(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(10) International Publication Number

(43) International Publication Date WO 2021/097042 A1
20 May 2021 (20.05.2021) WIPOIPCT
(51) International Patent Classification: Inc., 27051 Towne Centre Drive, Foothill Ranch, Califorma
A61F 2/78 (2006.01) 92610 (US).

(21) International Application Number: (74) Agent: CASSELL, Justin J.; Workman Nydegger, 60 E.
PCT/US2020/060157 South Temple, Suite 1000, Salt Lake City, Utah 84111 (US).

(22) International Filing Date: (81) Designated States (unless otherwise indicated, for every
12 November 2020 (12.11.2020) kind of national protection available). AE, AG, AL, AM,

(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,

(26) Publication Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,

(30) Priority Data:

KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD,

62/934,261 12 November 2019 (12.11.2019) US ME. MG. MK. MN. MW. MX. MY. MZ. NA. NG. NL NO.
(71) Applicant: OSSUR ICELAND EHF [IS/IS]; Grjothals 5, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
110 Reykjavik (IS). SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,

TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(71) Applicant (for MW only): OSSUR AMERICAS, INC.

[US/US]; 27051 Towne Centre Drive, Foothill Ranch, Cal- (84) Designated States (unless otherwise indicated, for every
iforma 92610 (US). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,

California 92610 (US). DLAB, Jiri; c/o Ossur Americas,

(54) Title: VENTILATED PROSTHETIC LINER

pattern (326) of the facing layer (316).

e 3060

- 308

e 310

w0 2021/097042 A 1 UL HAP Y00 0 N0 AT 0D

(72) Inyentors: ORRASQN, 'Andri; c/o Ossur Iceland ehf, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ.
Gryothals 5, 110 Reykjavik (IS). STEFANSSON, Stefan TM), European (AL, AT, BE, BG. CH, CY, CZ. DE, DK,
Ormn; c¢/o Ossur Iceland ehf, Grjothals 5, 110 Reykjavik EE. ES. FI, FR, GB. GR, HR, HU. IE. IS, IT. LT, LU. LV.
(IS). CAIN, Rowan; c/o Ossur Iceland ehf, Grjothals 3, MC MK. MT. NL. NO. PL. PT. RO. RS. SE. SI. SK. SM.
110 Reykjavik (IS). ASGEIRSSON, Sigurdur; ¢/o Ossur TR). OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW.
Americas, Inc., 27051 Towne Centre Drive, Foothill Ranch, KM, ML, MR, NE, SN. TD, TG).

(57) Abstract: A prosthetic liner (300) has a ventilated structure (312) communicating with

an interior volume (305) to an exterior (.
a transfer of air and moisture therebetween. The prosthetic liner (300) includes a facing
layer (316) defining a periphery of at least part of the interior volume (305) of the liner
(300), and forming an apertured pattern (326) including a plurality of apertures extending
therethrough. A cushion layer (312) 1s juxtaposed to the facing layer (316) and forms a
lattice structure including a plurality of interstices in communication with the apertured

< 1) of the prosthetic liner (300), thereby permitting

[Continued on next page/



WO 20217097042 AT [}F 100KV AP PN A0 A0 AR R

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2021/097042 PCT/US2020/060157

VENTILATED PROSTHETIC LINER

(1]  FIELD OF THE DISCLOSURE

[2] The disclosure relates to medical devices, such as prosthetic or orthopedic devices. An
exemplary embodiment 1s a liner, sleeve, or sock, generally referred to herein as a "liner," for
suspension comiort in a prosthetic device system. The exemplary embodiments are formed
from an elastomeric lattice structure and solid layers creating a ventilated structure permitting
a transfer of air and moisture from an interior volume of the liner to an exterior or ambient

liner.

(3] BACKGROUND

[4] Liners are widely known and are used as an interface between a residual limb and a
prosthetic socket, allowing a user to comfortably and safely wear the prosthetic socket and
prostheses attached thereto, such as prosthetic limbs. Liners may, for instance, provide
cushioning between the end of the residual limb and the prosthetic socket, protecting the limb
from developing pressure points as a user's weight 1s applied to the hard components of the
prosthetic socket during use. Liners may additionally provide for improved pressure
distribution along the residual limb and within the prosthetic socket. In vacuum suspension-
type prosthetic systems, a liner may also protect the residual limb from being exposed to an

elevated vacuum for extended periods.

[5] Polymeric, particularly elastomeric, materials are commonly used for constructing
liners. For example, a medical-grade silicone may be used that 1s naturally compatible with
human tissue and resistant to fluids and bacteria, reducing the risk of infection. Despite
limitations on breathability, these liners often remain fresh and odor-free after each use and
have lasting strength and thickness despite repeated use. But many liners may not achieve such

desired results upon repeated use, depending on the user's characteristics.

[6] An elastomeric material may be preferred, although not limited, for constructing the
liner because 1t has inherent elasticity that conforms to a residual limb. The elasticity of the
liner may be tailored to inhibit elasticity 1n different directions, such as axially, but enhanced

in one direction (radially) relative to another direction such (axially).

[ 7] Normally a liner 1s constructed by molding the elastomeric material between male and

female molds to form a solid layer of an elastomeric material that may closely encapsulate the

residual limb. The elastomeric material may be extruded into a predetermined shape. The liner
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1s created either by molding or extrusion as having a fixed cross-section profile without

adapting the molded or extruded part profile.

[8] This fixed cross-section profile 1s generally a solid mass of elastomeric material that 1s
both vapor- and-liquud impermeable, and the solid layer 1s formed cohesively as a monolithic
body. To provide sufficient cushioning and protection of the residual limb, such liners typically
comprise arelatively thick layer of fluid-impermeable elastomeric material. The thickness may
be increased at a distal end of the liner to provide additional cushioning at the point of the liner

where the weight of the user 1s most pronounced against the prosthetic socket.

[9] Because the liner 1s constructed from a unitary wall or solid layer of elastomeric
material, usually formed or cured from a liquid resin poured into the molds or extruded into
shape, the material may have uniform properties throughout the body of the liner or ssmplified
properties among various components to the liner (e.g., a taper in thickness). An example of a
method for manufacturing a liner 1s found 1n U.S. patent 6,626,952, 1ssued on September 30,

2003, and an example of a liner having multiple components or properties 1s found in U.S.

patent 6,136,039, 1ssued on October 24, 2000.

|10] A common practice 1s to attach a textile matenial to an exterior surface of the liner, the
textile material having defined properties that may provide customized or desired features at
specific locations. The solid elastomeric layer may be cured against the textile material, which
requires pre-processing steps, such as sewing and shaping, to have desired properties. One
example of the time-consuming and cost-increasing pre-processing steps 1s stitching a distal
seam 1n a textile tube to shape the textile tube into a liner shape. Other components may be

provided 1n a liner, such as a hard distal end cap.

[11]  Stitching and securing a textile to a liner body of an elastomeric material and additional
liner components may cause pressure points when the liner 1s worn by a user and pressed
against a hard socket. Efforts have been made to minimize such effects, as in U.S. patent
9,770,891, 1ssued on September 26, 2017. Nonetheless, attention 1s still desired for simplifying
processes used to provide such textile or other components to a liner body and by vyet further

minimizing pressure points.

|12] A known problem 1n liners 1s the buildup of moisture and heat between the residual

"

limb and the liner, leading to discomfort, unpleasant odors, "milking." "pistoning." and tissue
breakdown. For example, medical-grade silicone 1s hydrophobic because 1t 1s vapor- and

liqud-impermeable. Sweat may buildup between the residual limb and the liner, which may
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cause slippage of the liner from the residual limb and discomfort, affecting suspension and
making skin more prone to breakdown. These drawbacks may lead to a risk of non-compliant

use of the prosthetic system or even of catastrophic failure of the prosthetic system during use.

