 is a front elevational view of the reduced pos-
itive model of the residual limb with a second plas-
ter wrap over the filler medium and reduced positive
model of the limb as shown in FIG. 7;

FIG. 10 is a cross sectional view taken along lines
10-10 of FIG. 9;

FIG. 11 is an elevational view of the jig for keying
the second plaster wrap of FIG. 9 about the
reduced positive model of the residual limb of FIG.
6 with the base of the jig partially broken away;

FIG. 12 is a front elevational view of the residual
limb donning the liner of the present invention with
a light cotton marking sock thereover;

FIG. 13 is a front elevational view of the residual
limb with liner and cotton sock of FIG. 12 having a
third plaster wrap thereover which is a negative
model of the socket;

FIG. 14 is a plaster cast or positive model of the
socket made from the plaster wrap of FIG. 13;

FIG. 15 is a reduced positive model of the socket
made from the model of FIG. 14 having a volume
and shape less than that of the positive model of
FIG. 14;

FIG. 16 is a side elevational view of the socket and
remaining parts of an artificial limb laminated or
built about the reduced positive model socket of
FIG. 15;
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FIG. 17 is an elevational view of a mechanical link-
up, hook-up or interlocking linkage for securing the
residual limb liner to an artificial limb;

FIG. 18 is a side elevational view of an amputee's
residual limb donning a bionic or articulable limb
partially broken away in an extension position;

FIG. 19 is the residual limb and artificial limb of the
FIG. 18 in its flexion position; and

FIG. 20 is an elevational view of a paralyzed upper
limb or arm donning a bionic harness for actuating
paralyzed muscle movement.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0032] Referring to FIGS. 1-5, normally amputees
are seen by the prosthetist post operatively after they
have had primary wound healing. While the residual
limb 10 consists of either a leg 12 or an arm 26, the
amputees are evaluated for the size and shape of their
stump 14 or 28 with additional considerations given to
scar, skin graft, bony prominence, uneven limb volume,
neuroma, pain, edema or soft tissue configurations.
Through conversations, the amputees are also evalu-
ated as to what their activity levels are.
[0033] Next, a single ply thin cotton casting sock 42
is then placed over the residual limb 10. Certain tissue
configuration locations as well as pressure sensitive
areas are then marked with indelible ink 43 on the cast-
ing sock 42. Next an orthopedic plaster wrap 44 that has
been dipped in water is formed about the residual limb.
After the wrap has been permitted to set and harden,
the residual limb 10 is withdrawn from the plaster wrap
44 leaving the casting sock 42 adhered to the plaster
wrap. Various separating or releasing media may be
used on the residual limb before donning of the casting
sock 42, such as a baby powder, vaseline or petroleum
jelly, which assists in the removal of the residual limb
from the plaster wrap which constitutes the first nega-
tive mold of the residual limb 10.
[0034] The plaster wrap 44 or first negative mold of
the residual limb 10 is next filled with plaster, such as
dental plaster, and a centrally located mandrel or pipe
48 is positioned within the plaster cast for later key posi-
tioning within a jig or for simply supporting the plaster
cast 46 after it is removed from the plaster wrap 44.
Again, known separating agents may be used between
the plaster wrap 44 and the plaster cast 46.
[0035] The plaster cast 46, once removed from the
plaster wrap 44, constitutes the original prototype and
first positive model 46 of the residual limb 10. As can be
seen in the original prototype 46 in FIG. 5, the ink marks
43 readily transfer over to the plaster cast 46 for consid-
eration of the residual limb's volume and shape, cate-
gory and tissue configurations, such as a scar, skin
graft, bony prominence, uneven limb volume, neuroma,

edema, pain, pressure sensitive areas and soft tissue.
Certain of these areas will require the liner 90 to have
varying degrees of thickness and density to accommo-
date these considerations.

