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Abstract

An orthotic sock for treatment of an orthopaedic condition includes a panel of

5 resilient material that extends down a shin portion and a second panel of
resilient material extending along an upper foot portion of the sock to assist the
dorsiflexion of the wearer’s foot. A posterior opening is defined through a
posterior leg portion of the sock where the opening is defined such that a
portion of the wearer’s calf muscle belly is exposed through the posterior

10 opening when the sock is worn so that the posterior opening allows the sock to

be located over the calf muscle belly in order to ensure location of the orthotic.
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Orthotic Sock

The invention relates to an orthotic sock, in particular to an orthotic sock for the

relief or correction of an orthopaedic probiem.

Background
Various conditions exist that may inhibit an individual from moving their foot or

ankle ina normal way. Such orthopaedic conditions may be congenital

conditions or may be caused as a result of injury or misuse of the foot or ankle.

It is known to treat orthopaedic conditions of the foot and/or ankle by using
suitable orthotic supports in the form of orthotic socks or stockings. Such
orthotic supports are designed to relieve and/or correct the particular
orthopaedic problem by various means including, both separately and in
combination, the inhibition of movement of the ankle or foot in certain directions

and the active assistance of movement of the ankle or foot in certain directions.

Figure 1 illustrates a type of orthotic sock or stocking 10 for increasing
dorsiflexion of a wearer's foot. Such a sock may be used to treat conditions that
Inhibit an individual from lifting the toe end of their foot towards their shin when
walking. The sock is made of an elastomeric fabric 20 and is contoured to fit
the foot, heel, ankle and calf. The sock is open at the toe-end 30. A shin portion
40 and an upper foot portion 50 of the sock comprise additional pre-stressed
panels 60, 70 that act to inhibit motion of the foot portion away from the shin
portion and act to provide an upward lifting of the foot portion of the sock

towards the shin portion.

The sock of figure 1, while effective, may-have a number of drawbacks for the
wearer. The elastic material of the sock provides a tight fit and, thus, may be
difficult for a wearer to put on. The problem of donning the sock Is increased for
wearers that have restricted use of, or control of, their hands, for example
stroke victims. Furthermore, it may be difficult to locate the sock in the optimum
position for supporting the foot and the effect of the pre-stressed panels may be

diminished by frictional interaction between the sock and the leq.
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It is an aim of the present invention to provide an improved orthotic support.

Summary of invention

Thus, in a first aspect the invention may provide an orthotic sock comprising a
resilient material for conforming to a foot, ankle and a portion of the lower leg
of a wearer. The sock further comprises means for restricting movement of the
wearer's foot in one or mare predetermined directions and/or assisting
movement of the wearer's foot in one or more predetermined directions.
Furthermore, an opening is defined through a posterior portion of the sock
such that a portion of the wearer’s calf may be exposed. The opening is a hole,
having a length and a width, defined through a wall of the sock.
Advantageously, the dimensions of the opening may be such that a user’s foot

can be passed through the opening.

The opening in the posterior portion of the sock preferably exposes a
substantial portion of the wearer’s calf muscle, particularly the lower portion of
the calf muscle, when the sock is worn. Thus, it is preferable that the opening
has a length of at least one haif of a distance extending between a user's ankle
joint and the top of the calf muscle, particularly preferably about two-thirds of
this distance. It is preferred that the opening is ovoid, for example substantially
oval or substantially elliptical. Particularly preferably with the length of the ovoid
(running parallel to the length of the calf muscle, i.e. in a direction parallel to a
ine between heel and knee) being greater than the width of the ovoid (running
perpendicular to the length of the calf muscle). In a preferred configuration the
opening may be described as egg-shaped, having a narrower width towards

the heel end of the opening and a greater width towards the knee end of the

opening.

It is preferable that the width of the opening at its widest point is at least one
half of the width of the user's calf muscle, preferably about two-thirds of the

width of the user's calf muscle, or the entire width of the users calf muscle.
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Different users will require different sizes of sock, and thus it is not possible to
provide a precise numerical value for the length and width of the opening that
will apply in all cases. It may be preferred, however, that the length of the

5 opening will be between 5 cm and 30 cm for the majority of users, for example
between 10 cm and 20 cm, and the width of the opening at its widest point will
be between 5 cm and 20 cm for the majority of users, for example between 10

cm and 15 cm.

