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Abstract

A metatarsal protector for footwear consists of a body
molded from resilient plastics material, the material belng
sufficiently flexible to be molded flat and bent to a saddle
shape when 1ncorporated into the footwear. The range of
hardness requlred for the material i1s between 35 and 60 Shore
(Durometer A). The protector comprises a plurality of ridged
projections protruding from one surface, forming a plurality of
open—-mouthed recesses, which may be circular, rectangular or
triangular. The projections may be more closely spaced at and
around the usual impact point. The body may be provided on
its opposite surface with second projections, each registering

with a respective recess at the first surface; these are the

same shape and size, or slightly smaller, so that on

deformation they enter thelr respective recesses, 1ncreasing

the impact absorption. The resultant boots can meet the Mt/5

impact classification.
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Metatarsal Protectors for Footwear
——=<Caovodl FLOLECLOYS T0Y Footwear

Field of the Invention

particularly but not exclusively in safety footwear, namely

boots and shoes that are worn in locations and for occupations

and pastimes where there is danger of impact and/or compression

forces being applied to and injuring the feet of the wearer.

Background of the Invention

Many industries now require that workers wear safety

footwear to protect their feet against injury caused, for

example, by impacts from above caused by falling objects, or by
compression such as may be caused by a vehicle wheel rolling

over the foot. Footwear incorporating additional protective

desirable in other applications, such as the sports of ice
hockey and rock climbing, or when particularly dangerous

equipment is being used, such as axes and chaln saws.

The safety footwear that currently 1s available

usually includes a toe protector, such as a steel toe box
(sometimes called a box toe) providing a protective arch above
the toes, through which any impact or compression force applied

Lo 1ts top surface is transmitted around the toes and through

Che boot or shoe to theyground. Increasingly provision is made

Lo protect the metatarsal region including the five long bones

F

oL the instep that extend from the toes to the remainder of the

bones of the foot. Many of the prior proposals for metatarsal

protection comprise a guard that is fastened to the exterior of

the boot or shoe, but lncreasingly for convenlience, and to

ensure that i1t must be worn, the protector 1s incorporated into

the footwear.
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The Occupational Health g Safety Association (OHSA)

specifies test and performance standards that have been

established by American National Standards Inc. (ANSI) which

safety enhanced footwear must pass 1f they are to be certified

by them. The Canadian Standards Assocliation (CSA) have
adopted equivalent standards. Metatarsal protectors are not

required to pass a compression test, since the toe protector

will usually provide all of Che protection that is required.
The test procedure for measuring impact force resistance

involves dropping a standard welght on to the metatarsal

portion of a specimen boot (size 9D for men and 8B for women)

at a point 8.9cm (3.5in) from the ocutside tip of the 9D boot
toe and 8.6cm (3.375in) from the outside tip of the 8B boot,

the weight being dropped from a height such that it has the

required impact force on contact. Three different values of

force are used, namely 101.7 Joules (75 foot pounds), ©67.8

Joules (50 foot pounds), and 40.7 Joules (35 foot pounds).

tor certification the minimum clearance inside the boot after
the test, as measured Py a permanently compressible wax body
under the impact point, must be at least 2.5cm (1.0in, usually
expressed as 32/32in) for the 9D boot and 2.4cm (0.941in,

usually expressed as 30/32in) for the 8R boot. Footwear

avallable. Similarly, metatarsal protectors are made of both

steel or plastics materials, and the plastics materials at

present usually emploved are for example high density
polyethylene (HDPE) or polypropylene (HDPP), ABS and varlious

proprietary nylons, since these are strong and are economical

1n price. Metatarsal protectors as currently proposed and as

in use, of both metal and plastics materials, present a problem
to the wearer arising from the fact that inherently they are

very rigid, based on the belief to date that such rigidity is

_2....



10

15

20

25

30

CA 02336429 2001-02-13

necessary rfor them to pass the Cest, and particularly to obtain
Che Mt75 certification. Although the two lower standards are
avallable, in commercial practice most industries are only
lnterested in purchasing footwear which will meet the highest

Mt75 standard. Protectors which have resulted from this

thinking are of such rigidity and/or thickness that it is

difficult to make the boot sufficiently flexible, so as not to

hinder walking or kneeling. One solution has been to make the
protectors in several pieces that are hinged together, but this
does of course considerably increase the cost. Another
solution has been to form them with a plurality of

longitudinally spaced, transversely extending slots extending

inwards from each edge to leave a smaller, more flexible

connection along the centre line. Such flexible connections

are of course subject to fatigue breakage, but the average

V)

working life of a safety boot is relatively short and, even if

they do break, hopefully the boot will still be usable.

