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ADJUSTABLE SOCKET SYSTEM

[1]  FIELD OF THE INVENTION

2] The invention relates to the field of prosthetic devices, and more particularly

to an adjustable socket for accommodating a residual limb.
[3] BACKGROUND

(4] A socket is commonly referred to as the portion of a prosthesis that fits around
and envelopes a residual limb or stump, and to which prosthetic components, such as
a foot, are attached. When providing a socket to an amputee, it is essential to properly
fit the socket and align various parts of the prosthesis to the amputee. Fitting and
alignment of the socket are difficult tasks to perform, and require extensive

knowledge, training and skill on behalf of the prosthetist.

[5] Typically, sockets for definitive prostheses are customized for a residual limb
of a particular wearer. According to one method, the sockets are formed over a model
of the stump, such as one formed by plaster-of-paris, in a manner that is used to
distribute forces between the socket and the stump in a comfortable way to the
amputee. In another method, the socket may be obtained from computer aided design
by modeling the shape of the stump, and subsequently forming a model. Once the
model is obtained in either of these methods, a socket is formed over the model by
using fabric and liquid plastic resin to obtain a definitive rigid socket customized to a

particular limb.

[6] Proper fitting of a socket to the stump is critical to the success of the
prosthesis. The socket must fit closely to the stump to provide a firm connection and
support, but must also be sufficiently loose to allow for circulation. In combination
with proper fitting, the socket must transfer loads from the residual limb to the ground

in a comfortable manner.

[7] Most prosthetic sockets are permanently formed to a customized shape that is
static, meaning that the socket does not account for shape and volume fluctuations of
the residual limb. When there are shape and volume fluctuations, the fitting of the
socket is impeded, with these sockets causing discomfort, pain and soft tissue
breakdown of the stump. In addition, conventional sockets tend to be bulky and
cumbersome to wear, and may be difficult to don making the residual limb

uncomfortable when worn.
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[8] It is desirable to provide a simplified and compact prosthesis system that
overcomes the drawbacks over known prosthesis systems. Particularly, it is
advantageous to provide a socket system that is off-the-shelf and capable of
accommodating a variety of residual limb sizes. It is also desired that a socket system
be adjustable to allow for volume and shape fluctuations, and in effect, provide a
dynamic socket as opposed to the known static sockets. The adjustable socket can
better adjust for pressure distribution, and maintain comfort to the amputee over a

range of care and residual limb conditions.
[9] SUMMARY

[10] The challenges of known socket systems are addressed in accordance with
embodiments of the invention providing an adjustable socket system. The adjustable
socket system is adapted to receive and fit a range of heights and lengths of a residual
limb, as well as accommodate volume and shape fluctuations of a residual limb.
From its versatility in fitting and adjustment, the adjustable socket system can
decrease pain, discomfort and soft tissue breakdown over known sockets that are
static in size and shape. Moreover, the adjustability of the socket provides an off-the-
shelf socket system that takes much of the guesswork out of making a socket and
provides an instant solution when urgency may be required to provide an amputee

with a socket.

[11] In accordance with an embodiment of the invention, an adjustable socket
system having first and second opposed sides includes a rigid first component having
proximal and distal end areas. The first component is arranged along the first side of
the socket. The adjustable socket system further includes an adjustable second
component having proximal and distal end areas. The second component has a second
plurality of interconnected vertebrae elements connected to the first component, and is
arranged along the second side of the socket system. The adjustable socket system
includes a base connector secured to the distal end area of the first component. The

base connector may also be secured to the distal end area of the second component.

[12] A plurality of flexible and adjustable straps may connect the second plurality
of vertebrae to the first component. The first component may also include a first

plurality of vertebrae with the first plurality of vertebrae corresponding at least in part
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to the second plurality of vertebraec. At least some of the first plurality of vertebrae

may have parallel or angled mating surfaces.

[13] The individual vertebra of the second plurality of vertebrae may be pivotable
relative to one another, and the second component may include a flexible spine upon
which the second plurality of vertebrae is secured. Alternatively, the individual
vertebra of the second plurality of vertebrae may be pivotable and lockable in position
relative to one another. The second component may be flexible relative to the first

component which is rigid or semi-rigid.

[14] The adjustable socket system may further include a proximal support having
first and second wings for providing medial-lateral support and is secured to the

proximal end area of the first component.

[15] The first plurality of vertebrac may have a first plurality of lateral tabs
extending from the vertebrae. The second plurality of vertebrac may also have a

second plurality of lateral tabs extending from the vertebrae. The lateral tabs may be
flexible.

[16] The first and second sides of the adjustable socket may respectively

correspond to posterior and anterior aspects of a residual limb.

