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(57) ABSTRACT 

In one embodiment, an impact-absorbing shock module 
comprises tWo pylons telescopingly engaged to permit axial 
and rotational motion therebetWeen. A resilient element, 
preferably a spring-?uid combination, provides axial shock 
absorption. A tubular torque-resisting cuff provides rota 
tional resistance, or torsion-resistance. A ?uid valve is 
provided so that the ?uid pressure may be varied to adjust 
the torsion resistance. In another embodiment, a shock 
module comprises tWo pylons maintained in a colinear 
alignment via a guide pin attached to the loWer pylon. A 
resilient element provides shock absorption, and a torque 
resisting cuff provides torsion-resistance. In another 
embodiment, a shock module comprises tWo pylons tele 
scopingly engaged to permit axial motion therebetWeen. The 
pylons also have a polygonal interface to prevent relative 
rotation therebetWeen. 
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SHOCK MODULE PROSTHESIS 

RELATED APPLICATION 

[0001] This application is a continuation of copending 
application Ser. No. 09/955,753, ?led on Sep. 18, 2001, 
Which is a continuation of application Ser. No. 09/289,533, 
?led on Apr. 9, 1999, Which claims priority to provisional 
application Serial No. 60/081,282, ?led on April 10, 1998. 
The entire contents of these applications are hereby 
expressly incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to loWer limb pros 
theses in general, and, in particular, to a shock module 
prosthesis having a spring and/or ?uid resilient element for 
smooth impact absorption during use of the prosthesis, and 
also having an adjustable torque-resisting cuff permitting 
rotational compliance of the loWer leg and foot. 

[0004] 2. Description of the Related Art 

[0005] Various types of loWer limb prostheses are knoWn 
in the prior art. Such devices generally include some form of 
attachment for coupling the device to the dorsal end of the 
limb and a leg and/or foot member extending to the ground 
to support an amputee’s Weight. These devices generally 
attempt to simulate the structure and/or the performance of 
the human leg and foot. 

[0006] Among the features desirable in a loWer limb 
prosthesis is the incorporation of some means for providing 
impact absorption and/or dampening during use of the 
prosthesis, Without sacri?cing the ability to reliably and 
predictably support the amputee’s body Weight. Such impact 
absorption permits the amputee to participate in activities 
With comfort and minimal stump trauma, hence alloWing the 
amputee to be mobile for longer periods of time. Also 
desirable is a convenient means to selectively adjust the 
degree of impact absorption to suit the particular attributes 
(e.g., Weight) and activity (e.g., Walking, running, jumping, 
etc.) of the amputee. 

[0007] Impact absorption or, alternatively, shock absorp 
tion is normally achieved by the utiliZation of some form of 
resilient means, such as a spring, a member fabricated from 
a resilient material, or a compressible ?uid. It should be 
understood that impact absorption in a prosthesis is simul 
taneously accompanied by energy absorption/storage and 
eventually energy release. Such energy release during use of 
the prosthesis usually aids in forWard motion by providing 
lift and thrust forces to the foot region, thereby permitting 
the amputee to expend less energy. 

[0008] Impact absorption in loWer limb prostheses is typi 
cally achieved by utiliZing tWo or more elongated telescop 
ing members With a resilient means disposed therebetWeen. 
Axial forces acting on such members cause relative axial or, 
alternatively, longitudinal motion betWeen them, With the 
resilient means providing energy storage and release. Fur 
thermore, optimal performance of such prostheses occurs 
When there is maintained betWeen these members a smooth 
relative motion. Unfortunately, a limitation of many such 
devices is that dirt, debris, and other such particles are free 
to enter the interface betWeen the telescoping members and 
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upset the smoothness of their relative motion. Thus, it is 
desirable to incorporate a means for restricting such entrance 
of dirt, debris, and other particles. 

