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(57) Abrége/Abstract:

This Invention provides holding and supporting appliances used In the fields of orthopedics, rehabilitation and sports and
support members thereof that are light in weight, thin, rigid and durable and breathe well, and, furthermore, support members
made of reinforced plastic triaxial woven fabrics impregnated with resin. The support members according to this invention
comprises a mask-like plece formed of reinforced plastic triaxial woven fabrics. Preferably, the formed piece should have
openings representing 5 to 33 percent of the overall area thereof, and a flexural rigidity of 10 to 1 x 10* kg-mm? per unit width

and a basis weight (weight per unit area) of 50 to 1000 g/m?. Holding and supporting appliances are formed by using the support
members described above.

:':‘;‘:‘-';:;‘:': Bt N,
R A -:::; N7
> \) Q"’...

I*I ] . Prven, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 @igmr -~

| SRR RO S 2 _,\‘.s
OPIC - CIPO 191 5




CA 02262428 1999-02-02

Abstract
This 1nvention provides holding and supporting
appliances used in the fields of orthopedics, rehabilitation
and sports and support members thereof that are 1light in weight,

thin, rigid and durable and breathe well, and, furthermore,
support members made of reinforced plastic triaxial woven
fabrics impregnated with resin.

The support members according to this invention comprises
a mask-like piece formed of reinforced plastic triaxial woven
fabrics. Preferably, the formed piece should have openings
representing 5 to 33 percent of the overall area thereof, and
a flexural rigidity of 10 to 1 x 10° kg'mm‘ per unit width and
a basis weight (weight per unit area) of 50 to 1000 g/mZ.

Holding and supporting appliances are formed by using the

support members described above.
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SPECIFICATION

Brace Support Members and Braces Using the Same

Field of the Invention

This invention relates to mask-like support members
suited for use with braces, and more particularly to appliances
to support or fasten bodily parts and support members formed
of plastics reinforced with triaxial woven fabrics suited for

use with artificial limbs and other such appliances.

Background of the Invention

Brace support members are used with supporters, braces,

rehabilitation appliances and artificial limbs that are
intended to reduce loads acting on bones, joints and muscles
or fasten them in position by supporting or fastening limbs or
the trunk of the human body. Brace support members are
generally made by combining foamed resin sheets, cloth or other
similar materials so as to keep out of direct contact with skins

and provide better fitting with the shape and motion of bodies.

Conventional brace support members have mostly been made

by forming such thermoplastic plastics as polyethylene,
polypropylene, polycarbonate and nylon.

Because brace support members are required to have high
rigidity and durability, those made of plastics with low
strengths and low moduli of elasticity are used by imparting

the required rigidity and durability by increasing thickness.
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Increasing the thickness to provide the necessary

rigidity and durability to the braces made of conventional used

plastics results in increased weight. In addition, plastics

tend to cause sweating, stuffiness, unsanitary conditions,

itching and other unwelcome problems because they do not breathe.
Provision of openings to permit ventilation entails lowering
of rigidity and durability which, in turn, necessitates further
increase of thickness to insured the required rigidity and
durability. Reinforced plastic unidirectional or bilaxial
woven fabrics are lighter and more rigid than unreinforced ones.
Even so, such reinforced plastic fabrics also undergo
unavoidable 1lowering of rigidity and durability when
ventilating openings are provided.

Summary of the Invention

The object of this invention is to provide holding and

supporting appliances used in the fields of orthopedics,
rehabilitation and sports and support members thereof that are
light in weight, thin, rigid and durable and permeability well,
and, furthermore, to provide support members made of reinforced
plastic triaxial woven fabrics impregnated with resin.

To achieve the above object, the support members
according to this invention comprises a mask-like piece formed
of reinforced plastic triaxial woven fabrics.

Preferably, the formed piece should have openings

representing 5 to 33 percent of the overall area thereof, and
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° per unit width in

a flexural rigidity of 10 to 1 x 10° kg-mm
at least one direction and a basis weight (weight per unit

area) of 50 to 1000 g/m*.

