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(57) Abstract: The present invention is directed to a prosthetic adapter that
allows for rotation of a prosthetic about central axis, In one embodiment,
the invention is a prosthetic adapter comprising; a first component adapted
to be coupled to a residual limb; a second component adapted to be cou-
pled to a prosthesis: the first component or the second component compris-
ing a collar forming a central cavity formed about a first central axis; the
other one of the first component or the second component comprising a
hub extending along a second central axis, the hub positioned in the central
cavity so that the first and second central axes are substantially coaxial;
wherein when the hub is positioned within the central cavity of the collar,
the hub has only two degrees of freedom, rotation about the first central
axis and translation along the first central axis.




WO 2011/009136 PCT/US2010/042479

ROTATABLE PROSTHETIC ADAPTER

Cross-Refercuee to Related Patent Applications
{6001} The present application claims the benefit of United States Provisional Patent
Application 617226426, filed July 17, 2009, the entivety of which 1s hereby tneorporated by

reference.

Ficld of the Invention
{8002} This invendion relates gonerally (o adapters for coupling a prosthesis to a residuat

b, and specifically to o prosthetic adapter that allows for rotation of the prosthesis sbout a

central axis withoul uncoupling the prosthesis from the residual limb,

Background
{8003} Various types of foot and feg prosthetic devices are well known in the art. Such
devices frequently include some form of attachment for coupling the dovice to the distal end
of the residual Hrob of an amputee and for extending o the ground to provide body support.
One form of prosthesis is fabricated as an assembly having a flexible roll-on suction
suspension liner, a socket, a shuttle lock, a lower leg conmponert and a foot, The shuitle lock
provides rigid attachment of the suspension Haer {o the socket and lower leg component
while providing an easy way of enabling the amputes to release a prosthesis or other fower
feg component from the amputes’s residual lmb. Other tvpes of adapteors, such as a double
head adaptor or a pyramid adaptor, are used {o acconunodate various situations such as when
distance, or the length of the residual imb, 18 g problem.

{8004} Some currently available shuttle lock components utilized In helow-knee prosthesis
designs consist of a ratehet style or cluteh style eylindrical body portion having a hole for
receipt of the cluteh pin, which s typically connected to the suspension Hiner, The body
includes a cluteh mechanism o disengage a gear located within the cylindrical body from the
clutch pin. A problem with existing types of shuttle lock designs is that the cylindrical body
must become integral and permanently molded to the prosthetic socket during fabrication, It
the eylindrical body is improperly positioned during fabrication, the pin may pot align casily
and consistently with the shuttle lock latching mechanism. The only alternative s cither to
refabricate the socket, which can be time conswming and generate additional costs, or try o
train the patient to overcome the ditficulty he faces in donning the prosthesis. An example of

an existing shattle lock is disclosed in ULS. Patent No, S 888,234, issued March 30, 199¢ 10
1
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Littig, the entivety of which is hereby incorporated by reference.

[8005] Couscquently, there exists a need for a new and tmproved prosthetic adaptor for g
prosthesis that can be positioned and repositioned at any fime on the distal socket to provide
on-axis alignment of the adaptor and hence, the prosthetic device, 1o allevigte patient

frustration and ehiminate rejection of an improperiy aligned socket,

Summary
{8886} The present invention is divected to a prosthetic adaptor that provides for rotation that
enables an ampotee to place a prosthesis into proper axial aligrenent withoot removing the
eutive prosthetic device from the ampotee’s residual lmb.
{80071 {n one aspect, the invention can be a prosthetic adapter comprising: a first component
adapted to be coupled 10 a residual Himb, a second component adapiad to be coupled to
prosthesis, the first and second components adapted o be repetitively coupled and sepavated
from one another; the first component or the second component comprising a collar having an
outer surfhce and an inner surface, the nner surface forming o central cavity about a first
central axin; the other one of the first coruponent or the second compovent comprising a body
portion and & cylindrical hub extending from the body portion slong a second central axis, the
eviindrical hub positioned in the central cavity so that the first and second ventral axes are
substantially coaxial; and an anti-rotation member adjustable between: {1) a first state in
whuch the anti-rotation member does not obstruct the cyvlindrical hob from being translated
along the first contral axis out of the contral cavity; (2) a second state in which the anti-
rotation menmber prohibits the oybindrical hub from being transiated along the first contral
axis out of the contral cavity while allowing the cyhindrical hab to rotate within the central
cavity of the collar about the frst contral axis; and (3} o third state in which the anti-rotation
mentber prohibits the evlindrical hub from being translated along the first central axiy out of
the central vavity of the collar and prohibits rotation of the eylindrical hub within the central
cavity of the collar about the first central axis,
[B008] In another aspect, the invention can be g prosthetic adapter comprising: a first
component adapted to be coupled to a residual limdy; a second component adapted to be
coupled {0 a prosthesis: the first component or the second component comprising a collar
having an outer surface and an inner surface, the inner surface forming a central cavity sbout
a first contral axis; the other one of the first component or the second component comprising

a body portion and a bub extending from the body portion along a second central axis, the
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hub having g flange extending transversely from the hab, the Hlange spaced from the body
portion so that 8 groove is formed betyeeen the body portion and the Range; the flange having
a circular transverse cross-sectional profile having a first diameter, the fnner surface of the
collar having a circular transverse cross~-sectional profile having g second diameter, wherein
the first and second diamsters are substamtially egual, the hub positionad in the contral cavity
30 that the fivst and second central axes are substantially coaxdal; and an eloment extending
through the collar and adjustable between: (1) a retracted state n which the cleraent does not
protrude from the inner surface of the collar; and (2} ap anti-rotation state i which a tip
portion of the element extends into the annular groove and engages a floor of the annolar
aroove,

{00091 In vet another aspeet, the invention can be a prosthetic adapter comprising: a first
component adapled to be coupled to a residual limb; a second component adapted 1o be
cogpled to a prosthesis, the fizst and second components adapted to be repetitively coupled
and separated from one another; the first component or the second component comprising a
collar having an cuter surface and an inner surface, the inner surface forming a contral cavity
formed about a first central axis; the pther one of the first component or the second
component comprising a body portion and & hub extending from the body portion along a
second central axis, the hub positioned in the contral cavity so that the first and second central
axes are substantially coaxial; whereiln when th bub is positioned within the contral cavity of
the collar, the hab bas only two degrees ot freedom, a first of the two degrees of fresdom
being rotation about the first contral axis, and a second degree of the two degrees freedom

being transiation along the Hest contrad axis.

