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Description

BACKGROUND

[0001] Prosthetic suspension liners have been de-
scribed in prior patents, such as U.S. Patent 4,923,474
issued May 8, 1990; U.S. Patent 6,136,039 issued Oc-
tober 24, 2000; and U.S. Patent 6,485,776 issued No-
vember 26, 2002. These liners may be fabricated of elas-
tic or elasticized materials, and are used to cushion a
post-operative stump or residual limb with respect to a
prosthesis that is installed over the residual limb and cou-
pled to the sleeve by a conventional locking element.
[0002] It is highly desirable that these liners conform
closely with the residual limb, accommodate all surface
contours and sub-surface bone elements of the residual
limb, and provide a comfortable cushion between the re-
sidual limb and the hard socket of the prosthesis that is
to be fitted over the residual limb.
[0003] Special silicone rubber or elastomer materials
have been formulated as suitable substances for sus-
pension liners. Such elastomer materials having an ap-
propriate hardness (or softness), elongation, tensile, and
other properties, such as bio-inertness (resulting in no
skin reaction), have been successfully used for suspen-
sion liners.
[0004] Much like liners, orthotic or prosthetic sleeves
are provided for supporting and reinforcing muscles,
joints, and extremities of those in need of assistance, and
moreover provide an airtight seal between a residual limb
of an amputee and a prosthesis socket worn by the am-
putee. Moreover, such sleeves are not limited to use for
amputees but may be applied to existing limbs to provide
support in a manner associated with conventional orthot-
ic devices. Orthotic and prosthetic sleeves of this type
are described in U.S. Patent 6,592,539 issued July 15,
2003, or US 2001/0039159 A1.
[0005] These sleeves may be similarly fabricated of
elastic or elasticized materials as in liners. Typically,
these sleeves are formed by joining sections of elasti-
cized fabric shaped in tubular form and joined at their
axial ends to form a tubular sleeve extending in an axial
direction. The sleeves may be cylindrical, curved or pos-
sess other anatomically conforming shapes.
[0006] U.S. Patent 3,587,572 discloses a sleeve made
of an elastomeric material and having longitudinally ax-
ially extending ribs adapted to overlie and support the
lateral and medial portions of a knee joint and a trans-
versely extending set of ribs adapted to overlie the patella
or kneecap portion of the knee joint.
[0007] While effective solutions have been proposed
and implemented, it is still highly desirable to improve
comfort of such liners or sleeves to ever so increase their
ability to conform to irregularities on a residual limb, to
accommodate a wider variety of limbs with fewer sizes
of liners, and provide an amputee with enhanced comfort
at a residual limb interface with a prosthesis while main-
taining sufficient strength and durability. Moreover, it is

particularly desirable to provide a liner or sleeve wherein
means is made available which distributes pressure of
the liner against a prosthesis while providing superior
stretchability over known liners and sleeves.
[0008] For the foregoing reasons, there is a need to
provide improved liners and sleeves that impart improved
comformability, pressure distribution, and stretchability
while maintaining sufficient durability and strength for
their requisite applications.

SUMMARY

[0009] The present application is directed to a residual
limb suspension liner that satisfies the aforementioned
needs. More particularly, an embodiment of a residual
limb suspension liner for a prosthesis system is provided
which has a closed-ended, air-tight tubular sleeve that is
configured to envelop the distal end area of a residual
limb. The liner has an axis, and defines a distal portion,
a proximal portion, and a center portion extending be-
tween the distal and proximal portions. An external sur-
face of the liner is distinguished in that it has at least one
peripheral profile portion that is provided for improving
the flexion, pressure distribution, comfort and ease of
application. The at least one peripheral profile portion
results in the liner having an undulating wall thickness at
regions corresponding to the peripheral profile portion.
[0010] According to variations of this embodiment, in-
dividual peripheral profiles of the same portion may as-
sume a variety of configurations and combinations. Con-
figurations may include a plurality of annular protrusions
and grooves which extend around the axis of the liner,
longitudinal protrusions and grooves which extend be-
tween or across the proximal and distal portions of the
liner, and protrusions which extend obliquely relative to
the axis of the liner.
[0011] The improved liners overcome deficiencies in
the known liners. Due to the peripheral profiles, these
liners provide improved comformability, pressure distri-
bution, and stretchability while maintaining sufficient du-
rability and strength for their requisite applications. More
specifically, a peripheral profile portion at the center por-
tion of the liner ensures minimal knee restriction since
the peripheral profiles impart greater flexibility to the liner.
On the other hand, a peripheral profile portion at the prox-
imal portion provides constant pressure and relief about
an upper leg portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These and other features, aspects, and advan-
tages of the present invention will become better under-
stood with regard to the following description, appended
claims, and accompanying drawings where:

Fig. 1 is an elevational view of a suspension liner;