[0036] Thus, referring to FIG. 6, the original proto-
type 46 of FIG. 5 is reduced or built up to form the
reduced positive model of the residual limb 50. The
reduction of this positive model will result in a tension
factor on the liner 90 when it is stretched and donned by
the residual limb 10, which is a little larger than the vol-
ume and shape of the inner cavity 91 of liner 90, as will
become clear.
[0037] Applicant presently contemplates that com-
puter controlled mills will assist the prosthetists in either
shaving off or melting off in a more accurate fashion por-
tions of the original prototype 46 to create the reduced
positive model 50 of the residual limb 10.
[0038] It is important that the reduced positive
model not be reduced in size too much as to create a
shear force upon the tissues of the residual limb 10 cre-
ating problems.
[0039] The prosthetist must next consider what
thickness he or she wishes the liner 90 to have. Nor-
mally the liner 90 is between 1.5 to 1.9 cm (five-eights to
three-quarters of an inch) thick at the stump end 14 and
roughly about 0.4 to 1.9 cm (three-sixteenths to a quar-
ter of an inch) thick around the entire residual limb.
Additional considerations would include making the
liner thinner where specific weight bearing areas of the
residual limb would be located as well as making certain
areas of the liner 90 thicker to displace and compress
the liner 90 in a manner to disperse pressure away from
certain tissue configurations. It is also known that where
a person is more fleshy, such as in the femur 16 area in
the above the knee amputation, the liner 90 would have
generally thinner dimensions to add weight bearing
areas to the soft tissues. Where there exists a bony
prominence, such as in the below the knee amputee,
the liner 90 may be a little thicker to disperse the weight
bearing areas.
[0040] With these considerations in mind, the pros-
thetists takes the reduced positive model 50 with its
mandrel 48 and mounts the model 50 in jig 53 suitably
upside down for ease of working as seen in FIG. 7.
Thereafter, a filler medium, such a thermoplastic foam
52, is then built on and about the reduced positive
model 50 which actually represents the thickness of the
liner 90 to be made. The filler medium 52 may be a wool
stump sock or various types of expanded thermoplastic
foams will also work well. The thermoplastic foams 52
can be readily formed into the shape of a cone and
heated. Thereafter, the heated foam 52, which becomes
flexible is formed over the reduced positive model 50
and perhaps vacuumed thereto by way of an evacuated
plastic bag being placed over the thermoplastic foam
52. Sheets of the foam 52 that are formed into cone-like
structures are available from previously mentioned
Durr-Fillauer Medical, Inc. of Tennessee.
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[0041] As stated, the expanded thermoplastic foam,
such as a polyurethane foam or other such expanded
foam products such as polyethylene or polypropylene,
represents the space where the liner 90 will be. Thus,
additional pieces of the foam 52 may be added to the
reduced positive model 50, such as the distal end of the
stump 14 to form a distal end cap as well as or other
areas which may require additional thicknesses due to
tissue configurations.

[0042] After a releasing or separating medium has
been applied to the thermoplastic foam 52, a second
plaster wrap 54 is applied over the foam 52 thereby cre-
ating a second enlarged negative mold 54 as shown in
FIGS. 9 and 10. Thus, the reduced positive model 50 of
the residual limb 10 is in a predetermined spaced rela-
tionship with the second plaster wrap 54 by way of the
thermoplastic foam interface 52.
[0043] Referring to FIG. 11, the second plaster
wrap 54 has an adaptor block 60, suitably made of wood
or foam, affixed to its bottom such as by glue.
[0044] The block 60 appropriately has a threaded
aperture 62 through which a wing nut screw 64 rotatably
may pass. The plaster wrap 54 with its adapter block 60
is now ready for placement within the transfer jig 70.
Transfer jig 70, as shown in FIG.11, is a memory device
for repeatedly keying the reduced positive model 50 and
the second plaster wrap 54 should additional liners 90
be required to be built over time. Transfer jig 70 includes
a horizontal plate 72 with keying connectors or ridges
74 which will permit indexing the adaptor block 60
therein for repeated and exact placement of the second
plaster wrap 54 upon the transfer jig 70.
[0045] Transfer jig 70 also includes a calibrated ver-
tical support 76 having a first collar 78 which adjusts
vertically and horizontally and may be secured with
respect to those two planes by collar fastener 80. First
collar 78 and second collar fastener 82 support, hold
and key a horizontal extension 84 which has a second
horizontal collar 86 located at its opposing end. The
second collar 86 similarly has a collar fastener 88 for
locking the collar 86 about mandrel 48.
[0046] By this arrangement, reduced positive model
50 of residual limb 10 and the second plaster wrap 54,
which is the negative mold of the socket may be keyed
together repeatedly in the exact relationship so that the
liner 90 may be repeatedly poured and shaped into the
same shape.
[0047] With the thermoplastic foam 52 removed
from between the reduced positive model 50 and the
second plaster wrap 54, the liner 90 in its liquid and
moldable form may be introduced into the enlarged neg-
ative mold 54. However, the liquid may first be subjected
to vacuum, such as in a desiccator, to draw out excess
gases and bubbles. Urethane liner 90 is suitably made
from a visco-elastic polymer which is energy absorbing
and flexible exhibiting a flowability or internal movement
character with recovery of shape or memory. Applicant
has found that a polyurethane elastomer is suitably

appropriate in that it is further washable, durable, bacte-
rialstatic and fungistatic. Urethanes are technically
called a carbamate ester which is made from a combi-
nation of isocyanates and alcohols. More definitively,
applicant has found that an aromatic diisocyanate and
elastisizing polyols, such as diols or triols, form suitably
urethanes or polyurethanes.