» TN

summary of the Invention

It 1s therefore the principal object of the invention to
provide a metatarsal protector that can readily be molded from

flexible plastics materials and still meet the test

requirements for certification as described above.

It 1s a another object to provide a metatarsal protector

molded from flexible plastics material that is able meet the
test requirements for certification as described above while
being sufficiently flexible that 1t provides a minimum of

hindrance to walking and kneeling.

It 1s a further object to provide a metatarsal protector

molded from flexible plastics material that is able meet the

footwear without making it unduly bulky, as seen in side

elevation.
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In accordance with the present invention Chere 1s provided
a metatarsal protector for footwear to protect the foot of a

wearer rrom an impact force applied to the metatarsal region

Chereof, each such footwear comprising anh upper having outer
and 1nner surfaces and a sole having outer and inner surfaces,
the upper and the sole having respective registering metatarsal

regions and being joined to one another with their inner

surfaces facing one another:

wherein the protector comprises a protector body having
first and second opposite faces, the protector body when
incorporated into the footwear belng interposed between the
registering metatarsal regions with its first surface adjacent
Lo the upper inner surface:

wherein the protector body has two longitudinally

extending sides and two Cransversely extending ends, and when

SO 1ncorporated is of size to conform Co and cover the
metatarsal region and of saddle shape, the body first surface
1s transversely convex and longitudinally concave toward the
upper 1nner surface, and the body second surface is
Cransversely concave and longitudinally convex toward the sole
inner surface; and

wherein the protector body is molded from flexible,

resilient plastics material and at least Che central portion

thereof has protruding from one surface Chereof a plurality of

ridged first projections providing a corresponding plurality of
open-mouthed first recesses, each of which first recesses 1S

surrounded by a respective first projection or immediately

adjacent first projections that are jolned together;

th
an overall hardness as measured by a Durometer A test of from
35 to 60 Shore; and

e

¢ material from which the protector body is molded has

the width and height dimensions of the first projections

1rst recesses are such

| ——

and the corresponding dimensions of the

that an impact force applied to the footwear metatarsal reglion

at an 1mpact point results in an acceptable minimum clearance

inside the footwear during and after the impact.
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The protector body may be provided on the other sur:

"ace
thereof not having the first projections protruding therefrom

with a plurality of second projections distributed thereover,

the distribution of the second projections being such that they
5 each register with a respective first recess,

The shapes of
Che plurality of second projections may be the same as those of

registering first recesses, so that they would fit within those
10 recesses 1f presented thereto.

Preferably the width and neight dimensions of the first

projections and the corresponding dimensions of the

Mh—

first
recesses, and the width and height dimensions of the second
projections when provided, are such that an impact force of up

15 Lo 35 foot pounds, more preferably of up to 50 foot pounds, and

even more preferably of up to 75 foot pounds, applied to the

footwear metatarsal region at an lmpact point results in a

minimum clearance inside the footwear after the impact, as

measured by a permanently compressible wax body under the

20 impact point, of at least 2.5cm for a 9D boot and 2.4cm for an
3B boot.

Description of the Drawings

Metatarsal protectors per se, and the combination of such

metatarsal protectors with footwear in which they are

25 incorporated, that are particular preferred embodiments of the

invention will now be described, by way of example, with

reference to the accompanylng diagrammatic drawlings, wherein:-

Figure 1 is a side elevation of a safety boot, a part o:

13

Che upper being shown broken away To show a metatarsal

30 protector therein that is a first embodiment of the invention;

Figure 2 is a longitudinal cross-section through the front

part of the boot of Figure 1, taken from the toe to the rear
end of the protector:
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Figure 4 is perspective view of the protector of Figures

1-3, in combination with a toe box protector, the view being

taken from above and from the front in order to show most
Clearly the outer surface of the protector facing the inner

surtace of the boot upper;

Figure 5 is another perspective view of the combination of

Figure 4, taken from one side and from Che rear so as to show

most clearly the inner surface of the protector facing the

inner surface of the boot sole;

Figure 6 is a plan view similar to Figure 3 illustrating
another embodiment;

Figures 7 and 8 are cross sections taken on the lines 7-7
and 8-8 respectively in Figure 3, but showing a further
embodiment;

Figure 9 is a longitudinal cross-section similar to Figure
2 to show a further embodiment in which the protector of
Figures 1-3 is inverted for its lncorporation into the boot,
and 1n which the protector is supplemented by the addition of a

penetration resistant layer;

Figure 10 is a perspective view similar to Figure 4 to
show the combination of the protector with a penetration

resistant laver;

Figure 11 is a perspective view similar to Figure 5 to

show a further embodiment:

Figure 12 is a longitudinal cross-section similar to

Figures 2 and 9 to show an embodiment in which two separate

protector bodies are nested together to provide increased

impact force protection:

Figure 13 is a plan view similar to Figure 3 to show a

further embodiment in which projections from one surface of the

protector are ridges enclosing CLriangular recesses and the

projections from the other surface are trlangular as seen in

plan; and
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Flgure 14 is also a plan view similar to Figure 3 to show

a yet further embodiment in which projections from one surface

r—

OL the protector are annular ridges enciosing circular recesses

and the projections from the other surface are circular cross

section columns as seen in plan.