Fig. 2 is a top plan view of the suspension liner of
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Fig. 1;

Fig. 3 is a bottom plan view of the suspension liner
of Fig. 1;

Fig. 4 is an elevational view of another version of a
suspension liner of the invention but does not reflect
the features of claim 1 that the grooves are indented
into the external surface of the liner relative to the
external surface of the proximal portion without the
projections, and the distal portions;

Fig. 5 is a top plan view of the suspension liner of
Fig. 4;

Fig. 6 is a bottom plan view of the suspension liner
of Fig. 4;

Fig. 7 is an elevational view of another version of a
suspension liner;

Fig. 8 is a top plan view of the suspension liner of
Fig. 7;

Fig. 9 is a bottom plan view of the suspension liner
of Fig. 7;

Fig. 10 is an elevational view of another version of
a suspension liner of the invention but does not re-
flect the features of claim 1 that the grooves are in-
dented into the external surface of the liner relative
to the external surface of the proximal portion without
the projections, and the distal portions;

Fig. 11 is a top plan view of the suspension liner of
Fig. 10;

Fig. 12 is a bottom plan view of the suspension liner
of Fig. 10;

Fig. 13 is an elevational view of another version of
a suspension liner of the invention but does not re-
flect the features of claim 1 that the grooves are in-
dented into the external surface of the liner relative
to the external surface of the proximal portion without
the projections, and the distal portions;

Fig. 14 is a top plan view of the suspension liner of
Fig. 13;

Fig. 15 is a bottom plan view of the suspension liner
of Fig. 13;

Fig. 16 is an elevational view of another version of
a suspension liner;

Fig, 17 is a top plan view of the suspension liner of-
Fig. 16;

Fig. 18 is a bottom plan view of the suspension liner
of Fig. 16;

Fig. 19 is an elevational view of another version of
a suspension liner;

Fig. 20 is a top plan view of the suspension liner of
Fig. 19;

Fig. 21 is a bottom plan view of the suspension liner
of Fig. 19;

Fig. 22 is an elevational view of another version of
a suspension liner;

Fig. 23 is a top plan view of the suspension liner of
Fig. 22;

Fig. 24 is a bottom plan view of the suspension liner
of Fig. 22;

Fig. 25 is an elevational view of a prosthetic or or-
thotic sleeve;

Fig. 26 is a top plan view of the prosthetic or orthotic
sleeve of Fig. 25; Fig. 27 is a bottom plan view of the
prosthetic or orthotic sleeve of Fig. 25; Fig. 28 is an
elevational view of another version of a prosthetic or
orthotic sleeve;

Fig. 29 is an elevational view of another version of
a prosthetic or orthotic sleeve;

Fig. 30 is a top plan view of the prosthetic or orthotic
sleeve of Fig. 29; Fig. 31 is a bottom plan view of the
prosthetic or orthotic sleeve of Fig. 29; and

Fig. 32 is a section view taken along line XXXII-XXXII
of Fig. 30.

DETAILED DESCRIPTION OF VARIOUS EMBODI-
MENTS

[0013] A better understanding of different embodi-
ments of the invention may be had from the following
description read in conjunction with the accompanying
drawings in which like reference characters refer to like
elements.
[0014] Figs. 1-3 illustrate an embodiment of a prosthet-
ic suspension liner 10. Referring to Fig. L, the liner 10
defines a close-ended tubular sleeve having an axis A-
A, and is configured to envelop a distal area of a residual
limb (not shown). The liner 10 defines a proximal portion
12, a distal portion 16, a center portion 14 axially extend-
ing between the proximal and distal portions 12, 16.
[0015] An external surface of the liner 10 defines a plu-
rality of peripheral profiles 18 that extend across the cent-
er portion 14 and at least a portion of the proximal portion
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12. In this embodiment, the distal portion 16 is without
the peripheral profiles 18.
[0016] The peripheral profiles 18 are defined as a plu-
rality of adjacent projections that extend annularly about
the axis of the liner 10. The projections 18 have a gen-
erally uniform, rounded outline, and are axially spaced
from one another. As shown in Figs. 2 and 3, the projec-
tions 18 generally distend radially beyond adjacent sec-
tions of the proximal and distal portions 12, 16, and the
internal surface 20 of the liner 10 is substantially smooth.
[0017] Figs. 4-6 illustrate another embodiment of a
prosthetic liner 22. Referring to Fig. 4, the liner 22 defines
a close-ended tubular sleeve having an axis B-B. The
liner 22 includes a proximal portion 24, a distal portion
28, and a center portion 26 axially extending between
the proximal and distal portions 24, 28.
[0018] An external surface of the liner 22 defines a plu-
rality of peripheral profiles 30, 32 that extend across the
center portion 26 and at least a portion of the proximal
portion 24. In this embodiment, the distal portion 28 is
without the peripheral profiles 30,32.
[0019] The peripheral profiles 30 are defined as a plu-
rality of projections that extend annularly about the axis
of the liner 22. The projections 30 have a generally uni-
form, rounded outline, and are each axially spaced from
one another by a groove 32. As shown in Figs. 5 and 6,
the projections 30 and the grooves 32 generally radially
distend beyond adjacent sections of the proximal and
distal portions 24, 28, and the internal surface 34 of the
liner 22 is substantially smooth.
[0020] It will be understood, however, that the grooves
32 may be indented into the external surface of the liner
22 relative to the external surfaces of the section of the
proximal portion 24 without the projections 30, and the
distal portion 28.
[0021] Figs. 7-9 illustrate another embodiment of a
prosthetic liner 36. Referring to Fig. 7, the liner 36 defines
a close-ended tubular sleeve having an axis C-C. The
liner 36 includes a proximal portion 38, a distal portion
42, and an axially extending center portion 40 extending
between the proximal and distal portions 38, 42.
[0022] An external surface of the liner 36 defines a plu-
rality of peripheral profiles 44 that extend across the cent-
er portion 40 and the proximal portion 38. In this embod-
iment, the distal portion 42 is without the peripheral pro-
files 44. It will be noted in other embodiments having a
construction similar to the liner 36, the profiles 44 may
extend across only a section of the proximal portion 38
adjacent the center portion 40 such that a section near
or at the proximal end of the liner is without peripheral
profiles, similar in arrangement to the embodiments
shown in Figs. 1-6.
[0023] The peripheral profiles 44 are defined as a plu-
rality of projections that extend longitudinally along the
external surface of the liner 36 towards the proximal and
distal portions 38, 42, and are circumferentially spaced.
The profiles 44 have a generally uniform, rounded out-
line, and are adjacent to one another,