[17] In accordance with another embodiment of the invention, an adjustable
prosthetic socket having first and second opposed sides includes a rigid first
component having proximal and distal end areas. The first component has a first
plurality of interconnected vertebrae elements and is arranged along the first side of
the socket. The socket system further includes an adjustable second component
having proximal and distal end areas. The second component has a second plurality of
interconnected vertebrae elements connected to the first component and is arranged

along the second side of the socket.

[18] The socket further includes at least one tensioning element connecting the first
plurality of vertebrae and the second plurality of vertebrae. The at least one tensioning
element is connected to at least one tensioner which is configured to adjust the tension
of the at least one tensioning element. The socket may also include a base connector
secured to the distal end area of the first component and the second component having

an adjustable width.
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[19] The individual vertebra of the second plurality of vertebrae may be pivotable
relative to one another, and the first plurality of vertebrae and the second plurality of

vertebraec may have a plurality of lateral tabs extending from the vertebrae.

[20] The numerous advantages, features and functions of the various embodiments
of the adjustable socket system will become readily apparent and better understood in
view of the following description and accompanying drawings. The following
description is not intended to limit the scope of the adjustable socket system, but

instead merely provides exemplary embodiments for ease of understanding.
[21] BRIEF DESCRIPTION OF THE DRAWINGS

[22] The inventive orthopedic device is described with reference to the
accompanying drawings which show preferred embodiments according to the device
described herein. It will be noted that the device as disclosed in the accompanying
drawings is illustrated by way of example only. The various elements and
combinations of elements described below and illustrated in the drawings can be
arranged and organized differently to result in embodiments which are still within the

spirit and scope of the device described herein.

[23] Fig.1 is an elevational side view showing an embodiment of the adjustable

socket system.

[24] Fig. 2 is an elevational view showing the anterior side of the socket system

according to Fig. 1.

[25] Fig. 3 is an elevational view of the socket system of Fig. 1 showing a "bow"

strap.

[26] Fig. 4 is a schematic view of the socket system according to Fig. 1 shown on a

residual limb.

[27] Fig. 5 is an anterior view of the anterior clamp element according to the socket

system of Fig. 1.

[28] Fig. 6 1s a perspective view of the anterior clamp element mounted on a strut

according to the socket system of Fig. 1.

[29] Fig. 7 is a perspective view of an underside of the distal end of the strut base

according to the socket system of Fig. 1.
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[30] Fig. 8 is a perspective view of topside of the distal end of the strut base
according to the socket system of Fig. 1.

[31] Fig. 9 is an elevational view of another embodiment of a socket system.
[32] Fig. 10 is a perspective view of a cup of the socket system of Fig. 9.

[33] Fig. 11 is an elevational view of a distal component of the socket system of

Fig. 9.

[34] Fig. 12 is a perspective view of a circumferential vertebrae assembly of the

socket system of Fig. 9.

[35] Fig. 13 is a perspective view of circumferential sizes of the circumferential

vertebrae assembly of Fig. 12 for a residual limb.

[36] Fig. 14 is a perspective view of an elongate vertebrae assembly of the socket

system of Fig. 9.

[37] Fig. 15 shows a plurality of differently sized vertebra struts.

[38] Fig. 16 shows a plurality of differently sized residual limb profiles.

[39] Fig. 17 is a perspective view of condylar wings of the socket system of Fig. 9.
[40] Fig. 18 is a plan view of the socket system of Fig. 9.

[41] Fig. 19 is a perspective view of an embodiment of the socket system.

[42] Fig. 20 is a side view of the socket system of Fig. 19.

[43] Fig. 21 is a perspective view of an anterior vertebra of the socket system of

Fig. 19.

[44] Fig. 22 is a perspective view of a posterior vertebra of the socket system of

Fig. 19.
[45] Fig. 23 is a perspective view of the distal base of the socket system of Fig. 19.

[46] Fig. 24 is a perspective view of the proximal support of the socket system of
Fig. 19.

[47] DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

[48] A. Overview
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[49] A better understanding of different embodiments 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.

[50] While the disclosure is susceptible to various modifications and alternative
constructions, certain illustrative embodiments are shown in the drawings and will be
described below in detail. It should be understood, however, that there is no intention
to limit the disclosure to the specific embodiments disclosed, but on the contrary, the
intention is to cover all modifications, alternative constructions, combinations, and
equivalents falling within the spirit and scope of the disclosure and defined by the

appended claims.

[51] It will be understood that, unless a term is expressly defined in this disclosure
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.

[52] The anatomical terms described herein are not intended to detract from the
normal understanding of such terms as readily understood by one of ordinary skill in
the art of prosthetics. For example, the term "distal" is used to denote the portion or
end of a limb that is farthest from the central portion of the body. The term distal is
the opposite of "proximal" which is used to denote that the end or portion of the limb

is nearer to the central portion of the body.

