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(57) Abréegée/Abstract:
The Invention relates to a torsion device of an exoprosthesis system, with a proximal part (1) which, counter to the action of a

resilient torsion element, can be turned In positive and negative directions of rotation (5, 6) In relation to a distal part (2). To Increase
the functional range, it Is proposed that the torsion element (4), in the positive direction of rotation (5), has a torsion characteristic

different than that in the negative direction of rotation (6).
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Abstract

The invention-.relateS.;to;'a torsion device__of an
exopros-theSis system, with ja proximal part (1) which,
counter to the actlon of a res:l.llent torsion element

can be turned in p051t1ve and negatlve dlrectlons of

rotation _(5, ~6) 1n relatlon to a distal pcrt (2). To’
increase the functional range, it is proposed that the .

torsion element (4) in the positive direction of

rotation (5), has a torsion charatterlstlc dlfferent

than that in the negatlve dlrectlon of rotatlon (©) .

(Figure'l)'



10

15

20

25

30

35

' CA 02391257 2002-06-25

Torsion device of an exoprosthesis

The invention relates 'to'.a, torsion device of an

exoprosthesis, .w:Lth a proximal part whlch

the actlon of a resrllent tor81on - element,

counter to

-can be

turned :Ln positive and negatlve directions of rotatlon

in relation to a distal part, the ‘torsion

element

having, in the positive dlrectlon of rotatlon, a

torsion | characteristic dlfferent than that

negative direction of rotation.

in'.the

Shock  absorbers are used in  exoprostheses  for

cushioning and absorbing the ground reaction forces.

During walking, ruhning- or Jjumping, ground reaction

forces caused by ground contact act via the prosthes:.s

and the shaft on the stump and on the rest of the body.

,Cushlonlng. and .absorpt;on of this loading

of the

senﬁsiti‘ve ‘-stump- and body can help to reduce stump

problems; to av01d overloading of the muscles and

skeletal apparatus and to. J.mprove patlent comfort. In

the case of above-knee ampute_es,_ the rotation capacity

of the device -compehsatesj for the 1lack of

rotation

Capacity of the hip joint as a .-'result of the rigid

stump-shaft connection - at the pelvis.

Here, the

1nternal rotation of the foot relative to the pelvis

-durlng the stance phase of a walking cycle 1is .of

particular importance. In field studies, an increased

rotational -rigidity (locklng moment or initial moment)

for small excursrons of the shock absorber 1is

considered by patients as  very ©pleasant and

stabilizing;.

The torsion device"described at the outset

can be

gathered from DE 196 37 173 Al. The 'latter discloses a

prosthesrs pylon with ea" compre581ble fluid volume

contalnedE therein for supportlng the Weight of a

patient. This -pylon iricludes a first end portion which

can be secured to the leg stump of the patlent, and a

second end portion Wthh lles opp051te the

first end
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.%.2 _y.
portion ;and ‘can be connected to a prosthetic foot and
can turn' relative “to' ‘thei first end poj';tion about a
longltudlnal axis of the pylon. The . first end portion
and second end portlon are coupled via a torsion spring
which w::,th a f.:Lrst sprlng_ rate res:Lsts a rotation in
the cloCkwise di'-rection- and with a -Sécond spring rate
reSJ.sts -a rotatlon in the counterclockw:Lse dlrectlon,

which second spring rate is chosen such that it is

chosen differently from the first sprlng rate depending

on whether the leg stump of the patlent 1s a right or
left leg stump | |

The object of the .inventio.n is to  improve the
functionality of the torsion '- device,described at the

outset.

Startingi f rom the tor81on‘ deVice_ described at the
outset, Ethis object is achleved according to the
1nvent10n, by the. fact that -the tors:Lon element
comprlses two separate tor51on spring elements which
have dlfferent spring characterlstlcs and are each
fitted, w1th prestre581ng, between their 'associated
butments in such a way that in each case only one of
the two tor51on sprlng elements 1S actlve in one of the
two dlrectlons of rotatlon,inamely only in the p081t1ve-
dlrectlon of rotatlon or only in the negatlve dlrectlon

of rotatlon.

~In this Qldefi'nitiOn'-of' the | invention, and ‘also 1in the_

.descrlptlon which follows, the prox1mal part could also

represent a dlstal part and the distal part could

'represent a prox1mal part and & torsion spring element

could also include a group of tor81on Sprlng elements.