Brief Description of the Drawingy
{60107 Figure | is a cross-sectional schematic of a rotatable prosthetic adapter according 1o
one gmbodiment of the present invention coupling a prosthetic fool to a residual limb,
{8011} Figure 2 is a bottom purspective view of the collar component and the hob component
of the rotatable prosthetic of FIG. 1 in an assembled state.
[0812] Figure 3 is 8 top perspective view of the assembied collar component and hub
component of PR32
{8813} Figure 4 is a bottom perspective view of the collar component and hab component of
F1G. 2 in an exploded state, with the addition of a cluteh pin.

{6014 Figure 5 is a {op perspective view of the collar component and hub component of FIG,

T
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2 in an exploded state, with the addition of a clutch pin.

[8015] Figure 6 1s a vertical cross-sectiona] view of the collar component and shuttle lock
component of FIG. 5 taken along the contral axes.

{8016} Figure 7 is g cross-sectional schematic of the rotatable prosthetic adapter of FIGL 1
coupled to a residual Himb, wherein the hutb component is separated from the collar
component.

[B017] Figure 8 s a cross-sectional scheraatic of the rotatable prosthetic adapter of FIG. |
coupled o a residual Bmbd wherein the hub component is mated with the collar component
and the anti-rotation member 18 in a retracted state.

{0018} Figure 9 is o cross-sectional schematic of the votatable prosthetic adapter of FIGL &,
wherein the anti-rotation member has been adjusted 1o be in an anti-rotation state.

{88191 Figure 10 is 2 top perspuetive view of a rotatable prosthetic adapler scoording to s
secomnd embodiment of the present invention,

JO0208] Figure 11 v a wop perspective view of the rotatable prosthetic adapter of FIGL 10 in an
exploded state,

[8021] Figure 12 18 a cross-sectional view of the rotatable prosthetic adapter of FIG. H along
the central axes.

{0022} Figure 13 18 3 cross-sectional view of the rotatable prosthetic adapter of FIG. 10 along
the central axes whereln the hab component is mated with the collar compeonent and the anti-
rotation member i3 i a refracted stats,

[B023} Figure 14 is a cross-sectional schematic of the rotatable prosthetic adapier of FIG, 13

wherein the anti-rotation member has been adjusted 1o be in an anti-rotation state.

Detailed Description of the Drawings
160241 Referring first to FIG. 1, a rotatable prosthetic adapier 1008 according to one
embodiment of the present lnvention is Hustrated. The rotatable prosthetic adapter 1884 is
tHustrated in a disassembled state wherein its components ave arranged n axial alignment
along longiudinal axis A-A for asserubly and the coupling of » prosthetic foot 18 to a
residual limb 28, While the rotatable prosthetic adapter 1008 1s exemplified as being used to
atlach a prosthetic foot 10 to the residual limb HY, # is to be undersiood that the invention is
i1 no way Hmited by the type of prosthesis used. Moreover, hased on the disclosure of the
present application, those skilfed in the art will appreciate that the inventive concepts

discussed herein can be incorporated into a wide variety of prosthetic adapter types.

4



WO 2011/009136 PCT/US2010/042479

[6025] The rotatable prosthetic adapter 100 generally comprises a sleeve assembly 198, a
collar compongnt 2088, and a bub component 300, o the Hlustrated embodiment, the hab
component 3 1z of the shuttle fock design. The sleeve assembly 188 comprises 8 flexble
finer 110 and socket 1280 The floxible liner 1310 s a closed-end sleeve that fits sougly over
the residual Bmb 26, The flexible liner 119 15 preforably constructied of a gel, elastomaric, or
other soft matertal to provide a cushioning layer for the residual limb 28, A cluteh pin TE8 i
fixed to the flexible Uner 110 and extends trom the distal end of the residuad fimb 28 along
the longitudinal axis A-A,

[8026] The cluteh pin TS is ap elongated oylindrical structure comprising a threaded portion
116 and a servated portion 117, The threaded portion 116 comprises helical threads that wre
used 1o seeyre the cluteh pin 118 o a nut 111 that is embedded within the flexible liner 114,
Of course, the clutch pin 1158 can be {ixed to the flexible liner by a wide variety of techniques
that are known to those skilled in the art. The servated portion 117 comprises a phavality of
axially spaced ring-like serrations 118 for operably engaging 8 gear 382 of the cluich
mechanism 330 of the hub component 3688 (discussed in greater below). OF course, the exact
structure of the cluteh pin 118 can take on @ wide variety of embodiments, none of which are
to he considered Himiting of the present invention.

{0271 The socket 120 is a rigid (o semi-rigid) sleeve structurs that fits over the flexible
finer TEO. The socket 120 forms an internal receiving cavity 121 in which at least a portion
of the residual limb 20 of the user nests. The socket 128 i3 preferably construcied of a
material, such as carbon fiber, rigid plastics, or lightweight materials having sufficient
rigidity and steuctural integrity. Of course, other muaterials can be used to construct the socket

130 and are know to those skilled in the art. The socket 126 {i.o., the internal roceiving cavity

121) is preferably designed to be specific to the size and Shap‘e of the user’s residual hmb 20
to maximize comfort and the ability to controf the prosthesis 18, The socket 120 further

comprises an opening 122 at the distal end of the residual limb 28 through which the cluteh
pin 115 extends.

[B028} Referring to FIGS. 1 and 3, the collar component 2088 is fixed fo the sleeve assembly
188, Move specifically, the collar component 200 35 fixed 1o the socket 128 of the sleeve
assembly 100 through a combination of fastencrs 15 and o laminate 16, Suitable fastors 18
molude without Bmitation rivets, nails, serews, bolls, andfor clamps.  Any number of
fastencrs 15 can be used in conjunction with, or instead of, the laminate 16. Similarly, any

number of laminates 16 can also be used in conpunction with, or instead of| the fasteners 15,
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Moreover, it 15 also possible to use other technigues to fix the collar component 244 {0 the
socket 128, incloding without Himitation, adhesives, thermal bonds, welding, chemical bonds,
clavaps, mechanical aterference connections and/or combinations thereotl Furthermore, 11
also contemplated that the collar component 200 could be integrally formed with the socket
124 i desired, Such an integral construction 1s within the scope of the present invention,
uniess specifically stated otherwise.