[53] Some of the components described herein share similarities to components in

U.S. patent no. 7,488,349 and pending U.S. application no. 12/275,459.
[54] B. Embodiments of the Adjustable Socket System

[55] In accordance with an embodiment of the invention, Fig. 1 illustrates an
adjustable socket system 10 that is adapted to receive and fit a range of heights and
lengths of a residual limb, as well as accommodate volume and shape fluctuations of a
residual limb. From its versatility in fitting and adjustment, the adjustable socket
system can decrease pain, discomfort and soft tissue breakdown over known sockets
that are static in size and shape. Moreover, the adjustability of the socket provides an
off-the-shelf socket system that takes much of the guesswork out of making a socket
and provides an instant solution when urgency may be required to provide an amputee

with a socket.
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[56] The adjustable socket system 10 depicted in Figs. 1-8 is configured to receive
a residual limb from a transtibial level amputation. It will be understood, however,
that the adjustable socket system may be adapted to receive a variety of different

types of amputations, whether configured for the leg or arm.

[57] Turning to the details of the embodiment of the socket system 10, the socket
system is shown as having a rigid strut device 12, a semi-flexible anterior clamp
clement 14 adjustably secured to the rigid strut device 12, a semi-flexible posterior
clamp element 16, and a strap system 24 connecting the strut device 14, the anterior

clamp element 14 and the posterior clamp element 16.

[58] The strut device 12 is sufficiently rigid to resist deflection or bending, and
stably holds the residual limb when it transfers weight bearing forces from the
residual limb to the ground. The strap system 24 functions as a weight bearing,
flexible bag that contains the residual limb and maintains it in connection to the strut
device 12. The clamp elements 14, 16, in combination with the strut device and the
strap system, serve to clamp firmly the proximal portion of the residual limb, and

distribute pressure exerted on the limb by the strap system.

[59] As depicted in Figs. 3 and 4, the socket system 10 is configured to be worn on
the residual limb RL of a transtibial amputee. The strut device 12 is mounted along
the anterior side of the residual limb, and along the saggital plane of the leg. The strut
device receives the distal end portion of the residual limb, and the anterior and
posterior clamp elements embrace the proximal portion of the residual limb, on
anterior and posterior sides, respectively, of the residual limb RL. Specifically, in this
embodiment, the anterior and posterior clamp elements generally correspond to the

condylar regions of the residual limb RL.

[60] The strap system 24 runs along at least the anterior side of the residual limb,
such as with a bow strap 52 discussed more fully below, and along medial and lateral
portions of the residual limb so as to form a bag about the leg. From this system of
connections, the socket system secures the anterior, posterior, lateral and medial sides

of the residual limb.
[61] 1. First Embodiment of the Socket System

[62] a. Strut Device
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[63] The strut device is connected to a flexible network of straps forming the strap
system, the semi-flexible clamp elements and a prosthetic component system, such as

a foot, pylon and other components.

[64] The strut device 12 has a strut base 18 forming a limb receiving portion or seat
26 adapted to receive a distal end portion of a residual limb and an anterior opening
38 arranged for ventilating the rigid strut and accommodating minor fluctuations of

the volume of the residual limb.

[65] A base connector 20 is secured to a bottom portion of the strut base 18, and is
adapted to connect to prosthetic components, such as an artificial foot, and serve as a
connection point for various straps of the strap system. The strut base 18 forms a
sleeve 28 at an upper part thereof, and an adjustable strut 22 slidably engages the
sleeve 28 and is lockable at a plurality of predefined height settings 30.

[66] The limb seat 26 defines a plurality of slots 44 on the anterior side arranged
for receiving straps from the strap system, particularly the bow strap 52. The slots 44
allow for adjustment of the strap for anterior/posterior adjustment, as well as for

medial and lateral adjustment.

[67] The limb seat 26 also defines a plurality of fixation openings 46 located on an
outer side of the strut device 12, and arranged receive strap end portions. The inner
side of the limb seat 26 defines holes 50 adapted to receive a fastener in order to

secure the strap ends to the strut device 12 at the distal end.

[68] The base connector may be a coupling 48 in the form of a male/female
pyramid adapter allowing the strut device to connect to a variety of commercially
available components, as would be understood by the skilled person. In another
variation, the base connector itself may be formed as a prosthetic foot, such that the
socket system in combination with the foot attached therewith forms a complete off-

the-shelf prosthesis.
[69] b. Strap System

[70]  The strut device and the clamp elements are linked to one another by the strap
system. The strap system comprises a plurality of straps that bear weight of the

amputee and embrace the residual limb.
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[71]  One of the straps forming the strap system is a bow strap 52, as shown in Figs.
1 and 3. The bow strap 52 is an clongate vertical strap extending between the
proximal and distal portions of the socket system. Specifically, the bow strap is
mounted to the anterior clamp element 14, particularly at the sleeve 58, and is
adjustably secured to the strut base 18 at one of the slots 44. The bow strap 52
extends along the strut device, and according to a variation of the embodiment may

extend against the strut device 12 along its length.