[0024] As shown in Figs. 8 and 9, the profiles 44 extend
outwardly such that they are aligned with the external
surface of the distal portion 42 of the liner 36, and the
internal surface 46 of the liner 36 is substantially smooth.
It will be noted that in alternative embodiments the pro-
files 44 may distend radially beyond the external surface
of the distal portion 42.
[0025] Figs. 10-12 illustrate another embodiment of a
prosthetic liner 48. Referring to Fig. 10, the liner 48 de-
fines a close-ended tubular sleeve having an axis D-D.
The liner 48 includes a proximal portion 50 and a distal
portion 56.
[0026] An external surface of the liner 48 defines a first
plurality of peripheral profiles 52 that may extend across
the proximal portion 50 to generally a mid-length of the
liner 48. In this embodiment, the first plurality of peripheral
profiles 52 are defined as a plurality of circumferentially
spaced projections that extend longitudinally along the
external surface of the liner 48. The first plurality of pro-
files 50 have a generally uniform, rounded outline, and
are adjacent to one another.
[0027] As shown in Figs, 11 and 12, the first plurality
of profiles 50 extend outwardly such that they are aligned
with the external surface of the distal portion 56 of the
liner 48, It will be noted, however, that in alternative em-
bodiments the first plurality of profiles 50 may distend
radially beyond the external surface of the distal portion
56,
[0028] The external surface of the liner 48 also defines
a second plurality of peripheral profiles 54 that may ex-
tend from a mid-length to the distal portion 56 of the liner
48. The second plurality of peripheral profiles 54 are de-
fined as a second plurality of projections 58 spaced apart
by grooves 60 that extend annularly about the axis of the
liner 48. Each of the second plurality of projections 58
have a generally uniform, rounded outline.
[0029] As shown in Figs. 11 and 12, the projections 58
and the grooves 60 generally distend radially beyond ad-
jacent sections of the proximal and distal portions 50, 56,
and the internal surface 62 of the liner 48 is substantially
smooth.
[0030] It will be understood that the grooves 60 may
be indented into the external surface of the liner 48 rel-
ative to the external surfaces of the distal portion 56 of
the liner 48.
[0031] Figs. 13-15 illustrate another embodiment of a
prosthetic liner 64. This embodiment is similar to the em-
bodiment shown in Figs. 10-12 such that the external
surface of the liner 64 includes a first plurality of longitu-
dinally extending peripheral profiles 68 that extend
across a proximal portion 66 of the liner 64 to a generally
mid-length of the liner 64, and a second plurality of pe-
ripheral profiles 70 defined as a plurality of annularly ex-
tending, alternating projections 74 and grooves 76.
[0032] The difference of this embodiment from the em-
bodiment shown in Figs. 10-12 is that the second plurality
of peripheral profiles 70 extend across at least a section
of a distal portion 72 of the liner 64. As with the other
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embodiments described thus far, the internal surface 78
of the liner 64 is substantially smooth.
[0033] The degree of extension or amount of the sec-
ond plurality of peripheral profiles 70 extending into the
distal portion 72 may be established as one skilled in the
art may consider necessary to impart the aforementioned
benefits of the inventive liner to a patient having a residual
limb.
[0034] Figs, 16-18 illustrate another embodiment of a
prosthetic liner 80. Referring to Fig. 16, the liner 80 de-
fines a close-ended tubular sleeve having an axis F-F
and configured to envelop a distal end area of a residual
limb (not shown). The liner 80 defines a proximal portion
82 and a distal portion 86.
[0035] An external surface of the liner 80 defines a plu-
rality of peripheral profiles 84 that extend obliquely rela-
tive to the axis of the liner and around the liner. While
clearly not intended to be limited to such a configuration,
the peripheral profiles 84 extend across the proximal por-
tion 82 of the liner 80 to the distal portion 86 of the liner 80.
[0036] The peripheral profiles 84 are defined as a plu-
rality of adjacent projections and have a generally uni-
form outline. As shown in Figs. 17 and 18, the peripheral
profiles 84 do not distend radially beyond the external
surface of the distal portions 86, and the internal surface
88 of the liner 80 is substantially smooth.
[0037] While the peripheral profiles 84 are shown as
generally extending at a 45° angle relative to the axis F-
F, this embodiment is not intended to be limited to such
an angle. Accordingly, the angle at which the peripheral
profiles 84 extend may be modified accordingly as one
skilled in the art may deem necessary to impart the ben-
efits of the liner to a patient wearing such liner.
[0038] Figs. 19-21 illustrate yet another embodiment
of a prosthetic liner 90. Referring to Fig. 19, the liner 90
defines a close-ended tubular sleeve having an axis G-
G and configured to envelop a distal end area of a residual
limb (not shown). The liner 90 defines a proximal portion
92 and a distal portion 96.
[0039] An external surface of the liner 90 defines a plu-
rality of peripheral profiles 94 that variably extend about
the axis G-G. While clearly not intended to be limited to
such a configuration, the peripheral profiles 94 extend
across the proximal portion 92 of the liner 90 to about
the distal portion 96.
[0040] The peripheral profiles 94 are defined as a plu-
rality of adjacent projections 100. This liner 90 has non-
profiled portions 98 within the peripheral profiles 94 that
lie about the periphery wherein the projections 100 di-
minish so that the non-profiled portions 98 generally fol-
low the contour of the distal portion 96 of the liner 90. As
shown in Figs. 20 and 21, the peripheral profiles 94 var-
iably distend radially beyond the external surface of the
distal portions 96, and the internal surface 101 of the liner
90 is substantially smooth.
[0041] It will be understood that in alternative embod-
iments, the peripheral profiles may have projections that
intermittently extend about the axis G-G, and may further

