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ALIGNABLE COUPLING ASSEMBLY FOR 
CONNECTING TWO PROSTHETIC LIMB 

COMPONENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 14/703,481 entitled “ALIGNABLE 
COUPLING ASSEMBLY FOR CONNECTING TWO 
PROSTHETIC LIMB COMPONENTS," filed May 4, 2015, 
which claims priority to U.S. Provisional Patent Application 
No. 61/988,824, filed May 5, 2014. The full disclosures of 
the above-listed patent applications are hereby incorporated 
by reference for all purposes. 

INCORPORATION BY REFERENCE 

0002 All publications and patent applications mentioned 
in this specification are herein incorporated by reference to 
the same extent as if each Such individual publication or 
patent application were specifically and individually indi 
cated to be so incorporated by reference. 

TECHNICAL FIELD 

0003. The technology relates to an alignable coupling 
assembly to connect two structural elements together to 
provide stabilizable, rotational capability and alignment 
adjustment of one structural element with respect to the 
other. More particularly, the alignable coupling assembly 
may be applied to the coupling of a proximal and a distal 
prosthetic component. 

BACKGROUND 

0004 Prosthetic limbs for the upper and lower extremi 
ties typically include a residual limb Socket, an alignment 
system, and a distal prosthetic component, such as a knee, 
foot, arm, or hand. For any prosthetic limb, the prosthetic 
Socket is the portion of the prosthesis that is designed to fit 
on the residual limb and connect with the rest of the 
prosthetic components. The prosthetic Socket contains the 
residual limb and provides the functional connection to the 
distal components. If the prosthetic socket does not fit 
properly, it can be uncomfortable for the patient, even to a 
level of intolerability. If the fit is poor, even to a minor 
degree, functionality of the distal prosthetic component is 
compromised. Similarly, alignment of a prosthetic element 
distal to the Socket needs to be biomechanically appropriate 
for the patient. If alignment is wrong, the prosthetic Socket 
can become uncomfortable when worn, even if it ostensibly 
fits well. And similarly, if alignment between the prosthetic 
socket and the distal functional prosthetic element or device 
is wrong, the functionality of the distal device can also be 
severely compromised. 
0005 Biomechanically appropriate alignment between a 
prosthetic Socket and the distal prosthetic component to 
which it is coupled generally refers to the relationship of the 
longitudinal axes of the two prosthetic components and the 
rotational relationships with reference to an anterior-poste 
rior lateral-medial (AP/LM) orientation. These relationships 
include (1) the offset distance between the two longitudinal 
axes at the point of coupling, (2) the position of the 
longitudinal axis of the distal component at the point of 
coupling with reference to an AP/LM grid centered on the 
longitudinal axis of the prosthetic socket, (3) the rotational 
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relationship of an AP/LM grid centered on the longitudinal 
axis of the distal component with reference to an AP/LM 
grid centered on the prosthetic socket, and (4) the relation 
ship of the angular orientation of the longitudinal axis of the 
distal component in space with respect to that of the pros 
thetic Socket. 

0006 Prior art solutions to aligning the distal prosthetic 
component with respect to the prosthetic Socket commonly 
involve more than one aligning device and multiple adjust 
ment mechanisms, as well as an extended build height 
associated with the multiple devices. Build height generally 
refers to the distance from the distal end of the prosthetic 
limb to the effective distal end of the prosthetic socket, at 
which point a distal component, such as a knee, can be 
joined. Excessive build height can be problematic for indi 
viduals with a relatively long transfemoral amputation or a 
knee disarticulation amputation in that the prosthetic knee 
becomes located at a greater length from the hip than is the 
intact contralateral knee. 

0007 Due to the various shortcomings of available align 
ment systems in the field of prosthetics, a solution that 
provided multiple degrees of alignment freedom within a 
single, low profile mechanism would be welcome. Further 
welcomed would be a low profile mechanism having a 
consolidated approach to adjusting and stabilizing these 
multiple degrees of freedom. At least some of these objec 
tives will be met by the embodiments described herein. 

SUMMARY 

0008. An alignable coupling assembly for connecting 
proximal and distal prosthetic limb components together, as 
well as methods of coupling and aligning prosthetic com 
ponents, are disclosed herein. Embodiments of an alignable 
coupling assembly may be used to couple together any two 
prosthetic components for which it is advantageous to be 
able to control the alignment of the longitudinal axis of the 
distal component with respect to the longitudinal axis of the 
proximal component. Prosthetic sockets for which embodi 
ments of the provided alignable coupling assembly are 
suitable include embodiments of a modular prosthetic socket 
(as described in U.S. Published App. No. 2013/0123940 and 
U.S. patent application Ser. No. 14/213,788) as well as any 
Suitable prior art plastic prosthetic Sockets. An exemplary 
embodiment of the technology relates to a prosthetic Socket 
for a transfemoral or knee disarticulation amputation, the 
prosthetic socket connected by way of an embodiment of the 
provided alignable coupling assembly to a prosthetic lower 
limb component. Embodiments of an alignable coupling 
assembly can make use of various known mechanisms or 
adapters for coupling distal prosthetic components. By way 
of example, some embodiments disclosed herein make use 
of longitudinal connector with a pyramidal connecting fea 
tures, some embodiments make use of a 4-hole adapter, and 
Some can include both types of distal connecting features. 
0009. In one embodiment, an alignable coupling assem 
bly includes a pair of circular plates, a proximal plate and a 
distal plate, and a Support plate having circular receptacle 
that rotatably supports the pair of plates. The Support plate 
is external to the pair of circular plates, and the Support plate 
and the pair of circular plates are collectively coplanar. 
These paired circular plates are configured Such that they are 
adjustable between in an unpressed condition or a pressed 
condition; the unpressed condition allows rotation of the 
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paired plates within the circular receptacle of the Support 
plate, and the pressed condition prevents rotation of the 
paired plates. 
0010. In one embodiment, an alignable coupling assem 
bly includes a pair of circular plates, comprising (a) a 
proximal plate, (b) a distal plate, and (c) a diagonally 
oriented rectangular through-slot, and a Support plate having 
a circular receptacle, the pair of circular plates rotatably 
supported therein. This embodiment further includes a lon 
gitudinal connector slidably aligned through the rectangular 
slot; the longitudinal connector includes a distally narrowing 
wedge portion positioned within the rectangular slot and a 
distal portion positioned distal to the slot. The distal portion 
of the longitudinal connector includes a distally directed 
connecting feature for the distal prosthetic component. 
0011. In some embodiments of the alignable coupling 
assembly, the Support plate is fixedly connected to the 
proximal prosthetic component, Such as a prosthetic Socket 
base structure or portion, and the circular plates are con 
nected to the distal prosthetic component by way of the 
longitudinal connector. Some embodiments of an alignable 
coupling assembly may further include a prosthetic Socket 
base plate proximal to the Support plate, the Support plate 
fastened fixedly thereto. 
0012. In some embodiments of the alignable coupling 
assembly, the paired circular plates are configured Such that 
they can be in an unpressed condition or a pressed condition, 
and a distal pull of the longitudinal connector puts the plates 
in a pressed condition. An unpressed condition allows (1) 
rotation of the paired plates within the circular receptacle of 
the Support plate and (2) radial sliding of the longitudinal 
connector within the slot, whereas a pressed condition 
prevents rotation of the paired plates and prevents radial 
sliding of the longitudinal connector. In some of these 
embodiments, the longitudinal connector and the rectangular 
slot are configured such that a distal pull on the longitudinal 
connector pulls the proximal circular plate distally, causing 
the proximal and distal circular plates to be pressed together. 
As described further below in the context of embodiments 
that include a 4-hole adapter, other mechanisms may also be 
used to put the circular plates into a pressed condition. 
0013. In some embodiments of the alignable coupling 
assembly, the pair of circular plates has a first mateable 
feature and the circular receptacle has a second mateable 
feature complementary to the first mateable feature of the 
paired circular plates. These first and second mateable 
features cooperate to rotatably Support the paired circular 
plates within the circular receptacle. These same features 
may also be used to form a first friction lock, as discussed 
below. 