[13] Up to 72% of the amputees experience a reduction 1in health-related quality of life
because of heat and sweating. The impact of sweat and heat on quality of life for trans-femoral
amputees 1s therefore significant. Perspiration and warmth occurring while wearing a liner are
the most common complaints reported by amputees. Conventional solid-walled liners impair
their occlusive properties, the natural skin regulation mechanisms for humudity, and heat

management.

|14] There 1s a balance between providing a liner with sufficient cushioning and thickness
to protect the residual limb from harmful extended contact with hard or rigid surfaces and
providing a breathable liner to mitigate heat and moisture buildup. A concern arises in whether
the liner can maintain the same strength, thickness, compression, and general functionality 1n
a liner having a ventilated structure as 1n a conventional solid-walled liner. Likewise, there 1s
a desire to maintain the liner as constructed from an approved and accepted medical-grade

elastomeric material, such as silicone.

|15]  Efforts to bridge this gap have included providing wicking layers or absorbent materials
within the silicone layer or between the silicone and textile material, which may increase the
cost and complexity of constructing a liner. An example of such efforts 1s found in U.S. patent
0,629,732, granted on Apnl 25, 2017. Efforts to provide apertures, or wicking layers and
absorbent materials, may impair a liner's functionality or result in a liner having inferior
mechanical properties relative to a conventional solid-walled liner. Such past ventilated liners
may prevent or preclude other desirable features 1n liners, such as external surface peripheral
profiles, as in U.S. patent 7,118,602, 1ssued on October 10, 2006, and seal systems as in U.S.
patent 9,066,821, 1ssued on June 30, 2015.

|16] Despite these efforts in the patent literature, there are few 1f any commercially available
liners having a breathable structure capable of sweat management. Other sweat preventing
interventions are tap water 1ontophoresis, talcum, wiping residual limb, airing out a residual
limb. The 1injection of Botulinum toxin has also been reported to be effective but comes with a

greater clinical intervention and provides relief only temporarily.

|17] There still exists a need for a liner that achieves the structural and cushioning benefits

of solid-walled, conventional liners but can mitigate the buildup of heat and moisture while
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preserving 1ts construction from a medical-grade material and accommodating various features

common 1n conventional liners.

|18]  Another problem 1n existing systems and methods for producing liners 1s the difficulty
and cost of providing a custom-fitted prosthetic system with features that correspond to the
needs at different portions of the residual limb. Each residual limb has unique dimensions and
shape, and the efforts of a trained prosthetist must assess a user's needs should the user's needs
to be outside normal shapes and sizes of liners. Individuals may have different bony mass
structure and soft-tissue, depending on how the residual limb occurred, and 1t 1s difficult to
meet the unique limb shape and needs of the individual residual limb, particularly as, due to
swelling or weight change, the dimensions and needs of a particular user may be dynamic and

change.

[19] As 1t 1s difficult to achieve the structural and functional needs of each residual limb, 1t
1s desirable to provide a liner that can meet the demands of each user, whether the liner 1s for
lower or upper extremities and whether the user requires an elevated vacuum, seal-in expulsion,
and locking suspension systems. Custom liners may be provided for amputees of all lifestyles
and activity levels, and there 1s difficulty meeting the demands of all such individuals with
standard conventional-sized liners. Individuals may require material additives for easier
donning and doffing, skin-treatment additives, and desired conventional liner features in a

custom-fitted liner.

|20] Because many medical devices having elastomeric materials such as medical-grade
silicone are formed by 1njection molding, where a silicone resin 1s injected into a space defined
by a negative mold of the medical device, most medical devices do not have a desired degree
of customized properties based on the functionality of different regions of a user's body but
have uniform properties throughout. In the example of a liner, however, 1t may be desired to
have more elasticity at and behind the knee compared to above, below, and to the sides of the
need, or a different degree of breathability may be desired at regions proximate active muscle
oroups that generate more heat and fluid. There 1s a need for a medical device that provides
custom properties at desired locations around the medical device rather than uniform

properties.

|21] There 1s a need for a liner that can be tailored to an individual user's demands while
offering accommodation for conventional liner features. More generally, there 1s a need for

medical devices constructed from elastomeric materials that offer a desirable balance of
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breathability and mechanical properties to withstand the device's ordinary daily use. Despite
prior efforts and alternative treatments, such desired liner should reduce the moisture on skin
over commercially available liners, increasing perceiving improvements in stability and

suspension, offering equivalent comfort over known liners, and offering overall improved skin
health.

[22] SUMMARY

23] The balance of strength, comfort, breathability, and other desired properties of
elastomeric and other polymer-based and especially elastomer-based medical-grade materials
in medical devices, such as prosthetic and orthopedic devices, 1s addressed in embodiments of
the disclosure. These embodiments exemplify a liner comprising discretely and continuously
deposited layers of the medical-grade elastomeric material, such as silicone, used 1n
conventional liners while maintaining at least equivalent mechanical strength and other

mechanical properties of such conventional liners.

|124]  While such liners may be constructed from the same medical-grade elastomeric
material and possess the same mechanical and chemical properties of conventional liners, the
structure of the embodiments of the disclosure provide improved cushioning, moisture
removal, and/or breathability over known conventional liners. The embodiments may be
provided combined with textile covers, reinforcement layers, material additives, and other
desired features 1in conventional liners while having the aforementioned improved features.
While medical-grade elastomeric material 1s discussed, 1t will be understood that the disclosure

1s by no means limited to medical-grade material and may make use of any suitable materal.

|25] The exemplary embodiments offer a reduction of moisture during increased
perspiration, leading to perceived improvements in stability and suspension, improved or at

least equivalent comfort over conventional liners, and improved skin health.

|26] The exemplary embodiments possess characteristics that can be extended to a wide
range of medical devices, including prosthetic or orthopedic parts, medical implants, medical
tubing, prostheses, and other parts or devices. The characteristics may be adapted according to
desired properties or needs and customized to address users' needs. For example, the
characteristics of the embodiments can be used 1n devices made by known medical-grade
elastomeric maternals, removing the necessity for maternial approval and streamlining

regulatory acceptance.
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|127] Exemplary liner embodiments are arranged to effectively manage perspiration formed
by a limb, prevent slippage of the liner on the limb, and provide suitable cushioning for a limb.
The exemplary embodiments described are discussed and shown within the context of a liner
1in a prosthetic system for use with a hard socket. However, the disclosure 1s not limited to such
a prosthetic embodiment or the exact uses described and embraces any application requiring
perspiration management, prevention of slippage, cushioning of the limb, or any other
structural and/or functional benefit that may derive in whole or 1in part from the principles of
the disclosure. Principles described herein may be extended to any prosthetic, orthopedic, or

medical device and are 1n no manner merely limited to liners.

28] In an exemplary embodiment, a liner advantageously bridges the gap between a solid-
layer wall liner's strength and the need for breathability while using a medical-grade matenal.
The liner may be customized to have features at particular locations corresponding to individual
users' needs, mmnimizing cost and complexity of manufacturing, and offering physical structure
and functionality that benefit different requirements. The liner 1s just an example of the
different structures that can be manufactured and configured according to principles described

herein.

|29]  According to an exemplary embodiment, the liner has a first or proximal end, a second
or distal end, and a tubular liner body defined between the first and second ends. The liner body
preferably comprises a facing or base layer formed from an elastomeric material, such as
silicone, and has an inner surface extending along with an interior of the tubular liner and
defining a periphery thereof. The facing layer defines a plurality of openings extending,
preferably through a thickness thereof. As the facing layer 1s intended to secure against a user's
skin about the residual limb, the facing layer may have a more combined solid surface area
than a combined area of the plurality of openings to provide an effective skin interface. The
facing layer's inner surface 1s preferably smooth because it has a generally uniform surface

elevation aside from the openings.

|30] The facing layer may comprise a plurality of filaments integrally adjacent to and/or
chemically bonded, preferably without adhesive, to one another to form a continuous solid
layer. The filaments are aligned with one another and are chemically bonded along their length
to an adjacent filament without a gap. Such a structure can be formed to constitute a film that
1s both vapor and liquid impermeable. One filament may be continuously formed against an
adjacent filament, whereas the adjacent filament may be formed with gaps along 1ts length,

with yet another filament on an opposing side of the adjacent filament to form an apertured or
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ventilated layer; however, such apertured or ventilated layer has apertures positively formed
without mechanically or chemically perforating a solid layer to form such apertures. In
embodiments, a solid or continuous film or layer may be formed, and then the material may be

removed 1n any suitable manner to define the apertures.

|31] A first layer formed from an elastomeric material 1s secured to an outer surface of the
facing layer (so the facing layer 1s secured to the inner side of the first layer) and comprises a
first set of interstices or interstices having axes corresponding to axes of the openings of the
facing layer. The first layer comprises a first sub-layer, including a plurality of first filaments
arranged 1n a first direction and a second sub-layer, including a plurality of second filaments
arranged 1n a second direction. The second sub-layer overlaps the first sub-layer and forms the
plurality of interstices therebetween. An elastomeric material's material properties forming the
facing layer may differ from the material properties of an elastomeric material forming the first
layer. The facing layer may include a skin care additive such as a moisturizer, an antimicrobial

composition, aloe vera, or otherwise, whereas the first layer may not, and vice versa.