Description of the Pre:

"erred Embodiments

Although for convenience the safety footwear shown in the
drawings and described below is a safety boot, the invention.is

applicable equally to shoes and to all other types of footwear

with which enhanced safety is required for the metatarsal

region of the foot, and all such footwear is within the scope

of the language of the claims. A boot or shoe usually

comprises an upper attached to a composite sole structure
comprilsing as a minimum an insole and an outsole; other

structural elements such as a midsole and, 1n the case of

safety footwear requiring the provision of such protection, a
steel sole plate preventing penetration by nails and similar
sharp objects, may be interposed between the insole and
outsole. For convenience in the language used in the claims
any such composite sole structure is referred to simply as the
footwear sole whatever its actual structure. For convenience

the outer surface of an element employs the same reference

number as the element with the subscript A, while the

corresponding inner surface reference has the subscript B.

Rerferring now to Figures 1-5, a typical safety boot
comprises a boot upper 10 having respective outer and inner
surfaces 10A and 10B, and an outsole 12 having respective outer
and 1nner surfaces 12A and 12B, the upper and the outsole
having respective toe regions that reglster with one another
and respective metatarsal regions that reglster with one
another. A Toe box protector 14, which in this embodiment is
of molded plastics material, is incorporated into the boot
between the inner surface 10B of the boot upper and the i1nner

surface 12B of the outsole. The toe box 14 is of usual shape

e
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comprising a generally U-shaped body with the ends of 1its side

walls ilmmediately adjacent to the outsole inner surface 12B

connected together by an integrally molded bottom connecting

portion 15 that butts against the outscle inner surface.

5 Impact or compression forces applied to the toe protector are
transmitted through the protector body to the ground. Toe
boxes of plastics materials that are able to meet ANSI test
requirements while being of size and shape that they can
replace exlisting metal toe boxes are described and claimed in

10 my U.S. Patents Serial Nos., 5,878,511 and 6,389,715, issued
respectively 9*® March, 1999 and 215 May, 2002.

An insocole 16 lies against the inner surface 1Z2B of the
cutsole and extends into the interior of the toe box. An inner
lining 18 having an outer surface 18A and an inner surface 18B,

15 and of a soft, pliable material, such as thin leather, cotton
cloth, nylon cloth, etc., 1s fitted agalnst the inner surface

F

10B of the upper, the inner surface of the toe box, and against

the 1nner surface of a metatarsal protector 20, where this 1s
interposed between the upper and the lining. The boot may

20 comprise other functional parts, such as a midsole between the
insole and outsocle, and a metal or plastics material plate
covering the instep to protect against penetration by spikes,
but such other parts are not pertinent to the present invention

and are not illustrated, the manner in which they may be

25 incorporated into footwear being well known to those skilled in

this particular art.

The metatarsal protector 20 comprises a body molded from
flexible, resilient plastics material, so that its hindrance to
walking and kneeling is minimized, and consequently it has the

30 potential of being more comfortable than one of metal or rigid

plastics material. The employment of such a material also

provides a considerable commerclal manufacturing advantage over

rigid metatarsal protectors in that it can be molded in a flat

shape, as shown in Figure 3, so Tthat the molds required are of
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simpler and less expensive form, and moreover it is less

expensive to pack and ship to the footwear manufacturer.

During manufacture, when the protector body 1s interposed
between the registering metatarsal regions of the upper and
5 sole, 1t is bent to a saddle shape in which will closely

empbrace and cover the metatarsal portion of the wearer's foot.

Thus, the body when bent and ready for such incorporation has
an outer surface 20A that is convex Cransversely of the body

and concave longitudinally toward the upper 1nner surface 10B,

10 and an 1nner surface 20B that is concave transversely and

convex longitudinally toward the inner surfaces 12B and 16B

respectively of the outsole 12 and the insole 16. The body

comprises a tongue member 22 extending from the end thereof

adjacent to the toe box protector 14 and laid over the outer

15 surface of the toe box protector body; the tongue will usually
be attached to the toe box, as for example by cementing them

together.