[0048] Applicant has found that a preferable poly-
urethane includes the combination of an antioxydant
with free toluene diisocyanate and a blend of polyether
polyols with bismuth carboxylate. These components
are commercially available from Rieckens Orthodics
Laboratories of 401 North Green River Road, Evans-
ville, Indiana 47715 and has been used in the past as
sole material or inlay for use with shoes. Although
energy absorbing polymers have been used as sole or
inlays for shoes, they have never been utilized in the
context of the present invention or prosthetic.
[0049] Applicant has also found that vinyl resins or
moldable thermoplastics exhibiting visco-elastic poly-
mer qualities, energy absorption, flexibility, flowability
and recovery also will work in forming liner 90.
[0050] Once the diiosocyanate and polyols compo-
nents have been mixed together forming viscous fluid
with the appropriate and predetermined durometer, the
fluid is poured into the second plaster wrap 54. The
reduced positive model 50 of the residual limb 10 is then
placed into the second plaster wrap 54 and keyed into
the transfer jib 70 as if thermoplastic foam 52 was still
interfaced between the model 50 and the wrap 54. A
releasing agent, such as a silicone base mold separa-
tor, may be utilized between the wrap 54 and the model
50 so that the liner 90 will readily separate after be per-
mitted to set and cure after one or two hours. Separa-
tors are also available from Riechens Orthodic
Laboratories.
[0051] Referring to FIGS. 12-16, the prosethistist
next has the amputee don the urethane liner 90 over his
or her residual limb 10 after the urethane liner 90 has
been cleaned up and washed with soap. If the poly-
urethane liner 90 is of extensive length, the amputee
may need a wetting agent such as a petroleum jelly
which will readily dissipate. Otherwise, the liner 90 is
slid or rolled onto the amputee's residual limb 10.
Should the liner 90 require some build up, the freshly
mixed components will readily adhere to the liner 90.
[0052] Thereafter, another single ply thin cotton
casting sock 93 is then placed over the liner 90 which is
marked with the indelible ink 94 for a second considera-
tion of certain previously mentioned tissue configura-
tions such as bony prominences, pressure areas and
scar problems. This step is necessary because once
the liner 90 is donned over the residual limb 10 with
some degree of tension, some of the relief, shape and
volume adjustments previously made become dissi-
pated.
[0053] Thereafter, a third plaster wrap 96 or a neg-
ative model of the artificial limb socket 104 is then made
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about the residual limb 10 with the liner 90 and marked
up casting sock 93 thereon.

[0054] After the third plaster wrap 96 has cured and
the residual limb 10, liner 90 have been removed from
the third plaster wrap 96 or negative model of the
socket, a plaster cast or positive model of the socket 98
is made from dental plaster. Suitably a mandrel 100 is
placed in the plaster 98 to assist in construction of the
socket 104. As seen in FIG. 14, a positive model of the
socket 98 has the ink marks 94 for certain reduction and
build up considerations for various tissue configurations
and so on.
[0055] Next, the positive model of the socket 98 is
milled or shaved to create a reduced positive model of
the socket 102 which is necessary to create weight
bearing areas and compression upon the liner against
the inner cavity 91 of the liner 90 on the residual limb
and upon the outer surface 92 of the liner 90 upon the
socket 104.
[0056] Referring specifically to FIG. 16, the artificial
limb 110 includes its socket 104, shin 106 and foot 108.
The limb 110 may be constructed by way of polyester or
acrylic resins laminated over nylon stockinettes or by
way of thermoset plastics including polypropylene and
polyethylene. The artificial limb 110 may use various
suspension techniques as mentioned. Once the socket
104 has been formed by lamination over the reduced
positive model of the socket 102, the artificial limb 110
is most suitable for total contact hypoberic suction shut-
tle suspension as shown in FIG. 17. By this arrange-
ment, the liner 122 is donned by the artificial limb and
placed within socket 124. A releasably mechanical inter-
locking hookup or linkage 126 includes a ring 128 sup-
ported by a mounting means in the liner and a pin 130
mounted in the socket adjacent the shin. As previously
stated, a sleeve 132 may also be placed over the artifi-
cial limb 120 and the leg 10.
[0057] The visco-elastic, energy absorbing, flexible
polymer liner of the present invention has applications
beyond that of merely being a total contact hypoberic
suction, equal weight distribution socket liner. That is,
the polyurethane liner, which readily tacks up to the skin
of the human body to the point of almost actually
becoming part of the skin readily permits the proper
location of electrodes for use and application of bionic
artificial limbs or the application of creating movement
of paralyzed limbs.
[0058] Referring to FIGS. 18 and 19, the application
of the present invention in a bionic artificial limb or arm
140 will be explained. The amputee's arm 26 consists of
a stump 28 below the elbow 32 wherein the radius 34
and ulna 36 bones have been severed. The amputee
has normal and innervated bicep and tricep muscles 38
and 40 along the humerus with the exception that their
lower most connection to the radius and ulna, which
have been severed, provide no lever for these muscles
to permit a function.
[0059] Consequently, a bionic or articulable artificial