[72] The bow strap is flexible so as to accommodate the residual limb yet it is
under sufficient tension to provide stability and weight bearing functionality. The
bow strap is preferably non-stretchable. Other straps of the strapping system may be
attached directly to the bow strap.

[73] The fixation point of the bow strap to the strut base is achieved by passing an
end portion of the bow strap through one of the fixation slots 44 arranged in a series
of rows extending between the anterior and posterior sides of the socket system.
From the arrangement of the rows, the bow strap can be particularly arranged for
anterior and posterior adjustment. The fixation slots 44 may also be configured

sufficiently wide to allow for medial and lateral adjustment of the bow strap.

[74] As noted, the limb seat 26 defines a plurality of fixation openings 46 for
receiving strap ends and holes 50 adapted to receive a fastener in order to secure the
strap ends to the strut device 12 at the distal end. By mounting the straps at the distal
end of the strut device, the straps can be placed in high tension, and can be adjusted

for tension.

[75] A variety of different strap systems may be used herein in combination with
the strut device and the clamp elements. In one variation, the strap system comprises
a network of interconnected straps that alternately secure to the anterior and posterior
clamp elements as well as to the bow strap. These straps may be tensioned by a single
strap tensioner or multiple strap tensioners 54. This combination of straps functions
similarly to a "Chinese finger trap” in that the network of interconnected straps are
tightened with minimal adjustment, or may automatically tighten as an amputee

places the residual limb into the socket system.
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[76] According to another variation of the strap system, each strap may be adjusted
individually by a strap tensioner. This type of strap system comprising individual

straps allows for targeted adjustment of the strap system.

[77] In yet another variation, the strap system may include a combination of a
network of straps and a plurality of straps that are individually adjusted. For example,
the upper strap 40 connecting the anterior clamp element to the posterior clamp
element may be individually adjusted, whereas the remainder of the straps may form

part of a strap network that is adjusted by a single tensioner.

[78] It will be understood that the strap system may include a combination of
stretchable and non-stretchable straps, as prescribed locations to accommodate certain

residual limb geometries or loading.
[79] «c. Clamp Elements

[80] The anterior clamp element 14 secures to an upper end of the strut 22 via a
sleeve 58 formed by the anterior clamp element 14. The sleeve 58 securely receives
the strut 22, and forms a substantially rigid portion of the anterior clamp element 14.
The anterior clamp element 14 is preferably semi-flexible so that when straps, as in
upper strap 40, connected to the anterior clamp element are tensioned, the anterior
clamp element 14 can flexibly yield in part to the anatomy of the residual limb while
withstanding loads exerted thereon by the amputee. Suitable padding 56 is provided

against the anterior clamp element, as would be available to the skilled person.

[81] The semi-flexibility of the anterior clamp element is defined in part as having
the property as being partially or somewhat flexible, such that the clamp element can
bend about anatomy but still have sufficient rigidity and strength to withstand

pressure exerted thereon by loads from the residual limb and weight of the amputee.

[82] The semi-flexibility of the anterior clamp element may be obtained in part by
the material used to form the clamp element as well as the geometry of the clamp
element. Specifically, the geometry of the anterior clamp element 14 includes upper
and lower wings 32, 34 on opposed sides of the clamp element, and extending a
distance from the strut 22, and spaced apart in height by a gap 64 formed between the

upper and lower wings 32, 34.

[83] Each wing 32, 34 defines an arm 66 flexibly extending from the sleeve 58 and
includes a head 68 adapted to grasp part of the residual limb. The head is sufficiently

-10 -
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configured to distribute pressure over the residual limb when a strap connected thereto
is tensioned. The arm 66 bends relative to the sleeve 58, and may have a thickness

less than the thickness of the sleeve 58.

[84] The wings 32, 34 of the anterior clamp element 14 are secured to posterior
wings 36 of the posterior clamp element 16 by the strap system. Like the anterior
wings 32, 34, the posterior wings 36 flex relative to an elongate base portion 35 of the
posterior clamp element. The posterior base portion 35 is more rigid than the

posterior wings 36.

[85] The combination of the semi-flexible anterior clamp element and the semi-
flexible posterior clamp element with the strap system permits the socket system to
adjust over a range of width of the residual limb. Stable and adjustable mediolateral
support is obtained in directions 42 toward the midline of the socket system by

tensioning the straps connecting the anterior and posterior clamp elements.

[86] The anterior clamp clement 14 includes an adjustable anatomical section 60
that can be adapted to accept a range of different anatomical shapes of the residual
limb. An insert 62, such as a patella tendon bar or pad, may be secured to the
anatomical section 60 so as to allow for loading in an anatomically sensitive area.
The insert is removable and different inserts having different shapes, sizes,
thicknesses, densities and etc. may be used to accommodate different sensitivity

levels and geometries of the residual limb.
[87] 2. Second Embodiment of the Socket System

[88] Fig. 9 depicts another embodiment of the adjustable socket system 110.
According to this embodiment, the socket system 110 includes a distal component
112 adapted to rigidly secure to a residual limb, a proximal anterior component 114
secured to the distal component 112, and a distal posterior component 116 connected

to the distal component 112 and the proximal anterior component 114.