Holding and supporting appliances are formed by

5 using the support members described above.
Brief Description of the Drawings

Fig. 1 schematically 1llustrates a triaxial woven
fabric used in this invention: (a) 1s a plan view of a
plastic-reinforced triaxial woven fabric 1mpregnated with
10 resin; and (b) is a cross—-sectional view of the fabric shown
in (a). In Fig. 1, reference numerals 1 and 2 designate a
bundle of fibers impregnated with resin and an opening

provided in the fabric respectively.

Fig. 2 schematically shows & knee joint brace
15 according to this 1nvention used 1n the treatment of

ostecarthritis of the knee.
Description of the Preferred Embodimerts

The mask—-like piece 1s made by forming a reinforced

plastic triaxial woven fabric. It 1s obtained by forming a

z reinforced plastic triaxial woven fabric of reinforcing
fibers such as carbon or glass fibers that are impregnated
with a resin after being woven or of triaxial woven fabric of
reinforced fibers pre-impregnated with resin as it 1is or

after laminating two or more of them where necessary.

25 The reinforced plastic triaxial woven fabrics

according to this inventilion are made ¢of inorganic fibers,

such as carbon,
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glass and metal fibers, and organic fibers, such as aramid and
polvethylene fibers having high moduli of elasticity, or
combinations of two or more of them. Of these, carbon fibers
are particularly suited to this purpose because they are highly
elastic fibers with low specific gravity capable of obtainlng
the same rigidity with lighter weight.

The resins impregnating to the triaxial woven fabrics 1s
able to use various types of known thermosetting or
thermoplastic resins. Such thermosetting resins include epoxy,
unsaturated polyester, vinyl-ester and polyurethane resins,
whereas such thermoplastic resins include polyamide, polyester

and polycarbonate resins. Choice must be made by considering

the method of manufacturing and forming reinforced plastic
triaxial woven fabrics and theilir wuses. For example,
thermosetting resins with 1low viscosity are suited for
impregnating triaxially woven fabrics, whereas flexible

thermoplastic resins are suited for weaving reinforced plastic

threads into triaxial woven fabrics.

Reinforced plastic triaxial woven fibers are formed into
brace support members according to this invention by known
forming methods used with reinforced plastic fabrics. One
method, for example, comprises impregnating a triaxial woven
fabric, placing the impregnated fabric in a mold of metal or
wood, and forming into a desired shape by applylng pressure and

heat, with subsequent cooling. Another method weaves bundles
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of fibers pre-impregnated with resin into a triaxial woven
fabric and forms the fabric into a desired shape by using a metal

mold or other similar device.

Formed pieces of reinforced plastic triaxial woven

fabrics according to this invention should have openings
representing 5 to 33 percent of the overall area thereof. It
the area of openings 1is smaller, adequate permeability will not
be obtained. Then, such formed pileces cause sweating,
stuffiness, unsanitary conditions, i1tching and other unwelcome
problems. Theoretically, the total area of openings 1n a
triaxially woven fabric can not exceed the upper limit of 33

percent.

The flexural rigidity per unit width in at least one

direction is between 10 to 1 x 10' kg'-mm°. If the flexural

rigidity is lower than 10 kg'mm’, brace support members cannot

effectively support or hold the human body. If, on the other

hand, the flexural rigidity is higher than 1 x 10* kg mm®, then

brace support members may bite into the human body and may not
permit continued use because of pain. Here, the flexural

rigidity per unit width means the flexural rigidity divided by

the width of the specimen. The flexural rigidity per unit width

need not be uniforminall directions of the brace support member.

The flexural rigidity per unit may be varied as required by
individual bodily parts and uses, as by increasing 1n the

direction or part where strong constraint is necessary and
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decreasing in the direction or part where a profile fittingwell

with the human body is required.

Locally varied flexural rigidity can be obtained by

making a triaxial woven fabric by using fibers having three
different moduli of elasticity in three directions or by putting
one fabric over another in desired areas. The baslis welght on
the brace support members must be 50 to 1000 g/m*. If the basis
weight is lighter than 50 g/m%,ii:is difficult to obtain the
desired rigidity and openings of the desired area. If the
weight is heavier than 1000 g/m®, brace support members
themselves will become too heavy to permit easy walk or other
bodily movements and continued use over a long period of time.
This reduces the effectiveness of he brace support members in
medical treatment.