0014. In some embodiments of the alignable coupling 
assembly, the rectangular slot has a length along a diagonal 
line across the circular plates, and the longitudinal connector 
is positionable at any point within the length of the through 
slot. In some embodiments, the rectangular slot is disposed 
Such that it traverses a center of the paired circular plates, 
thereby allowing the longitudinal connector to occupy a 
centrally aligned neutral position. 
0015. In some embodiments of the alignable coupling 
assembly, the longitudinal connector is rotatable with 
respect to the proximal prosthetic component, this rotatabil 
ity enabled at least by rotatability of the paired circular 
plates within the circular receptacle of the Support plate. 
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0016. In some embodiments of the alignable coupling 
assembly, the rectangular through-slot comprises an inner 
wall on both longitudinal aspects of the through-slot, each 
wall having a proximal inner wall portion and a distal inner 
wall portion, corresponding, respectively to the proximal 
and distal circular plates. Each inner wall includes a cham 
fered angle portion that is complementary to a chamfered 
angle of the wedge portion of the longitudinal connector. 
0017. In some embodiments of the alignable coupling 
assembly, the rotatability of the circular plates and the 
slidability of the longitudinal connector within the slot 
cooperate to allow the longitudinal connector to be posi 
tioned at any point within an AP/ML grid centered at a 
longitudinal axis of the proximal prosthetic component. In 
such embodiments, rotatability of the pair of circular plates 
allows positioning of the longitudinal axis of the distal 
prosthetic component at an offset position on an AP/ML grid 
centered on the longitudinal axis of the proximal prosthetic 
component, and slidability of the longitudinal connector 
within the slot allows positioning of the longitudinal axis of 
the distal prosthetic component at an offset distance from a 
longitudinal axis of the proximal prosthetic component. 
0018. Accordingly, in such embodiments, the (1) rotat 
ability of the circular plates and (2) the slidability of the 
longitudinal connector within the slot cooperate to allow the 
longitudinal connector to be positioned at any point within 
an AP/ML grid centered at a longitudinal axis of the proxi 
mal prosthetic component and bounded by the circumfer 
ential perimeter of the rotatable circular plates. By virtue of 
the longitudinal connector being positionable at any point 
within the AP/ML grid defined by the longitudinal axis of 
the prosthetic component, the distal prosthetic component is 
rotatable on its own longitudinal axis with respect to the 
proximal prosthetic component at any Such described point 
on the AP/ML grid. Further by virtue of the longitudinal 
connector being so positionable on the AP/ML grid, the 
longitudinal axis of the distal prosthetic component can vary 
angularly with respect to the longitudinal axis of proximal 
prosthetic component at any intersectional point within the 
AP/ML grid. 
0019. In some embodiments of the alignable coupling 
assembly, the pair of circular plates and the circular recep 
tacle cooperate to rotatably Support the paired circular plates 
within the circular receptacle, and are configured to form a 
first frictional lock upon being pressed together. Further, the 
wedge portion for the longitudinal connector and the slot are 
configured to form a second frictional lock upon the wedge 
being pulled distally into the slot. In such embodiments, 
wherein structures of the alignable coupling assembly inter 
act to Support movements (rotation and sliding, respectively) 
and to form friction locks (first and second, respectively), 
these structures are coplanar within a plane orthogonal to a 
longitudinal axis of the alignable coupling assembly. 
0020 Coplanarity of structures that are associated with 
different functionality is advantageously conservative with 
regard to total length of an alignable coupling assembly 
compared to alternative solutions in which structures would 
be arranged separately along a longitudinal axis. In the 
context of a prosthetic Socket, particularly in the case of 
patients with long femoral residual limbs, or for patients 
with knee disarticulation amputations, it is desirable to 
minimize build height in order have a knee placed at a 
desirable location. Minimizing the length of an alignable 
coupling assembly minimizes build height. 
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0021. In some embodiments, an alignable coupling 
assembly for connecting proximal and distal prosthetic limb 
components together includes a pair of circular plates having 
(a) a proximal plate, (b) a distal plate, and (c) a diagonally 
oriented rectangular through-slot. These embodiments fur 
ther include a Support plate and a longitudinal connector 
slidably disposed in a rectangular slot through the circular 
plates, as Summarized above. In such embodiments, the 
rotatability of the circular plates and the slidability of the 
longitudinal connector within the slot cooperate to allow the 
longitudinal connector to be positioned at any point within 
an AP/ML grid centered at a longitudinal axis of the proxi 
mal prosthetic component. 
0022. The rotatability of the circular plates and the slid 
ability of the longitudinal connector within the slot cooper 
ate to allow the distal prosthetic component to rotate with 
respect to the proximal prosthetic component at Such any 
point within the AP/ML grid centered at a longitudinal axis 
of the proximal prosthetic component. And the rotatability 
of the circular plates and the slidability of the longitudinal 
connector within the slot cooperate to allow the longitudinal 
axis of the distal prosthetic component to vary angularly 
with respect to the longitudinal axis of proximal prosthetic 
component at point of intersection, Such intersection occur 
ring at any point within the AP/ML grid centered at a 
longitudinal axis of the proximal prosthetic component. 
0023. In some embodiments of an alignable coupling 
assembly for connecting proximal and distal prosthetic limb 
components together, the rotatable circular plates take the 
form of a conventional 4-hole adapter, as widely used and 
useful in the prosthetic arts. In these embodiments, the 
circular plates include four bolt holes in a square arrange 
ment, to which a wide variety of more distal adapters or 
prosthetic components can attach. These embodiments 
include all the features and functionalities of the arrange 
ment of the paired circular plates disposed within the 
circular receptacle of the Support plate as described above. 
These features and functionalities support rotatability of the 
circular plates as well as the first friction lock, as described 
above, which prevents rotation, locking the rotational rela 
tionship between the circular plates and the host receptacle 
within the Support plate at any degree of rotation. 
0024. Such embodiments, with the circular plates con 
figured as a 4-hole adapter, may be configured Such that the 
four holes can serve more than one function. In one aspect, 
the holes serve as receptacles for bolts that connect distal 
adaptors or prosthetic components to the alignable coupling 
assembly. In a second aspect, bolts in the 4 holes can serve 
to connect the distal circular plate to the proximal circular 
plate. In yet another aspect, the bolts can serve as a pressing 
mechanism that draws the distal and proximal plates 
together, thereby serving Substantially the same function as 
the longitudinal connector when it is exerting a distal pull, 
as described above. 

0025 Thus, some particular embodiments of an alignable 
coupling assembly for connecting proximal and distal pros 
thetic limb components together include a pair of circular 
plates comprising a proximal plate and a distal plate the 
plates comprising four bolt receptacles therethrough 
arranged as a square and bolts threadably disposed therein, 
thereby connecting the circular plates. This coupling assem 
bly embodiment further includes a Support plate having a 
circular receptacle that rotatably Supports the pair of circular 
plates by way of mutually interdigitating mateable features. 
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These mutually interdigitating mateable features, disposed 
both on the circular plates and its host receptacle, are 
configured to form a rotation-preventing friction lock upon 
being pressed together. The circular plates and 4 bolts are 
configured such that when the bolts are tightened, they 
create a press that draws the plates together, thereby engag 
ing the friction lock. 
0026. Some of these embodiments that include circular 
plates configured as a 4-hole adapter, the circular plates 
further include a rectangular slot therethrough, as Summa 
rized above. Some of these particular embodiments further 
include a longitudinal connector slidably aligned through the 
rectangular slot, the longitudinal connector comprising a 
distally narrowing wedge portion positioned within the 
rectangular slot and a distal portion positioned distal to the 
slot, the distal portion comprising a distally-directed con 
necting feature for the distal prosthetic component. 
0027. As may be understood from the foregoing, embodi 
ments of an alignable coupling assembly with circular plates 
that provide a 4-hole adapter may include several configu 
rations. In some embodiments or configurations, the circular 
plates do not have a rectangular slot, and may instead be 
Solid across the central aspect of the plates, or have a circular 
opening. These embodiments, accordingly do not include a 
longitudinal connector, and thus rely on the bolts disposed 
through the four holes to connect the distal circular plate to 
the proximal circular plate, and further rely on the bolts to 
draw the distal and proximal circular plates to create a first 
friction lock as described above. 

0028. Some embodiments or configurations of an align 
able coupling assembly that include circular plates having 
the form of a 4-hole adapter, the circular plates do include 
a rectangular slot, as described above in the context of the 
first embodiment. This embodiment of an alignable coupling 
assembly may or may not include a longitudinal connector 
disposed within the slot. In an embodiment that has a 
rectangular slot but no longitudinal connector, the rectan 
gular slot is present simply because the paired circular plates 
with a slot function perfectly well in this embodiment, and 
allow these paired circular plates, as a component, to be 
universal for embodiments that do and do not make use of 
a longitudinal connector. 
0029. In an embodiment with (1) a 4-hole adapter and (2) 
a rectangular slot with a longitudinal connector disposed 
therein, these features and functionalities associated with the 
slidability of the wedge portion of the connector within the 
slot, and the engagement of a second friction lock as 
described above, all apply to this embodiment. Additionally, 
the coincident presence of the 4-hole adapter and the lon 
gitudinal connector represents a useful connecting redun 
dancy. 
0030 Although embodiments of the alignable coupling 
assembly, as provided herein, are suitable for modular 
prosthetic sockets (see U.S. Published App. No. 2013/ 
0123940 and U.S. patent application Ser. No. 14/213,788), 
various embodiments are equally Suitable for application to 
prior art plastic prosthetic Sockets. Prior art prosthetic Sock 
ets may be formed from different types of plastic, and by 
various fabrication processes, but they typically have one or 
more complex curved surfaces that define a cavity config 
ured to Substantially complement the shape and dimensions 
of a residual limb, and a distal portion that is substantially 
fixed in shape and dimension. 
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0031. Some prior art plastic devices are made from 
thermoplastic materials that are draped over a positive mold 
and formed as an integral device. Alignable coupling assem 
bly embodiments, as provided herein, can be incorporated 
into these plastic prosthetic Sockets by cutting or drilling 
into the integral Surface, and making appropriate attach 
mentS. 

0032. Other prior art plastic devices are built up in a 
laminating process, whereby layers of plastic are serially 
wrapped around a positive mold, with various portions 
blocked off by dummy pieces to leave openings that can be 
used for attachments and various features. Alignable cou 
pling assembly embodiments, as provided herein, can be 
incorporated into these laminated prosthetic sockets vari 
ously by laminating them directly into the Socket during the 
lamination process, and/or by using dummy blocking pieces 
that provide sites into which an embodiment of an alignable 
coupling assembly may be fitted. 
0033 Embodiments of the alignable coupling assembly 
may include features that are particularly advantageous for 
inclusion in a laminated context, for example, exposed 
joining sites or crevices within the assembly may be covered 
so as to prevent exposure of these vulnerable sites to 
laminating resins, or the assembly may include particular 
circumferential notches or indentations that can stabilize the 
assembly against unwanted rotational movement within the 
laminated socket. With regard to methods of fabricating a 
laminated Socket that includes an embodiment of an align 
able coupling assembly, some method embodiments may 
make use of a dummy that stands in for the alignable 
coupling assembly during lamination, thus sparing the cou 
pling assembly to Such exposure. 
0034. Accordingly, some particular embodiments of an 
alignable coupling assembly for connecting proximal and 
distal prosthetic limb components include a pair of circular 
plates comprising a proximal plate and a distal plate; and a 
Support plate particularly configured for instillation within 
any of a laminated plastic prosthetic Socket or a thermo 
plastic prosthetic socket, the Support plate comprising a 
circular receptacle, the pair of circular plates rotatably 
Supported therein. The circular plates and the circular recep 
tacle are configured to form a rotation preventing frictional 
lock upon being pressed together. Embodiments may 
include one or more mechanisms configured to deliver Such 
a press. 

0035. As summarized above, a 4-hole adapter arrange 
ment is advantageous when connecting a coupling assembly 
to further distal adapters or prosthetic components. Align 
able coupling assembly embodiments specifically config 
ured for various types of prior art plastic Sockets may also 
incorporate a 4-hole adapter feature. Thus, an alignable 
coupling assembly for connecting proximal and distal pros 
thetic limb components together a pair of circular plates 
comprising a proximal plate and a distal plate, the plates 
having four bolt receptacles therethrough and arranged in a 
square pattern. The assembly embodiment further includes a 
Support plate configured for instillation within any of a 
laminated plastic prosthetic Socket or a thermoplastic pros 
thetic Socket; the Support plate has a circular receptacle sized 
and configured to rotatably Support the pair of circular 
plates. The circular plates and the circular receptacle are 
configured to form a rotation-preventing frictional lock upon 
being pressed together. The circular plates and the Support 
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plate are connected by bolts through the four bolt recep 
tacles, and when tightened, the bolts affect a press that 
engages the frictional lock. 
0036. In some of these alignable coupling assembly 
embodiments having a 4-hole adapter arrangement, the pair 
of circular plates further includes a rectangular slot there 
through. And some of these embodiments may further 
include a longitudinal connector slidably aligned through the 
rectangular slot, the longitudinal connector comprising a 
distally narrowing wedge portion positioned within the 
rectangular slot and a distal portion positioned distal to the 
slot, the distal portion comprising a distally-directed con 
necting feature for the distal prosthetic component. 
0037 Various embodiments may also include methods of 
operating an embodiment of an alignable coupling assembly 
to appropriately align a distal prosthetic component with a 
proximal prosthetic component to which it is connected. 
Accordingly, a method of aligning a distal prosthetic com 
ponent with respect to a proximal prosthetic component may 
include coupling the distal and proximal prosthetic compo 
nents together, each prosthetic component comprising a 
longitudinal axis, the proximal prosthetic component includ 
ing a distally directed alignable coupling assembly config 
ured to connect to the distal prosthetic component. Follow 
ing coupling, the method includes rotating the pair of 
circular plates to position the longitudinal connector at a 
desired position within a medial-lateral/anterior-posterior 
circular grid centered at a center of the coupling assembly 
base. 