[89] The distal component 112 defines a strut base 118 having a base connector
120 defined at a distal end for securing to a prosthetic component system (not shown),
such as a foot, pylon and other component. A telescoping strut 122 is slidably and
lockingly secured to a proximal end of the strut base 118. The distal component 112

includes a cup 124 adapted to secure to at least a distal portion of the residual limb,

-11 -
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and having a valve 128. A ring 126 secures to the telescoping strut 122 and supports
the cup 124 with a retaining rim 130 formed by the cup 124.

[90] The proximal anterior component 114 includes an upper wing 132 adapted for
securing to a condylar region of a residual limb, and a lower wing 134 adapted for
securing to a paratibial region of a residual limb. The proximal anterior component
114 includes a plurality of anterior vertebra 136 arranged for adjustment relative to
one another. The proximal posterior component 116 also includes a plurality of

posterior vertebra 138 arranged for adjustment relative to one another.

[91] The anterior vertebrae 136 are hingedly connected to the distal component 112
at a hinge 140, and the posterior vertebrae 138 are hingedly connected to the ring 126
at a hinge 142. The upper and lower wings 132, 134 are hingedly connected to the

anterior vertebrae 136 at a hinge 144.

[92] Fig. 10 illustrates the cup 124 as having a mounting band 146 configured and
dimensioned for the ring 126 to secure thereabout. The cup 124 also defines a profile

adapted for securing to a general residual limb size.

[93] The cup is preferably preformed and significantly simplifies the design of the
socket assembly. It is understood that a third of the residual limb is of a generally
known shape and volume, and therefore the cup can accommodate a variety different
residual limb sizes. The cup is shaped so as to eliminate or minimize weight bearing

at the distal end of the residual limb.

[94] The cup includes the valve 128 so as to be capable of providing suction
between the suspension liner and the cup. This allows for better retention of the

residual by the socket system.

[95] The cup may be formed from a thin rigid plastic and generally matches the
profile of a suspension liner. As is well understood in the art of prosthetic devices, a
suspension liner has a matrix or stabilizing umbrella that generally retains a shape of
the distal end of the suspension liner. The cup may be pre-formed and provided in a

plurality of sizes corresponding to standard suspension liner sizes.

[96] In a variation, the cup can be formed to accommodate residual limb and shape
sizes at the distal end of the residual limb. This variation of the cup is obtained by

either making the cup semi-rigid, or making the cup flexible with additional

-12-
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supporting elements such as ribs, or providing a strapping arrangement as discussed

above.

[97] Fig. 11 shows the distal component 112 as having the telescoping strut 122
mounted on the strut base 118. The telescoping strut 122 is a sleeve extending over
an upper end of the strut base 118, and is selectively mounted at a plurality of height
settings of the strut base 118 defined by openings 152 and secured by fasteners 154.
The telescoping strut allows for adjustment to the height of the amputee therefore

removing the need for a prosthetic pylon.

[98] A bracket 150 is formed on the ring 126 for connection to the proximal
posterior component. The ring 126 is preferably formed from a rigid aluminum and is
configured and dimensioned to securely fit to the cup 124. In a variation of the ring,
the ring may be formed to slightly flex so as to allow for shock absorption yet still

provide a weight bearing structure.

[99] Fig. 12 depicts a circumferential vertebrac assembly defined by an anterior
vertebra 136, a posterior vertebra 138, and a strap 156 connecting the anterior and
posterior vertebra 136, 138. The anterior vertebra 136 defines a link 170, and a cover
158 extending over the link 170 and forming an anterior abutment plate 160 for
placement adjacent an anterior aspect of the residual limb. The straps are preferably
flexible, which allow for more forgiving retention of a residual limb over known rigid

plastic or carbon fiber based sockets.

[100] The posterior vertebra 138 similarly defines a link 186, and a cover 162
extending over the link 186 and forming a posterior abutment plate 164 for placement
adjacent a posterior aspect of the residual limb. The abutment plate 164 forms lateral
arms 188 upon which a buckle 184 is mounted for receiving the straps 156. The
buckle 184 may be a ratcheting type or a clamping type known in the art of buckles
for selectively adjusting and maintaining a length of the strap 156. The buckles allow

for quick and easy modification of fit for improved comfort.

[101] Fig. 13 shows differently sized circumferences available for securing to
differently sized residual limbs, as evidenced by a smaller circumference 166 and a

larger circumference 168, each obtained by the circumferential vertebrae assembly.