The flexural rigidity per unit width and the basis weight
within the specified ranges of this invention can be obtained
by defining the modulus of elasticity of the fibers, the number
of the fibers in each bundle, openings in the fabric (the
clearance between the bundles of the fibers making up the
fabric), the thickness of the fabric, the number of and
~learance between the sheets to be placed one on top of the other,
and the area of the parts where the sheets are placed one on
top of the other.

The brace support members of this inventlon are used 1in

conjunction with foamed resin sheets, cloth or other similar

02262428 1999-02-02
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materials so as to keep out of direct contact with skins and
provide better fitting with the shape and motion of bodies, as
with conventional ones made by forming unreinforced plastics.
To insure good permeability, it is preferable to use open-cell
resin sheets, non-woven fabrics, loosely woven fabrics and
clothes readily absorbing sweats from the skin, or combinations
thereof. It is also preferable to cover the edges of
plastic-reinforced triaxially woven fibers with soft and
flexible resin to prevent injuries to the human body.

[Example 1]

Bundles comprising 6000 threads of a carbon fiber having
a tensile strength of 360 kgf/mm® and a tensile modulus of
elasticity of 23500 kgf/mm’ were woven into a triaxial fabric
(1) with a weaving density (the number of fiber bundles per 10
cm of fabric) of 18.2. The triaxial fabric (1) had 33 percent
of openings therein. The triaxial fabric (1) was impregnated
with a mixture of 100 parts by weight of epoxy resin (the Epikote
828 prepared by Yuka Shell Epoxy Co., Ltd. ), 3 parts by weight
of hardener (boron trifluoride monoethylamine) and 150 parts
by weight of 3-butanone as a solvent, and then formed into a
prepreg (2) after drying 1in the air for 8 hours. The prepreg
(2) was curved and fastened along the periphery of a cylindrical
wooden mold having a diameter of 150 mm. The curved prepreg

was allowed to harden for 1 hour in a hot oven kept at 130°C,

cooled, and cut into a formed piece (3) ot reinforced plastic

02262428 1999-02-02
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triaxial woven fiber 300 mm long in the circumferential
direction and 150 mm in the axial direction of the cylinder.

The formed piece (3) had a thickness of 0.9 mm and a weight of

31 g, with a basis weight of 690 g/m’ and openings accounting
for 30 percent of the overall area thereof.

To determine the flexural rigidity per unit width of the
formed piece, the prepreg (2) was placed between two sheets of
aluminum, allowed to harden for 1 hour in a hot oven kept at
130°C, cooled, and then cut into a 300 mm square flat sheet (4)
of reinforced plastic triaxial woven fabric. This sheet (4)
proved to have a flexural rigidity of 82 kgf/mm® per unit width.

[Example 2]

Bundles comprising 3000 threads of a carbon fiber having
a tensile strength of 345 kgf/mm° and a tensile modulus of
elasticity of 35000 kgf/mm®’ were woven into a triaxial fabric
(5) with a weaving density (the number of fiber bundles per 10
cm of fabric) of 36.4. The triaxial fabric (5) had 33 percent
of openings therein. A prepreg (6) was prepared as 1n the case
of Example 1 and then cut into a formed piece (7) of reinforced
plastic triaxial woven fabric of the same shape as the one 1n
Example 1. The formed piece (7) had a thickness of 0.4 mm and
a weight of 15 g, with a basis weilght of 330 g/m’ and openings
accounting for 25 percent of the overall area thereof.

A flat sheet (8) of the reinforced plastic triaxial woven

fabric was prepared from the prepreg (6), as in the case of
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Example 1. The sheet (8) proved to have a flexural rigidity
of 13 kgf/mm° per unit width.

[Example 3]

Two prepregs (6) prepared in Example 2 were placed one
on top of the other, with the openings 1n the two prepregs aligned
with each other, and then cut into a formed piece (9) of the
reinforced plastic triaxial woven fiber of the same shape as

the one in Example 1. The formed piece (9) had a thickness of

gy

0.7 mm and a weight of 31 g, with a basis unit of 650 g/m2 and

openings accounting for 19 percent of the overall area thereof.