[0009] Another desirable feature of loWer limb prostheses 
is the incorporation of some means for alloWing rotational 
compliance of the loWer leg and foot relative to the stump of 
the amputee. Such rotation is bene?cial and simulates the 
action of a natural human knee/ankle in a number of 
activities that involve the tWisting of a person’s body With 
respect to their planted foot, such as golf, tennis, and the 
like. Rotational compliance in loWer limb prostheses is 
typically achieved by utiliZing a telescoping members as 
described above, Wherein the interface betWeen such mem 
bers is cylindrical, permitting them to rotate With respect to 
each other. HoWever, unrestrained compliance is undesir 
able, as the foot Would be free to tWist unnaturally. Thus, it 
is desirable to incorporate a means for providing torsion 
resistance against the rotation of the loWer leg and foot 
relative to the stump of the amputee, and for returning the 
foot to its natural forWard orientation after each rotational 
movement. Also desirable is a means for selectively adjust 
ing the degree of torsion-resistance, to suit the particular 
attributes and activity level of the amputee. 

[0010] The prior art describes many energy storing pros 
theses Which utiliZe resilient means to cushion impact forces 
and/or to accentuate the amputee’s movements. An example 
is US. Pat. No. 4,883,493 to Martel et al. Which illustrates 
a loWer limb prosthesis comprising a pre-loaded heavy duty 
coil spring and a damper piston mounted betWeen telescop 
ing shafts, using air as a compressible damping ?uid. 
Although this prosthesis provides impact absorption, it 
encompasses several limitations. One limitation is that the 
pre-loaded spring provides for a jarring effect at foot/ground 
contact and a hard stop at spring extension. Such impact 
shocks may be tolerable to an athlete during running but are 
unreasonably uncomfortable for an ambulatory amputee. 
Another limitation is that the bolt-slot assembly restricts any 
rotational motion of the loWer leg and foot. Another limi 
tation is that the prosthesis utiliZes the bolt-slot assembly to 
maintain the vertical position of the damper piston as the 
stump-supporting shaft vertically oscillates. As a result, the 
bolt experiences high shear stress caused by the pressure 
exerted against the damper piston by the compressed air 
during energy release and thrust. Moreover, the bolt is also 
vulnerable to shear stress associated With the tWisting of the 
amputee’s body With respect to their planted foot, as 
described above. These undesirable stresses adversely in?u 
ence the performance of the prosthesis and necessitate 
frequent maintenance thereof. Yet another limitation is that 
there is no means for keeping atmospheric debris from 
entering the interface betWeen the shafts, necessitating fre 
quent disassembling and cleaning. 

[0011] An example of a prosthesis Which provides impact 
absorption, rotational compliance, and torsion-resistance is 
set forth in US. Pat. No. 5,458,656 to Phillips. In the 
preferred embodiment of this invention tWo telescoping 
cylindrical pylon members are connected by one or more 
elongated leaf spring elements. Normal and torsional forces 
imposed on the pylon members cause relative motion ther 
ebetWeen. A corresponding storage/release of energy in the 
leaf spring element(s) concurrently provides both impact 
absorption and torsion-resistance. The storage of energy 
associated With impact absorption is provided by an outWard 
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?exure of the leaf spring elernent(s). In contrast, the storage 
of energy associated With torsion-resistance is provided by 
a tWisting of the leaf spring elernent(s). 

[0012] Although the prosthesis of Phillips ’656 utiliZes a 
highly adaptable and effective design, it is very expensive to 
manufacture and has several characteristics that limit its 
clinical ef?cacy. One characteristic is that in order to vary 
the degrees of impact absorption and torsion-resistance the 
amputee must replace the leaf spring elernent(s), Which is 
someWhat inconvenient. Another characteristic is that axial 
and torsional forces can cause excessive bending and tWist 
ing of the leaf spring elernent(s) Which can create local 
regions of undesirably high stress. Another characteristic is 
that the outWard ?exure of the spring elernent(s) results in a 
larger effective Width pro?le for the prosthesis, Which can 
make cosmetic ?nishing more dif?cult. Yet another charac 
teristic is that there is no means disclosed for keeping 
atmospheric debris from entering the interface betWeen the 
pylon members. 

[0013] A more recent U.S. Pat. No. 5,702,488 to Wood et 
al. describes another prosthesis that provides impact absorp 
tion, rotational compliance, and torsion-resistance. Impact 
absorption is provided via compression of a compressible 
volume of ?uid Which is enclosed betWeen a piston head and 
cylindrical piston chamber. Torsion-resistance is provided 
by four resilient cushions that impede the rotation of a 
torsion key attached to the piston head. 