|132] Each filament may have a uniform cross-section extending along its length 1n a
predetermined shape in a preferred embodiment. Each filament 1s formed discretely and
extends continuously relative to adjacent filaments. These discretely formed filaments may
constitute basic building blocks of the liner or medical device structure. While the preferred
embodiments display the filaments as arranged 1n a lattice-like network, they may be arranged
relative to one another at varying distances and orientations relative to one another. The lattice-
like network defines a plurality of interstices between the filaments, leading to passages for
transferring air and moisture through the lattice-like network. The filaments may be arranged
relative to one another 1n an infinite number of coordinates relative to one another 1n x-, y-, z-
planes and/or coordinates. A cross-section of the filaments may be modified to resemble any
desired geometric shape such as a square, rectangle, triangle, or circle, while an exemplary
shape 1s a generally round configuration. The cross-section may be asymmetric and be different

at different lengths or locations of a continuous filament.

|33] The first and second sub-layers of the first layer are preferably chemically and integrally
bonded to one another and might be formed from the same elastomeric material but are
compatible materials nonetheless to assure bonding. Likewise, the facing layer and the first
sub-layer are chemically bonded to one another from compatible materials. In this manner, the
sub-layers integrally form an inseparable and continuous structure bonded together to act

mechanically as a monolithic structure. By chemically and integral bonding, a preferred
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embodiment 1s without an adhesive, so the filaments are bonded together as the elastomeric
material defining the filaments 1s a curing material and sufficiently flumid for the layers to at
least slightly blend into one another at an interface thereof; however, 1t 1s not outside the scope

of the disclosure to use an adhesive, a primer, or any other suitable means.

|134] Additional layers may be secured to a second or outer side of the first layer (i.e., a
second layer formed similarly to the first layer and secured to the first layer). These additional
layers are preferably formed together as an inseparable and continuous structure to act
mechanically as a monolithic structure. The second layer may be chemically bonded to the
second sub-layer of the first layer and comprise a plurality of interstices with axes
corresponding to the first layer's interstices. A textile or fabric layer may be secured to the outer
periphery of the first layer or the additional layers. It may be breathable to permit air and
moisture passage from the mner surface of the facing layer or interior volume of the liner
through an entire thickness of the first layer and additional layers. Hence, an axis extends
through each interstice of the first layer, the corresponding interstice of an additional layer, and
a respective or corresponding opening of the facing layer. The breathability 1s not limited to
merely passing through a wall thickness, but air and moisture may transfer in all directions
within the lattice network of interstices, which define a lattice structure. For example, air and
moisture may be channeled to transport through the interstices and out from a proximal end of

the liner which may be open to the ambient.

|135] The openings of the facing layer and the interstices of the first layer and additional
layers are arranged in a predetermined shape and pattern 1n a controlled manner. While
materials of the base, first, and additional layers may be elastomeric, they may be formed of
the same material or different maternals. The base, first, and additional layers may have
different or stmilar mechanical properties. The layers may be taillored to different mechanical
properties according to the location of the layer relative to the liner. For example, the facing

layer may have a lower durometer as a whole than the first layer.

|136] In embodiments, a region corresponding to a joint such as a knee may be formed from
materials imparting greater elasticity or breathability than an adjacent region. For example, the
facing layer may have an unapertured region comprising a substantial surface area of the facing
layer beyond just spacing between apertures, as will be discussed. The unapertured region may
comprise a solid patch region corresponding to anatomy of a user, such as a groin area, to avoid

possible chafing and skin 1rritation at sensitive areas of the user.
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|37] The matenals are preferably compatible materials to allow for chemical bonding, so
they are joined permanently to each other and may share at least a blended region in which
materials of the layers intermix or interlock to form the permanent chemical bond. Other
features, such as seals, volume control pads, cushioning pads, distal caps, etc. may be formed

from compatible materials and chemically bonded to or within a thickness of the liner body.

|138] By arranging discretely deposited filaments and layers of materials having different
properties, the liner advantageously provides enhanced precision 1n attaining desired
mechanical properties, structures, and functions over existing liners. Inner layers may provide
oreater comfort through having a lower durometer, for example, while outer layers may have
a greater thickness and greater elasticity to provide mechanical strength and desired functional
properties. In some embodiments, the discretely deposited layers of material may comprise

multilayer depositions, points, or filaments of different materials having different properties.

|139] According to a variation, the filaments may be arranged with co-extruded materials, so
two materials are co-axial, with an outer layer formed from a material having a different
hardness (or other property) than a material forming the inner layer. Among some reasons, the
outer layer can protect a soft imnner layer and form strong chemical bonds with adjacent
filaments. In embodiments, the elastomer may be co-extruded with textiles such as yam. In
other embodiments, the elastomer may be extruded as a continuous filament with different
properties at different locations provided by in-line dosing of additives, for example, the
addition of o1l at certain locations to achieve a lower durometer. The stretchability of the inner
layer can be controlled by the outer layer while permitting the compressibility of the soft inner
layer. This embodiment allows the discretely formed filaments to have the advantage of
providing multiple types of maternials simultaneously. For example, the liner can have
properties and advantages of a hard, durable material and the properties and advantages of a

soft cushioning material.

|40] The combination or bonding of adjacent filaments can be extended to solid wall
portions of the liner that are vapor- and liquid-impermeable solid-walled liners or other medical
devices having solid wall portions, or which are solid entirely. Preferably, the solid wall
portions may be formed from a plurality of adjacent and abutting filaments, which are also
discrete and continuous. The resultant structure 1s preferably smooth and continuous 1n a sense
there 1s no 1dentification to the naked eye of each filament of the plurality of discrete filaments,

whether mechanical, tactile, or functional. The resultant structure of the adjacent filaments 1s
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other filaments having blended chemical bonding by adjacent and abutting filaments in x-, y-,

z- planes, and/or coordinates.

|41] In an embodiment, a textile 1s provided over an outer surface of an elastomeric liner
body, and the elastomeric material 1s used to seal and secure the textile on the liner body. The
textile may be placed over the liner body and mechanically interlock therewithin that the
elastomeric material of the liner body impregnates the textile, and a discrete portion of
elastomeric material 1s used to close the textile material about the liner body, removing any
stitching. This feature 1s advantageous because the embodiment can avoid uncomfortable
pressure points by eliminating seams and stitching. This feature 1s also advantageous because
the textile can be attached to the liner body over many points on the textile, ensuring a strong,
durable bond. The manufacturing process 1s also simplified by the removal of the separate

stitching procedure.

[42] Because of the controllability of forming the liner according to the structure described
above, versatility 1s provided in forming custom-fitted liners with various features, which are
integrally formed or secured to one another. The liners may be custom formed by a lay-up of
compatible materials having different yet compatible properties to accommodate uniquely

shaped residual limbs.

|43] As the disclosure 1s not Iimited to liners, other medical devices may be formed by
medical-grade elastomeric materials, such as silicone, according to principles described herein
from discretely and continuously deposited elastomeric material. These medical devices may
be prosthetic or orthopedic parts, medical implants, medical tubing, prostheses, and other parts

or devices employing such medical-grade elastomeric materials.

|44]  These and other present disclosure features will become better understood regarding

the following description, appended claims, and accompanying drawings.
[45] BRIEF DESCRIPTION OF THE DRAWINGS
|46] Fig. 1 1s a schematic elevational view of an embodiment of a liner.

[47] Fig. 2 1s a sectional view taken from line II-II in Fig. 1 at an interface between a body

region and a distal end of the liner.
48] Fig. 3 1s a sectional view taken along an inside surface of the liner of Fig. 1.
|149]  Fig. 4 1s a schematic semi-sectional view of a variation of a thickness of a body region.

|150] Fi1g. 5A 1s a schematic elevational view of another embodiment of a liner.
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|151] Fig. 5B 1s a schematic semi-sectional view of a thickness of a body region in the liner

of F1g. 5A.

152] Fig. 5C 1s a radial cross-sectional view taken along line VC-VC 1n Fig. 5A of the

thickness of a body region.

53] Fig. 5D 1s an axial cross-sectional view taken along line VD-VD 1n Fig. 5A of the

thickness of a body region.

|154] Fi1g. 6 1s a schematic sectional view of a distal end of a liner.

|55] Fig. 7 1s an elevational view of another distal end of a liner.

|56] Fig. 8 1s a cross-sectional view taken along line VIII-VIII in Fig. 7.

|157] Fig. 91s a schematic cross-sectional view of a manufacturing process for making a seal

on the liner of Fig. 1.