radially extend uniformly beyond the external surface of
the distal portions of the liner. Moreover, alternate em-
bodiments may have gaps of the projections about the
axis wherein certain portions about the periphery have
peripheral profiles whereas other portions lack such pe-
ripheral profiles. Such gaps may have gradual transitions
between the projections or such gaps may be abrupt.
[0042] It will also be understood that in concert with
the embodiment of liner 90, the projections may be ar-
ranged in any of the configurations thus described herein
such that there are non-profiled regions within the bor-
ders of the peripheral profiles.
[0043] Figs. 22-24 illustrate another embodiment of a
prosthetic liner 102. This embodiment resembles embod-
iments of a suspension liner with a seal described in US
2004/0122528 A1.
[0044] Referring to Fig. 22, the liner 102 defines a
close-ended tubular sleeve having an axis H-H. The liner
102 includes a proximal portion 104 and a distal portion
108. An external surface of the liner 102 defines a plurality
of peripheral profiles 106 that extend across the proximal
portion 104 to a seal portion 110, The peripheral profiles
106 are defined as a plurality of adjacent projections that
extend longitudinally along the external surface of the
liner 102 towards the proximal and distal portions
104,108. Fig. 23 illustrates that the profiles 106 have a
generally uniform, rounded outline, and are substantially
adjacent to one another.
[0045] As shown in Figs. 23 and 24, the profiles 106
extend outwardly such that they are aligned with the ex-
ternal surface of the distal portion 108 of the liner 102,
and the internal surface 116 of the liner 102 is substan-
tially smooth. It will be noted that in alternative embodi-
ments the profiles 106 may distend radially beyond the
external surface of the distal portion 108,
[0046] The seal portion 110 is defined by at least one
recessed portion 112 that extends around at least one
peripheral portion of the liner 102 between the plurality
of peripheral profiles 106 and the distal portion 108. The
seal portion 110 also includes at least one resilient seal
element 114 that is secured within the at least one re-
cessed portion 112, The at least one resilient seal ele-
ment 114 protrudes radially from and extends around the
at least one recessed portion 112.
[0047] The seal liner embodiment shown in Figs. 22-24
may be modified as discussed in US 2004/0122528 A1.
The seal liner embodiment provides secure, comfortable
suspension without an external sleeve worn over the
prosthesis, and thus imparts improved freedom of move-
ment, increased comfort, and simplified maintenance.
[0048] While in each of the liner embodiments de-
scribed above the distal portion is generally without pe-
ripheral profiles, liner embodiments of the invention may
configured so that at least a section of the distal portion
may be provided with peripheral profiles such as those
discussed above. It will be noted that, as clearly shown
in each of Figs. 1-24, embodiments of the liner may have
variable wall thicknesses at least in regions of the pe-
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ripheral profiles, Such variable wall thickness improves
the ability to stretch the liner and additionally provides
cushioning by more aptly distributing pressure against a
prosthesis.
[0049] Moreover, the peripheral profile portions of the
liners may be combined or modified as considered ex-
pedient by one of ordinary skill in the art to improve
stretchability and comfort for an amputee.
[0050] In each of the embodiments shown herein, the
liner is intended for use between a residual limb and a
prosthesis, and to be air-tight when donned over a resid-
ual stump. The internal surface of the liner may be formed
of a layer of silicone elastomer, therefore serving as a
skin interface. Silicone is advantageous in that is permits
different levels and softness and strength to be incorpo-
rated into the liners of the present application. Moreover,
silicone permits the addition of selected supplements,
such as petroleum jelly and aloe vera, which improve
skin care and comfort.
[0051] An elasticity controlling matrix material may be
provided on the exterior of the liner, the matrix material
preferably being relatively compliant in a radial direction
and substantially rigid or inelastic in an axial direction.
The matrix material may extend over the distal or external
side of the prosthesis, and is advantageous in that it pre-
vents movement of liner when a prosthesis is worn ther-
eover.
[0052] It will be understood that it is envisioned that
any of the aforementioned liners, and subsequently dis-
cussed sleeves, may be constructed having a soft inter-
nal silicone elastomer layer and a relatively harder ex-
ternal silicone elastomer layer in accordance with U.S.
Patent 6,136,039.
[0053] A prosthesis connecting element may be pro-
vided at the distal end of any of the embodiments of the
inventive liner of the present application. Such connect-
ing element may be embedded in a silicone elastomer
layer or layers of the liner, or may be intimately bonded
to the distal end of the liner. An example of such con-
necting element is discussed in U.S. Patent 6,136,039.
[0054] The liners may be fabricated in a sufficient
number of sizes to accommodate various sizes of resid-
ual limbs. In use, a liner of the type described herein is
rolled up from the proximal to the distal end, placed over
the distal end of the residual stump and rolled back up
or "donned" over the stump like a stocking. This proce-
dure and the benefits achieved thereby are described in
detail in U.S. Pat. No. 4,923,474. In addition, any of the
liners and sleeves mentioned herein may be constructed
in the manner prescribed by U.S. Patent No. 4,923,474.
[0055] The embodiments of the inventive liner of the
present application may be constructed according to the
molding methods described in U.S. Patent 6,485,776. In
making the liners having peripheral profiles, such profiles
may be imparted to the liner by appropriate molding tech-
niques, such as female molds which have the impression
of the desired peripheral profiles of the invention.
[0056] In Figs. 25-28, embodiments of an orthotic or