10 The opening defined through the posterior portion, which may be termed a

cutaway portion, may provide a number of advantages.

The presence of the opening may advantageously allow a wearer to don the
sock using only one hand. This one-handed donning of the sock may be

15 particularly advantageous where the sock is used by somebody with impaired
mobility in one arm or hand, for example if the orthotic sock is being used to
treat a stroke victim. In this circumstance, the opening may allow the sock to
be turned partially inside out so that only the foot segment is the right way
round. The wearer can then insert his or her foot into the foot portion of the

20 sock and snap a heel portion of the sock into place over his or her heel. The
remainder of the sock may then be unrolled over the foot portion of the sock by
placing the foot portion through the opening in the calf and pulling the calf
section of the sock up over the leg. Alternatively, a user may place his foot
through the leg opening of the sock, or partially through the leg opening of the

25  sock, and out through the calf opening, in this case the calf opening may
provide the user enough free room to hook the foot portion into place over his
foot and then hoist the calf portion of the sock into position. Such one-handed
donning of the sock may be near impossible without the presence of an
opening in the posterior portion of the sock.

30
Even if the wearer has full use of two arms, the opening may make the act of

donning the sock considerably easier than it would otherwise be.

The means for restricting movement of the user’s foot in one or more

35 predetermined directions may comprise a seam or a matenal panel that
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prevents movement of a users foot extending beyond a predetermined amount
in a predetermined direction. This means may also be a means for assisting
movement of the wearer's foot in one or more predetermined directions. In this
case, the means may consist of a panel or panels of resilient material, or
seams of resilient material, that act to bitas the foot in a predetermined direction
thereby assisting the wearer to move his or her foot in that predetermined

direction.

The means for restricting movement of the user's foot may be a local variation
in the properties of the fabric that forms the sock. For example, the fabric
forming the sock may be a knitted fabric and the stitch properties may vary In
type, number or density such that different regions of the material have different
properties. Thus, it may be possible to form a sock from a single piece of fabric,
but locally alter the properties of the fabric to restrict movement in a certain
direction, or to assist or enhance movement in a certain direction. For example,
it may be possible to knit a sock such that the majority of the sock is formed
from a material that provides an even, multidirectional, stretching but the front
portion of the sock has anisotropic stretching properties and acts to provide a

dorsiflexional lift to the user’s foot.

Preferably, the posterior opening is bounded by a perimeter, for example a hem
or seam of material, and a portion of this perimeter acts to locate the sock at an
upper portion of the calf muscle or gastrocnemius. The opening may allow the
sock to be fixed or located over the calf muscle belly and thus may ensure

location of the orthotic.

The orthotic support of the invention is particularly advantageous when used to
assist dorsiflexion of a wearer’s foot. Where the orthotic sock is designed to
assist dorsiflexion, the sock comprises means for lifting the foot upwards or
lifting the toes upwards towards the shin of the user, pivoting at the ankle joint.
This movement is termed dorsiflexion. A dorsiflex sock may be advantageously
used to treat patients having a neurological dysfunction which prevents the
brain and central nervous system from initiating the foot lifting action
(dorsiflexion). Such dysfunction may lead to the patient’s toes dragging on the

ground when they attempt to walk. Conditions in which a dorsiflex sock may be
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advantageously deployed include cerebral vascular accidents (commonly called

strokes) and cerebral palsy. The sock could also be used for retraining a user

to walk correctly following injury or following learnt misuse.

5  The use of an orthotic sock with a posterior opening or cutaway portion may
advantageously increase the dynamic dorsiflexion moment produced by a

dorsiflex assist sock.

The open back segment or opening in the back of the sock prevents resistance
10 of the movement of resilient panels, which in this case would be dorsiflex assist

panels (panels that bias the foot in such a way as to increase dorsiflexion). A

sock that grips around the calf may resist the dorsiflexion movement due to

frictional interaction between the muscle and the calf.