58] Fig. 10 1s a detailed view taken from detail X in Fig. 2.

|159] Fig. 11 1s a detailed view taken from detail XI in Fi1g. 5A.

|60] Fi1g. 12 1s a schematic cross-sectional of a vanation of the liner of Fig. 10.

|61] Fig. 13 1s a schematic cross-sectional view of a liner having a plurality of seal bands.
|162] Fig. 14 1s a perspective view of another embodiment of a liner.

|63] Fig. 15 1s a first cross-sectional elevational view taken along line XV-XV of the liner

of Fig. 14.

|64] Fig. 16 1s a detailed view XVI taken from Fig. 14 showing an apertured surface of the

facing layer.

|65] Fig. 17 1s a plan view of Fig. 14 from the proximal end to the distal end showing an

interior volume of the liner.

|66] Fig. 18 1s a second cross-sectional elevational view taken along line XVIII-XVIII of

the liner of Fig. 14.

|167] Fig. 191s a detailed view XIX taken from Fig. 18 showing a buildup of mesh layers 1n
the liner along the section of the liner body portion.

|68] Fig. 20 1s a detailed view XX taken from Fig. 18 showing a buildup layers at the distal

cup.
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|69] Fig. 21 1s a detailed view XXI taken from Fig. 18 showing a buildup of mesh layers at

the seal indent 1n the seal region.

|70] The drawing figures are not necessarily drawn to scale. Instead, they are drawn to
provide a better understanding of the components and are not limited 1in scope but to provide
exemplary 1llustrations. The figures illustrate exemplary configurations of a liner and 1n no way
limit the structures or configurations of a liner and components according to the present

disclosure.

(71] DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

|72] Embodiments of a liner overcome limitations of existing liners by providing a liner
structure that advantageously allows for breathability, minimizing the buildup of heat and
moisture, without sacrificing the robustness, cushioning, strength, and other advantageous
features of solid-walled liners. The liner provides for discrete zones of different features that

better address the needs of individual users and the shapes and needs of different residual limbs.

73] Embodiments according to the disclosure are not limited to a liner, but the liner 1s
merely provided as an exemplary medical device created according to the principles of the
present disclosure. Methods and apparatuses that may make devices according to the disclosure
principles are described 1n the co-pending U.S. application no. 16/681,096 and U.S.
Application No. 16/680,959, each filed on November 12, 2019.

|74]  According to the methods and systems of the co-pending application, partially cured or
uncured medical-grade elastomeric material, such as silicone, 1s sequentially deposited onto a
substrate by anozzle or ssmilar device from a material source 1n a controlled manner according
to computer control to define a definitive shape, such as an elongate or continuous filament.
The deposited elastomeric material may be a thermoset material such as silicone or thermoset
polyurethane, resulting in curing after it has been deposited from a nozzle. The additive
manufacturing system of the co-pending application can deposit elastomeric material with a
preferred blend of elastomeric materials to attain the desired property at the desired location
along or within a medical device so that a continuous filament may have different properties,

compositions, and shapes at different locations along 1ts length.

|75] Examples of medical-grade silicone are obtainable from NuSil Technology of
Carpinteria, Calif., under product designations CF13-2188, MED-4901, MED-6340, or MED-

6345. Other silicone compositions can be used, and the embodiments herein are not limited to
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the exemplary silicone materials but rather may be formed from other suitable polymeric or

elastomeric compositions such as polyurethane, block copolymer, etc.

|76]  Dafferent structures of a cushion layer or the layers described may be formed according
to the disclosure 1n co-pending U.S. application no. 16/680,959, particularly those of lattice
structure or solid structures formed by filaments from an elastomeric material. Any layer of the
following liner described can be made or have a structure according to the co-pending
applications associated with a lattice or solid structure defined by a plurality of discretely

formed filaments.

|77] Referrning to Fig. 1, an exemplary liner 100 for prosthetic use defines a proximal end
102 and a distal end 104. The liner 100 has a body region 106 extending from the proximal end
102 distally toward a closed distal region 110 at the distal end 104 along an axis A-A. The liner
includes a cushion layer 112 located at least within the body region 106 and 1s formed from a
lattice structure. The lattice structure defines a plurality of interstices or voids between
structural filaments or components forming the lattice structure, and such interstices, as
inherent 1n a lattice structure, enable a transfer of air and moisture through the lattice structure.
In this embodiment, the cushion layer 112 defines having an outer surface O to the liner but

may be arranged with an outer textile cover, as discussed below.

78] The liner 100 includes a textile layer 114 with a first surface located along a second
surface opposite the first surface of the cushion layer 112. A facing layer 116 1s located along
a second surface opposite the first surface of the textile layer 114. The textile layer 114 may be

porous, so 1t 1s vapor and liquid permeable.

|79]  The liner includes a seal region 108 located between the body region 106 and the distal
region 110. The seal region 108 has a seal 118 extending radially from the axis A-A relative to
the body region 106. The seal may be formed and arranged as of the seals disclosed in U.S.
patent 9,066,3821.

|80] Referrning to Figs. 2 and 3, the facing layer 116 may form a predetermined pattern 126
over the second surface of the textile layer 114. The predetermined pattern 126 preferably
forms a plurality of openings 120 over the second surface of the textile layer 114. The size of
the plurality of openings 120 may be determuned on the degree 1t 1s desired to provide
ventilation and balance with the adhesion of the facing layer 116 to the skin of a user. The
textile layer 114 has a porosity in which the openings 120 of the facing layer 116 are larger

over the porosity or openings thereof of the textile layer 114.
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|81] The facing layer 116 may be formed by a plurality of filaments 129 of an elastomeric
material, so the facing layer 116 1s formed continuously by the plurality of filaments 129. The
plurality of filaments 129 may define a net-like structure that continuously extends about a
section or entirety over the second surface of the textile layer 114. The facing layer 116 secures

the distal end 104 of the liner, as shown 1n Fig. 2.

[82] The distal end 104 has a thickness 124 formed from an elastomeric polymer. The
elastomeric polymer forms an inner surface I of the distal end 104 of the liner. The interface
122 preferably bonds to the elastomeric polymer of the distal end 104. As the textile layer may
be stitched to form a tubular shape, the facing layer 116 has a strip portion 130 extending and
covering stitching 128 of the textile layer 114.

[83] As shown 1n Fig. 2, the textile layer 114 may extend over the outer surface O of the
distal end 104 of the liner. The textile layer 114 may likewise extend over the seal region 108,
and the seal 118 extends thereover. As the textile layer 114 may be formed between the cushion
layer 112 and the facing layer 116, 1t may extend from between the cushion layer 112 and

facing layer 116 at the distal end 104 the liner.

|184] Turning to Figs. 2 and 10, a thickness of the cushion layer 112 may taper distally with
a tapered profile 113 and secure to a corresponding taper profile 125 tapering proximally of
the thickness 124 of the distal end 104. The thickness 124 of the distal end 104 forms a recess
127 along the outer surface O adapted for recerving the seal 118. A base portion 131 of the seal
118 extends within the recess 127 to not protrude beyond a periphery of the liner body. In this
embodiment, the taper profile 113 extends distally most along with the outer surface O, and

the taper profile 125 preferably extends proximally most along the inner surface I.

|85] In avanation of the embodiment in Fig. 10, a liner 200 has a cushion layer 202 defining
a taper region 212 extending distally most along an mnner surface I of the liner 200. A taper
region 214 of a thickness 210 of an elastomeric polymer of a distal end 208 of the liner 200
corresponds to the taper region 212 of the cushion layer 202. In this embodiment, the cushion
layer 202 and the facing layer 206 extend distally more relative to the inner surface I than
relative to the outer surface O. A textile layer 204 may be located between the cushion layer

202 and the facing layer 206 according to the embodiments described.

|86]  The cushion layer 202 and the facing layer 206 extend 1n the distal region 207 of the
liner 200 and may extend more distally to provide a ventilated distal end. While an outer surface

of the distal end 1s covered by the thickness 210 of the distal end, the cushion layer 202 may
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extend a distance into or along an entirety of the inner surface I of the distal region 207, with

the facing layer 206 located along and defining at least a portion of the inner surface I of the

liner 200.

|87] Referring to the embodiment of Fig. 4, a vanation of a body portion 140 includes a
facing layer 142 formed from an elastomer and defines an apertured structure 148. The facing
layer 142 extends along the first side of a cushion layer 144 formed from a lattice structure,
and a textile layer 146 may extend along a second side of the cushion layer 144. As shown, the
cushion layer 144 may be thicker than the facing layer 142, and the textile may be thicker than
the facing layer 142. The facing layer 142 may be formed from an elastomeric material having
a softer or lower durometer than the cushion layer, as the facing layer 142 1s intended to be
placed adjacent to the skin of a user. As the body portion 1s intended to be ventilated, the textile
layer 146 1s preferably vapor and liquid permeable, although 1t can be adapted to be vapor and

liqud impermeable, and ventilated occurs through the proximal end of the cushion layer.

|88]  The lattice structure of the cushion layer 144 1s preferably formed from at least one
elastomer. The facing layer 142 may be formed from an elastomer having different properties
from the at least one elastomer of the lattice structure of the cushion layer 144, such as having
a lower durometer form improved skin facing properties. The facing layer 142 may be formed
from a plurality of filaments arranged 1n a pattern of a first series of filaments extending 1n a
first direction D1, and a second series of filaments extending in a second direction D2 different
from the first direction. The facing layer may be formed continuously with filaments extending

in the same direction, although interrupted according to a pattern of the openings, as in Fig. 3.