[B029] To assist with the fixing (and relative positioning) of the collar component 200 1o the
socket 124, the collar component 200 comprises a cup-shaped Hange 201, The cup-shaped
flange 201 bas an upper concave surface 202 that forms a cup-shaped depression (or cavity)
203, The cup-shaped depression 203 provides a nesting volume in which the distal-most
portion of the secket 128 can be positioned,

{0301 The cup-shaped lange 201 is an amnudar flange that circumfsrentially survounds and
extends faterally from the longitadinal axis A-A. It should be noted at this point that, for
purposes of simplitication in this detailed deseription, the reference axis A-A s
interchangeable with both the first central axis 1.1 (FIG, 0} of the collar compeonent 288 and
the second central axis H-H (FIG. 6) of the hub component 300, The longitudinal axis A-A
is used for reference purposes when the first central axis B of the collar component 200 and
the second central axis -3 are coaxial, However, in certain lnstances, the distinetion
between the first and second copral axes T and H-H (FIG. ©) voust be madv because, when
the collar component 280 and the hub component 388 are not assembled, 1t s possible to
rotate one or both of the components 208, 308 so that the fivst and second central axes I-1 and
H-H (FIG. 6} are no longer coaxial, With this in mind, we return to our discussion of the cup-
shaped flange 261 of the collar component 208,

{6631} In the exemplified embodiment, the cup-shaped flange 201 comprises four
circumicvrentially spaced apart segments 28 a-d located 90 degrees apart from one another,

Each of the flange segments 201 a~d comprises a fasfener hole 204 through which one of the
fasteners 18 extend when fixing the collar component to the socket 128, Of course, more or
tess than four flange segments could be implemented as desived, Furthermore, the cup-
shaped flange 281 could alse be a continuous {i.c., non sepmemnted) structure if desired, With
respect o the lamination, the cup-shaped flange 281 acts as an anchoring structure for the
cotlar compoment 200 in that is covered by the kuninate 16 while the collar 205 protrades
through the laminate 6. The collar component 200 will be described i much greater detail

with respect to FIGS. 2-6.
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{6032} Referring sgain solely to FIG, 1, the prosthetic adapter 1 also comprises a hud
component 3 that is coapled to a prosthetic 18, This coupling can either be a direet
coupling in which the hub component 388 15 coupled divectly to the prosthetic 18 without the
existence of iervening parts (as lostrated in FIG. 1) or an indirect coupling in which oae
or more couplers; other adapters or intermediary menthers are disposed, Similarly, the
coupling between the collar component 200 and the residual timb 20 can hkewise be a divect
or indireet coupling.

{8833] The bub component 360 generally comprises a hub 381, a body portion 302, and a
male adapter block 303, 1o the exemplified ewmbodiment, the male adapter block 303 is
pyramid block, the type of which is known in the art. The pyramid block 363 and the hub
301 are located on opposite ends (top and boitont) of the bady portion 382, The hub
companent 308 is coupled, at one end, to the coliar component 200 through mating of the hub
361 and the collar 2058, and, at the other end, to the prosthetic 10 through mating of the
pyramid block 303 and a pyramid block recefving cavity 9 of the prosthetic 10, The mating
pyramid blocks with the pyramid block recetving cavities is known in the art and requires no
further discussion. The mating of the hub 301 and the collar 285, however, will be deseribed
in much greater detail below with respect to FIGS. 7-9.

{034} While the hub component 200 comprises a male connector block 303, in the form of a
pyranid block, to couple to the prosthetic 10, the male connector block 303 may be replaced
with a female receiving cavity in alternative embodiments, or with other types of nale
connecting blocks. In still further embodiments, the body portion 302 of the hub component
360 opposite the hub 3B can be adapted to be coupled to a prosthetie 18 via other structures
ancfor technigue, now existing or fater developed. For example, the body portion 382 can
further comprise a clamp, a threaded fitting, a snap-fit mechanism, a Ught-Iit mechanism,
twist-and-lock mechanisim, g cotter pin mechanisn, andior combinations thereo,

{60351 Refurring now to FIGS. 2-6 concwrrently, the structural details of the collar
component 200 and the hub component 304 will be deseribed in gréater deall Tuming st to
the collar component 200, the collar component 208 comprises a collar 205 and a cup-shaped
flange 201 as mentioned above. Preferably, the collar 205 and the cap-shaped flange 207 are
integrally formed so as to bo 3 unitary structure. In one preforred embodiment, the collar 2058
and cup-shaped Range 201 are constructed of a metal (which includes metal alloys). Suitable
metals may include without Hmitation steel and sluminum. Of course other metals and

materials may be esed, meluding plasties, ceramics, composite material, andfor combinations
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thereof., Additionally, in certsin alternative embodiments, the codlar 285 and cup-shaped
flange 201 may be separate structures that are fixed together by welding, fastening ov other
fechmiques.

{8036} The coliar 208 is a ring-like structure comprising an outer surface 207 and an inner
surface 208, The ioner surface 208 of the collar 2688 forms a central cavity 209 about the first
central axis 1 (FIG. 6) (which corresponds to the longitudingl axis A-A i FIGS. 2-5). The

centrad cavity 209 is a cylindrical cavity having a circular transverse cross-sectional profile
delimited by the inner surtace 208, The circular transverse eross-seciional profile of the
contral cavity 209 (or though of another way the inner serface 208) bas a first diameter Dy,
The inner surface 208 forms an annular wall that circamterentially surroonds the first contral
axis BL{FIG, 63 {which corresponds o the longituding! axis A-A i FIGS. 2-3). A bottom
edge 210 of the inner surface 208 Is chamfered to help assist with guiding the hub 381 of the
hub component 308 into the contral cavity 209 during assembly of the collar and bub
components 208, 300 wgether.