arm 140, as is known, typically would have a moveable
hook or hand 142 and a pivotally mounted motor driven
forearm 144 connected to the above elbow socket sec-
tion 146. The socket section 146 has a pivot gear 148.
The polyurethane liner 150 of the present invention
includes an inner cavity 151 which has a biceps elec-
trode 152 and a triceps electrode 154. The electrodes
152 and 154 touch the skin and lie over the muscles 38
and 40 in a predetermined location to monitor muscle
action potential. The electrodes 152 and 154 are then
wired 156 through the liner 150 to touch plates 157
which are further wired into the bionic arm 140. Signals
from the electrodes 152 and 154, which sense muscle
action potentials, are amplified and relayed to a forearm
144 control motor 158 which operates gear 160, all of
which are powered by battery 162.

[0060] In operation, the amputee consciously flexes
his biceps muscle 38. The muscle action potential is
then sensed by bicep electrode 152 after which it is
relayed and amplified to engage motor 158 and gear
160 to drive the forearm portion 144 of bionic arm to a
flexion motion. When the amputee wishes to have the
forearm 144 move into an extension or downward
motion, the amputee simply flexes his or her tricep mus-
cles 40. The muscle action potential is then sensed by
triceps, electrode 154 which similarly engages motor
158 and gear 160 in reverse operation to move the fore-
arm 144 downwardly.
[0061] The liner 150 of the present invention per-
mits this operation with repeated accuracy due to the
liners construction, location of the electrodes 152 and
154 and wires 157 within the liner by way of forming the
liner as previously stated. The exact construction and
donning of the liner 150 will assure that electrodes 152
and 154 are repeatedly placed over the proper location
on the amputee's skin and wires 156 will engage or
touch plates 157.
[0062] Referring to FIG. 20, the liner of the present
invention has application for individuals who have a par-
alyzed limb wherein the paralysis is due to a disconnec-
tion along the nerve pathways between the brain and
the muscle. In other words, the muscles 38 and 40,
once properly stimulated, will permit flexion and exten-
sion of the paralyzed individuals's forearm.
[0063] Initially the proper locations to stimulate the
bicep and tricep muscles 38 and 40 must be predeter-
mined by known means, such as a "Tens device."
Thereafter, a polyurethane liner or tube 172 is formed
as previously disclosed herein having an inner wall 173.
The bicep and tricep electrodes and 174 and 176 are
then placed within the liner during its formation with con-
nection wires 178. Wires 178 are connected to a bionic
harness 179 as shown. The electrodes 174 and 176 are
connected by way of the wires 178 to a muscle action
potential generator 180 which receives signals from
amplifier 184 and limb flexion or extension signal
receiver 186, all of which are powered by battery 182.
When a flexion or extension signal is received by the
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receiver 186, a muscle action potential is discharged at
the electrodes 174 or 176 likely located near a neu-
romuscular junction which will initiate either flexion or
extension.

[0064] Again, it is the unique method of construc-
tion and materials from which the present liner is made
which permits exact location of electrodes on a
repeated basis on an individual's skins together with the
tacking up of the liner upon the skin no matter what the
individual's position or activity level that permits the liner
to be readily applicable to bionics or robotics.