[89] The apertured structure 148 may be formed by interstices between the first and second
series of filaments extending in the first and second directions D1, D2. The first and second

directions D1, D2 are generally perpendicularly relative to one another.

|90] In another embodiment shown in Figs. SA-5D, a body portion 141 comprises a facing
layer 143 having a ventilation feature 159 formed by a plurality of openings 161 extending
through a thickness thereof. The facing layer 143 may include at least first and second sub-
layers 143a, 143b of first, and second elastomeric materials. The first and second elastomeric
materials have different properties from one another or have the same properties, such as

durometer.

[91] The first and second sub-layers 143a, 143b may be formed by filaments that bond to

one another to generally form a structural indistinctive cohesive layer; however, one layer, such
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as the first sub-layer 143a, may be defined by a plurality of filaments directly adjacent to one
another 1n a single plane, although some are interrupted relative to other filaments to form the
openings 161. The first sub-layer 143a intended to be directly adjacent to the skin of a user
may be formed from a soft inner silicone elastomer, whereas the second sub-layer 143b may
be formed from a relatively harder silicone, providing structural nigidity to the facing to
withstand movement of the user against the facing layer 143. The openings 161 may extend
through the second sub-layer 143b. An advantage to this arrangement 1s that the first and second
layers may be formed from different elastomers, such as in U.S. patent 6,136,039, granted
October 24, 2000. However, the definitive structure of the layer 143 1s formed from filaments
that offer greater control over a ventilation feature 159, as opposed to the injection molding

process taught by U.S. patent 6,136,039.

|192] As the ventilation feature 159 1s tailored to a predetermined pattern, each opening of
the plurality of openings 161 may gradually increase in size from the first side of the facing
layer 143 or inner surface of the body portion to a second side of the facing layer 143. The first
and second sub-layers of filaments 143a, 143b, may include yvet a supplementary layer 1435,
and such filaments may extend contiguously to one another, blending into each other to define

the facing layer 143 as continuous without interruption aside at the openings 161.

193] The supplementary layer 145 of filaments 1s bonded to at least one of the first and
second sub-layers of filaments 143a, 143b. The supplementary layer 145 may comprise
filaments spaced apart and oriented 1n a third direction D3. The supplementary layer 145 of
filaments may be provided to enhance the facing layer's structural integrity or provide an
interface between the facing layer and other filaments, particularly 1f there 1s a mismatch among
properties of the filaments. This supplementary layer 145 of filaments may serve as a bonding
layer among different filaments, whereby the supplementary layer of filaments 1s

complementary to the material used for the adjacent layer of filaments.

194] A third layer of filaments 147 may extend along the second side of the facing layer 143
or the supplementary layer 145 of filaments. The third layer of filaments 147 1s spaced apart
and extends parallel to one another 1n a fourth direction D4. As the fourth direction D4
generally extends axially, the third layer of filaments 147 may provide the liner with improved

axial elongation control and facilitate moisture toward a proximal end of the liner.

|195] The size of the filaments may vary according to the desired mechanical properties

associated with them. For example, the third layer of filaments 147 may have a diameter or
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thickness greater than a diameter or thickness of the supplementary layer 145 of filaments, as
the third layer of filaments 147 may control axial elongation, whereas the supplementary layer
of filaments may provide ventilation or bonding between the facing layer 143 and the third
layer of filaments 147. Another example may be that the first and second sub-layers of
filaments 143a, 143b may have a diameter or thickness greater than a diameter or thickness of

the supplementary layer 145 of filaments.

|96] The body portion 141 includes a cushion layer 165 defined by a lattice structure
disclosed 1n the above-cited references. For example, the cushion layer 165 includes at least
the fourth and fifth layers of filaments 149, 151. The fourth and fifth layers of filaments 149,
151 extend transversely relative to one another. The fourth and fifth layers of filaments 149,
151 may extend obliquely relative to the third layer of filaments 147. The arrangement of the
fourth and fifth filaments 149, 151 provides compressibility and may inhibit radial elongation
of the body portion 141.

|197] A sixth layer of filaments 153 may extend along with the fifth layer of filaments 151.
The sixth layer of filaments 153 may be spaced apart and oriented 1n the fourth direction D4,
similarly to the third layer of filaments 147.

98] An interface layer 155 may be disposed between the sixth layer of filaments 153 and a
textile layer 157. The interface layer 155 may be selected from a material providing chemical
bonding or adhesion to the sixth layer of filaments 153 and the textile layer 157. For example,
the matenial of the interface layer 155 may be an elastomeric material arranged to impregnate

at least a portion of the textile layer 157.

|199] Referrning to Fig. 6, a distal end 150, of any of the liners mentioned above or those
disclosed 1n the above-cited references, may have a thickness 152 at 1ts greatest along the axis
A-A of the liner. The thickness 152 may taper proximally toward a tapered region 154. The
distal end 150 may be preformed to the liner body and may be formed from an elastomeric

material

|100] As illustrated in Figs. 7 and 8, a distal end 160, of the liners mentioned above or those
disclosed 1n the above-cited references, may include a textile layer 162 extending over the

distal end 160 along with an outer surface O of the liner. The distal end 160 includes a distal
cap 164 with a cap body 166 integrated with a thickness of 152 of the distal end 160. The cap

body 166 may include a pin receptacle 168 extending at least in part into the thickness 152 of
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the distal end. The distal end 160 may be formed to provide a recess for a seal, as shown in

other embodiments of this disclosure.

[101] Fig. 9 shows aseal 118 that can be formed by a plurality of filaments continuous to one
another without interruption to form a vapor and liquid impermeable structure. In making the
seal 118, a mold 182 may be provided anywhere over a liner body, such as at the distal end
104. According to the methods disclosed in the above-cited references, a plurality of filaments

may be deposited by a dispensing head 180 on the mold 182 to form the seal 118.

[102] Fig. 13 1illustrates how the liner body 190 may include a plurality of seal bands 198
extending through a thickness T2 of a lattice structure 192. A plurality of filaments may form
each seal band. The seal band may be formed by contiguous filaments arranged without
interruption. Each seal band may have a tip 199 protruding a protruding length L1 from an
outer surface O of the lattice structure or liner body. The seal bands may have a length totaling

the protruding length L1 and the thickness T2.

[103] Fig. 14 1illustrates another embodiment of a prosthetic liner 300 according to the
disclosure. As 1n the exemplary liner 100 of Fig. 1, the liner 300 has a body region 306
extending from the proximal end 302 distally toward a closed distal end 304 along axis B-B.
The liner 300 defines an interior volume 305 adapted to receive a residual limb. The liner 300
includes a cushion layer 312 located at least within the body region 306 and 1s formed
preferably from a lattice or mesh buildup structure, with lattice and mesh buildup structure
being used interchangeably. The cushion layer 312 may be formed as in any of the
embodiments mentioned above described herein and in the above-cited references. For
example, the cushion layer 312 may be formed by a plurality of filaments forming a lattice

structure, whereby interstices are formed between the filaments.

|104] The interstices are sized and configured by the lattice structure to permit a transfer of
air and moisture across a thickness of the cushion layer. As in other embodiments, the liner 300
may be provided with a seal region 308 having a seal 318, and a distal region 310 below or
distal the seal region 308 and including a distal cup 320. The seal 318 1s considered to extend

from the exterior surface E1 of the liner as 1t 1s located on and over the textile layer 314.

|105] In this embodiment, a textile layer 314 extends along an outer surface O1 of the liner
300 between the proximal and distal ends 302, 304. The textile layer 314 preferably extends
along an entirety of the outer surface O1. The textile layer 314 may be a continuous tube, either

with or without a seam, or may be segmented and located along the entirety or only portions
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short of the entirety of the outer surface O1. As mentioned above, the textile layer 314 may be
porous so that 1t 1s vapor and liquid permeable and communicates to the interior volume 305
by an apertured cushioning layer 312 extending between the facing layer 316, which 1s

apertured, and the textile layer 314.