{8037} The coliar 205 further comprises a plurality of threaded holes 211 extending
transversely through the coltar 208, The threaded holes 21 extend through the collar 208
frovn the outer surface 207 to the inner surface 208, therehy forming passageways from
sutside of the collar 208 to the contral cavity 209, The inner surface of cavh of the threaded
holes 211 comprises helical threads for threadlly enpaging a set serew 212, The threaded
holes 211 are arranged about the collar 285 1 a circumberentially equisspaced manner. In the
exemplificd embodiment, there are three threaded holes 211 srranged at 120 degree intervals
about the colfar 208, in shternative embodiments, motre or less threaded holes 211 may be
provided as desired, and in non-symnetvic spacing arrangements,

{0038} A plurality of set sorews 212 are also provided. A set serew 212 s positioned within
gach of the threaded holes 211 in a threadily engaged manner, The set serows 212 comprise a
tip portion 213 and a head portion 214, The tip portion 213 has a tapered profile i the form
of g truncated voneg. The bead portion 214 comprises an actuator so that a user can manually
turn the set sorew 212 by hand or with the use of a tool. In the exenmplified enmbodiment, the
actuator ts in the form of hex cavity for receiving an appropriate bit or wrench, in alternative
embodiments, the actuator can-take on wide variety of shapes and mechanisms, the mamber of
which is (oo great to mention here but i well known to those skilled in the art,

{60391 As used herein, the term set serew is not limited to short ovlinder screws as

exemplified but i3 intended o include all types of bolts, serews, or other oviindrical bodies
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that can be transtated along their axis through mtation about that axis. As will be discussed
i1y greater detail below with respect to FIGE. 7-9, the set screws 212 ave anti-rotation
members that can be adjusted between different states to achieve ditferent axial tocking and
anti-rotation offects on the hub 361 when the hub 301 is positioned within the central cavity
249,

{6048} The collar 208 further comprises a bottons surface 218 and a top 206, The cop-shaped
flange 201 is located at and extends laterally outward from the top 206 of the collar 205, As
mentioned above, the cup-shaped flange 201 forms a cup-shaped depression 203 for
recetving the socket 128, The cup-shaped cavilty 203 15 i spatial cooperation‘communication
with the contral cavity 209 so that a passageway 18 Tormed through the entive collar
component 200 along the Frst central axis I (FIG. 6) {which corresponds to the longitudinal
axiy A-& in FIGS. 2-33,

[8041] Referring still to FIGS. 2-6 concurrently, we now furd to the hub component 200,
Generally speaking, the hub component 200 is of the kind that is generally referred 1o in the
industry as a shuttle Tock design. The hub component 200 geperally comprises a hub 301, a
body portion 302, and a pyramid block 303, The body portion 302 comprises a top surface
364 and a bottom surface 385, The hub 301 extends from the top surface 304 along the
second central axis I (FIG, 6) {which corresponds to the longitudinal axis A-A in FIGS,
2-53. The hub 301 s a cylindrival structure extending from the top surface 384 of the body
portion 302, The hub 301 is centrally located on the body portion 302 and has 3 transverse
cross-sectional profile at its base that is smaller than that of the body portion 302 at the top
surface 384, As a result, the top surface 304 of the body portion 302 forms an annular
shoulder thaf extends transversely outward froms the bub 381 orthogonally 1o the second
central axis H-H(FIG. 6) {which corresponds 1o the Jongitudingl axis A-A in FIGS. 2-5),
{60421 The hub 301 comprises an annular flange 306 extending from a lateral surface of the
fub 307 that elrcumterentially surrounds the second central axis H-H (FIG, 63 {which
corresponds to the longitudinal axis A-A i FIGS. 2-5). The anmudar flange 306 s located at
the top of the hub 3081 and s axially spaced apart from the top surface 304 of the body
portion 2. The hub 34 further comprises an annular groove 308 formed into the lateral
surface below the annular Haoge 306 that ciraumlerentially surrounds the second central axis
H-H (FIG. 6) (which corresponds 1o the longitudinal axis A-A in FIGS. 2-5). Inthe
exenyplificd embodiment, the sidewalls of the annular grove 308 are formed by a botiom

surface 389 of the anmudar Hange 306 and the top surface 384 of the body portion 382, In

9
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alternative embodiments, however, the annular groove 308 may be formed as an isolated
channe! formed o the lateral surface of the hab 301 at a location where the channel’s

sidewalls will not be forrmed by the bottom surface 309 of the anmmular Hange 306 or the top

surface 304 of the body portion 362, but rather by surfaces created in the body of the hub 381
dselt by the creation of the channel. Furthsrmors, while both the annular groove 308 and the

anpular flange 306 are preferably continsons and uninferrupted in nature, i may be possible
to form these features as segmented structures or intervupted series of grovves or depressions.,
{88431 The annulay groove J08 comprises a floor 387, The floor 387 comprises a portion
367A that 1s inclined velative to the second central axis T-IE (FIG. ) {which corresponds to
the fongitudinal axis A-A in FIGS. 2-3). The portion 3Q7A is preforably jnchined relative o
the second central axis H-Y in an amount bebween 17 and 3°, and more prefy mb'i.y 2 0f
course, the invention iy not to be so Himited, 1o the exemplified embodiment, the inclined
portion 387 A bas a transverse eross-sectional profile that fapers in size moving toward the
body portion 302, In the preferred embodiment, the section of the hub 301 that forms the
inclined portion 307A of the Hloor 307 of the annular proove 308 has a eircular transverse
cross-sectional profile that decreases in diameter moving toward the body portion 302,
Thought of another way, the inclined portion 307A in this embodiment would forma
truncated-cone shape that tapers to a smaller transverse cross-sectional area moving teward
the body portion 302,

{8044} As discussed below, the inclined natuwre of the tapered portion 387 A of the Hoor 307
of the annular groove 388 provides an improved connection between the collar component
20¢ and the hub component 308, and a substantial increase In the structural integrity when
these compononts 208, 300 are assembied. In an alternative embodiment, the inclined portion
307A may have a contoured axial profile rather than a linear angled axial profile. Moreover,
in other embodiments the inclined portion 307A may have other transverse cross-sectional
peotile shapes.

{8045} The floor 307 farther comprises a section 307B that is paralle] relative to the second
central axis BT {FIG. 6) (which corresponds 1o the longitodinal axis A-A in FIGS, 2-5).
This paralled section 307B s Jocated below the inclined section 387A. In other smbodimenty,
the entive floor 307 may be inclined or paralled as desired.