[102] In reference to Figs. 14-16, the struts 172 connect the vertebra links 170 to one

another. Each of the links 170 is arranged to be fixed in angular position relative to

-13 -
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other links by the fasteners 174. As shown, the links can be oriented forward or
rearward 176A, 176B relative to one another. The ability to adjust each of the links
allows for the socket system to accommodate differently shaped residual limbs, as

exemplified in Figs. 16 by the residual limbs 178A, 178B, 178C.

[103] As exemplified by Fig. 15, the struts 172A, 172B can be sized differently
relative to one another along the length of the proximal anterior component, or
alternatively a clinician can select a single length strut among a plurality of differently
sized links for use on the socket system. The arrangement of the differently sized
struts permits adjustment in height of the length according to the length of the residual

limb.

[104] While the anterior vertebraec assembly is depicted in Fig. 14, a similar

construction is likewise obtained by the posterior vertebrae assembly.

[105] Turning to Figs. 17 and 18, the upper and lower wings 132, 134 are shown
connected to one another, wherein the upper wing 132 is arranged for condylar
support of the residual limb whereas the lower wing 134 is arranged for paratibial
support. The wings are preferably semi-rigid or at least semi-rigid in certain regions
and more flexible in other regions. In a variation of the wings, the wings themselves

may secure to straps mounted on the proximal anterior component.

[106] The upper and lower wings 132, 134 are connected at the hinges 180 and
hinge 144 to the anterior vertebrae 136. The hinges 180 allow for lateral adjustment
of the upper and lower wings 132, 134 relative to the anterior vertebrac 136. The
lateral adjustment of the hinges 180 enables adjustment of the shape and width of the
wings by adjusting the distance of the wings relative to the posterior vertebrae 138. A

housing 182 is provided over the hinges 180.
[107] 3. Third Embodiment of the Socket System

[108] Fig. 19 shows another embodiment of the adjustable socket system 210. The
socket system 210 includes a rigid spine 216 on the posterior side, a flexible spine 218
on the anterior side, a proximal support 224, lateral flaps 226 extending from either
side of the spines 216, 218, and a distal base formed of a posterior distal base
component 228 and an anterior distal base component 230. The socket system 210
may be adjusted to the shape and size of the residual limb by adjusting the length of a

cable 212 which is threaded around the socket using a dial tensioner 214. The
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circumference of the socket system 210 may also be adjusted by changing the
positions of the distal base components 228, 230. The height of the socket system 210
may further be modified to accommodate the length of residual limb by adding or
removing anterior vertebrac 220 and posterior vertebrac 222 to and from the flexible

spine 218 and the rigid spine 216, respectively.

[109] The embodiment described with respect to Fig. 19 uses a cable system
including a cable 212 as the tensioning element and dial tensioner 214 to adjust the
length of the cable 212. The dial tensioner 214 may be turned clockwise to decrease
the length of the cable 212 and thereby increase the overall tension of the socket
system 210. To decrease the overall tension of the socket system, the dial tensioner
214 may be turned counterclockwise to increase the length of the cable 212. The cable
system may be provided by Boa Technology Inc. and is also described in US
2009/0287128.

[110] The cable system provides several advantages in the socket system 210. Since
the cable system needs only one tensioner, it is simple for the user to quickly adjust
the tension in the entire socket system 210 through the dial tensioner 214. With the
dial tensioner 214, the tension on individual areas of the socket system 210 does not
have to be adjusted separately. Moreover, because the dial tensioner 214 has
rotational increments, the tension in the system may be incrementally increased or
decreased to enable the socket system 210 to conform to the specific user’s residual

limb.

[111] Another advantage of the cable system is that the tension in the socket system
210 may be evenly distributed throughout the socket system 210 which prevents
pressure points from forming on different areas of the residual limb. Pressure points
on a residual limb are problematic in that the pressure points cause irritation, pain, and

discomfort to the residual limb.

[112] The cable system and the flexible spine 218 enable the user to adjust the
socket system 210 to suit the user’s individual needs and specific residual limb shape.
In summary, the cable system on the adjustable socket system 210 provides the user
with a simple and fast way to adjust the socket system 210 while increasing the
comfort and improving conformability of the socket system compared to conventional

sockets.
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[113] While the embodiment described with respect to Fig. 19 uses a cable system
including a cable 212 as the tensioning element and a dial tensioner 214 to adjust the
length of the cable 212, the socket system 210 may be adapted to be used with a
variety of tensioning elements including the strap systems of the previous
embodiments, wires, laces, and commercially available buckle and strap type systems
as would be understood by the skilled person. Further, the socket system 210 may be

adapted for use with or without a prosthetic liner.

[114] Fig. 20 is a side view of the socket system 210 without the cable system
shown in Fig. 19. The rigid spine 216 includes a plurality of posterior vertebrae 222, a
proximal end, and a distal end. The proximal end includes a proximal end component
254, and the distal end is attached to the posterior distal base component 228. The
rigid spine 216 is arranged to be angled relative to the longitudinal axis of the socket
system 210, preferably having an angle between 0° to approximately 8° from the

longitudinal axis.