0038. Several embodiments and configurations of an 
alignable coupling assembly are described above that are 
suitable for implementing the method. Briefly, an alignable 
coupling assembly includes a pair of circular plates and a 
Support plate; the Support plate has a circular receptacle that 
rotatably supports the circular plates. The pair of circular 
plates includes (a) a proximal plate and a distal plate, and 
may further include (b) a diagonally aligned rectangular slot 
through both plates. The assembly may further include a 
longitudinal connector slidably aligned longitudinally 
through the rectangular slot. The longitudinal connector has 
a proximal wedge portion positioned within the rectangular 
slot and a distal portion positioned distal to the slot. The 
distal portion of the longitudinal connector has a distally 
directed connecting feature for the distal prosthetic compo 
nent to which the distal prosthetic component is connected 
by way of a connection feature complementary to the 
connection feature of the longitudinal connector. In some 
embodiments, the distally directed connecting feature Sup 
ports an angularly variable connection to the distal pros 
thetic component. 
0039. Either before or following the rotating step, as 
above, the method may further include sliding the longitu 
dinal connector within the slot to position the longitudinal 
connector at a desired offset distance from a center of the 
coupling assembly base. The method may further include, 
either before or following the rotating step, rotating the 
distal prosthetic component with respect to the coupling 
assembly base at the desired medial-lateral and anterior 
posterior position, and it may further include angularly 
orienting the longitudinal axis of the distal prosthetic com 
ponent with respect to the longitudinal axis of the proximal 
prosthetic component at the desired medial-lateral and ante 
rior-posterior position. 
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0040 Some embodiments of a method of aligning a distal 
prosthetic component with respect to a proximal prosthetic 
component, following the coupling step, include pulling the 
longitudinal connector distally, thereby (1) pulling the cir 
cular plates and their receptacle together to form a first 
friction lock therebetween that prevents rotation of the 
circular plates within the receptacle and (2) pulling the 
wedged portion of the longitudinal connector into the slot 
within the circular plates to form a second friction lock 
therebetween that prevents sliding of the wedge. 
0041. In such method embodiments, prior to pulling the 
longitudinal connector distally, the method may include any 
one or more of the following four steps, in any order: a) 
positioning an offset distance between the longitudinal axis 
of the distal prosthetic component relative to the longitudi 
nal axis of the prosthetic Socket; b) positioning the longi 
tudinal axis of the distal prosthetic component within an 
AP/LM grid defined by the longitudinal axis of the pros 
thetic socket; c) rotating the AP/LM orientation of the distal 
prosthetic component relative to the AP/LM orientation of 
the prosthetic socket; and d) angularly adjusting the spatial 
orientation of the longitudinal axis of the distal prosthetic 
component with respect to the spatial orientation of the 
prosthetic socket. 
0042 Embodiments of the provided technology also 
include methods of operating an embodiment of an alignable 
coupling assembly that includes a 4-hole adapter feature as 
Summarized above. The alignable coupling assembly is 
arranged to couple a proximal and distal component 
together, each component having its own longitudinal axis. 
The proximal component includes a distally directed align 
able coupling assembly configured to couple to the distal 
prosthetic component. The alignable coupling assembly 
includes a pair of circular plates, a proximal plate and a 
distal plate; the plates have four bolt receptacles there 
through arranged in a square pattern and bolts threadably 
disposed therein, connecting the two plates. The alignable 
coupling assembly further includes a Support plate having a 
circular receptacle that rotatably Supports the circular plates 
by way of mutually interdigitating mateable features. These 
mutually interdigitating mateable features are configured to 
form a rotation-preventing frictional lock upon being 
pressed together. The circular plates are connected by bolts 
through the four bolt receptacles and, when tightened, the 
bolts create a press that engages the friction lock. 
0043. Accordingly, a method of aligning a distal pros 

thetic component with respect to a proximal prosthetic 
component includes coupling the distal and proximal pros 
thetic components together, and then tightening the bolts. 
Such tightening results in pulling the interdigitating features 
of the circular plates and the circular receptacle together to 
form a friction lock therebetween that prevents rotation of 
the circular plates within the receptacle. 

BRIEF DESCRIPTION OF THE FIGURES 

0044 FIG. 1A is a front view of a modular prosthetic 
Socket with an alignable coupling assembly in a neutral 
position, according to one embodiment; 
004.5 FIG. 1B is a front view of the modular prosthetic 
socket of FIG. 1A, with the alignable coupling assembly 
adjusted so the longitudinal axis of the distal prosthetic 
component is shifted in a lateral direction with respect to the 
longitudinal axis of the prosthetic Socket; 
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0046 FIG. 1C is a side view of the modular prosthetic 
socket of FIGS. 1A and 1B, with the alignable coupling 
assembly adjusted so the longitudinal axis of the distal 
prosthetic component is shifted in a posterior direction with 
respect to the longitudinal axis of the prosthetic Socket; 
0047 FIG. 2A is a schematic top view of an alignable 
coupling assembly, illustrating freedom of positionability of 
a longitudinal axis of a distal prosthetic element with respect 
to a longitudinal axis of a prosthetic Socket within a circular 
anterior-posterior/medial-lateral (AP/ML) grid around the 
longitudinal axis of the prosthetic socket, according to one 
embodiment; 
0048 FIG. 2B is a schematic perspective view of the 
alignable coupling assembly of FIG. 2A, illustrating free 
dom of AP/ML orientation of the distal prosthetic element 
with respect to the AP/ML orientation of the prosthetic 
Socket; 
0049 FIG. 2C is a schematic perspective view of the 
alignable coupling assembly of FIGS. 2A and 2B, illustrat 
ing of variable angular orientation of the longitudinal axis of 
the distal prosthetic element with respect to the angular 
orientation of the longitudinal axis of the prosthetic Socket; 
0050 FIG. 3 is a top perspective view of an alignable 
coupling assembly for a prosthetic Socket, according to one 
embodiment; 
0051 FIG. 4 is a top perspective view of the alignable 
coupling assembly of FIG. 3, with a single strut connector 
and strut connected thereto, according to one embodiment; 
0.052 FIG. 5 is a lateral cross-sectional view of an 
alignable coupling assembly for a prosthetic Socket, with a 
Strut connector attached thereto, according to one embodi 
ment; 
0053 FIG. 6A is a central, cross-sectional view of the 
alignable coupling assembly of FIG. 5, illustrating a distal 
base plate for the prosthetic Socket, coupling base, and a 
longitudinal connector, where the plane of the image is 
parallel to a lateral cross section of the longitudinal connec 
tor within a slot in paired circular plates within the coupling 
base; 
0054 FIG. 6B is a central, cross-sectional view of the 
alignable coupling assembly of FIGS. 5 and 6A, where the 
plane of the image is parallel to a longitudinal cross section 
of the longitudinal connector within a slot in paired circular 
plates within the coupling base; 
0055 FIG. 7A is a quarter, cross-sectional, perspective 
view of an alignable coupling assembly for a prosthetic 
Socket, according to one embodiment, showing the distal 
base bolted to a Support plate of the coupling base; 
0056 FIG. 7B is a top perspective view of the support 
plate and a proximal circular plate rotatably disposed therein 
and a rectangular through slot disposed within the circular 
plate; according to one embodiment; 
0057 FIG. 8 is a bottom perspective view of an alignable 
coupling assembly for a prosthetic Socket in one embodi 
ment; a longitudinal connector is positioned approximately 
in the center of a radial slot within paired circular plates 
rotatably housed within a circular receptacle of a Support 
plate. A strut connector is seen connected to the proximal 
surface of the distal base plate: 
0.058 FIG. 9 is a bottom view of an alignable coupling 
assembly for a prosthetic Socket in one embodiment; the 
longitudinal connector is in a center position within an 
asymmetrically disposed radial slot of paired circular plates 
rotatably housed in a Support plate; 