The protector body 20 comprises at one surface, which in
Chis embodiment is its outer surface 20A, a plurality of
20 integral molded rectangular shaped ridged first projections 24,

each of which is integrally joined with its two immediately

adjacent ridged first projections to form a first set of
transversely spaced, longitudinally extending parallel ridges,

ldentified in Figure 3 by the secondary reference 26. The

25 integrally joined first projections also form a second set of
longitudinally spaced, transversely eXxtendlng parallel ridges
given the supplementary reference 28, in this embodiment the
two sets of ridges intersecting at right angles to form a
rectangular grid pattern as seen in plan and forming between

gy

30 them a corresponding plurality of rectangular open—-mouthed

recesses 30 whose function will be described below. The ridge
portions of these first projections 24 lie in and determine the
outer surface 20A of the protector body, so that when the

protector 1s incorporated into a boot they will contact the

35 inner surface 10B of the upper.
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The protector body 20 is also provided on the opposite

side to that having the first projections 24, namely the inner

surface 20B thereof facing the sole 12, with a plurality of
second rildged projections 32, the ridge portions of which lie
in and determine the inner surface 20B of the protector body
and engage the inner surface 18B of the lining. These
projections are all separate and spaced from one another and
theilr disposition is such that they each register with a
respective one of the rectangular recesses 30, forming a
corresponding rectangular grid of spaces between them. They

are of about the same shape as the recesses 30, and are of the

same size, oOr slightly smaller, so that they could fit within

those recesses, 1if presented to themn.

The usual impact point for the metatarsal impact test is

e

indicated in Figure 1 by the arrow 36, and in other of the

Figures by point 37. Any such impact force is applied to the
resilient material of the body and deforms it in a specilal

manner that 1s characteristic of the invention. Thus, the

lmpact force acting on the first projections 24 flexes and
deforms them and the adjacent parts of the body downward, so
Chat the projections are urged downward in the direction of the
arrow 38 (Figure 2) into the spaces between the second
projections 32. Simultaneously, the reaction from the inner
lining 18 of the same force acting on the second projections 32

I'lexes and deforms the adjacent parts of the body, so that the

second projections 32 are urged upward in the direction of the

arrow 40 1n Figure 2 into the individual open-mouthed first

recesses 30. These flexions and deformations result in

prey

absorption of sufficient of the impact force that the remaining

amount that 1s transmitted through the protector and applied to

the wearer's foot is within the limits required for the boot to
be certified with at least the classification Mt30, and

certification has already been obtained with the maximum

classification Mt75, as will be described below. This 1s an

unexpected result in that it appears to have been the usual
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P

pelief hitherto that the protector must be of metal or a rigid

plastics material if such certification was to be obtainable.

The protectors of the invention therefore differ
completely from the rigid metatarsal protectors that have been

used and proposed hitherto in that there is no attempt to

completely resist the impact force, but instead a structure 1S

provided which has proven capable of absorbing sufficient of

the impact force that safety for the wearer's foot can be

provided within a practical limit, as set by the impact tests

employed for official certification. A most 1mportant result

of this approach is that it has proven possible to provide a

‘metatarsal protector that, while meeting the onerous safety

requirement of the test procedures, is sufficiently thin and
I'lexible to be incorporated readily into a boot, and when so

incorporated permits the wearer to walk and kneel in normal

usage. It will be noted that the ridge portions of both of the
first and second projections 24 and 32 respectively are rounded
1n transverse cross section, and it is believed that this

rounding does assist in ensuring that a protector that is

sufficiently thin to still be flexible is able to provide

sutficient resistance to the applied impact force, the rounding
providing progressive increase of resistance of the body to the
impact force and corresponding progressive absorption of the

impact force by the material of the body.

Fach rectangular shaped first projection 24 in this
embodiment has two longer parallel sides and two shorter
parallel sides and is joined shorter end to shorter end with
1ts two immediately adjacent projections to form its respective
ridge 26 or 28. The recesses 30 formed between the ridges 26
and 28 have transverse dimensions that are greater than their
longitudinal dimensions, with the result that the Cransverse
flexibility of the body is greater than its longitudinal

flexibility to meet the requirement that the curvature

Cransversely 1s greater than longitudinally. In this

embodiment the two longitudinally extending sides of the body

...11....
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are each provided with a respective longitudinally extending
side ridge 26, and the other longitudinally extending ridges 26
that are provided are disposed between these two side ridges
with thelir transverse spacing decreasing toward the
longitudinal centre body line of the body, so that the
projections forming the ridges are closer together toward the
centre of the body and its usual impact point 37, thereby
increasing the impact absorption of the body toward its centre.
In this embodiment the body is of uniform thickness along 1its
length and, in order to be more easily incorporated into the
boot, tapers downward in width decreasing from the transverse

end further from the toe to the transverse end nearer to the

toe.