[0014] Unfortunately, there are a variety of limitations 
associated With the prosthesis illustrated by Wood ’488. One 
limitation is that it has a complex design, including the 
placement of an O-ring seal, a Wear ring, tWo O-ring 
bumpers, and a retainer block Within the interface betWeen 
the telescoping piston head and piston chamber. This design 
translates into a heavier, expensive prosthesis that requires 
high maintenance and frequent adjustment. Another limita 
tion is that torsion forces applied to the prosthesis result in 
local regions of undesirably high stress in the torsion key, 
Which necessitates frequent maintenance. Another limitation 
is that the compressible ?uid, by itself, provides less impact 
absorption than other prostheses. Another limitation is that 
there is no means for varying the torsion-resistance of the 
prosthesis, except for replacing the resilient cushions, Which 
is inconvenient and cumbersome. Yet another limitation is 
that there is no means for keeping atmospheric debris from 
entering the interface betWeen the piston head and piston 
chamber. 

[0015] Of course, other shock absorbing means in pros 
theses simply induce a cushioning effect by utiliZing stra 
tegically placed resilient materials, such as, for example, 
rubber in a prosthetic foot, socket liner, or stump socket. 
Those of ordinary skill in the art Will readily comprehend 
that such cushioning means are of limited effectiveness and 
can only serve in a secondary capacity. Also, such shock 
absorbing means are typically integral With the foot or 
socket/liner and thus cannot be used With other prosthetic 
feet in a modular manner. 

[0016] Thus, although the prior art illustrates many impact 
absorbing prostheses, none provide the bene?ts of selec 
tively adjustable impact absorption, rotational compliance, 
conveniently adjustable torsion-resistance, and a means for 
preventing debris from entering and upsetting the smooth 
ness of the relative motion of telescoping members, all in a 

Apr. 8, 2004 

relatively simple but highly effective construction Which 
may be utiliZed in combination With a broad selection of 
prosthetic feet and sockets in a modular manner. 

SUMMARY OF THE INVENTION 

[0017] Accordingly, it a principle object and advantage of 
the present invention to overcome some or all of these 
limitations and to provide an improved shock-absorbing 
loWer limb prosthesis. 

[0018] In accordance With one embodiment, the present 
invention provides an impact and torque absorbing pros 
thetic shock module comprising an outer pylon, an inner 
pylon telescopingly engaged With said outer pylon so that an 
annular interface is formed betWeen the pylons, a resilient 
element resisting relative axial displacement of the pylons, 
and a torque-resisting cuff providing torsional resistance to 
relative rotational motion betWeen the pylons. The inner 
pylon is adapted to move axially and rotationally With 
respect to the outer pylon. 

[0019] In accordance With another embodiment, the 
present invention provides an impact and torque absorbing 
prosthetic shock module comprising an elongated upper 
pylon, an elongated loWer pylon adapted to move axially and 
rotationally With respect to the upper pylon, a resilient 
element resisting relative axial displacement of the pylons, 
and a torque-resisting cuff providing torsional resistance to 
relative rotational motion betWeen the pylons. The longitu 
dinal axes of the upper and loWer pylons are maintained in 
a generally colinear alignment. 

[0020] In accordance With another embodiment, the 
present invention provides a shock absorbing prosthesis 
comprising an upper support member, a loWer support 
member, and a ?exible tubular member. The upper and 
loWer support members are coaxially and slidably supported 
relative to one another. The ?exible tubular member is 
secured betWeen the upper and loWer support members so as 
to provide resistance to relative rotation betWeen the upper 
and loWer support members. 