US 2017/0027718A1 

0059 FIG. 10A is a bottom view of an alignable coupling 
assembly for a prosthetic socket in one embodiment; the 
view is similar to that of FIG.9, except that the longitudinal 
connector is now disposed at the peripheral end of the 
asymmetrically disposed rectangular through-slot, toward 
the periphery of the paired circular plates: 
0060 FIG. 10B is a bottom view of an alignable coupling 
assembly for a prosthetic socket in one embodiment; the 
view is similar to that of FIG. 10A, except that the paired 
circular plates and the included radial slot is rotated clock 
wise about 120 degrees from position seen in preceding FIG. 
10A: 
0061 FIG. 10C is a bottom view of an alignable coupling 
assembly for a prosthetic socket in one embodiment; the 
view is similar to that of FIG. 10B, except that the longi 
tudinal connector has rotated in place; 
0062 FIG. 11 is a bottom perspective view of an align 
able coupling assembly for a prosthetic socket in one 
embodiment; paired circular plates are disposed within a 
circular receptacle of a support plate and a rectangular slot 
within the paired circular plates is disposed along a diagonal 
line that includes the center of the plates, but asymmetrically 
disposed such that it extends toward one periphery but not 
the other. A distal end of a longitudinal connector is seen 
extending distally through the slot; it is at the central end of 
the rectangular slot, and at the center of the paired circular 
plates; 
0063 FIG. 12A is a bottom perspective view of an 
alignable coupling assembly for a prosthetic socket in one 
embodiment similar to that of FIG. 11, except that the 
longitudinal connector is now positioned at the peripheral 
end (not the central end) of the rectangular slot, and toward 
the periphery of the paired circular plates; 
0064 FIG. 12B is a bottom perspective view of an 
alignable coupling assembly for a prosthetic socket in one 
embodiment similar to that of FIG. 12A, except that circular 
plates, and the included rectangular slot have rotated clock 
wise about 25 degrees with respect to the orientation shown 
in FIG. 12A; 
0065 FIGS. 13 A-13D are perspective cross-sectional 
views an alignable coupling assembly for a prosthetic socket 
in one embodiment. The distal base plate of the prosthetic 
socket is not shown; the view focuses on the paired circular 
plates rotatably disposed within a support plate, and a 
connector disposed longitudinally through a rectangular slot 
in the paired circular plates. FIG. 13A shows an exploded 
view of the alignable coupling assembly, with the pair of 
plates spaced apart; 
0066 FIG. 13B shows the plates pressed together, having 
been drawn together by a distal prosthetic element (not 
shown) that pulls the longitudinal connector distal ward. In 
this drawn together locked position, the paired plates are not 
rotatable within the support plate, and the longitudinal 
connector is notable to slide in the rectangular slot. Accord 
ingly, by a single action (distal pull of the longitudinal 
connector) two friction locks are created, one that locks 
rotation of the plates and the longitudinal connector, and one 
that locks the radial position of the longitudinal connector; 
0067 FIG. 13C is a detail view from a portion of FIG. 
13B that focuses on a first friction lock site, one located 
between the periphery of the circular plates and an inner 
aspect of the circular receptacle of the support plate: 
0068 FIG. 13D is a detail view from a portion of FIG. 
13B that focuses on a second friction lock site, one located 
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between the wedge portion of the longitudinal connector and 
the rectangular slot within the circular plates: 
0069 FIGS. 14A and 14B are bottom views of an 
embodiment of an alignable coupling assembly for a pros 
thetic socket in which the distal plate of the pair of rotatable 
plates is configured as a 4-hole adapter for a distal prosthetic 
component. FIG. 14A shows an embodiment in which 
circular plates have an open central portion; 
0070 FIG. 14B is a bottom perspective view of an 
alignable coupling assembly for a prosthetic socket in which 
the distal plate of the pair of rotatable plates is configured as 
a 4-hole adapter for a distal prosthetic component, and the 
rotatable plates include a rectangular slot. 
(0071 FIG. 15 is a side cross-sectional view of an 
embodiment of an alignable prosthetic coupling assembly 
such as those seen in FIGS. 14A and 14B in which the pair 
rotatable circular plates and the support plate can be pressed 
together by way of bolts; 
0072 FIG. 16A is a side view of an embodiment of an 
alignable prosthetic coupling assembly that is configured to 
be compatible with a prior art prosthetic thermoplastic 
socket, wherein the support plate has distally flared surface 
segments that can be bolted to an interior of the distal 
portion of the socket; 
0073 FIG. 16B is a side view of an alternative embodi 
ment of an alignable prosthetic coupling assembly that is 
configured to be compatible with a prior art laminated 
plastic socket, wherein the support plate has a circumferen 
tial tie in feature that allows laminated plastic to in fill; 
0074 FIG. 17A shows a step of rotating the circular 
plates to position a longitudinal connector (or a distal 
prosthetic component) on a radial compass line with refer 
ence to the longitudinal axis of a prosthetic socket, accord 
ing to one embodiment; 
0075 FIG. 17B shows rotating of circular plates as in 
FIG. 17A followed by a step of sliding the longitudinal 
connector to position the longitudinal connector or a distal 
prosthetic component at a position on an AP/ML grid 
centered on the longitudinal axis of the prosthetic Socket, an 
offset distance being provided by the sliding step, according 
to one embodiment; 
0076 FIG. 17C shows rotating of circular plates as in 
FIG. 17A, followed by a step of rotating the longitudinal 
connector at a the connection site between the prosthetic 
socket and the distal prosthetic component, in order to 
rotationally orient the AP/ML grid of the distal prosthetic 
component with respect to the prosthetic socket, according 
to one embodiment; 
0.077 FIG. 17D shows rotating of circular plates as in 
FIG. 17A followed by a step of rotating the longitudinal 
connector in place, in order to rotationally orient the AP/ML 
grid of the distal prosthetic component with respect to the 
prosthetic socket, according to one embodiment; 
0078 FIG. 17E shows rotating of circular plates as in 
FIG. 17A followed by a step of adjusting the angle of the 
longitudinal axis of the distal prosthetic component with 
respect to the longitudinal axis of the prosthetic Socket, 
according to one embodiment; 
007.9 FIG. 18A shows method embodiments that include 
a combination of rotating circular plates and sliding the 
longitudinal connector, in either order, in order to position a 
component connector (or a distal prosthetic component) on 
a radial compass line with reference to the longitudinal axis 
of a prosthetic socket. This method shown in FIG. 18A is 
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similar to the method shown in FIG. 17B, except for the 
aspect of the present method that allows the rotating and 
sliding steps to be performed in either order or simultane 
ously, according to one embodiment; 
0080 FIG. 18B shows a combination of steps as in FIG. 
18A, followed by a step of sliding the longitudinal connector 
to position it or a distal prosthetic component at a position 
on an AP/ML grid centered on the longitudinal axis of the 
prosthetic Socket, an offset distance being provided by the 
sliding step, according to one embodiment; 
0081 FIG. 18C shows a combination of steps as in FIG. 
18A, followed by a step of rotating the longitudinal con 
nector at a the connection site between the prosthetic Socket 
and the distal prosthetic component, in order to rotationally 
orient the AP/ML grid of the distal prosthetic component 
with respect to the prosthetic Socket, according to one 
embodiment; 
0082 FIG. 18D shows a combination of steps as in FIG. 
18A, followed by a step of rotating the longitudinal con 
nector in place, in order to rotationally orient the AP/ML 
grid of the distal prosthetic component with respect to the 
prosthetic socket. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0083. The embodiments described herein include an 
alignable coupling assembly with a centrally rotatable con 
necting structure in the form of a plate. The alignable 
coupling assembly connects distal and proximal prosthetic 
components by way of a series of connecting structures that 
allow the orientation of the distal component to be adjusted 
with respect to that of the proximal component. The cen 
trally rotatable plate, as described herein, is very different 
from currently available axial or Small-diameter connecting 
elements. The centrally rotatable plate has all the rotational 
attributes of a small diameter rotating connection and also 
provides the potential for a non-collinear engagement 
between proximal and distal components. 
I0084. Referring to FIGS. 5, 6A and 6B, embodiments of 
an alignable coupling assembly 10 may include a centrally 
rotatable structure in the form of plates, more particularly in 
the form of a pair of parallel plates 24 and 34. Access of a 
longitudinal connector 60 to an engagement site at an offset 
distance from the center of the plates 24 and 34 is provided 
by way of a rectangular slot 40 through which longitudinal 
connector 60 can slide. Cooperation of the rotatability of the 
paired plates 24 and 34 and slidability of a longitudinal 
connector allow the distal prosthetic component to connect 
to the proximal component at any point within an AP/ML 
grid centered on the longitudinal axis of the proximal 
component. 
0085 FIGS. 1-18D show various embodiments of an 
alignable coupling assembly 10 that is useful in connecting 
a proximal prosthetic component 100 and a distal prosthetic 
component 200 together. The coupling assembly embodi 
ments and associated methods provide adjustable rotational, 
linear offset, and angular positioning of the distal prosthetic 
element with respect to the proximal prosthetic element. 
Referring again to FIGS. 5, 6A and 6B, alignable coupling 
assembly 10 includes two major plate-shaped structural 
components, prosthetic Socket base plate 12 and an alignable 
coupling assembly base that includes Support plate 50 and 
two circular plates, proximal plate 24 and distal plate 34. 
Circular plates 24 and 34 are rotatably housed in circular 
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receptacle 52 of support plate 50. Circular plates 24 and 34 
include a diagonally aligned rectangular through slot 40. 
I0086 Longitudinally disposed through rectangular slot 
40 of circular plates 24 and 34 is a longitudinal connector 60. 
Prosthetic components that are connected or coupled 
together by an embodiment of an alignable coupling assem 
bly 10 are commonly referred to as a proximal and a distal 
prosthetic component. Embodiments of a longitudinal con 
nector 60 are generally disposed longitudinally within or 
through aligned rectangular through slot 40. A proximal 
portion 61 is typically disposed within a proximal aspect of 
through slot 40; a proximal surface 62 is substantially 
coplanar with a proximal Surface of the proximal plate 24 of 
the paired circular plates 24 and 34. Longitudinal connector 
60 is Substantially rectangular, its longer, longitudinal 
dimension being collinear with slot 40 in which it slidably 
resides. The two longitudinal proximal sides of longitudinal 
connector 60 each have a chamfered side, the angle of the 
chamfer being complimentary to a chamfered aspect of 
longitudinal sides 42 of slot 40. 
I0087. A distal portion 64 of longitudinal connector 60 
projects distally through rectangular slot 40, a distal pros 
thetic component-connecting feature 66 is disposed at the 
distal end of the distal portion. The distal component con 
necting feature 66 and a proximal component connecting 
feature of a distal prosthetic component are configured to be 
complementary and securely engageable. The connecting 
feature 66 of longitudinal connector 60 may be a male 
feature, such as pyramidal boss, or it may be female feature, 
configured to complement a distal components male con 
necting feature. Any suitable connecting feature is included 
in the scope of the technology. Connecting feature 66 
projects through a distal Support disc 80 that has a domed 
distal surface. An adapter element 85 associated with distal 
prosthetic component 200 encircles and grasps connecting 
feature 66 and distally canted bolts pull the connecting 
feature distally. This distal pull secures the alignable cou 
pling assembly to the proximal prosthetic component and is 
also a mechanism that activates friction locks within the 
coupling assembly, as described further herein. 
0088 FIGS. 1A-1C are front, front and side views, 
respectively, of a modular prosthetic socket 100 being worn 
by a patient. The prosthetic socket has struts 105 and distal 
base 12 and is fitted with an embodiment of alignable 
coupling assembly 10 as provided herein. FIG. 1A shows the 
modular prosthetic socket 100 with the alignable coupling 
assembly 10 in a neutral position, in that the distal prosthetic 
component 200 (a knee in this example) has a longitudinal 
axis that is substantially collinear with the prosthetic socket 
1OO. 