Protectors as illustrated by Figures 1-4 in a men's 9D

size boot were successfully tested to the Mt75 rating. The
protector body was of 15cm (6ins)length overall while the
tongue was 3.8cm (1.5ins) in length; the width of the body at
the end further from the toe was 11.5cm (4.5ins) while its
width at the end closer to the toe was 9.5cm (3.751ns) . The

[~

body was of uniform thickness 1lmm (0.43in) throughout 1its

length with of course the exception of the tongue which was 1mm
(0.041in) thick. The ridges 26 and 28 were all of constant
wildth 7mm (0.275in), and the recesses 30 were also of constant
width in the longitudinal direction and of the same width as

S~

the ridges. The transverse width of the recesses 30 between

Che longitudinal side ridges and their immediately adjacent
longitudinal ridges was 23mm (0.875in), while the recesses
toward the centre of the body reduced in transverse width from
19mm (0.75in) at the wider top end to 1lmm (0.43in) at the
narrower end adjacent the toe box to take account of the
reduction in width of the body. The recesses were all of the
same depth, namely 5S5mm (0.2in), which is of course also the
height of the projections. The projections 32 are all of the

same height, namely 2.5mm (0.l1in) and the transverse width of

those at the edges of the body was constant at 21mm (0.8251n)

while those toward the centre reduced progressively 1n

._12_
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transverse width, as with the recesses 30, from 18mm (0.701n)

at the end further from the toe to 10mm (0.401n) at the end

nearer the toe, so that as desired they can fit snugly into the

recesses 30 1f required.

5 Iwo sample boots were tested and achieved clearances

beneath the iImpact point 37 above the minimum requirement for

Mt75 of 32/32in. Both protectors were manufactured from TPR

thermoplastic rubber which is sold by a number of different

manufacturers. The embodiment was molded as a single integral
10 body, resulting in a protector body that, when tested for

hardness did show, as is usual, variations owing to the usual

manufacturing tolerances. Thus, when a group of seventeen

samples chosen at random were tested with a Type A Durometer,

their hardness measured between 40 and 45 Shore as follows: -

15 Three samples gave a reading of 40 Shore;

Three samples gave a reading of 41 Shore;

Four samples gave a reading of 42 Shore;

e

One sample gave a reading of 43 Shore;

Two samples gave a reading of 44 Shore;

20 Four samples gave a reading of 45 Shore.

Other materials will of course give different values and

different ranges of values and will require adjustment of the

thickness, size shape and disposition of the first and second
ridged projections. For example, prior embodiments were
25 manufactured from a polyurethane resin VX179 sold by Valthane

Corp, using an isocyanate activator 2240 sold by Dow Chemical:;

this particular resin has a blowing or foaming agent
incorporated therein and those that do not include such an

agent will require one to be added. These polvyurethane

30 materials inherently are somewhat stiffer than TPR rubber, and
a protector molded as a single integral body resulted in a
protector that when tested with a Type A Durometer measured
between 55 and 60 Shore on the side with the projections 24,

and between 60 and 65 Shore on the side with the projections

35 32. Another protector was molded from polyurethane in two

S

i

eparate parts which were then cemented together along a part

- 13 -
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line 44, as shown in Figure 5. The molding procedures used

for the two parts differed in the time before the mold was
fully closed, with the result that the hardness of the two
parts differed more than with the first-mentioned protector.
Thus, the composite body measured between 35 and 40 Shore on
the side with the projections 24, and between 68 and 69 Shore
on the side with the projections 32, the resulting “composite”

—

or “overall” hardness lying between these two sets of values.

It will be seen therefore it is necessary to use materials
within a relatively narrow range of hardness, a body with a
composite or overall hardness characteristic of between 35 and

60 Shore being necessary, the preferred maximum being 50 Shore.

It 1s considered that the minimum value of 35 Shore is

necessary to ensure that the protector will be able to absorb

—
—

sufficient of the impact force, so that it will meet the test

requirements for certification, while the maximum composite or
overall value of 60 Shore is required to ensure that the

protector 1s sufficiently flexible to be bent to the required

shape, and to give the desired flexibility in walking and

kneeling. As 1ndicated by the second and third examples

above, the body can differ in hardness and flexibility

throughout as long as the overall characteristic is obtained,

e

and there are a number of ways of obtaining differences in

hardness, for example by control of the curing process, the
degree to which the plastics material is expanded during the
process, and by differential heating of the mold cavity during

the process. There 1s a wide range of flexible, resilient

moldable materials that can be used in the production of the

p—

protectors of the invention, all of which will need to be

expanded or blown to attain the necessary flexibility,

resulting in either open or closed cell materials. Examples
Oof specific materials are polyurethane esters or ethers (the
esters generally are more chemically resistant), thermal

plastic urethanes (TPU), polyvinyl chlorides, and rubber

compounds, particularly those identified as TPR, EVA and EPDM.
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IT desired all of these materials may be reinforced with glass

Or carbon fibre.