A two-layered flat sheet (10) of the reinforced plastic
rriaxial woven fabric was prepared from the prepreg (6), as 1in
the case of Example 1. The sheet (10) proved to have a flexural
rigidity of 100 kgf/mm* per unit width.

[Example 4]

Bundles comprising 3000 threads of a carbon fiber having
4 tensile strength of 375 kgf/mm’ and a tensile modulus of
elasticity of 50000 kgf/mm’ were woven into a triaxial fabric
(11) with a weaving density of 36.4. The triaxial fabric (11)
had 33 percent of openings therein. Aprepreg (12) was prepared
as in the case of Example 1. A three-layered formed piece (13)
of the reinforced plastic triaxial woven fabric was prepared
from the prepreg (12), as in the case of Example 1. The formed
piece (13) had a thickness of 1.3 mm and a weight of 45 g, with

4 basis unit of 980 g/m? and openings accounting for 14 percent
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of the overall area thereof.

A flat sheet (14) of the reinforced plastic triaxial woven
fabric was prepared from the prepreg (12), as in the case of

Example 1. The sheet (14) proved to have a flexural rigidity

of 2500 kgf/mm® per unit width.

[Example fof Comparison 1]

A 3 mm thick sheet of high-density polyethylene having
a tensile strength of 4.5 kgf/mm° and a tensile modulus of

elasticity of 56 kgf/mm’ was heated to 190°C using an infrared

heater. The heated sheet was curved along a cylindrical wooden
mold having a diameter of 150 mm, allowed to solidify by cooling,
and cut into a formed piece (15) of non-reinforced plastic 300
mm long in the circumferential direction and 150 mm 1n the axial
direction of the cylinder. The formed piece (15) had a

rhickness of 2.8 mm and a weight of 118 g, with a basis weight

of 2630 g/m".

The high-density polyethylene heated to 190°C using an

infrared heater was placed between two sheets of aluminum,
allowed to solidify by cooling, and cut into 300 mm square sheet

(16). The sheet had a thickness of 2.8 mm and a flexural
rigidity of 103 kgf/mm®.

(Example for Comparison 2]

A 1 mm thick sheet of high-density polyethylene having

a2 tensile strength of 4.5 kgf/mm° and a tensile modulus of

elasticity of 56 kgf/mm’ was heated to 190°C using an infrared

10
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heater. The heated sheet was curved along a cylindrical wooden
mold having a diameter of 150 mm, allowed to solidify by cooling,
and cut into a formed piece (17) of non-reinforced plastic 300
mm long in the circumferential direction and 150 mm in the axial
direction of the cylinder. The formed piece (17) had a
thickness of 0.9 mm and a weight of 39 g, with a basis weight
of 875 g/m°.

The high-density polyethylene heated to 190°C using an
infrared heater was placed between two sheets of aluminum,
allowed to solidify by cooling, and cut into 300 mm square sheet
(18). The sheet had a thickness of 0.9 mm and a flexural
rigidity of 8 kgf /mm?.

[Example for Comparison 3]

Five prepregs (2) prepared in Example 1 were placed one
on top of the other, with the openings in the five prepregs
aligned with each other, and then cut into a formed plece (19)
of the reinforced plastic triaxial woven fiber of the same shape

as the one in Example 1. The formed piece (19) had a thickness

of 4.9 mm and a weight of 153 g, with a resin impregnation of

3400 g/m? and openings accounting for 12 percent of the overall
area thereof.

A five-layered flat sheet (20) of the plastic-reinforced

triaxially woven fabric was prepared from the prepreg (2), as

in the case of Example 1. The sheet (20) proved to have a

flexural rigidity of 1.3 x 10° kgf/mm® per unit width.

11
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The semicylindrical formed pieces prepared in Examples

1 to 4 and Examples for Comparison 1 to 3 were made into support

members by cutting off the four corners thereof with a radius

of approximately 50 mm. Each support member was formed 1nto
a prototype of brace to support the knee joint used 1in the care
of osteoarthritis of the knee by fasteningwith two rubber bands,

as shown in Fig. Z2.

Table 1 shows the degrees of fitness evaluated by persons

vho walked for an hour with the prototype mounted on thelr
thighs.