0089 FIG. 1B is a front view of an embodiment of a 
modular prosthetic socket 100 with the alignable coupling 
assembly 10 adjusted so the longitudinal axis of the distal 
prosthetic component 200 is shifted in a lateral direction 
with respect to the longitudinal axis of the prosthetic Socket. 
FIG. 1C shows a side view of the modular prosthetic socket 
100 with the alignable coupling assembly embodiment 10 
adjusted so the longitudinal axis of the distal prosthetic 
component 200 is shifted in a posterior direction with 
respect to the longitudinal axis of the prosthetic Socket. Each 
of these shifts or adjustments in the position of the distal 
component with respect to the proximal prosthetic compo 
nent is a common type of positional shift that makes 
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biomechanical sense for a patient, and each type of shift is 
enabled by embodiments of an alignable coupling assembly, 
as provided herein. 
0090 FIGS. 2A-2C are schematic representations of vari 
ous aligning or positioning capabilities provided by embodi 
ments of the alignable coupling assembly. The various 
aspects of alignment compare the orientation of a distal 
prosthetic component to that of a proximal prosthetic com 
ponent, such as a prosthetic Socket, with particular attention 
to the longitudinal axes of the proximal and distal compo 
nent. The various forms of positioning can be referenced 
against a neutral position, in which the longitudinal axes of 
the proximal and distal components would be collinear. 
These various forms of positioning may also understood as 
movements enabled by an alignable coupling assembly, 
movements away from a neutral collinear orientation. These 
relationships may be enumerated as: (1) offset distance 
positioning, (2) AP/LM relative central positioning, (3) 
AP/LM rotational orientation positioning, and (4) Longitu 
dinal axis angular orientation positioning. 
0091 1. Offset Distance Positioning: 
0092. The longitudinal axis of the distal component can 
be placed at an offset distance from that of the prosthetic 
socket. The distance or measure is taken at the level of the 
alignable coupling assembly. This is a distance measure 
ment, without reference to position of the two axes within an 
anterior-posterior/lateral-medial grid. 
0093. 2. AP/LM Relative Central Positioning: 
0094. The longitudinal axis of the prosthetic socket can 
represent a center point on an anterior-posterior/lateral 
medial (AP/LM) grid. The position of the longitudinal axis 
of the distal prosthetic element, in addition to being refer 
enced by its offset distance as above, can be referenced by 
its coordinates in the AP/LM grid of the prosthetic socket. 
This level of orientation can also be referred to in terms of 
circular degrees or positions on a clock face. 
0095 3. AP/LM Rotational Orientation Positioning: 
0096. The prosthetic socket and the distal prosthetic 
component each have their own respective AP/LM sectors, 
as determined by structural and/or biomechanical consider 
ations. A circular grid can represent the AP/LM sectors; the 
circular grid of the distal prosthetic component is rotatable 
with respect to the circular grid of the prosthetic socket. 
0097. 4. Longitudinal Axis Angular Orientation Position 
ing: 
0098. The longitudinal axes of the prosthetic socket and 
the distal prosthetic component each have their angular 
orientation in space. The difference in angular orientation of 
the distal prosthetic component can be expressed in terms of 
degrees of deviation on an AP axis and deviation an LM axis 
with respect to the longitudinal axis of the prosthetic Socket. 
0099. These various forms of positioning are shown 
schematically in FIGS. 2A-2B, and can be described with 
reference to the particular structures of alignable coupling 
assembly embodiments that allow Such positioning. 
0100 FIG. 2A shows a schematic top face view repre 
senting of freedom of positionability of longitudinal axis of 
a distal prosthetic component LAD at an offset distance from 
the longitudinal axis of proximal component LAP Such as a 
prosthetic socket within an AP/ML grid around the longi 
tudinal axis of the prosthetic socket. Arrow A represents 
variation in radial offset distance of the longitudinal axis of 
the distal prosthetic element from the longitudinal axis of the 
prosthetic Socket; this alignment capability relates to align 
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ment aspect item 1, above. With regard to structural aspects 
of the alignable coupling assembly 10, offset distance posi 
tioning occurs by way of radial movement of longitudinal 
connector 60 within rectangular slot 40. Details of this 
slidable relationship are described further below in the 
context of FIGS. 3-15B. 
0101 Arrow B represents rotational freedom provided by 
rotation of circular plates within circular receptacle of a 
Support plate. This alignment capability relates to alignment 
aspect Item 2, above. With regard to structural aspects of the 
alignable coupling assembly 10, this rotational positioning 
may occur by way of rotation of paired circular plates 24 and 
34 within circular receptacle 52 of support plate 50. Details 
of this rotational relationship are described further below in 
the context of FIGS. 3-18B. 
0102 FIG. 2B shows a schematic top perspective view of 
freedom of AP/ML orientation of the distal prosthetic ele 
ment with respect to the AP/ML orientation of the prosthetic 
socket. The lower portion of the figure shows rotation of an 
AP/ML grid for the distal prosthetic element with respect to 
the orientation of the AP/ML grid of the prosthetic socket. 
The rotation, as shown in this schematic, relates to rotational 
movement around the longitudinal axis of the distal pros 
thetic component, at any offset distance, and at any point 
within the AP/LM reference grid of the proximal prosthetic 
component. 
0103) Several features of the technology can provide the 
rotational freedom of a distal prosthetic component with 
respect to the proximal component optionally. A first and 
second rotational capabilities are axially centered at the axis 
of the distal prosthetic component, and thus can occur at the 
full range of positions available within the AP/LM grid 
associated with the central axis of the proximal prosthetic 
component. The first option relates to rotatability of distal 
prosthetic component 200 with respect to proximal pros 
thetic component 100, which occurs at the distal portion 64 
of longitudinal connector 60. More particularly, this rotation 
occurs at the engagement of a connecting feature 66 of 
longitudinal connector 60 and a connecting feature of a 
distal prosthetic component 200. Various prosthetic compo 
nent-connecting arrangements are known that allow rotation 
of the distal component with respect to the proximal. In 
examples shown herein, the distal connecting feature 66 of 
longitudinal connector 60 is a male component that can be 
rotatability connected to a female component. More particu 
larly, the connecting feature example shown herein is known 
as a pyramidal or a frustopyramidal boss, as depicted and 
described, by way of example, in the publications of Pros 
thetic Design, Inc. (Clayton Ohio), including U.S. Pat. No. 
6,033,440, U.S. Pat. No. 6,228,124, U.S. Pat. No. 6,231,618, 
U.S. Pat. No. 6,458,163, U.S. Pat. No. 7,479,163, and U.S. 
Pat. No. 7,591,857. 
0104. The second rotational option takes advantage of an 
embodiment of the alignable coupling assembly in which an 
alternative longitudinal connector embodiment 160 has a 
2-part arrangement that includes a proximal slider portion 
that has a circular receptacle that rotatably houses a distally 
projecting distal portion of longitudinal connector. This 
rotational capability is shown in FIG. 10C, wherein the 
distal connecting feature 66 of longitudinal connector 60 is 
seen in a position that is rotated with respect it its position 
shown in FIG. 10B. 

0105 Rotation of circular plates 24 and 34 within circular 
receptacle 52 of support plate 50 actually provides a third 
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rotational option. Rotation of the circular plates 24 and 34 
within circular receptacle 52 rotates longitudinal connector 
60 that is hosted within slot 40. The axial center of rotation 
is, unlike the first and second options above, the longitudinal 
axis of the proximal prosthetic component; nevertheless, a 
rotation of the plates translates into rotation of the longitu 
dinal connector, and rotation of the distal prosthetic com 
ponent. Inasmuch as this rotation is tied to rotation of the 
plates, the first two options above provide a higher level of 
rotational freedom in that they are independent of the 
rotational position of the circular plates. 
0106 FIG. 2C shows a schematic top perspective view of 
variable angular orientation of the longitudinal axis of the 
distal prosthetic element with respect to the angular orien 
tation of the longitudinal axis of the prosthetic socket. The 
lower portion of the figure shows the freedom of movement 
of the longitudinal axis of the distal prosthetic element 
within a cone-shaped space. The axes of the conical space as 
represented in a cross sectional grid correspond to an 
anterior-posterior orientation that correspond to extension 
and flexion of a lower limb, and a lateral-medial orientation 
that corresponds to an adduction and abduction of a lower 
limb. This freedom of axial orientation may be provided by 
the variable angular position of the distal prosthetic element 
as it attaches to the longitudinal connector of the alignable 
coupling assembly, interfacing on the Surface of the distal 
facing dome of the coupling assembly. 
0107 Embodiments of the technology include methods 
of orienting or positioning a distal prosthetic component 
with respect to a proximally positioned prosthetic compo 
nent Such as socket. The four positional or orientation 
capabilities provided by embodiments of the alignable cou 
pling assembly can be translated into four steps that refer to 
movements of the distal prosthetic component: Step 1: 
positioning the offset distance; Step 2: positioning the lon 
gitudinal center within an AP/LM grid; Step 3: positioning 
the AP/LM rotational orientation; and Step 4: positioning the 
longitudinal axis angular orientation. Per embodiments of 
the method, all of these steps may be taken independently. 
Any step can be taken alone without the others. Any 
combination of two steps or three steps may be taken. All 
four steps can be taken. And, any combination of two steps, 
three steps, or four steps may be taken in any order. Method 
embodiment are described in further detail, below, in the 
context of FIGS. 17A-18D. 