15 The lack of material over the calf of the wearer may also prevent an adverse
stimulation of underlying muscles caused by shear of fabric over the calf, an
increase in heat at the calf muscle and an increase in humidity at the caif
muscle. Stimulation of calf muscles may cause the foot to be pulled
downwards (i.e. contraction of the calf muscles causes the foot to point) which

20 is the opposite reaction to dorsiflexion. Any stimulation of the calf muscle
caused by the sock may act against the elastic pull of the sock’s dorsifiexion
assisting panels or seams. Advantageously, the opening or cutaway in the

back of the sock may eliminate such stimulation of the calf muscle.

25  Furthermore, the lack of material in the calf portion of the sock may reduce

pressure on the calf. Such pressure may additionally cause adverse

stimulation of the calf muscle.

The opening in the back of the sock may assist the self-location of the sock.

30  The open back allows the upper posterior portion of the sock to be located
above the calf muscle belly. Furthermore, there is no tension between the heel
portion of the sock and the upper posterior portion of the sock (because there is
no material between the heel portion and the upper posterior portion) and the
upper posterior portion of the sock is not pulled down. Thus, the opening or

35  cutaway portion may advantageously assist the sock in maintaining its working
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location while being worn.

The close-fitting nature of the sock may increase the proprioception of the user
this may be of advantage in patients whose normal sense of proprioception is

5 diminished.

The sock may have an opening for the wearer’s toes to project from. ltis
preferable in this situation, however, that the sock material extends forward to
the sulcus. The sulcus is the groove or bend just forward of the main toe joints

10 atthe front of the foot. These joints can bend upwards. In a neurologically
impaired patient the infantile reflex that lifts the whole foot up when the bottom
of the foot is tickled may still be in place. The normal reaction to tickling of the
foot is to push the toes and front of the foot downward thereby lifting the heel
away from the stimulus. In neurological dysfunction the opposite occurs. In

15 this group of patients failure of extending the sock forward to the sulcus can
initiate the toes grasping downwards. Thus, the extension of the sock forward
to the sulcus may advantageously reduce neurologically adverse reflexes in

some groups of patients.

20 Where the orthotic sock is a sock for improving dorsiflexion of a user, the sock
preferably comprises one or more panels of resilient material that extend down
a shin portion of the sock to provide a dorsiflexion bias to the foot. Preferably
these dorsiflexion assist panels extend around a circumference of an upper
portion of the sock. |

25
In further aspects the invention may provide an orthotic sock having a cutaway
calf portion or an orthotic sock having a cutaway calf portion for aliowing one-
handed donning of the sock by a wearer. As described above, there are a
number of advantages to the use of a cutaway calf portion in an orthotic sock.

30
In a further aspect the invention may provide an orthotic sock system
comprising a sock as described above in combination with a sock lining. The
lining may be in the form of a slip on or slipper of material, for example a nylon
material. The lining may act to prevent abrasion between the patient’s foot and

35 the orthotic sock thereby reducing blisters on the patient’s foot. The sock lining
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may also lower the friction of the patient’s foot and thereby facilitate donning of

the sock.

Specific embodiments of the invention will now be described with reference to

figures in which:

Figure 1 is a perspective view of an orthotic sock of known

configuration;

Figure 2a is a perspective view of a sock according to a first aspect of

the invention:

Figures 2b and 2c iliustrate side projections of a sock according to the

first aspect of the invention;

Figures 3a and 3b illustrate front and rear projections of a sock

according to the first aspect of the invention;

Figures 4a and 4b illustrate top and bottom projections of the sock

according to the first aspect of the invention.

Figures 2a to 4b are schematic illustrations of an orthotic sock for assisting the
dorsiflexion of a patient's foot. The sock (200) is constructed to conform to a
wearer's foot, ankle and lower portion of the user’'s leg. Thus, the sock itself
(200) may be described as having a foot portion (210) an ankle portion (220) a
shin portion (230) and an upper portion (240). In use, the upper portion (240)
of the sock encircles the wearer’s leg just below the knee. Likewise the foot
portion (210) ankle portion (220) and shin portion (230) conform to those
regions of the wearer's body, as would be expected of a sock. The foot portion
(210) defines an opening for the wearer’s toes to extend through (250). In use,

the material of the sock extends forwards of the wearer's sulcus.