|106] The facing layer 316 extends about the interior volume 305 1n the body region 306.
According to a preferred embodiment, the facing layer 316 1s constructed from a lower
durometer material, such as silicone, than the filaments or sub-layers forming the cushion layer.
The lower durometer material of the facing layer, while preferably thinner than an aggregate
thickness of the cushion layer provides a skin-friendly interface to the skin of the user. The

facing layer 316 generally terminates at the seal region 308, demarcated by a border 322.

|107] As shown 1n Fig. 16, the apertured pattern 326 of the facing layer 316 comprises a
plurality of apertures 330 spaced apart from one another along with solid or non-apertured
areas 328 generally smooth and devoid of apertures, and comprising solid portions of material
forming the facing layer. The apertures 330 may be formed according to any of the methods
and materials described above and the above-cited references. The solid non-apertured areas
328 are generally formed by a non-apertured layer of silicone or other polymeric material
forming the facing layer, preferably not breathable, although the cushion layer 312 remains
between such solid regions and the textile layer, as shown 1n Fig. 19. The apertures 330 of the
apertured pattern 326 extend through an entirety of the thickness of the facing layer and are
configured and dimensioned to communicate with the lattice structure, particularly the
interstices thereof, to transfer air and moisture from the interior volume of the liner to the

exterior thereof.

[108] While apertured pattern 326 1n a preferred embodiment of Fig. 16 1s exemplified with
the apertures 330 as having a 90-degree relationship uniformly spaced relative to one another,
the apertures may be arranged 1n any configuration and corresponding orientation, enabling a
transfer of air and moisture between the interior volume and the ambient outside the liner and/or
textile layer. The configuration and orientation of the apertures are balanced by providing
sufficient solid region 330 to enable firm contact against the skin of the user and offering the

support needed with a liner.

|109] The apertures' size may be adapted according to the balance of air and moisture transfer
and skin adherence, 1n a preferred embodiment, the apertures are substantially smaller than the

distance therebetween. An example of spacing of the apertures defined as a distance D6
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between two apertures may be preferably established as 0.8 to 1.2 mm, more preferably 1.0
mm, and the diameter D5 of the apertures may be preferably established as 0.16 to .24 mm,
more preferably 0.2 mm whereby the ratio of spacing to diameter may be in the preferred ratio
of about 5:1. It follows that the surface area of non-apertured portions of the facing layer to the
surface area comprising the apertures 1s about 5:1, thereby offering a facing layer that provides
ventilation but does not sacrifice offering a secure surface that snugly abuts the skin of the user
to offer superior fit and comfort with ventilation while avoiding chafing and skin irritation. Of
course, the disclosure 1s not limited to such dimensions, ranges, and ratios; however, 1t has been
unexpectedly found that the dimensions mentioned above, ranges, and ratios provide a superior

balance between skin adherence and ventilation.

|110] In an example shown more clearly in Figs. 17 and 18, the facing layer 316 may have a
solid patch region 332 that 1s devoid of apertures, with the apertures adjacent to or surrounding
at least part of the periphery of the solid patch region 332. The solid patch region 332 essentially
comprises a non-apertured area 328 of the facing layer devoid of apertures, as in the areas
spacing the apertures in the example of Fig. 16. In a preferred embodiment, approximately 35-
45%, more preferably 40%, of the facing layer 316 includes the solid patch, thereby defined by
the facing layer being a solid thickness of silicone or other polymeric material forming the
facing layer. In a preferred arrangement, the solid patch region may correspond to a user's groin

arca.

|111] The solid patch region 332 may have a plurality of configurations. In the preferred
example, the solid patch region 332 extends from the open proximal end relative to the axis B-
B to a distance short of the border 322 to the seal region 308, while tapering relative to the
radius 366 of the liner. The solid patch region extension 1s provided to tailor the liner to areas

requiring improved skin contact and reduce skin 1rritation.

|112] In a distance 362 between the solid patch region 332 and the border 322, as in Fig. 18,
the facing layer 316 may have a breathable or ventilated region 334, as in portions of the facing
layer 316 about radial and/or circumfierential peripheries of the solid patch region 332. The
ventilated region 334 may permit sweat or moisture collecting 1n the solid patch region to drip
down and 1nto the ventilated region 334, from which the sweat can be transported through the

cushion layer 312 and expelled through the textile layer 314 to the ambient outside the liner.

|113] While Fig. 17 shows small sections of the pattern 326 and the non-apertured areas 328

along with the facing layer, the small sections are merely provided to represent the entirety of
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the regions (1.e., the solid patch region having a surface entirely of the non-apertured areas
328). It will be noted that the apertures may take any desired shape and are not limited to the
circular shape shown in Fig. 16. The apertures may be arranged in different patterns according
to their location relative to the axis and radial location and the facing layer. For example, some
apertures may be larger in one region relative to those 1n another region, such as 1n the facing
layer about the periphery of the solid patch region versus those apertures in the ventilated

region 334,

|114] The solid patch region may be configured in a single region or segmented regions,
thereby including a plurality of solid patch regions above the border 322. The solid patch region

may be modified circumferentially, axially, and 1n shape.

|[115] Fig. 19 shows the relationship of the facing layer 316 to the cushion layer 312 and the
textile layer 314 in the body region 306. An apertured matching layer 376 may be disposed
between the facing layer 316 and the cushion layer 312 to secure the facing layer 316 to the
cushion layer 312, as the facing layer 316 may be formed from a different material or have
different properties from the cushion layer 312, and the matching layer 376 1s compatible to
both the facing layer 316 and the cushion layer 312 to assure proper adhesion to one another.
The matching layer 376 may have a predetermined pattern of apertures corresponding to and
matching the predetermined pattern of the apertures of the facing layer or having its
predetermined pattern of apertures while still corresponding to the apertures of the facing layer
to permit the transfer of air and moisture through both the facing layer and matching layer to
the cushion layer. The matching layer 376 1s preferably thinner than the facing layer and may
likewise be thinner than each sub-layer of the cushion layer so as not to impede the properties

of the facing layer or the cushion layer.

|116] The matching layer 1s preferably constructed from a higher durometer material than the
relatively lower durometer material forming the facing layer. According to methods described
herein and 1n the above-cited reference, the matching layer may be formed from the same
material forming the sub-layers of the cushion layer to provide bonding compatibility between
the facing layer and the cushion layer for making the liner. By including the matching layer,
the facing layer may be consolidated and resist failure against rubbing against skin due to 1ts

lower durometer relative to the durometer of the cushion layer.

[117] The cushion layer 312 1s preferable as in any of the embodiments mentioned above and

includes a plurality of sub-layers 378 that may be formed 1n a lattice arrangement or any of the



10

15

20

25

30

WO 2021/097042 PCT/US2020/060157
22

arrangements mentioned above discussed herein. The cushion layer 312 and the corresponding
sub-layers 378 may be tailored with different properties relative to one another or at strategic
portions of the liner to modify the compressibility and cushioning, and fit of the liner on a user.
For example, different layers or regions of the cushion layer 312 may be constructed from

different durometers, as discussed at least i1n the above-cited references.

[118] As depicted 1in Fig. 19, the facing layer 316 has a relatively thinner thickness than an
aggregate of the sub-layers 378 or thickness of the cushion layer 312. Such construction,
whereby the facing layer 316 1s formed from a lower durometer material, balances rigidity of
the facing layer 316 against a user's skin, while the higher durometer material of the cushion
layer 312 provides cushioning. The higher durometer material 1s sufficiently rigid to avoid
occlusion of the interstices formed by the lattice structure of the cushion layer exhibited by the

sub-layers.

|119] In an alternative, the facing layer 316 may have a thicker construction and negate a
need for at least part of or the entirety of the cushion layer, with the composition and properties
of the facing layer serving as a cushion layer. The textile layer 314 1s secured to the cushion
layer 312 with an adhesive arranged not to occlude the ventilation feature of the liner.
According to the cross-sectional arrangement, a transfer of ventilated air and moisture VA can

flow from the interior volume 305 to the ambient outside the liner from the textile layer 314.

|120] The liner embodiments of this disclosure may be adapted according to different layers
and structures thereof. Unlike 1in conventional liners, which generally comprise an injection
molded structure of a single material or at least two layers, such layers are adjacent to one
another over most if not the entirety of the liner. The variability of mechanical properties of

such layers are limited by the inherent material characteristics of the layers.

|121] The embodiments of this disclosure are constructed from discrete layers of material that
may or may not be stmilar in construction and material composition but are arranged 1n sections
relative to the circumferential, axial, and radial locations to better tailor the liner according to
1its intended purposes. The construction may involve thickness differences achieved by
terminating layers, extending or overlapping layers, and structural features such as apertured
or non-apertured regions. Indeed, the structural vanations over geographical locations of the
liner are endless as the methods used and the above-cited references achieve a liner that offers

supreme variability and adaptability, not previously seen in prosthetic liners.