[0021] In accordance With another embodiment, the 
present invention provides an impact absorbing loWer limb 
prosthesis comprising an outer tube, an inner shaft, and a 
coil spring. The outer tube has a longitudinal interior, a 
proximal end and a distal end. The longitudinal interior has 
a polygonal cross-section along at least a section of its span. 
The distal end is attachable to a prosthetic foot. The outer 
tube houses a support Within its interior. The inner shaft has 
a proximal end, a distal end, and a longitudinal cavity. The 
proximal end is attachable to a socket for receiving a stump 
of an amputee. The inner shaft has a polygonal outer 
cross-section that is closely enveloped by at least a portion 
of the section of the longitudinal interior of the outer tube. 
The inner shaft is mounted to move axially With respect to 
the outer tube. The coil spring has an upper portion residing 
in the longitudinal cavity of the inner shaft and an upper end 
?xed in position relative to the inner shaft. The coil spring 
has a loWer end attached such that the loWer end is ?xed in 
position relative to the outer tube. The coil spring is capable 
of a smooth response to loading and unloading via com 
pression and extension, the compression and extension of 
the coil spring controlling relative motion betWeen the outer 
tube and the inner shaft. The loading/unloading character 
istics of the prosthesis to vertical compressive loads may be 
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adjusted according to the particular Weight of the amputee 
by selectively varying the spring characteristics of the coil 
spring. 
[0022] In accordance With another embodiment, the 
present invention provides an impact absorbing loWer limb 
prosthesis comprising an outer tube, an inner shaft having a 
holloW interior and being reciprocatingly inter?tted With the 
outer tube, and a resilient means operatively attached or 
disposed betWeen the outer tube and the inner shaft. The 
resilient means is provided by an internal coil spring that is 
free of pre-loading stress so as to provide a smooth or 
non-jarring compression initiation and a smooth or non 
jarring extension termination. The prosthesis simulates a 
shock absorber When subjected to vertical compressive 
loads. 

[0023] For purposes of summariZing the invention and the 
advantages achieved over the prior art, certain objects and 
advantages of the invention have been described herein 
above. Of course, it is to be understood that not necessarily 
all such objects or advantages may be achieved in accor 
dance With any particular embodiment of the invention. 
Thus, for example, those skilled in the art Will recogniZe that 
the invention may be embodied or carried out in a manner 
that achieves or optimiZes one advantage or group of advan 
tages as taught herein Without necessarily achieving other 
objects or advantages as may be taught or suggested herein. 

[0024] All of these embodiments are intended to be Within 
the scope of the invention herein disclosed. These and other 
embodiments of the present invention Will become readily 
apparent to those skilled in the art from the folloWing 
detailed description of the preferred embodiments having 
reference to the attached ?gures, the invention not being 
limited to any particular preferred embodiment(s) disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1A is a longitudinal sectional vieW of a loWer 
limb prosthesis illustrating one embodiment of a shock 
module having features and advantages in accordance With 
the teachings of the present invention; 

[0026] FIG. 1B is a partial sectional vieW of the shock 
module of FIG. 1A, illustrating a preferred con?guration of 
the torque-resisting cuff of the present invention; 

[0027] FIG. 2 is an exploded vieW of the shock module of 
FIG. 1A, illustrating a preferred con?guration for connect 
ing the upper end of the coil spring; 

[0028] FIG. 3 is an exploded vieW of the shock module of 
FIG. 1A, illustrating a preferred con?guration for connect 
ing the loWer end of the coil spring; 

[0029] FIG. 4 is a sectional vieW illustrating a preferred 
embodiment of the coil spring; 

[0030] FIG. 5 is a sectional vieW illustrating another 
preferred embodiment of the coil spring; 

[0031] FIG. 6 is a graphical comparison betWeen the 
impact absorbing characteristics of a preferred embodiment 
of the coil spring and the prior art; 

[0032] FIG. 7 is a longitudinal sectional vieW of an 
alternative embodiment of a shock module having features 
and advantages in accordance With the teachings of the 
present invention; 
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[0033] FIG. 8 is an exploded sectional vieW of the shock 
module of FIG. 7, illustrating a preferred con?guration of 
the end cap and O-ring assembly; 

[0034] FIG. 9A is a longitudinal sectional vieW of another 
alternative embodiment of a shock module having features 
and advantages in accordance With the teachings of the 
present invention, shoWn in an uncompressed position; 

[0035] FIG. 9B is a sectional vieW of the shock module of 
FIG. 9A, shoWn in a compressed position; 