Claims

1. A socket liner for an amputee that has a residual
limb, or stump, and that utilizes an artificial limb
having a socket for receiving part of the limb,
wherein the liner (90) comprises a polyurethane,
characterised in that the polyurethane is an elas-
tomer formed from a isocyanate and an elasticizing
polyol and further characterised in that the inner
cavity of the liner, in use, tensions about limb tissue
so as to provide a hypobaric suction suspension
and the liner has the property of stretching, moving
or creeping internally under pressure while having a
memory to return to its original shape.

2. The liner (90) of Claim 1, wherein the liner (90) has
a cavity (91) formed with a volume and shape ten-
sionable into a total contact relationship when
donned by the amputee.

3. The liner (90) of Claim 2, wherein the liner (90) is
compressable.

4. The liner (90) of Claim 1, 2 or 3, wherein the poly-
urethane elastomer is made from adding together
predetermined amounts of a diisocyanate and poly-
ether polyols.

5. The liner (90) of Claim 1, 2 or 3 wherein the poly-
urethane elastomer is made from adding together
predetermined amounts of an antioxidant with free
toluene diisocyanate and a blend of polyether poly-
ols with bismuth carboxylate.

6. The liner (90) of any preceding claim, further com-
prising a mechanical interlocking linkage (126) for
releasably connecting the liner and an artificial limb
(110).

7. The liner (90) of any preceding claim, wherein the
liner (90) has electrodes (152) imbedded in the cav-
ity (152) for sensing action potential of an adjacent
muscle and transmitting signals to a power source
to move an articulable artificial limb.

8. An improved prosthesis (110) for an amputee that

has a residual limb the prosthesis (110) comprises:

(a) an artificial limb (110) having a socket (104)
conforming to a volume and shape, character-
ised in that the prosthesis further comprises;

(b) a visco-elastic, energy absorbing, flexible
liner (90) according to any one of Claims 1 to 7
for fitting into the socket (104) having:

i) a cavity (91) formed with a second vol-
ume and shape to tension the liner (90)
into a total limb contact relationship when
donned; and

ii) an outer surface (92) formed with a third
volume and shape greater than the first
volume and shape of the socket (104) to
create weight bearing, relief and compres-
sion areas on and in the liner to absorb and
dissipate shock, shear and mechanical
forces to the liner (90).

9. The prosthesis (110) of claim 8, wherein the liner
(90) is a polyurethane elastomer.

10. The prosthesis of Claim 9, wherein the poly-
urethane elastomer is made from adding together
predetermined amounts of an antioxidant with free
toluene diisocyanate and a blend of polyether poly-
ols with bismuth carboxylate.

11. The prosthesis (110) of claim 8, wherein the liner is
a vinyl resin.

12. The prosthesis (110) of any one of claims 8 to 11,
further comprising a mechanical interlocking link-
age releasably connecting the liner (126) and the
artificial limb.

13. Method for making an improved liner (90) according
to any one of claims 1 to 7 and socket (106) for an
amputee that has a residual limb, the method com-
prises:

a) constructing a first negative mold (44) of the
residual limb (20);

b) constructing a positive model (46) of the
residual limb (20) from the residual limb nega-
tive mold (44);

c) reducing and building up the positive model
(46) for relief of certain tissue configurations;

d) placing a filler medium (52) over the reduced
positive model (50); characterised by
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e) constructing a second negative mold (54) of
the reduced positive model (50) with a filler
medium (52) thereon;

f) removing the filler medium (52); introducing a
liner (90) between the reduced positive model
(50) and the second negative mold (54);

g) removing the second negative mold (54)
from the liner (90);

h) reducing and building up the liner (90) for
relief of certain tissue configurations;

i) constructing a third negative mold (96) of the
socket (104);

j) constructing a positive model of the socket
(104);

k) reducing and building up the positive model
(98) of the socket (106) to create weight bear-
ing, compression and relief areas on the liner
(90); and

l) constructing the socket (104) over the
reduced and built up positive model (98) of the
socket (104), whereby the liner is a liner
according to claim 1

14. A liner according to any one of Claims 1 to 7 for a
prosthetic device for a person with a paralyzed limb
due to a nerve pathway blockage, the limb having
normal neuromuscular functions and muscles and
a volume and shape wherein the prosthetic device
has a limb flexion and extension signal receiver
connected to an amplifier which is connected to a
muscle action potential generator, the liner com-
prising:

electrodes imbedded in the cavity which are, in
use, connectable to the muscle action potential
generator to activate flexion and extension of
the paralyzed limb.