10

15

20

25

30

WO 2021/097042 PCT/US2020/060157
23

[122] Fig. 20 exemplifies how the distal region 310 can be constructed with a plurality of
layers, including first, second, and third layers 368, 370, 372, with the adhesive layer 374 being
applied the third layer 372 to secure the textile layer 314. The first, second, and third layers are
arranged to axially extend and terminate at different locations relative to the axis, particularly
in the seal region, as shown 1n Fig. 21. By using different layers terminating at different axial
locations, a balance of axial stiffness may be struck at the distal region and the seal region,
particularly taking into consideration the impact the seal has on the liner when 1t 1s wedged
between the exterior surface of the liner from which 1t protrudes and a socket wall, thereby

maintaining a vacuum distal of the seal 1n the socket.

|123] Each of the layers 368, 370, 372 may have different properties, such as different
durometers, but each layer 1s integrally secured to each other according to methods and
structural arrangements discussed herein and 1n the above-cited references. For example, 1n the
distal cup 320, the first or innermost layer 368 may provide a softer durometer to accommodate
a sensitive distal end of a residual limb. The first layer 368 may also be provided in the silicone
or other polymeric material used, therefore, with skin conditioning agents such as aloe vera,
silicone o1l, and menthol, as understood in conventional liners. The second layer 370 may serve
as a cushion layer with properties that include increased compressibility relative to the third
layer 372, which may have a harder durometer and more capable of withstanding pressure and
motion relative to a prosthetic socket at a distal end thereof. Of course, none of these properties
of the layers 1s limiting, and one skilled 1n the art may adapt a number of distal region layers

and their corresponding properties accordingly.

|124] A challenge in providing the distal region 310 1s increasing axial stiffness and durability
to withstand the pressure exerted by the seal interface between the socket and liner without
making the stiffness uncomfortable to a user. In one example, the third layer of the distal region
310 may be adapted to include a thin layer of higher durometer elastomeric material, or the
third layer 1tself may be adapted to a thin layer of higher durometer matenal relative to at least
the first layer. In this scenario, the thin layer, generally within the range of 0.5 to 1.5 mm, 1s
applied to the distal region and terminating at the seal indent or recess 324. A drawback 1s that
the thin layer must be adapted to avoid making the axial stiffness toO great relative to the other
layers. To relieve the stiffness from being too great, aside from thickness and material selection,
axial lines may be cut through or into a depth of the thin layer to reduce the stiffness 1f

considered too great.
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|125] Another option to enhance the axial stiffness of the distal region 1s to provide an
additional textile layer over the textile layer 314. Such an additional textile layer may be cut to
size to the distal region and provided as a kit for a user should the user wish to increase axial
stiffness without modifying the liner as a whole. Indeed, a plurality of additional textile layers
may be provided, each having a different stiffness or adapted to be secured over one another to

enhance stiffness.

|126] Another option may be to secure an additional matrix over the distal end, which may
be done during the fabrication of the liner and/or after fabrication. The additional matrix may
be formed from a plastic material that 1s stiff yet thin so as not to impede comfort to the user.
The additional matrix may be structurally formed with gaps or clearances to enable stretching

according to the donning of the liner by the user while maintaining high axial stiffness.

|127] Another option 1s to print or provide additional filaments over the third layer, rather
than merely a coating and later forming lines. The additional filaments may be provided from
a compatible material adhering to the third layer but of a high durometer material to enhance

the relative axial stiffness of the distal end area of the liner.

|128] Figs. 18 and 21 exemplify the ability to tailor thicknesses and structural features from
the usage of different layers overlapping one another 1n part at select locations relative to the
axis B-B. In this example, the focus 1s on the indent 324 provided for the seal 318. While past
efforts have created an indent formed by a molding process, as in U.S. patent 9,066,821, the
liner of Figs. 14, 15, and 18 offer an indent that 1s formed, similarly to Figs. 10 and 11, by a
layered configuration. The distal end 310 of the liner has the layered configuration, as shown
1in Fig. 20, yet as the layers 368, 370, 372 terminate into the seal region 308, each of the layers

terminates at a different location relative to the axis B-B.

|129] The seal 318 may be adapted with a low friction coating 338 along with the seal 1nside,
as shown in Fig. 18. The low friction coating 338 may be selected so that the seal 318 1s enabled
to easily slide along the fabric layer without significant resistance, whereas outside of the seal
339 has greater frictional properties than the low friction coating 338 to urge frictional
engagement with a socket wall to create a vacuum between the liner and the socket wall distally

of the seal region.

|130] For the first or innermost layer 368, this layer extends past the indent 324 to provide a
consistent inner surface for placement adjacent to the residual limb 1n the distal end 304 of the

liner. Such extension allows for firm adherence to the skin of the user without creating pressure
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points from the liner 1tself from a transition of the first layer 368 to the facing layer 316. Such
extension of the first layer 368 past the indent 324 offers a thicker wall than a facing layer 316,
and may be able to better withstand the weight of the residual limb at the distal end and 1rregular
shape of such residual limb. As mentioned, the first layer 368 may be provided with additives
to better adapt to the skin and may have a softer construction than other layers due to i1ts
intended purpose of being adjacent to the residual limb, particularly at the distal end where

more pressure 1s exerted from the user to the intended prosthetic socket.

|131] The first layer 368 may extend well past the seal 318, and the entirety of the innermost
or first layer completely extends along the interior volume 1n at least the distal region 310 and
most 1f not all of the seal region 308 to thereby 1solate a solid surface along the interior volume
before the breathable facing layer contacts the user. Additional pressure 1s applied to the liner
due to the seal 318, and 1t 1s preferred that the seal and distal regions 308, 310 lack breathability
according to this embodiment to avoid breaking the seal, whereas, above the seal, the liner may

include breathability features, as with the facing layer.

|132] The second layer 370 1s defined as extending to a base 319 of the seal 318, along with
the third layer 372 extending axially beyond the base 319. With the first, second, and third
layers 368, 370, 372 extending to about the base 319, at location 336, thereby defining the
proximal end of the distal cup 320, the thickness of the liner at the base 319 can better withstand
pressure and a vacuum created distally of at least the base 319, when the seal 318 1s engaged
with a socket wall. The third layer 372 may be constructed to form the necessary indent 324
for the seal 318, whereas the first and second layers 368, 370 may be unchanged aside from

the axial location they terminate.

|133] The cushion layer 312, as in preceding embodiments, 1s preferably constructed from at
least two layers providing a ventilated structure. To accommodate the axial terminations of the
first, second, and third layers 368, 370, 372 of the distal region 310, the layers of the cushion
layer 312 axially terminate at different locations adjacent to the first, second, and third layers
368. 370, 372, and 1n terminating and accommodating the thickness of the first, second, and

third layers 368, 370, 372, corresponding layers of the cushion layer 312 also terminate.

|134] For example, in zone 380, where the second layer 370 terminates between axial
extensions of the first and third layers 368, 372, the cushion layer 312 terminates with two
overlapping sub-layers sandwiched between the first and third layers 368, 372, to accommodate

for the thickness lost by the termination second layer 370. As the cushion layer 312 extends
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proximally from the zone 380, an additional sub-layer 1s introduced as the cushion layer 312
extends to the termination point of the third layer 370, at which additional sub-layers are
introduced to accommodate for the thickness loss of the third layer 370. To form part of the
indent 324, a sub-layer 390 of the cushion layer 312 may deflect over other sub-layers of the
cushion layer 312 1in zone 384, thereby providing part of an exterior surface indent of the liner

at a proximal end of the seal 318.

|135] Proceeding proximally, the cushion layer 312 has sub-layers adjacent to the first layer
368 and the textile layer 314 in zone 386. The textile layer 314 may extend over and comprise
an exterior surface E of the liner through the liner body, seal, and distal regions. Once the first
layer 368 axially terminates, the facing layer 316 extends along the interior volume 305 and
defines the interior surface I about the interior volume 305 of the liner in zone 388, with
additional sub-layers of the cushion layer 312 being introduced to make up for the thickness

lost from the termination of the first layer 368.