The body of the sock is formed from a lightweight breathable elastomeric fabric,
for example Lycra. Panels of the underlying Lycra elastomeric material (260)

are stitched together at broad seams (320).



CA 02763054 2011-11-22
WO 2010/139939 PCT/GB2010/001063

-8 -

The sock further comprises a number of resilient dorsiflex assist panels (270,
280, 290, 300) sewn into the body of the sock over the top of the elastomeric
material (260). The dorsiflex assist panels are formed from a resilient,

5  breathable, material and are attached to an outer surface of the body of the

sock by means of stitched seams (310).

Each of the dorsiflex assist panels provides a resilient pull on the foot of a
wearer when the wearer flexes his foot. For example, when the wearer of the

10 sock points his toes, the dorsiflex panels at the shin (270) and foot (300) are
stretched. As the panels stretch they exert a force pulling the foot of the wearer
upwardly towards the shin, pivoting around the heel. Thus the panels assist the

dorsiflexion of the foot.

15 A shin dorsiflex assist panel (270) extends along the front portion of the sock
and towards the upper portion (240) of the sock this dorsiflex assist panel

extends circumferentially around the top of the sock.

The rear or posterior portion of the sock defines an opening or cutaway (400).
20  The opening may be described as egg-shaped. This opening allows a wearer's

calf to be exposed. The opening is bounded by a seam (405) and an upper

portion of this seam (410) allows the sock to be fixed, anchored or located at

the top of the calf muscie belly.

25 One important advantage that the sock may possess is that it can be put on
one-handed. In order to put the sock on, the sock may be partially turned
inside out so that the upper portion (240) is inside out but the foot portion (210)
and ankle portion (220) are still the right way around. The foot can then be
inserted into the foot portion (210) of the sock and the heel portion of the sock

30 (220) pulled over the wearer’s heel. The foot portion can then be passed
through the opening in the sock and into the inverted calf section. The calf
section of the sock can then be pulled up the leg until it is over the calf muscie
bulk. The front top portion of the sock is then pulled upwards to make sure the
top portion of the sock (240) is fully engaged with the leg and the upper portion

35 of the calf opening (410) is located over the upper portion of the wearer’s calf.
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It is advantageous in use to use the sock in conjunction with a nylon slipper

sock (not shown). This slipper sock or lining may be put on to a user’s foot

prior to donning the orthotic sock.
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Claims

1. An orthotic sock, comprising:

a resilient material for conforming to a foot, ankle and lower leg of a wearer, the
sock further comprising means for restricting movement of the wearer's foot in one or
more predetermined directions or assisting movement of the wearer’s foot in one or
more predetermined directions, wherein the means for restricting or assisting movement
of the wearer’s foot comprises one or more resilient panels incorporated into the sock
including means for assisting dorsiflexion of the wearer’s foot comprising a panel of
resilient material that extends down a shin portion and a second pane! of resilient
material extending along an upper foot portion of the sock to assist the dorsiflexion of the
wearer's foot, wherein a posterior opening is defined through a posterior leg portion of
the sock the opening being defined such that the wearer’s calf muscle belly is exposed
through the posterior opening when the sock is worn so that the posterior opening
allows the sock to be located over the calf muscle belly in order to ensure location of the
orthotic, the opening being bounded by a perimeter, an upper portion of the perimeter
acting to locate the sock at an upper portion of the calf muscle, and in that the panel

extends around a circumference of an upper portion of the sock.

2. The sock according to claim 1, further comprising a toe opening formed therein

through which toes of the wearer are allowed to project from the sock.

3. The sock according to claim 1, wherein the wearer's foot can be passed through

the posterior opening in order to facilitate the process of donning the sock.

