0 01/68010 A2

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

A0 0 O D

(10) International Publication Number

20 September 2001 (20.09.2001) PCT WO 01/68010 A2
(51) International Patent Classification: AG61F 5/01, CH, CN, CO, CR, CU, CZ, CZ (utility model), DE, DE
B29C 70/00 (utility model), DK, DK (utility model), DM, DZ, EE, EE
(utility model), ES, FI, FI (utility model), GB, GD, GE, GH,
(21) International Application Number: PCT/DK01/00164 GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,

(22) International Filing Date: 12 March 2001 (12.03.2001)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

PA 2000 00411 14 March 2000 (14.03.2000) DK

(71) Applicant and
(72) Inventor: ANDERSEN, Henrik, Spang [DK/DK]. Es-
rumvej 453, DK-3230 Grasted (DK).

(74) Agent: PLOUGMANN, VINGTOFT & PARTNERS;
P.O. Box 3007, DK-1021 Copenhagen K (DK).

(81) Designated States (national): AE, AG, AL, AM, AT, AT
(utility model), AU, AZ, BA, BB, BG, BR, BY, BZ, CA,

LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK,
SK (utility model), SL, TJ, TM, TR, TT, TZ, UA, UG, US,
UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ,MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, I[E,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,

CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: AN ANKLE-FOOT ORTHOSIS AND A METHOD FOR MAKING THE SAME
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foot-supporting member (10) for extending beneath the sole of a foot of a user, a calf abutment member (11) for abutting the calf of
the user, a narrow connecting member (12) extending from the foot-supporting member at a location on one side, preferably the outer
side, of the ankle of the user to the calf abutment member so as to interconnect the foot-supporting member and the calf abutment
member, and a releasable fastener (17) for fastening the calf abutment member to a leg of the user. The orthosis may be made by
a method, in which a thermoplastic material with reinforcing fibres is arranged between opposite plastic films of foils in a desired
mutual arrangement. Thereafter, the space defined between the opposite films is sealed, and air or gas is then removed from the
sealed space so as to compact the material arranged therein and so as to form a blank. The blank thus formed is thereafter heated to

a plastisising temperature and formed into the desired shape.
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AN ANKLE-FOOT ORTHOSIS AND A METHOD FOR MAKING THE SAME

Field of the Invention

The present invention relates to an ankle-foot orthosis made integrally from a thin, shaped
lightweight material. Such orthosis is used for supporting the foot of a patient suffering
from neurological disorders due to cerebral haemorrhage, tumours, radiation treatment or

diseases, so that the patient may achieve an almost natural and dynamic gait.

Description of Prior Art

US patent No. 5,897,515 discloses an orthosis of this kind made from carbon fibre
reinforced plastic resin. The known orthosis comprises a foot plate for supporting the foot
of the user and a frame part extending upwardly from the foot plate in front of and in

contact with the tibia area of the leg of the user.

It is an object of the present invention to improve this known orthosis.

General Description of the Invention

Thus, the present invention provides an ankle-foot orthosis made from a thin, shaped
lightweight material and comprising a flat foot-supporting member for extending beneath
the sole of a foot of a user, a calf abutment member for abutting the calf of the user, a
narrow connecting member extending from the foot-supporting member at a location on
one side - preferably the outer side - of the ankle of the user to the calf abutment member
so as to interconnect the foot-supporting member and the calf abutment member without
contacting the tibia area, and a releasable fastener for fastening the calf abutment

member to a leg of the user.

Because the orthosis according to the invention does not comprise parts covering the

front part or the tibia area of the leg of the user the orthosis according to the invention is
less visible in use than the prior art devices. This feature is especially important when a
female user wears a gown or skirt and uses the orthosis at the same time. Furthermore,

the orthosis according to the invention is more comfortable in use than the orthosis
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disclosed in the above US patent. The reason is that the known orthosis relies on contact
with the tibia area, which is often tender or painful.

Preferably, the connecting member is connected to an arch part of the foot-supporting
member at a location adjacent to the arch of the foot of the user and in front of the lateral
malleole. From this position the narrow connecting member extend to the calf abutment
member without passing the anterior or front side of the leg of the user. Thus, the

connecting member preferably extends along a substantially helical path.

The connecting member is preferably relatively thin, narrow and stiff, while the calf
abutment member is relatively broad and defines a relatively large abutment surface.
Therefore, the narrow connecting member is preferably widening towards the calf
abutment member, which is arched so as to define a calf abutment surface being

substantially complementary to the shape of the calf of the user.

The releasable fastener used for fastening the orthosis to the leg of the user may be of
any suitable kind and may, for example, comprise a skin adhesive, a clamp or the like. In
the preferred embodiment the releasable fastener comprises a strap for interconnecting
opposite ends of the calf abutment member. Thus, the calf abutment member and the
strap may encircle the crus of the user, and tightening the strap may fasten the orthosis.