The term “resilient” is intended to cover elastic
and/or viscoelastic and/or frlctlon adherlng spring

elements and a v1scoplast1c1ty
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In a s‘;pecial - embodiment- the _' two tors:a.on spring

_elements can be formed by two ring segments Wthh are

made of an elastomer_and which, viewed in the\dlrectlon
of -rotat"iOn, bear directly or indirectly on a carrier
of the proximal part and - on an .abutment fixed in a

stationary position on the'distal.part.

To 'achiéeve ~a compact embodiment- and 'a_ reliable

funﬁotion; 1t 1s advantageous :Lf the two tors:Lon sprlng'
elements bear with thelr ‘respective flrst end on
C1rcumferent1ally opp081te sides of the abutment and
bear w1th their respectlve second end on' a respectlve
-second abutment, these second abutments being mounted

- on the distal part-in7such'a‘Way-that they can each be

dlsplaced in the crrcumferentlal ‘direction by at least
several C1rcumferent1al degrees relative to the tor81on

Spring element bearlng_on_them.\\

- To adapt the characterlstlcs to the requ1rements of the

patient, it is expedlent for the torsion spring

elements to be exchangeable

In a further embodlment, it is“expedient 1f the second-

'abutments are mounted so as to be dlsplaceable in the

c:chumferentlal dlrectlon 1n such a way that in each'
case only one of these - abutments ' can be dlsplaced
relative to the tors:Lon sprlng element bearing on it,
while the other second abutment remains held, with
prestre881ng, by a further abutment. Thls\ solution
results in a markedly hlgh 1n1t1al rlgldlty

According‘ to the i’nvention, | the rotation properties of

the tors:Lon devn.ce can thus be adapted 1nd1V1dually,i

e.g. in terms of 1nternal and external rotatlon The

dlfferent tors:Lonal rlgldltles ~that can be set thus
afford the pOSSlblllty of permlttlng a soft” internal

rotation and of obtalnlng more stablllty by means of a
“hard” external rotatlon durlng heel contact and toe _‘

take—offr An rmportant.factor,ln termS.of the stability
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felt by the patient 1s that there 1s no appreciable

rotation under slight torsional moments. The action of
the torsion spring elements, dependent on the direction
of rotation, which can be achieved according to the
invention permits, in conjunction with their
prestressing, the creation of a locking moment which 1s

likewise dependent on the direction of rotation.

Since, 1in addition to the loading caused by torsional
moments, axial forces also act in a shocklike manner on
the exoprosthesis and the human apparatus of
locomotion, it is advantageous 1f the torsion device 1is
combined with a shock absorber system which has an
axial spring element which bears with its distal end on
the distal part and bears with its proximal end on the

proximal part guided telescopically in the distal part.

In another aspect, the 1invention provides a torsion
device of an exoprosthesis, with a proximal part
which, counter to the action of a resilient torsion
element, can Dbe turned 1n positive and negative
directions of rotation in relation to a distal part,
the torsion element having, in the positive direction
of rotation, a torsion characteristic different than
that 1in the negative direction of rotation,
characterized in that the torsion element comprises two
separate torsion spring elements which have different
spring characteristics and are each fitted, with
prestressing, between associated abutments in such a
way that 1n each case only one of the two torsion
spring elements is active in one of the two directions
of rotation, namely only in the positive direction of

rotation or only in the negative direction of rotation.
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_4a_

Further features of the 1i1invention are the subject of
the dependent c¢laims and are explained 1n greater
detail, together with further advantages of the
invention, with reference to an illustrative

embodiment.

An embodiment of the invention which will serve as an

example 1s shown in the drawings, in which:

Figure 1 shows a torsion device 1in longitudinal

section, and

Figure 2 shows the torsion device according to Figure
1 1n cross section along the line B-B 1in

Figure 1.

The torsion device shown comprises a proximal part 1
which 1s guided axially in a telescopic manner in a
distal part 2. The two parts 1, 2 can turn in positive
and negative directions of rotation relative to one
another counter to the action of a resilient torsion

element. When this torsion device is used, for example
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| " f __\t\' .5 . __.\
in a below-knee pros'thesis; -the proximal part 1 can be
connected to the stump of a prosthesrs wearer, wh-'ile

the dlstal part 2 1is connected to a prosthetlc foot.