{00461 The annudar Hange 306 has a circalar transverse cross-sectional profile baving a
second diameter Dy, The second diameter Dy is larger than the lurgest dismeter of the

transverse cross-sectional profile of the floor 307 of the aanalar groove 308, The hub 3 &

10
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also designed so that the second diameter Dy 15 substantially equal (o the fivst dismeter Dy of
the transverse cross-sectional profile of the inner surface 208 of the collar 205, By making
the second diameter Dy substantially equal to the fst diameter By, when the heb 381 1
pasitioned within the central cavity 209 {as in FIGS. 2, 3 and 8), the first and second central
axexs IF and H-H will be in coaxial alignment and the hub 301 will not be able (o be rotated
to move the first and second central axes I and T-H out of coaxial alignment without first
removing the hub 381 from the contral cavity 209, Thought of another way, by making the
second diameter Py subxtantially equal to the fivst diameter By, when thy hub 301 ix
positioned within the central cavity 209, the hub 301 has only twvo degrees of freedom,
namely rotation aboat the fiest contral axis I and franstation along the first contral axis 1L
OF course, as understood by those skilled in the art, a cortain minimam tolerance betwean
first diameter By and the sceond diameter Dy must be adlotied 1o ensure that the hub 381 fits
within the central cavity 308, The top edge 318 of the bub 361 s chamfered 1o assist with
guiding the hub 301 into the central cavity 209 during assembly of the collar and hub
components 208, 36

{6047} The hab component 306 further comprises an axisl passageway 311 extending along
the second central axis H-1(FIG. 6) {which corresponds to the longitudinal axis A-A in
FIGS. 2-5), The axial passageway 311 forms a passageway through the hub 301, body
povtion 362, and pyramid block 303 of the hub component 366, The axial passageway 31 is
provided 1o recetve the cluich pin 118 of the sleeve assembly H when the hub component
364 is coupled to the collar component 280, The axial passagewsy 311 comprises a funnel
shaped section 312 and a constant cross sectional area section 313 (FIG. 6).

{8048} The hub component 300 also comprises a clateh mechanism IS The cloteh
miechanism comprises a helical reset spring 351, & locking gear 382, a one way bearing 353
{such as a sprag clutch), 3 push rod 3584, and an actuator 355, The clotch mechanism 354 is
slidably inserted 1nto a transverse passageway 340 that extends from an outer surface of the
body portion 302 to the axial passageway 311, The chutch mechamsm 350 s slidably
nserted into the transverse passageway 348 in the order of the reset spring 351, the locking
gear 352, the one way bearing 353 and the push rad 384, which extends through the one way
bearing 3583, When the cluteh mechamsm 350 is assombiled within the hody portion 303, the
spring 351 biases the Jocking gear 352 into a first position in which its teeth extend into the
axigl passageway 311, When the clutch pin 115 is inserted into the axial passageway 311, the

serrated portion 117 of the chuteh pin 118 is operably engaged by the locking gear 352,
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Because of the one way bearing 3583, the cluteh pin 115 can be translated ondy in g single
divection along the second central axis I {FIG. 6) {which corresponds to the longitadinal
axis A-A i FIGS. 2-5). When so assermbled, the cluich mechanism 358 s achuatable (hy
prossing the actuator 385) between this first position in which the Chuteh pin 11515 engaged
by the focking gear 382 and a second posttion in which the focking gear 352 is transdated to
disengage the cluich pin 11§, thereby allowing the cluteh pin 115 o be retracted from the
axial passageway 311,

{8849} The body portion 382 further comprises a cleaning passageway 341 extending from
the outer surface of the body portion to the transverse passageway 348 so that the iternal
components of the clatch mechanism 358 can be cleaned without the need for disasserably,
{0050} Preferably, the hub 361, the body portion 302 and the pyramid block 363 are
integrally formed g0 as (o be a unitary structure. In one praferred embodiment, the hub 381,
body portion 302 and pyramid block 383 are constructed of & metat {which inclades metal
alloys), Suitable metals may include without Hmitation steef and aluminem. Of course other
metals and materiale may be used, including plastics, ceramies, conposite material, andfor
combinations thereof. Additonally, iy certain alternative embodiments, the heb 301, the
body portion 302 and the pyramid block 383 may be separate structures that are fixed
together by welding, fastening or other techmigues, Fmnally, 8 sheath 348 constrocted of a
different material than the hub 341, the body portion 382 and the pyramid block 383 may be
disposed within body portion 382 to form the axial pessageway 311, The sheath 348 can be
formed of a plastic or other material that provides a reduced frictional surface for contact
with the clutch pin 115 to reduce wear over time,

{8051} Roterring now to FIGE, 7-9, the assembly of the collar component 288 and the hub
gompongnt 300 of the rotatable prosthetic adapter 1000 will be discussed.  Beginning with
FIG, 7, when a user desires to use the rotatable prosthetic 1008, he/she first couples the collar
component 208 to the residual Hmb 20 vsing the sleeve assembly 100 so that the cluteh pin
115 extends along the first ventral axis I of the collar component 208, as discussed above
with respect fo FIG. 1. The user also couples the hab component 308 to the desired
prosthesis 18 {omitted from FIGS. 7-9 for clarity} using the pyramid block 363, as also
discussed above with respect to FIG, 1. W necessary, the sef serewy 212 ave adjustad to
ensure that the set serews 212 are in g retracted state n which the ip portions 213 of the set
serews 212 do not protrude from the inner surface 208 of the collar 285 {i.c., into the central

cavily 209}, When in the retracted state, the set serews 212 do not interfere with ov obstruct