0108 FIGS. 3-13D show aspects of embodiments of an 
alignable coupling assembly 10 that are appropriate for use 
in conjunction with a prosthetic Socket, particularly a modu 
lar prosthetic socket as described in U.S. Published App. No. 
2013/0123940 of Hurley and Williams, as filed on Nov. 14, 
2012 and U.S. patent application Ser. No. 14/213,788 of 
Hurley and Williams, as filed on Mar. 14, 2014. FIGS. 
3-13D related to embodiments that include a longitudinal 
connector 60, but an alternative embodiment, a 4-hole 
adapter 134 may be used instead of or in addition to the 
longitudinal connector, as described below in the context of 
FIGS. 14A-14B. With minor adaptations, these embodi 
ments are also Suitable for use with prior art sockets, as 
described below in the context of FIGS. 16A-16B. Examples 
of these alignable coupling assembly embodiments typically 
include an arrangement of a pair of circular plates rotatably 
Supported in a Support plate, the arrangement providing an 
ability to position a distal prosthetic component at any point 
within an AP/ML grid centered on the longitudinal axis of 
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the prosthetic Socket. In some embodiments, an arrangement 
of a longitudinal connector within a rectangular slot within 
the circular plates cooperates with the rotation of the circular 
plates to allow positioning the longitudinal axis of the distal 
prosthetic at an offset distance from the longitudinal axis of 
the prosthetic socket. FIGS. 17A-18D are diagrams of 
methods that make use of these device embodiments to align 
a distal prosthetic component with respect to a proximal 
prosthetic component. 
0109. In the following description and in the attached 
drawing figures, a given numerical label may be used to 
refer to the same component part in different embodiments. 
For example, a pair of rotatable circular plates may be 
referred to as circular plates 24 and 34 in multiple different 
embodiments, rather than labeling different embodiments of 
struts with different numbers. Circular plates and other 
components of an alignable coupling assembly may vary in 
size, shape, or feature details, but some or all of these 
embodiments may be labeled with the same number below 
and in the attached drawing figures. This labeling consis 
tency is used to facilitate understanding of the description 
and should not be interpreted as suggesting that there is only 
one embodiment of any given component. 
0110 FIG.3 shows a top perspective view of an alignable 
coupling assembly 10 for a prosthetic Socket (not shown) in 
one embodiment, which includes prosthetic Socket base 
plate 12 and alignable coupling assembly 10. The top plate, 
prosthetic socket base plate 12 includes slots 13 for accom 
modating strut connectors (not shown). The aspect of align 
able coupling assembly 10 that is visible in this view is 
support plate 50. The distal base plate 12 has four radial slots 
13 that accommodate strut connectors; strut connectors 
support struts of a modular prosthetic socket. A strut 105 and 
strut connector 110 are shown in FIG. 4. Prosthetic socket 
base 12 and support plate 50 are fastened together by bolts 
17. FIG. 4 shows a top perspective view of an alignable 
coupling assembly 10 for a modular prosthetic Socket in one 
embodiment, further showing a single strut connector 110 
and strut 105 connected thereto. A fully assembled modular 
prosthetic Socket typically includes four struts, as described 
in detail, in U.S. Published App. No. 2013/0123940 and U.S. 
patent application Ser. No. 14/213,788, as referenced above. 
0111 FIGS. 5-7A show various cross sectional views of 
embodiments of alignable coupling assembly 10. FIG. 5 
shows a cross-section lateral view of an alignable coupling 
assembly 10 for a prosthetic socket in one embodiment with 
a strut connector 110 attached thereto by way of bolt 111. 
Strut connectors 110 are slidably hosted within radial slots 
13. Circular plates 24 and 34 are rotatably housed in a 
circular receptacle of support plate 50. Circular plates 24 and 
34 include a rectangular slot 40 that traverses both plates. 
0112 FIGS. 6A and 6B show two cross sectional views 
of an alignable coupling assembly 10 for a prosthetic Socket, 
the views taken at orthogonal angles. The views differ 
because rectangular slot 40 and the distal wedge-shaped 
portion 66 of longitudinal connector 60 each have an elon 
gate profile. Rectangular slot 40 has parallel longitudinal 
edges so as to provide a consistently dimensioned track for 
the wedge-shaped portion 66 to slide in. The lateral edges of 
the slot need not be straight in a strict parallelogram sense; 
for example they can be rounded, and the corners of the slot 
may be rounded. Accordingly, in Some embodiments, slot 40 
may be substantially rectangular in shape. 



US 2017/0027718A1 

0113 FIG. 6A shows a central cross-sectional view of an 
alignable coupling assembly 10 for a prosthetic Socket in 
one embodiment, showing a base plate 12 for a prosthetic 
socket, support plate 50, circular plates 24 and 34, and 
rectangular slot 40 that slidably hosts longitudinal connector 
60. The cross sectional plane of FIG. 6A is parallel to a 
lateral cross section of the longitudinal connector 60 within 
a slot 40 in paired circular plates 24 and 34. The cross 
section plane of FIG. 6B is parallel to a longitudinal cross 
section of the longitudinal connector 60 within a slot 40 in 
paired circular plates 24 and 34. 
0114 FIG. 7A shows a quarter cross-sectional view of an 
alignable coupling assembly 10 for a prosthetic Socket in 
one embodiment, showing a base plate 12 for a prosthetic 
socket, support plate 50, circular plates 24 and 34. Rectan 
gular slot 40 is represented by the vacant space apparent 
between connector 60 and the walls of circular plates 24 and 
34. 
0115 FIG. 7B provides a more exposed view of the 
Support plate and circular plates because the base plate 12 of 
a prosthetic socket has been removed. FIG. 7B shows a top 
perspective view of the support plate 50 and a proximal 
circular plate 24 rotatably disposed therein, and a rectangu 
lar through slot 40 disposed within the circular plate. Details 
of the structure of the distal portion of connector 60 and the 
longitudinal edges of slot 40 are best seen in FIGS. 13 A 
13D. 

0116 FIG. 8 shows a bottom perspective view of an 
alignable coupling assembly 10 for a prosthetic socket in 
one embodiment; a longitudinal connector 60 is positioned 
approximately in the center of a radial slot 40 within the 
paired circular plates (only distal plate 34 is visible) rotat 
ably housed within a circular receptacle 52 of support plate 
50. A strut connector (seen earlier in FIG. 5) is connected to 
the proximal surface of the prosthetic socket base plate 12. 
Longitudinal connector 60 is disposed at the peripheral end 
of rectangular slot 40. Longitudinal connector 60 includes a 
proximal wedge portion 60 that engages slot 40, and a distal 
portion with a connecting feature 66 for connecting to distal 
prosthetic components. 
0117 FIGS. 9-10C provide bottom face views of an 
embodiment of an alignable coupling assembly 10 that show 
aspects of the movement of longitudinal connector 60 within 
radial slot 40, as well as the rotatability of paired circular 
plates 24 and 34 within support plate 50. FIG. 9 shows a 
bottom face view of an alignable coupling assembly 10 for 
a prosthetic Socket in one embodiment; the longitudinal 
connector 60 is in a center position within an asymmetrically 
disposed radial slot 40 of paired circular plates 24 and 34 
rotatably housed in a support plate 50. The “centrality” of 
the center position refers to the center of the alignable 
coupling assembly 10 as a whole, or to the center of circular 
plates 24 and 34. This central position typically or ideally 
also represents the location of the central longitudinal axis of 
a prosthetic socket positioned proximal to the alignable 
coupling assembly. Regardless of whether the prosthetic 
Socket is a modular prosthetic Socket, as referenced herein, 
or a prior art socket, it is advantageous for an alignable 
coupling assembly to be centered on a biomechanically 
defined central longitudinal axis of the prosthetic Socket. 
0118 FIG. 10A shows a bottom face view of an alignable 
coupling assembly 10 for a prosthetic socket in one embodi 
ment; the view is similar to that of FIG. 9, except that the 
longitudinal connector 60 is now disposed at the peripheral 
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end of the asymmetrically disposed rectangular through-slot 
40, toward the periphery of the paired circular plates 24 and 
34. FIG. 10B shows a bottom face view of an alignable 
coupling assembly 10 for a prosthetic socket in one embodi 
ment; the view is similar to that of FIG. 10A, except that the 
paired circular plates 24 and 34 and the included radial slot 
40 is rotated clockwise (as indicated by arrow) about 120 
degrees from position seen in preceding FIG. 10A. FIG. 10C 
shows a bottom face view of an alignable coupling assembly 
for a prosthetic socket in one embodiment; the view is 
similar to that of FIG. 10B, except that the longitudinal 
connector has rotated in place, as indicated by the arrow. 
Some embodiments of a longitudinal connector, Such as the 
one depicted in FIG. 10C include a portion, extending 
distally, that can rotate within a receptacle of the proximal 
wedged portion. The rotating portion and receptacle have 
complementary chamfered walls which create a friction lock 
when the longitudinal connector is pulled distally. 
0119 FIGS. 11-12B provide bottom perspective views of 
an embodiment of alignable coupling assembly 10, showing 
aspects of slidable movement of connector 60 within slot 40, 
and rotation of plates 24 and 34 within support plate 50, in 
a manner similar to the views provided by FIGS. 9-10C. 
Plates 24 and 34 are coupled together by way of bolts 17 (see 
FIG. 3) through bolt holes 18 (also shown in FIGS. 8, 9 and 
10A-10C). FIG. 11 shows a bottom perspective view of an 
alignable coupling assembly 10 for a prosthetic Socket in 
one embodiment; paired circular plates 24 and 34 are 
disposed within a circular receptacle 52 of a support plate 50 
and a rectangular slot 40 within the paired circular plates 24 
and 34 is disposed along a diagonal line that includes the 
center of the plates, but asymmetrically disposed such that 
it extends toward one periphery but not the other. A distal 
end of a longitudinal connector 60 is seen extending distally 
through the slot 40; it is at the central end of the rectangular 
slot 40, and at the center of the paired circular plates 24 and 
34. 

I0120 FIG. 12A shows a bottom perspective view of an 
alignable coupling assembly 10 for a prosthetic Socket in 
one embodiment similar to that of FIG. 11, except that the 
longitudinal connector 60 is now positioned at the peripheral 
end (not the central end) of the rectangular slot 40, and 
toward the periphery of the paired circular plates 24 and 34. 
FIG. 12B shows a bottom perspective view of an alignable 
coupling assembly similar to that of FIG. 12A, except that 
circular plates 24 and 34, and the included rectangular slot 
40 have rotated clockwise about 25 degrees with respect to 
the orientation shown in FIG. 12A. 

I0121 FIGS. 13 A-13D show perspective cross sectional 
views an alignable coupling assembly 10 for a prosthetic 
Socket in one embodiment. These views focus on structural 
details that permit slidability of the longitudinal connector 
60 within slot 40, and rotatability of circular plates 24 and 
34 within receptacle 52 of support plate 50, as well as 
friction lockability associated with these structures, which 
prevents the sliding and rotational movements. Receptacle 
52 is generally represented by the open space between the 
rotatable plates and the support plate. The slidable and 
rotatable features of these structures in the context of their 
respective arrangements are easily manipulated by hand, 
typically the hands of a skilled prosthetist. High quality 
machining is required for easy manipulation and Smooth 
control over positioning. Two sites of frictional engagement 
are effected by a distal pulling of the longitudinal connector, 



US 2017/0027718A1 

or, alternatively as in a 4-hole adapter alternative embodi 
ment (FIGS. 14A-15) by a bolting arrangement. A first 
friction lock 71 is depicted in the detail view of FIG. 13D 
and a second friction lock 72 is depicted in the detail view 
of FIG. 13C. 