Patentansprüche

1. Fassungseinlage für einen Amputierten, der eine
Restgliedmaße, oder Stumpf, besitzt, und der eine
künstliche Gliedmaße verwendet, die eine Fassung
zur Aufnahme eines Teils der Gliedmaße aufweist,
wobei die Einlage (90) ein Polyurethan umfaßt,
dadurch gekennzeichnet, daß das Polyurethan ein
Elastomer ist, das aus einem Isocyanat und einem
elastischmachenden Polyol gebildet ist und weiter
dadurch gekennzeichnet, daß der innere Hohlraum
der Einlage sich beim Verwenden um Gliedmaßen-
gewebe spannt, um so eine Saugaufhängung mit

Unterdruck bereitzustellen und die Einlage die
Eigenschaft des Dehnens, der Bewegung oder
innerem Kriechen unter Druck aufweist, während
sie ein Gedächtnis zur Rückkehr zu ihrer usprüngli-
chen Form hat.

2. Einlage (90) nach Anspruch 1, wobei die Einlage
(90) einen Hohlraum (91) aufweist, der mit einem
Volumen und einer Form ausgebildet ist, so daß sie
beim Anlegen vom Amputierten in eine Beziehung
mit Vollkontakt spannbar ist.

3. Einlage (90) nach Anspruch 2, wobei die Einlage
(90) komprimierbar ist.

4. Einlage (90) nach Anspruch 1, 2 oder 3, wobei das
Polyurethanelastomer durch Zusammengeben von
vorbestimmten Mengen eines Diisocyanats und
von Polyetherpolyolen hergestellt wird.

5. Einlage (90) nach Anspruch 1, 2 oder 3, wobei das
Polyurethanelastomer durch Zusammengeben von
vorbestimmten Mengen eines Antioxidationsmittels
mit freiem Toluoldiisocynat und einem Gemisch von
Polyetherpolyolen mit Bismutcarboxylat hergestellt
wird.

6. Einlage (90) nach einem vorangehenden
Anspruch, die außerdem eine mechanische inein-
andergreifende Verbindung (126) zum lösbaren
Verbinden der Einlage und einer künstlichen Glied-
maße (110) umfaßt.

7. Einlage (90) nach einem vorangehenden
Anspruch, wobei die Einlage (90) Elektroden (152)
aufweist, die im Hohlraum (152) eingebettet sind,
um das Aktionspotential eines benachbarten Mus-
kels zu erfassen und Signale zu einer Energie-
quelle zu übertragen, um eine gliedrige künstliche
Gliedmaße zu bewegen.

8. Verbesserte Prothese (110) für einen Amputierten,
der eine Restgliedmaße besitzt, wobei die Prothese
(110) umfaßt:

(a) eine künstliche Gliedmaße (110) mit einer
Fassung (104), die einem Volumen und einer
Form entspricht, dadurch gekennzeichnet, daß
die Prothese weiter umfaßt;

(b) eine viskoelastische, energieaufnehmende,
flexible Einlage (90) nach einem der Ansprüche
1 bis 7 zum Einpassen in die Fassung (104)
mit:

i) einem Hohlraum (91), der mit einem
zweiten Volumen und einer zweiten Form
ausgebildet ist, um die Einlage (90) beim
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Anlegen in eine Beziehung mit Vollkontakt
mit der Gliedmaße zu spannen; und

ii) einer Außenfläche (92), die mit einem
dritten Volumen und einer dritten Form,
größer als das erste Volumen und die erste
Form der Fassung (104), ausgebildet ist,
um Lastaufnahme-, Entlastung- und Kom-
pressionsbereiche auf und in der Einlage
zu schaffen, um Stoß-, Scher- und mecha-
nische Kräfte mit der Einlage (90) aufzu-
nehmen und zu verteilen.

9. Prothese (110) nach Anspruch 8, wobei die Einlage
(90) ein Polyurethanelastomer ist.

10. Prothese nach Anspruch 9, wobei das Polyurethan-
elastomer durch Zusammengeben von vorbe-
stimmten Mengen eines Antioxidationsmittels mit
freiem Toluoldiisocyanat und einem Gemisch von
Polyetherpolyolen mit Bismutcarboxylat hergestellt
ist.

11. Prothese (110) nach Anspruch 8, wobei die Einlage
ein Vinylharz ist.

12. Prothese (110) nach einem der Ansprüche 8 bis 11,
die außerdem eine mechanische ineinandergrei-
fende Verbindung zum lösbaren Verbinden der Ein-
lage (126) und der künstlichen Gliedmaße umfaßt.