In the 3illustrative,'embodiment .sh0wn, the--torsion~
element comprlses two separate torsion spring elements
3, 4 Wthh have dlfferent sprlng characterlstlcs and of'
wthh 1n each case only one torsion. sprlng element 18
active in one of the two - dlrectlons of rotatlon, namely
only in the'positlve dlrectron of rotation 5 or only in
the negatlve dlrectlon of rotatlon 6. The two ,tors‘ion
sprlng elements 3, 4 are formed by two ring segments
which are made of an elastomer and which bear with |
their -respectlve first “ﬁ end on c1rcumferent1ally

opposite sides 7a, 7b of an abutment 7 flxed in a

stationary position on the dlstal part 2, while they

bear wrth the:Lr respectlve second end on a respective

. second abutment 8, "9. These second abutments 8, 9 are

mounted on the dlstal part 2 in such a way that they
can each be dlsplaced in the c:chumferentlal direction
by at least several degrees relatlve to the tors:Lon
sprlng element 3 or 4 bearlng on them. The two
dlsplaceable second abutments 8, 9-bear-on a carrier 10
whlch acts upon them in a relatlve rotatlonal movement

and 1s secured on the prox1mal part 1.

The torsion prlng elements 3, 4 are fitted with
prestre531ng between thelr asslgned abutments 7, 8 and
7, 9, respectlvely on crrcumferentlally OppOSlte sides.
In a partlcular embodlment the second abutments 8, 9
can be mounted so 'as”'top be dlsplaceable ~in the
c_rrcumferentlal dlrectlon such that in each case onlyr

one of these abutments is dlsplaceable relative to the

‘torsion sprlng element 3 or 4 bearlng on 1t, while the",

other second abutment remalns held wlth prestress:rng,\

by a further abutment 11 or 12. Accordlng to Figure 2,

these two further abutments ll 'l2 are each designed as?
a pin th.ch 1S arranged flxedly in the dlstal part 2

and with its free end protrudes inward into a
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displacerinent groove 8a, 9a of the seco-nd 'abut'ment 8 or

9, respectively.

The tOI‘SlOI’I spring elements 3 4 are exchangeable, so
5 that in pr1nc1ple 1t 1s also possrble to replace one of
these tor31on Sprlng elements w1th a -substantlally
rlgld element which then as it were blocks the rotatlon
of the two parts 1 2--'- in one of the two dlrectlons of
rotatlon 5 0. |
10 | -
In Ethe gillustrative.~embodiment - shown, the _tOrSion
spring elements .3; '4 ,are' made'.of- a 'snbstantially
'1ncompre831ble elastomer and 'when.subjectedgto torsion
by the carrler 10, buckle 1nto~ a free space 13, 14-‘-
15 respeCtively, Wthh 1S provrded for this purpose in the
“constructlon -and 'Can. be dlmen31oned -such that the
shallow r:Lse of the sprlng characterlstlc curve of the
torsion spring elements 3, 4 at the end of the torsion.

merges into a strongly progressive rise.

20
.In' 'princi{_p‘le 1t i.s .po-ssible‘ th-at' the, two displ-aceable
abutments 8, '9 at thesame'time form'bearing shells for
the prox1mal part 1, which is pushed with a tubular
attachment piece 1nto the dlstal part 2.

25

The carrier 10 is inserted exactly, or with
over'dimen;sioning,_'_ between ~the two displaceable

abutments 8, 9.

- 30 The torsion device shown iS"also ~equipped with a shock-
absorber system whlch has an axial spring element 15
which bears with its_ dlstal end on the head of a
_prestre581ng screw 16 screwed 1nto the prozmmal part 1
and bears. Wlth its prox:n.mal end on a closure screw 17

35 screwed into the proximal part 1. By means of the
prestre581ng screw 1o, a --prestres_sing can  be appli"edf
steplessly to the aX1al sprlng element 15. The closure

screw 17 is used to. close off an opening through which
the axial sprlng element 15 can be exchanged '
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The ax1al spring element 15 is formed by an elastomerlc'
rod Wthh 1S made of a substantlally 1ncompreSSJ.ble
elastomer and, when acted upon axially, buckles 1nto a
free space which 1s prom,ded for this purpose in the
constructlon and Wthh ‘can be dlmen81oned such that the
shallow rlse of the sprlng characterlstlc curve of the
ela-stomerlc rod at‘ thfe ‘end of the axial spring

ompressron merges 1nto a strongly progressive rlse.