prosthetic sleeve are illustrated having peripheral pro-
files, as described above in connection with the embod-
iments of Figs. 1-24. The orthotic or prosthetic sleeves
shown in Figs. 25-28 resemble the basic construction of
any one of the aforementioned liners, or the orthotic or
prosthetic sleeves described in U.S. Patent 6,592,539.
[0057] As shown in Figs. 25-27, an embodiment of a
sleeve 118 defines an open-ended tubular sleeve, and
has an axis I-I. The sleeve 118 includes a proximal portion
120, a distal portion 124 and a peripheral profile portion
122 axially extending between the proximal and distal
portions 120 and 124.
[0058] The peripheral profiles 122 are defined as a plu-
rality of projections 126 that extend annularly about the
axis of the sleeve 118. The projections 126 have a gen-
erally uniform, rounded outline, and are each axially
spaced from one another by a groove 128. As shown in
Figs. 26 and 27, the projections 126 and the grooves 128
generally distend radially beyond adjacent sections of
the proximal and distal portions 120, 124, and an internal
surface (not shown) of the sleeve 118 is substantially
smooth. The proximal end of the sleeve 120 may include
a sealed edge 130.
[0059] According to this embodiment of the sleeve, and
as discussed in U.S. Patent 6,592,539, the sleeve may
include at least two elasticized fabric elements having
different elastic stiffness in orthogonal directions con-
nected together to form a tubular sleeve such that the
direction of higher stiffness of one fabric element extends
parallel with the sleeve axis and the direction of higher
stiffness of the other element extends generally trans-
versely of the sleeve axis. The entire internal surface of
the sleeve may be coated with a discrete layer of silicone
elastomer that is firmly bonded to the fabric material con-
stituting the sleeve.
[0060] Fig. 28 illustrates another embodiment of a
sleeve 132. This sleeve 132 includes at least three elas-
ticized fabric elements, such that a proximal portion 134
and a distal portion 138 have higher elastic stiffness than
a curved, middle peripheral profile portion 136 positioned
between the proximal and distal portions 134, 138 and
formed so that the direction of higher elastic stiffness of
the fabric extends generally transversely of the sleeve
axis.
[0061] The peripheral profile portion 136 includes a
plurality of projections 140 and a plurality of grooves 142
interposed between each of the projections 140. The pro-
jections 140 and the grooves 142 may extend radially
beyond the adjacent external surfaces of the proximal
and distal portions 134, 138. The entire internal surface
of the sleeve may be coated with a discrete layer of sili-
cone elastomer that is firmly bonded to the fabric material
constituting the sleeve.
[0062] Of note, this sleeve 132 is exemplary of a liner
or sleeve wherein the projections 140 are not uniformly
spaced. Any of the liners or sleeves may be modified
accordingly to provide localized regions having greater
flexure.
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[0063] In another variation of the embodiment of an
open-ended tubular sleeve, Figs. 29-32 show sleeve 200
having first and second peripheral profile portions 208,
214,
[0064] The first peripheral profile portion 208 is gener-
ally located within the center portion 204 of the sleeve
200 between the proximal and distal portions 202, 206.
This peripheral profile portion 208 includes a plurality of
undulating projections 210 extending radially outwardly
about axis J-J, and corresponding grooves 212 inter-
posed between the projections 210.
[0065] The second peripheral profile portion 214 is
generally located within the proximal portion 202. The
second peripheral profile portion 214 includes a plurality
of undulating projections 216 that extend longitudinally
generally along axis J-J, and circumferentially about axis
J-J.
[0066] This sleeve 200 also includes a tapered portion
226 located along the distal portion 206. This tapered
portion 226 has a generally uninterrupted surface such
that it is smooth and without the undulating peripheral
profile projections 208, 214 in the center and proximal
portions 202, 204.
[0067] The proximal and center portions 202, 204 may
have a slight taper such that the sleeve 200 gradually
converges towards the axis J-J from the proximal end
towards the distal end of the sleeve 200. The taper 226,
however, is significantly more pronounced at the distal
portion 206, as evidenced by the lines 228 showing the
diameter of the sleeve at the boundary between the cent-
er and distal portions 204, 206 of the sleeve 200.
[0068] This tapered portion 226 is provided, at least in
part, to more securely fit against prosthetic devices worn
distally of a user of the sleeve. Moreover, since the prox-
imal portion 202 may be worn over an upper leg portion,
the tapered portion 226 provides a better fit to lower leg
portions or prosthetic components since these tend to
have a smaller diameter than an upper leg portion.
[0069] As shown in Fig. 32, the interior surface 220 of
the sleeve 200 is shown. According to this embodiment,
a plurality of proximal and distal sealing rings 222, 224
are formed by the thickness 218 of the sleeve 200. These
sealing rings 222, 224 extend towards the axis J-J of the
sleeve 200. The proximal and distal sealing rings 222,
224 are located in corresponding proximal and distal por-
tions 202, 204 of the sleeve 200.
[0070] It will be noted that any of the suspension liner
and sleeve embodiments discussed herein may be pro-
vided with the aforementioned sealing rings. These rings
may be located within in any one of the proximal, distal
and center portions of the suspension liners or sleeves
described herein.
[0071] The sealing rings are advantageous in that they
provide maximum sealing properties of the suspension
liner or sleeve when worn against the skin. This is par-
ticularly beneficial when it is desired to provide an airtight
seal between a residual limb of an amputee and a pros-
thesis socket worn by the amputee. Since these rings