12

s



WO 2011/009136 PCT/US2010/042479

the hub 201 from being fully Inserted fully into (tr removed from) the central cavity 209 of
the collar 208
{00521 Once this s done, the hub component 2H is ahgned with the collar component 300 so
that first and second contral axes I-Fand H-H are substantially coaxial. The hub component
204 15 then translated ina divection along the sevond central axis I1-H, indicated by amow B
{0083} The teanstation of the hub component 200 aloog the second central axis H-H is
continued until the hub 301 shides into the central cavity 209 of the collar 285 so that the
bottom surtace 218 of the collar 285 of the collar component 206 s in surface contact with
the top surface 384 of the body portion 303 of the hub component 200, thereby forming an
mterface therebetween, Concurrently during this translation, the clutch pin 118 also shides
into axial passageway 311 of the hub component 308, thereby engaging the locking gear 332
as discussed above, At this stage, the hub 332 s positioned within the central cavity of the
collar 208, and the clutch pin 118 s positioned withon the axial passageway 311, as ilhstrated
i FiG. &,
[8034] Referring now to FIG, §, the hub component 208 is assembled to the collar
ceamponent 308 by the positioning of the hub 302 within the central cavity 289 of the collar
25, However, the set screws 212 remain in their retracted state. As mentioned above, even
in thix arrangement, because the transverse cross-sectional profiles of the inner surface 208 of
the collar 208 and the annular Hange 306 bave substantially the same diameter, the first and
second central axes I and - are forced into coaxial alignment and the hub 3681 cannot be
rotated to move the first and second central axes I-F and H-I¥ owt of coamaad alignment
without first removing the hub 361 fram the central cavity 209, Thought of another way, as
Hustrated in FIG. 8, the hub 301 has only two degrees of freedor, namely rotation about the
fivst contral axis -1 and trapslation along the st contral axis I out of the central cavity
209, As can be seen, at this stage, the annular flange 3006 is located sbove the st screws 212
{and threaded holes 211} and the annular groove 308 is in transverse alipnment with the set
serews 212 ¢and threaded holes 211
[BOSS} Once the relative positioning of FIG. 8 is achieved, the user adjosts the set serews 212
from the retracted stafe into an anti-rofation state in which the tip porlions 213 of the set
serews 212 protrude from the inner swrface 208 of the collar 288, move into the annalar
gropve 308 of the hub 301, and engage the inclined portion 307 A of the Hoor 307 of the
annular groove 308, This arrangement is iHustrated in FIG.S.

{056} Referring now to FIGL 9, when the set serows 212 are in the anti-rotation state, the
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hub 301 is prohibited from rotating about the first central axis I-1 within the contral cavity
209 of the collar 208, Additionally, the contact between the tip portions 213 of the set screws
212 and the inchined portions 307A of the floor 3087 of the annular groove 308 vrees the b
component 300 and the collar component 2688 together, thereby providing an improved
connection and rigidity betweon the two components 200, 300, The inclined nature of the
floor portion 07 A results in the set serews 212 generating an axial foree on the hub
component 308 as the set screws ave tightened, thereby further forcing the hub component
360 and the collar component 200 to pull closer together. As a result, the engagerent
between the hub component 38 and the collar component 288 becomes stronger and refative
ritation between the two components 200, 300 1s prohibited.

{0571 While not tHustrated, i is important to understand that in the event the prosthesis 18
were fo be undesirably rotated about the longitudinal axis A-A during use, the prosthetic
adapter 1008 of the present invention allows for a quick and disereet rotational adjastment of
the prosthests H without the danger of the prosthesis 10 becoming completely separated
from the residoal limb 28, This ix accomplished by adjusting the set screws 212 to an
mtermediate state between the retracted state and the anti-rotation state in which the tip
portions 213 of the set serews 212 extend into the smnular groove 308 of the hub 301 but do
not engage the floor 307, {n this state, referred to as the axial locking state, the hub 301 can
retate about the first contral axis -1 but is prohibited frony transiating along the first central
axis I-1 out of the central cavity 209 deeto contact bebween the Up portions 213 of the set
serews 212 and the annular Bange 306.

[8058] Referring now to FIGS, 10-14 concurrently, & rotatable prosthetic adapter 2000
according 1o a second embodiment of the present fuvention s illnstrated. The rolatable
prosthetic adapter 2000 of FIGS. 10-14 is identical 1o the rotatable prosthetic adapter 1064 of
FIGS. 19 with the exception that: (1) the collar component 2288 comprises a pyranud block
veceiver 3300 rather than an annular Bange; and (23 the hab component 2380 comprises a
pyramid block receiver 2608 as its body portion vather than a shuttle-lock. Thus in order o
avoid redundancy, only those aspects of the rotatable prosthetic adapter 2000 that are
ditferent than the rotatable prosthetic adapter 1800 of FIGS, 19 will be discussed herein with
the understanding that the aforementioned discussion of FIGS. 1.9 is apphicable. Moreover,
i FIGS. 10-14, ke numbers are used to identify Hke clements with the exception that the
mumnbers are in the “20007 series. For example, “the tapered portion 347A of the floor 307 of

the annular groove 388” from FIGS. 149 corvesponds to “the tapered portion 23078 of the
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Hoor 2307 of the annudar groove 2308 from FIGS. 10-14.

{8059} The rotatable prosthetic adapier 2008 comprises a collar component 228 and # hub
component 2308, The collar coraponent 2208 i3  tobolar structure comprising a pyranud
Bock receiver 2500 and a collar 2285, The pyranid Hodk receiver 2800 forms an upper
portion of the collar component 2200 while the collar 2285 forms a lower portion of the
collar component 2200, The pyranid block recetver 2580 extends from a top of the collar
2208 and iy integrally formed therewith, The pyranid block receiver 2500 is an annudar and
stight conical strocture comprising a pyramid block recelving cavity 2558 that is sized and
shaped to reeeive a male pyramid block. The pyramid block receiving cavity 2556 is i
spatial communication with the central cavity 2209 of the collar 2208, The pyramid block
receiver 2308 comprises & phurality of threaded holes 22171 arranged in spaced apart manner
and aligned at a non-normal angle relative o the first contral axis 11 Sot serows 212
threadliy engage the threaded boles 2211 of the pyramid block receiving cavity 2550,

[8068] The hub component 2308 is 8 tubular structure comprising a hub 2361 and a pyramid
black receiver 2600, The hub 2381 forms an upper portion of the hub component 2368 while
the pyranud block receiver 2600 forms a lower portion of the bub component 2300, The hub
2301 extends from a top surface 2304 of the pyramid block receiver 2600 and is integrally
formed therewith. The pyranud block receiver 2600 i3 an annular and shight conical structure
comprising a pyramid block recelving cavity 2630 that is sized and shaped to recive a male
pyramid block. The pyramid block receiving cavilty 2680 1s i spatial communication with a
passageway 2311 of the hub 2381, The pyramid block receiver 2600 comprises a plurality of
threaded holes 2211 arranged in spaced apart manner and aligned at @ non-normal angle
refative 1o the first contral axis I Set serews 2212 threadliyv engage the threaded holes 2211
of the pyramid hlock receiving cavity 2884,