[0036] FIG. 10 is a sectional vieW of the upper pylon and 
end cap of the shock module of FIG. 9A; 

[0037] FIG. 11 is an exploded partial sectional vieW of the 
end cap and O-ring assembly of the shock module of FIG. 
9A; 
[0038] FIG. 12 is a sectional vieW of the loWer pylon, end 
?tting, and guide pin assembly of the shock module of FIG. 
9A; 
[0039] FIG. 13 is a sectional vieW of the guide pin of FIG. 
12, taken along line 13-13; 

[0040] FIG. 14 is a longitudinal sectional vieW of another 
alternative embodiment of a shock module having features 
and advantages in accordance With the teachings of the 
present invention; 

[0041] FIG. 15 is a sectional vieW of the shock module of 
FIG. 14, taken along line 15-15; 

[0042] FIG. 16 is a longitudinal sectional vieW illustrating 
a preferred embodiment of the outer tube; 

[0043] FIG. 17 is a sectional vieW of the outer tube of 
FIG. 16, taken along line 17-17; 

[0044] FIG. 18 is a sectional vieW of the outer tube of 
FIG. 16, taken along line 18-18; 

[0045] FIG. 19 is a sectional vieW of the outer tube of 
FIG. 16, taken along line 19-19; 

[0046] FIG. 20 is a sectional vieW of the outer tube of 
FIG. 16, taken along line 20-20; 

[0047] FIG. 21 is an exploded perspective vieW illustrat 
ing a preferred con?guration of the grease seal assembly; 

[0048] FIG. 22 is a side vieW illustrating an alternative 
attachment of a shock module of the invention to a prosthetic 
foot; and 

[0049] FIG. 23 is a sectional vieW illustrating the attach 
ment con?guration of the shock module and prosthetic foot 
of FIG. 22, taken along line 22-22. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0050] FIG. 1A shoWs a preferred embodiment of a loWer 
limb prosthesis 20 including a shock module 22 constructed 
and assembled in accordance With the teachings of the 
present invention. For purposes of illustration, the prosthesis 
20 is shoWn as also including a prosthetic foot 24, in this 
case a Flex-Walk® foot available from Flex-Foot, Inc. of 
Aliso Viejo, Calif., and a stump socket 44. In particular, the 
upper end of shock module 22 is connected to stump socket 
44, illustrated by Way of example by utiliZing a female 
pyramid ?tting 46 and an alignment cup 48. 
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[0051] Shock module 22 includes telescoping hollow 
cylindrical pylons 26 and 28, shaped and adapted for smooth 
relative motion. Pylons 26 and 28 are preferably slidingly 
and rotationally interengaged With each other While retain 
ing their operative horiZontal alignment With each other 
through a relatively close ?t betWeen the inside dimensions 
of outer pylon 26 and the outside dimensions of inner pylon 
28. Inner pylon 28 is adapted to be attached to a stump 
socket 44, as described later herein. Outer pylon 26 prefer 
ably has a cylindrical outer surface to facilitate the attach 
ment of various types of prosthetic feet using conventional 
prosthetic couplers. For example, the loWer end of pylon 26 
may be attached to a prosthetic foot having a horiZontal 
attachment section, such as the prosthetic foot 24 in FIG. 1, 
or to a prosthetic foot having a vertical attachment section. 
Both types of attachments are Well knoWn in the prosthetic 
foot art. 