are preferably integrally formed by the silicone, they can
conform to various shapes and sizes. In addition, the end
sections of the proximal and distal portions of sleeve may
be folded over to provide for a greater sealing effect by
the sealing rings.
[0072] The embodiments of the sleeve may be provid-
ed with stiffening elements provided along the length of
such sleeves with known principles to provide lateral ri-
gidity to the sleeve, and in accordance with the principles
taught in U.S. Patent 6,592,539.
[0073] Variations of the embodiments of the liner and
sleeve may have thicker wall thicknesses at areas such
as at the proximal and distal ends of the proximal and
distal portions. This is intended to strengthen these areas
of the liner or sleeve. The variable wall thicknesses of
these variations need not correspond to the peripheral
profiled portions. Other areas of these variations may
have thinner wall thicknesses relative to the proximal and
distal ends at areas, and other areas of the liner or sleeve.
The areas having thinner wall thicknesses are those that
require less strength and are reduced in thickness in an
effort to lessen the weight of the liner or sleeve.
[0074] When used with a distal locking device, this
sleeve embodiment provides additional security to users.
In some cases this embodiment can serve as a locking
device in itself when used over a liner and definitive sock-
et with a suction valve, ensuring that no air enters the
definitive socket from above. As a result, this embodi-
ment provides enhanced security and stability, added
flexure at the knee, and strength and durability for high
active users.
[0075] The embodiments of the liners and sleeves
herein are not limited to use in a prosthesis system and
may be applied in any suitable application requiring the
features and advantages of the peripheral profiles and
combinations thereof described above.
[0076] The invention is not considered to be limited to
the peripheral profiles, protrusions and grooves de-
scribed herein, but instead the configuration of the pe-
ripheral profiles, protrusions and grooves may be defined
in a variety of configurations that may be considered to
impart the aforementioned benefits of the present inven-
tion. The profiles may have any cross-sectional shape
deemed to impart the benefits of the invention such as
square, triangular, rectilinear, arcuate and combinations
thereof. Also, the path of the profiles may not be generally
linear as shown, but instead may not have a uniform size
and instead may have varying cross-sectional sizes.
[0077] While the profiles are shown as extending about
the entirety of the circumference of the liner and sleeve,
these profiles may only extend about a portion of the
circumference. For example, in the liner of Fig. 1, the
projections only extend about an anterior portion corre-
sponding to the anterior side of a residual limb. Alterna-
tively, the sleeve of Fig. 28 may only have the projections
on the anterior of the sleeve corresponding to the anterior
side or a knee or prosthetic component.
[0078] It will be understood that, unless a term is ex-
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pressly defined in this patent to possess a described
meaning, there is no intent to limit the meaning of such
term, either expressly or indirectly, beyond its plain or
ordinary meaning.
[0079] While the disclosure is susceptible to various
modifications and alternative constructions, certain illus-
trative embodiments thereof are shown in the drawings
and will be described below in detail. It should be under-
stood, however, that there is no intention to limit the dis-
closure to the specific embodiments disclosed, but on
the contrary, the intention is to cover all modifications,
alternative constructions, and equivalents falling within
the scope of the disclosure as defined by the appended
claims.
[0080] It will be understood that the above described
embodiments of the invention are illustrative in nature,
and that modifications thereof may occur to those skilled
in the art. Accordingly, this invention is not to be regarded
as limited to the embodiments disclosed herein, but is to
be limited only as defined in the appended claims.