{80611 The floor 2307 of the hub 2361 is formed only of an inclined portion 2307A that is
preferably angled between 17 and 37 relative to the axis T, and more prefecably 2° velative
to the axis H-IE. OF course, the invention i3 ol so hmited and the floor 2367 of the hub 2361
may have an inclined portion and a portion that is parallel to the axis H-1¥ as deseribed
above,

{6062} The hub 2381 of the hub component 2300 mates with the contral cavity 2209 of the
cotlar 2208 of the collar component 2200 in the exact same manner as that set forth above
with respect to FIGS. 149, Additionally, while both of the hab component 2300 and the

collar component 2280 comprise a pyramid block recetver, either or both of these pyramid

-
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block receivers can be replaced by a male pyramid block or another type of coupling or
hnking strocture as desired. 1t should hecome apparent from the discussion set forth herein
that the hub and collar coupling concept of the present invention can be used with almost any
other struehare,

{80631 Finally, in the embodiments of the rotatable prosthetic adapters 1000, 2000 iHustrated
i FIGS. 1-14, set sorews are the exemplified anti-rofation momber that 1 adjustable o
achieve the desired retracted, axial-locking, and anti-rotation states. The invention, however,
i pot Himited to the use of st serews as the anti-rotation member. In other embodiments, the
anti-rotation member may take the form of one or more spring-loaded cylindrical ping that
extend through the collar. o such an embodiment, the spring-loaded cylindrical pins may be
biased into the anti-rotations state and have a locking mechanism for holding the spring-

foaded cylindrical pins in the retracted state during assembly, Addutionally, in another

embodiment, a clamp can be used to either adjust the engagement force tmparted by the

collar on the hub anddor to extond and retract protrusions inte and out of the central cavity
through adjusiment of the clamp. Furthermore, while the anti~rotativny member is preforably
s the form of oviindrical element, such as a serew or pin, 11 15 1o be anderstood that the anti-
rotation member can take on a wide variety of structures, including arcuate members, block-
fike members, or any protuberance.

{6064} While a number of embodiments of the curtent invention have been described and
Hlustrated in detail, various alternatives and modifications will become readily apparent to
those skilled in the art without departing from the spirit and scope of the nvention. As
vartous changes could be made in the sbove methods, compositions and structures without
departing from the scope of the invention, it iy intended that all matter contained in this
application, including all mechanisms andéor modes of nteraction described above, shall be

inferpreted as iflustrative only and not liniting in any way the scope of the appended claims.
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Claims

What is clatmed 1

L. A prosthetic adapier comprising:

a first coraponent adapted to be coupled to a residual imby

it second component adapted to be coupled o a prosthesis, the first and second
connponents adapted to be repetitively coupled and separated from one another;

the first component or the second component comprising a colfar having an outer
surface and an inner surface, the inner surface forming a central cavity about a fivst contral
axis;

the other one of the first component or the second component compuising a body
portion and & eviindrical hub extending from the body portion along a second central axiy, the
cylindrical hub positioned in the central cavity so that the first and second contral axes are
substantially coaxial; and

an anti-rotation member adjustable behween: (1) a first state in which the anti-rotation
mentber does not obstruct the eylindrical bub from being transiated along the first central axis
ot of the contral cavity: (2) a second state in which the anti-rotation meomber prohibits the
cyvlindrical hub from being translated along the first central axis out of the ventral cavity
while allowing the evlindrical bub to rotate within the central cavity of the collar about the
first contral axis: and (3} a thind state in which the snti-rotation member prohibits the
cytindrical hub from being translated along the fivst contral axis out of the central cavity of
the collar and prohibits rotation of the ovlindrical hub within the contral cavily of the collar

about the fivst central axis.

2. The prosthetic adapter of elaim | further comprising: the oviindrical hub comprising an
annular groove circumferentially surrounding the second central axds; and an annelar flangs
circuntferentially surrounding the second central axis, the sromlar groove located bebween the
annular fange and the body portion; the anti-rotation member comprising at least one
cyvlindrical slement that extends through a bole extending from the outer surface of the collar
1o the mner surface of the collar; and wherein, in the first state, the ovlindrical element does
nat protrode from the inper surface of the collar, and, in the seeond state, a tip portion of the

cyhindrical element extends into the sannular groove but does not contact a Hloor of the annular
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groove, and, in the third state, the tip portion of the set screw engages the Hoor of the annular

QrOOVE.

3. The prosthetic adaptor of ¢laim 2 further comprising: at Ieast a portion of the {leor of the
annelar groove being dnclined relative to the secotsd contral axis; the inclined portion having a
civeular transyverse eross-sectional profile that tapers in size moving toward the body portion:
and wherein, in the third state, the tip portion of the of the ovlindrical eloment engages the
incdined portion of the floor of the annular groove, thoreby urging the fivst and second

components together,

4. The prosthetic adapter of claim 3 wherein the eylindrical element is g set serew and the

hole is threaded, the set serew in thieaded cooperation within the threaded hole.

5. The prosthetic adapter of claim 1 further comprising: g sleeve assembly having a cavity in
which the restdual limb nests, the sleeve assembly comprising 8 pin extending therefrom, the
{Trst compongent comprising the eollar and [ixed to the sleeve assembly so that the pin extends
through the central cavity of the collar alomg the first central axis.,

&, The prosthetic adapier of claim 3 wherein the sfewve assembly firther comprises g floxible
Hiner and a socket, and wherein the first component comprises a cop-shaped flange extending
from a top odge of the collar forming a cup-shaped depression in spatial communication with
the central cavity, the socket nesting within the cup-shaped depression and the first

fixed 1o the flexible liner.

component fixed o the socked, and wherain the pin s

7. The prosthetic adapter of claim % wherein the second component comprises the eylindrical
hub and the body portion, and whevein the second component is a shuttle loek comprising: an
axial passageway extending along the second central axis through the eylindrical hub and the
body portion, the pin extending into the axial passageway, and a clutch mechanisnt extending
through a transverse passageway, the cluteh mechanism actugtable between a first position
which the pin is engaged by the cluich mechanism and a second position tn which the pin s

not engaged by the cluich roechanism.
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8. The prosthetic adapter of claim 7 wherein when the clutch mechanism is in the fiest

position, the pin can be translated only 0 & single divection along the second central axis.