0122 FIG. 13A shows circular plates 24 and 34 and 
support plate 50 spaced apart in an exploded view. FIG. 13B 
shows the plates pressed together, having been drawn 
together by a distal prosthetic element (not shown) that pulls 
the longitudinal connector distal ward. Details of how the 
longitudinal connector is pulled distally are described in the 
patent publications of Prosthetic Design, Inc., as referenced 
above and included herein by such reference. For the pur 
pose of describing this aspect of the technology, FIG. 13B 
should be understood as representing a pressed condition; 
i.e., the circular plates (24 and 34) and support plate 50 are 
being pressed together. In an assembled and operable con 
dition, the cross sectional view of FIG. 13B in an unpressed 
condition would not be visibly different even as plates 24 
and 34 would be rotatable within receptacle 52. 
0123. Accordingly, in the drawn together and pressed or 
locked position shown in FIG. 13B, the paired plates 24 and 
34 are not rotatable within the support plate 50, and the 
longitudinal connector 60 is not able to slide in the rectan 
gular slot 40. Accordingly, by a single action (distal pull of 
the longitudinal connector) two friction locks are created, 
one that locks rotation of the plates and the longitudinal 
connector, and one that locks the radial position of the 
longitudinal connector. 
0.124 FIG. 13C shows a detail view from a portion of 
FIG. 13B that focuses on a first friction lock site 71, one 
located between the periphery of the circular plates and an 
inner aspect of the circular receptacle of the Support plate. In 
this view, the peripheral edges of proximal plate 24 and 
distal plate 34 cooperate to form a mateable feature 22 that 
interacts with mateable feature 56 located on an inner aspect 
of the support plate 50 that surrounds receptacle 52. In this 
particular example of mateable features, the mateable fea 
ture 22 of circular plates 24 and 34 is an insertion site. The 
mateable feature 56 of support plate 50 is a rail that fits into 
insert site 22. The relationship between complementary 
mateable features 22 and 56 is one of interdigitation. In 
greater detail, it can be seen that the insert site 22 is formed 
by a stepped feature 38 located on distal circular plate 34. 
This type of mateable engagement, as described and 
depicted herein is but one example of Such an engagement; 
it will be apparent to those skilled in the art that other 
structures and arrangements can be envisioned that would 
function equivalently. Any structural or functional relation 
ship that allows rotatability in an unpressed condition and 
which creates a friction lock in a pressed condition is 
included in the scope of the disclosed technology. 
0125 FIG. 13D shows a detail view from a portion of 
FIG. 13B that focuses on a second friction lock site 72, one 
located between the wedge portion of the longitudinal 
connector and the rectangular slot within the circular plates. 
This view shows the longitudinal edge of rectangular slot 40 
that is collectively formed by edges of circular plates 24 and 
34. Also shown is a detail of the wedge portion 63 of 
longitudinal connector 60. The collective edge of circular 
plates 24 and 34 include an angled or chamfered portion that 
is complementary to the angle of the wedge 63 of longitu 
dinal connector 60. More particularly, in this embodiment, it 
can be seen that the only the edge of proximal plate 24 has 
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a chamfered aspect, while the edge of distal plate 34 is 
vertical. This particular arrangement is advantageous 
because it assures that the force exerted by a downward pull 
of longitudinal connector 60 at this site of engagement is 
exerted only proximal plate 24 to the exclusion of any 
engagement with distal plate 34. A distal pull on the distal 
plate could compromise the first friction lock 71, at the 
periphery of the plates, where it is advantageous for the 
proximal plate 24 and distal plate 34 be drawn together by 
a distal pull on connector 60. 
I0126. In an unpressed condition, particularly when the 
chamfered portion of wedge 63 of connector 60 and the 
chamfered portion of the edge of rectangular slot 40 are not 
being pressed together, connector 60 can slide easily within 
the range offered by slot 40. Upon the longitudinal connector 
60 being pulled distally, these two chamfered portions come 
into mutual contact and create frictional engagement or 
second friction lock 72, which prevents sliding of the 
connector, locking the connector in place, within slot 40. 
I0127. Longitudinal connector 60 is enabled by embodi 
ments of an alignable coupling assembly for a rotational 
movement capability in the form of rotation of plates 24 and 
34 within receptacle 52, and enabled for radial offset move 
ment in the form of sliding within slot 24. These forms of 
movement cooperate to enable movement of connector 60 to 
any location within the peripheral boundaries of the plates 
on an AP/ML grid centered on the longitudinal axis of the 
proximal prosthetic component. Both forms of movement 
are prevented, in parallel, by a distal pull on the longitudinal 
connector. Rotational movement is stopped by first friction 
lock 71, and sliding movement is stopped by second friction 
lock 72. 
I0128. As noted above, some embodiments of an alignable 
coupling assembly may include a conventional prior art 
4-hole adapter in place of or in addition to embodiments of 
a longitudinal connector as described and depicted in pre 
ceding examples. FIGS. 14A and 14B show bottom face 
views of an embodiment of an alignable coupling assembly 
for a prosthetic socket in which the distal plate of the pair of 
rotatable plates is configured as a 4-hole adapter for 134 a 
distal prosthetic component. FIG. 14A shows an embodi 
ment in which circular plates have an open central portion. 
I0129 FIG. 14B shows a bottom perspective view of an 
alignable coupling assembly for a prosthetic socket in which 
the distal plate of the pair of rotatable plates is configured as 
a 4-hole adapter for a distal prosthetic component, but the 
rotatable plates further include a rectangular slot 40, and the 
assembly further includes a longitudinal connector 60 slid 
ably disposed within the slot. 
0.130 FIG. 15 shows a side cross sectional view of an 
embodiment of an alignable prosthetic coupling assembly 
such as those seen in FIGS. 14A-14B in which the pair 
rotatable circular plates and the Support plate can be pressed 
together by way of bolts. The alignable coupling assembly 
embodiments shown in FIGS. 14B-15 have redundant 
mechanisms for pressing the rotatable plates together and for 
connecting the assembly to a prosthetic Socket; these redun 
dant mechanisms are (1) the bolt holes 136 and (2) the 
longitudinal connector 60. These redundancies can be 
advantageous. For example, if distal prosthetic component 
attached to the longitudinal connector is disconnected, then 
the coupling assembly as a whole is no longer connected to 
the proximal prosthetic component by that mechanism. In 
this eventuality, the attachment of the coupling assembly to 
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the proximal prosthetic component can be maintained by 
virtue of the connection by way of the bolts through the 
circular plates configured as a 4-hole adapter. 
0131. As noted above, embodiments of the alignable 
coupling assembly 100 that are suitable for use with a 
modular prosthetic Socket, may, with some adaptations, be 
configured so as to be appropriate for use in conjunction 
with prior art prosthetic Sockets, such as a molded thermo 
plastic socket or a plastic laminated socket. Fabrication of 
these types of sockets typically is done on a one-by-one 
basis, each socket fabricated for an individual. A cast is 
made of the patient's residual limb and then used to form a 
positive mold of either plaster or high durometer foam. This 
positive mold, a replica of the residual limb, is then used in 
Subsequent molding steps. A thermoplastic prosthetic Socket 
is typically formed by wrapping a heated thermoplastic sheet 
around a positive mold and using vacuum to pull the plastic 
onto the mold. A laminated socket is similarly formed over 
a positive mold, but its fabrication involves applying layers 
of plastic resin over a mold. By either fabrication approach, 
installing or incorporating an alignable coupling assembly 
embodiment is included at Some point in the one-by-one 
Socket fabrication process. 
0.132. Accordingly, a prior art plastic prosthetic socket 
may include an alignable coupling assembly for connecting 
a proximal- and a distal prosthetic component comprising, 
as described above, disposed at the distal end of the pros 
thetic Socket, and functionally connected thereto. In some 
embodiments of a plastic Socket, an opening can be cut out 
at the distal end that can host an alignable coupling assem 
bly. In some embodiments of laminated prosthetic socket of 
claim, the alignable coupling assembly is laminated into the 
distal end of the prosthetic socket body. In other embodi 
ments of the laminated prosthetic Socket, the alignable 
coupling assembly insertable into the distal end of the 
prosthetic body from an open proximal end of the prosthetic 
Socket. 
0133. Various adaptations to the alignable coupling 
assembly, particularly to support plate embodiments, are 
advantageous for prior art prosthetic Socket. For example, in 
Some embodiments, a Support plate can include an upwardly 
flared surface that can be bolted directly to the plastic body 
of the Socket. In other embodiments, the Support plate may 
include crescent shaped cutouts that create resistance to the 
assembly, as a whole, from rotatably slipping within its 
installation site. Embodiments of the alignable coupling 
assembly may include features that are particularly advan 
tageous for inclusion in a laminated context, for example, 
exposed joining sites or crevices within the assembly may be 
covered so as to prevent exposure of these vulnerable sites 
to laminating resins, or the assembly may include particular 
circumferential notches or indentations that can stabilize the 
assembly against unwanted rotational movement within the 
laminated socket. With regard to methods of fabricating a 
laminated Socket that includes an embodiment of an align 
able coupling assembly, some method embodiments may 
make use of a dummy that stands in for the alignable 
coupling assembly during lamination, thus sparing the cou 
pling assembly to Such exposure. 
0134 FIGS. 16A and 16B shows half-section side views 
of embodiments of an alignable prosthetic coupling assem 
bly that is configured to be compatible with a prior art 
sockets. FIG. 16A shows installation of an embodiment of 
the alignable coupling assembly in a molded thermoplastic 
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socket 121. This particular embodiment includes proximal 
and distal circular plates Supported within a circular recep 
tacle of support plate 250. Support plate 250 is adapted and 
configured to be suitable for this type of socket: it includes 
a proximally flared portion that extends up against the 
surface of the socket 121 and is bolted thereto at attachment 
sites 118. In this particular embodiment of the alignable 
coupling assembly, the proximal and distal rotatable plates 
are configured as a 4-hole distal facing adapter. This par 
ticular alignable coupling assembly also includes a longitu 
dinal connector 60 that extends distally, where connecting 
feature 66 extends through domed distal support plate 80. 
and by way of distal adapter element 85, connects to distal 
prosthetic component 200. 
0.135 FIG. 16B shows installation of an embodiment of 
the alignable coupling assembly in a laminated plastic 
socket 122. This particular embodiment includes proximal 
and distal circular plates Supported within a circular recep 
tacle of support plate 150. Support plate 150 is adapted and 
configured to be suitable for this type of socket: it includes 
a "tie-in' circumferential indent 152 that is filled with plastic 
during the lamination aspect of fabrication. By Such a tie-in, 
the alignable coupling assembly is fixed into the structure of 
the laminated prosthetic Socket 122. This particular align 
able coupling assembly also includes a longitudinal connec 
tor 60 that extends distally, where connecting feature 66 
extends through domed distal support plate 80, and by way 
of distal adapter element 85, connects to distal prosthetic 
component 200. 
0.136. Several embodiments of an alignable coupling 
assembly have been described. Some embodiments are 
Suitable for use as a distal connecting element for a modular 
prosthetic Socket, others are particularly adapted and con 
figured for use as a distal connecting element for prior art 
prosthetic Socket. All embodiments of an alignable coupling 
assembly described herein make use of rotatable plates 
Supported within a receptacle of a Support plate. Some 
embodiments further include an asymmetric radial slot 
within the rotatable plates that slidably hosts a wedge shaped 
proximal portion of a longitudinal connector. The longitu 
dinal connector serves as connecting element to a distal 
prosthetic component, and is also configured and arranged to 
create parallel first and second friction locks that prevent 
rotational and sliding movements, respectively. 
0.137 Some embodiments, however, have paired circular 
plates configured as 4-hole adapter, which serves as a 
connecting element to a distal prosthetic component rather 
than a longitudinal connector. In these embodiments with a 
4-hole adapter arrangement, bolts that serve as fastening 
elements for a distal prosthetic component also are config 
ured to act as a press mechanism that creates the first friction 
lock, which prevents rotation of the plates. Inclusion of a 
4-hole adapter arrangement, however, does not preclude the 
rotatable plates from having a rectangular slot, nor does it 
preclude the inclusion of a longitudinal connector within the 
alignable coupling assembly. 
0.138 Embodiments of the technology also include a 
proximal prosthetic component, Such as a prosthetic Socket, 
that has an embodiment of an alignable coupling assembly 
connected to-, or incorporated into it. Embodiments of the 
technology further may include a prosthetic device that 
includes both a proximal and a distal prosthetic component 
that are coupled together by an embodiment of an alignable 
coupling assembly. 
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0.139. As noted above, embodiments of the provided 
technology include various methods of exercising the vari 
ous advantages and capabilities of embodiments of the 
alignable coupling mechanism provided herein. These meth 
ods generally apply to all device embodiments described. 
0140 FIGS. 17A-18D show various aspects and embodi 
ments of methods of aligning a distal prosthetic component 
with respect to a prosthetic socket. FIG. 17A shows a step of 
rotating the circular plates to position a longitudinal con 
nector (or a distal prosthetic component) on a radial compass 
line with reference to the longitudinal axis of a prosthetic 
Socket. 
0141 FIGS. 17B-17E all begin with the step recited in in 
FIG. 17A. The method shown in FIG. 17B continues with a 
step of sliding the longitudinal connector to position the 
longitudinal connector or a distal prosthetic component at a 
position on an AP/ML grid centered on the longitudinal axis 
of the prosthetic socket, an offset distance being provided by 
the sliding step. The method shown in FIG. 17C continues 
with a step of rotating the longitudinal connector at a 
connection site between the prosthetic socket and the distal 
prosthetic component, in order to rotationally orient the 
AP/ML grid of the distal prosthetic component with respect 
to the prosthetic socket. The method shown in FIG. 17D 
continues with a step of rotating the longitudinal connector 
in place, in order to rotationally orient the AP/ML grid of the 
distal prosthetic component with respect to the prosthetic 
socket. The method shown in FIG. 17E continues with a step 
of adjusting the angle of the longitudinal axis of the distal 
prosthetic component with respect to the longitudinal axis of 
the prosthetic Socket. 
0142 FIG. 18A shows method embodiments that include 
a combination of rotating circular plates and sliding the 
longitudinal connector, in either order, in order to position a 
component connector (or a distal prosthetic component) on 
a radial compass line with reference to the longitudinal axis 
of a prosthetic socket. This method shown in FIG. 18A is 
similar to the method shown in FIG. 17B, except for the 
aspect of the present method that allows the rotating and 
sliding steps to be performed in either order or simultane 
ously. The methods shown in FIGS. 18B-18D all begin with 
the two steps shown in FIG. 18A. 
0143. The method shown in FIG. 18B continues with a 
step of sliding the longitudinal connector to position it or a 
distal prosthetic component at a position on an AP/ML grid 
centered on the longitudinal axis of the prosthetic Socket, an 
offset distance being provided by the sliding step. The 
method shown in FIG. 18C continues with a step of rotating 
the longitudinal connector at a connection site between the 
prosthetic socket and the distal prosthetic component, in 
order to rotationally orient the AP/ML grid of the distal 
prosthetic component with respect to the prosthetic Socket. 
The method shown in FIG. 18D continues with a step of 
rotating the longitudinal connector in place, in order to 
rotationally orient the AP/ML grid of the distal prosthetic 
component with respect to the prosthetic Socket. 
0144 All embodiments of an alignable coupling assem 