Flgure 6 illustrates an embodiment similar to that of

F

Figures 1-5, but in which the spacing of immediately adjacent

transverse ridges 28 of the corresponding sets of transverse
first projections 24 also decreases toward the centre portion
0f the protector body, as with the longitudinal ridges 26, to
provide increasing flexibility toward its edges as well as
towards 1ts sides, while maximizing the impact absorption of
the protector body at the impact point 37 at its centre
portion. Figures 7 and 8 are sections through another
embodiment in which the protector body is not uniform in
thickness, but reduces in thickness both toward its edges (see

Figure 7) and toward its sides (see Figure 8) to minimize the

use of material, while retaining sufficient impact absorption

at the center portion, and providing additional flexibility

toward 1ts edges and sides.

Figure 9 illustrates a further embodiment in which the

protector body 20 as described above is inverted so that it is
the ridge portions of the grid of ridge projections 24 and the
corresponding recesses or cells 30 that lie in and define the
body inner surface 20B, while the ridge portions of the
plurality of individual projections 32, and the grid-like space

Chey provide lie in and define the outer surface 20A and are

disposed facing and adjacent to the inner surface 10B of the
boot upper. The thin tongue 22 has been moved to the opposite
edge of the end face so that it can be applied to the outer

surface of the toe box 14 without causing a visible bump at the

junction.

In addition, in this embodiment a thin layer 42 of an
impact resistant material, such as the composite plastic
material sold under the Trademark “KEVLAR” and commonly used
for example for bulletproof vests, is interposed between the

protector 20 and the upper 10 to provide increased puncture

- 15 -
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resistance, since the flexible materials employed in the

invention cannot provide much such puncture protection.

Figure 10 shows an embodiment in which the additional

layer 42 is molded from a comparatively rigid material, it
being thin and provided with longitudinally spaced transverse

slots 43 to provide as much flexibility as possible, so as not

to reduce the flexibility of the resulting composite protector

body more than is necessary. Even if the puncture resistance
provided thereby is not absolutely necessary, it is found with
some markets that the provision of such a thin layer of any
more rigild plastics material is desirable as a selling aid,
since many customers are reassured by 1ts presence that the
protector does have adequate impact resistance, even with

protectors which are certifiable without the added laver.

Figure 11 shows a further embodiment in which the

protector body 20 has only a plurality of ridged first

projections 24 at one surface thereof, shown in this embodiment

as ridge forming projections 24 surrounding recesses 30, the
ridges again comprising two straight sets 26 and 28
intersecting one another at right angles. With proper choice

=

Of materlials and dimensions, particularly the thickness of the

pody 20, such an embodiment may be all that is required to

obtaln a certification of Mt30, or even Mt50, if such a lower

rating is all that is required, and in the absence of the

second set of projections 32 the body can be made

correspondingly thinner.

Figure 12 shows a protector incorporated in a boot wherein

-

advantage is taken of the fact that the shape, dimensions and

disposition of the second projections 32 are such that they can

fit within the first recesses or cells 30, thereby enabling two

separate protector bodies to be incorporated into a safety boot

with one nested in the other to form a composlte protector.

For clarity in illustration the references employed for the
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The ridged projections 24 whose ridge portions define the body
outer surface 20A are again joined end-to-end to form sets of
continuous ridges 26 and 28. The sets 24 are agaln
longitudinally extending and transversely spaced, with the
spacing decreasing toward the center, but the sets 28 are

inclined at acute angles (or at complementary obtuse angles) to

the sets 26, with the result that the recesses 30 are

triangular in plan. The projections 32 from the second
surface 20B are also triangular in cross section, and of

dimensions such that they would be able to fit within the

recesses 30 1f two protector bodies are placed face-to-face.
Such an embodiment has an advantage in that the majority of the

flexing to which the protector is subjected during walking and

kneeling is transversely thereof, with the possibility of the

production of transverse fatigue cracks in the material. The

production of such cracks should be lessened with the 1nclined

f—

sets of ridges 28.