The prototypes made from the formed pieces prepared 1in
Examples 1 to 4 had a flexural rigidity of 10 to 1 x 10* kg
mn? per unit width of corresponding flat sheets, a basis weight
of 50 to 1000 g/m‘, and openings representing 5 to 33 percent
of the overall area. All of them proved to have good levels
of fitness and supporting strength. The prototype made from
the formed piece of Example Z exhibited a good level of fitness
but a somewhat smaller restraining force than those made from
the formed pieces of Examples 1, 3 and 4, though the difference
was practically negligible.

By comparison, the one made from the formed piece of
Example for Comparison 1 was so heavy, because of the heavier
basis weight, that it dragged down, required re-fitting, and,
therefore, proved inconvenient for practical use. The one made

from the formed piece of Example for Comparison 2 was low 1n

12
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rigidity, had a too small restraining force, and, as such,
proved unsuitable for practical use. The one made from the
formed piece of Example for Comparison 3 was too rigid to permit
smooth following of the motion of thigh, bit into the body, and
thus made it difficult to continue walking for periods longer
than 10 minutes. Precluding breathing, 1in addition, the
prototypes made from the forméd pieces of Examples for

Comparison 1 to 3 caused stuffiness due to sweating that, 1n

turn, led to unpleasantness.

13
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Industrial Applicability

This invention provides brace support members made Dby
forming light permeable reinforced plastic triaxial woven
fahbrics . The brace support members according to this invention
have sanitary and industrial advantages because they are light
and good to put on, cause less stuffiness due to sweating, and

permit comfortable continuous wearing.

15
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CLAIMS:

1. A brace support member comprising a mask-like
formed piece of reinforced plastic triaxial woven fabric
having openings representing 5 to 33 percent of the overall
5 area thereof, a flexural rigidity of 10 to 1 x 10° kg-mm per
unit width, at least i1n one direction thereof, and a basis

weight (weight per unit area) of 50 to 1000 g/m”.

2. The brace support member of claim 1, wherein the
mask-like formed piece 1s obtalined by forming at least one

10 sheet of the reinforced plastic triaxial woven fabric of
inorganic or organic fibers that are impregnated with a resin

either before or after being woven.

3. The brace support member of claim 2, wherein the

fibers of which the triaxial woven fabric 1s made are carbon

15 fibers.

4 . The brace support member of claim 2 or 3, wherein

the resin with which the fibers are impregnated 1s a

thermosetting resin selected from the group consisting of

epoxy, unsaturated polyester, vinyl-ester and polyurethane
z resins or a thermoplastic resin selected from the group

consisting of polyamide, polyester anc polycarbonate resins.

0. A brace made by using the brace support member

according to any one of claims 1 to 4.

6. The brace according to claim 5, wherein edges of

25 the brace support member are made of a soft and flexible

resin.

7. The brace of claim 5 or 6, which also comprises a

foamed resin sheet or cloth which keeprs the brace support

16

e g R i oy 2 0 I AR A T A + BNt TN A AL A A ¢ 1 Kbl (B, 40 PRI S G o1 W b LA e AP QT A NI AL St M 1 AL SRR e S - 5 T i o0 oady SN RN D R CF1 B AL WM RO G Kr e - st s e e L ettt irade Wi R EE . - o S RO W B ST B0 TR A1 L 2B AR 1Y A L b e S N MO L R e T, 3 TRy PYIR AAA LLAuk e Y STV BT LA DA D i (0 O KA 7 L A o 0w LN 153 RN T SN W T3 AT BB R e



1 83 e A W+ et et iy A €40 o il AN b b 3 G - g 4 A AN AL A BN NG SRR A NI AE SNl e KNS RS AR R OTu ik BE MAINA Nt s lrBT i gt o3 1Y R AT MR A D RS Yedy i s /e e e T AL AR LB e e 1020 Alpiaieies | 1o LAt fart 1 G NN et e G e 3 b LAV i e R ol e G

CA 02262428 2000-11-03

27257-28

member out of direct contact with a skin and provides better

fitting with a shape and motion of a kody when the brace 1s

1n use.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA
PATENT AGENTS
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