13. Verfahren zum Herstellen eines verbesserten Ein-
lage (90) nach einem der Ansprüche 1 bis 7 und
einer Fassung (106) für einen Amputierten, der
eine Restgliedmaße besitzt, wobei das Verfahren
umfaßt:

a) Aufbauen einer ersten Negativform (44) der
Restgliedmaße (20);

b) Aufbauen eines Positivmodells (46) der
Restgliedmaße (20) aus der Negativform (44)
der Restgliedmaße.

c) Verkleinern und Verstärken des Positivmo-
dells (46) zur Entlastung bestimmter Gewebe-
strukturen;

d) Aufbringen eines Füllstoffes (52) über das
verkleinerte Positivmodell (50); gekenn-
zeichnet durch

e) Aufbauen einer zweiten Negativform (54)
des verkleinerten Positivmodells (50) mit
einem Füllstoff (52) darauf;

f) Entfernen des Füllstoffes (52); Einbringen
einer Einlage (90) zwischen das verkleinerte

Positivmodell (50) und die zweite Negativform
(54);

g) Entfernen der zweiten Negativform (54) von
der Einlage (90);

h) Verkleinern und Verstärken der Binlage (90)
zur Entlastung bestimmter Gewebestrukturen;

i) Aufbauen einer dritten Negativform (96) der
Fassung (104);

j) Aufbauen eines Positivmodells der Fassung
(104);

k) Verkleinern und Verstärken des Positivmo-
dells (98) der Fassung (106), um Lastauf-
nahme-, Kompressions- und
Entlastungsbereiche auf der Einlage (90) zu
schaffen; und

l) Aufbauen der Fassung (104) über dem ver-
kleinerten und verstärkten Positivmodell (98)
der Fassung (104), wodurch die Einlage eine
Einlage gemäß Anspruch 1 ist.

14. Einlage nach einem der Ansprüche 1 bis 7 für eine
prothetische Vorrichtung für eine Person mit einer
aufgrund einer Nervenbahnblockierung gelähmten
Gliedmaße, wobei die Gliedmaße normale neuro-
muskuläre Funktionen und Muskeln und ein Volu-
men und eine Form aufweist, wobei die
prothetische Vorrichtung einen Empfänger für
Gliedmaßenbeuge- und -strecksignale aufweist,
der mit einem Verstärker verbunden ist, der mit
einem Muskelaktionspolentialgenerator verbunden
ist, wobei die Binlage umfaßt:

in dem Hohlraum eingebettete Elektroden, die
beim Gebrauch mit dem Muskelaktionspotenti-
algenerator verbindbar sind, um Beugen und
Strecken der gelähmten Gliedmaße zu aktivie-
ren.

Revendications

1. Revêtement intérieur (90) de manchon destiné à un
amputé ayant un membre résiduel ou moignon et
qui utilise un membre artificiel ayant un manchon
destiné à loger une partie du membre, où le revête-
ment intérieur (90) comprend un polyuréthane,
caractérisé en ce que le polyuréthane est un élas-
tomère formé d'un diisocyanate aromatique et d'un
polyol élastisant.

2. Revêtement intérieur (90) selon la revendication 1,
où le revêtement intérieur (90) a une cavité (91) for-
mée ayant un volume et une forme, susceptible
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d'être tendue dans une relation de contact total
lorsqu'il est enfilé par l'amputé.

3. Revêtement intérieur (90) selon la revendication 2,
où le revêtement intérieur (90) est comprimable.

4. Revêtement intérieur (90) selon la revendication 1,
2 ou 3, où l'élastomère de polyuréthane est produit
par addition de quantités prédéterminées d'un dii-
socyanate et de polyétherpolyols.

5. Revêtement intérieur (90) selon la revendication 1,
2 ou 3, où l'élastomère de polyuréthane est produit
par addition de quantités prédéterminées d'un
antioxydant comportant du diisocyanate de toluène
libre et d'un mélange de polyétherpolyols compor-
tant du carboxylate de bismuth.

6. Revêtement intérieur (90) selon l'une quelconque
des revendications précédentes, comprenant en
outre un mécanisme d'emboîtement mécanique
(126) destiné à relier de façon amovible le revête-
ment intérieur et un membre artificiel (110).

7. Revêtement intérieur (90) selon l'une quelconque
des revendications précédentes, où le revêtement
intérieur (90) a des électrodes (152) incluses dans
la cavité (152) destinées à détecter le potentiel
d'action d'un muscle adjacent et à transmettre des
signaux à une source de courant pour bouger un
membre artificiel articulable.