9. The prosthetic adapter of claim 8 wherein the clutch mechanism comprises a rod
exiending transversely through the main bady portion of the sscond component, 8 one-way
bearing, a gear located at a distal end of the rod, and a helical spring that biases the gear inlo

the tivst position.

10, The prosthetic adapter of clam 9 fudther comprising & cleaning passageway extending

froma the outer surface of the second component to the transverse passageway.

L The prosthetie adapter of ¢laim 1 wherein the first componant comprises an upper
portion and & kewwer portion, the upper portion of the first component comprising a first
pyramid block receiving cavity, the lower portion of the first component comprising the
collar, and wherein the second component comprises an apper portion and lower portion, the
gpper portion of the second cormponent comprising the eylindrical hub, the fower portion of
the second component comprising the body portion having a second pyramid block receiving

cavity,

12, The prosthetic adapler of claim | wherein when the anti-rotation member is in the first
state, the cylindrical hub can pot be pivoted 0 move the first and second contrad axes out of
coaxiad alignment without transiating the eylindrical hub at {oast partially out of the contral

cavity of the collar.

13, The prosthetic adapter of claim | wherein the colfar comprises a bottom surface and the
body portion comprises a top surface, the eylindrical hub extending from the top surtace of
the body portion, and wherein the boltom suwrface of the collar and the top surface ol the body
portion are in contact with one another 5o as to form an interface extending transversely ©

the first and second axes,

14, The prosthetic adapter of claim | further comprising: the ovlindrical hub comprising: an

annular flange cireumferentially sarrownding the second central axiy, the anpalar flange
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having a cireular ransverse eross-seetional profile having a first diameter; the nner surface
of the collar having a civcular transverse cross-sectional profile having a second diameter;

and wherein the first and second diameters are substantially equal,

15, A prosthetic adapler comprising:

a first coraponent adapted to be coupled to a residual imby

it second component adapted (0 be coupled to a prosthesis;

the first component o the seeond componant comprising a collar having an outer
surface and an inner surface, the nner surface forming a central cavity about a st central
avis;

the other one of the first component or the second component comprising a body
portion aud & hob extending from the body portion along a second central axis, the hub
having a Jange extending transversely from the hab, the flange spaced from the body portion

se that a groove is formed between the body portion and the flange;
the inner surface of the collar having a cirenlar fransesrse cross-sectional profile having a
second diameter, wherein the first and seeond diameters are substantially equal, the bub
positioned in the central cavity so that the first and second contral axes are substantially
coaxial; and

an element extending through the collar and adjustable between: (1) a vetracted state
i which the element does pot protrude from the inner surface of the collar; and (2) an anti-
rotation state in which a tip portion of the element extends into the annular groove and

engages a floor of the annular groove,

16, The prosthetic adapter of claim 13 further comprising: at least a portion of the floor of
the groove being inclined relative to the second central axis; the inclined postion having a
tramsverse cross-sectional profile that tapers in size moving toward the body portion; and
wherein, in the anti-rotation state, the tip portion of the of the element engages the inclined
portion of the floor of the annular groove, thereby urging the first and second components

together.

17. The prosthetic adapter of claim {5 wherein the clement is further adjustable between (1)

the retracted state, (2} the anti-rotation state, and {3} an axial locking state 1y which the tip

20
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portion of the clement extends into the annular groove but does not contact the floor of the
avpsutar groove, thereby probibiting the collar from being transtated out of the central cavity
of the collar while aHowing the hub to rotate within the contrad cavity of the collar about the
first contral axis; and wherein the element is a sot sorew in threaded cooperation with a

threaded hole of the collar.

18, The prosthetic sdapter of claiia 15 further comprising a sleeve assembly having a cavity
i which the residual Hmb nests, the sleove assembly comprising a pin extending therefrom,
the first component comprising the collar and fixed to the sleeve assembly so that the pin
extends through the contral cavity of the collar along the first contral axis; and wherein the
first component comprises a cup-shaped flange extending from a top edge of the collar
forming a cup-shaped cavity in spatial comanmication with the central cavity, and wherein
the second component comprises the bub, and wherein the second component is & shuitle

ek,

19, The prosthetic adapter of claim 13 wherein the first component comprises an upper
portion and & lower portion, the upper portion of the first component comprising a first
pyramid block receiving cavity, the lower portion of the first component comprising the
collar; wherein the second component comprises an upper portion and lower portion, the
upper portion of the second componient comprising the hub, the lower portion of the seeond
component comprising the body portion having a second pyranud block recelving cavity;
wherein the upper portion of the first component comprises a plurality of set serows for
operably engaging a pyramid block disposed within the fest pyramid block recetving cavity;
and wherein the lower portion of the second component comprises a plurality of set screws
for operably engaging a pyramid block disposed within the sceond pyramid hlock receiving

cavity.

20. A prosthetic adapter comprising:
3 first component adapied o be coupled to a rexidual fimb;
aaccond component adapied to be coupled to & prosthesis, the st and second

components adapted to be repetitively coupled and separated from one another;
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the first component or the second component comprising a collar having an outer
surface and an inner surface, the Inper surface Torming a central cavity formed about a first
central axis;

the other one of the first component or the second component comprising a body
postion and a hub extending frov the body portion along a second central axis, the hub
positioned in the central cavity so that the Hirst and second central axes are substantially
cQaxial;

whereln when the hub is positioned within the central cavity of the collar, the hub has
only two degrees of freedom, a first of the two degrees of freedom being rotation about the
fivst contral axis, and a second degree of the two degrees froedom being translation along the

first contral axis.

21, The prosthetic adapter of clatm 20 further comprising an anti-rotation member adjustable
between: (1) a first state in which the anti-rotation moember does not abstruct the hub from
being translated out of the central cavity along the first cemtral axis; (2) a second state in
which the anti-rotation member prohibits the hub from being translated out of the central
cavity of the collar along the first contral axis while allowing the hub to rotate within the
central cavity of the collar about the first ceniral axis; and (3) a third state in which the anti-
rotation member prohibifs the hub from being transiated out of the central cavity of the colfar
alomig the fivet ceontral axis and prohibits rotation of the hub within the central cavity of the

codlar about the first central axis.

Y
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