The strap may be held in position for example by means of a Velcro fastener.

The orthosis according to the invention may be made from a thin material, such as sheet
metal or plastic material. In the preferred embodiment, however, the orthosis is made from
fibre-reinforced thermoplastic material. This allows for a lightweight and strong structure,
and yet the form of the orthosis may to some extent be adapted to the individual user
when the thermoplastic material is heated to a softening temperature. The reinforcing
fibres may be of any type conventionally used in plastic materials. Preferably, carbon
fibres, glass fibres or a combination of such fibres are used. The reinforcing fibres may
form strands, layers or cloths. In these layers the fibres may extend in the same general

direction, in two crossing directions or may be randomly distributed.

The arch part of the foot-supporting member may be located between a rear or a heel
supporting part and a front or ball supporting part of the foot-supporting member, and the
heel supporting part is then preferably more flexible than the ball supporting part. This
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may, for example, be obtained by including more layers of reinforcing fibres in the ball
supporting part than in the heel supporting part. By varying the flexibility of the various

parts of the foot-supporting member the user may obtain a more natural gait.

While it is important that the foot-supporting member is flexible the object of the
connecting member is to maintain the foot-supporting member and the calf abutment
member in a substantially fixed mutual position. Therefore, the connecting member is
preferably substantially more stiff than the foot-supporting member. This may, for example
be obtained by including more layers of reinforcing fibres in the connecting member than

in the heel and ball supporting parts of the foot-supporting member.

At least some and preferably all of the layers of reinforcing fibres extending Jongitudinally
within the connecting member may continue into the arch part of the foot-supporting
member. This provides a good mutual connection between the connecting member and
the foot-supporting member and also provides a desired reduced flexibility of the arch

part.

The thermoplastic material forming the matrix material in which the reinforcing fibres are
embedded is preferably one or more of the following materials: polyethylene,
polypropylene, modified polyethylene terepthalate, polyamide, polyethylene terepthalate,

polyether imide, polyether sulfone, and polyether ketone.

The orthosis according to the invention may be an undivided, unitary member.
Alternatively, the orthosis may be made in two or more parts, which are subsequently
interconnected permanently or releasably. As an example, the narrow connecting member
may be divided into two parts, which are releasably interconnected, for example by means
of a connecting member embracing adjacent ends of the said two parts of the narrow
connecting member.

The connecting member may be adapted to allow the length of the narrow connecting

member to be adjusted.

According to a further aspect the present invention provides a method of making an
orthosis as described above, said method comprising positioning the thermoplastic
material - preferably in the form of fibres, films, granules, or the like - and the reinforcing

fibres between opposite plastic films or foils in a desired mutual arrangement, sealing the
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space defined between the opposite films, removing air or gas from said sealed space so
as to compact the material arranged therein and form a blank. Subsequently, the blank
thus formed may be formed into a desired shape, for example in a mould. This shape may
be retained by heating the blank to a plasticising temperature and subsequently cooling
the shaped article thus formed. Preferably, such heating and cooling takes place while the
shaped article is still within the mould. The said plasticising temperature is preferably
sufficiently high to allow the reinforcing fibres to become embedded in the plasticised

thermoplastic material forming a matrix material.

The melting point of the films enclosing thermoplastic material and the reinforcing fibres
may have a melting point being higher than the melting point of the thermoplastic material
forming the matrix material. In that case the opposite films may form an outer skin layer of
the finished orthosis. If, however, the melting point of the films is equal to or lower than
that of the thermoplastic material positioned therebetween the material of the fiims may

migrate into or become combined with the thermoplastic matrix material.

The air or gas may at least partly be removed from the sealed space between the
opposite films, when positioned within the mould so as to remove residual air or gas or
gas released during heating the thermoplastic material. Thus, the blank may be positioned
in a mould cavity defined between a pair of first and second mould surfaces. The first
mould surface defining the desired shape may be formed by a relatively stiff mould wall,
while the second mould surface may be formed by a flexible wall and the mould cavity
may then be connected to a vacuum source so as to form the blank into the desired

shape.

Alternatively, a blank or pre-form formed by fibres and thermoplastic material may be
arranged within a mould cavity defined between a pair of separable mould parts. When
the pre-form or blank has been positioned in the mould cavity and heated to a plasticising
temperature the mould parts defining the desired shape of the final orthosis are pressed
together so as to force the pre-form to adopt the shape defined by the mould cavity
surfaces. At least one of the mould parts may be made from an elastic or resilient

material, such as silicon rubber.

In any of the methods for making the orthosis, in which the blank or pre-form is heated,

such heating may at least partly be obtained by placing electrical conducting material
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within the blank or pre-form and by sending electric current through the conducting
material. Such conducting material may comprise reinforcing fibres, such as carbon fibres

arranged within the blank or pre-form.