[136] As exemplified from Fig. 21, the profile of the cushion layer and 1ts ventilated and
cushioning properties tapers toward the seal area. As evident from Fig. 21 and preceding
embodiments, the taper 1s achieved by intermittently staggering the sub-layers, terminating
them axially according to specified areas of the layers of the distal and seal regions. These sub-
layers may include filaments oriented at angles relative to the axis B-B, offering both
ventilation and compressibility that varies according to their location relative to the axis B-B,
and the axial termination of the layers of the distal and seal regions, including their proximity
relative to the seal including the base 319 and indent 324 or recess along the exterior surface

of the liner.

|137] In concert with Figs. 20 and 21, Fig. 18 exemplifies a plurality of thickness changes of
the liner 300 achievable by varying any of the layers and sublayers described herein, such as
their axial termination at the location 336 of the end of the distal cup 320. The distal end 310
has a thickness 342 tapering as i1t extends proximally toward the seal region 308, with a
maximum thickness 354 at the distal end at the axis B-B, thereby offering more cushioning at
a location generally perpendicular to the axis B-B where generally the most weight of the
residual limb 1s supported. The distal end 310 may also have the thinnest thickness at 1ts radial
maximum 364, generally corresponding to the border of the seal region. The thickness 342
tapers to a thinner thickness 344 corresponding to the base of the seal 318, yet further reducing

in the seal region 308, as more clearly illustrated in Fig. 21.
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|138] From the seal region 308, the thickness of the body region 306 tapers as i1t extends
toward the proximal end 302. For example, at a first height 356 extending proximally relative
to the border 322, the body region 306 has a greater thickness 348, than a thickness 350 from
a height 358 extending therefrom. The thickness 352 at the proximal edge at the proximal end
1s at the mmmimum of the body region 306. Such minimal thickness and a corresponding
increase of thickness from the proximal end 302 to the seal region 308 enables better donning
of the liner as 1t provides easier rolling of the body region 306. Likewise, as the liner bears
more support as 1t extends distally, the taper of the body region 306 toward the proximal end
offers a more comfortable liner, particularly as less cushioning 1s required toward the proximal

end.

|139] The thicknesses of the body region and the seal and distal regions may be adapted
according to axial heights. For example, as shown more clearly 1in Fig. 21, the thickness of the
seal region 308 be generally consistent along with 1ts height 360 according to axial terminations
of the layers of the distal region and addition of corresponding sub-layers of the cushion layer,

aside from an indent in the third layer 372.

|140] The thickness of the body region 1s adapted by thickness changes of the cushion layer,
as the facing layer and the textile layer generally have a uniform thickness in that the
thicknesses of the facing layer and textile layer are mostly if not completely consistent.
Alternatively, the facing layer may be varied, although since 1ts thickness 1s preferably much
thinner than a thickness cushion layer, there may be less variance, particularly since 1t 1s
generally constructed as a solid layer, in contract to the multiple filaments making up the
cushion layer. It 1s generally through modifying axial terminations of the sub-layers and their

relative orientation 1n which the thickness changes occur, at least in the body region.

[141] By providing a medical device according to embodiments described, the problems of
medical devices such as liners poorly navigating the tension between mechanical strength
needed to cushion and protect a body portion such as a residual limb and the need for a
breathable device to mitigate the buildup of fluid and heat are addressed. The structures
forming layers, multilayer filaments, and openings and structures defined advantageously
provide for the permeability of the liner to flumd and heat while retaining needed structural
strength to cushion the residual limb. The liner further provides simplified manufacturing
processes by incorporating the stitching or sewing of a textile cover in the material forming the

layers or liner body.
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|142] The embodiments of a liner further provide for a multilayer liner structure with layers
and sub-layers that comprise different materials and/or properties for providing a liner with
properly arranged portions having mechanical strength, elasticity, comfort features, frictional

features, and stiffness.

[143] It 1s to be understood that not necessarily all objects or advantages may be achieved
under an embodiment of the disclosure. Those skilled in the art will recognize that the medical
device may be embodied or carried out, so 1t achieves or optimizes one advantage or group of
advantages as taught herein without achieving other objects or advantages as taught or

suggested herein.

[144] The skilled artisan will recognize the interchangeability of various disclosed features.
Besides the vanations described, other known equivalents for each feature can be mixed and
matched by one of skill in this art to construct a medical device under principles of the present
disclosure. It will be understood by the skilled artisan that the features described may apply to

other types of orthopedic, prosthetic, or medical devices.

|145] Although this disclosure describes certain exemplary embodiments and examples of a
medical device or liner, 1t nevertheless will be understood by those skilled in the art that the
present disclosure extends beyond the specifically disclosed prosthetic socket embodiments to
other alternative embodiments and/or users of the disclosure and obvious modifications and
equivalents thereof. It 1s intended that the present disclosure should not be limited by the
particular disclosed embodiments described above, and may be extended to medical devices

and supports, and other applications that may employ the features described.
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CLAIMS

1. A prosthetic liner defining a proximal end and a distal end and forming an interior volume,
the liner having a body region extending from the proximal end distally toward a distal end

area along an axis, the prosthetic liner comprising:

a cushion layer located at least within the body region and forming a predetermined lattice
structure including a plurality of sub-layers forming a plurality of interstices therebetween,
the cushion layer defining a first surface oriented toward the interior volume and a second

surface opposite the first surface;

a facing layer located along the first surface of the cushion layer, the facing layer forming a
predetermined pattern defining a plurality of apertures extending through a thickness of the
facing layer, the plurality of apertures communicating with the plurality of interstices to

permit a transfer of air and moisture from the interior volume of the prosthetic liner through

the facing layer and the cushion layer.

2. The prosthetic liner of claim 1, wherein the cushion layer has a thickness greater than the

thickness of the facing layer.

3. The prosthetic liner of claim 1, wherein the facing layer 1s formed from an elastomeric

material having a lower durometer than at least one matenal forming the cushion layer.

4. The prosthetic liner of claim 1, wherein the facing layer has generally a non-apertured

surface area having generally a ratio of 5:1 to the apertures.

5. The prosthetic liner of claim 1, wherein a matching layer 1s disposed between the facing
layer and the cushion layer, the matching layer having a predetermined pattern of apertures
corresponding to the predetermined pattern of apertures of the facing layer, the matching

layer being formed from a material having a higher durometer than the facing layer.

6. The prosthetic liner of claim 1, wherein the plurality of sub-layers includes a first sub-layer

formed by a first plurality of filaments oriented in a first direction forming part of a thickness
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of the cushion layer, each of the filaments of the first plurality of filaments being spaced apart

from one another.

7. The prosthetic liner of claim 6, wherein the plurality of sub-layers includes a second sub-
layer formed from a second plurality of filaments oriented in a second direction different
from the first direction and forming part of the thickness of the cushion layer, each of the

filaments of the second plurality of filaments being spaced apart from one another.

8. The prosthetic liner of claim 7, wherein the first and second plurality filaments are
chemically and integrally bonding to one another without an adhesive and are directly
adjacent to one another, such that clearances between each of the filaments 1n the first and

second plurality of filaments form said interstices.

9. The prosthetic liner of claim 7, wherein the predetermined lattice structure 1s dictated by at

least the first and second plurality of filaments.

10. The prosthetic liner of claim 1, wherein the cushion layer defines a tapering thickness

extending from a distal end of the body region to the proximal end.

11. The prosthetic liner of claam 10, wherein the cushion layer includes at least first and
second layers of a plurality of filaments, said tapering thickness includes an omission of the

first layer of a plurality of filaments at a location relative to an axis of the prosthetic liner.

12. The prosthetic liner of claam 10, wherein the facing layer has a generally uniform

thickness 1n the body region of the prosthetic liner.

13. The prosthetic liner of claim 1, further comprising a distal region forming a distal cup, the
distal region securing to the body region such that the distal cup 1s formed from at least one

layer chemically bonded to the cushion layer.

14. The prosthetic liner of claim 13, wherein the at least one layer of the distal region being

vapor and moisture impermeable and defined by a solid mass of elastomeric material.
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15. The prosthetic liner of claim 13, wherein the at least one layer of the distal region
including first and second layers, wherein at least one of the first and second layers overlaps

at least one sub-layer of the cushion layer.

5 16. The prosthetic liner of claim 13, further comprising a seal region located distally from the
body region, the seal region including at least one sub-layer of the cushion layer and at least

one layer of the distal cup.

17. The prosthetic liner of claim 16, wherein the facing layer terminates at the seal region,
10  and an innermost layer of the distal region chemically bonding to the facing layer and
forming a periphery of the inner volume of the prosthetic liner within the seal and distal

regions.
18. The prosthetic liner of claim 16, further comprising a porous textile layer secured to the

15  second surface of the cushion layer, said textile layer defining an entirety of an exterior

surface of the prosthetic liner within the body region.

20
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