The maximum axral spr::.ng compress:Lon 1S llmlted by a

nonllnear end contact sprlng element 19 Wthh 18 formed

‘by an elastomerlc rlng flxed in the dlstal part 2. When

the. tor51on dev1ce :1s. free' from ax1al force, the

~proxrmal part 1 rests. w1th an annular shoulder la on an
upper: contact element 20 Wthh llmlts the travel A

screw cap 21 1s also prov1ded which 1is screwed onto the
proxrmal end of the dlstal part 2 and forms part of the
telescoplc gu1de for the prox1mal part 1. | g
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CLAIMS:

A torsion device of an exoprosthesis, with a proximal
part which, counter to the action of a resilient
torgsion element, can be turned in positive and
negative directions of rotation in relation to a
distal part, the torsion element having, 1in the
positive direction of rotation, a torsion
characteristic different than that in the negative
direction of rotation, characterized 1in that the
torsion element comprises two separate torsion spring
elements which have different spring characteristics
and are each fitted, with prestressing, between
associated abutments in such a way that in each case
only one of the two torsion spring elements 1s active
in one of the two directions of rotation, namely only
in the positive direction of rotation or only 1n the

negative direction of rotation.

A torsion device according to claim 1, characterized
in that the two torsion spring elements are formed by
two ring segments which are made of an elastomer and
which, viewed 1in the direction of rotation, bear
directly or indirectly on a carrier of the proximal
part and on an abutment fixed 1n a stationary position

on the distal part.

A torsion device according to claim 2, characterized
in that the two torsion spring elements bear with
respective first ends thereof on circumferentially
opposite sides of the abutment and with respective
second ends thereof on respective second abutments,

these second abutments being mounted on the distal
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part 1n such a way that they can each be displaced in
the circumferential direction by at least several

circumferential degrees relative to the torsion spring

element bearing on them.

A torsion device according to claim 3, characterized
1in that the second abutments are mounted so as to be
displaceable in the circumferential direction in such
a way that 1n each case only one of these abutments
can be displaced relative to the torsion spring
element bearing on 1t, while the other second abutment
remains held, with prestressing, by a further

abutment.

A torsion device according to claim 4, characterized
in that said carrier 1is inserted exactly, or with
overdimensioning, between the two displaceable

abutments.

A torsion device according to claim 3, characterized
in that, in order to act upon the two displaceable
second abutments, a carrier is provided which is fixed

on the proximal part.

A torsion device according to claim 2, characterized
in that the torsion spring elements are made of a
substantially incompressible elastomer and, when
subjected to torsion by the carrier, buckle into a
free space provided for this purpose in the

construction.
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A torsion device according to claim 7, characterized

in that said free space 1is dimensioned such that a
shallow rise of the spring characteristic curve merges

into a strongly progressive rise at the end of the

torsion.

A torsion device according to claim 3, characterized

in that the two displaceable abutments at the same

shells for the proximal part

time form bearing

inserted with a tubular attachment piece 1nto the

distal part.

A torsion device according to claim 1, characterized
in that only one common first abutment is provided for
the two torsion spring elements.

characterized

A torsion device according to claim 1,

in that the torsion spring elements are exchangeable.
A torsion device according to claim 1, characterized
by a shock-absorber system which has an axial spring
element which bears with a distal end on the distal
part and bears with a proximal end on the proximal
part guided telescopically in the distal part.

A torsion device according to claim 12, characterized
in that the axial spring element is exchangeable.

A torsion device according to claim 12, characterized

by a prestressing screw by means of which a

prestressing can be applied steplessly to the axial

spring element.
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A torsion device according to claim 12, characterized

in that the proximal part has an opening which 1s used

for exchanging the axial spring element and which can

be closed off by a closure screw.

A torsion device according to claim 15, characterized

in that the closure screw at the same time forms a

prestressing screw.

A torsion device according to claim 12, characterized

in that the maximum axial spring compression 1S

limited by an end-stop spring element.

A torsion device according to claim 17, characterized
by a nonlinear end-stop spring element.
A torsion device according to claim 17, characterized

in that the end-stop spring element 1s formed by an

elastomeric ring fixed in the distal part.

A torsion device according to claim 12, characterized
in that, with the torsion device free from axial
force, the proximal part bears with an annular

shoulder on an upper contact spring element which

limits the travel.

A torsion device according to claim 12, characterized
by a screw cap which forms a telescopic guide for a
proximal part and which 1s screwed onto the proximal

end of the distal part.
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22. A torsion device according to claim 12, characterized
in that the axial spring element 1s formed by an

elastomeric rod.

23. A torsion device according to claim 22, characterized
in that the elastomeric rod 1is made of a substantially
incompressible elastomer and, when acted upon axially,
buckles into a free space which 1s provided for this
purpose in the construction and which 1s dimensioned
such that the shallow rise of the sSpring
characteristic curve at the end of the axial

compression merges into a strongly progressive rise.
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