bly, as described herein, include a pair of circular plates 
rotatably disposed within a Support plate, and all embodi 
ments of that arrangement include a friction locking mecha 
nism that can stop rotation, freezing the plates at any point 
within a rotation. Thus, while rotating the plates is not 
necessary in every method of using the alignable coupling 
assembly embodiments, it is an optional step. As an example 
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of not using the rotational option, a method may include 
only sliding the longitudinal connector within the rectangu 
lar slot. Similarly, all methods of operating alignable cou 
pling assembly embodiments include the option of Stabiliz 
ing the plates against rotation by creating a friction lock 
(friction lock 1). 
0145 Friction locking occurs by way of a pressing step 
that drives proximal and distal plates together. Two optional 
structural arrangements are available in alignable coupling 
assembly embodiments for creating the pressing action. In 
Some embodiments, a distal pull on longitudinal connector, 
disposed in a rectangular slot within the circular plates, 
creates the pressing action. In other embodiments, such as 
those wherein the circular plates are configured as a 4-hole 
adapter, bolts disposed in each of the 4 holes can be used to 
create the pressing action. Some embodiments of an align 
able coupling assembly include both structural arrange 
ments, i.e., (1) a slot with a longitudinal connector and (2) 
a 4-hole adapter with connecting bolts. In these embodi 
ments, the circular plates can be subjected to pressing by 
way of either structural arrangement. 
0146 Some embodiments of the alignable coupling 
assembly include a rectangular slot disposed in the circular 
plates and a longitudinal connector slidably disposed in the 
slot. In practicing these structural embodiments, radially 
sliding the longitudinal connector in order to position the 
connector at an offset distance from the center of the plates 
is an available optional step in all methods. Similarly, in all 
such structural embodiments, a friction locking step (friction 
lock 2) is an optional step that stabilizes the connector at any 
point within the slot. 
0147 Any one or more features of any embodiment of 
the invention, device or method, can be combined with any 
one or more other features of any other embodiment of the 
invention, without departing from the scope of the invention. 
It should also be understood that the invention is not limited 
to the embodiments that are described or depicted herein for 
purposes of exemplification, but is to be defined only by a 
fair reading of claims appended to the patent application, 
including the full range of equivalency to which each 
element thereof is entitled. 
What is claimed is: 
1. A method of aligning a distal prosthetic component 

with a proximal prosthetic component, the method compris 
1ng: 

coupling the distal prosthetic component and the proximal 
prosthetic component together, wherein the proximal 
prosthetic component comprises a distally directed 
alignable coupling assembly configured to couple to 
the distal prosthetic component, and wherein the align 
able coupling assembly comprises: 

a coupling assembly base comprising a pair of circular 
plates and a Support plate, the Support plate comprising 
a circular receptacle in which the pair of circular plates 
is rotatably Supported; and 

a longitudinal connector Supported by the pair of circular 
plates, the longitudinal connector comprising a distal 
end with a distally-directed coupling feature for the 
distal prosthetic component; and 

rotating the pair of circular plates within the Support plate 
to position the longitudinal connector at a desired 
position within a medial-lateral/anterior-posterior cir 
cular grid centered at a center of the coupling assembly 
base. 
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2. The method of claim 1, wherein the pair of circular 
plates comprises a through slot within which the longitudi 
nal connector is aligned, the method further comprising 
sliding the longitudinal connector within the slot to position 
the longitudinal connector at a desired offset distance from 
a center of the coupling assembly base. 

3. The method of claim 1, further comprising rotating the 
distal prosthetic component with respect to the coupling 
assembly base to place it at a desired medial-lateral/anterior 
posterior position. 

4. The method of claim 1, further comprising angularly 
orienting a longitudinal axis of the distal prosthetic compo 
nent with to a longitudinal axis of the proximal prosthetic 
component. 

5. The method of claim 1, further comprising, prior to 
rotating the circular plates, sliding the longitudinal connec 
tor within a slot through the circular plates to position the 
longitudinal connector at a desired offset distance from a 
center of the coupling assembly base. 

6. The method of claim 1, further comprising, prior to 
rotating the circular plates, rotating the proximal prosthetic 
component relative to the distal prosthetic component. 

7. The method of claim 1, further comprising, prior to 
rotating the circular plates, angularly orienting the longitu 
dinal axis of the distal prosthetic component with respect to 
longitudinal axis of the proximal prosthetic component. 

8. The method of claim 1, wherein the pair of circular 
plates comprises a proximal plate, a distal plate and a slot 
therethrough, wherein the longitudinal connector comprises 
a distal end comprising a distally narrowing wedge portion 
positioned to fit within the slot, the distal end of the 
longitudinal connector configured to pull the proximal plate 
and the distal plate toward each other when the longitudinal 
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connector is pulled distally, the method further comprising 
pulling the longitudinal connector distally, thereby pulling 
the circular plates and their receptacle together to form a first 
friction lock therebetween, said first friction lock preventing 
rotation of the circular plates within the receptacle. 

9. The method of claim 8, wherein pulling the longitudinal 
connector distally further comprises forming a second fric 
tion lock between the distally narrowing wedge portion and 
the slot to form a second friction lock, said second friction 
lock preventing sliding of the wedge. 

10. The method of claim 1, wherein coupling the proximal 
and distal prosthetic components together comprises engag 
ing a proximal prosthetic component coupling feature and a 
distal prosthetic component coupling feature, said coupling 
features being complementary to each other. 

11. The method of claim 1, wherein prior to pulling the 
longitudinal connector distally, the method comprises at 
least one of the following steps: 

positioning an offset distance between a longitudinal axis 
of the distal prosthetic component a longitudinal axis of 
the prosthetic Socket; 

positioning a longitudinal axis of the distal prosthetic 
component within an AP/LM grid defined by a longi 
tudinal axis of the prosthetic Socket; 

rotating the AP/LM orientation of the distal prosthetic 
component relative to an AP/LM orientation of the 
prosthetic Socket; and 

angularly adjusting the spatial orientation of the longitu 
dinal axis of the distal prosthetic component with 
respect to the spatial orientation of the prosthetic 
Socket. 