Claims

1. A residual limb suspension liner (22) for a prosthesis,
comprising:

a closed-ended, tubular sleeve having an axis,
and defining along the axis a distal portion (28),
a proximal portion (24), and a center portion (26)
extending between the distal and proximal por-
tions (28, 24);
wherein an internal surface (34) of the sleeve is
defined by a silicone elastomeric layer and is
substantially smooth; and
wherein the sleeve forms at least one peripheral
profile portion integrally formed from the silicone
elastomeric layer and having an undulating wall
thickness extending into the center portion (26)
or the proximal and center portions of the sleeve,
the at least one peripheral profile portion defin-
ing a plurality of annular projections (30) extend-
ing radially outwardly from and about the sleeve
axis, the projections (30) having a generally uni-
form rounded outline, and being axially spaced
from one another by a groove (32) indented into
the external surface of the liner (22) relative to
the external surface of the proximal portion (24)
without said projections (30), and the distal por-
tion (28).

2. The suspension liner according to claim 1, wherein
the plurality of annular projections (30) are generally
uniformly spaced from one another.

3. The suspension liner according to claim 1 or 2,
wherein at least one peripheral profile portion defines
a plurality of longitudinal projections extending lon-

gitudinally along the sleeve about the circumference
thereof.

4. The suspension liner according to claim 3, wherein
the plurality of longitudinal projections are generally
uniformly spaced from one another.

5. The suspension liner according to any one of claims
1 to 4, wherein an elasticized fabric material is se-
cured to the elastomeric layer, the elasticized fabric
defining an external surface of the liner and the sili-
cone elastomer layer firmly bonded onto the fabric
material.

6. The suspension liner according to claim 5, wherein
the entire internal surface of the sleeve is defined by
the silicone elastomer layer.

7. The suspension liner according to claim 1, wherein
the distal portion (28) is without the at least one pe-
ripheral profile portion.