Figure 14 is also a plan view similar to Figure 3 to show
a yelt further embodiment in which the ridged projections 24 are
each of annular cross section surrounding circular recesses 30,
while the projections 32 are circular cross section columns as

seen 1n plan. In the event that the columnar projections 30

do not provide sufficient impact absorption, they can be

supplemented, as shown, by providing a second plurality of
spaced fluted cross section projections 46 that register with

the correspondingly shaped spaces between the annuli 24.
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I Claim:

1. A metatarsal protector for footwear to protect the

—

foot of a wearer from an impact force applied to the metatarsal

region thereof, each such footwear comprising an upper having

> outer and inner surfaces and a sole having outer and inner

10

15

20

25

30

35

surfaces, the upper and the sole having respective registering
metatarsal regions and being Jjoined to one another with their

inner surfaces facing one another;

wherein the protector comprises a protector body having

first and second opposite faces, the protector body when

incorporated 1nto the footwear being interposed between the

registering metatarsal regions with its first surface adjacent

- to the upper inner surface;

wherein the protector body has two longitudinally
extending sides and two transversely extending ends, and when
sO 1ncorporated is of size to conform to and cover the
metatarsal region and of saddle shape, the body first surface
is transversely convex and longitudinally concave toward the
upper inner surface, and the body second surface is
transversely concave and longitudinally convex toward the sole
inner surface; and

wherein the protector body is molded from flexible,
resilient plastics material and at least a central portion

phtn,

thereof has protruding from one surface thereof a plurality o:

11

ridged first projections providing a corresponding plurality of
open-mouthed first recesses, each of which first recesses is
surrounded by a respective single first projection or is
surrounded by a respective Joined together plurality of
immediately adjacent first projections;

the material from which the protector body is molded has

an overall hardness as measured by a Durometer A test of from
35 to 60 Shore; and

the width and height dimensions of the first projections
and the corresponding dimensions of the first recesses are such

that an impact force applied to the footwear metatarsal region

- 18 -
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at an impact point results 1n an acceptable minimum clearance

inside the footwear during and after the Impact.

2. A protector as claimed in claim 1, wherein the
protector body is provided on the other surface thereof with a
plurality of second projections distributed thereover, the

distribution of the second projections being such that they

each register with a respective first recess.

3. A protector as claimed 1n claim 1 or 2, wherein the

width and height dimensions of the first projections and the

corresponding dimensions of the first recesses, and the width
and height dimensions of the second projections when provided,
are such that an impact force of up to 35 foot pounds applied
to the footwear metatarsal region at an impact point results 1in
a minimum clearance inside the footwear after the impact, as
measured by a permanently compressible wax body under the

impact point, of at least 2.5cm for a 9D boot and Z2.4cm for an
8B boot.

4. A.prOtector as claimed in claim 1 or Z, wherein the
width and height dimensions of the first projections and the

corresponding dimensions of the first recesses, and the width

and height dimensions of the second projections when provided,

are such that an impact force of up to 50 foot pounds applied

to the footwear metatarsal region at an impact point results in
a minimum clearance inside the footwear after the impact, as
measured by a permanently compressible wax body under the

impact point, of at least 2.5cm for a 9D boot and 2.4cm for an
8B boot.

5. A protector as claimed in claim 1 or 2, wherein the
width and height dimensions of the first projections and the
corresponding dimensions of the first recesses, and the width
and height dimensions of the second projections when provided,

are such that an impact force of up to 75 foot pounds applied

....19_

A S e et iy e g e A B L B PR o P A VIR TN iy S o A e g, s ST e s g T s PRI ALY T TR N, R g g v s e e 4



CA 02336429 2004-04-07

to the footwear metatarsal region at an i1mpact point results 1in

a minimum clearance inside the footwear after the impact, as

measured by a permanently compressible wax body under the

impact point, of at least 2.5cm for a 9D boot and 2.4cm for an
5 8B boot. |

6. A protector as claimed in claim 2, wherein the shapes

g,
P

of the plurality of second projections are the same as Tthose of

the respective first recesses and each second projection is of

the same size, or is smaller than i1ts respective registering

5 first recess.

7. A protector as claimed in claim 6, and comprising two
of the protector bodies disposed with the first surface of one
against the second surface of the other and with the second
plurality of projections of one protruding into the recesses of
the other.

8 . A protector as claimed in any one of clailms 1 to 7,
wherein the protector body comprises a tongue member extending

from the transverse end thereof that when the protector is

incorporated into footwear 1s adjacent to a toe box protector,

F
pr—

5 so that when so incorporated it can extend over a surface of

the toe box protector and be attached thereto.

9. A protector as claimed in any one of claims 1 to 8§,
wherein the ridge portions of the plurality of first
projections and the ridge portions of the plurality of second
projections when provided are rounded to provide progressive

5 absorption of an impact force by the material of the body.