[115] The flexible spine 218 includes a plurality of anterior vertebrac 220, a
proximal end, and a distal end. The proximal end includes a proximal support 224

while the distal end is hingedly attached to the anterior distal base component 230.

[116] The anterior vertebrac 220 and posterior vertebrae 222 are arranged to have an
equal number of vertebrae in each of the spines 216, 218 such that the anterior
vertebrac 220 have a corresponding posterior vertebra 222. Alternatively, the spines

216, 218 may have an unequal number of vertebrae.

[117] As shown in Figs. 19 and 20, each of the anterior vertebrac 220 and posterior
vertebrae 222 has flaps 226 extending laterally on each side of the vertebrae 220, 222.
The lateral flaps 226 have a length such that when the socket system 210 is worn on
the residual limb, the anterior flaps at least partially overlap the corresponding

posterior flaps.

[118] In reference to Fig. 21, a single anterior vertebra 220 is shown. The anterior
vertebra 220 in combination with the lateral flaps 226 has overall a circular shape
which allows the anterior side of the socket system 210 to conform around the
residual limb. The proximal hinge connector 240 of the anterior vertebra 220 is
connected to the distal hinge connector 242 of a second anterior vertebra 220 with a

hinge pin. The hinge pin is configured to enable the proximal hinge connector 240
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and the distal hinge connector 242 to pivot about the hinge pin. Using a plurality of
hingedly connected anterior vertebrae 220, a flexible spine 218 is formed which
conforms to the specific shape of the residual limb. While the hinge shown in this
embodiment uses a hinge pin, a variety of different types of hinge joints may be used

as would be understood by the skilled person.

[119] Fig. 22 illustrates a single posterior vertebra 222. A plurality of posterior
vertebrae 222 forms the rigid spine 216. Each posterior vertebra 222 includes a pair of
proximal posts 244 that engages corresponding distal recesses of a second posterior
vertebra 222 located on ecither side of the distal post 246. On the distal side of the
posterior vertebra 222, the hollow distal post 246 protrudes towards the distal end of
the rigid spine 216. The distal post 246 fits within a longitudinal opening 248 of
another posterior vertebra 222. The distal post 246 further includes an opening at the
distal end to allow cables or cables to pass longitudinally through the rigid spine 216.
Since the distal post 246 extends past the opening 238, the sides of the distal post 246
are provided with corresponding openings 238 to allow the cable 212 to pass through

the posterior vertebra 222.

[120] The lateral flaps 226 which extend from each side of the anterior and posterior
vertebra 220, 222 are discussed with reference to Figs. 19-22. The lateral flaps 226
may be formed with the vertebrae 220, 222 together as a single component.
Alternatively, the lateral flaps 226 may be detachable from the vertebrae 220, 222 and
may be attached to the vertebrae 220 in a variety of ways including mechanical
attachments or adhesives as would be understood by a skilled person. As shown in
Figs. 21 and 22, the lateral flap 226 forms a continuous, smooth inner surface with the

vertebra with which the lateral flap 226 is attached.

[121] The lateral flaps 226 may be formed from a semi-rigid material such as plastic.
It is highly desirable that the lateral flaps 226 be breathable to increase the comfort of
the residual limb within the socket system 210. In view of this desire, the lateral flaps
226 are provided with perforations 234 to allow circulation of air through the flaps

and around the residual limb.

[122] The lateral flaps 226 may further be lined on the interior side with different
materials such as a textile material, polymeric material, medical grade foam or a

combination thereof. Different types of lining material may also be used on different
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flaps 226 to target the specific area of the residual limb with which the flaps 226 will
come into contact. For example, the medical grade foam may be applied to a flap 226

which supports the fibula head of a residual limb for added cushioning.

[123] Fig. 23 shows the distal base of the socket system 210 having two components
228, 230. The posterior base component 228 has a recess 250 configured to receive
the anterior base component 230. The anterior base component 230 slidably engages
the posterior base component 228. The anterior base component 230 may be locked
into different positions with respect to the posterior base component 228 resulting in

different circumferences for the socket system 210.

[124] The posterior base component 228 and the anterior base component 230 have
raised anterior and posterior sides as can be seen in Fig. 23 and substantially form a
cup to receive the distal end of a residual limb. Since the posterior end of the rigid
spine 216 is connected to the posterior base component 228, the posterior base
component 228 likewise has a pair of base posts 252 and a recess similar to the

proximal posts 244 and recess 250 of the posterior vertebra 222.

[125] The anterior base component 230 hingedly connects to the distal end of the
flexible spine 218 similar to how each anterior vertebra 220 is connected to each
other. The anterior base component 230 has a base spine connector 232 similar to the

proximal hinge connector 240 of the anterior vertebra 220.