Brief Description of the Drawings

The invention will now be further described with reference to the drawings, wherein

Fig. 1 is a side view of an embodiment of the orthosis according to the invention,

Fig. 2 is a rear view of the orthosis shown in Fig. 1,

Fig. 3 is a top plan view showing the upper end of the orthosis,

Fig. 4 is a bottom view of the orthosis,

Fig. 5 illustrates diagrammatically and in an enlarged scale a sectional view of an
arrangement of layers of reinforcing fibres extending from the location A, to the location
C,in Fig. 4,

Fig. 6 illustrates diagrammatically and in an enlarged scale a sectional view of an
additional arrangement of layers of reinforcing fibres extending from the location B, to the
location C; in Fig. 4,

Fig. 7 and 8 are side and rear views of a second embodiment of the orthosis according to
the invention, and

Fig. 9 diagrammatically illustrates a method for producing the orthosis shown in Figs. 1-4.

Description of Preferred Embodiment

Figs. 1-4 illustrate an orthosis formed integrally from a fibre reinforced thermoplastic
material. The orthosis comprises a substantially flat foot-supporting member or foot plate
10, a curved calf abutment member 11, and a narrow connecting member 12
interconnecting the foot-supporting member 10 and the calf abutment member 11. The
foot-supporting member 10, which is adapted to be positioned under the sole of the foot of
a user, has a rear heel supporting part 13, a front ball supporting part 14 and a connecting
arch part 15 to be positioned below the arch of the foot of the user. The lower end of the
narrow connecting member 12 is formed integrally with one side of the arch part 15 of the
foot plate 10, and from this position the connecting member extends upwardly along the

outer side and along the back side of the leg of the user along a substantially helical path.
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The upper end portion 16 of the connecting member 12 widens towards and is formed

integrally with the calf abutment member 11.

One end of the calf abutment member 11 is provided with a fastening strap 17 and the
free end of this strap may be fastened to the opposite end of the abutment member 11, for

example by means of Velcro fasteners, not shown.

It should be understood that neither the connecting member 12 nor the calf abutment
member 11 of the orthosis shown in the drawings and described above is in contact with

the front part or the tibia of a leg of a user on which the orthosis has been mounted.

The various parts of the orthosis shown in the drawings and even the various parts of the
foot plate 10 preferably have different fiexibility in order to allow the user to walk more
naturally. Such different fiexibility may, for example, be obtained by using different

numbers of layers and/or types of reinforcing fibres in the various parts of the orthosis.

As an example, the foot plate 10 may contain four layers of reinforcing fibres extending
from positions A1 to C, (indicated in Figs. 1 and 4), while the part of the foot plate
extending between positions By and Cy may contain two further layers. This means that
the heel supporting part 13 will be more flexible than the other parts of the foot plate 10.
Fig. 5 illustrates the mutual positions of the said four fayers arranged in the foot plate 10.
It should be noted that two upper layers are arranged in the same plane, but transversely
separated. Fig. 6 illustrates the said two further layers, and it will be noted that these

layers are positioned along the longitudinal axis of the foot plate 10.

Eight layers of reinforcing fibres may extend from position A; to position B; (Fig. 2), which
means transversely to the foot plate 10 at the arch part 15 and along the connecting
member 12 right to the upper rim of the abutment member 11. One additional layer, which
is folded so as to form two additional layers having half width, may extend from the
position A, to the position B, immediately below the calf abutment member 12. Finally, the
calf abutment member 12 may contain two further layers of reinforcing fibres extending
peripherally between the points D and E shown in Fig. 3. From the above it will become
apparent that the arch part 15 of the foot-supporting element or foot plate 10 and the
connecting part 12 are relatively stiff, while the calf abutment member 11 is rather flexible.
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Figs. 7 and 8 shows an embodiment of the orthosis having a narrow connecting member
12, which has been made in two parts 12a and 12b. The mutually overlapping end
portions of these parts have subsequently been releasably interconnected by releasable
connecting means, which may comprise studs 18 formed on the connecting member part
12a and engaging with slits or slots 19 formed in the connecting member part 12b. As the
studs 18 may be displaced along the length of the slots 19, the length of the narrow

connecting member 12 may be adjusted.