[0052] Shock module 22 includes a resilient element, such 
as a coil compression spring 30 or a compressible ?uid, for 
providing impact absorption during use of the prosthesis 20. 
Shock module 22 preferably includes a hybrid spring-?uid 
resilient element, comprising an internal coil compression 
spring 30 in combination With a compressible ?uid such as 
air. Spring 30 is preferably proximally ?xed With respect to 
inner pylon 28 and distally ?xed With respect to outer pylon 
26. A valve 56 is provided Within pylon 26 to vary the 
pressure of the ?uid inside of shock module 22. Valve 56 is 
in ?uid communication With the interior space de?ned by 
pylon 26, including the narroW annular space betWeen 
pylons 26 and 28 and the interior space de?ned by inner 
pylon 28. A torque-resisting cuff 34 provides torsion-resis 
tance to the prosthesis and also keeps dirt and other debris 
from getting betWeen pylons 26 and 28 and affecting their 
relative motion. The cuff 34 may be con?gured to provide 
some additional impact resistance. The cuff 34 is proximally 
attached to inner pylon 28 and distally attached to outer 
pylon 26. Preferably, both of these attachments are near the 
proximal ends of said pylons and are made via ring clamps 
50 Which provide air-tight seals. 
[0053] FIGS. 1A and 2 illustrate one example of an 
attachment construction for attaching the proximal end of 
the shock module 22 to a stump-supporting socket. Avariety 
of other suitable attachment constructions could also be used 
Without departing from the teachings of this invention. 
According to the preferred attachment construction, a male 
pyramid ?tting 36 is ?xed to the proximal end of inner pylon 
28 and is adapted to be coupled to female pyramid ?tting 46. 
This assembly alloWs the shock module 22 to be proximally 
attached to a broad selection of prosthetic sockets (for 
example, in FIG. 1A, to a stump socket 44 via an alignment 
cup 48) or other intermediate prosthetic devises, such as a 
prosthetic knee. Fitting 36 is preferably ?xed With respect to 
pylon 28 by a threaded engagement betWeen the exterior 
surface of ?tting 36 and the interior surface of pylon 28. 
Alternatively, ?tting 36 may be adhesively bonded to pylon 
28 using, for example, 3M #420/460 toughened epoxy. If 
desired, ?tting 36 may have a bonding hole 37 and/or 
bonding grooves 39, as can be seen in FIG. 2, so as to 
facilitate better bonding. Those skilled in the art Will appre 
ciate that ?tting 36 preferably provides an air-tight seal With 
respect to the interior space de?ned by pylon 28. An air-tight 
seal may be achieved by inserting a rubber O-ring seal 
betWeen the surfaces of ?tting 36 and pylon 28, or alterna 
tively by forming a ring-shaped adhesion bond around the 
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circumference of ?tting 36 to bond ?tting 36 to the interior 
surface of pylon 28. Fitting 36 is preferably formed from 
titanium, but may be formed other suitable materials keep 
ing in mind the goals of strength, light-Weight, and main 
taining a strong bond/attachment to the inner pylon 28. 

[0054] FIG. 2 illustrates a preferred attachment con?gu 
ration for the top end of coil spring 30. Spring 30 is attached 
to a top spring end ?tting 38 secured to the bottom of 
pyramid ?tting 36, so that the top end of spring 30 is ?xed 
in position relative to inner pylon 28. The ?tting 38 is 
preferably fabricated from a loW-carbon steel and is secured 
to ?tting 36 via a longitudinal hex cap screW 41 that is 
provided Within a through hole inside of ?tting 36 and is 
threadingly engaged With ?tting 38. Fitting 36 has an upper 
recess 55 that seats the cap of hex cap screW 41 and a loWer 
recess 57 that snugly houses a top protrusion 45 of the ?tting 
38. Optionally, a rubber Washer 43 may be provided against 
the cap of screW 41 to achieve an air-tight seal. Alternatively, 
spring end ?tting 38 could be formed integrally With ?tting 
36. In either case, the top surface and top coil of spring 30 
are preferably adhesively bonded (using, for example, a 3M 
#420/460 toughened epoxy) to the horiZontal annular sur 
face 47 and the vertical cylindrical surface 49, respectively, 
of the top spring end ?tting 38. Further, the protrusion 51 has 
a diameter nominally smaller than the inner diameter of the 
spring 30 but slightly larger than the diameter of cylindrical 
surface 49, Which provides clearance for the aforementioned 
adhesive bonding of the top spring coil. 

[0055] BeloW inner pylon 28, a transverse rigid disk 
shaped support base 40 is ?xed With respect to outer pylon 
26 to provide support for the bottom of spring 30. Alterna 
tively, the loWer end of pylon 26 could have a completely 
solid con?guration to provide a base for supporting the 
spring 30, Without departing from the teachings of the 
invention. Base 40 preferably provides an air-tight seal With 
respect to the interior space de?ned by outer pylon 26. 