[126] The posterior base component 228 is adapted to be attached to a prosthetic
limb such as the pylon of a prosthetic limb or a prosthetic foot and is made from a
substantially rigid material to support the weight placed on the prosthetic limb. The
posterior base component 228 and the anterior base component 230 may be made of

plastic, for example ABS plastic.

[127] Fig. 24 depicts a proximal support 224 which is attached on the proximal end
of the flexible spine 218. The proximal support 224 has a pair of wings 256 extending
on either side of the vertebra component of the proximal support 224. The wings 256
are arranged for condylar support of the residual limb. Similar to the anterior vertebra
220, the proximal support 224 has openings 236 through which the cable 212 is able
to pass and a distal hinge connector 242. The wings 256 may have a second opening
258 for the cable 212 which is formed from a groove in the wings 256 and a raised

surface 260 under which the cable 212 passes. The wings 256 are also provided with
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perforations 234 similar to the lateral flaps 226. In addition to the perforations 234,
the wings may be lined with materials similar to those used in lining the lateral flaps

226 for added comfort and support.

[128] While the embodiments have been described herein with respect to specific
tensioning clements, a variety of tensioning elements may be used with the socket
system including cables, wires, straps, laces or any other device used to provide and

maintain tension as would be understood by the skilled person.
[129] 4. Closing

[130] From the features of the adjustable socket system described above, an
adjustable socket system is provided that provides simple and quick adjustment to the
volume and shape of the socket system, and hence to a residual limb supported by the
socket system. In short, the socket system departs from the conventional static socket
type and instead allows for adjustment in height, volume and shape, thus permitting
adjustment to assure stable fitting of the socket. Further, the socket system
accommodates a variety of differently sized residual limbs, and is not constrained to a

particular amputee but can be used by a variety of amputees.

[131] While the foregoing embodiments have been described and shown, it is
understood that alternatives and modifications of these embodiments, such as those
suggested by others, may be made to fall within the scope of the invention. Any of
the principles described herein may be extended to other types of prosthetic or

orthopedic devices.
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CLAIMS

1. An adjustable prosthetic socket (210) having first and second opposed sides,

comprising:

a rigid first component (216) having proximal and distal end areas, the first

component arranged along the first side of the socket;

characterized in that an adjustable second component (218) having proximal and
distal end areas, the second component having a second plurality of interconnected
vertebrae elements (220) connected to the first component (216), the second

component (218) arranged along the second side of the socket (210);

a base connector (228, 330) secured to the distal end area of the first component.

2. The adjustable prosthetic socket according to claim 1, wherein the base connector

(228, 230) secures to the distal end area of the second component.

3. The adjustable prosthetic socket according to claim 1, wherein at least one flexible
and adjustable tensioning element (212) connects the second plurality of vertebrae

(220) to the first component (216).

4. The adjustable prosthetic socket according to claim 3, wherein the first component
(216) includes a first plurality of vertebrae (222), the first plurality of vertebrae (222)
corresponding at least in part to the second plurality of vertebrae (220).

5. The adjustable prosthetic socket according to claim 4, wherein at least some of the

first plurality of vertebrae (222) have parallel mating surfaces.

6. The adjustable prosthetic socket according to claim 4, wherein at least some of the

first plurality of vertebrae (222) has angled mating surfaces.

7. The adjustable prosthetic socket according to claim 1, wherein individual vertebra

of the second plurality of vertebrae (220) are pivotable relative to one another.
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8. The adjustable prosthetic socket according to claim 7, wherein the second
component (218) includes a flexible spine upon which the second plurality of

vertebrae are secured.

9. The adjustable prosthetic socket according to claim 1, wherein the individual
vertebra (220) of the second plurality of vertebrae are pivotable and lockable in

position relative to one another.

10. The adjustable prosthetic socket according to claim 1, further comprising a
proximal support (224) connected to the proximal end area of at least one of the first
and second components, the proximal support (224) having first and second wings

(256) for providing medial-lateral support.

11. The adjustable prosthetic socket according to claim 1, further comprising a
second plurality of lateral flaps (226) extending from the second plurality of vertebrae
(220).

12. The adjustable prosthetic socket according to claim 11, wherein the second
plurality of lateral flaps (226) flexibly extends from the second plurality of vertebrae
(220).

13. The adjustable prosthetic socket according to claim 1, wherein the first
component (216) includes a first plurality of vertebrae (222), the first plurality of
vertebrae (222) corresponding at least in part to the second plurality of vertebrae
(220), a first plurality of lateral flaps (226) extending from the first plurality of

vertebrae.

14. The adjustable prosthetic socket according to claim 1, wherein the second

component (218) is flexible relative to the first component (216).

15. The adjustable prosthetic socket according to claim 1, wherein the first and
second sides of the socket respectively correspond to posterior and anterior aspects of

a residual limb.
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