Patentansprüche

1. Restglied-Suspensionsliner (22) für eine Prothese,
umfassend:

einen röhrenförmigen Schlauch mit einem ge-
schlossenen Ende, der eine Achse aufweist und
entlang der Achse einen distalen Teil (28), einen
proximalen Teil (24), und einen Mittelteil (26),
der sich zwischen dem distalen und proximalen
Teil (28, 24) erstreckt, definiert,
wobei eine innere Oberfläche (34) des
Schlauchs durch eine Silikonelastomerschicht
definiert ist und im Wesentlichen glatt ist und
wobei der Schlauch zumindest einen peripheren
Profilteil bildet, der integral aus der Silikonelas-
tomerschicht gebildet ist und eine wellenförmige
Wandstärke aufweist, die sich in den Mittelteil
(26) oder den proximalen Teil und Mittelteil des
Schlauchs erstreckt, wobei der zumindest eine
periphere Profilteil eine Mehrzahl von ringförmi-
gen Vorsprüngen (30) definiert, die sich radial
nach außen von der und um die Schlauchachse
erstrecken, wobei die Vorsprünge (30) eine im
Allgemeinen gleichmäßige abgerundete Au-
ßenkontur aufweisen und axial voneinander
durch eine Nut (32) beabstandet sind, die in die
äußere Oberfläche des Liners (22) relativ zu der
äußeren Oberfläche des proximalen Teils (24)
ohne die Vorsprünge (30) und des distalen Teils
(28) eingekerbt ist.

2. Suspensionsliner nach Anspruch 1, wobei die Mehr-
zahl der ringförmigen Vorsprünge (30) im Allgemei-
nen gleichmäßig voneinander beabstandet sind.
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3. Suspensionsliner nach Anspruch 1 oder 2, wobei zu-
mindest ein peripherer Profilteil eine Mehrzahl von
längslaufenden Vorsprüngen definiert, die sich längs
entlang des Schlauchs um dessen Umfang herum
erstrecken.

4. Suspensionsliner nach Anspruch 3, wobei die Mehr-
zahl der längslaufenden Vorsprünge im Allgemeinen
gleichmäßig voneinander beabstandet sind.

5. Suspensionsliner nach einem der Ansprüche 1 bis
4, wobei ein elastifiziertes Stoffmaterial an der Elas-
tomerschicht befestigt ist, wobei der elastifizierte
Stoff eine äußere Oberfläche des Liners definiert und
die Silikonelastomerschicht fest mit dem Stoffmate-
rial verbunden ist.

6. Suspensionsliner nach Anspruch 5, wobei die ge-
samte innere Oberfläche des Schlauchs durch die
Silikonelastomer-Schicht definiert ist.

7. Suspensionsliner nach Anspruch 1, wobei der dis-
tale Teil (28) ohne den zumindest einen peripheren
Profilteil ist.

Revendications

1. Manchon de suspension pour membre résiduel (22)
destiné à une prothèse, comprenant :

une gaine tubulaire à extrémité fermée présen-
tant un axe et définissant, le long de l’axe, une
partie distale (28), une partie proximale (24), et
une partie centrale (26) s’étendant entre les par-
ties distale et proximale (28, 24) ;
dans lequel une surface interne (34) de la gaine
est définie par une couche élastomère en silico-
ne, et est sensiblement lisse ;
dans lequel la gaine forme au moins une partie
de profil périphérique formée d’un seul tenant à
partir de la couche élastomère en silicone et pré-
sentant une épaisseur de paroi ondulante
s’étendant jusque dans la partie centrale (26)
ou les parties proximale et centrale de la gaine,
la au moins une partie de profil périphérique dé-
finissant une pluralité de saillies annulaires (30)
s’étendant radialement et vers l’extérieur à partir
et autour de l’axe de gaine, les saillies (30) pré-
sentant un contour arrondi généralement unifor-
me, et étant espacées axialement les unes des
autres par une rainure (32) rentrée dans la sur-
face externe du manchon (22) par rapport à la
surface externe de la partie proximale (24) sans
lesdites saillies (30) et la partie distale (28).

2. Manchon de suspension selon la revendication 1,
dans lequel la pluralité des saillies annulaires (30)

sont espacées de manière généralement uniforme
les unes des autres.

3. Manchon de suspension selon l’une quelconque des
revendications 1 ou 2, dans lequel au moins une
partie de profil périphérique définit une pluralité de
saillies longitudinales s’étendant de manière longi-
tudinale le long de la gaine autour de la circonférence
de celle-ci.

4. Manchon de suspension selon la revendication 3,
dans lequel la pluralité de saillies longitudinales sont
espacées de manière généralement uniforme les
unes des autres.

5. Manchon de suspension selon l’une quelconque des
revendications 1 à 4, dans lequel un matériau de
tissu rendu élastique est fixé à la couche élastomère,
le tissu rendu élastique définissant une surface ex-
terne du manchon, et la couche élastomère en sili-
cone est fermement collée au matériau de tissu.

6. Manchon de suspension selon la revendication 5,
dans lequel la surface interne toute entière du man-
chon est définie par la couche élastomère en silico-
ne.

7. Manchon de suspension selon la revendication 1,
dans lequel la partie distale (28) se présente sans
la au moins une partie de profil périphérique.
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