[0056] Referring to FIG. 3, a bottom spring end ?tting 42 
is preferably formed from a loW carbon steel and preferably 
con?gured similarly to top spring end ?tting 38. Fitting 42 
may be secured to base 40 via a threaded engagement With 
a longitudinal hex cap screW 53 provided Within a through 
hole 114 in base 40. Alternatively, ?tting 42 could be formed 
integrally With base 40. Fitting 42 has a bottom protrusion 
112 that ?ts snugly into through hole 114. Optionally, a 
rubber Washer 116 may be provided against the cap of screW 
53 to ensure an air-tight seal. A disk-shaped element 110 of 
the ?tting 42 rests on the upper surface of the base 40. 

[0057] The bottom of coil spring 30 is attached to bottom 
spring end ?tting 42 in the same manner as described above, 
so that the bottom end of spring 30 is ?xed in position 
relative to outer pylon 26. In particular, the bottom surface 
and bottom coil of spring 30 are preferably adhesively 
bonded to the top annular surface of element 110 and the 
vertical surface of cylindrical element 108, respectively, of 
the ?tting 42. The stem 106 has a diameter nominally 
smaller than the internal diameter of spring 30 and partially 
extends into spring 30, thereby providing support to prevent 
buckling of the spring. The element 108 has a diameter 
slightly less than that of the stem 106 to permit clearance for 
the aforementioned adhesive bonding of the bottom spring 
coil. 

[0058] Those skilled in the art Will understand that spring 
end ?ttings 38 and 42 are exemplary and not limiting, and 
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that any of a variety of suitable spring attachment construc 
tions could be used to achieve the purposes of this invention, 
giving due consideration to the goals of strength and dura 
bility of the attachment. 

[0059] The pylons 26 and 28, including the support base 
40, are preferably fabricated from a strong light-Weight 
material, such as, for example, a carbon graphite and epoxy 
composite. Preferably, the inner surface 58 of outer pylon 26 
and/or the outer surface 59 of inner pylon 27 are lined With 
a polymeric material, such as RULON 142 bearing tape, to 
minimize frictional forces betWeen said pylons during rela 
tive motion therebetWeen. Alternatively, one or both of the 
pylons may be fabricated from a light-Weight metal, such as 
age-hardened aluminum, and coated With a loW friction 
material such as a TUFRAM synergistic coating (aluminum 
oxide anodize With infusion of a loW friction polymer and a 
dry ?lm lubricant). Optionally, a lubricant, such as a Krytox 
GPL 205 grease manufactured by Miller-Stephenson 
Chemical, may be smeared on the outside surface of inner 
pylon 28 for improved smoothness of motion. Also, if 
necessary, the amputee or prosthetist may adjust the length 
of the shock module 22 simply by cutting the outer pylon 26 
to the desired length, thereby alloWing the shock module 22 
to be custom-?tted as dictated by the height and/or leg length 
of the amputee. 

[0060] In the preferred embodiment of the invention, the 
spring 30 is a die spring constructed from chrome-vanadium 
steel Wire. Preferably, the coiled spring Wire has either a 
rectangular-With-rounded-corners cross-section 60 or a 
D-shaped cross-section 62, shoWn in FIGS. 3 and 4, respec 
tively. Such cross-sections not only provide for a more 
compact spring, but, also signi?cantly loWer the maximum 
stress level of the Wire and contribute to a considerably 
longer spring life. Preferably, the top end 64 and the bottom 
end 65 of the spring 30 are closed and ground square to 
provide a maximum bearing surface and, hence, a substan 
tially uniform stress distribution. Other preferred manufac 
turing methods that enhance spring life include heat tem 
pering, shot peening to reduce Working stresses and enhance 
fatigue resistance, and electrostatic coating for a durable, 
anti-corrosive ?nish. 