10. A protector as claimed in any one of claims 1 to 9,
wherein the spacing between immediately adjacent single first

projections, or the spacing between immediately adjacent joined

together pluralities of first projections, decreases toward the

- 20 -
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aind

centre portion of the protector body to maximize the impact

absorption of the protector body at i1its centre portion.

11. A protector as claimed in any one of claims 1 to
10, wherein each first projection of a joined together

plurality thereof is jolned with immediately adjacent first

P

. spaced

projections of other pluralities to form a first set o:

parallel ridges and a second set of spaced parallel ridges

-

extendlng transversely of the first set, the two sets

intersecting at right angles to form between them a

corresponding plurality of first recesses of rectangular cross
section; and

wherein each second projection when provided 1s also of
rectangular cross section and registers with a respective first
recess, its dimensions being such that it could fit within the
respective first recess.

—

12. A protector as claimed in any one of claims 1 to 10,

wherein each first projection of a jJoined together plurality is

joined with immediately adjacent projections of other

pluralities to form one of a first set, a second set and a

5 third set of spaced ridges, any two of the three sets

intersecting at acute angles and complementary obtuse angles to

form between them a corresponding plurality of first recesses

~—

of triangular cross section; and

wherein each second projection when provided 1s also of

10 triangular cross section and registers with a respective first

recess, the dimensions of each second projection being such

that it could fit within the respective first recess.

13. A protector as claimed 1in any one of claims 1 to 10,
wherein each single first projection is of annular cross

section, each surrounds a body space of circular cross section,

and each borders a fluted cross section recess between itself
and the immediately adjacent annular single first projections;

and

....21...
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wherein each second projection when provided is of

circular cross section and reglsters wlith a respective first

recess of circular cross section, and there are provided

10 between the second projections of cilrcular cross section
further second projections of fluted cross section, each

registering with a respective recess of fluted cross section,
the dimensions of the second projections being such that they

could fit within the respective registering first recesses.

14. A protector as claimed in any one of claims 1 to 13,
wherein the protector body comprises for interposition between

itself and the footwear upper a layer of a penetration

resistant plastics materlial to 1increase the overall penetration

5 resistance of the footwear 1n which 1t 1s i1ncorporated.

L A bl M Tl At A TR YT 5 Sy At S T T TN, 3, S v R N e A TN T A N TR T AN A A A el WS Y o AN IO ORI, N, 8 R AL Ty R ey vy A N e e i ¥ T A O g e SO M el g T A e ey TN L0 0o AT AN Y TR AR T — s . - ok




CA 02336429 2001-02-13

16A 165 12B




CA 02336429 2001-02-13

A . --.v-.vmmemmwm»mmwui-amhm:w,-m.>......,.......-W [ PO P



CA 02336429 2001-02-13

" #FLIA ¥
eI TITY T T

22

L a aamh A b bt ek £ A s Lt s R A Ay YN L s TP A ARt Iy 4

28

FIG. 6

20

30~
28

28
30 -

¢
N
3
N
N
N
S
N
\
N
N\
N
N
N
N
N
N
N
N
N
0
N\
S
)

FIG. 8

PP Sy 7 s oo MR 4 KT LTI A0 CAM M A DAY o b 51 L bE g a0 ¢



CA 02336429 2001-02-13

A -
"

e
[P

16B 12A ( 12B

E‘: 4 YO A N AN T P R ars g o :
‘\\““\\“\“““““ AR IBANIAIATNSIASIR MR, T

LS

FIG. 9

A

.
B P T ST Y LA T Uk S e 8 ek i e M A Bt b e b ol 28 33N BAPY DO SRS 4 I s | A v bk d P Y B AR VN e e SRR e O I S AN SR L A i AN A e a1 mereme St e et U S RDEE L S




CA 02336429 2001-02-13

g
e L s ‘:
<\ ¥ L+
""" »
CAY )/
0594

A
16A )16B
. \ 2 UPHDRETR B0 HCRAORFEN SRR RA

FIG. 12

\Y/
AVAVEN

VAV,
AVAV AV

VAV AT

AWAVAVAVAY 4
\¥/

TAVAVAVAVAR

N
o)
Qo
o
-
S
)
N
N
o)

|
N
i

FIG. 13

J -'l.-un,n.n.f_q,:~m'mwimmmmmmmwmm'mmﬁuy»uhqw e M e imetins %nw;;r_mmmwn# £ MBI A 1 s IR Y VT R et e VORI S| O ERASCOMIRSTRARY IR - 141 LIRS S AP T M AP e T sep cat et Y A bl e AP 0 e e agi Ay F AL L M A R O LI W AT A e 1RV =N TL'h






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - abstract drawing