4, An orthotic sock system comprising a sock according to claim 1 and a sock
lining.
D. An orthotic sock, comprising:

a sock body made of a resilient material and including a foot portion, an ankle
portion, and a leg portion configured to conform to a respective foot, ankle, and lower leg
of a wearer, wherein the leg portion of the sock body includes a shin portion and an

upper portion:;

CA 2763054 2017-04-03
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one or more panels made of a resilient material, incorpaorated into the sock body,
and configured to assist dorsiflexion of the wearer’s foot in one or more predetermined
directions, wherein the one or more resilient panels includes a shin resilient panel that
extends around a circumference of the upper portion of the sock body and down anterior
portions of the upper portion and the shin portion of the sock body; and

a posterior opening defined through a posterior portion of the shin portion of the
sock body and configured to receive and expose the wearer's calf muscle belly
therethrough when the sock is worn in order to ensure location of the orthotic, wherein
the posterior opening is bounded by a perimeter with .an upper portion of the perimeter
locating the sock body at an upper portion of the calf muscle, and wherein the opening is

positioned below the shin resilient panel extending around the circumference of the

upper portion of the sock body.

0. The sock according to claim 5, wherein the wearer's foot can be passed through

the posterior opening in order to facilitate donning of the sock.

/. An orthotic sock system comprising the sock according to claim 5 in combination

with a sock lining.

S. The sock according to claim 5, wherein the one or more panels made of a

resilient material are attached over and to an outer surface of the sock body:.

9. The sock according to claim 5, wherein the one or more panels made of a

resilient material exert a resilient pull in the one or more predetermined directions on the

foot of the wearer in response to the wearer flexing the foot.

10. The sock according to claim 5, wherein the shin resilient panel exerts a resilient
pull in the one or more predetermined directions on the foot of the wearer in response to

the wearer flexing the foot.

11. The sock according to claim 5, wherein the one or more panels made of a
resilient material further include a foot resilient panel that extends across an upper

portion of the foot portion of the sock body, wherein the shin resilient panel and the foot

resilient panel are joined to the sock body at seams.

CA 2763054 2017-04-03
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12. The sock according to claim 5, wherein the one or more panels made of a
resilient material further include an ankle resilient panel that extends across an anterior

portion of the ankle portion of the sock body, wherein the shin resilient panel and the

ankle resilient panel are joined to the sock body at seams.

13. The sock according to claim 5, wherein the one or more panels made of a
resilient material further inciude at least one lateral resilient panel that extends generally
vertically along a lateral portion of the leg portion, the ankle portion, the foot portion, or a
combination thereof, wherein the shin resilient panel and the lateral resilient panel are

Joined to the sock body at seams.

14, The sock according to claim 13, wherein the lateral resilient panel is positioned

between the posterior opening and the anterior portion of the shin portion of the sock
pody.

15. The sock according to claim 5, wherein the one or more panels made of a
restlient material further include a foot resilient panel that extends across an upper
portion of the foot portion of the sock body, an ankle resilient panel that extends across
an anterior portion of the ankle portion of the sock body, and a lateral resilient panel that
extends generally vertically along a lateral portion of the leg portion, the ankle portion,
and the foot portion, wherein the shin resilient panel, the lateral resilient panel, the ankle

resilient panel, and the foot resilient panel are joined to the sock body at seams.

10. The sock according to claim 1, wherein the posterior opening is ovoid-shaped.

17. The sock according to claim 1, wherein the posterior opening increases a

dynamic dorsiflexion moment of the sock.

18. The sock according to claim 1, wherein the posterior opening and resulting lack

of material over the calf muscle belly eliminates adverse stimulation of the calf muscle.

19. The sock according to claim 1, wherein the posterior opening assists the sock In

maintaining its working location while being worn.

CA 2763054 2017-04-03
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20. The sock according to claim 5, wherein the posterior opening is ovoid-shaped,
wherein the posterior opening increases a dynamic dorsiflexion moment of the sock,
wherein the posterior opening and resulting lack of material over the calf muscle belly
eliminates adverse stimulation of the calf muscle, and wherein the posterior opening

assists the sock in maintaining its working location while being worn.

CA 2763054 2017-04-03
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