[0061] Those skilled in the art Will realize that a Wide 
variety of other spring types may also be utilized With 
ef?cacy Without departing from the spirit and scope of the 
invention. For example, the spring 30 can be constructed 
from a different chrome-alloy steel Wire, such as a chrome 
silicon steel Wire, or from an oil-tempered high-carbon steel 
Wire. Moreover, the Wire cross-section of the spring 30 can 
assume a variety of shapes, such as circular, ellipsoidal, or 
trapezoidal, as desired, giving due consideration to the goals 
of durability, uniform stress distribution, and high fatigue 
strength. The table beloW provides examples of die springs 
that may be employed in the present invention. The nominal 
inner and outer diameters of all six springs depicted in the 
table are 0.375 inches and 0.75 inches, respectively. 

Spring Spring Maximum Wire Size 
Rate Length Deflection (inches x Weight 

(lbs/inch) (inches) (inches) inches) (grams) Brand 

264 2 0.80 0.156 X 0.093 35 Century 
312 3 0.90 0.165 X 0.125 64 Century 
362 3 0.90 — 68 Danly 
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-continued 

Spring Spring Maximum Wire Size 
Rate Length Deflection (inches x Weight 

(lbs/inch) (inches) (inches) inches) (grams) Brand 

405 3 0.75 0.165 x 0.135 — Century 
483 3 0.75 — 67 Dayton 
512 3 0.75 — 68 Danly 

[0062] Advantageously, the coil spring 30 is preferably 
free of pre-loading stress. In other Words, the spring 30 is not 
compressed When the shock module 22 is in its unloaded 
state. This ensures a smooth or non-j arring compression 
initiation of the spring 30 When the amputee applies Weight 
on the prosthesis 20. Upon load release the spring 30 is free 
to extend smoothly and there is no jarring hard stop at full 
extension. Thus, the absorption and release of impact energy 
is achieved in a more comfortable manner for the amputee. 
Moreover, the spring 30 is chosen such that it exhibits a 
substantially linear response to loading and unloading. In 
other Words, the axial spring displacement is substantially 
linearly proportional to the applied force. Field testing has 
shoWn that utilization of such a linear spring 30 in the shock 
module 22 best simulates a natural gait for the Wearer. Also, 
the spring 30 is selected such that its stiffness (or spring rate) 
is best suited to the Weight of the particular amputee. The 
spring utilized in the shock module 22 is preferably such that 
during ambulation, for a given amputee’s Weight, the maxi 
mum relative axial displacement betWeen the pylons 26 and 
28 is about one inch, thereby providing an inherently com 
fortable feel for the Wearer. 

[0063] An examination of FIG. 6 best illustrates the 
advantageous features of using an “unconstrained” (not 
pre-loaded) coil compression spring as compared to utilizing 
a “pre-loaded” spring (employed, for example, by Martel et 
al, US. Pat. No. 4,883,493) in an impact absorbing pros 
thesis. In FIG. 6, the horizontal axis represents the com 
pressive displacement, d, of the spring, and the vertical axis 
represents the force or load, F, applied to the spring. By Way 
of example, it is assumed that the maximum compressive 
displacement, xm, of both springs occurs at the same load, 
Fm, and that both springs are linear. Moreover, the pre-load 
on the pre-loaded spring is set to a value Fp. If an impact 
force, f, is transmitted to the prosthetic leg at the instant 
there is foot/ground contact, the unconstrained coil spring 
Will instantaneously compress and non-jarringly absorb the 
impact energy by moving from point O to point A in FIG. 
6. On the other hand, the pre-loaded spring Will initially 
resist compression (due to the pre-load, Fp, represented by 
the line OC in FIG. 6) and deliver a jarring impact to the 
Wearer before it commences compression. 

[0064] NoW, consider the converse scenario in Which 
before the foot loses contact With the ground the load on the 
springs is f. As foot/ground contact is terminated, the 
unconstrained spring extends from point A to point O (and 
possibly overextends to point B, if so desired, before return 
ing to point O) While smoothly releasing its stored energy. In 
contrast, the pre-loaded spring extends from point D to point 
C Where it experiences a jarring hard stop, the jolting effect 
of Which is transmitted to the amputee’s stump. Thus, by the 
utilization of an unconstrained coil spring 30 in the shock 
module 22, the Wearer’s comfort level during mobile activi 
ties is dramatically enhanced. 
