8. Prothèse améliorée (110) destinée à un amputé
ayant un membre résiduel, la prothèse (110) com-
prenant :

(a) un membre artificiel (110) ayant un man-
chon (104) se conformant à un volume et une
forme,
caractérisée en ce que la prothèse comprend
en outre :
(b) un revêtement intérieur (90) souple, viscoé-
lastique, absorbant l'énergie, selon l'une quel-
conque des revendications 1 à 7, destiné à
s'ajuster dans le manchon (104) ayant :

i) une cavité (91) formée ayant un
deuxième volume et une deuxième forme
pour tendre le revêtement intérieur (90) en
une relation de contact total avec le mem-
bre lorsqu'il est enfilé ; et
ii) une surface externe (92) formée ayant
un troisième volume et une troisième
forme supérieurs au premier volume et à la
première forme du manchon (104) pour
créer des zones porteuses, des zones de
relief et des zones de compression sur et
dans le revêtement intérieur pour que le

revêtement intérieur (90) absorbe et dis-
sipe choc, forces de cisaillement et forces
mécaniques.

9. Prothèse (110) selon la revendication 8, où le revê-
tement intérieur (90) est un élastomère de polyuré-
thane.

10. Prothèse selon la revendication 9, où l'élastomère
de polyuréthane est produit par l'addition de quanti-
tés prédéterminées d'un antioxydant comportant du
diisocyanate de toluène libre et d'un mélange de
polyétherpolyols comportant du carboxylate de bis-
muth.

11. Prothèse (110) selon la revendication 8, où le revê-
tement intérieur est une résine vinylique.

12. Prothèse (110) selon l'une quelconque des revendi-
cations 8 à 11, comprenant en outre un mécanisme
d'emboîtement mécanique reliant de façon amovi-
ble le revêtement intérieur (126) et le membre arti-
ficiel.

13. Procédé de production d'un revêtement intérieur
amélioré (90) selon l'une quelconque des revendi-
cations 1 à 7 et d'un manchon (106) destiné à un
amputé ayant un membre résiduel, le procédé com-
prenant :

(a) la construction d'un premier moule négatif
(44) du membre résiduel (20) ;
(b) la construction d'un modèle positif (46) du
membre résiduel (20) à partir du moule négatif
(44) du membre résiduel ;
(c) la réduction et la confection du modèle posi-
tif (46) en vue du relief de certaines configura-
tions tissulaires ;
(d) la mise en place d'un agent de remplissage
(52) sur le modèle positif réduit (50) ; caracté-
risé par
(e) la construction d'un deuxième moule néga-
tif (54) du modèle positif réduit (50) portant un
milieu de remplissage (52) ;
(f) l'enlèvement du milieu de remplissage (52) ;
l'introduction d'un revêtement intérieur (90)
entre le modèle positif réduit (50) et le
deuxième moule négatif (54) ;
(g) l'enlèvement du deuxième moule négatif
(54) du revêtement intérieur (90) ;
(h) la réduction et la confection du revêtement
intérieur (90) en vue du relief de certaines con-
figurations tissulaires ;
(i) la construction d'un troisième moule négatif
(96) du manchon (104) ;
(j) la construction d'un modèle positif du man-
chon (104) ;
(k) la réduction et la conception du modèle
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positif (98) du manchon (106) pour créer des
zones porteuses, des zones de compression et
des zones de relief sur le revêtement intérieur
(90) ; et

(l) la construction du manchon (104) sur le
modèle positif réduit et confectionné (98) du
manchon (104), le revêtement intérieur étant
un revêtement intérieur selon la revendication
1.

14. Revêtement intérieur selon l'une quelconque des
revendications 1 à 7 pour un dispositif prothétique
destiné à une personne ayant un membre paralysé
par suite d'un blocage des voies de conduction ner-
veuses, le membre ayant des fonctions neuromus-
culaires et des muscles normaux et un volume et
une forme, où le dispositif prothétique comporte un
récepteur de signaux de flexion et d'extension du
membre relié à un amplificateur connecté à un
générateur de potentiel d'action musculaire, le
revêtement intérieur comprenant :

des électrodes incluses dans la cavité, suscep-
tibles au cours de l'utilisation d'être connectées
au générateur de potentiel d'action musculaire
pour activer la flexion et l'extension du membre
paralysé.
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