The orthosis according to the invention may be integrally formed from a thermoplastic
material forming a matrix 20, Fig. 9, in which the above mentioned layers of reinforcing
fibres are embedded. The matrix and fibre materials may be positioned in the desired
pattern between a pair of plastic films 21 and the space between the films may be sealed
and evacuated by connecting such sealed space to a vacuum source, for example in an
evacuation and sealing device 22 diagrammatically shown in Fig. 9. Thereafter, a sample
23 thus made may be formed into the desired shape, preferably in a mould 24 having a
stiff wall defining the desired shape of the article, and a flexible mould wall, such as a
cloth. The desired shape of the articie may then be obtained by connecting the mould
cavity to a vacuum source, not shown. The shaped sample or article may then be
solidified by heating the article to a fusing or softening temperature of the thermoplastic
matrix material and subsequently cooling. Such heating and cooling preferably takes
place in the mould 24 in which the sample is formed into the desired shape. The plastic
films 21 may have a melting or softening temperature equal to or lower than that of the
matrix material so that the film material may migrate into the matrix material. Alternatively,
the softening or melting temperature of the material of the films may be higher than that of

the matrix material, so that the films may form a skin of the final product.

It should be understood that various changes and modifications of the embodiment
described above with reference to the drawings may be made without departing from the

scope of the present invention as defined in the foliowing claims.
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Claims

1. An ankle-foot orthosis made from a thin, shaped lightweight material and comprising

a flat foot-supporting member (10) for extending beneath the sole of a foot of a
user,

a calf abutment member (11) for abutting the calf of the user,

a narrow connecting member (12) extending from the foot-supporting member at a
location on one side, preferably the outer side, of the ankle of the user to the calf
abutment member so as to interconnect the foot-supporting member and the calf
abutment member, and

a releasable fastener (17) for fastening the calf abutment member to a leg of the

user.

2. An orthosis according to claim 1, wherein the connecting member (12) is connected to
an arch part of the foot-supporting member at a location adjacent to the arch of the foot of

the user.

3. An orthosis according to claim 1 or 2, wherein the narrow connecting member (12)

extends along a substantially helical path.

4. An orthosis according to any of the claims 1-3, wherein the narrow connecting member
(12) is widening towards the calf abutment member (11), which is arched so as to define a
calf abutment surface being substantially complementary to the shape of the calf of the

user.

5. An orthosis according to any of the claims 1-4, wherein the releasable fastener
comprises a strap (17) for interconnecting opposite ends of the calf abutment member
(11).

6. An orthosis according to any of the claims 1-5 and made from fibre-reinforced

thermoplastic material.

7. An orthosis according to claim 6, wherein the reinforcing fibres are selected from the

group consisting of carbon fibres and glass fibres.
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8. An orthosis according to any of the claims 2-7, wherein the arch part of the foot-
supporting member (10) is located between a rear, heel supporting part (13) and a front,
ball supporting part (14) of the foot-supporting member (10), the heel supporting part
being more flexible than the ball supporting part.

9. An orthosis according to claim 8, wherein the ball supporting part (14) contains more

layers of reinforcing fibres than the heel supporting part.

10. An orthosis according to any of the claims 1-9, wherein the connecting member (12)is

substantially more stiff than the foot-supporting member (10).

11. An orthosis according to claim 10, wherein the connecting member (12) contains more
layers of reinforcing fibres than the heel and ball supporting parts (14,15) of the foot-
supporting member (10).

12 An orthosis according to any of the claims 6-11, wherein layers of reinforcing fibres
extending longitudinally within the connecting member (12) continues into the arch part

(15) of the foot-supporting member (10).

13. An orthosis according to any of the claims 1-12, wherein the thermoplastic material is
selected from the group consisting of polyethylene, polypropylene, modified polyethylene
terepthalate, polyamide, polyethylene terepthalate, polyether imide, polyether sulfone, and
polyether ketone.

14. An orthosis according to any of the claims 1-13, which is made as a single integral

part.
15. An orthosis according to any of the claims 1-13, wherein the narrow connecting
member (12) is divided into two parts (12a,12b), which may be releasably interconnected

by releasable connecting means (18,19)

16. An orthosis according to claim 15, wherein the connecting means (18,19) allow the
length of the connecting member (12) to be adjusted.

17. A method of making an orthosis according to claim 1, said method comprising
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positioning the thermoplastic material and the reinforcing fibres between opposite
plastic films or foils (21) in a desired mutual arrangement

sealing the space defined between the opposite films,

removing air or gas from said sealed space so as to compact the material
arranged therein and form a blank (23),

forming the blank into the desired shape and

heating the blank to a plasticising temperature.

18. A method according to claim 17, wherein the blank (23) is formed into the desired
shape in a mould (24), in which the blank is subsequently heated to a softening

temperature and cooled.

19. A method according to claim 17 or 18, wherein the melting point of the films (21) is

equal to or lower than that of the thermoplastic material positioned therebetween.

20. A method according to any of the claims 17-19, wherein the blank (23) is positioned
within a mould cavity defined between a pair of first and second mould surfaces, the first
mould surface defining the desired shape being formed by a relatively stiff mould wall and
the second mould surface being formed by a flexible wall, the mould cavity being

connected to a vacuum source so as to form the blank into the desired shape.
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